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Late cardiac events after allogeneic stem cell @

transplant: incidence, risk factors, and impact
on overall survival
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Abstract

Background There is limited data on the impact of cardiac disease on long term outcomes of allogeneic stem cell
transplant (alloSCT). Our study aims to describe the incidence of late cardiac events after alloSCT, identify risk factors
for developing a late cardiac event, and illustrate the impact of late cardiac events on overall survival.

Methods Patients who underwent alloSCT from 2007 to 2017 and survived more than 1 year after transplant
(N=2804) were included. Gray’s sub-distribution methods, while accounting for death as a competing risk, were used
to calculate the cumulative incidence of late cardiac events. Univariate regression models based on Gray’s sub-
distribution were fitted to assess the potential predictive effects of baseline characteristics on the risk of developing
any late cardiac events. Univariate Cox proportional hazard regression models were used to evaluate the association
between late cardiac events and overall survival.

Results The cumulative incidence of a late cardiac event at 5 years after transplant was 22% (95% Cl 19-25%). The
most frequent cardiac event was a decline in LVEF to <45% with a cumulative incidence of 9% (95% Cl 7-11%).
Patients were at significantly increased hazard of developing a late cardiac event if they had a history of congestive
heart failure prior to alloSCT (HR 4.53, 95% Cl 2.57-7.97, p-value <0.001), a decline in LVEF to <45% (HR 3.95, 95% Cl
2.09-7.47, p-value <0.001) or cerebral vascular accident (HR 3.13, 95% Cl 1.38-7.06, p-value 0.004). Transplant char-
acteristics such as primary disease, donor type, use of TBI, myeloablative conditioning regimen or tyrosine kinase
inhibitor had no significant association with late cardiac events. Almost all cardiac events demonstrated a significantly
increased risk of death. This hazard was the highest in patients who experienced an atrial arrhythmia (HR 10.6, 95% Cl
7.7-14.6).

Conclusion Adverse cardiac events are relatively common late after alloSCT with identifiable risk factors such as
medical comorbidities prior to transplant and are associated with a negative impact on overall survival.
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Background
Survival rates after allogeneic stem cell transplant
(alloSCT) are improving as transplant methodology
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mortality after hematopoietic stem cell transplant are of
increasing importance.

To date, most studies examining cardiac complications
in patients receiving hematopoietic stem cell transplant
have been limited to the peri-transplant setting [5-7].
Few studies examine the cardiac complications occurring
late after alloSCT, and those that have been published are
limited by focus on a single type of cardiac event or by
a small sample size [8—10]. In addition, there have been
improvements in guidance for cardiac screening and
monitoring in cancer patients. However, current guide-
lines recommending an electrocardiogram, echocardio-
gram, cardiac troponin and natriuretic peptides prior to
therapy address all cancer types including a multitude
of therapeutic exposures for both solid and hemato-
logic malignancies [11]. Patients receiving alloSCT often
undergo treatment prior to the transplant regimen and
have a different set of risk factors associated with the
transplant. Due to those differences and a gap in knowl-
edge regarding the incidence of late cardiac events after
alloSCT, further information is needed to develop spe-
cific recommendations regarding screening or monitor-
ing in patients receiving alloSCT [12, 13].

Patients receiving alloSCT may be at higher risk for
developing a late cardiac event than patients undergoing
autologous stem cell transplant or non-transplant thera-
pies. Systemic release of pro-inflammatory cytokines in
patients after alloSCT may contribute to post-transplant
complications [14]. Differences in therapeutic expo-
sures compared to autologous stem cell transplant may
also place alloSCT patients at higher risk of late cardiac
events [15]. There is already evidence demonstrating
alloSCT patients are at higher risk of diabetes, hyperten-
sion and dyslipidemia, well known risk factors for cardiac
events [16—18].

Given the increasing number of alloSCT survivors and
the higher probable risk for cardiac events, it is impor-
tant to delineate risk factors in this patient population
and to identify potential screening modalities for late car-
diac events. Our study aims to describe the incidence of
late cardiac events, their impact on overall survival and
identify risk factors for developing a late cardiac event
after alloSCT.

