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Abstract

Background: Hemostatic complications are commonly encountered in blood or marrow
transplantation (BMT) recipients, increasing their morbidity and mortality and are well described
in the immediate post-transplant period. The risk of venous thromboembolism (VTE) in long term
autologous BMT survivors has not been studied previously.

Methods: Patients who underwent autologous BMT between January 1, 1974 and December 31,
2010 for a hematologic malignancy, lived 2 years or more after a BMT and were =18 years were
surveyed for long-term outcomes. Median follow up was 9.8 years (IQR, 6.4-14.3y). We analyzed
the risk of VTE in 820 autologous BMT recipients who survived >2 years, as compared to 644
siblings as well as among the BMT recipients.

Results: BMT survivors were at a 2.6-fold higher risk of VTE as compared to siblings (95%Cl:
1.6-4.4, p<0.0004), after adjusting for sociodemographic characteristics. Conditional on surviving
>2 years after BMT, the cumulative incidence of VTE was 3.9+£0.8% at 5 years and 6.1+1.1% at
10 years. A diagnosis of plasma cell disorder (HR=2.37, 95%Cl: 1.3-4.2, p=0.004) and annual
house hold income <$50,000 (HR=2.02, 95%CI 1.2-3.6, p=0.015) were associated with increased
VTE risk.
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Conclusions: Autologous BMT survivors are at risk for developing late-occurring VTE.
Development of risk prediction models to identify autologous BMT survivors at highest risk for
VTE and thromboprophylaxis may help decrease the morbidity and mortality associated with
VTE.

Introduction

Blood or marrow transplantation (BMT) is associated with an acquired hypercoagulable
state characterized by inflammation, endothelial damage and activation of endothelium-
dependent coagulation factors, increase in von Willebrand factor and platelet adhesion,
increased thrombin generation, decreased levels of anticoagulant proteins such as anti-
thrombin and protein C.1-3 Previous reports of VTE in BMT recipients have focused on the
early posttransplant period, with a widely variable incidence (0.5%-23.5%) depending on the
population characteristics and the methods used for diagnosing VTE.* Majority of these
studies are limited by brief post-BMT follow-up and/or relatively small samples.> Catheter
related thrombosis occurs frequently in lymphoma and myeloma patients undergoing
autologous BMT, and majority of these events occur within first 100 days of BMT.6 A
comprehensive assessment of the incidence and risk factors for VTE in long term autologous
BMT survivors remains unstudied. This is important to understand since VTE is associated
with decreased survival in BMT recipients.” We addressed this gap by using the resources
offered by the Blood or Marrow Transplant Survivor Study (BMTSS).

Materials and Methods

BMTSS is a collaborative effort between City of Hope (COH), University of Minnesota
(UMN) and University of Alabama at Birmingham (UAB) and is examining long-term
outcome of individuals who have lived 2 years or more after undergoing BMT between 1974
and 2010 at one of these three institutions. Comparison with a non-cancer population has
been made possible by asking participating survivors to invite a nearest-age sibling to the
study. The Human Subjects Committee at participating institutions approved the protocol;
informed consent was provided according to the Declaration of Helsinki.

A BMTSS survey was administered to eligible patients and covered the following: diagnosis
by a healthcare provider of specific chronic health conditions, relapse of primary cancer and
development of subsequent neoplasms, age at diagnosis of these health conditions,
medication use, height/weight at the time of survey completion, and sociodemographic
characteristics (sex, race/ethnicity, education, employment, household income and health
insurance).8 We have previously shown that BMT survivors are able to report their outcomes
with a high degree of accuracy.® Information regarding primary cancer diagnosis, transplant
preparative regimens, and graft type (bone marrow or peripheral blood stem cells [PBSC])
was obtained from institutional databases.

The current study aimed to describe the risk of VTE in long term autologous BMT
survivors. We hypothesized that the risk of VTE will be high several years after BMT due to
endothelial damage from prior treatments including chemotherapy and radiation, continued
inflammatory state and new on set co-morbidities in this patient population. Patients who
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were alive and 18 years or older at time of study were included. The underlying hematologic
malignancies included acute myeloid leukemia/myelodysplasia (AML/MDS), chronic
myeloid leukemia (CML), plasma cell disorders (PCD), or non-Hodgkin lymphoma (NHL).
We excluded patients who underwent a second BMT. Self-report of VTE diagnosed by a
healthcare provider was used to identify patients with VTE. Patients with arterial thrombosis
or thrombotic microangiopathy were not included as a VTE outcome.

