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Purpose: Soft tissue sarcoma (STS) patients may experience post-treatment cardiotoxicity, yet 

no population-based data exist. We examined the incidence of left ventricular ejection fraction 

(LVEF) decline, heart failure, and cardiac death following STS diagnosis among adults, using 

Danish patient registries and medical record review.

Patients and methods: LVEF decline was examined in a regional cohort of STS patients 

diagnosed during 1997–2011 in Western Denmark for whom cardiac imaging data were avail-

able. LVEF decline was defined as an absolute decline from baseline to follow-up of 10% or 

more, or, where baseline imaging was not available, a decline below the lower limit of normal 

(or 40%) for a follow-up LVEF. Heart failure and cardiac death were investigated in a national 

Danish cohort of all STS patients diagnosed from 2000 to 2009. We followed patients from 

STS diagnosis until heart failure, cardiac death, emigration or December 31, 2012 (whichever 

occurred first).

Results: The incidence rate of LVEF decline for the regional cohort with follow-up data 

(N=100, five events) or baseline and follow-up measurements (N=75, 19 events) was 16.8 

(95% confidence interval [CI]: 7.0–40.3) and 108 (95% CI: 69–170), respectively, per 1,000 

person-years. In the national cohort (N=1,187), the incidence of heart failure (40 events) and 

cardiac death (15 events) was 7.3 (95% CI: 5.4–10.0) and 2.7 (95% CI: 1.6–4.5), respectively, 

per 1,000 person-years. The strongest predictors of heart failure were doxorubicin treatment 

(hazard ratio [HR] =2.2, 95% CI: 0.5–10.2) and pre-existing cardiovascular disease (HR=6.3, 

95% CI: 0.98–40.6).

Conclusion: LVEF decline occurred more frequently compared to heart failure or cardiac death 

in a nationally representative cohort of Danish STS patients.

Keywords: sarcoma, heart failure, LVEF, cardiac death

Introduction
Management of soft tissue sarcoma (STS) is complex and requires a  multidisciplinary 

approach using surgery, radiotherapy, and/or chemotherapy. In advanced disease, 

 chemotherapy currently constitutes as the core treatment, but there is no accepted 

standard of care; available regimens have shown limited success regarding improving 

survival. Many of these treatments can cause cardiovascular complications,  including 

left  ventricular dysfunction and heart failure, myocardial ischemia, hypertension, and 

arrhythmias.1–5 The cardiotoxicity of anthracyclines is particularly well described, but 

other chemotherapeutic agents have cardiotoxic potential.1,3,6 Further, the thorax can 

damage the pericardium, myocardium, valves, and coronary vessels.7
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The cardiotoxicity of anticancer agents can lead to 

 significant complications with major impact on quality of life 

and survival.8 Toxicity severity may depend on many factors, 

such as the molecular site of action, the immediate and cumu-

lative dose, the method of administration, the combination 

and sequence of therapies, the presence of underlying cardiac 

conditions, and patient demographics.9 Cardiotoxic effects 

can occur immediately during administration of the drug, 

or they may not manifest until months or years following 

treatment.10 In clinical oncology practice, an asymptomatic 

decrease in left ventricular ejection fraction (LVEF) is the 

most commonly encountered form of cardiotoxicity.8,11,12

Innovation in STS treatment has been limited in the past 

30 years, but recent investigational drugs include mTOR 

inhibitors and TK inhibitors (TKIs). The TKIs, such as 

imatinib and sunitinib, are already available for treatment 

of gastrointestinal stromal tumors (GISTs); studies show 

imatinib has sustained objective responses in more than 

50% of GIST patients.13 Since angiogenesis is important for 

the growth of STS, TKIs including sorafenib, sunitinib and 

pazopanib, which inhibit the VEGF or VEGFR pathway, have 

also been assessed as potential therapies for STS patients.14–16 

Some cardiotoxicities have been observed among patients 

treated with VEGF targeting agents.17 Cardiac related events 

have been observed in clinical trials of STS patients treated 

with pazopanib.18

Although cardiotoxicity can be a significant complica-

tion in STS patients, there are no population-based data on 

the incidence of LVEF decline, heart failure, and cardiac 

death in STS patients. As part of the pharmacovigilance and 

risk management strategies for pazopanib, the objective of 

this study was to describe “real-world” background rates 

of cardiac events in the target population for pazopanib, 

STS patients.