Methods

Using the institutional transplant database, we identi-
fied 828 patients who underwent allogeneic stem cell
transplant (alloSCT) between 2007 and 2017 at Siteman
Cancer Center/Washington University in St. Louis, Mis-
souri and survived more than 1 year after transplant.
Twenty-four patients were excluded for inadequate fol-
low up. If a patient received more than one alloSCT, data
was collected for risk factors prior to and cardiac events
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following their first alloSCT. This study was conducted
under the approval of the institutional review board of
Washington University School of Medicine in St. Louis
and informed consent was waived.

One abstractor collected all data with verification by
a cardiologist specializing in Cardio-Oncology. Infor-
mation on age at time of transplant, primary diagnosis,
donor type, use of tyrosine kinase inhibitor, intensity of
conditioning regimen, use of total body irradiation and
date and cause of death was obtained from the transplant
database at Siteman Cancer Center. Electronic medical
records were used to abstract pre-alloSCT comorbidi-
ties, patient demographics and post-alloSCT late cardiac
events.

Pre-alloSCT comorbidities that could impact the devel-
opment of late cardiac events were recorded as docu-
mented at admission for alloSCT. Data was collected
from diagnoses reported in past medical history, past sur-
gical history and assessment and plan from history and
physical notes as well as baseline electrocardiogram and
echocardiogram prior to admission for alloSCT. Electro-
cardiogram and echocardiograms were interpreted by
Cardiologists during admission. Pre-alloSCT risk factors
included the following: body mass index, race, smoking
status, hypertension, atrial arrhythmias, coronary artery
disease, percutaneous coronary intervention (PCI), cor-
onary artery bypass grafting (CABG), congestive heart
failure (CHF), diabetes mellitus, and cerebral vascular
accidents (CVA).

The primary endpoints in the study included the cumu-
lative incidences of late cardiac events and overall sur-
vival (OS). Late cardiac events were defined as occurring
more than 1 year after alloSCT up to December 31, 2019
and included: PCI, CABG, atrial or ventricular arrhyth-
mias, a decline in left ventricular ejection fraction (LVEF)
to <45%, moderate to severe valvular disease, N-terminal
pro B-type natriuretic peptide (NT-pro BNP) >500pg/
mL, pericarditis, and moderate to severe pericardial
effusion. Data was collected from diagnoses reported in
office notes, inpatient consult notes and discharge sum-
maries, cardiac catheterization reports, post-alloSCT
echocardiograms and laboratory data. Overall survival
(OS) was defined as the time from transplant to death
due to any causes, and patients alive were censored at the
date of last follow-up visit.

Statistical analysis

Patient demographics and disease characteristics were
summarized using counts and frequencies for categori-
cal variables or means and standard deviations for con-
tinuous variables. The cumulative incidences of late
cardiac events (both as a composite endpoint of any
events and for each type of events individually) at 5-years
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post-transplant and their 95% confidence intervals were
estimated using Gray’s sub-distribution methods, while
treating deaths without cardiac events as competing
risks. Univariate regression models based on Gray’s sub-
distribution were fitted to assess the potential predictive
effects of baseline characteristics on the risk of devel-
oping any late cardiac events [19]. A multivariate sub-
distribution regression model with backward selection
procedure was also performed to identify independent
predictors, while adjusting all characteristics that were
significant or marginally significant (p <0.10) in the uni-
variate analyses. Univariate Cox proportional hazard
regression models were fitted to evaluate the association
between late cardiac events (overall and for each type of
events) and overall survival, while treating late cardiac
events as time-dependent covariates. The effects of car-
diac events on overall survival were summarized using
hazard ratios (HR) and 95% confidence intervals. Kaplan-
Meier curves were also created to graphically present the
effect of cardiac events on overall survival. Specifically,
for patients who developed cardiac events, the time-0 of
follow-up was re-set as the onset of cardiac events. For
patients without cardiac events, the time-0 of follow-
up was set at 30 months post alloSCT (i.e., the median
onset time of cardiac events), while those without cardiac
events who died before 30-month were excluded from
the Kaplan-Meier curve [20]. All tests were two-sided
and significance was set at a p-value of 0.05. All the anal-
yses were performed using SAS 9.4 software (SAS Insti-
tutes, Cary, NC, USA).