A total of 1,556 patients had undergone autologous BMT for hematologic malignancies at
COH, UMN or UAB between 1974 and 2010, survived =2 years, were 18 years or older, and
alive at study participation. Of these, 119 (7.6%) were lost to follow-up. Of the 1,437 BMT
recipients approached, 455 did not participate (185 [11.8%] refused participation; 270
[17.3%] did not respond to the survey request), yielding 982 participants (68.3%
participation rate). Of the 982 study participants, history of VTE was not available for 109
participants. Since we were interested in studying the risk of post-BMT VTE, patients who
developed VTE prior to BMT or with missing age at VTE diagnosis were excluded (53). In
total, 820 patients were included in the final analysis.

Statistical Analysis

Logistic regression was used to study the risk of VTE in BMT survivors compared to
siblings, adjusting for age at study participation, sex, race/ethnicity, education, annual
household income, insurance, body mass index (BMI) and comorbidities. Cumulative
incidence of VTE conditional on surviving 2 years or more after BMT was calculated using
competing risk methods. Since we were interested in studying the risk of VTE in BMT
recipients who survived 2 years or more after BMT, we took 2 years after transplant as the
starting point to calculate cumulative incidence. If the date of onset of VTE occurred within
the first 2 years after BMT, the condition was considered as present 2 years after BMT. For
the purposes of analysis, the onset date was shifted forward to that time point. Data on long
term complications in cancer survivors was presented in a similar way in previous
publications.810 Cox regression analysis was used for identifying predictors of VTE risk
among autologous BMT survivors.1 Risk factors evaluated for association with VTE
included age at BMT, sex, race/ethnicity, education, income, insurance status, BMI, primary
hematologic malignancy, stem cell source, dyslipidemia, hypertension, diabetes, smoking
and hormone replacement therapy. Relapse of primary hematologic malignancy and
development of subsequent neoplasms were analyzed as time-varying variables.
Parsimonious models were obtained using backward variable selection, keeping variables
with p <0.1 in the model. Two-sided tests with p <0.05 were considered statistically
significant. All analyses were performed with SAS software version 9.4 (SAS Institute Inc.,
Cary, North Carolina, USA).

Results

Patient Characteristics

Demographic and clinical characteristics of the BMTSS cohort and siblings are summarized
in Table 1. Mean age at BMT was 49.5 years (standard deviation +12.6 years), whereas the
mean age at survey participation was 60.5 years (£10.6) for BMT survivors compared to
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53.1 (x12.6) years in siblings. The cohort included 441 (53.8%) males and 648 (79%) non-
Hispanic whites. Median duration of follow up from BMT was 9.8 years (inter quartile
range: 6.4-14.3y). Primary diagnoses included NHL in 420 patients (51.2%), PCD in 296
(36.1%), AML/MDS in 95 (11.6%), and CML in 9 (1.1%). The majority of patients (781,
95.2%) were transplanted with PBSC. Cyclophosphamide was used as part of conditioning
in 443 (54%) patients, etoposide in 449 (54.8%), melphalan in 376 (45.9%) and total body
irradiation (TBI) in 362 (44.2%). One hundred and seventeen (14.3%) patients developed a
subsequent malignancy or relapse of primary cancer post-BMT. A total of 60 (7.3%) patients
developed VTE after BMT; 50% of these occurred >2 years after BMT. Median time to VTE
development was 2.04 years from the time of BMT (inter quartile range: 2.0-6.22 years).
Conditional on surviving =2 years after BMT, the cumulative incidence of VTE was
3.9+0.8% at 5 years and 6.1+1.1% at 10 years (Figure 1).

Risk of VTE — BMT survivors vs. siblings: Logistic regression analysis after adjusting
for age, sex, socioeconomic status, health insurance, comorbidities (diabetes, hypertension,
dyslipidemia, BMI), smoking and hormone replacemen therapy, showed that the odds of
developing a VTE were significantly higher in BMT survivors (odds ratio [OR]=2.62, 95%
confidence interval [CI]: 1.55-4.43, p<0.0004) as compared with siblings (Table 2).

Risk of VTE among autologous BMT survivors: Diagnosis of plasma cell disorder
(HR=2.37, 95%CI: 1.3-4.2, p=0.004) and annual house hold income <$50,000 (HR=2.02,
95%CI 1.2-3.6, p=0.015) were associated with increased VTE risk (Table 3).

