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ABSTRACT 

Background: New therapeutic approaches in unresectable malignant pleural mesothelioma (MPM) 

are eagerly awaited. Trabectedin is an antitumor agent with a direct effect on cancer cell proliferation 

and a modulating action on tumour microenvironment. The ATREUS study explored the activity and 

safety of trabectedin in patients with unresectable epithelioid and non-epithelioid MPM. 

Patients and methods: Two separate cohorts of patients received trabectedin as second-line 

treatment in epithelioid MPM and as first or second-line therapy in biphasic and sarcomatoid MPM. 

Treatment was given intravenously at an initially planned dose of 1.3 mg/m2 every 3 weeks, until 

progression or unacceptable toxicity. The primary endpoint in both cohorts was progression-free 

survival rate at 12 weeks (PFS12wks). 

Results: Overall, 145 patients were enrolled; 78 (54%) had epithelioid and 67 (46%) non-epithelioid 

MPM. PFS12wks in 62 evaluable patients with epithelioid MPM was 43.5% (80%CI 34.9% to 52.5%); 

median PFS and OS in this patient subgroup were 2.4 months (IQR 1.2-5.4) and 9.0 months (IQR 

3.6-15.1), respectively. PFS12wks in 52 evaluable patients with non-epithelioid MPM was 30.8% 

(90%CI 20.3% to 42.9%); median PFS and OS in this patient subgroup were 1.7 months (IQR 1.2-

4.0) and 5.4 months (IQR 2.3-10.7), respectively. Trabectedin starting dose was emended due to 

excess of liver toxicity. Eighty-four (64%) patients received 1.3 mg/m2, 48 (36%) were treated at 1.1. 

mg/m2. The most common grade 3-4 toxicities were hepatotoxicity, leukopenia/neutropenia and 

fatigue. Grade 3-4 hepatotoxicity was reported overall in 78 (59%) patients; it was observed in 59 

(70%) patients treated at 1.3 mg/m2, and in 19 (40%) treated at 1.1 mg/m2.  

Conclusions: In our trial trabectedin showed modest clinical activity, at the expense of relevant liver 

toxicity. Further development of this drug in MPM at full doses is not warranted. Lower doses in 

combination with immunological or micro-environmental modulators could be a promising strategy 

in this disease. 
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KEY MESSAGE 

Trabectedin showed a signal of activity in this phase II trial in epithelioid and non-epithelioid 

malignant pleural mesothelioma (MPM), but treatment-related hepatotoxicity was relevant. The 

unique mechanism of action of this drug suggests that combination at lower doses with micro-

environmental modulators could be a valuable strategy in MPM. 



INTRODUCTION 

Malignant pleural mesothelioma (MPM) is an aggressive tumor commonly associated with asbestos 

exposure [1]. Its incidence is growing throughout most of the world; it has already peaked in the US, 

but is still increasing in most European and Asian countries [2]. Only a minority of cases is eligible 

for multimodal therapy including surgery, while most patients are diagnosed with a diffuse disease 

and are candidates for medical treatment only [3]. The combination of pemetrexed with a platinum 

agent has been established as the standard of care in systemic therapy for MPM [4-6], but the 

prognosis for these patients remains dismal. New therapeutic approaches are very much encouraged, 

especially for second line treatment of epithelioid patients, as well as for patients with sarcomatoid 

or biphasic histology in any line, whose outcome is particularly poor [7]. 

Trabectedin, an originally natural marine product now obtained by a semi-synthetic process, is an 

antitumor agent with a complex mechanism of action [8, 9]. It binds to the minor groove of DNA and 

interacts with DNA binding proteins such as some transcription factors and DNA repair proteins. It 

has a direct effect on cancer cell proliferation and survival, and an effect on tumor microenvironment 

[10]. In particular, trabectedin has been shown to reduce the number of tumor-associated 

macrophages (TAM) and the production of several inflammatory and angiogenic factors as IL6 and 

VEGF, and chemokines as CCL2 [11]. This is of potential therapeutic interest, due to the growing 

evidence that TAM and inflammatory cytokines play a major role not only in the proliferation, 

angiogenesis and malignant behavior of cancer cells but also causing an immunosuppressed tumor 

environment. This aspect is particular evident in the immunosuppressed MPM microenvironment as 

demonstrated in several murine models of asbestos induced pleural mesothelioma and in macrophage 

function tests co-cultured with human mesothelioma cell lines [12, 13]. The peculiar mechanism of 

action of trabectedin prompted us to speculate that it could be an effective drug against mesothelioma, 

a disease related to asbestos-induced chronic inflammation, with a high number of TAM commonly 

found in pathological specimens [14-17].  



