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The cumulative incidence, risk factors, rate of subsequent venous thromboembolism
(VTE) and bleeding and impact on mortality of isolated upper extremity deep vein
thrombosis (UE DVT) in acute leukemia are not well-described. The California Cancer
Registry, used to identify treated patients with acute myeloid leukemia (AML) and
acute lymphoblastic leukemia (ALL) diagnosed between 2009 and 2014, was linked
with the statewide hospitalization database to determine cumulative incidences of UE
DVT and subsequent VTE and bleeding after UE DVT diagnosis. Cox proportional
hazards regression models were used to assess the association of UE DVT on the risk of
subsequent pulmonary embolism (PE) or lower extremity deep vein thrombosis (LE
DVT) and subsequent bleeding, and the impact of UE DVT on mortality. There were
5,072 patients identiﬁed: 3,252 had AML and 1,820 had ALL. Three- and 12-month
cumulative incidences of UE DVT were 4.8% (95% conﬁdence interval [CI]: 4.1–5.6) and
6.6% (95% CI: 5.8–7.5) for AML and 4.1% (95% CI: 3.2–5.1) and 5.9% (95% CI: 4.9–7.1)
for ALL, respectively. Twelve-month cumulative incidences of subsequent VTE after an
incident UE DVT diagnosis were 5.3% for AML and 12.2% for ALL. Twelve-month
cumulative incidences of subsequent bleeding after an incident UE DVT diagnosis were
15.4% for AML and 21.1% for ALL. UE DVT was associated with an increased risk of
subsequent bleeding for both AML (hazard ratio [HR]: 2.07; 95% CI: 1.60–2.68) and ALL
(HR: 1.62; 95% CI: 1.02–2.57) but was not an independent risk factor for subsequent PE
or LE DVT for either leukemia subtype. Isolated incident UE DVT was associated with
increased leukemia-speciﬁc mortality for AML (HR: 1.42; 95% CI: 1.16–1.73) and ALL
(HR: 1.80; 95% CI: 1.31–2.47). UE DVT is a relatively common complication among
patients with AML and ALL and has a signiﬁcant impact on bleeding and mortality.
Further research is needed to determine appropriate therapy for this high-risk
population.
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Introduction
Venous thromboembolism (VTE) is a known complication of
cancer. It is estimated that 20 to 30% of all primary VTE
events are cancer-associated and patients with malignancy
are four to seven times more likely to develop VTE compared
with patients without cancer.1,2 In addition to inherent
morbidity and potential to delay therapy, VTE is reported
to be the second leading cause of death in cancer patients
after death from the malignancy itself.3 Thus, prevention and
treatment of VTE are common and clinically relevant issues
for those with malignancy.
The risk of VTE in cancer patients varies widely among
different malignancies. It is generally thought that adenocarcinomas such as pancreatic and gastric cancer are associated with a much higher VTE risk than hematologic
malignancies such as myeloma, lymphoma, or leukemia.4,5
However, a population-based cohort analysis found the
incidence of VTE in acute leukemia to be comparable with
the incidence in many solid tumors.6 In addition, another
population-based study concluded that patients with hematologic malignancies were up to 26 times more likely to
develop VTE compared with the general population.7
Cancer-associated upper extremity deep vein thrombosis
(UE DVT) involving the brachial, axillary, jugular, and superior vena cava veins is not as well-described as VTE in other
sites and its impact on prognosis remains controversial. In a
single registry study of all patients with VTE, UE DVT in
patients with cancer was associated with an increased incidence of recurrent VTE and death compared with UE DVT in
patients without cancer.8 In addition, previous literature
published in the ﬁeld of distal lower extremity deep vein
thrombosis (LE DVT) suggests that VTE, regardless of location, may have a signiﬁcant impact on prognosis in the
presence of certain risk factors such as cancer.9,10
We had previously reported a relatively low incidence of UE
DVT in patients with acute leukemia (12-month UE DVT
cumulative incidences of 1.5% for acute myeloid leukemia
(AML) and 0.9% for acute lymphoblastic leukemia (ALL)); however, we cautioned that these might be underestimates due to a
lack of speciﬁc diagnostic codes for UE DVT at the time.6
Therefore, with the availability of speciﬁc coding for UE DVT
after October 1, 2009, we re-addressed this question by identifying ﬁrst primary diagnosed acute myeloid and lymphoid
leukemia patients from the California Cancer Registry (CCR)
and determined the cumulative incidences and risk factors for
UE DVT, the rate of subsequent VTE and bleeding among those
with incident UE DVT, and the impact of UE DVT on mortality.

