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Abstract
Trabectedin is a chemotherapeutic used to treat advanced soft tissue sarcoma and relapsed 
platinum-sensitive ovarian cancer. Although it is associated with a low incidence of cardiotox-
icity, when this occurs it can be fatal or significantly compromise the quality of life in patients 
with advanced cancer. Here, we present a series of 4 cases where trabectedin-treated sarcoma 
patients developed cardiovascular complications. Similar to previous literature describing this 
association, all patients had prior treatment with anthracyclines and presented at different 
time points following treatment initiation. Each patient presented with exertional breathless-
ness and was found to have severely impaired left ventricular systolic function (ejection frac-
tion ≤35%), and 1 patient had concurrent atrial fibrillation with a fast ventricular rate. All of 
the patients were treated with neurohormonal blockade, and a multi-disciplinary decision was 
made to stop trabectedin in 3 patients and continue in 1 patient. Two of the 4 patients had 
an improvement in their left ventricular systolic function. It is unclear what effect preceeding 
anthracycline or tyrosine kinase inhibitor treatment has in priming patients to develop car-
diotoxicity in this setting. Our case series adds to the evidence surrounding this association 
and highlights that trabectedin-associated cardiotoxicity can present in an insidious fashion.
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Introduction

Trabectedin is an anti-neoplastic drug [1] that originates from the marine Caribbean 
tunicate Ecteinascidia turbinata. It has a complex mechanism of action through interacting 
with key biological processes within the cell, altering the tumor micro-environment [2]. 
Trabectedin binds to the minor groove of deoxyribonucleic acid and alkylated guanine at the 
N2 position which bends the helix toward the major groove triggering several events: inhi-
bition of trans-activated gene transcription and interaction with DNA repair proteins, modu-
lation of the effect of tumor-associated macrophages by interfering with cytokine and 
chemokine signaling, displacing oncogenic transcription factors from their target promoters, 
and interfering with nucleotide excision repair and homologous recombination mechanisms 
promoting apoptosis [2].

Trabectedin gained its European authorization in 2015 with phase II, III, and IV trials 
demonstrating that it significantly increased progression-free survival in soft tissue sarcoma 
(STS) [1, 3, 4]. It is used to treat patients who have progressive STS despite ifosfamide and 
anthracycline chemotherapy, and patients with platinum-sensitive relapsed ovarian cancer 
in conjunction with PEGylated liposomal doxorubicin (PLD).

The most frequent adverse effects in early trials were hepatic toxicity, gastro-intestinal 
symptoms, and myelosuppression [1, 4]. Trabectedin was not initially reported to be cardio-
toxic; however, this is an increasingly recognized phenomenon with its widespread use outside 
clinical trial settings [5–7]. Here, we present our institutional experience of trabectedin-related 
cardiac events to help physicians identify and treat this toxicity.

Patients and Methods

We retrospectively identified patients at the Clatterbridge Cancer Centre (CCC) who 
were treated with trabectedin for STS and developed a subsequent adverse cardiac event. The 
CCC is the tertiary referral center for STS in Merseyside and North Cheshire and works in 
collaboration with the cardio-oncology service at the Liverpool Heart and Chest Hospital. We 
reviewed cases where trabectedin may have been an etiological factor in cardiotoxicity and 
present the results of cases where there was a likely causal relationship.

Description of Cases

Case 1
A 50-year-old man was diagnosed with intra-abdominal de-differentiated liposarcoma 

in 2008 and was initially treated with a surgical resection (Table 1; Fig. 1). He developed 
recurrent disease in 2013 and was treated with doxorubicin in the phase III gemcitabine and 
docetaxel versus doxorubicin (GeDDiS) trial [8]. In 2018, he developed progressive disease 
and was treated with cabazitaxel in the European Organization for Research and Treatment 
of Cancer (EORTC) phase II 1202 trial [9]. His disease had been stable until a computed 
tomography scan of his thorax, abdomen, and pelvis revealed an increase in the size of the 
intra-abdominal liposarcoma in August 2020. He commenced treatment with infusional ifos-
famide (14 g/m2 over 2 weeks), but the disease progressed and he was started on trabectedin 
(1.5 mg/m2 every 3 weeks).

One week after starting trabectedin, he was admitted with neutropenic sepsis. No 
organism was identified, and he made a good recovery with empirical antibiotics. He had 
suffered with exertional breathlessness (New York Heart Association [NYHA] Class II) since 
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the first cycle of trabectedin and was referred to the cardio-oncology clinic 1 month later. A 
trans-thoracic echocardiogram (TTE) at the time of the clinic showed a severely impaired left 
ventricular ejection fraction (LVEF) of 34% by Simpson’s biplane assessment and a global 
longitudinal strain (GLS) of −9%. There was no echocardiogram available for comparison, 
and there was no history of cardiac disease. The 12-lead electrocardiogram (ECG) showed a 
resting sinus tachycardia with a normal cardiac axis. He was commenced on 1.25 mg ramipril 
and 1.25 mg bisoprolol once daily, and trabectedin was stopped.