Based on this preclinical background, the ATREUS study aimed to identify a signal for the activity 

of trabectedin in patients with unresectable MPM, both in epithelioid and non-epithelioid tumors. 

  



PATIENTS AND METHODS 

Study design and participants 

The ATREUS phase II, single arm, multicentre study aimed to explore the activity of trabectedin as 

second-line treatment in epithelioid MPM and as first or second-line treatment in biphasic and 

sarcomatoid MPM. Eligible patients were required to be at least 18 years, and to have a histologically 

confirmed diagnosis of unresectable MPM, an Eastern Cooperative Oncology Group (ECOG) 

performance status of 0-1, and at least one measurable lesion according to the modified Response 

Evaluation Criteria for Solid Tumors (mRECIST) for mesothelioma [18]. Adequate hepatic, renal 

and haematological functions were also needed. Patients with severe comorbidities (particularly 

diabetes or other conditions contraindicating the use of high-dose steroids) were excluded, as well as 

patients with brain metastases. Additional exclusion criteria included presence of a concurrent or 

previous malignancy (except for in-situ cervical cancer and basal cell carcinoma of the skin, 

adequately treated), unless there was no evidence of disease for at least 5 years. Full inclusion and 

exclusion criteria are reported in Supplementary Table 1.  

The study complied with the Declaration of Helsinki and was done in accordance with Good Clinical 

Practice guidelines, and approved by the ethics committees of all study sites.  All patients provided 

written informed consent before enrolment. The study protocol is registered with ClinicalTrials.gov, 

NCT02194231.  

Procedures 

Patients received intravenous trabectedin at the dose of 1.3 mg/m2 infused over three hours through 

a central venous catheter, on day 1 of a 21-day cycle. Treatment was administered until progressive 

disease, unacceptable toxicity, or patient or physician decision. Pre-medication with 20mg of 

intravenous dexamethasone was given one hour prior to infusion as prophylaxis for liver toxicity [19]. 

Dose reductions of trabectedin were predefined to allow management of adverse events. Dose of 



subsequent cycles was reduced in case of grade 4 febrile neutropenia, or in case of grade 4 neutropenia 

lasting more than 5 days; or in case of a platelet count lower than 25.000/mm3. The dose of 

trabectedin was also reduced for any grade 3 or 4 non-hematological toxicity, except for grade 3-4 

nausea/vomiting or isolated gammaglutamiltransferase increase. Once a dose reduction occurred for 

any reason, no dose escalation in subsequent cycles was allowed. Two drug dose level reductions 

were planned, firstly to 1.1 mg/m2 and subsequently to 0.9 mg/m2. Due to the occurrence of a high 

rate of grade 3-4 hepatotoxicity with the starting dose of 1.3 mg/m2 (see Results section), the study 

was amended, and the initial dose was reduced to 1.1 mg/m2. 

Patients were followed up weekly for the first two treatment cycles, than every 3 weeks during the 

remaining study period. Physical examination, evaluation of performance status, and registration of 

adverse events and concomitant medication were performed at each study visit. Complete blood cell 

count and chemistry tests were collected. Chest and abdomen CT scans were done every 6 weeks 

from the date of first treatment until week 12, and subsequently every 9 weeks. A local radiologist at 

each study centre assessed response evaluation according to mRECIST criteria for MPM [18]. An 

independent central radiological review was planned. Progressing patients were followed up for 

survival only. All adverse events (AEs) were recorded prospectively according to the National Cancer 

Institute’s Common Terminology Criteria for Adverse Events (NCI CTCAE), version 4.0. Serious 

Adverse Events (SAE) were also reported.   