Methods
Databases
The CCR is California’s statewide population-based cancer
surveillance system which maintains records about all malignancies diagnosed in California, with the exception of basal
and squamous cell carcinoma of the skin. The CCR estimates
that >98% of cancer diagnoses in California are captured. CCR
data include the date of diagnosis, primary anatomical site,
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histologic type, American Joint Committee on Cancer stage,
initial type of treatment, and basic demographic information.
The California Patient Discharge Database (PDD) and
Emergency Department Utilization (EDU) contain records
of all patients hospitalized in nonfederal hospitals or hospital-associated emergency departments in the state and are
maintained by the Ofﬁce of Statewide Health Planning and
Development. Hospitals report up to 25 diagnoses and up to
21 procedures associated with each hospitalization, coded
using the International Classiﬁcation of Disease, Ninth Revision, Clinical Modiﬁcation (ICD-9-CM) codes. A present-onadmission indicator is required for all PDD diagnoses. An
encrypted version of the social security number is assigned
to each patient which allows linkage of serial hospitalizations as well as linkages with other datasets.

Patient Cohort
Using the CCR, we identiﬁed patients of all ages with a ﬁrst
primary diagnosis of acute leukemia from October 1, 2009 to
December 31, 2014 and linked these patients with the PDD and
EDU to identify incident UE DVT events using speciﬁc ICD-9CM codes 453.82 to 453.87. All other ICD-9-CM codes for VTE,
which comprise of pulmonary embolism (PE), LE DVT, and
bleeding, are included in ►Supplementary Table S1. Speciﬁc
ICD-9-CM codes for UE DVT were updated at the beginning of
the fourth quarter of 2009. Prior to this time, a physician would
have to speciﬁcally mention the term phlebitis or thrombophlebitis to be abstracted as a speciﬁc UE DVT diagnosis and
diagnoses such as DVT of an upper extremity or thoracic vein
may have been coded as an LE DVT.11 Therefore, we limited our
analysis to after this time period. Patients with PE or LE DVT
diagnosed prior to or at the time of leukemia diagnosis were
excluded. In addition, chemotherapy was identiﬁed in CCR
and/or PDD using ICD-9-CM code 99.25 in any procedure.
Patients who were not treated with initial chemotherapy were
excluded as we are unable to conﬁrm the central venous
catheter (CVC) status in this subgroup of patients. All patients
who are treated with chemotherapy are assumed to have a
CVC, an established risk factor for UE DVT.12