Methods
A cohort study was conducted among all adult (age $18 

years) STS patients in Denmark. STS patients were ret-

rospectively identified in the Danish Cancer Registry or 

National Pathology Registry via relevant International 

Statistical Classification of Diseases 10th revision (ICD-10) 

diagnosis codes or Systematized Nomenclature of Medicine 

(SNOMED) morphology codes. The Danish Cancer Registry 

contains records of all incident cancers (~5.5 million) in 

Denmark since 1943 and the National Pathology Registry 

includes data on cancer pathology tests performed since 

1997. Using the Danish Civil Registration Number, a unique 

identification number assigned to every Danish citizen at 

birth or immigration, linkages were made to other national 

databases for obtaining data on patient demographics ( Danish 

Civil Registration System), outpatient and hospitalization 

diagnosis or procedure history (Danish National Registry 

of Patients [DNRP]), prescriptions and concomitant medi-

cations (Prescription Databases of the Central Denmark 

Region and North Denmark Region), and immigration or 

death (Danish Register of Causes of Death).

Only patients with STS indicated as a first primary cancer 

were included. Those who developed multiple primary can-

cers, before or at the time of the initial STS diagnosis, were 

excluded. To allow for a minimum of 12 months of follow-up 

time for each patient, the study population was limited to 

patients who were diagnosed, at minimum, 12 months prior 

to the last date in which data were available. The index date 

was defined as the date of initial STS diagnosis.

The incidence of heart failure and cardiac death was 

investigated in all STS patients diagnosed from 2000 to 2009 

in Denmark (national cohort). Diagnosis of heart failure 

or congestive heart failure was identified from the DNRP 

using ICD-10 codes (I11.0, I13.0, I13.2, I42.0, I42.6, I42.7, 

I42.9, I50.0, I50.1, and I50.9). The DNRP does not include 

data related to disease stage or treatment. Cardiac death was 

determined from cause of death ICD-10 codes (I00-25, I27, 

I30-5) in the Danish Register of Causes of Death.

The incidence of cardiac dysfunction, as measured by 

LVEF decline, was evaluated among a subset of patients 

in Western Denmark (regional cohort) for whom cardiac 

imaging data were available. Since 1979, the treatment of 

STS patients in Western Denmark has been carried out at 

the Sarcoma Centre of Aarhus University Hospital. For the 

cardiac dysfunction analysis, all patients who had contact 

with  this department from 1997 to 2011 were identified 

from the DNRP. For each patient, a detailed medical record 

review was conducted by physicians or nurses under doctors 

supervision to obtain cardiac imaging results. Abstracted data 

included LVEF measurements from multigated acquisition 

scans or echocardiography, the institutional lower limit of 

normal (LLN), and signs or symptoms of heart failure as 

these data are not recorded in existing registries. LVEF was 

recorded at baseline (between index date and initiation of first 

cancer treatment) and follow-up (any LVEF measurement 

after baseline). If multiple LVEF measurements were avail-

able at the time of baseline, the measurement closest to the 

index date was chosen. For those with only follow-up LVEF, 

cardiac dysfunction was defined as an LVEF measurement 

below the institutional LLN or LVEF below 40% when the 

institutional LLN was unavailable. Among patients with both 
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baseline and follow-up LVEF measurements, LVEF decline 

was defined as an absolute drop from baseline to follow-up 

of 10% or greater. Patients with baseline LVEF below the 

institutional LLN, pre-existing cardiovascular disease or heart 

failure were excluded from LVEF decline analyses.