Results
Patient characteristics
Of patients receiving an alloSCT between 2007 to 2017,
804 patients survived more than 1 year after transplant
and were included in the analysis. Patient characteristics
are shown in Table 1. The average age at time of trans-
plant was 49.7years old with the majority of patients
between 40 and 59years of age. Of patients surviving
more than 1 year after alloSCT, 466 (58%) were still liv-
ing at time of data abstraction and 428 (92%) of those
had an available medical record within 12 months of the
censor date. The average body mass index was 28.8 kg/m?>
and 26% of patients were smokers at time of transplant.
The majority of patients (93%) identified as non-Hispanic
white. The most common pre-alloSCT medical comor-
bidities were hypertension in 227 (28%), diabetes in 80
(10%), and coronary artery disease in 46 (6%) patients.
Half of patients (50%) had acute myeloid leukemia as
their primary diagnosis for transplant with myelodysplas-
tic syndrome (16%) and acute lymphoblastic leukemia
(11%) being the next most common primary diseases.
74% of patients received a myeloablative conditioning
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Table 1 Characteristics
N =804
Sex
Male 472 (59%)
Female 332 (41%)
Age
Age 18-39 182 (23%)
Age 40-59 406 (51%)
Age >/= 60 216 (27%)
Mean age 49.7 years
Mean body mass index 28.8kg/m?

Current smoker
Race/Ethnicity

207 (26%)

Non-Hispanic White 749 (93%)
Black 38 (5%)
Asian 13 (2%)
Other/unknown 4 (1%)
Primary Diagnosis
Acute myeloid leukemia 401 (50%)
Myelodysplastic syndrome 132 (16%)
Acute lymphoblastic leukemia 91 (11%)
Lymphoma 72 (9%)
Chronic lymphocytic leukemia 37 (5%)
Chronic myeloid leukemia 37 (5%)
Aplastic Anemia 23 (3%)
Myeloma 7 (1%)
Other 4(1%)
Transplant Characteristics
Myeloablative conditioning regimen 598 (74%)
Total body irradiation 278 (35%)
Tyrosine Kinase inhibitor prior to transplant 62 (8%)
Donor Type
Matched unrelated 442 (55%)
HLA identical sibling 275 (34%)
Haploidentical 75 (9%)
Mismatched unrelated 10 (1%)
Pre-transplant Medical Comorbidity
Hypertension 227 (28%)
Diabetes 80 (10%)
Coronary artery disease 46 (6%)
Atrial arrhythmia 41 (5%)
PCl or CABG 36 (5%)
LVEF <45% 16 (3%)
Congestive heart failure 20 (3%)
Valvular disease 14 (2%)
Cerebral vascular accident 9 (1%)

Bolded text represents subheading

CABG coronary artery bypass grafting, HLA human leukocyte antigen, LVEF left
ventricular ejection fraction, PCl percutaneous coronary intervention
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regimen, 35% received total body irradiation (TBI)
and 8% of patients received a tyrosine kinase inhibitor.
Matched unrelated donors were used in 55% of trans-
plants (Table 1).

Table 2 Cumulative incidence of late cardiac events at 5years
after alloSCT

Cardiac Events Incidence 95% Cl
Any cardiac event 22% 19-25%
LVEF <45% 9% 7-11%
Atrial arrhythmia 7% 5-9%
Elevated NT-pro BNP 7% 5-9%
Pericardial effusion 3% 2-5%
pCl 2% 1-3%
Ventricular arrhythmia 1% 0.6-2%
Pericarditis 1% 0.6-2%

AlloSCT allogeneic stem cell transplant, LVEF left ventricular ejection fraction,
NT-pro BNP N-terminal pro B-type natriuretic peptide, PC/ percutaneous coronary
intervention
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Late cardiac events

At 5years after transplant the cumulative incidence of
any cardiac event was 22% (95% CI 19-25%) (Table 2).
The most frequent cardiac event was a decline in LVEF
to <45% with a cumulative incidence of 9% (95% CI
7-11%). Figure 1 demonstrates the cumulative incidence
of adverse cardiac events one to 7 years after alloSCT
(Fig. 1).

