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ABSTRACT

Background and purpose: Anthracycline-associated cardiotoxicity is a challenge that dexrazoxane may
reduce. The aim of this study was to report the overall survival (OS), incidence of cardiotoxicity and dex-
razoxane use in a Danish population-based cohort of patients with soft tissue sarcoma (STS) treated with
doxorubicin, olaratumab and dexrazoxane.

Patients/material and methods: We performed a retrospective study of adults (=18 years) with locally
advanced or metastatic STS treated with doxorubicin, olaratumab and dexrazoxane between 2015 and
2019 at Herlev University Hospital (Herlev) and Aarhus University Hospital (Aarhus). Dexrazoxane was
administered from cycle 1 at Herlev and from cycle 4 at Aarhus. OS was measured from doxorubicin ini-
tiation to death. Cardiotoxicity was defined as a >10 percentage-point decline in left ventricular ejection
fraction to <50% compared with baseline.

Results: In total, 106 patients were included: 71 patients (67%) from Herlev and 35 (33%) from Aarhus.
Mean age was 59 years, 59% were female. Median OS was 18 months (95% confidence interval [CI]: 11.0-
20.7) and median cumulative doxorubicin dose was 320.7 mg/m’ (range: 37.5-605.4). Dexrazoxane was
administered to 68 patients (96%) at Herlev and 18 (51%) at Aarhus. Seven patients (7%) developed cardio-
toxicity (Herlev n = 4; Aarhus n = 3). Median OS was 19.6 months at Herlev and 14.8 months at Aarhus (p =
0.24). Neutropenic fever occurred in 27 patients (38%) at Herlev and six patients (17%) at Aarhus (p = 0.88).
Interpretation: Doxorubicin with olaratumab and dexrazoxane resulted in a low incidence of cardiotoxic-
ity and OS was consistent with previously reported.
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Introduction . e
number of treatment cycles with doxorubicin is limited to a

The risk of developing anthracycline-associated cardiotoxicity is cumulative dose of 450 mg/m?, with 75 mg/m? per treatment

still a concern when treating patients with doxorubicin.

Soft tissue sarcomas (STS) are a heterogeneous group of solid
malignant tumors derived from mesenchymal cells [1].
Treatment is centralized at two specialized sarcoma referral
centers in Denmark, both with integrated central pathology.
Anthracycline-based treatment with doxorubicin constitutes
the standard first-line treatment for most patients with advanced
or metastatic STS [2].

Cardiotoxicity is an infrequent but potentially detrimental
toxicity to anthracycline-based treatment. The precise molecular
pathogenesis of this condition is still not entirely understood
but it is thought that topoisomerase 2( inhibition by
anthracycline can cause double-stranded breaks in DNA, which
can lead to cardiomyocyte death [3, 4]. Patient-related
cardiotoxicity risk factors include age, radiation therapy, sex,
renal failure, infusion rate, preexisting cardiovascular disease
and the cumulative doxorubicin dose [5, 6]. For this reason, the

cycle to a maximum of six cycles [7].

Olaratumab is a human recombinant monoclonal immuno-
globulin G antibody binding to platelet-derived growth factor
receptor alpha, which was approved for metastatic STS in
combination with doxorubicin after promising results of a phase
Il trial [8]. In the large randomized, double-blinded phase Il
ANNOUNCE trial, the additional value of olaratumab to doxo-
rubicin could not be confirmed and for this reason olaratumab
was withdrawn in 2019 [9]. The patients enrolled in the
ANNOUNCE trial reached a median overall survival (OS) of 20
months. This was a substantial improvement compared to the
median OS of 12.8 months reported in an earlier doxorubicin-
based first-line treatment trial [10]. Dexrazoxane, a cardio-
protectant was administered by the discretion of the investigator
as a supportive intervention in both treatment arms, allowing
for a maximum of eight doxorubicin cycles and a higher
cumulative doxorubicin dose (600 mg/m?). Real-world outcomes
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on the clinical effectiveness of doxorubicin and olaratumab
have failed to replicate the OS demonstrated but the use of
dexrazoxane was not mentioned [11, 12].