Discussion

We found the risk of VTE to be 2.6-fold higher among autologous BMT survivors when
compared with a sibling cohort without cancer. Conditional on surviving =2 years after
BMT, the 10 year cumulative incidence of VTE was 6.1% after autologous BMT. These
findings provide evidence for ongoing vigilance regarding this complication.

Long term BMT survivors are at increased risk of developing atherosclerosis, arterial
vascular events and new onset cardiovascular risk factors such as diabetes, hypertension and
dyslipidemia.12:13 There had been a paucity of information regarding the risk of VTE among
long term autologous BMT survivors; our study is the first to address this issue. We found
that an underlying diagnosis of PCD and low income was associated with an increased risk
of VTE. Previous studies have shown that patients with PCD are at increased risk of VTE,
either due to the primary disease or treatment.14 Multiple mechanisms such as clonality,
inhibition of natural anticoagulants or hypercoagulability due to inflammatory cytokines,
increased von Willebrand factor, factor V111, fibrinogen levels, decreased protein S levels,
acquired activated protein C resistance, or interference of fibrin structure by paraprotein may
contribute to this increased risk.1518 This risk increases several fold in patients treated with
thalidomide, lenalidomide or pomalidomide in combination with high dose dexamethasone,
doxorubicin or multi-agent chemotherapy and in patients with =2 individual or PCD risk
factors, and hence thromboprophylaxis is recommended.1® Due to the increased risk, several
clinical trials have added thromboprophylaxis to the induction regimens of multiple
myeloma, with subsequent decrease in VTE incidence.1”-18 Our study shows that the risk of
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VTE remains elevated several years after autologous BMT in patients with PCD. Some of
these patients are likely being treated with maintenance therapies which may contribute to
continued increased risk of VTE after BMT. We were unable to abstract the post-transplant
maintenance therapy for myeloma patients in our study and could not assess this as a risk
factor for VTE. Thus, the increased risk of VTE in patients with PCD could be because of
post-transplant exposure to maintenance therapy or the underlying diagnosis of PCD, or a
combination of both. The increasing use of post-transplant maintenance therapy with
lenalidomide in the current era may add to the VTE risk after autologous BMT in PCD
patients. It is important to thoroughly investigate the risk factors and identify high risk PCD
patients who may benefit from thromboprophylaxis after BMT, and should be explored
further in prospective studies.

Relapse of primary cancer or development of second malignancy was not associated with
increased risk of VTE. Co-morbidities such as diabetes, hypertension, dyslipidemia, obesity,
history of smoking and use of oral contraception and hormonal therapy are known to
contribute to the risk of VTE in the general population.1®-21 However, they were not
associated with VTE risk in autologous BMT survivors in our study. There is also increasing
knowledge about clonal hematopoiesis of indeterminate potential (CHIP) and cardiovascular
disease, and it would be important to study the association between CHIP and VTE in future
studies.

The association between socioeconomic status and arterial cardiovascular disease is well
established. A large population based study from Netherlands showed that high
neighborhood socioeconomic status is associated with a lower risk of first VTE.22 In another
prospective study from Sweden, low income and lower level of education were
independently associated with increased risk of VTE.23 It is possible that access to health
care, physical activity, and general health awareness are lower in BMT survivors with low
socioeconomic status and may be contributing to the increased risk of VTE.

Our study needs to be placed in the context of its limitations. First, the study relied on self-
report for identifying patients with VTE. However, the validity of the BMTSS questionnaire
has been examined previously, showing that survivors are able to report the occurrence of
adverse medical conditions with accuracy.? Second, since our study was based on patient
surveys, we could not capture complete details regarding clinical presentation and laboratory
abnormalities at the time of VTE development. Future studies aimed at identifying
biomarkers associated with VTE risk in BMT recipients are warranted. Though some
patients provided details regarding the site of VTE, this information was not available for
several patients. Hence, we were not able to categorize the findings based on the site of
VTE. Third, we did not have information regarding family history of VTE, level of physical
activity, corticosteroid use and hospitalizations at the time of VTE development. Fourth, the
risk of VTE in BMT recipients was conditional on surviving the first 2 years after BMT.
BMT recipients who died within the first 2 years were not included in the analysis, likely
resulting in an underestimation of VTE risk after BMT. The incidence of VTE in the peri-
transplant period is likely higher than what we found in our study patients, as a significant
number of patients with VTE may have died within the first 2 years after transplant. Our
intention was to determine the risk of VTE in long term BMT survivors. We found that this
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risk remains high several years after transplant, necessitating continued risk assessment in
these patients. These limitations notwithstanding, our study provides a comprehensive
analysis of the long-term risk of VTE in autologous BMT recipients and the associated risk
factors.