The patient characteristics that are significantly asso-
ciated with an increased hazard of developing any late
cardiac events are male sex (HR 1.43, 95% CI 1.06—
1.92, p-value 0.017), increasing age (HR 1.03, 95% CI
1.02-1.05, p-value <0.001) and BMI (HR 1.02, 95% CI
1.00-1.04, p-value 0.026). Several medical comorbidities
are strongly associated with late cardiac events, includ-
ing CHF (HR 4.53, 95% CI 2.57-7.97, p-value <0.001),
LVEF <45% (HR 3.95, 95% CI 2.09-7.47, p-value <0.001)
and history of CVA (HR 3.13, 95% CI 1.38-7.06, p-value
0.004) (Table 3).

In multivariate analysis, age (HR 1.03, 95% CI 1.02—
1.04, p-value <0.001) and BMI (1.02, 95% CI 1.00-1.05,
p-value 0.026), as well as three comorbidities, including
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Fig. 1 Cumulative Incidence of Cardiac Events After AlloSCT. Cumulative incidence of each cardiac event from 1 to 7 years after alloSCT. LVEF = left
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Table 3 Association between patient characteristics and developing late cardiac events
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Characteristic

Hazard Ratio (95% Cl)

Log-rank P-value

Male

Age (per 1-year increase)

Body mass index (per 1-kg/m? increase)
Smoker

History of congestive heart failure
History of LVEF <45%

History of cerebral vascular accident
History of coronary artery disease
History of PCl or CABG

History of diabetes

History of hypertension

History of arrhythmia

History of valvular disease

143 (1.06-1.92) 0017
1.03 (1.02-1.05) <001"
1.02 (1.00-1.04) 0.026"
0.87 (0.62-1.21) 0401
453 (2.57-7.97) <0001"
3.95 (2.09-7.47) <0.001"
3.13(1.38-7.06) 0.004"
2.54 (1.61-4.00) <0001"
2.28(1.35-3.87) 0.002"
1.70 (1.12-2.57) 0011
1.65 (1.23-2.20) <0.001"
145 (0.79-2.67) 0.229
142 (0.58-3.44) 0441

CABG coronary artery bypass grafting, LVEF left ventricular ejection fraction, PCl percutaneous coronary intervention

* statistically significant

Table 4 Effect of late cardiac events on risk of death

Cardiac event Hazard Ratio (HR) 95% ClI
Atrial arrhythmia 10.6° 7.7-146
Pericarditis 7.5° 39-14.7
LVEF <45% 5.8° 43-79
Elevated NT pro-BNP 5.2° 37-73
Pericardial effusion 5.2° 33-83
PCl 16 0.7-3.7

LVEF left ventricular ejection fraction, NT-pro BNP N-terminal pro B-type
natriuretic peptide, PCl percutaneous coronary intervention

2 statistically significant

LVEF <45% (HR 2.71, 95% CI 1.23-5.97, p-value 0.013),
CHEF (HR 2.52, 95% CI 1.25-5.06, p-value 0.009) and cor-
onary artery disease (HR 1.64, 95% CI 1.02-2.64, p-value
0.040), remained significant. Transplant characteristics
such as primary disease, donor type, and use of TBI,
myeloablative conditioning regimen or tyrosine kinase
inhibitor had no significant association with late cardiac
events.

Overall survival

Our analysis found late cardiac events have a significant
negative impact on overall survival (Table 4). Almost all
cardiac events, with the exception of PCI, demonstrated
a significantly increased risk of death. This hazard was
the highest in patients who experienced an atrial arrhyth-
mia (HR 10.6, 95% CI 7.7-14.6). A graphical presentation
for the impact of any late cardiac events on overall sur-
vival is presented in Fig. 2, illustrating the time from car-
diac events until death (Fig. 2).