In both the national and regional cohorts, recorded covari-

ates included patient demographics (age and sex), diagnosis 

year, sarcoma subtype, and date of death. Additional covari-

ates available for the regional cohort through medical record 

review included STS stage, metastasis site (secondary STS, 

bone, brain, lymph nodes, liver lung, and other), radiation 

(yes/no), surgery (yes/no), chemotherapy (yes/no, type and 

dose, neo-adjuvant/adjuvant), and presence of pre-existing 

cardiovascular disease or cardiac risk factors. Conditions 

comprising pre-existing cardiovascular disease included 

coronary artery disease, congestive heart failure, arrhythmia, 

valvular disease, pulmonary embolism, chronic obstructive 

pulmonary disease, anemia, pericardial effusion, diabetes 

mellitus, hypercholesterolemia, hypertension, and concomi-

tant cardiac medications (beta-blockers, ACE inhibitors, or 

angiotensin receptor blockers).

The incidence of heart failure and cardiac death was 

evaluated among all STS patients (national cohort); the LVEF 

decline analysis was limited to patients with cardiac imaging 

(regional cohort). Therefore, analyses were conducted sepa-

rately for the national and regional cohorts, and the presence 

of any systematic differences between these two cohorts was 

assessed. Continuous variables were summarized with mean, 

standard deviation, median and range; number and proportion 

are provided for categorical variables.

To calculate incidence rates, the numerator comprised the 

number of STS patients with the outcome occurring during 

the follow-up period after cancer diagnosis (index date). The 

denominator was equal to the total person-years (PY) contrib-

uted to being at risk (ie, alive, had no cardiac dysfunction or 

heart failure) from the index date of STS diagnosis to the end 

of follow-up (date of heart failure diagnosis, cardiac death, 

emigration or December 31, 2012, whichever occurred first). 

Cox proportional hazards regression analysis was performed 

to identify predictors of heart failure or cardiac death among 

STS patients in the regional cohort.

No potentially identifying patient information was 

included, so written consent was not required. The study 

posed minimal privacy risk for patients, and was approved 

by the Danish Data Protection Agency. Access to medical 

records and abstraction of data by physicians/nurses for 

the regional cohort was approved by the Danish Board of 

Health.

Results
From 2000 to 2009, 1,187 patients diagnosed with STS 

were identified for the national cohort, with a mean and 

median follow-up time of 4.6 and 4.1 years, respectively. 

Among these STS patients, 45% were female and 49% were 

aged $60 years (Table 1). The most common subtypes of 

STS diagnoses were liposarcoma (33%) and leiomyosarcoma 

(32%).

For the regional cohort with cardiac imaging data, 

670 patients with STS who had visited the oncology depart-

ment in Aarhus from 1997 to 2011 were identified. Patients 

were excluded for having a previous diagnosis of a differ-

ent cancer (N=109), having an STS diagnosis prior to 1997 

(N=3), or having been diagnosed with osteosarcoma or GIST 

(N=9), thereby leaving 539 eligible patients. Among the eli-

gible patients, 75 patients had both baseline and follow-up 

cardiac imaging data in their medical record, 25 had follow-up 

data only and the remaining 439 patients had only baseline 

measurements or no cardiac imaging performed. The regional 

cohort was followed for a mean of 4.7 years and median of 

3.6 years.

Compared to the full regional cohort, patients with base-

line and follow-up data were less likely to be female (41% 

vs 46%), aged $60 years (32% vs 42%), have liposarcoma 

(19% vs 31%), or have early stage I disease (5.3% vs 14.5%) 

(data not shown). Metastatic disease, chemotherapy, and 

radiation therapy were more commonly observed among 

patients with both baseline and follow-up cardiac imaging 

data (12%, 100%, 65%, respectively) compared to the full 

regional cohort (7%, 33%, 42%, respectively); the propor-

tion of patients with pre-existing cardiovascular disease was 

similar (41%) in both groups.

Among 100 STS patients in the regional cohort with 

available follow-up cardiac imaging data, five patients experi-

enced LVEF decline (20%–40% of LLN) during 298.4 PY of 

follow-up, corresponding to an incidence rate of 16.8 (95% 

confidence interval [CI]: 7.0–40.3) per 1,000 PY (Table 2). 