Statistical methods 

Endpoints 

The primary endpoint of the trial was progression-free survival at 12 weeks (PFS12wks) defined as the 

proportion of patients who were alive and progression-free at the second CT scan assessment, 

performed 12 weeks after treatment start. Since clinical worsening could anticipate radiological 

findings, clinical progression, defined as significant increase in pain, cough or dyspnoea, or general 

deterioration of clinical conditions, was considered as event for PFS12wks. PFS12wks was assessed in 



the per-protocol (PP) population that included all patients with no major violations of eligibility 

criteria who had received at least 12 weeks of treatment. Patients who interrupted treatment for 

disease progression or death before 12 weeks were included in the analysis as failure. Patients who 

did not progress or died within 12 weeks from treatment start and without a disease evaluation 

between the 11th and the 13th week were considered as not evaluable for the analysis, unless the 

absence of progressive disease was confirmed in the disease evaluations after the 13th week.  

Secondary endpoints were objective response rate (ORR), progression free survival (PFS), overall 

survival (OS) and toxicity. ORR was defined as the proportion of assessable patients achieving a 

complete (CR) or partial response (PR) based on mRECIST criteria for MPM [16]. PFS was defined 

as the time from the date of treatment start to the date of disease progression or death from any cause, 

whichever occurred first. Patients not progressed or died while on study or lost to follow-up were 

censored at their last disease evaluation date. OS was defined as the time from the date of treatment 

start to the date of death from any cause. Patients not reported as having died at the end of the study 

were censored at the last date they were known to be alive. 

Sample size 

The study design for each cohort is reported in Figure 1. According to Simon’s optimal two-stage 

design, the study was sized to reveal, at a one-sided α level of 10%, whether in patients with 

epithelioid mesothelioma the PFS12wks was <25%, and at the same time reveal, at a β level of 15%, 

whether the PFS12wks was >40%. Overall, 24 and 62 patients had to be evaluable for the first and 

second stage, respectively. To allow for a 20% of not eligible patients, approximately 74 patients with 

epithelioid MPM were planned to be recruited. In the cohort of patients with non-epithelioid 

(sarcomatoid or biphasic) MPM, adopting the Fleming design with A’Hern’s approach, the study was 

sized to reject, with a one-sided α level of 5%, the null hypothesis that the PFS12w was <15% and to 

have 95% power to reveal whether the PFS12w was >35%. To allow for a 20% of not eligible patients, 

the total number of patients to be registered in this cohort was approximately 67.  

Statistical analyses 



Continuous variables were expressed as medians with their interquartile range [IQR]. PFS12w rate 

was provided with its 95% confidence intervals (CIs) for epithelioid patients and with its 95%Cis for 

sarcomatoid/biphasic patients. Logistic regression models were used to explore the relationship 

between PFS12wks and patients’ demographical and clinical characteristics. The results were provided 

as odds ratio (OR) and 95%CI. Univariate and multivariable Cox proportional hazards models were 

used to analyze the impact of patients’ demographical and clinical characteristics on survival 

outcomes. The results were provided as hazard ratios (HRs) and 95%CIs. Statistical models included 

as covariates age, sex, ECOG performance status, asbestos exposure, smoking history, disease staging 

prior to treatment start, trabectedin starting dose and the previous chemotherapy treatment for the 

group of patients with sarcomatoid/biphasic MPM. Survival curves were estimated by the Kaplan-

Meier (KM) method.  

The toxicity profile was evaluated in the safety population that included all patients without major 

violations of the eligibility criteria who had received at least one treatment dose. After the database 

lock, each toxicity was recorded according to MedDRA dictionary. For any single toxicity, the 

maximum grade experienced by each subject was reported overall, by initial dose of trabectedin and 

according to naïve or pre-treated status. All analyses were done with SAS software, versions 9.4 (SAS 

Institute). 