Discussion
Cardiovascular complications have been described as the
most common late complication after allogeneic trans-
plant [21], and patients who have received an alloSCT
have 2.3 fold higher risk of premature cardiovascular
death [4]. We examined the incidence and risk factors of
late cardiac events and their impact on overall survival in
patients who received an alloSCT. To our knowledge no
other studies have examined multiple cardiac endpoints
occurring in alloSCT survivors. Other studies have been
limited in their smaller sample sizes or inability to follow
up with patients in the years after the transplant. Given
the retrospective, single-center nature of this study,
we were able to analyze long-term follow up data and
abstract data for multiple cardiac events for one of the
largest populations of alloSCT survivors ever examined.
We found that adverse cardiac events more than 1
year after alloSCT are relatively common, with almost
a quarter of patients experiencing a late cardiac event.
The events with the highest cumulative incidence were
markers for heart failure including a reduced LVEF and
elevated NT-pro BNP. In patients with multiple comor-
bidities, a markedly elevated BNP may be present in
a patient with heart failure even without significant
symptoms of volume overload or left ventricular dys-
function and is associated with a higher risk of mor-
tality [22]. Previous reports describe a timeline for
developing late CHF after autologous and allogeneic
transplants with the majority of heart failure diagno-
ses occurring in the first 4 years after transplant [23].
In our patient population, we found a similar logarith-
mic trend to the cumulative incidence of reduced LVEF.
The cumulative incidence of an elevated NT-pro BNP
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Fig. 2 Effects of late cardiac events on overall survival. Kaplan-Meier curves demonstrating the effect of any cardiac event on overall survival

presented a more linear pattern, suggesting the risk
for developing an elevated NT-pro BNP continues late
after transplant.

The risk of developing cardiac arrhythmias after trans-
plant has been uncertain [24]. A study of 1491 patients
in the state of Washington reported approximately a 5%
cumulative incidence of rhythm disorders at 5 years after
transplant and a higher risk of developing a rhythm dis-
order compared to the general population [25]. The study
did not delineate between atrial and ventricular arrhyth-
mias and were documented only if the patient required
hospitalization, suggesting a possible underestimation of
the burden of arrhythmias. The cumulative incidence of
atrial arrythmias in our population was slightly higher
at 7% 5 years after transplant. The incidence increased
in a linear trajectory in the following years after trans-
plant, which is logical given advancing age is one of the
largest risk factors for the development of atrial arrhyth-
mias [26]. The cumulative incidence of obstructive coro-
nary artery disease requiring intervention such as PCI
was also consistent with other studies. A multi-center
European study reported approximately 1% cumulative
incidence of arterial events at 5 years after alloSCT [27].

Another study, reports similar values of cumulative inci-
dence of an arterial event of 1.5% at 5 years [28].

While characteristics such as male sex, increasing age
and BMI demonstrate a higher risk of developing a late
cardiac event, the highest risk is found in patients with
medical comorbidities. Particularly in patients with a his-
tory of CHF or findings on echocardiogram of reduced
left ventricular function as well as those with arterial dis-
ease resulting in cerebral vascular accidents, coronary
artery disease, PCI, and CABG. While patients who have
not undergone alloSCT with these risk factors are also at
risk for further events, given the higher risk of death from
cardiac events in the alloSCT population, pre-transplant
risk factors should be used to determine monitoring for
cardiac events in the post-transplant setting. Another
study emphasizes the importance of pre-transplant risk
factors by describing post-transplant cardiovascular risk
factors as approaching a similar risk as pre-transplant
factors in developing ischemic heart disease after hav-
ing been sustained for greater than 1 year after transplant
[29]. Patients with risk factors prior to alloSCT for car-
diac events may benefit from closer monitoring in the
post-transplant setting.
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Intensity of conditioning regimen and use of radiation
during transplant have been cited as possible sources of
cardiotoxicity resulting in late cardiac events [30]. How-
ever, transplant characteristics such as primary disease,
donor type, and use of TBI, myeloablative conditioning
regimen or tyrosine kinase inhibitor did not significantly
increase the risk of developing late cardiac events in our
patient population. A patient’s characteristics and medi-
cal comorbidities have a greater impact in the develop-
ment of late cardiac events than therapy related to the
alloSCT. This finding has been supported in other studies
examining individual cardiac events such as arterial dis-
ease or CHF [23, 27, 29].