For 75 patients with both baseline and follow-up cardiac 

imaging data, LVEF decline (absolute drop $10%) occurred 

in 19 patients over 175.3 PY of follow-up, for an incidence 

rate of 108 (95% CI: 69–170) per 1,000 PY. Among the 19 

patients with a documented event, 17 experienced an absolute 

drop in LVEF from baseline to follow-up between 10% and 

20%; the remaining two patients had a decline in LVEF that 

was 20% (data not shown). Incidence of LVEF decline was 

higher for patients aged 60–79 years in both groups (44.9 

and 294, respectively, per 1,000 PY). No consistent pattern 

in incidence rates by stage of disease was observed.
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The cumulative incidence of heart failure and cardiac 

death in the national cohort of 1,187 STS patients was 3.4% 

and 1.3%, respectively. Heart failure occurred in 40 patients 

over 5,449 PY of follow-up for an overall incidence rate of 

7.3 (95% CI: 5.4–10.0) per 1,000 PY (Table 3). Heart failure 

incidence increased with age, ranging from 0.8 per 1,000 PY 

in patients under age 40 to 35.2 per 1,000 PY among those 

aged $80 years. Heart failure was less common in males 

(6.6 per 1,000 PY) compared to females (8.3 per 1,000 PY). 

The incidence of heart failure was highest for patients 

diagnosed with hemangiosarcoma (21.2 per 1,000 PY) 

compared to the other subtypes of STS (range: 0–8.3 per 

1,000 PY). During 5,510 PY of follow-up, 15 patients had 

cardiac death recorded. The cardiac-specific mortality was 

2.7 (95% CI: 1.6–4.5) per 1,000 PY; mortality increased 

to 17.1 per 1,000 PY for those aged $80 years. Regarding 

STS subtypes, cardiac-specific mortality was highest for 

fibrosarcoma patients (5.1 per 1,000 PY).

In Table 4, predictors of heart failure, cardiac death, and 

overall mortality were assessed for STS patients in the full 

regional cohort. Pre-existing cardiovascular disease was the 

strongest predictor of heart failure (hazard ratio [HR] =6.31, 

95% CI: 0.98–40.55) and cardiac death (HR =5.86, 95% 

CI: 0.82–42.06). Treatment with doxorubicin chemotherapy 

was strongly associated with overall mortality (HR =4.92, 

95% CI: 3.67–6.59).

Discussion
This study provides real-world data on the background rates 

of cardiac dysfunction, heart failure, and cardiac death in STS 

patients using nationwide Danish population-based registries. 

Overall, LVEF decline was relatively common, but few heart 

Table 1 Baseline characteristics of soft tissue sarcoma (STS) patients in the national Danish cohort (2000–2009) and regional cohort 
in Western Denmark (1997–2011) by cardiac imaging availability

Characteristics National Cohort  
(N=1,187)

Regional cohort by cardiac imaging availability (N=539)
Baseline and  
Follow-up (N=75)

Follow-up only  
(N=25)

None or baseline 
only (N=439)

N % N % N % N %

Age at diagnosis, years
  ,40 226 19.0 18 24.0 8 32.0 65 14.8
 40–59 379 32.0 33 44.0 11 44.0 174 39.7
 60–79 461 38.9 24 32.0 6 24.0 164 37.3
 $80 121 10.2 0 0 0 0 36 8.2
Sex
 Female 535 45.1 31 41.3 12 48.0 207 47.2
 Male 652 54.9 44 58.7 13 52.0 232 52.8
STS subtype
 Leiomyosarcoma 381 32.1 32 42.7 11 44.0 147 33.5
 Liposarcoma 392 33.0 14 18.7 3 12.0 152 34.6
 Synovial sarcoma 84 7.1 16 21.3 3 12.0 37 8.4
 Angiosarcoma 80 6.8 5 6.7 2 8.0 22 5.0
 Rhabdomyosarcoma 74 6.2 3 4.0 5 20.0 10 2.3
 Other 176 14.9 4 5.3 1 4 60 13.7
  Unclassified 0 0 1 1.3 0 0 11 2.5
STS stage at diagnosis
 i – – 4 5.3 0 0 74 16.9
 ii – – 5 6.7 2 8.0 62 14.1
 iii – – 20 26.7 5 20.0 58 13.2
 iV – – 9 12.0 3 12.0 25 5.7
 Unknown – – 37 49.3 15 60.0 220 50.1
Treatment type
 Chemotherapy – – 75 100 25 100 81 18.5
 Radiation – – 49 65.3 15 60.0 160 36.4
 Surgery – – 64 85.3 22 88.0 416 94.8
Pre-existing cardiovascular  
disease