The aim of this study was to report the OS, incidence of
cardiotoxicity and dexrazoxane usein a Danish population-based
cohort of patients with advanced or metastatic STS treated with
doxorubicin, olaratumab and dexrazoxane.

Patients/material and methods
Study population

A retrospective study was conducted between 2015 and 2019
covering all patients with locally advanced or metastatic STS
referred for doxorubicin and olaratumab at the Departments of
Oncology at Herlev University Hospital (Herlev) and Aarhus
University Hospital (Aarhus) in Denmark. Patient were eligible
provided they had received doxorubicin and olaratumab with or
without dexrazoxane and were >18 years.

Treatment schedule

Patients received olaratumab (20 mg/kg intravenous [iv] in cycle
1 and 15 mg/kg in subsequent cycles) on days 1 and 8 plus dox-
orubicin (75 mg/m?iv bolus in <30 min) on day 1 of each 21-day
cycle for up to eight cycles.

At Herlev, dexrazoxane (750 mg/m?, iv bolus in <30 min) was
administered on day 1, cycle 1 prior to doxorubicin and was
administered for up to eight cycles. At Aarhus, dexrazoxane (750
mg/m?, iv bolus in <30 min) was administered on day 1, cycle 4
prior to doxorubicin and was administered for up to 5 cycles.

Granulocyte colony-stimulating factor (G-CSF) was co-
administered with every doxorubicin cycle at Herlev except for
patients treated within the ANNOUNCE trial. At Aarhus, G-CSF
was administered only by clinical indication.

Data collection

The clinical information was collected from the patients’medical
records and from the Danish National Sarcoma database [13]
and was subsequently stored in a study database (REDCap plat-
form). The database contained comprehensive clinical informa-
tion including date of referral, comorbidities, histological
diagnosis, histological malignancy grade [14], oncological and
supportive treatment administered, cardiac function, secondary
malignancy, and selected toxicities (neutropenic fever and
thrombocytopenia) graded according to Common Terminology
Criteria for Adverse Events (CTCAE) version 5.0 [15]. The study
was reported in accordance with the STROBE guideline.

Cardiotoxicity

Cardiac function data were evaluated by multigated acquisition
(MUGA) left ventricular function measures or echocardiography,
which are in Denmark routinely performed before and approxi-
mately every 9 weeks during doxorubicin and at follow-up by
clinical indication.

Multiple definitions of cardiac toxicity are used, and as of
now no international definition is accepted worldwide [16]. We
defined cardiotoxicity as a decline in left ventricular ejection
fraction (LVEF) of >10 percentage-point to a LVEF of <50% as
compared to baseline [17]. This is in accordance with the
European Society of Cardiology (ESC) definition of moderate
and asymptomatic cancer treatment-related cardiac dysfunction
[5]. An echocardiography had to be performed to confirm the
cardiotoxicity diagnosis. Early cardiotoxicity was defined as
cardiotoxicity occurring within <1 year and late cardiotoxicity as
=1 year from initiation of doxorubicin [18]. Recovery of
cardiotoxicity was defined as a LVEF of >50% after cardiotoxicity
had been diagnosed [17].

Cardiovascular comorbidities and risk factors were defined as
the presence of established cardiovascular disease and/or major
contributors to cardiovascular risk. Cardiac-related medication
was defined as pharmacological treatment for any of these
conditions.

Ethics

Data collection was approved by the Capital Region of Denmark,
Team for medical records (R-20083740) and approval was also
granted by the Danish Data protection Agency (P-2021-51).
Individual patient informed consent was not required.

Statistics

Demographics, diagnostic and follow-up characteristics were
summarized as medians and range or interquartile range (IQR)
for continuous variables, and number and percentages for cate-
gorical variables. Survival curves were constructed by Kaplan-
Meier’s method. Pairwise comparisons for OS and cardiotoxicity/
cumulative dose were performed using a Log Rank test (Mantel-
Cox). Group comparisons were performed with Wilcoxon rank-
sum test for continuous variables and Fisher’s exact test for
categorical variables. OS was defined as the time from doxoru-
bicin initiation to death from any cause and was reported as the
median with corresponding 95% confidence intervals (Cl).

