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Introduction

Soft tissue sarcomas (STSs) are a group of rare malignant
tumours with heterogeneous histological subtypes. Tumours
occur most commonly in the extremities and the retroperito-
neum [1,2]. Standard treatment for localised adult-type STS is
wide surgical resection and radiotherapy in high-grade
tumours at least when wide marginals are not achieved [3].

The role of adjuvant chemotherapy is still controversial.
Doxorubicin with ifosfamide is the most used combination
[4]. A systematic meta-analysis of 18 adjuvant trials found
that compared to local treatment adjuvant combination
chemotherapy had an OR of 0.56 (95% CI, 0.36-0.85; p ¼ .01)
in overall survival (OS) and an OR of 0.69 (95% CI, 0.56-
0.86; p ¼ .0008) in the overall recurrence rate. The absolute
risk reduction in death was 11%, from 41% to 30% [5].

Scandinavian countries often offer adjuvant chemotherapy
to high-risk patients, but European Society for Medical
Oncology is more conservative in recommendations [3].
Common criteria for chemotherapy are high-grade sarcoma
with vascular invasion or tumour size over 8 centimetres,
infiltrative growth pattern and microscopic tumour necrosis
[6]. However, doxorubicin is known for its dose-dependent
irreversible cardiotoxicity, which in turn affects prognosis [7–
9]. In an early retrospective study has been reported a 3%
incidence of cardiotoxicity at a cumulative dose of
400mg/m2, 7% at 550mg/m2 and 18% at 700mg/m2 [10].
Another retrospective analysis of three trials indicated that
26% of patients would experience doxorubicin-related heart
failure (HF) at a cumulative dose of 550mg/m2 [11]. Other
risk factors that are associated with doxorubicin-induced car-
diotoxicity include female gender, age > 65 years or <

18 years, pre-existing cardiovascular risk factors, doxorubicin
administered as an intravenous bolus and radiation therapy
involving the heart [12,13]. Currently accepted safe cumula-
tive dose of doxorubicin is < 550mg/m2 [14].

There are scarce previous publications of the life span of
sarcoma patients after adjuvant treatments. In a Danish
national cohort of 1,187 STS patients the incidence of cardiac
death was 2.7 (95% CI: 1.6–4.5) per 1,000 person years.
Doxorubicin-based chemotherapy associated strongly to
overall mortality (HR ¼4.92, 95% CI: 3.67–6.59). [15] Thus,

this retrospective study was aimed to analyse the clinical
data of patients treated in a large tertiary centre with (neo)-
adjuvant doxorubicin-based chemotherapy alone or with
combined radiotherapy to assess the incidence of late com-
plications. Survival and recurrence during follow-up were
also analysed.

Material and methods

The clinical data of adult STS patients were collected retro-
spectively from original medical records. Patients were initially
collected according to diagnosis code (ICD-10 codes C48 and
C49). There were primarily 1156 patients listed and in the final
analysis altogether 67 patients were included. Eligibility criteria
were pathological diagnosis of STS, age � 18 years, resectable
disease and neoadjuvant or adjuvant therapy including doxo-
rubicin-based chemotherapy with or without radiation therapy.
Exclusion criteria were age < 18 years, inoperable disease, diag-
nosis of Ewing’s sarcoma or osteosarcoma and missing clinical
data. Nine patients with completely operated metastatic dis-
ease or local recurrence were included in the analyses on long-
term complications. Patients were treated at the Tampere
University Hospital from the 1st of January 2008 to the 31st of
December 2017. Patients were followed according to the nor-
mal clinical practice, which included chest x-ray, laboratory val-
ues and visits every three months for the first year, every four
months for the second year, and every six months in years 3–
5. The imaging of the primary tumour location was done dur-
ing every other visit. Echocardiography was performed when
clinically indicated. Other risk factors for heart complications
were recorded. The data was collected in spring 2021. Patient
characteristics, treatment-related late-onset adverse events, OS,
disease-specific survival (DSS), disease-free survival (DFS) and
local- and distant recurrences were evaluated.

The primary outcome measure was the incidence of doxo-
rubicin-induced cardiotoxicity, defined as the onset of clinical
HF. Secondary outcome measures were other treatment-
related late-onset adverse events, such as secondary maligni-
ties and renal failure, and the time elapsed between the end
of (neo)adjuvant treatment and the development of compli-
cations. Kidney failure was recorded when GFR was
<57mL/min. For evaluation of recurrence and survival,
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patients were divided into chemotherapy and a chemo- and
radiation (later: combination) therapy groups. DFS was calcu-
lated as the time between the end of the treatment and the
occurrence of distant metastasis or a local recurrence. Death
for other reason than cancer was not considered as an event
for DFS and patients were censored when death occurred.
Survival analysis was performed using the Kaplan-Meier
method. The groups were compared with Kruskal–Wallis test
and Chi-Square test. Cox regression was used to report the
hazard ratios (HR) for death in treatment groups. All data
were analysed using IBM SPSS Statistics software version 27.