 
–

 
–

 
31

 
41.3

 
7

 
28.0

 
182

 
41.5

Death after diagnosis
 1-year 197 19.6 13 17.3 5 20.0 51 11.6
 5-year 447 37.7 43 57.3 18 72.0 131 29.8

Abbreviations: –, not available; STS, soft tissue sarcoma.
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failure events or cardiac-related deaths were observed in the 

national cohort of Danish STS patients. It is possible that 

heart failure and cardiac death may manifest later in the post-

treatment period and occur outside the follow-up period for 

STS patients in this study. However, the estimated incidence 

rates observed for these cardiac events in the present study 

are consistent with previously reported rates among the 

general population of adults in Demark or other Northern 

European countries.19–22 Doxorubicin treatment was a strong 

predictor for both heart failure and overall mortality in the 

regional cohort (for whom treatment data were available) 

which may be related to having more aggressive disease, use 

of the drug, or both.

The incidence of LVEF decline was considerably higher 

among patients with baseline and follow-up cardiac imaging 

measurements compared to patients with follow-up data only. 

It is possible that absolute decline of LVEF from baseline to 

follow-up is a more sensitive measure of cardiac dysfunction. 

Another possible explanation is that patients with baseline 

and follow-up cardiac imaging received additional medical 

intervention due to more severe disease or the presence of 

comorbidities. However, patients with follow-up data only 

had a higher 5-year death rate (72%) compared to patients 

with baseline and follow-up data available (57%).

Cardiac imaging data used to assess LVEF decline were 

only available for a relatively small number of patients from 

the Western Denmark region, covering approximately half of 

the Danish population. Further, few patients had both baseline 

and follow-up LVEF data available; using both data points is 

ideal for evaluating LVEF decline. Patients with no cardiac 

imaging or baseline data only generally had lower stage of 

disease, were less likely to receive chemotherapy or radia-

tion, and had lower 1-year or 5-year death rates compared to 

patients with follow-up imaging data. Thus, it is possible 

these results overestimate the incidence of LVEF decline in 

the general STS population, assuming LVEF decline is less 

common in healthier STS patients. Information on STS stage, 

cancer treatments, and pre-existing cardiovascular disease 

was limited to medical record review in the regional cohort, 

leading to small sample sizes in some analytic subgroups. 

Nonetheless, these data were population-based and represen-

tative of all patients from Western Denmark.

Internal validity of this study is high due to the unique 

nature of the country-wide linked Danish health databases. 

Table 2 incidence rate (per 1,000 person-years) of left ventricular ejection fraction (LVEF) decline among soft tissue sarcoma patients 
with cardiac imaging at follow-up in Western Denmark (regional cohort), 1997–2011

Characteristics LVEF decline

Follow-up dataa Baseline and follow-up datab

Total  
N

Number of 
events

% Person-
years

Incidence rate  
(95% confidence  
interval)

Total  
N

Number of 
events

% Person-
years

Incidence rate 
(95% confidence 
interval)