A landmark analysis was conducted to compare survival
according to cumulative doxorubicin dose levels. OS was
defined as survival beyond 300 days from the initiation of
doxorubicin, and patients were grouped according to the
cumulative doxorubicin dose received at 300 days. A separate
landmark analysis was conducted to compare survival according
to cardiotoxicity. OS was defined as survival beyond 1 year from
the initiation of doxorubicin, and patients were grouped based
on the occurrence of a cardiotoxic event within the first year.

Cumulative incidence function with death as a competing
risk was conducted to estimate the incidence of cardiotoxicity.
Time to cardiotoxicity was defined as the interval from initiation
of doxorubicin to the clinical diagnosis of cardiotoxicity.

P < 0.05 was regarded as statistically significant. To account
for multiple comparisons in Table 1, p-values were adjusted
using the Holm-Bonferroni correction. All statistical calculations
were performed using the R software package version 4.3.0.
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Table 1. Patients’ characteristics.

Value (N = 106)

Herlev (N=71) Aarhus(N = 35) P-values Total
(adjusted P-value)
Age (years, median, range) 61 (49-70) 58 (45-67) 0.203 (1) 59 (47-69.2)
Body mass index (median, range) 25.8(23.5-29.9) 254 (23.6-27.7) 0.634 (1) 25.4(23.6-28.8)
Sex (n, %) 1(1)
Female 42 (59%) 21 (60%) 63 (59%)
Male 29 (41%) 14 (40%) 43 (41%)
Histology (n, %) 0.062 (1)
Liposarcoma 15 (21%) 7 (20%) 22 (21%)
UPS* 6 (9%) 5 (14%) 11 (10%)
Leiomyosarcoma 2 (3%) 6 (17%) 8 (8%)
Uterine leiomyosarcoma 11 (15%) 2 (6%) 13 (12%)
Other 37 (52%) 15 (43%) 52 (49%)
Site of primary tumor (n, %) 0.074 (1)
Retroperitoneal 3(18%) 7 (20%) 20 (18%)
Extremities 4 (20%) 8 (23%) 22 (22%)
Superficial trunk 10 (14%) 1 (3%) 11 (10%)
Uterine 6 (23%) 3 (8%) 19 (18%)
Other 18 (25%) 16 (46%) 34 (32%)
Tumor grade (n, %) ** 0.130 (1)
1 11 (16%) 2 (6%) 13 (12%)
2 12 (17%) 11 (31%) 23 (22%)
3 47 (67%) 22 (63%) 69 (66%)
Cardiovascular comorbidities and risk 0.533 (1)
factors (n, %) ** 34 (49%) 14 (40%) 48 (46%)
Yes 36 (51%) 21 (60%) 57 (54%)
No
Cardiac medication, comorbidity yes (n, %) 0.503 (1)
Yes 33 (97%) 13 (93%) 46 (96%)
No 1 (3%) 1 (7%) 2 (4%)
Performance status (n, %) *** 0.537 (1)
0 63 (91%) 30 (86%) 93 (89%)
1 5 (7%) 5 (14%) 10 (10%)
2 1 (2%) 0 (0%) 1(1%)
Cumulative doxorubicin dose mg/m? 0.798 (1)
(median, range) 320 (37.5-605.4) 321.4 (71-600) 320.7 (37.5-605.4)
Median number of doxorubicin cycles 0.798 (1)
(median, range) 5(1-12) 5(1-8) 5(1-12)
Cumulative doxorubicin dose mg/m?(n, %) 0.617 (1)
<450 mg/m? 45 (64%) 20 (57%) 65 (61%)
>450 - <600 mg/m? 23 (32%) 12 (34%) 35 (33%)
>600 mg/m? 3 (4%) 3 (9%) 6 (6%)
Doxorubicin dose reduction (n, %) 0.413 (1)
Yes 39 (55%) 16 (46%) 55 (52%)
No 32 (45%) 19 (54%) 51 (48%)
Dexrazoxane (n, %) <0.001 (<0.001)
Yes 68 (96%) 18 (51%) 86 (81%)
No 3 (4%) 17 (49%) 20 (19%)
G-CSF (n, %) **** <0.001 (<0.001)
Yes 58 (82%) 10 (29%) 68 (64%)
No 13 (18%) 25 (71%) 38 (36%)
Continuation of olaratumab (n, %)
Yes 21 (30%) 12 (34%) 0.660 (1) 33 (31%)
No 50 (70%) 23 (66%) 73 (69%)
Median number of olaratumab cycle 0.743 (1)
(median, range) 4(1-27) 4(1-34) 4(1-34)