A TTE 4 weeks later showed persistent moderate to severe left ventricular (LV) systolic 
impairment, and the breathlessness continued. There was a mild increase in his N-terminal 
pro-brain natriuretic peptide (NT pro-BNP) from 407 ng/L to 566 ng/L, and he remained in 
sinus rhythm. He was hypervolemic on examination, and 40 mg once daily furosemide was 
prescribed which precipitated an acute kidney injury and hyponatremia. After an admission 
for rehydration and renal monitoring, he was discharged on 20 mg once daily furosemide. He 
remains on furosemide with slowly progressive disease.

Case 2
A 46-year-old woman was diagnosed with extra-skeletal myxoid chondrosarcoma compli-

cated by lung, peritoneal, and pelvic lymph node metastasis in 2010 (Table 1; Fig. 1). She had 
a course of doxorubicin at the time of diagnosis and received pazopanib in 2016 which she 
responded to. She continued pazopanib until 2020, at which point there was evidence of 
progressive disease and trabectedin was started. She received eight cycles of trabectedin (1.5 
mg/m2 every 3 weeks) and noticed progressive breathlessness since starting treatment.

She was reviewed in the cardio-oncology clinic in May 2021. At this point, she had symp-
tomatic breathlessness with minimal activity (NYHA class III) and a TTE showed severely 
impaired LV systolic function with a LVEF of 32% by Simpson’s biplane assessment and GLS 

Fig. 1. Timeline showing the clinical course of patients within the case series. GeDDis, gemcitabine and 
docetaxel versus doxorubicin phase III trial; EORTC l202, European Organization for Research and Treat-
ment of Cancer phase II l202 trial; TTE, trans-thoracic echocardiography; LVEF, left ventricular ejection frac-
tion; ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; VR, ventricular rate; ARNi, angio-
tensin receptor/neprilysin inhibitor; SGLT2 inhibitor, sodium-glucose co-transporter-2 inhibitors; cMRI, 
cardiac magnetic resonance imaging; RWMA, regional wall motion abnormality.
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of −11% without any structural abnormalities. A previous TTE in 2017 showed mildly 
impaired LV systolic function. Her 12-lead ECG showed a resting sinus tachycardia with a 
normal cardiac axis and flattened lateral T waves. The NT pro-BNP was 647 ng/L.

Due to the reduced LVEF, she was commenced on once daily 1.25 mg ramipril, 1.25 mg 
nebivolol, and 40 mg furosemide. The furosemide was given to clear small bilateral pleural 
effusions. She was re-reviewed in clinic 3 months later where her symptoms had improved; 
she was now only breathless when she exerted herself. Despite this, a TTE showed a LVEF of 
29% and GLS of −7%. Her NT pro-BNP had increased to 873 ng/L. She was not offered any 
further courses of trabectedin and remains under review with progressive disease.

Case 3
A 73-year-old woman was diagnosed with metastatic synovial sarcoma affecting her 

right lung in 2015 (Table 1; Fig. 1). She had a right upper lobectomy and 60 grays of stereo-
tactic ablative radiotherapy. Two years later, she had progressive disease and received a 
course of doxorubicin and olaratumab. She had a further relapse in 2020 and started treatment 
with trabectedin (1.5 mg/m2 every 3 weeks).

Shortly after the first cycle, she was admitted to hospital with atrial fibrillation (AF) with fast 
ventricular rate manifesting as palpitations. She was rate controlled and started on apixaban. She 
had increasing breathlessness and was seen in the cardio-oncology clinic after her second cycle. 
A TTE showed impaired LV systolic function with a LVEF of 37%, a GLS of −8%, severe LV dilation, 
severe left atrial dilation, and mild to moderate mitral regurgitation (MR). There was no previous 
TTE for comparison. Her 12-lead ECG showed sinus rhythm, and her NT pro-BNP was 5,195 ng/L. 
A multi-disciplinary team (MDT) decision was made to continue trabectedin, and she was started 
on once daily bisoprolol 5 mg, ramipril 2.5 mg, and furosemide 40 mg with a plan to commence 
spironolactone after the initial therapy had been established.