Covariates
From the CCR, we obtained patient demographics which
included sex, race/ethnicity, age at diagnosis, neighborhood
socioeconomic status, and health insurance at diagnosis or
initial treatment. Children were deﬁned as patients with a
cancer diagnosis <18 years old, while adults were diagnosed
at age 18 years. In addition, patients were categorized as
acute promyelocytic leukemia (APL), a speciﬁc subtype of
AML more prone to coagulopathy, and ALL patients were
categorized as B-cell or T-cell. Comorbidities were captured
up to 2 years prior to the acute leukemia diagnosis date. They
were identiﬁed using codes that comprise the Elixhauser
index, excluding cancer,13 and categorized as no admissions
in PDD within the 2 prior years of leukemia diagnosis (and
thus no information), 0 comorbidities, 1 to 2 comorbidities,
and 3 comorbidities. Hematopoietic stem cell transplant
(HSCT) was identiﬁed in CCR and/or PDD using speciﬁc ICD9-CM procedure codes (►Supplementary Table S2).
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Outcomes and Analysis Plan
Given the differences between treatment regimens and planned
duration of therapy, analysis was stratiﬁed by the broad categories of acute leukemia, AML and ALL. Median follow-up time was
calculated using the reverse Kaplan-Meier method.14,15
We determined the 3- and 12-month cumulative incidence of
ﬁrst UE DVT, adjusted for the competing risk of death using the
method of Fine and Gray.16 The 3- and 12-month cumulative
incidence of subsequent VTE (which included UE DVT, LE DVT,
and PE) and bleeding after incident UE DVT was also calculated;
time was calculated from date of UE DVT discharge to outcome
event of interest, with death as a competing risk event or end of
study. Because some patients with acute leukemia are frequently hospitalized, there is the possibility that a UE DVT code for an
encounter soon after discharge from the incident UE DVT
represented the same event, and not recurrence, as the treating
physicians and abstractors would have considered it an active
problem. To increase the speciﬁcity for UE DVT recurrence, a UE
DVT code had to be in the principal position (the primary reason
for inpatient admission). Or if acute leukemia was coded as the
principal diagnosis, the acute UE DVT code had to be in
the second position to be counted as a UE DVT recurrence. Using
multivariable Cox proportional hazards regression models,
adjusted for the competing risk of death, we identiﬁed risk
factors for the development of incident UE DVT, the effect of
incident UE DVT on the development of subsequent LE DVT
and/or PE, the effect of incident UE DVTon subsequent bleeding,
and the impact of incident UE DVT on leukemia-speciﬁc mortality and overall mortality. Analysis of the effect of incident UE
DVT on subsequent bleeding was also adjusted for the competing risk of a subsequent VTE (LE DVT or PE) as this would likely
modify the utilization of anticoagulation practices and therefore
the risk of bleeding. Leukemia-speciﬁc mortality is measured
from the date of diagnosis to the date of death from leukemia
whereas overall survival considers death from all causes.
Patients who died from causes other than leukemia were
censored at the time of death in the analysis of leukemia-speciﬁc
mortality. Patients alive at the study end date (December 31,
2014) were censored at this time or at the date of last known
follow-up from the CCR. For all regression analyses, the proportional hazard assumption was assessed using Schoenfeld
residuals.17 Variables that violated the proportional hazard
assumption were included as stratiﬁcation variables. Subdistribution hazard ratios (HR) and adjusted HR are both presented as
hazard ratios and 95% conﬁdence intervals (CI) for simplicity. All
analyses were done using SAS 9.4 and all statistical tests were
two-sided; a p-value of less than 0.05 was considered statistically signiﬁcant. This study was approved by the California
Health and Human Services Agency Committee for the Protection of Human Subjects, and the University of California, Davis
Institutional Review Boards.

Results
We identiﬁed 5,072 patients between October 1, 2009 and
December 31, 2014 with ﬁrst primary diagnosis of acute
leukemia who were treated with chemotherapy: 3,252 had
AML and 1,820 had ALL. Baseline demographics are shown
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in ►Table 1. Median follow-up times for AML and ALL were
30.9 months (95% CI: 29.4–32.2) and 32.0 months (95% CI:
29.9–33.9), respectively.

Acute Myeloid Leukemia
Among 3,252 patients with AML, 406 (12.5%) had APL
(►Table 1). Males comprised 55.5% and females 44.5% of
patients. The majority of patients (54.0%) were non-Hispanic
Whites, with Hispanics/Latino, Asians/Paciﬁc Islanders, and
African Americans contributing 25.2, 13.9, and 5.9%, respectively. Nearly half (48.9%) of the patients were 60 years or
older and 66.1% of AML patients had one or more comorbidities. Approximately one-ﬁfth (22.5%) underwent HSCT.
The 3- and 12-month cumulative incidences of UE DVT in
AML were 4.8% (95% CI: 4.1–5.6) and 6.6% (95% CI: 5.8–7.5),
respectively. Most (62.3%) incident UE DVTs occurred within
the ﬁrst 3 months of AML diagnosis (►Fig. 1). The multivariate analysis of risk factors for UE DVT in AML is shown
in ►Table 2. The risk of upper extremity DVT was not
increased in APL compared with other subtypes of AML.
Patients with age 70 and older were less likely to develop UE
DVT (HR: 0.46; 95% CI: 0.25–0.83) than patients < 50 years.
In addition, patients who underwent HSCT had approximately a twofold increased risk of UE DVT development
compared with those who did not undergo HSCT (HR:
1.95; 95% CI: 1.13–3.36).
►Fig. 2 shows the 3- and 12-month cumulative incidences
of subsequent VTE after an incident UE DVT diagnosis, which
were 2.8 and 5.3%, respectively. Approximately half (46.7%)
of subsequent VTE events occurred within the ﬁrst 3 months
of incident UE DVT. The majority of subsequent VTE events
were recurrent UE DVT with 3- and 12-month cumulative
incidences of 2.3 and 3.4%, respectively. The 3- and 12-month
cumulative incidences were 0.5 and 1.5% for subsequent LE
DVT and 0 and 0.5% for subsequent PE, respectively. Upper
extremity DVT was not a risk factor for development of
subsequent PE or LE DVT in AML (HR: 0.68; 95% CI:
0.24–1.92) (data not shown).
The 3- and 12-month cumulative incidences of subsequent
bleeding after an incident UE DVT diagnosis were 9.1 and
15.4%, respectively (►Fig. 3). Almost half (47.7%) of bleeding
events occurred within the ﬁrst 3 months of incident UE DVT.
Among AML patients, the diagnosis of incident UE DVT was
associated with an increased risk for subsequent bleeding (HR:
2.07; 95% CI: 1.60–2.68) (►Supplementary Table S3).
A diagnosis of incident UE DVT was associated with increased leukemia-speciﬁc mortality in AML (HR: 1.42; 95% CI:
1.16–1.73) (►Table 3). A diagnosis of PE and/or LE DVT,
increasing age at AML diagnosis, and increasing comorbidities
was also associated with increased leukemia-speciﬁc mortality. Female gender was associated with decreased mortality
(HR: 0.86; 95% CI: 0.78–0.95). Upper extremity DVT diagnosis
was associated with increased overall mortality in AML (HR:
1.35; 95% CI: 1.11–1.63) (data not shown).