Table 1 continued
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Table 1. (Continued) Patients’ characteristics.

Value (N =106)
Herlev (N=71) Aarhus(N = 35) P-values Total
(adjusted P-value)

Trabectedin (n, %) 0.517 (1)

Yes 48 (68%) 21 (60%) 69 (65%)

No 23 (32%) 14 (40%) 37 (35%)
Neutropenic fever (n, %) ***** 0.044 (0.880)

Yes 27 (38%) 6 (17%) 33 (31%)

No 44 (62%) 29 (83%) 73 (69%)
Tobacco (n, %) *** 0.275 (1)

Yes 26 (38%) 9 (26%) 35 (34%)

No 43 (62%) 26 (74%) 69 (66%)
Number of lines of treatment (median, 0.030 (0.630)
range) 4(1-10) 3(1-7) 3(1-10)
LVEF at baseline (median, IQR) ****** 68% (63-75) 64% (57.8-69.2) 0.006 (0.132) 66% (61.2-73)
Best imaging response (n, %) ****¥*** 0.080 (1)

Partial response 10 (14%) 1(3%) 11 (11%)

Stable disease 34 (48%) 23 (70%) 57 (55%)

Progressive disease 27 (38%) 9(27%) 36 (34%)
Cardiotoxicity (n, %) 0.682 (1)

Yes 4 (6%) 3 (9%) 7 (7%)

No 67 (94%) 32 (91%) 99 (93%)

*Undifferentiated pleomorphic sarcoma.

**One missing value for patients at Herlev.

***Two missing values for patients at Herlev.

**** Granulocyte colony-stimulating factor.

***¥% Only accounted for during treatment with doxorubicin.
**EXXX Interquartile range.

**xxx4*Two missing values for patient at Aarhus.

Results
Total study population

A total of 106 patients were included, 71 patients (67%) at Herlev
and 35 patients (33%) at Aarhus (see Table 1). The mean age was
59 years (range: 47-69.2) with a female predominance of 59%.
The most common histological subtype was liposarcoma,
detected in 22 patients (21%). A total of 69 patients (66%) had
grade 3 tumors. A performance status (PS) of 0 was observed in
93 patients (89%). Pre-existing cardiovascular comorbidities and
risk factors were present in 48 patients (46%) of whom 96%
received cardiac-related medication. Hypertension was most
common (n = 34), followed by hypercholesterolemia (n = 13),
diabetes (n = 6), atrial fibrillation (n = 5), cerebrovascular disease
(n=4), valvular heart disease (n =4), thrombosis (n = 3), ischemic
heart disease (n = 2) and other cardiac arrhythmias (n = 1).
Among these, six patients (6%) were classified as high risk for
cardiovascular toxicity [5].

Median OS was 18 months (95% Cl: 11.0-20.7). At 1 year
follow-up 59% of patients were alive (95% Cl: 49.5-68.1); at 2
years 37% were alive (95% Cl: 27.7-45.9); and at 3 years 28%
were alive (95% Cl: 20.1-37.1) (see Figure 1). Median length of
follow-up was 85 months (IQR: 76.0-87.4). Median number of
doxorubicin cycles was five (range: 1-12) with a median
cumulative doxorubicin  dose of 320.7 mg/m? (range:
37.5-605.4). A total of 55 patients (52%) experienced a

doxorubicin dose reduction and main cause was neutropenic
fever in 16 patients (30%). Median LVEF at baseline was 66%
(IQR: 61.2-73).

