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MEMORANDUM

Date: July 2, 2015
From: Whitney S. Helms, PhD.

Pharmacology Team Leader 
Division of Hematology Oncology Toxicology for Division of Oncology Products 2

To: File for NDA #207953
Trabectedin (YONDELIS)

Re: Approvability of Pharmacology and Toxicology

Non-clinical studies examining the pharmacology and toxicology of trabectedin provided to 
support NDA 207953 for the treatment of patients with unresectable or metastatic liposarcoma or 
leiomyosarcoma who have received a prior anthracycline-containing regimen were reviewed in 
detail by Hans Rosenfeldt, PhD, Brenda Gehrke PhD, and Dubravka Kufrin, PhD.  The 
submission included studies of intravenously administered trabectedin in mice, rats, dogs, and 
monkeys that investigated the drug’s pharmacology, pharmacokinetics, safety pharmacology, 
general toxicology, genetic toxicity (in vivo and in vitro), and reproductive toxicity.
All studies required to support the approval of trabectedin were previously reviewed under NDA 

by Drs. Rosenfeldt and Gehrke; relevant portions of their review are included as 
appendices to the current NDA review.

Pharmacology studies demonstrating the mechanism of action of trabectedin are consistent with 
the use of alkylating drug as its established pharmacologic class.  Trabectedin reversibly 
alkylates guanine resides at the exocyclin N2 position, causing the DNA to bend.  While the 
exact mechanism of trabectedin is not fully characterized, the data suggests that trabectedin 
adducts stimulate transcription-coupled nucleotide excision repair and subsequently direct 
proteasome-dependent degradation of RNA polymerase II, resulting in eventual cell death.

In toxicology studies, the major targets of trabectedin mediated toxicity included the liver, 
kidney, spleen, bone marrow, pancreas, GI-tract, and skeletal and cardiac muscle.  In addition 
injection site reactions occurred in all species.  Necrosis was the predominant toxicity in all 
species, accompanied by immune infiltration particularly after the end of dosing.  Hepatic,
muscular, and injection site toxicities have been prominent findings in trabectedin-treated 
patients with liposarcoma and leiomyosarcoma as well.

During the original nonclinical review of trabectedin, the discovery of high levels of drug loss 
due to adsorption to some types of tubing was a serious complicating factor in the determination 
of exposure margins of the drug compared to human exposures.  While this issue makes dose 
comparisons for some endpoints problematic, the animal studies did adequately demonstrate the 
toxicity profile for trabectedin. In pivotal repeat dose general toxicology studies in rats and 
monkeys the Applicant was able to estimate the actual trabectedin delivered dose based on 
concentrations before and after infusion and exposure margins in the trabectedin label are based 
on the corrected doses from these studies.
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Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 207953 are owned by Jansen Products or are data for 
which Janssen Products has obtained a written right of reference. Any information or 
data necessary for approval of NDA 207953 that Janssen Products does not own or 
have a written right to reference constitutes one of the following: (1) published literature, 
or (2) a prior FDA finding of safety or effectiveness for a listed drug, as reflected in the 
drug’s approved labeling.  Any data or information described or referenced below from 
reviews or publicly available summaries of a previously approved application is for 
descriptive purposes only and is not relied upon for approval of NDA 207953. 
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1 Executive Summary 

1.1 Introduction 
Janssen has submitted a New Drug Application for trabectedin for the treatment of 
patients with unresectable or metastatic liposarcoma or leiomyosarcoma who have 
received a prior anthracycline-containing regimen.  The recommended dose of 
trabectedin is 1.5 mg/m2 given as a 24-hour intravenous infusion once every 3 weeks. 
 
All of the nonclinical studies required to support use of trabectedin in the proposed 
patient population were previously reviewed under NDA  by Drs. Hans Rosenfeldt 
and Brenda Gehrke.  Relevant portions of that review are appended to the current 
review as Appendices 1 and 2.  The only new relevant nonclinical study submitted 
under the current NDA is Study PBC040-101: Placental and embryo fetal transfer study 
of 14C-et-743 in pregnant rats.    
 