Acute Lymphoblastic Leukemia
Among the 1,820 patients with ALL, 1,650 (90.7%) had B-cell
ALL and 166 (9.1%) had T-cell ALL (►Table 1). Fifty-nine
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Table 1 Baseline characteristics among treated California
acute leukemia patients, 2009–2014
AML

ALL

N ¼ 3,252

%

N ¼ 1,820

%

AML-APL

406

12.5%

–

–

ALL-T cell

–

–

166

9.1%

ALL-B cell

–

–

1,650

90.7%

Variables
Leukemia subtype

Incident UE DVT
Yes

234

7.2%

114

6.3%

No

3,018

92.8%

1,706

93.7%

PE Only

59

1.8%

40

2.2%

PE þ DVT

20

0.6%

12

0.7%

DVT-proximal only

40

1.2%

27

1.5%

Subsequent
PE or LE DVT

DVT-distal only

24

0.7%

12

0.7%

DVT-lower
extremity,
NOS only

2

0.1%

2

0.1%

Male

1,805

55.5%

1,077

59.2%

Female

1,447

44.5%

743

40.8%

Non-Hispanic White

1,755

54.0%

531

29.2%

African American

192

5.9%

87

4.8%

Hispanic

819

25.2%

1,018

55.9%

Asian/Paciﬁc
Islander

453

13.9%

169

9.3%

Other/Unknown

33

1.0%

15

0.8%

<18

161

5.0%

770

42.3%

18–39

521

16.0%

449

24.7%

40–59

977

30.0%

372

20.5%

60–69

764

23.5%

146

8.0%

70

829

25.4%

83

4.6%

Gender

Race/Ethnicity

Age at cancer
diagnosis

percent of patients were male and 41% were female. The
majority of patients with ALL (55.9%) were Hispanics, with
non-Hispanic Whites, Asians/Paciﬁc-Islanders, and African
Americans contributing 29.2, 9.3, and 4.8%, respectively, the
demographics of which are similar to prior epidemiologic
studies in ALL.18 Approximately half (58.6%) of patients were
less than 29 years, consistent with ALL being primarily a
disease of the pediatric and adolescent and young adult
population.19 One or more co-morbidities were present in
61.6% of the patients and 18.4% underwent HSCT.
The 3- and 12-month cumulative incidences of UE DVT in
ALL were 4.1% (95% CI: 3.2–5.1) and 5.9% (95% CI: 4.9–7.1),
respectively. Most (64.1%) of UE DVT occurred within the ﬁrst
3 months of diagnosis (►Fig. 1). The multivariate analysis of
risk factors associated with UE DVT is shown in ►Table 4.
Upper extremity DVT risk was similar among both subtypes
of ALL. Older age at diagnosis was associated with increased
incident UE DVT in all age groups compared with <18 years,
except those aged 30 to 39 years where the association was
borderline. HSCT was not associated with increased risk of
incident UE DVT in ALL although the cohort size was small.
The 3- and 12-month cumulative incidences of subsequent VTE after an incident UE DVT diagnosis were 11.0 and
12.2% for ALL, respectively (►Fig. 2). Eighty percent of
subsequent VTEs occurred within the ﬁrst 3 months of
incident UE DVT diagnosis and most were UE DVT which
had 3- and 12-month cumulative incidences of 6.0 and 7.2%.,
respectively. The 3-month cumulative incidences were 1.0%
for subsequent LE DVT and 4.0% for subsequent PE, respectively. Twelve-month cumulative incidences for subsequent
LE DVT and PE were unchanged compared with the incidence
at 3 months. Among ALL patients, UE DVT was not associated
with an increased risk for subsequent incident PE or LE DVT
development (HR: 1.84; 95% CI: 0.76–4.42) (data not shown).
►Fig. 3 shows the 3- and 12-month cumulative incidences
of subsequent bleeding after an incident UE DVT diagnosis,
which was 9.2 and 21.1%, respectively Thirty-six percent of
bleeding events occurred during the ﬁrst 3 months after UE