In conclusion, autologous BMT survivors have a 2.6-fold higher risk of VTE when
compared with siblings without cancer. The risk continues to increase for at least 10y post-
BMT. Patients with PCD and lower socioeconomic status are particularly at high risk. In
light of these observations, it is important to delve further in identifying vulnerable
subpopulations among PCD patients treated with autologous BMT who may benefit from
thromboprophylaxis.
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Highlights

. Long term survivors of Blood or marrow transplantation are at increased risk
of venous thromboembolism compared to their siblings.

. A diagnosis of plasma cell disorder and lower socioeconomic status were
associated with increased venous thrombosis risk.
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Cumulative incidence of venous thromboembolism in autologous BMT survivors
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Table 1.

Demographic and clinical characteristics of the autologous BMTSS survivors and siblings

Variable BMT survivors  Siblings P
N % N %
VTE
Yes 60 7.3 19 3.0 0.0002
Sex
Male 441 53.8 259 40.2 <0.0001

Race/Ethnicity

White 648 79.0 552 85.7 0.0004
Hispanic 71 8.7 49 7.6

Asian 32 3.9 23 3.6

Black 54 6.6 13 2.0

Other 15 1.8 7 11

Education

<High School 158 19.3 80 12.4  0.0007
Some college 293 35.7 227 353

College Graduate 367 44.8 336 52.2

Missing 2 0.2 1 0.2

Household income

<$50k 250 30.5 126 19.6 <0.0001
$50-100k 247 30.1 200 311
>$100k 232 28.3 252 39.2
Missing 91 111 66 10.3

Health insurance

Yes 804 98.1 628 975 0.4885

History of smoking (ever)

Yes 326 39.8 204 317 0.001
Diabetes
Yes 140 17.1 50 7.8 <0.0001

Hypertension

Yes 354 43.2 190 295 <0.0001

Dyslipidemia

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2020 November 01.
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Variable BMT survivors  Siblings P
N % N %
Yes 312 38.1 147 22.8 <0.0001
Female Hormone replacement
Yes 101 12.3 106 16.5 0.02
Testosterone replacement
Yes 138 16.8 28 4.4  <0.0001

Primary diagnosis

AML/MDS 95 11.6
CML 9 11
NHL 420 51.2
PCD 296 36.1
Stem cell source
PBSC 781 95.2
Bone Marrow 39 4.8
Conditioning regimen
Busulfan 76 9.3
Carmustine 198 24.2
Cytoxan 443 54.0
Etoposide 449 54.8
Melphalan 376 459
Other 112 13.7
Any radiation 362 44.2
Relapse/SMN
Yes 117 14.27

Page 11

Abbreviations: BMTSS-2, Blood or Marrow Transplant Survivor Study-2; BMT, blood or marrow transplant; VTE, venous thromboembolism;
AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; CML, chronic myeloid leukemia; NHL, non-Hodgkin lymphoma; PCD, plasma

cell disorder; GVHD, graft versus host disease; PBSC, peripheral blood stem cells.
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Risk of Venous Thromboembolism in autologous BMT survivors compared with a sibling cohort

Table 2.

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2020 November 01.