1.2 Brief Discussion of Nonclinical Findings 
Trabectedin is small molecule alkylating drug consisting of three fused 
tetrahydroisoquinoline ring systems. The “A” and “B” subunits bind DNA, reversibly 
alkylate guanine at the exocyclic N2 position, and bend DNA.  Structural modeling 
suggests that the third “C” tetrahydroisoquinoline ring system protrudes out of the minor 
groove of DNA and has little interaction with DNA.  Cell culture and xenograft 
experiments show that trabectedin is cytotoxic to a variety of tumor cell lines, including 
cell lines derived from sarcomas.   
 
Pharmacokinetic studies with trabectedin in mice, rats, dogs, and monkeys showed that 
plasma levels of trabectedin decline rapidly after intravenous administration due to 
extensive tissue distribution. The half-life of trabectedin was 20 hours in rodents, and 
40-230 hours (1.6-9.6 days) in monkeys, depending on dose. The terminal human half-
life is 175 hours (7.3 days). In animals as well as in humans excretion of trabectedin 
was mostly biliary. In animal studies the greatest tissue concentration of trabectedin 
was in the liver, ranging from 15-35% of the total dose.  The spleen, lung, mammary 
gland, bone marrow, kidney, muscle tissue, and pancreas also had significant 
concentrations of trabectedin.  ET-729 is a major active human metabolite of 
trabectedin with toxicity profile that mimics the parent compound.  ET-729 was also 
present in animals at adequate levels to cover its contribution to the toxicological profile 
of the drug. 
 
The Applicant conducted toxicology studies in mice, rats, dogs, and monkeys to 
demonstrate the safety profile of trabectedin.  Necrosis was the predominant toxicity 
noted in all species, often accompanied by inflammation in immunocompetent animals.  
Major target organs in all species included the liver and injection site.  Injection site 
findings include thrombosis, fibrosis, necrosis, muscle degeneration, and inflammation. 
In rats, elevated bilirubin (up to 10 fold higher than levels seen in controls) occurred at 
nominal doses as low as 10 μg/kg (approximately 0.04 times the recommended dose in 
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humans based on body surface area). Findings in monkeys included liver necrosis and 
yellow skin. Large increases in liver enzymes, cholesterol and triglycerides occurred in 
both species. Toxicity in the liver and at injection sites persisted through the recovery 
period in many studies. Hepatotoxicity and severe injection site reactions have been 
reported clinically.  
 
Additional target organs in animals correlated with the distribution of the drug and 
included the spleen, kidney, lung, pancreas, and gastrointestinal tract.  The bone 
marrow and muscle, both skeletal and cardiac were also targets of trabectedin-
mediated toxicity.  Hypocellularity in the bone marrow was accompanied by decreases 
in red blood cells in both rats and monkeys and, in some cases, decreases in white 
blood cells at high dose levels.  Increases in neutrophils were common in both species, 
likely secondary to tissue damage and injection site reactions.  In general toxicology 
studies in monkeys, increases in plasma levels of creatine kinase and myoglobin were 
reported as well as histopathological findings of hemorrhage, necrosis, and thrombosis 
in the heart. Cardiac toxicity also occurred in rats with hemorrhage and inflammation 
noted in the heart at multiple dose levels. The potential for cardiovascular toxicity was 
further suggested in a hemodynamic study in the cynomolgus monkey which showed 
decreases in mean arterial blood pressure of up to 26% following administration of a 
single 1080 μg/m2 dose of trabectedin. Skeletal muscle degeneration was noted in rats.  
Similarly, decreased muscle tone occurred with dose-dependent increases in frequency 
in monkeys.  Rhabdomyolysis has been reported clinically in patients with sarcoma 
treated with trabectedin.  
 
Trabectedin did not demonstrate a potential for causing QTc prolongation in either the in 
vitro hERG assay or in in vivo studies, consistent with the lack of QT prolongation in 
clinical studies.  Trabectedin is both mutagenic and clastogenic based on positive 
results in an in vitro Ames assay, an in vitro chromosome aberration assay, and an in 
vivo mouse micronucleus assay. Carcinogenicity studies were not conducted and are 
not required to support the use of a drug intended for the treatment of patients with 
advanced cancer. 
 