In addition, a total of 65 patients received a doxorubicin
cumulative dose of <450 mg/m? (range: 37.5-428.6) of which
71% received dexrazoxane, 35 patients received a doxorubicin
cumulative dose =450 — <600 mg/m? (range: 450-597.7) of
which 97% received dexrazoxane, and six patients received a
doxorubicin cumulative dose of 2600 mg/m?(range: 600-605.4)
of which a 100% received dexrazoxane. The six patients were
grouped together with those who received a cumulative
doxorubicin dose 2450 — <600 mg/m”. Dose rounding explains
the doxorubicin cumulative dose of =600 mg/m?. There was no
statistically significant difference in OS and cumulative
doxorubicin dose (p = 0.21) (see Figure 2).

Olaratumab was continued in 33 patients (31%) after
doxorubicin was completed. Median number of cycles was 4
(range: 1-34). A total of 69 patients (65%) received trabectedin
and 35 patients (33%) received pazopanib. Trabectedin was
administered as a second-line treatment in 37 patients.

Serial MUGA assessments were performed in 85 patients
(80%) who were evaluable for cardiotoxicity. For baseline
assessment, a single MUGA scan was performed in 20 patients,
with no further cardiac imaging conducted. In one patient no
cardiac imaging was performed. The main cause for missing
cardiac imaging was progressive disease or poor PS, accounting
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Figure 1. Overall survival of the entire cohort.

for 62% of patients. Median cumulative doxorubicin dose was
138.36 mg/m? (range: 58.54-375) in this group.

Outcomes according to treatment center

Median OS was 19.6 months (95% Cl: 11.6-22.0) at Herlev, where
dexrazoxane was administered from cycle 1 and 14.8 months
(95% Cl: 9.5-18.8) at Aarhus, where dexrazoxane was adminis-
tered from cycle 4 (p = 0.24) (see Figure 3).

In addition, median number of doxorubicin cycles was five at
Herlev (range: 1-12) and five at Aarhus (range: 1-8) with a
median cumulative doxorubicin dose of 320 mg/m? (range:
37.5-605.4) at Herlev and 321.4 mg/m? (range: 71-600) at
Aarhus. Median LVEF at baseline was 68% (IQR: 63-75) at Herlev
and 64% (IQR: 57.8-69.2) at Aarhus (p = 0.13).

Dexrazoxane was administered to 68 patients (96%) at Herlev
and to 18 patients (51%) at Aarhus (p < 0.001). Neutropenic fever

Cumulative doxorubicin dose

(measured at 300 days) * <450 mg/m2 + 2450 mg/m2

1.00

Survival probability
o o
13 ~
o (4]

o
]
o

p=0.21
0.00

0 12 24 36 48 60 72 84 96
Months exceeding 300 days
from treatment start

Number at risk

= 34 15 10 9 5 5 1 1 0

= 40 26 20 10 7 7 4 0 0

Figure 2. Overall survival according to cumulative doxorubicin dose (One
patient did not receive the total cumulative doxorubicin dose within 300 days as
the patient was rechallenged with doxorubicin at a later time point).
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Figure 3. Overall survival according to treatment center.

was observed in 27 patients (38%) at Herlev and in six patients
(17%) at Aarhus (p = 0.88). Doxorubicin dose reductions were
reported in 39 patients (55%) at Herlev and 16 patients (46%) at
Aarhus. G-CSF was administered to 58 patients (82%) at Herlev
and 10 patients (29%) at Aarhus (p < 0.001).

Cardiotoxicity

Seven patients (7%) developed cardiotoxicity: four patients (6%)
at Herlev and three patients (9%) at Aarhus. Early cardiotoxicity
(86%) was more common than late (see Table 2). The 1-year
cumulative incidence of cardiotoxicity in the entire cohort was
6% (95% Cl: 2-11). Median time to development of cardiotoxic-
ity, among patients who developed cardiotoxicity, was 4.3
months (range: 1.9-19.3).