Total 100 5 5.0 298.4 16.8 (7.0–40.3) 75 19 25.3 175.3 108 (69–170)
Age, years
  ,40 26 0 0.0 99.4 – 18 2 11.1 63.8 31 (7.8–125)
 40–59 44 2 4.5 132.2 15.1 (3.8–60.5) 33 9 27.3 84.3 107 (56–205)
 60–79 30 3 10.0 66.9 44.9 (14.5–139) 24 8 33.3 27.2 294 (147–588)
Sex
 Female 43 2 4.7 144.8 13.8 (3.5–55.2) 31 8 25.8 76.7 104 (52–208)
 Male 57 3 5.3 153.6 19.5 (6.3–61) 44 11 25.0 98.6 112 (62–201)
Chemotherapy
 Doxorubicin 86 4 4.7 252.6 15.8 (5.9–42.2) 66 16 24.2 148 108 (66–177)
 Epirubicin 1 1 100 0.3 3204 (451–22,746) 1 1 100 0.3 3204 (451–22,745)
 Other 7 0 0.0 26.7 – 4 0 0 20.3 –
 Vincristine 1 0 0.0 3.7 – 1 1 100 2.4 421 (59–2,990)
 ifosfamide 5 0 0.0 15.1 – 3 1 33.3 4.3 231 (33–1,642)
Stage at diagnosis
 iA 1 0 0 3.1 – 1 0 0 3.1 –
 iB 3 0 0 8.1 – 3 1 33.3 6.2 161.6 (22.8–1,147.4)
 iiA 3 1 33.3 12.5 79.6 (11.3–567.2) 3 1 33.3 12.5 79.9 (11.3–567.2)
 iiB 4 1 25.0 13.6 73.7 (10.4–523.1) 2 1 50.0 6.5 154.6 (21.8–1,097.3)
 iii 25 1 4.0 75.6 13.2 (1.9–93.6) 20 4 20.0 36.3 110.3 (41.4–293.9)
 iV 12 1 8.3 18.6 53.9 (7.6–382.6) 9 3 33.3 6.9 437.1 (141.0–1,355.2)
 Unknown 52 1 1.9 166.8 6.0 (0.8–42.6) 37 9 24.3 103.9 86.6 (45.1–166.5)

Notes: aLVEF decline: follow-up LVEF below lower limit of normal (or ,40%). bLVEF decline: absolute drop from baseline to follow-up of 10% or greater.
Abbreviations: –, not available; LVEF, left ventricular ejection fraction.
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However, the results from this study are not generalizable 

to other geographic regions or populations. While the 

data linkages are 100% complete, available information 

may not be comprehensive. For example, the data for 

pre-existing cardiovascular disease in the regional cohort 

are limited to conditions requiring hospital admissions 

or outpatient clinic visits. To more accurately measure 

pre-existing cardiac diseases, concomitant use of cardiac 

medications were assessed using the prescription databases 

to include a more sensitive measure of existing cardiac 

disease. However, the  prescription databases do not 

include non-reimbursable drugs. Likewise, cancer treat-

ments are not captured in the prescription databases and, 

therefore, those data in the regional cohort are based on 

medical record review. There is a potential for misclassi-

fication of the cause of cardiac death in terms of whether 

Table 3 incidence or mortality rate (per 1,000 person-years) of heart failure and cardiac death among soft tissue sarcoma (STS) 
patients in Denmark (national cohort), 2000–2009

Characteristics Heart failure Cardiac death

Total  
N

Number of  
events

% Person- 
years

Incidence rate  
(95% confidence  
interval)

Number of  
events

% Person- 
years

Mortality rate 
(95% confidence 
interval)

