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Introduction

Abstract

The purpose was to determine the incidence and prevalence of venous throm-
boembolism (VTE) in acute leukemia patients from our institution. We con-
ducted a retrospective study on newly diagnosed acute leukemia patients who
presented at our institution from November 1999 to May 2005. Descriptive sta-
tistics and cross-tabulation were used to describe patient characteristics. Mea-
sures of morbidity were used to address VTE risk. Chi-square testing, Fisher’s
exact testing, Mann—Whitney analyses, or median testing were used to deter-
mine between-group differences. Data analyses were conducted using Stata ver-
sion 11 (Stata Corp., College Station, TX). Two hundred and ninety-nine
patients with acute lymphoblastic leukemia (ALL) and 996 patients with acute
myeloid leukemia (AML) were included. After excluding patients diagnosed
with VTE prior to or at the time of leukemia diagnosis, during the mean time
follow-up period of 2.5 years (range: 0.0025-10.3 years), the overall incidence
rate of VTE was 3.7 per 100 person-years: 4.2 per 100 person-years for ALL
and 3.4 per 100 person-years for AML. Among all patients, the majority
(80.6%) developed VTE within 12 months after diagnosis and during thrombo-
cytopenia. The most common VTE was central venous catheter (CVC)-associ-
ated upper-extremity deep venous thrombosis. Pulmonary embolism occurred
in 15% of ALL patients and 8% of AML patients. VTE recurred in 20.7% of
ALL patients and 18.6% of AML patients. VIE occurs frequently in patients
with acute leukemia. Studies are needed to identify risk factors for the develop-
ment and recurrence of VTE among patients with acute leukemia and to estab-
lish more effective methods for preventing and treating VTEs in leukemia
patients who have thrombocytopenia and/or CVC.

patients without cancer [2], and about 20% of VTEs are
diagnosed in cancer patients. Symptomatic and asymp-

The association between cancer and thrombosis is estab-
lished [1]. Venous thromboembolism (VTE) can precede
a diagnosis of cancer, be the presenting symptom of can-
cer, or develop during cancer treatment. The risk of VTE
is four to seven times higher in cancer patients than in

tomatic VTE occur in cancer patients at rates of 15% and
50%, respectively, and up to 50% of cancer patients have
VTE at autopsy [3]. Pulmonary embolism (PE) is the
attributed cause of death in up to 3.5% of cancer patients
[4, 5] and may be an unattributed cause of death in a
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similar number of cancer patients [6]. VTE prevention is
an essential component of the care of hospitalized cancer
patients [7].

Cancer confers hypercoagulability through multiple
mechanisms, including the release of tumor procoagu-
lants; reduced levels of natural anticoagulants; decreased
fibrinolytic ~ activity; increased coagulation factors;
increased platelet activation; and mucin- and cytokine-
induced endothelial cell tissue factor expression [8, 9].
Acute leukemias are prothrombotic because of the release
of leukemic cell procoagulant activity [10], particularly
after treatment-induced leukemia cell killing [11].

The California Cancer Registry (CCR) reported that
3.7% of patients with acute myeloid leukemia (AML),
2.7% of patients with chronic lymphocytic leukemia,
2.6% of patients with acute lymphoblastic leukemia
(ALL), and 1.5% of patients with chronic myelogenous
leukemia developed VTE within 1 year after diagnosis
[12]. Among patients with acute leukemia, the annual
incidence of VTE is reportedly highest in patients with
acute promyelocytic leukemia (APL: 6.1-42.8%) and low-
est in patients with ALL (2.1-13.0%) [13].

Clinical risk factors for VTE include previous VTE,
chemotherapy, central venous catheter (CVCs), comorbid
conditions, a body mass index >30, immobility, and/or
the use of erythropoiesis-stimulating agents [14]. For
example, in one study of 343 ALL patients, VTE occurred
in 11.1% of patients who received r-asparaginase (a drug
causing hypercoagulability because it inhibits fibrinolysis)
but was observed in only 2.0% of those who did not
receive it [15]. A multivariate analysis of risk factors for
deep vein thrombosis (DVT) or PE within 1 year of diag-
nosis in AML patients revealed that the hazard ration
(HR) for VTE was higher for patients with CVCs versus
those without (HR = 1.5) [15].