HSCT
Yes

732

22.5%

335

18.4%

No

2,520

77.5%

1,485

81.6%

397

21.8%

Comorbidities (within 2 y prior)
Not available

897

27.6%

0

204

6.3%

301

16.5%

1–2

869

26.7%

668

36.7%

3

1,282

39.4%

454

24.9%

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid
leukemia; APL, acute promyelocytic leukemia; HSCT, hematopoietic
stem cell transplantation; LE DVT, lower extremity deep vein thrombosis; NOS, not otherwise speciﬁed; PE, pulmonary embolism; UE DVT,
upper extremity deep vein thrombosis.
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Fig. 1 Cumulative incidence of upper extremity deep vein thrombosis, adjusted for the competing risk of death, among treated
California acute leukemia patients, 2009 to 2014. AML, acute myeloid
leukemia; ALL, acute lymphoblastic leukemia.
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DVT diagnosis. Among ALL patients, a diagnosis of UE DVT was
associated with an increased risk for subsequent bleeding (HR:
1.62; 95% CI: 1.02–2.57) (►Supplementary Table S4).
A diagnosis of incident UE DVT was associated with
increased leukemia-speciﬁc mortality in ALL (HR: 1.80;
95% CI: 1.31–2.47) (►Table 5). A diagnosis of PE and/or LE
DVT and increasing age of diagnosis were also associated
with increased leukemia-speciﬁc mortality. Upper extremity
DVT diagnosis was associated with increased overall mortality in ALL (HR: 1.74; 95% CI: 1.28–2.36) (data not shown).