  



RESULTS 

From July 2013 to February 2018, 145 patients were enrolled in seven Italian sites; 78 patients (54%) 

had epithelioid MPM and 67 (46%) non-epithelioid MPM. A biphasic and sarcomatoid subtype was 

diagnosed in 38 (58.5%) and 27 (41.5%) cases, respectively. For two patients the information about 

the subtype was not available. Figure 2 summarize the study flowchart. Three patients in the 

epithelioid cohort and four in the non-epithelioid cohort were excluded from the analysis due to major 

protocol violations (due to signature of an informed consent non-compliant with the amended 

version); additionally, two patients in the epithelioid and 4 in the non-epithelioid group did not start 

the study treatment. Trabectedin was therefore administered in 73 patients with epithelioid histology 

as second-line treatment; among 59 patients with non-epithelioid tumours who actually received the 

planned treatment, 22 (37%) were treated in the first-line setting and 47 (63%) as second-line therapy. 

The main baseline characteristics of enrolled patients (including those who were enrolled in the study 

but did not receive treatment) are summarised in Table 1 and Supplementary Table 2. Results are 

reported according to histological cohorts, except for the safety results, which are reported according 

to the initial dose of trabectedin.  

Epithelioid MPM cohort 

Baseline characteristics of the 75 patients with epithelioid MPM and no major violations of eligibility 

criteria are listed in Table 1 and Supplementary Table 2. Two patients (2.7%) did not start treatment 

due to withdrawal of consent and symptomatic disease progression. The main reasons for treatment 

interruption were radiological disease progression (51 patients, 69.9%) after a median of 4 cycles and 

clinical disease progression (7 patients, 9.6%) after a median of 3 cycles. No CR was observed among 

the 70 patients with at least one disease evaluation. Overall, 5 patients achieved a PR (ORR 7.1%, 

95%CI 2.4% to 15.9%), whereas 40 (57.1%) had stable disease (SD). Out of 66 patients included in 

the PP population, 62 were evaluable for PFS12wks. The proportion of patients alive and without 

progression at 12 weeks was 43.5% (27 patients, 80%CI 34.9% to 52.5%, 95%CI 31.0 to 56.7%).  



Out of 73 treated patients, 25 patients were enrolled by the centre of the radiologist who performed 

the review, no CT scan was done in 2 patients and only the baseline CT scan was done for 4 patients. 

Therefore, 84 CT scans from 42 patients were independently revised. Concordance was observed in 

64/84 assessments (76.2%). Considering the radiological central review, PFS12wks was 36.5% (23 

patients out 63 evaluable patients, 80%CI 28.4% to 45.3%). Overall, 65 patients (98.5%) progressed 

and 64 (97.0%) died and all had progression or died during the study. Median PFS was 2.4 months 

(IQR 1.2 to 5.4 months; Figure 3A). At multivariable analysis, older age was associated with a better 

PFS (HR [1 year increase] 0.92, 95%CI 0.89 to 0.95, p<0.001), whereas stages III/IV (HR 3.04, 

95%CI 1.30 to 7.11, p=0.010) compared to stages I/II had a significantly shorter PFS. The median 

OS was 9.0 months (IQR 3.6 to 15.1 months; figure 3B). No significant correlation of OS with patient 

demographical and clinical characteristics was detected.  

Biphasic/sarcomatoid MPM cohort 

Table 1 shows the baseline characteristics of the 63 enrolled patients with non-epithelioid 

(biphasic/sarcomatoid) MPM and no major violations of eligibility criteria. Four patients (6.3%) did 

not start treatment due to withdrawal of consent (2 patients), death (1 patient) and deterioration of 

clinical conditions (1 patient). Main reasons for treatment interruption were radiological disease 

progression (36 patients, 61%) after a median of 3.5 cycles, death (9 patients, 15%) after a median of 

2 cycles, and clinical disease progression in 8 patients (14%) after a median of 4 cycles. No CR was 

observed among the 47 patients with at least one disease evaluation. Only one patient (2.1%, 95%CI 

0.1% to 11.3%) had a PR, 30 patients (63.8%) achieved a SD. Out of 54 patients included in the PP 

population, 52 were evaluable for PFS12wks. The proportion of patients alive and without progression 

at 12 weeks was 30.8% (16 patients, 90%CI 20.3% to 42.9%, 95%CI 18.7 to 45.1%). Out of 59 treated 

patients, 16 patients were enrolled by the centre of the radiologist who performed the review and no 

CT scan were done in 9 patients. Therefore, 54 CT scans from 34 patients were revised. Concordance 



was observed in 41/54 assessments (75.9%). Considering the radiological central review, PFS12wks 

was 25.0% (13 patients out 52 evaluable patients, 90%CI 15.5% to 36.8%).  