Cancer-associated VTE is a clinical marker of more
aggressive and less treatable cancers, and is associated
with increased cancer-related mortality. According to
CCR data, 80% of cancer patients with VTE died within
6 months of VTE diagnosis [16]. A prospective analysis
revealed that 40% of cancer patients with VTE died
within 6 months of VTE onset, with 90% of these deaths
attributed to cancer progression (4.5% were attributed to
PE) [17]. A recent review of the CCR cross-referenced
with the California Discharge Database revealed that VTE
was associated with a higher risk of death in ALL but not
AML patients (HR = 1.4) [18], probably because high
early mortality in AML is an overwhelming competing
risk [19].

To determine the incidence, prevalence, and clinical
impact of VTE in acute leukemia patients, we analyzed
clinical data from 1295 patients admitted to our institu-
tion during a 5-year period.
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Methods

Patient population

The study was approved by the MD Anderson Institu-
tional Review Board. We reviewed the charts of consecu-
tive patients with newly diagnosed ALL (including
Burkitt’s lymphoma and lymphoblastic leukemia) or AML
who presented to The University of Texas MD Anderson
Cancer Center (UTMDACC) from November 1999 to
May 2005. Analyses were from admission date through 31
May 2010, at that time 26.2% were alive, 73.7% were
dead, and <0.1% lost to follow-up.

Patients’ demographics, leukemia diagnosis, comorbidi-
ties, chemotherapy, and baseline laboratory data were col-
lected. Screening for hypercoagulability was not done. For
those with new VTE, we tabulated location of VTE, radio-
graphic modality of diagnosis, synchronous laboratory
data, VTE treatment, and date of last follow-up or death.
Patients’ medication information was collected from the
chart review and a database maintained by UTMDACC’s
Medical Informatics. Data were collected from the date of
admission (between November 1999 and May 2005) until
31 May 2010, last follow-up or death, whichever came
first.

Study design

The rate of VIE was the principal study outcome. VTE
was defined as a thrombosis in the pulmonary vasculature
(PE) or a DVT in the upper extremities (axillary, subcla-
vian, and/or jugular veins) or lower extremities (femoral,
popliteal, superficial femoral, and/or iliac veins). Cathe-
ter-associated thrombosis was defined as a DVT in the
upper extremities or lower extremities identified within
3 months of catheter insertion. Diagnostic imaging used
to confirm VTE included venography, Doppler ultraso-
nography, pulmonary ventilation-perfusion scan, com-
puted tomography (CT), and/or CT angiography. Patients
with synchronous PE and DVT were classified as having a
PE with specification of the location of the DVT. VTE
recurrence was defined by an acute VTE in a different
vascular bed.

Statistical analysis

Analyses of the ALL and AML groups were performed
separately. Descriptive statistics such as frequencies,
means, medians, and cross-tabulation were used for
patient characteristics. Between-group differences were
evaluated using the chi-square test or Fisher’s exact test
for categorical data or a Mann—Whitney test or median
test for continuous data. Risk factors associated with the
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development of VTE were analyzed by logistic regression
models. Hosmer and Lemeshow stepwise strategies were
applied for model building: potential independent vari-
ables with P-value <0.25 were included in the initial full
model. Prevalence, initial episode incidence, and recur-
rence rate of VTE were determined. Calculation of preva-
lence was based on the number of patients who had VTE
prior to their admission to our institution plus the num-
ber of patients who had VTE incidentally discovered at
the time of leukemia diagnosis plus those who developed
VTE during the observation period. To determine the rate
of developing VTE during the treatment period, the inci-
dence density of VTE was estimated; patients who had
VTE diagnosed prior to or at the time of their diagnosis
were excluded. Data analyses were performed using the
Stata software program (version 12; STATA Corp., Col-
lege Station, TX). P values less than 0.05 (two-tailed)
were considered statistically significant.