Discussion
In this large population-based study, we observed that the
12-month cumulative incidence of UE DVT was appreciable
at 6.6% for AML and 5.9% for ALL, with most UE DVT events
occurring within the ﬁrst 3 months of acute leukemia
diagnosis. HSCT was a risk factor for UE DVT development
in AML patients while adult ALL patients were at higher risk
for UE DVT development compared with children. Twelvemonth cumulative incidences of subsequent VTE after an
incident UE DVT diagnosis were 5.3% for AML and 12.2% for
ALL; the majority of subsequent VTE events were recurrent
UE DVTs. While UE DVT was not a risk factor for development
of subsequent PE or LE DVT in AML or ALL, it was associated
with an increased risk for subsequent bleeding in both AML
and ALL, suggesting these patients may have received anticoagulation. A diagnosis of incident UE DVT was associated
with increased leukemia-speciﬁc and overall mortality in
both acute leukemia subtypes.
The 12-month cumulative incidence of UE DVT was
signiﬁcantly higher in our study than previously published
reports.6,20 Our prior analysis in California from 1993 to 1999
reported 12-month cumulative incidences of UE DVT at 1.5% for
AML and 0.9% for ALL, but was limited by lack of speciﬁc
diagnostic codes for UE DVT (at the time a physician would have
to speciﬁcally mention the term phlebitis or thrombophlebitis
to be abstracted as a speciﬁc UE DVT diagnosis).6 A single
institution retrospective study of acute leukemia patients
treated with chemotherapy between 1999 and 2005 reported
UE DVT incidences of 2.5% with AML and 2.5% with ALL after an
overall median follow-up of 13.9 months.20 While changes in
coding that more accurately captured a diagnosis of UE DVT
after 2009 may contribute to the higher incidence we
observed,11 the incidence may also be higher in our study
because of more accurate diagnostic methods over the past
decade21 or because we limited our analysis to patients treated
with chemotherapy, a group at higher risk for VTE.22,23
Among AML patients, HSCT was a risk factor for UE DVT
development. This ﬁnding is consistent with a meta-analysis
of six studies evaluating the association between leukemia
and VTE which observed that HSCT recipients had the highest
incidences of VTE among all acute leukemia patients.24 In the
current study, UE DVT incidence was not increased in APL
compared with other subtypes of AML, an unexpected
ﬁnding as APL is known to have an increased inherent risk
of thrombosis and coagulopathy compared with other subtypes of leukemia.25,26
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In ALL, adults were found to have a higher risk for UE DVT
development compared with children, which is consistent with
prior data showing that VTE incidence in the general population increases with age.27,28 In contrast to AML, HSCT was not
associated with increased risk of incident UE DVT in ALL;
however, the cohort size was small. Other established risk
factors for UE DVT development in ALL, which were unavailable
data in the current study, include the presence of mediastinal
masses which has been reported in 10 to 15% of children at the
time of ALL diagnosis, and exposure to a combination of
steroids and asparaginase during treatment.29–32
In our study, African Americans and Asian/Paciﬁc Islanders
had a similar risk of incident UE DVT compared with nonHispanic Whites for both AML and ALL. This is in contrast to the
higher risk of VTE in African Americans and lower risk in
Asian/Paciﬁc Islanders commonly seen with other malignancies.4,33 Other known risk factors for VTE development include
the underlying coagulopathy and prothrombotic environment
characteristic of acute leukemia.34,35 In addition, the presence of
CVCs which is nearly ubiquitous to all acute leukemia patients
who receive treatment also increase VTE risk.20,36 A prospective
cohort study of patients with solid tumors and implanted ports
observed an appreciable CVC-associated VTE incidence of 3.8%
and found 30% of all VTE events to be catheter associated.37
Our analysis found the 12-month cumulative incidences of
VTE after incident UE DVT to be considerable at 5.3% for AML
and 12.2% for ALL. The most common subsequent VTE subtype
was recurrent UE DVT. Nevertheless, the cumulative incidences
of subsequent lower extremity DVT and PE were still appreciable after incident UE DVT. These ﬁndings are supported by a
single institution retrospective review which noted a 12-month
incidence of recurrent VTE in acute leukemia patients to be as
high as 16.6%.38 Another single institution review found 30% of
acute leukemia patients with incident VTE to have recurrent
VTE.39 Our analysis, in addition to previously mentioned
studies, supports that VTE in itself is an important risk factor
for subsequent VTE development in acute leukemia.
The 12-month cumulative incidences of bleeding after
incident UE DVT were considerable at 15.4% for AML and
21.2% for ALL; these incidences are likely underestimates of
the overall bleeding risk in acute leukemia patients, as we
excluded bleeding events which occurred during the same
hospitalization as incident UE DVT diagnosis. Furthermore,
isolated UE DVT was associated with an increased risk of
subsequent bleeding in both acute leukemia subtypes.
Although our databases do not include medication data,
we suspect the increased risk of bleeding is likely due to
use of anticoagulation. These ﬁndings are supported by a
single institution retrospective review which noted substantially higher bleeding rates among patients with hematologic
malignancies and VTE receiving anticoagulation compared
with those without anticoagulation at 27 versus 3%, respectively.40 In addition, a systemic review of 13 observational
studies investigating VTE treatment patterns among 5,359
acute leukemia patients revealed a high rate of anticoagulation use at 73% among those diagnosed with VTE.41 Other
single institution studies similarly report high rates of anticoagulation use of up to 90% among leukemia patients
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Table 2 Risk factors associated with upper extremity deep vein
thrombosis development among treated California acute
myeloid leukemia patients, 2009–2014
HR

95% CI

p-Value

APL

1.36

(0.92, 2.02)

0.1271

No APL

Reference

Variables
AML subtype

Gender
Female

1.14

(0.86, 1.51)

Male

Reference

0.3733

Race/Ethnicity
Non-Hispanic White

Reference

African American

1.64

(0.86, 3.11)

0.1316

Hispanic

0.99

(0.72, 1.35)

0.9273

Asian/Paciﬁc Islander

0.78

(0.48, 1.28)