Variable Univariate Multivariate Parsimonious”
OR 95%CIl P OR 95%Cl P OR 9%CI P

Cohort

Siblings 1.00

BMT cohort 2.60 (1.54.4) 0000 237 (1442) 0.003 262 (1.64.4) 0.0004

Age at survey 1.02 (1.011) 0021 101 (1.01.0) 0.221

BMI 099 (1.0,1.00 0525 098 (0.9,1.0) 0.375

Sex

Females 1.00

Male 119 (0.8,19) 0455 1.06 (0.618) 0.834

Race/Ethnicity

Other 1.00 1.00

Non-Hispanic white  1.38 (0.7,2.7) 0331 145 (0.7,29) 0.288

Education

<High School 1.00 1.00

Some college 130 (0.6,27) 0.49 154 (0.7,3.3) 0.266

College Graduate 141 (0.7,29) 0340 184 (09,39) 0.114

Household Income

<$50K 1.00 1.00

>$50K 069 (04,11) 0.133 066 (04,1.1) 0.122

Missing 043 (0.2,1.1) 0.085 041 (0.2,1.1) 0.080

Health insurance

Yes 056 (0.1,42) 0571 061 (014.7) 0.631

History of smoking

Yes 114 (0.7,1.8) 059 101 (0.61.7) 0.954

Diabetes

Yes 134 (0.725) 0345 125 (0.625) 0512

Hypertension

Yes 130 (0.82.1) 0.267 121 (0.7,20) 0.467

Hyperlipidemia

Yes 1.01 (0.6,1.7) 0954 0.80 (0.51.4) 0.403
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Variable Univariate Multivariate Parsimonious”

OR 95%ClI P OR 95%ClI P OR 9%5%Cl P

Female hormone replacement

Yes 087 (0.4,17) 0698 091 (04,19 0.791

Testosterone replacement

Yes 128 (0.7,25) 0457 098 (0.520) 0.951

*
Parsimonious model was obtained using backward variable selection, keeping variables with p<0.1 in the model.

Abbreviations: BMT, blood or marrow transplant; OR, odds ratio; Cl, confidence interval; BMI, body mass index.

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2020 November 01.

Page 13



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Gangaraju et al.

Risk factors for \Vienous Thromboembolism in BMT survivors

Table 3.
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Category Univariate Multivariate Parsimonious”
HR  95% ClI P HR  95% ClI P HR  95% CI P

Sex

Female 1.00 1.00

Male 099 (0.6,1.6) 096 099 (0.61.8) 0.96

Race/ethnicity

Other 1.00 1.00

Whites 142 (0.7,2.9) 034 141 (0.7,3.00 0.36

Age at diagnosis  1.01  (1.0,1.0) 0.20

Age at transplant  1.02  (1.0,1.0) 0.06 1.01 (1.0,1.0) 0.28

BMI 098 (0.9,1.03) 034 096 (0910) 008 096 (09100 010

Education

<High School 1.00 1.00

Some college 1.09 (0.5,2.4) 0.83 125 (06,28 060 125 (0.62.8) 0.59

College Graduate ~ 1.59  (0.8,3.3) 022 208 (0946) 0.07 204 (0945 007

Household income

>$50k 1.00 1.00

<$50k 160 (1.0,2.7) 0.08 191 (1.1,34) 0.029 202 (1.2,36) 0.015

Missing 031 (0.1,1.03) 006 027 (0.1,09) 0.036 027 (01,09 0.03

Health insurance

Yes 092 (0.1,6.6) 093 087 (0.1,65) 0.89

Ever smoked

Yes 1.03 (0.6,1.7) 0.92 1.08 (0.6,1.9) 0.77

Diabetes

Yes 1.23 (0.7,2.3) 0.52 145 (0.7,2.9) 0.30

Hypertension

Yes 119 (0.7,2.0) 0.50 121 (0.7,2.1) 0.50

Hyperlipidemia

Yes 074 (0.413) 027 072 (0413) 027

Female hormone replacement

Yes 0.84 (0.4,1.9) 0.67 078 (0.3,1.9) 058
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Category Univariate Multivariate Parsimonious”
HR  95%ClI P HR  95%ClI P HR  95%ClI P

Testosterone replacement

Yes 0.78 (0.4,16) 048 084 (04,18) 0.66

Primary diagnosis

NHL 1.00 1.00

AML/MDS 151 (0.733) 030 182 (084.2) 015 158 (0.7,35  0.26

CML 149 (0.2,11.1) 070 176 (0.2,140) 059 150 (0.2,11.3) 0.69

PCD 225 (1.34.00 0.005 204 (1.137) 002 237 (1342 0.004

Stem cell source

Bone Marrow 1.00 1.00

PBSC 151 (054.9) 049 134 (044.8) 065

Relapse/SMN

No 1.00 1.00

Yes 193 (08,49 016 196 (0.8,5.0) 0.17

*

Parsimonious model was obtained using backward variable selection, keeping variables with p<0.1 in the model.
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Abbreviations: BMT, blood or marrow transplant; HR, Hazard ratio; Cl, Confidence interval; BMI, body mass index; CML, chronic myeloid
leukemia; AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; NHL, non-Hodgkin lymphoma; PCD, plasma cell disorder; GvHD,
graft versus host disease; PBSC, peripheral blood stem cells; SMN, secondary malignant neoplasms.
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