Results

We identified 299 patients with ALL and 996 patients
with AML, 73 of whom had APL. Baseline characteristics
of these 1295 patients are presented in Table 1. VTE was
diagnosed in 53 ALL patients (17.7%) and 86 AML
patients (8.6%), for an overall prevalence of 10.7%. Com-
pared with ALL patients who did not develop VTE, ALL
patients who developed VTE had a significantly higher
median age (48 years versus 42 years, P = 0.008) and a
significantly lower median serum creatinine level (0.8 mg/
dL versus 0.9 mg/dL, P = 0.005). No such differences
were detected in AML patients.

Table 1. Patient characteristics.

VTE in Acute Leukemia Patients

No patient who developed VTE received any anticoagu-
lation therapy, including pharmacological VTE prophy-
laxis, in the month before VTE onset. Among those who
did not develop VTE, 3/246 with ALL and 3/910 with
AML received pharmacological VTE prophylaxis at some
point during their leukemia treatment program; and 5/
246 (2%) with ALL and 6/910 (0.7%) with AML were
receiving anticoagulation for other indications (atrial
fibrillation, chronic VTE, cerebrovascular ischemia, or
heart failure).

The rates of VTE according to patient characteristics
are given in Table 2. Among ALL patients, 14/49 (28.6%)
with Philadelphia chromosome-positive disease developed
VTE. Among the AML patients, 8/73 (11%) with APL
developed VTE. The majority of all patients were Cauca-
sian, including those who developed VTE: 67.9% of ALL
patients and 84.9% of AML patients. African-American
patients with ALL developed more VTE compared with
other ethnicities; the percentages were 33.3%, 20.3%, and
12.5% among African-American, Caucasian, and Hispanic
patients, respectively (P = 0.04). Older ALL patients
developed more VTE: the percentage of patients with
VTE was 11.8% among those who aged <39 years versus
252% and 17.4% among those 40-59 and >60 years,
respectively (P = 0.03). Younger AML patients (<39 years
old) had a higher number of VTEs (14.8%) compared
with 8.1% and 7.4% in the older age groups of 40-59
and >60 years, respectively (P = 0.04). The percentage of
patients with a prior history of VTE was significantly
higher among those who developed VTE. Among ALL
patients, 11.3% of the patients who developed VTE had a
history of VTE, whereas only 1.6% of the patients without

ALL (N = 299) AML (N = 996)

Characteristic VTE (N = 53) No VTE (N = 246) P VTE (N = 86) No VTE (N = 910) P

Age, years 48 (19-75) 42 (15-83) 0.008' 57.5 (18-81) 60 (14-89) 0.28
BMI, kg/m? 26.2 (15.2-44.9) 25.9 (15.6-51.6) 0.88 27.2 (17.3-58.1) 26.7 (14.3-73.0) 0.78
Leukocyte count, x10%/L 7.3 (0.9-281.5) 6.8 (0.3-602.5) 0.77 4.8 (0.4-237.5) 7.0 (0.4-390) 0.38
Hemoglobin count, mg/dL 9.6 (4.3-13.8) 9.2 (3.5-16.7) 0.43 8.4 (4.0-12.6) 7.9 (2.5-14.4) 0.23
Platelet count, x10%/L 87 (16-404) 60 (3-668) 0.13 63.0 (8-762) 47.0 (3-676) 0.06
Serum LDH level, IU/L 807.5 (188-33175) 1061 (172-42001) 0.23 855.0 (303-9267) 872.5 (190-25980) 0.67
Serum fibrinogen level, mg/dL 448 (77-995) 394 (49-879) 0.12 392.0 (77-701) 387.0 (81-1000) 0.67
PT, seconds 12.4 (10.9-18.4) 12.7 (10.6-23.4) 0.16 12.9 (11-23.5) 13.2 (10-24.5) 0.15
PTT, seconds 27.3 (20.5-37.4) 27.6 (18.5-56.4) 0.31 27.4 (21.3-984) 27.8 (19.3-297) 0.48
Serum albumin level, mg/dL 3.3(1.8-4.6) 3.4 (1.8-5.0) 0.26 3.4(1.9-4.6) 3.4 (1.4-5.3) 0.36
Serum creatinine level, mg/dL 0.8 (0.5-1.8) 0.9 (0.4-6.2) 0.005" 0.9 (0.5-4.5) 0.9 (0.3-6.8) 0.64
Serum glucose level, mg/dL 97 (69-263) 106 (9-469) 0.12 104.0 (76-222) 105.0 (42-584) 0.74

All data are the median value (range) unless otherwise indicated. ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; BMI, body
mass index; LDH, lactate dehydrogenase; PT, prothrombin time; PTT, partial thromboplastin time VTE, venous thromboembolism.