As with any retrospective review, there were some limi-
tations. As our data was collected from medical records,
we were limited by the information available within those
records and lack of consistency in documentation of past
medical conditions or among interpretation of echocar-
diograms. This may result in underreporting of medical
comorbidities prior to transplant or cardiac events fol-
lowing transplant. Given the span of our retrospective
review and the advancements in biomarkers, such as N'T-
pro BND, there may also have been under-utilization of
these tests in patients from our analysis transplanted ear-
lier resulting in an underestimation of the burden of car-
diac events. Finally, our study was performed at a single
institution and there may be geographic attributes to our
population that do not apply to others.

Conclusion

In summary, cardiac events are relatively common late
after alloSCT, and have a high risk of decreasing over-
all survival in alloSCT patients. Those at highest risk
for experiencing an adverse cardiac event are those with
medical comorbidities prior to transplant. Transplant
characteristics do not have a significant association with
the development of late cardiac events. Screening meth-
odologies in alloSCT survivors, such as echocardiograms
and cardiac biomarkers, and early interventions may be
important in reducing the risk of cardiac events on over-
all survival and improving patient outcomes and worthy
of future exploration.

Abbreviations

alloSCT  Allogeneic stem cell transplant

CABG Coronary artery bypass grafting

CHF Congestive heart failure

CVA Cerebral vascular accident

DM Diabetes mellitus

HTN Hypertension

NT-pro BNP N-terminal pro B-type natriuretic peptide
pCl Percutaneous coronary intervention

TBI Total body irradiation

TKI Tyrosine kinase inhibitor

Page 7 of 8

Acknowledgements

This study was supported by the Mentors in Medicine Program, Division of
Medical Education, Department of Internal Medicine, Washington University
School of Medicine.

Authors’ contributions

Each author has contributed significantly to the study as follows, CA, DL and
AC contributed to the study conception and design. Data abstraction and col-
lection was performed by CA under the supervision of DL and AC. Interpreta-
tion and analysis of data were performed by CA and FG. The manuscript was
written by CA with contributions by FG and revised by DL and AC. All authors
read and approved the final manuscript.

Authors’information

CA: Hematology-Oncology Fellow, Division of Oncology, Washington Univer-
sity School of Medicine, St. Louis, MO.

DL: International Cardio-Oncology Society, Tampa, FL.

FG: Associate Professor of Biostatistics and Medicine, Department of Surgery,
Division of Public Health Sciences, Washington University School of Medicine,
St. Louis, MO.

AC: Professor of Medicine, Section of Bone Marrow Transplantation & Leuke-
mia, Washington University School of Medicine, St. Louis, MO.

Funding

This study was supported by the Mentors in Medicine Program, Division of
Medical Education, Department of Internal Medicine, Washington University
School of Medicine.

Availability of data and materials
The datasets generated and/or analysed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was conducted under the approval of the institutional review board
of Washington University School of Medicine in St. Louis (201907019) and
informed consent was waived.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 22 August 2022 Accepted: 26 December 2022
Published online: 06 January 2023

References

1. Socié G, Stone JV, Wingard JR, Weisdorf D, Henslee-Downey PJ, Bredeson
C, etal. Long-term survival and late deaths after allogeneic bone marrow
transplantation. Late effects working Committee of the International
Bone Marrow Transplant Registry. N Engl J Med. 1999;341(1):14-21.

2. Solh MM, Bashey A, Solomon SR, Morris LE, Zhang X, Brown S, et al.
Long term survival among patients who are disease free at 1-year post
allogeneic hematopoietic cell transplantation: a single center analysis of
389 consecutive patients. Bone Marrow Transplant. 2018;53(5):576-83.

3. Wingard JR, Majhail NS, Brazauskas R, Wang Z, Sobocinski KA, Jacobsohn
D, et al. Long-term survival and late deaths after allogeneic hemat-
opoietic cell transplantation. J Clin Oncol Off J Am Soc Clin Oncol.
2011;29(16):2230-9.