All patients were referred for a cardiology assessment where
cardiotoxicity was confirmed by echocardiography. Median LVEF
was 42% (range: 40-49) and median LVEF at confirmatory
echocardiography was 40% (range: 25-45). Six patients (86%)
commenced anti-congestive medication. At diagnosis, systemic
treatment was discontinued in two patients (29%), both of whom
were receiving doxorubicin. Treatment was paused in two
patients (29%), both receiving trabectedin. In the remaining
three patients (42%), observation or systemic treatment was
continued. Single-agent doxorubicin was considered the main
cause for cardiotoxicity in four patients (57%). Single-agent
doxorubicin and single-agent trabectedin was considered the
main cause in three patients (43%). One patient had received
pazopanib for less than 1 week and was therefore not considered
a likely cause. At diagnosis, four patients (57%) experienced
clinical cardiac-related symptoms including dyspnea and edema.

Median cumulative doxorubicin dose was 374 mg/m? (range:
225-600) in patients with cardiotoxicity and 320 mg/m? (range:
37.5-605.4) in patients without cardiotoxicity (p = 0.39). Four
patients with cardiotoxicity received a cumulative doxorubicin
dose of <450 mg/m? and three patients received a dose of
2450 mg/m? The incidence of cardiotoxicity was 6% in the
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Table 2. Cardiotoxicity characteristics.

Characteristics Value (N=7)
Type of cardiotoxicity (n, %)

Early 6 (86%)
Symptoms at diagnosis (n, %)

Yes 4 (57%)

No 3 (43%)
Reason for cardiotoxicity (n, %)

Doxorubicin 4 (57%)

Doxorubicin plus trabectedin* 3 (43%)
Referral to cardiologist (n, %)

Yes 7 (100%)
Follow-up at cardiologist (n, %)

Yes 6 (86%)
Initiation of anti-congestive medication (n, %)

Yes 6 (86%)
Cardiac biomarkers at diagnosis (n, %) **

No 6 (86%)

LVEF level at cardiotoxicity (median, range)
LVEF during follow-up (n, %)

42% (40-49)

LVEF increase to > 50 3 (42%)

LVEF increase to > 50 but drops again to <50 2 (29%)

LVEF remains < 50 2 (29%)
Dexrazoxane before cardiotoxicity (n, %)

Yes 5(71%)

No 2 (29%)
Cardiovascular comorbidities and risk factors (n, %)

Yes 5(71%)

No 2 (29%)

*Administered as single-agents and not as a combination treatment.
**Troponin and creatine kinase-myocardial band.

<450 mg/m? group and 7% in the =450 mg/m? group. Median
OS exceeding 1 year in patients with cardiotoxicity was 6.9
months (95% Cl: 5.7 - not reached) and 20.1 months (95% Cl:
12.3-30.4) in patients without cardiotoxicity (p = 0.89).

When excluding the 21 patients (Herlev n = 15; Aarhus n = 6)
with only one MUGA or no cardiac imaging performed, the
incidence of cardiotoxicity was 8% in the total study population
with 7% at Herlev and 10% at Aarhus (p = 0.69).

Discussion and conclusion

In this retrospective population-based cohort of patients with
advanced or metastatic STS treated with doxorubicin, olara-
tumab, and dexrazoxane, the median OS was 18 months. This is
lower than the 20 month OS reported in the phase Il ANNOUNCE
trial [9] but higher than the 12.8 months reported in another
first-line doxorubicin-based trial [10]. Such differences are
expected when comparing real-world outcomes with results
from phase lll trials, which typically apply more stringent patient
selection criteria.

In the ANNOUNCE trial, the median number of doxorubicin
cycles was six with a median cumulative dose of 409 mg/m’.
Both were higher than in our cohort and may have contributed
to the superior OS observed in the ANNOUNCE trial. Median
follow-up duration in the ANNOUNCE trial was 31 months,

which is shorter than in our cohort and may also have influenced
0OS. A PS of 0 was reported in 59% of patients in the ANNOUNCE
trial, which is lower than in our cohort and therefore cannot
explain the difference in OS. However, when focusing exclusively
on patients treated at Herlev, the median OS was 19.6 months
which is comparable to the median OS reported in the
ANNOUNCE trial.