TStatistically significant.
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Table 2. Prevalence of venous thromboembolism (VTE) by patient characteristics.

ALL (N = 299) AML (N = 996)
VTE No VTE VTE No VTE

Characteristic (N =53[17.7%]) (N =246 [82.3%]) P (N = 86 [8.6%]) (N =910 [91.4%]) P
Diagnosis/Subtypes

Philadelphia-negative ALL 26 (49.1) 144 (58.6) 0.27

Philadelphia-positive ALL 14 (26.4) 35 (14.2)

Burkitt's leukemia/lymphoma 9(17.0) 47 (19.1)

T-lymphoblastic lymphoma 4(7.5) 14 (5.7)

Others 0 (0.0) 6 (2.4)

Non-APL AML 78 (90.7) 845 (92.9) 0.46

APL 8(9.3) 65 (7.1)
Age, years

<39 15 (28.3) 112 (45.5) 0.03" 19 (22.1) 109 (12.0) 0.04"

40-59 26 (49.1) 77 (31.3) 29 (33.7) 328 (36.0)

>60 12 (22.6) 57 (23.2) 38 (44.2) 473 (52.0)
Ethnicity

Caucasian 36 (67.9) 141 (57.3) 0.04" 73 (84.9) 733 (80 6) 0.45

African-American 6(11.3) 12 (4.9) 4 (4.6) 4 (7.

Hispanic 11 (20.8) 77 (31.3) 9(10.5) (10 3)

Other 0 (0.0) 16 (6.5) 0(0.0) 9 (2.
Sex

Male 28 (52.8) 155 (63.0) 0.21 1(59.3) 513 (56.4) 0.65

Female 25 (47.2) 91 (37.0) 5 (40.7) 397 (43.6)
Obesity (BMI > 30), kg/m2 14 (26.4) 68 (27.6) 0.81 27 (31.4) 271 (29.8) 0.93
Nonsmoker (56.6) 146 (59.4) 0.69 4 (62.8) 584 (64.2) 0.41
Erythropoietin therapy 10 (18.9) 63 (25.6) 0.37 0 (46.5) 275 (30.2) 0.003"
Hormone replacement therapy/contraceptives

Yes 18 (33.9) 51 (20.7) 0.07 2 (25.6) 151 (16.6) 0.44

No (women) 10 (18.8) 42 (17.1) 4 (16.3) 3 0 (38 5)

No (men with prostate cancer) 2 (3.9) 3(1.2) 3 (50.0) 3 (3.

Unknown 23 (43.4) 150 (61.0) 7 (8.1) 376 (41 3)
History of malignancy 5(9.4) 25(10.2) 0.55 21 (24.4) 200 (22.0) 0.58
History of VTE 6(11.3) 4(1.6) 0.003' 6 (7.0) 9(2.1) 0.02"

All data are no. of patients (%) unless otherwise indicated. ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; APL, acute promyel-

ocytic leukemia; BMI, body mass index.
TStatistically significant.

VTE had a history of VIE (P = 0.003); among AML
patients, 7.0% of the patients who developed VTE had a
history of VTE, whereas only 2.1% of patients without
VTE had such a history (P = 0.02). For patients with
AML who received an erythropoiesis-stimulating agent
(ESA), the percentage developing VTE (46.5%) was signif-
icantly higher than those not developing VTE (30.2%,
P = 0.003).

Results from multivariable logistic models are both cor-
roborative and revealing. Among patients diagnosed with
ALL, identified risk factors were baseline platelet count of
50-99 x 10°/L (adjusted odds ratio [aOR]: 3.7, 95% CI:
1.45-9.43), Philadelphia chromosome positivity (aOR:
2.8, 95%), age >40 years (aOR: 2.7, 95% CI: 1.21-6.21),
the presence of an additional hematologic malignancy
(myeloma, lymphoma, or AML; aOR: 8.3, 95% CI: 1.07—

30

63.88), and, for women, hormonal therapy (aOR: 2.4,
95% CI: 1.07-5.24). Among AML patients, risk factors
were maleness (aOR: 1.9, 95% CI: 1.02-3.7), liver disease
(aOR: 3.7, 95% CI: 1.14-12.1), use of an ESA (aOR: 2.4,
95% CI: 1.5-4.05), and, for women, hormonal therapy
(aOR: 2.6, 95% CI: 1.3-5.4).