Overall, 48 patients (88.9%) progressed, 52 (96.3%) died and all had progression or died during the 

study. Median PFS was 1.7 months (IQR 1.2 to 4.0 months; Figure 3A). At multivariable analysis, a 

significantly shorter PFS was detected for patients with a smoking habit (HR 1.99, 95%CI 1.02 to 

3.88, p=0.042). Median OS was 5.4 months (IQR 2.3 to 10.7 months; figure 3B). At multivariable 

analysis, ECOG performance status correlated with a worse OS (HR [1 vs 0] 2.79, 95%CI 1.36 to 

5.73, p=0.005). 

Safety Evaluation 

Overall, 132 patients were included in the safety population. Eighty-four (64%) patients received 

trabectedin at the starting dose of 1.3 mg/m2, and the remaining 48 (36%) patients were treated at the 

starting dose of 1.1. mg/m2. Table 2 summarizes the frequency of adverse events occurred in at least 

10% of patients. The most common grade 3-4 toxicities were hepatotoxicity, leukopenia/neutropenia 

and fatigue. Grade 3-4 hepatotoxicity was reported overall in 78 (59.1%) patients; it was observed in 

59 (70.2%) patients treated at the starting dose of 1.3 mg/m2, and in 19 (39.6%) of patients treated at 

1.1 mg/m2. Grade 3-4 neutropenia was observed overall in 27 (20.5%) patients, decreasing from 

23.8% to 14.6% according to the dose level. Overall grade 3-4 fatigue was 8.3%, and was similarly 

observed at the two dose levels. Fifty-one serious adverse events occurred in 44 (30.3%) patients; of 

these, 18 (35.3%) were judged as at least possibly treatment-related. One toxic death occurred due to 

multi-organ failure. 

  



DISCUSSION 

Our phase II, single arm, multicentre study, conducted in two separate cohorts of patients with 

epithelioid and non-epithelioid MPM, showed a signal of activity of trabectedin in both subsets of the 

study population. Trabectedin was administered in the second-line setting in epithelioid tumors, and 

in either first or second-line setting in non-epithelioid cases. Unfortunately, a high rate of severe 

hepatotoxicity was observed at the initially planned dose of 1.3 mg/m2, leading to a protocol 

amendment to a lower dose of 1.1 mg/m2. 

MPM is a disease with a generally poor prognosis, and few effective therapeutic options. Upfront 

treatment for unresectable patients has not changed in the past 15 years [4, 5].  There is no standard 

second-line treatment for those who progress during or after first-line pemetrexed/platinum 

chemotherapy [20]. Single agent vinorelbine or gemcitabine, or re-challenge with a pemetrexed-based 

regimen are commonly used, but their activity is limited [21, 22].  Several targeted therapies and 

immunotherapy with immune checkpoint inhibitors have failed to improve patient outcome in this 

setting [23-26]. Clearly, new treatment strategies are needed. Although current guidelines do not 

differentiate therapy recommendations of unresectable MPM according to histological subtypes, 

biphasic and sarcomatoid tumours appear to benefit less from current interventions [7, 27], and 

optimal treatment of these patients is still an unmet need.  

Trabectedin is an antineoplastic agent that has been approved for the treatment of advanced soft tissue 

sarcoma and ovarian cancer [28, 29]. DNA damage and cell cycle arrest in tumour cells accounts for 

only part of its complex mechanism of action [8, 11]. In preclinical models, trabectedin was shown 

to selectively induce a reduction of TAM, with a marked inhibition of the production of inflammatory 

cytokines, chemokines and angiogenic factors [30]. Furthermore, reduced TAM infiltration and 

decreased angiogenesis were observed in tumour samples from patients with sarcoma treated with 

trabectedin, compared with pre-treatment biopsy samples [11]. These observations raise the question 



as to whether the combination of trabectedin with antiangiogenic agents and/or immune-checkpoint 

inhibitors might increase its effectiveness [31]. 