Total 1,187 40 3.4 5,449.2 7.3 (5.4–10.0) 15 1.3 5,510.6 2.7 (1.6–4.5)
Age, years
  ,40 226 1 0.4 1,217.0 0.8 (0.1–5.8) 0 0.0 1,219.2 –
 40–59 379 6 1.6 2,095.9 2.9 (1.3–6.4) 0 0.0 2,104.4 –
 60–79 461 21 4.6 1,795.2 11.7 (7.6–17.9) 9 2.0 1,835.4 4.9 (2.6–9.4)
 $80 121 12 9.9 341.1 35.2 (20.0–61.9) 6 5.0 351.6 17.1 (7.7–38.0)
Sex
 Female 535 20 3.7 2,410.9 8.3 (5.4–12.9) 5 0.9 2,445.6 2.0 (0.9–4.9)
 Male 652 20 3.1 3,038.4 6.6 (4.2–10.2) 10 1.5 3,065.0 3.3 (1.8–6.1)
STS subtype
 Liposarcoma 392 14 3.6 2,112.5 6.6 (3.9–11.2) 3 0.8 2,149.2 1.4 (0.5–4.3)
 Leiomyosarcoma 381 13 3.4 1,661.6 7.8 (4.5–13.5) 8 2.1 1,675.3 4.8 (2.4–9.5)
 Fibrosarcoma 92 3 3.3 390.1 7.7 (2.5–23.8) 2 2.2 391.9 5.1 (1.3–20.4)
 Synovial 84 2 2.4 322.5 6.2 (1.6–24.8) 0 0 322.6 –
 Hemangiosarcoma 78 5 6.4 235.7 21.2 (8.8–51.0) 1 1.3 240.5 4.2 (0.6–29.5)
 Rhabdomyosarcoma 74 0 0 298.3 – 0 0 298.3 –
 Kaposi’s 66 3 4.5 363.4 8.3 (2.7–25.6) 1 1.5 367.7 2.7 (0.4–19.3)
  Neurofibrosarcoma 18 0 0 58.7 – 0 0 58.7 –
 Lymphangiosarcoma 2 0 0 6.4 – 0 0 6.4 –
Event timing after  
STS diagnosis, years

 
1,187

 ,1 13 1.1 1,076.1 12.1 (7.0–20.8) 6 0.5 1,079.4 5.6 (2.5–12.4)

 ,2 20 1.7 2,001.5 10.0 (6.4–15.5) 9 0.8 2,012.8 4.5 (2.3–8.6)

 ,5 33 2.8 3,995.8 8.3 (5.9–11.6) 13 1.1 4,034.6 3.2 (1.9–5.5)

Abbreviations: –, not available; STS, soft tissue sarcoma.

Table 4 Cox proportional hazard modeling of predictors for heart failure and cardiac death among soft tissue sarcoma (STS) patients 
in Western Denmark (regional cohort, N=539), 1997–2011

Predictor Heart failure Cardiac death Overall mortality

Hazard ratio  
(95% confidence  
interval)

Hazard ratio  
(95% confidence  
interval)

Hazard ratio  
(95% confidence  
interval)

Age, per year increase 1.00 (0.94–1.05) 1.1 (1.02–1.18) 1.03 (1.02–1.04)
Male (reference: female) 1.52 (0.35–6.5) 2.93 (0.57–15.04) 0.94 (0.72–1.22)
Received doxorubicin treatment* 2.18 (0.46–10.23) – 4.92 (3.67–6.59)
Year of diagnosis, per year increase 1.02 (0.82–1.28) 0.88 (0.70–1.11) 0.98 (0.94–1.02)
Leiomyosarcoma** 0.93 (0.18–4.77) 1.21 (0.19–7.83) 0.67 (0.50–0.92)
Liposarcoma** 0.66 (0.11–4.17) 1.25 (0.19–8.05) 0.51 (0.35–0.72)
Pre-existing cardiovascular disease* 6.31 (0.98–40.55) 5.86 (0.82–42.06) 1.14 (0.85–1.50)

Notes: *Reference group is none. **Reference group is all other STS subtypes.
Abbreviation: –, not available.
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the cancer alone or pre-existing cardiac disease leads to 

cardiac death.

Conclusion
The Danish databases are among the very few patient 

databases that are able to link cardiac imaging data to other 

medical information, including data related to clinical out-

comes, medications, and comorbidities. There is currently no 

published population-based study on LVEF decline or cardiac 

dysfunction in STS patients, possibly due to the difficulty 

in identifying data sources containing cardiac imaging data. 

These study results fill an important knowledge gap and may 

improve patient safety with regard to cardiac management 

among heavily treated STS patients.
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