The location of thromboses in ALL patients is shown
in Figure 1. Of the 53 VTEs, 32 (60.4%) were in upper
extremities. Of these 32, 28 (87.5%) were CVC related.
Eight ALL patients (15.1%) developed PEs, of which four
were associated with a lower extremity DVT and two
were associated with an upper-extremity DVT; the source
of two PEs could not be identified.

The location of thromboses in AML patients is shown
in Figure 2. Of the 86 VTEs, 63 (73.3%) were in upper
extremities. Of the 63, 53 (84.1%) were CVC related.

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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7(8.1%)

16 (18.6%)

8 (15.1%)
13 (24.5%)

Number of cases (%)

32 (60.4%)

ALL AML

- Upper extremities
I Lower extremities
I Pulmonary embolism

Figure 1. VTE distribution by anatomic location according to
leukemia type. VTE, venous thromboembolism.

r ALL (VTE cases = 53) AML (VTE cases = 86)

53 (84.1)

28 (87.5)

VTE cases with CVC (%)

11 (84.6) 10 (62.5)

5(62.5) 4(57.1)

I Upper extremities
I Lower extremities
I Puimonary embolism

Figure 2. CVC-VTE event by anatomic location. CVC, central venous
catheter; VTE, venous thromboembolism.

Seven AML patients (8.1%) had PEs, only one of which
was associated with an identifiable DVT (of the lower
extremity), and 16 (18.6%) had lower extremity DVT.
There was no difference in the distribution of VTEs
between ALL and AML patients (P = 0.245).

Most patients developed VTE within 3 months of diag-
nosis (Fig. 3). Twenty-two patients (7 ALL patients and
15 AML patients) had VTE prior to or at the time of
diagnosis. Among all VTEs, 1/53 and 3/86 were diagnosed
within 1 month before the diagnosis of AML and ALL,
respectively; and 6/53 and 12/86 with were diagnosed syn-
chronously with AML and ALL, respectively. Excluding
these patients, during the mean time follow-up period of
2.5 years (range: 0.0025-10.3 years), the overall incidence
rate of VIE was 3.7 per 100 person-years: 4.2 per 100
person-years for ALL and 3.4 per 100 person-years for
AML.

Figure 4 shows CVC-related VTEs with their time-to-
event. A total of 139 patients had VTE including 124 with
VTE in either upper or lower extremities and 15 with PE

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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N 3-6 months I >24 months

Figure 3. Time to VTE event by leukemia type since leukemia
diagnosis. VTE, venous thromboembolism.

(PE: 8 patients and PE + DVT: 7 patients). Of these 124
patients, 102 (82.2%) had CVC placement within
3 months of the VTE. Among the 15 patients with PE,
nine (60.0%) had CVC placement within 3 months of the
PE. CVC-VTEs were frequent: they accounted for 83%
(44/53) and 77.9% (67/86) of all events in ALL and AML,
respectively. CVC-DVT events were responsible for 73.6%
(39/53) and 73.2% (63/86) among ALL and AML groups,
respectively; and CVC-PE events were responsible for
9.4% (5/53) and 4.7% (4/86) among ALL and AML
groups, respectively.

Most ALL patients developed thrombosis during con-
solidation chemotherapy, whereas most AML patients
developed VTE during induction chemotherapy (Fig. 5).
The mean time to event for ALL patients was 1.6 months
(median time to event 2.4 months). In AML patients, the
mean time to event was 2 months (median time to event
4.5 months). Most patients were thrombocytopenic when
they developed VTE (Fig. 6). The percentages of patients
who had platelet counts of <50, 51-99, 100-349, or
>350 x 10°/L at the time of acute VTE were 45.3%,
49.6%, 1.5%, and 3.6%, respectively. Around 55% of ALL
patients and 39.6% of AML patients had platelet counts
<50 x 10”/L at the time of VTE.