The incidence of cardiotoxicity was higher in our cohort
compared with the 1% reported in the ANNOUNCE trial [19].
This is despite the more frequent use of dexrazoxane in our
cohortcompared with the 64% of patients receiving dexrazoxane
in the ANNOUNCE trial. Of relevance, 46% of patients in our
cohort had pre-existing cardiovascular comorbidities and risk
factors. However, among high-risk patients, the prevalence was
6%, comparable to 6.5% reported in the ANNOUNCE trial [19].
Nevertheless, pre-existing cardiovascular comorbidities and risk
factors may still have contributed to the observed difference [5,
17]. However, directly comparing the incidence of cardiotoxicity
between the two studies is challenging because the definitions
used are not identical. In the ANNOUNCE trial, cardiac
dysfunction was assessed using CTCAE version 4.0, and clinical
cardiotoxicity was defined as grade > 3 heart failure according
to the same criteria. Using this definition, only four patients (4%)
in our cohort met the criteria for clinical cardiotoxicity making
the incidence more comparable.

In comparison to other studies, the incidence of cardiotoxicity
observed in our cohort was either lower or within similar range.
A large retrospective study including 2,671 patients with other
cancers reported a 9% incidence of cardiotoxicity without using
dexrazoxane [20]. A separate retrospective study from our
institution including 75 patients with sarcoma reported a
markedly higher 31% incidence of cardiotoxicity, with dex-
razoxane administered in only one patient [17]. Another
retrospective study from our institution including 454 patients
with sarcoma reported a 11% incidence of cardiotoxicity, but a
confirmatory echocardiography was not performed and the use
of dexrazoxane was not mentioned [21]. Furthermore, a meta-
analysis including 49,017 patients with other cancers reported
clinical overt cardiotoxicity in 6% of patients, while subclinical
cardiotoxicity developed in 18%, the use of dexrazoxane was
not mentioned [22]. A recent published retrospective study of
672 patients with sarcoma receiving anthracycline with or
without dexrazoxane, using the same cardiotoxicity definition
as in our cohort, reported a similar 7.1% incidence of
cardiotoxicity [23].

The fact that only a single MUGA or no cardiac imaging was
performed in 20% of patients in our cohort may also have
contributed to the low incidence of cardiotoxicity observed. Not
all patients experience symptomatic cardiotoxicity, and it
remains unknown whether some may subsequently have
developed cardiotoxicity. When excluding these patients, the
incidence of cardiotoxicity was higher in our cohort. Of
relevance, the median cumulative doxorubicin dose in this
group was low, suggesting a minimal risk of treatment-related
cardiotoxicity. Cardiotoxic risk is generally considered to
increase at cumulative doxorubicin doses of 2250 — 300 mg/m?



[24]. Since this threshold was not reached for most of the
patients mentioned above, we considered it was appropriate to
retain them in the cohort. Moreover, our study was not
exclusively focused on reporting the incidence of cardiotoxicity
but also on evaluating OS, further supporting their inclusion.

Comparison of outcomes according to treatment center
revealed no statistically significant differences in OS, incidence
of cardiotoxicity, or cumulative doxorubicin dose. Notably, a
retrospective study including 672 patients with sarcoma
reported that a cumulative doxorubicin dose of >300 mg/m?
with dexrazoxane from cycle 1 resulted in a 85% reduction in the
risk of cardiotoxicity (hazard ratio: 0.15; 95% Cl: 0.02-0.99)
compared to those who did not receive dexrazoxane [23]. This
indicates that the timing of dexrazoxane may have significantly
affected the risk of cardiotoxicity.

Both neutropenic fever, although not statistically significant
and the use of dexrazoxane were observed more frequently at
Herlev. Myelosuppression may be exacerbated when dexrazoxane
is administered in combination with doxorubicin [25, 26], and we
cannot exclude the possibility that dexrazoxane may have
contributed to the higherincidence of neutropenic fever observed
at Herlev. It did not result in any toxicity-related deaths; however,
it may have negatively affected OS by delaying subsequent
treatment options. On the contrary, two other studies including
patients with both STS and breast cancer did not report an
increased incidence of neutropenia when anthracycline-based
treatment was combined with dexrazoxane [27, 28].