She was reviewed after the seventh cycle of trabectedin; the breathlessness persisted 
(NYHA class III symptoms), and a repeat TTE showed that the LVEF had decreased to 29% 
with a GLS of −8%. She remained in sinus rhythm. The NT pro-BNP had increased to 9,755 ng/L, 
and a MDT decision was made to stop trabectedin. One month later, her symptoms had improved 
but she still had a severely dilated LV with a LVEF of 19% and GLS of −10% on repeat TTE. The 
NT pro-BNP started to decline to 3,859 ng/L, and sacubitril/valsartan and dapagliflozin were 
commenced with cessation of the ramipril. Her symptoms and exercise tolerance continued to 
improve, and a TTE 2 months later showed a LVEF of 38% and GLS of −13%. This mirrored a 
continued decline in the NT pro-BNP to 1,015 ng/L. She remains well with a stable LVEF.

Case 4
A 78-year-old woman was diagnosed with retroperitoneal leiomyosarcoma in 2009 

(Table 1; Fig. 1). She had a surgical resection and remained disease free until 2017 when she 
re-presented with bilateral lung metastasis. Her lung lesions were treated with radiofre-
quency ablation, but a new lung metastasis presented 2 months later followed by gluteal and 
scalp metastasis. She started six cycles of palliative chemotherapy with doxorubicin and had 
radiotherapy to her scalp lesions which stabilized her disease. Her leiomyosarcoma was 
slow growing, and 2 years later, the scalp lesion had enlarged with pain that was interfering 
with her quality of life. Due to the previous good response to chemotherapy, she was assessed 
for trabectedin (1.5 mg/m2 every 4 weeks due to relative neutropenia) to help control her 
symptoms.

Her first presentation to the cardio-oncology clinic was after the 16th cycle of trabectedin. 
On review, she had exertional breathlessness for 2 weeks after each trabectedin infusion. An 
initial TTE showed an LVEF of 30%, severely dilated LV cavity, and moderate functional MR. 
The technical quality was not good enough for GLS assessment. A TTE 3 years earlier showed 
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a preserved LV systolic function with normal LV cavity size. Her 12-lead ECG showed sinus 
rhythm with a normal cardiac axis, and her NT pro-BNP was 4,516 ng/L. She was started on 
once daily bisoprolol 2.5 mg and ramipril 2.5 mg, and a MDT decision was made to continue 
the trabectedin alongside heart failure therapy.

Three months later, she reported that her symptoms had improved. A repeat TTE showed 
a LVEF of 54%, but the LV cavity was still severely dilated with inferior regional wall motion 
abnormalities (RWMAs) and the moderate functional MR persisted. Due to the RWMAs, she 
had a cardiac magnetic resonance imaging scan 1 month later which showed widespread 
subtle patchy fibrosis but nothing to explain the TTE findings. Her NT pro-BNP continued to 
remain elevated 6 months after the initial presentation (4,528 ng/L) although her symptoms 
remained under control. Her heart failure therapy was optimized with the introduction of 
once daily spironolactone and an increased dose of bisoprolol and ramipril. She was able to 
continue the trabectedin, and her disease remained stable.

Discussion

Adverse cardiac events were rare during trabectedin development with an incidence 
between 0.2% and 3.3% across a range of STS subtypes (Table 2) [5]. The incidence continued 
to remain low from 2010 to 2020 at 3.4% [6]. Most of the earlier cases were arrhythmias with 
a recent increase in the number of heart failure presentations [1, 4]. Post-marketing surveil-
lance using the World Health Organization VigiBase revealed that there were significantly 
more events than expected up to August 2020 (Table 2) [6]. Case reports and series have 
shown wide variation in the clinical presentation from myocardial infarcts to exacerbations 
of heart failure with preserved ejection fraction (Table 2) [6, 7].

Our series differs from previously published cases due to the insidious onset of breath-
lessness with repeated cycles of trabectedin, combined with a reduced LVEF. Only one other 
case had documented symptomatic improvement after stopping trabectedin [6], and here, we 
report an improvement in LVEF in 1 patient who stopped trabectedin and another who 
continued. Like previous reports, we found that the clinical picture is heterogeneous but the 
reason for this is unclear. In case 3, there was no obvious AF trigger; however, these patients 
are predisposed due to systemic disease, underlying inflammation, and increased risk of elec-
trolyte abnormalities. In the case series by Doherty et al. [7], the 2 patients who developed AF 
had a clear arrhythmogenic trigger with masses abutting the pericardium.