The overall median follow-up period for all patients was
13.9 months (range, 0.03-123.9 months); during this time,
VTE recurred in 20.7% (11/53) ALL patients and 18.6%
(16/86) AML patients. The cumulative proportion of recur-
rent events for AML and ALL is shown in Figure 7. Recur-
rence risk based on location of initial VTE is shown in
Figure 8. VTE recurred in upper extremities in 48.2% (13/
27); in lower extremities in 25.9% (7/27); as PE in 18.5%
(5/27) and in the CVC in 7.4% (2/27). Anticoagulation
mainly with therapeutic low-molecular-weight heparin was
used to treat VTE in 42/53 ALL patients (79%) and 38/86
AML patients (44%). It was continued for less than
1 month in 31% and 49% of patients with ALL and AML,
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Figure 4. CVC presence among patients with VTE by time. CVC, central venous catheter.
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r 7.5% o0 7.5%
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Figure 5. Occurrence of initial VTE according to treatment phase.
VTE, venous thromboembolism.

60

40

%

20

2.3% 2
<50 51-99 100-349 >350

Platelet cell count (x10%/L)

Figure 6. Platelet count at time of VTE diagnosis. VTE, venous
thromboembolism.

respectively, and maintained for greater than 6 months in
only 21% and 10% of patients with ALL and AML, respec-
tively. Comparing patients with ALL versus those with

32

AML, patients with ALL who developed VTE had a signifi-
cantly longer time on therapeutic anticoagulation (mean
time: 3.4 vs. 0.9 months, P < 0.0001). Acute leukemia
patients with PE were treated with anticoagulation
2.3 months longer compared with those with DVT (mean:
3.9 vs. 1.6 months, P = 0.007). Interestingly, patients with-
out a CVC had significantly longer times on therapeutic
anticoagulation compared with those with CVC (3.0 vs.
1.5 months, P = 0.03). In the AML group, among 67
patients with CVC-related DVTs, two were exchanged, 14
were removed, and 18 were removed and treated with anti-
coagulation. In the ALL group, among 44 patients with
CVC-related DVTs, four were removed and 10 were
removed and treated with anticoagulation. No difference
was found in the use of anticoagulation between those with
and without CVC who developed PE, P = 0.319.

The use of anticoagulation appeared to have no bearing
on recurrence: among ALL patients with VTE, the recur-
rence rate was 21% and 18% among those who received
or did not receive therapeutic anticoagulation, respec-
tively; for AML, it was 29% and 10%, respectively. Of
note, at the time of recurrence, 0/11 ALL patients and
only 1/16 AML patients were receiving therapeutic antico-
agulation.

Over the course of the entire follow-up period, 73.7%
of all patients died. None of the deaths were attributed to
PE or VTE. Kaplan—Meier survival estimates for patients
without and with VTE are shown in Figure 9.

Discussion

VTE is a common problem in patients with acute leuke-
mia. We calculated an incidence density of 4.2 per 100
person-years in ALL and 3.4 per 100 person-years in

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Figure 7. Cumulative proportion of recurrent VTE. VTE, venous
thromboembolism.
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Figure 8. Cumulative proportion of recurrent VTE—according to
anatomic location of first VTE event. VTE, venous thromboembolism.
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Figure 9. Kaplan-Meier survival estimates—patients with and
without VTE. VTE, venous thromboembolism.

AML. This is higher than those reported in previous stud-
ies [13, 15, 18, 20-22]. This may reflect the underutiliza-
tion of pharmacological VIE prophylaxis at UTMDACC:
<1% of ALL patients and <0.3% of AML patients received

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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pharmacological prophylaxis during the period of analy-
sis. In addition, previous studies may have underesti-
mated VTE because data were derived from
administrative or clinical databases, while our data were
obtained from electronic medical records, an electronic
pharmacy record system, and a clinical data base.