In early Phase I trials, anecdotal activity of trabectedin in a few mesothelioma patients was reported 

[32, 33]. More recently, in a preclinical study, trabectedin showed a dose-dependent cytotoxic effect 

on several MPM cells in vitro and on an intraperitoneal MPM xenograft model in vivo; the drug 

activity was synergistically enhanced by co-administration of cisplatin and experimental bcl-2 

inhibitors in vitro [34]. In another study, activity of trabectedin against patient-derived mesothelioma 

xenografts was reported [35, 36]. To the best of our knowledge, ATREUS is the first clinical study 

of this compound in MPM patients. In our trial, trabectedin was moderately active in both epithelioid 

and non-epithelioid MPM, with a PFS12wks of 43.5% (95%CI 31.0-56.7%) and 30.8% (95%CI 18.7-

45.1%) in the two cohorts, respectively. Disease control rate (PR+SD) was 64.2% and 65.9% in the 

two groups. These results, based on investigator assessment, were confirmed by a blinded radiological 

central review, that is strongly recommended in clinical trials on MPM [3].  

The signal for activity achieved in the ATREUS study is further validated by the results of the recent 

SAKK 17/16 phase II trial of lurbinectedin, a novel compound closely related to trabectedin [37], in 

the second- and third-line MPM setting [38]. In this trial, 42 patients with pretreated MPM were 

recruited; all had progressed during or after pemetrexed/platinum therapy; 10 were also pre-treated 

with immunotherapy. Histology was epithelioid in 33, and biphasic/sarcomatoid in 9. PFS12wks, the 

trial primary endpoint, was met by 22/42 patients (52.4%; 90% CI: 38.7-63.5%) with a disease control 

rate of 52%. No significant difference in PFS12wks was observed in epithelioid versus non-epithelioid 

cases and in patients with prior immunotherapy versus those without. The lurbinectedin data seem to 

compare favorably with the results of the ATREUS trial with trabectedin; however, the SAKK trial 

enrolled a smaller number of patients, with only few biphasic/sarcomatoid cases, and no central 

radiological review, precluding any definite conclusion, particularly in the non-epithelioid setting. It 

should be noted that trabectedin and lurbinectedin have a similar mode of action, but different 



pharmacokinetic properties [37]. In particular, lurbinectedin has a much lower volume of distribution 

than trabectedin, possibly due to its higher water solubility and to its   binding to alfa-1 acidic 

glycoprotein [39]. The different pharmacokinetic features of lurbinectedin could explain the different 

pattern of toxicity of the two drugs. In our trial we observed a very high rate of hepatotoxicity of 

trabectedin given at 1.3 mg/m2, which was not expected based on the available data on patients with 

other diseases like soft tissue sarcomas [28, 40, 41]. Pre-treatment with steroids, which was found to 

markedly reduce the hepatotoxicity of the drug in sarcoma patients [19], was also applied to the 

ATREUS patients, with less success. A possible partial explanation for this discrepancy may be 

related to the 3-hour schedule of trabectedin infusion in our trial. It has been in fact reported that the 

hepatotoxicity of trabectedin was generally lower by administering the drug as a prolonged infusion 

rather than as shorter schedules [42-44]. However, by decreasing the dose to 1.1 mg/m2, grade 3-4 

hepatotoxicity in ATREUS patients dropped from 70% to 40%, with a rapid recovery that allowed 

treatment continuation in most patients. 

In conclusion, the ATREUS trial showed some signals of activity of trabectedin in MPM patients, 

confirmed by a central radiological review, at the expense of relevant liver toxicity. This toxicity 

profile, together with the small survival benefit observed in the study, precludes the additional 

development of trabectedin in MPM as single agent with the investigated schedule. However, its 

unique mechanism of action suggests that its combination at lower doses with immunological or 

microenvironmental modulators could be a successful strategy to be explored in mesothelioma 

patients, including those with non-epithelioid histology. 
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FIGURE LEGEND 

Figure 1: Study design. MPM: Malignant pleural mesothelioma; PFS12wks: Progression Free Survival at 12 

weeks. 

Figure 2: Study flowchart. MPM: Malignant pleural mesothelioma; PP: Per Protocol 

Figure 3: Kaplan Meier curves for Progression Free Survival (A) and Overall Survival (B) according to 

histological cohorts. 

 

 

 

 