4. Bhatia S, Francisco L, Carter A, Sun CL, Baker KS, Gurney JG, et al. Late
mortality after allogeneic hematopoietic cell transplantation and
functional status of long-term survivors: report from the bone marrow
transplant survivor study. Blood. 2007;110(10):3784-92.

5. PeresE, Levine JE, Khaled YA, Ibrahim RB, Braun TM, Krijanovski Ol, et al.
Cardiac complications in patients undergoing a reduced-intensity



Auberle et al. Cardio-Oncology

20.

21.

22.

(2023) 9:1

conditioning hematopoietic stem cell transplantation. Bone Marrow
Transplant. 2010;45(1):149-52.

Cazin B, Gorin NC, Laporte JP, Gallet B, Douay L, Lopez M, et al. Cardiac
complications after bone marrow transplantation. A report on a series of
63 consecutive transplantations. Cancer. 1986;57(10):2061-9.
Hertenstein B, Stefanic M, Schmeiser T, Scholz M, Goller V, Clausen M,

et al. Cardiac toxicity of bone marrow transplantation: predictive value of
cardiologic evaluation before transplant. J Clin Oncol Off J Am Soc Clin
Oncol. 1994;12(5):998-1004.

Armenian SH, Sun CL, Shannon T, Mills G, Francisco L, Venkataraman K,
et al. Incidence and predictors of congestive heart failure after autolo-
gous hematopoietic cell transplantation. Blood. 2011;118(23):6023-9.
Armenian SH, Sun CL, Vase T, Ness KK, Blum E, Francisco L, et al. Car-
diovascular risk factors in hematopoietic cell transplantation survivors:
role in development of subsequent cardiovascular disease. Blood.
2012;120(23):4505-12.

Lehmann'S, Isberg B, Ljungman P, Paul C. Cardiac systolic function before
and after hematopoietic stem cell transplantation. Bone Marrow Trans-
plant. 2000,26(2):187-92.

. Lyon AR, Lépez-Fernandez T, Couch LS, Asteggiano R, Aznar MC, Bergler-

Klein J, et al. 2022 ESC guidelines on cardio-oncology developed in
collaboration with the European Hematology Association (EHA), the
European Society for Therapeutic Radiology and Oncology (ESTRO) and
the international cardio-oncology society (IC-OS): developed by the task
force on cardio-oncology of the European Society of Cardiology (ESC).
Eur Heart J. 2022;43(41):4229-361.

Armenian SH, Sun CL, Mills G, Teh JB, Francisco L, Durand JB, et al. Predic-
tors of late cardiovascular complications in survivors of hematopoietic
cell transplantation. Biol Blood Marrow Transplant J Am Soc Blood Mar-
row Transplant. 2010;16(8):1138-44.

Majhail NS, Rizzo JD, Lee SJ, Aljurf M, Atsuta Y, Bonfim C, et al. Recom-
mended screening and preventive practices for long-term survivors
after hematopoietic cell transplantation. Biol Blood Marrow Transplant.
2012;18(3):348-71.

Schots R, Kaufman L, Van Riet |, Ben Othman T, De Waele M, Van Camp

B, et al. Proinflammatory cytokines and their role in the development of
major transplant-related complications in the early phase after allogeneic
bone marrow transplantation. Leukemia. 2003;17(6):1150-6.

Aoudjhane M, Labopin M, Gorin NC, Shimoni A, Ruutu T, Kolb HJ, et al.
Comparative outcome of reduced intensity and myeloablative condition-
ing regimen in HLA identical sibling allogeneic haematopoietic stem

cell transplantation for patients older than 50 years of age with acute
myeloblastic leukaemia: a retrospective survey from the acute leukemia
working party (ALWP) of the European group for blood and marrow
transplantation (EBMT). Leukemia. 2005;19(12):2304-12.

Baker KS, Ness KK, Steinberger J, Carter A, Francisco L, Burns LJ, et al.
Diabetes, hypertension, and cardiovascular events in survivors of hemat-
opoietic cell transplantation: a report from the bone marrow transplanta-
tion survivor study. Blood. 2007;109(4):1765-72.