Many factors contribute to the prothrombotic state in
acute leukemias [23-25]. Factors in APL are characterized
best: promyelocytes contain procoagulant-rich primary
granules and express annexin II, which assembles the
fibrinolytic apparatus on their surfaces [26, 27]. Exoge-
nous factors include immobility, indwelling venous cathe-
ters, comorbidities (e.g., obesity, infection, renal disease,
and pulmonary disease), ESAs, chemotherapy, and per-
haps neutropenia [28, 29]. In this study, the relatively
higher incidence of VTE in ALL patients almost certainly
reflects that these patients received chemotherapy com-
prised of fractionated cyclophosphamide, vincristine,
doxorubicin, and dexamethasone alternating with metho-
trexate and high-dose cytarabine [30]. This regimen
includes several notoriously thrombogenic agents, includ-
ing asparaginase, which was part of the maintenance pro-
gram in the hyper-CVAD regimen [31]. Of note, 7/53 of
ALL patients had received the thrombogenic agent aspara-
ginase [32, 33] prior to the development of VTE (four
during hyper-CVAD maintenance program and three dur-
ing salvage therapy), but asparaginase was used so infre-
quently that its impact on VTE rates cannot be
calculated.

VTE can be the sentinel clinical event leading to a diag-
nosis of acute leukemia in up to 4% of patients [15]. Of
the 139 patients who developed VTE, five (4%) developed
VTE prior to diagnosis and 13 (9%) were found to have
VTE at leukemia diagnosis. These observations indicate
that acute leukemia alone—separate from the effects of
exogenous elements—is a risk factor for the development
of VTE.

The risk of VTE is greatest within the first year follow-
ing diagnosis and is especially high within the first few
months, but this risk declines with time after diagnosis
[13, 15, 18]. Our data support these conclusions: 112/136
(80.6%) developed VTE within the first 12 months after
diagnosis. VTE occurred during the initial hospitalization
in 33% of ALL patients and 52% of AML patients.

Most VTEs developed in the upper extremities, and
most of these were catheter-related. These results clarify
the epidemiology of upper-extremity DVTs in patients
with acute leukemia [23-25] and reemphasize that cathe-
ter-related thromboses are a major clinical problem.
Efforts to develop innovative interventions for preventing
catheter-related thrombosis are needed [34, 35].

Cancer-associated VTE often recurs. Lee et al. found
that almost 10% of cancer patients receiving optimal
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anticoagulation therapy had recurrent VTE during the
6 months of therapy [36]. In our analysis, the VTE recur-
rence rate for both ALL and AML patients was about
20%, indicating that VTE often becomes a chronic prob-
lem. This large VTE recurrence rate supports the long-
established conclusion that the treatment of cancer-related
VTE is generally difficult. It also provides a focused point
of intervention where improved therapeutics are needed
and reemphasizes the importance of deducing why anti-
coagulation fails in this patient population. One obvious
consideration is that therapeutic anticoagulation is often
not achieved because of concerns that it will cause bleed-
ing in patients with thrombocytopenia. Based on clinical
guidelines, a platelet count <50 x 10°/L is considered a
contraindication to anticoagulant therapy [7, 37]. No
studies are available, however, to allow us to determine
whether this guideline is appropriate in patients with
acute leukemia who frequently become thrombocytopenic.
Our data suggest that VTE recurrence rates could be
decreased with better anticoagulation management during
periods of thrombocytopenia.

The data presented, albeit extensive and thorough
enough to establish several valid conclusions, require fur-
ther prospective corroboration. Our study is limited
because it is retrospective and descriptive. In particular,
this design eliminates our capacity to elucidate the impor-
tance of inherited and acquired thrombophilia; to measure
the impact of asymptomatic VTE, such as incidental PE or
calf vein thrombosis; and to monitor and identify lethal
PE. This latter deficiency is very important, as unrecog-
nized lethal PE is common in many hospitalized patients
[4-6], and it is impossible to establish the therapeutic
index of pharmacological VTE prophylaxis without know-
ing for sure that thrombocytopenic leukemic patients are
not dying from PE.

In conclusion, we observed that VTEs are common
among patients with acute leukemia. They are more fre-
quently associated with ALL than with AML, develop
within a few months after leukemia diagnosis during peri-
ods of treatment-related thrombocytopenia, are usually
CVC-associated, and often recur. Clinical tools to prevent
catheter-related thrombosis and prospective data that can
be used to optimize the therapeutic index of prophylactic
and therapeutic anticoagulation in thrombocytopenic
patients are needed.
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