0.3319

Age at cancer diagnosis
<50

Reference

50–59

1.11

(0.77, 1.60)

0.5722

60–69

0.98

(0.69, 1.38)

0.8911

70

0.46

(0.25, 0.83)

0.0100

Yes

1.95

(1.13, 3.36)

0.0158

No

Reference

HSCT

Fig. 2 Cumulative incidence of subsequent venous thromboembolism, adjusted for the competing risk of death, among treated
California acute leukemia patients with an upper extremity deep vein
thrombosis, 2009 to 2014. AML, acute myeloid leukemia; ALL, acute
lymphoblastic leukemia.

a

Abbreviations: AML, acute myeloid leukemia; APL, acute promyelocytic
leukemia; CI, conﬁdence interval; HR, hazard ratio; HSCT, hematopoietic stem cell transplantation.
Note: Multivariable cox proportional hazards model is stratiﬁed by
comorbidities and adjusted for the competing risk of death using Fine
and Gray methodology.
a
HSCT is included as a time dependent covariate.

diagnosed with VTE and variable bleeding rates (5–77%)
among anticoagulated patients.42–44
A diagnosis of incident UE DVT was an independent
predictor for increased leukemia-speciﬁc mortality and
overall mortality in both acute leukemia subtypes. However,
UE DVT was not an independent risk factor for subsequent PE
or LE DVT for either leukemia subtype. These mortality
model ﬁndings are consistent with VTE being associated
with increased mortality in cancer patients.45,46 However,
most prior studies examining the effect of VTE on mortality
in cancer patients are limited to PE and proximal LE DVT in
their analysis,47,48 while expert opinion has historically
attributed UE DVT in malignancy to be less precarious.49,50
The increased risk of mortality associated with isolated UE
DVT in our study is consistent with a recent study showing
that cancer patients with isolated distal LE DVT have similar
rates of VTE recurrence and mortality as compared with
those with proximal DVT.10 This suggests that in cancer
patients, VTE regardless of location has a signiﬁcant impact
on mortality. A possible explanation for the effect of UE DVT
on mortality is that it may be a surrogate for disease severity
rather than the ultimate cause of demise in patients with
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Fig. 3 Cumulative incidence of subsequent bleeding, adjusted for the
competing risk of subsequent VTE and death, among treated California acute leukemia patients with an upper extremity deep vein
thrombosis, 2009 to 2014. AML, acute myeloid leukemia; ALL, acute
lymphoblastic leukemia; VTE, venous thromboembolism.

leukemia. This hypothesis is supported by a systemic review
of UE DVT in patients with and without malignancy that
found the high mortality in UE DVT patients is often due to
their underlying diseases rather than the UE DVT or its
complications.51 The high cumulative incidence of bleeding
after an isolated UE DVT and the increased risk of bleeding
associated with UE DVT may have also contributed to the
increase in mortality, particularly in elderly patients.
There are limitations to our study. Our analysis was
limited to those undergoing treatment with systemic
chemotherapy as it was assumed that all leukemia patients
undergoing treatment would have a CVC. It is not clear if the
ﬁndings would be generalizable to those patients with acute
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Table 3 Risk factors associated with leukemia-speciﬁc
mortality among treated acute myeloid leukemia patients in
California, 2009–2014
Variables
UE DVT

95% CI

p-Value

1.42

(1.16, 1.73)

0.0006

No

Reference

PE  LE DVT

Table 4 Risk factors associated with upper extremity deep vein
thrombosis development among treated California acute
lymphoblastic leukemia patients, 2009–2014
HR

95% CI

p-Value

Female

1.01

(0.68, 1.49)

0.9734

Male

Reference

Variables
Gender

Yes
a

Yes

Race/Ethnicity
1.42

No
HSCT

HR

a

Poh et al.