Majhail NS, Challa TR, Mulrooney DA, Baker KS, Burns LJ. Hypertension
and diabetes mellitus in adult and pediatric survivors of allogeneic
hematopoietic cell transplantation. Biol Blood Marrow Transplant J Am
Soc Blood Marrow Transplant. 2009;15(9):1100-7.

Sun CL, Francisco L, Kawashima T, Leisenring W, Robison LL, Baker KS,

et al. Prevalence and predictors of chronic health conditions after hemat-
opoietic cell transplantation: a report from the bone marrow transplant
survivor study. Blood. 2010;116(17):3129-39 quiz 3377.

Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a
competing risk. J Am Stat Assoc. 1999,94(446):496-509.

Snapinn SM, Jiang Q, Iglewicz B. lllustrating the impact of a time-

varying covariate with an extended Kaplan-Meier estimator. Am Stat.
2005;59(4):301-7.

Clavert A, Peric Z, Brissot E, Malard F, Guillaume T, Delaunay J, et al. Late
complications and quality of life after reduced-intensity conditioning
allogeneic stem cell transplantation. Biol Blood Marrow Transplant J Am
Soc Blood Marrow Transplant. 2017,23(1):140-6.

Burjonroppa SC, Tong AT, Xiao LC, Johnson MM, Yusuf SW, Lenihan DJ.
Cancer patients with markedly elevated B-type natriuretic peptide may
not have volume overload. Am J Clin Oncol. 2007;30(3):287-93.

23.

24.

25.

26.

27.

28.

29.

30.

Page 8 of 8

Armenian SH, Sun CL, Francisco L, Steinberger J, Kurian S, Wong FL, et al.
Late congestive heart failure after hematopoietic cell transplantation. J
Clin Oncol Off J Am Soc Clin Oncol. 2008;26(34):5537-43.

Armenian SH, Chemaitilly W, Chen M, Chow EJ, Duncan CN, Jones LW,

et al. National Institutes of Health hematopoietic cell transplantation late
effects initiative: the cardiovascular disease and associated risk factors
working group report. Biol Blood Marrow Transplant J Am Soc Blood Mar-
row Transplant. 2017;23(2):201-10.

Chow EJ, Mueller BA, Baker KS, Cushing-Haugen KL, Flowers MED,

Martin PJ, et al. Cardiovascular hospitalizations and mortality among
recipients of hematopoietic stem cell transplantation. Ann Intern Med.
2011;155(1):21-32.

Lloyd-Jones DM, Wang TJ, Leip EP, Larson MG, Daniel L, Vasan RS,

et al. Lifetime risk for development of atrial fibrillation. Circulation.
2004;110(9):1042-6.

Tichelli A, Passweg J, Wojcik D, Rovd A, Harousseau JL, Masszi T, et al. Late
cardiovascular events after allogeneic hematopoietic stem cell transplan-
tation: a retrospective multicenter study of the late effects working Party
of the European Group for blood and marrow transplantation. Haemato-
logica. 2008;93(8):1203-10.

Tichelli A, Bucher C, Rovo A, Stussi G, Stern M, Paulussen M, et al. Pre-
mature cardiovascular disease after allogeneic hematopoietic stem-cell
transplantation. Blood. 2007;110(9):3463-71.

Chow EJ, Wong K, Lee SJ, Cushing-Haugen KL, Flowers MED, Friedman
DL, et al. Late cardiovascular complications after hematopoietic cell
transplantation. Biol Blood Marrow Transplant J Am Soc Blood Marrow
Transplant. 2014,20(6):794-800.

Tichelli A, Bhatia S, Socié G. Cardiac and cardiovascular consequences
after haematopoietic stem cell transplantation. Br J Haematol.
2008;142(1):11-26.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Late cardiac events after allogeneic stem cell transplant: incidence, risk factors, and impact on overall survival
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Statistical analysis

	Results
	Patient characteristics
	Late cardiac events
	Overall survival

	Discussion
	Conclusion
	Acknowledgements
	References