Dexrazoxane has previously been shown to reduce the risk of
anthracycline-associated cardiotoxicity [29, 30]. One meta-
analysis reported a statistically significant benefit in favor of
dexrazoxane for the occurrence of heart failure (Relative Risk
[RR]: 0.29, 95% Cl: 0.20-0.41) [31] and a smaller retrospective
study reported a 7% incidence of cardiotoxicity in patients
receiving cumulative anthracycline doses of up to 750 mg/m?
[32]. In addition, a meta-analysis in patients with breast cancer
reported that dexrazoxane reduced the risk of clinical heart
failure (RR: 0.19, 95% Cl: 0.09-0.40; p < 0.001) and cardiac events
(RR: 0.36, 95% Cl: 0.27-0.49; p < 0.001) irrespective of previous
exposure to anthracyclines. The response rate, OS, and
progression-free survival were not affected by dexrazoxane [33].

Despite the Food and Drug Administration (FDA) approval
and its well described cardio-protective effects, dexrazoxane is
not widely incorporated into routine clinical practice. This is
largely due to concerns regarding potential attenuation of
chemotherapeutic efficacy [29], although it has been reported
that the use of dexrazoxane is unlikely to affect anthracycline
efficacy [26, 34, 35]. Other contributing factors include concerns
about secondary malignancies, increased risk of myelosup-
pression [26, 36] and finally the cost of dexrazoxane. At present,
the 2022 ESC cardio-oncology guideline does not recommend
the routine use of dexrazoxane in patients undergoing
anthracycline-based treatment. Dexrazoxane should only be
considered for adult patients with cancer who are at high risk of
cardiotoxicity [5]. The 2016 American Society of Clinical Oncology
clinical practice guideline recommend consideration of a cardio-
protective strategy such as dexrazoxane, liposomal formulations,
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or continuous infusion in patients who will receive high-dose
anthracyclines (=250 mg/m? doxorubicin) [37]. Pegylated
liposomal doxorubicin has previously shown efficacy in STS with
a lower toxicity profile, however studies are limited [38]. In
addition, a recently published viewpoint has suggested that
dexrazoxane should be considered for patients at high risk who
are receiving cumulative doxorubicin doses of =250 mg/m?[39].

In general, it's challenging to compare the incidence of
cardiotoxicity in retrospective studies. The incidence can vary
substantially largely due to inconsistencies across studies in the
definitions of cardiotoxicity, the approaches to cardiac monitor-
ing, the characteristics of the populations studied, the specific
anthracycline regimens administered, the administration of
dexrazoxane, methodological differences in study design and
follow-up periods, and finally the concomitant use of radiation
therapy [17].

Strengths and limitations

To our knowledge, there are limited reports on the incidence of
cardiotoxicity in patients with STS receiving doxorubicin in com-
bination with dexrazoxane. The FDA approval of dexrazoxane
was based primarily on studies in patients with breast cancer.
This study therefore expands the existing evidence base.
Furthermore, this is a population-based study and all Danish
patients with STS treated with doxorubicin and olaratumab
were included, providing real-world data that reflect routine
clinical practice. Nevertheless, only 35 patients were included
from Aarhus and the small sample size limits the ability to draw
meaningful comparisons between the two treatment centers. In
addition, a large proportion of patients had only one or no car-
diac imaging performed introducing a risk of underdetecting
cardiotoxicity. Moreover, only seven patients developed cardio-
toxicity, and the limited number of events precludes any defini-
tive conclusions. Since it was a retrospective study no power
calculations were made. A larger retrospective study is currently
investigating the incidence of cardiotoxicity, OS and dexrazox-
ane-associated toxicities in a Danish population-based cohort
of patients with STS. The forthcoming results may provide a
more detailed understanding of the cardio-protective proper-
ties of dexrazoxane and help to clarify concerns surrounding its
use. Ultimately, a larger prospective study is warranted before
any definitive recommendations can be made.

In conclusion doxorubicin and olaratumab with dexrazoxane
were associated with a low incidence of cardiotoxicity and OS
consistent with previously published data.
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