This retrospective study is based on clinical data. For the
use of medical records, permission was sought from the
Pirkanmaa Hospital District, which is competent as their
registrar, in accordance with its licencing practices. This study
did not affect the patient’s treatment. Thus, a statement of
the ethics committee or the informed consent of the sub-
jects was not required in order to conduct the study.

Results

A total of 67 patients (age range 24.4-78.9 years) met the eli-
gibility criteria. The median follow-up time was 4.16 years.
The general characteristics of the patients are summarised in
Table 1. Patients generally received 6 cycles of doxorubicin
as a one-hour intravenous infusion (70mg/m2) combined
with 2000mg/m2 ifosfamide which was given in days 1-3 in
21-day cycles. Five elderly patients (�70 years) received
doxorubicin with a reduced dose (50–60mg/m2).

Among all the chemotherapy patients, 9 patients (13.4%)
developed HF (Figure 1). The median cumulative dose of
doxorubicin was the planned 420mg/m2. The median time
to the onset of HF was 14.0months. Among patients who

received doxorubicin at a minimum dose of 400mg/m2

17.1% developed HF, while in patients who received doxo-
rubicin less than 400mg/m2 the rate was 7.7%. Seven of the
nine HF patients were men and two were women, four
(44.4%) were � 65 years old and three (33.3%) were smokers.
Two (22.2%) had previous heart conditions (coronary artery
disease and atrial fibrillation) and five (55.6%) had hyperten-
sion, while in patients without HF hypertension was diag-
nosed in 36.2%. Two patients had postoperative radiation
therapy to chest area. First patient received radiotherapy to
the heart at a mean dose of 3.5 Gy. The second patient’s
radiotherapy was conducted in another hospital and there-
fore more detailed information is not available.

One patient who had received adjuvant chemotherapy
with doxorubicin (dose 420mg/m2) and ifosfamide and pre-
operative radiation therapy with a dose of 50Gy developed
acute myeloid leukaemia one year after the end of the treat-
ment. Clinically significant permanent skin pigmentation was
recorded in medical records in two combination therapy
patients. These patients received radiation therapy with
doses of 50–60Gy. Six patients discontinued chemotherapy
and three patients received reduced doses due to adverse
events, the most common of which were neutropenic infec-
tions and nausea. Six patients (9.0%) developed kidney fail-
ure. The median time elapsed between the end of treatment
and the onset of kidney failure was 6.0months.

In the chemotherapy group, 48.8% of the patients devel-
oped distant metastases. The respective rate in the combin-
ation therapy group was 33.3%, with no statistically
significant difference (p¼ 0.258). Local recurrence rates in
chemotherapy and in the combination therapy group were
40.0% and 12.1%, respectively, with a statistically significant
dependence (p¼ 0.014) and explained by differences in the

Table 1. Patient characteristics of the two treatment groups.

Characteristics
Chemotherapy group,

n¼ 33 (%)
Chemo- and radiation therapy group,

n¼ 34 (%)

Gender
Male 16 (48.5) 19 (55.9)
Female 17 (51.5) 15 (44.1)

Age
<65 years 20 (60.6) 23 (67.6)
�65 years 13 (39.4) 11 (32.4)

Treatment phase
Primary tumour 25 (75.8) 33 (97.1)
Local recurrence 4 (12.1) 1 (2.9)
Metastasis operation 4 (12.1) 0

Primary site
Extremities 12 (36.4) 22 (64.7)
Retroperitoneum 16 (48.5) 6 (17.6)
Trunk 4 (12.1) 3 (8.8)
Head and neck 1 (3.0) 3 (8.8)

Histological subtypes
Liposarcoma 8 (24.2) 8 (23.5)
Leiomyosarcoma 8 (24.4) 4 (11.8)
Fibrosarcoma 5 (15.2) 7 (20.6)
UPS 4 (12.1) 7 (20.6)
Synovial sarcoma 2 (6.1) 3 (8.8)
MPNST 2 (6.1) 2 (5.9)
Others 4 (12.1) 3 (8.8)

Grade
1 1 (3.0) 1 (2.9)
2 6 (18.2) 6 (17.6)
3 26 (78.8) 27 (79.4)

Abbreviations: UPS¼ undifferentiated pleomorphic sarcoma; MPNST¼malignant peripheral nerve sheath tumour
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percentage of retroperitoneal tumours which are more diffi-
cult to treat with radiation therapy. Median DFS was
5.0months in the chemotherapy and 17.0months in the
combination therapy group (p¼ 0.087).