(1.13, 1.80)

0.0032

Reference
a

Yes

1.02

(0.60, 1.75)

No

Reference

0.9325

0.86

Male

Reference

(0.78, 0.95)

0.0045

Race/Ethnicity
non-Hispanic White

Reference

African American

0.96

(0.77, 1.20)

Reference

African American

0.36

Hispanic

0.68

(0.45, 1.03)

0.0685

Asian/Paciﬁc Islander

0.83

(0.39, 1.75)

0.6231

(0.12, 1.02)

0.7154

<18

Reference

18–29

4.72

(2.54, 8.75)

<0.0001

30–39

2.42

(0.97, 6.02)

0.0587

40–49

3.39

(1.65, 6.96)

0.0009

50–59

3.11

(1.59, 6.06)

0.0009

60

3.37

(1.68, 6.78)

0.0007

(0.66, 3.65)

0.3182

a

Hispanic

0.97

(0.85, 1.11)

0.6898

HSCT

Asian/Paciﬁc Islander

1.15

(0.99, 1.33)

0.0685

Yes

1.55

No

Reference

Age at diagnosis
<50

Reference

50–59

1.47

60–69

2.1

(1.77, 2.48)

<0.0001

70

3.64

(3.03, 4.37)

<0.0001

(0.92, 1.53)

0.1775

(1.23, 1.75)

0.0553

Age at diagnosis

Gender
Female

Non-Hispanic White

<0.0001

Comorbidities (within 2 y prior)
Not available

1.19

0

Reference

1–2

1.31

(1.02, 1.69)

0.0365

3

1.7

(1.33, 2.17)

<0.0001

Abbreviations: CI, conﬁdence interval; HR, hazard ratio; HSCT, hematopoietic stem cell transplantation; LE DVT, lower extremity deep
vein thrombosis; PE, pulmonary embolism; UE DVT, upper extremity
deep vein thrombosis.
Note: Multivariable cox proportional hazards model is stratiﬁed by acute
myeloid leukemia subtype.
a
UE DVT, PE  LE DVT, and SCT are included as time-dependent covariates.

leukemia not receiving intravenous chemotherapy, especially
since 2017 when the use of oral drugs targeting various
epigenetic mutations was approved for acute leukemia treatment.52 Although our registries were limited to the inpatient
and emergency department settings, most VTE events were
likely captured as our study ended prior to the introduction of
outpatient chemotherapy for AML and given the high acuity of
leukemia patients, most diagnosed with VTE would likely have
been admitted or evaluated in the emergency department.
Another limitation to our analysis is the lack of data on the
management of UE DVT in terms of anticoagulation use
(prophylactic and therapeutic), timing of CVC removal, or

Abbreviations: CI, conﬁdence interval; HR, hazard ratio; HSCT, hematopoietic stem cell transplantation.
Note: Multivariable cox proportional hazards model is stratiﬁed by acute
lymphoblastic leukemia subtype and comorbidities and adjusted for the
competing risk of death using Fine and Gray methodology.
a
HSCT is included as a time dependent covariate.

inferior vena cava ﬁlter placement, all factors which can affect
recurrent VTE development and bleeding.
Strengths of this study include the large population-based
cohort of 5,072 patients with acute leukemia which allowed
for a robust multivariate analysis of potential risk factors and
outcomes; previous studies were primarily limited to single
institution studies or literature reviews. In addition, this is
one of the few studies that speciﬁcally investigates isolated
UE DVT, as previous studies generally either excluded UE
DVT from their VTE analysis or combined the incidence with
PE or LE DVT. Lastly, ICD-9-CM codes were updated in
October 2009 at the start of our cohort which likely provides
a more accurate assessment of the cumulative incidence of
UE DVT as compared with previous studies using administrative and/or primary data relying on ICD-9-CM coding.

Conclusion
In one of the largest studies to date examining the cumulative incidence of UE DVT in acute leukemia, we observed the
3- and 12-month cumulative incidences of UE DVT in both
AML and ALL to be higher than previously reported. As
previously shown, added to the incidence of LE DVT and PE
in these patients, the incidence of VTE in patients with acute
TH Open
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Table 5 Risk factors associated with leukemia-speciﬁc
mortality among treated acute lymphoblastic leukemia
patients in California, 2009–2014
Variables
UE DVT

HR

p-Value

a

Yes

1.80

No

(1.31, 2.47)
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0.0003

Reference

PE  LE DVT

a

Yes

1.41

No
HSCT

95% CI

and bleeding events in patients with acute leukemia. Prospective studies investigating the use and complications of
prophylactic and therapeutic anticoagulation are needed in
this high-risk population.

(1.01, 1.98)

0.0427

Reference
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a

Yes

1.21

(0.44, 3.33)
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Reference

0.7059

Gender
Female

0.83

(0.69, 1.01)

Male

Reference

Race/Ethnicity
Non-Hispanic
(NH) White
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