In practice, most patients receiving trabectedin have had anthracyclines which may 
increase susceptibility to cardiotoxicity. A pooled analysis of phase I trials comparing 
trabectedin given alongside doxorubicin or PLD showed that a decrease in LVEF only occurred 
in the doxorubicin group and LVEF recovery occurred when doxorubicin, not trabectedin, was 
stopped [5]. A separate phase III trial comparing trabectedin and PLD to PLD alone showed a 
significantly higher incidence of heart failure in the combined trabectedin-PLD arm [10]. Both 
studies hint toward a synergistic cardiotoxic adverse effect of trabectedin and doxorubicin 
combined. In addition to doxorubicin, case 2 was treated with the tyrosine kinase inhibitor 
pazopanib for 4 years prior to trabectedin. Pazopanib has been independently associated with 
cardiotoxicity, in particular LV systolic dysfunction [11]. It is unclear how much of an effect 
anthracyclines, with or without tyrosine kinase inhibitors, have in “priming” a susceptible 
individual to develop cardiotoxicity prior to trabectedin use.

STS encompasses over 70 histological subtypes with heterogenous mutational profiles. 
Chemotherapy is used for locally advanced or metastatic disease, but it can be difficult to 
predict treatment response with some sarcomas lacking a strong evidence base for certain 
treatments. This is exemplified by uterine leiomyosarcoma where there is no clear benefit of 
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adjuvant chemotherapy on outcomes including distant recurrence rates and overall survival 
despite its widespread use in this setting [12].

Recent work analyzing the molecular profile of samples from sarcoma primary tumors 
and metastasis has highlighted pathogenic mutations in several genes which may act as 
predictive genetic biomarkers, thus allowing specific treatments to be tailored to different 
mutations [13, 14]. For example, we may be reluctant to use trabectedin in a patient with 
mutations in DNA damage repair genes [13]. Pre-treatment molecular profiling may facilitate 
more judicious selection of patients for certain treatments, thus minimizing the likelihood of 
exposing them to potentially cardiotoxic agents like trabectedin and pazopanib if there was 
no expected benefit. This is important for treatment-refractory STS patients due to their poor 
prognosis and need to focus on optimizing their quality of life.

There is no clear role for troponin or NT-pro-BNP measurements either before or during 
trabectedin. Most work looking at biomarkers in cancer treatment has focused on anthracy-
clines where both an early troponin I release post-treatment and persistent elevation after 1 
month were associated with an increased incidence of major adverse cardiac events [15]. 
NT-pro-BNP measurements provide a better representation of chronic changes in cardiac 
wall stress, and in our series, this seemed to be a more sensitive marker of cardiotoxicity with 
an improvement in NT-pro-BNP mirroring an improvement in symptoms and LVEF.

The European Medicine Agency (EMA) recommends that a formal assessment of LVEF 
should be made prior to treatment and trabectedin should be withheld if there is either a 
decline in LVEF ≥15% or if the decline is ≥5% in the presence of pre-existing impaired LV 
systolic function [16]. It is not clear how often this recommendation is followed in practice 
and it was not done in our cases. The EMA does not state a time interval for repeat scanning; 
this would be difficult to recommend given the variation in the timing of clinical presentation. 
We do not currently have any way of predicting which patients will develop cardiotoxicity, 
and it is not clear if a normal pre-treatment TTE has any prognostic relevance.

There are no specific treatments for trabectedin cardiotoxicity. In our series, we gave 
all patients beta-blockers and renin-angiotensin-aldosterone system blockers and withdrew 
trabectedin in 3 cases. It is not clear which of these actions had the biggest effect on outcomes. 
Studies in anthracycline cardiotoxicity have shown that enalapril and carvedilol both help 
preserve [17] LVEF and restore [18] function if it has declined, although it is difficult to directly 
stratify this effect to trabectedin as the cardiotoxic mechanisms are likely to be different [16].

All of the patients included in this case series were discussed at the regional cardio-
oncology MDT. This was paramount to the decision-making in a field where there is limited 
guiding evidence. The decision to stop trabectedin was made on a case-by-case basis in 
conjunction with the patient. Although all patients had a severely impaired LVEF, the balance 
of cardiac- or sarcoma-related symptoms was the most significant factor supporting a decision 
to either stop or continue trabectedin.

Conclusions

Trabectedin cardiotoxicity is a rare, life-threatening complication that has a heterog-
enous presentation. Our case series contributes to the previous literature describing this 
association and calls on clinicians to think about this as a cause of clinical deterioration in 
this patient cohort. All patients should have a pre-treatment 12-lead ECG and TTE to provide 
a baseline. Given both the low numbers treated and low incidence, it is difficult to design 
prospective trials focused on screening for cardiotoxicity, pre-treatment of patients at 
risk, and treatment of those suffering cardiac side effects. Future work should focus on the 
underlying mechanism of cardiotoxicity, the utility of treatment stratification based on STS 
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mutational profile, and the role of other agents (in particular anthracyclines and pazopanib) 
in priming a patient to be susceptible to trabectedin complications.
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