In the combination therapy group, 66.7% of the patients
survived the entire follow-up time and the median OS could
not be calculated. The respective OS rate in the chemother-
apy group was 40.0% with a median OS of 60.0months
(p¼ 0.028, 95% CI: 22.787-97.213) (Figure 2). Compared to
combination therapy the HR for death in the chemotherapy
group was 2.446 (p¼ 0.025, 95% CI: 1.120-5.342). The DSS
rates in the chemotherapy and combination therapy groups

were 45.5% and 73.3%, respectively (p¼ 0.088, not signifi-
cant). HR for death was 2.664 (p¼ 0.032, 95% CI: 1.086-
6.536). The median DSS in the chemotherapy group was
40.0months (95% CI: 13.619-66.381).

Discussion

In this study, we found that the cumulative incidence of
doxorubicin-induced HF was 13.4% with a median cumula-
tive doxorubicin dose of 420mg/m2. The incidence was
higher with greater doses of doxorubicin (17.1% vs 7.7%).
Although no direct cardiac deaths were recorded during the

Figure 1. Cumulative dose of doxorubicin for patients. Patients who developed heart failure are highlighted with red colour.

Figure 2. Overall survival of the patients in this study. Vertical lines represent patients who were alive at the end of the follow-up.
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study period, doxorubicin-induced cardiotoxicity can be fatal
despite of an otherwise successful treatment of the malig-
nancy. The cardiotoxicity-associated mortality is a matter to
be weighed against the recurrence and survival advantages
that are previously reported [5].

Radiation therapy to chest area may have contributed the
development of HF. There is no previous data of sarcoma
patients, but in a randomised controlled trial of cardiotoxicity
among Asian women with breast cancer receiving adjuvant
therapies authors found that HR for major heart events was
1.92 (1.65–2.23) for patients who received adjuvant radiation
therapy with anthracycline-based chemotherapy, while
anthracycline-based chemotherapy alone had an HR of 1.48
(1.25–1.75) (p< 0.0001) [16].

The definition of cardiotoxicity varies between studies. In
this retrospective study, we hadn’t any systematic evaluation
of heart function. All recorded cases were clinically significant
and symptomatic HFs confirmed by echocardiography. When
screening procedures are used, chemotherapy-related cardio-
myopathy is a disease spectrum ranging from a measurable
biomarker rise before detectable changes to asymptomatic
decline in systolic function and finally HF with its clinical
signs and symptoms [17–19]. If an asymptomatic decline in
left ventricular ejection fraction (LVEF) was included in the
definition of cardiotoxicity, the cardiac event rate would be
higher and there would be more events with lower doses of
anthracycline [11]. To patients with advanced disease and
limited survival, clinical HF is the most significant definition
of cardiotoxicity. However, also the subclinical cardiac dam-
age and asymptomatic changes in LVEF are significant to
patients with curatively treated local STS [20].

Limiting peak plasma levels by administrating anthracy-
cline as a longer infusion rather than a bolus is known to
reduce cardiotoxicity in adults [21,22]. In a meta-analysis of
five randomised controlled trials and a total of 557 cancer
patients receiving anthracyclines, the authors found that
there was a statistically significantly lower rate of clinical HF
with infusion duration of six hours or longer compared to a
shorter infusion duration (RR 0.27, 95% CI: 0.09-0.81,
p¼ 0.02) [23]. Thus the infusion duration of 1 h may have
contributed to cardiotoxicity in patients and prolonging infu-
sion duration might be a feasible aspect to consider.

Randomised trials have shown a significant correlation
between doxorubicin dose and response rate with doses of
60 to 70mg/m2 versus lower doses. In the meta-analysis the
doxorubicin dosage ranged from 50mg/m2 to 90mg/m2

[5,24] and no proven difference in efficacy between doses of
60 to 70mg/m2 was found. After this analysis, we lowered
the dose of doxorubicin in adjuvant treatments to 60mg/m2.

Usually, the first peak of secondary cancers is seen from 1
to 3 years after primary cancer and the second peak is
observed from 7 to 10 years being mostly caused by radio-
therapy [20]. Thus our median follow-up time of 4.16 years
may be short to detect all late cases.

Our study as a single-centre experience had a limited
sample size which affects the credibility of the results.
Nevertheless, the results that we obtained suggest that adju-
vant therapy should be individually designed considering the

patient’s risk factors and prognosis. As the dose of doxorubi-
cin can be variable, lower, but still efficient doses (60mg/m2)
could prevent many clinical heart failures. The earlier detec-
tion of heart complications also enables earlier treatment to
prevent these cases to escalate to clinically significant HF.
The number of late complications is an important quality
measurement in cancer treatment and every centre should
be aware of its own results. Further evaluation of possible
preventive strategies for cardiotoxicity is still needed.
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