No dedicated fertility studies were conducted with trabectidin.  In male rats 
histopathological signs of hemorrhage and diffuse degeneration of the germinal 
epithelium occurred in testes at doses ≥ 300 μg/m2 (approximately 0.2 times the human 
dose of 1.5 mg/m2).  At a trabectedin dose of 420 μg/m2, monkeys presented with 
oligospermia/aspermia in the epididymis. Together, these findings suggest a potential 
for reduced male fertility following treatment with trabectedin. 
 
Embryofetal development studies were conducted with trabectedin in both rats and 
rabbits. Due to maternal death in dose range-finding studies, very low doses of 
trabectedin were used in the definitive studies. Based on body surface area, the highest 
doses used in the definitive studies in rats (15 μg/m2/day) and rabbits (24 μg/m2/day) 
were .01 to .02 times the 1.5 mg/m2 clinical dose and actual doses delivered to these 
animals may have been lower due to adsorption to the tubing.  In the rat, maternal body 
weight and food consumption were decreased at the 15 μg/m2/day dose level; 
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decreased food consumption occurred in the rabbits administered 24 μg/m2/day. While 
maternal toxicity was observed at these doses, there were no treatment-related effects 
on embryofetal survival or the incidence of malformations and variations in either rats or 
rabbits. Toxicokinetic analysis was not conducted in the embryofetal development 
studies; thus cross-species comparisons are based on dose and not exposure.  In a 
placental transfer study conducted in pregnant rats treated with trabectedin, there was 
higher accumulation of trabectedin in the placenta and amnion than in maternal plasma.  
Trabectedin was also able to pass through the placenta, where it accumulated in the 
fetal liver at concentrations that exceeded those in maternal plasma and persisted until 
the end of the study (24 hours post dosing).  Given that the highest doses used in the 
embryofetal development studies were significantly below the recommended human 
dose, they are of limited utility for assessing the reproductive risk of the drug; however, 
based on its mechanism of action as a genotoxic agent that targets rapidly dividing cells 
as well as its ability to pass through the placenta, the label for trabectedin should 
include a warning for embryofetal toxicity.   
  
Trabectedin adsorbs preferentially to some infusion materials at high levels, particularly 
at low dose levels.  This property of the drug, identified in the original review of NDA 

 makes dose comparisons to human doses problematic for many nonclinical 
studies and has resulted in specific recommendations that are included in the 
“Preparation for Adminstration” section of the label.  Despite this issue, the animal 
studies were adequate to demonstrate the toxicity of the drug. In addition, the Applicant 

 specification for  a single unqualified impurity identified in the 
original review, to an acceptable level based on ICH Q3B.  At this level, no further 
toxicological qualification is required. There were no further outstanding 
pharmacology/toxicology issues regarding trabectedin that would prevent the approval 
of the drug for the treatment of patients with unresectable or metastatic liposarcoma or 
leiomyosarcoma.  

1.3 Recommendations 

1.3.1 Approvability 
The nonclinical studies submitted to this NDA provide sufficient information to support 
use of trabectedin for the treatment of patients with unresectable or metastatic 
liposarcoma or leiomyosarcoma given as a 24-hour intravenous infusion at a dose of 
every 3 weeks. 
 
1.3.2 Additional Non Clinical Recommendations 
None. 
1.3.3 Labeling 
A separate labeling review will be provided. 
 
 

Reference ID: 3786281

(b) (4)

(b) (4)(b) (4)









NDA 207953  Reviewer: Dubravka Kufrin PhD 
  

 10 
 

The highest trabectedin-related radioactivity was observed in the placenta at 0.5 hours 
after administration, with placental concentrations that were 9 to 17 times higher than 
those in blood and plasma, respectively.  The concentrations in the fetal liver and fetal 
lung were similar to levels seen in maternal plasma at 0.5 hours post dosing; however, 
while no radioactivity was detected in maternal plasma and blood 24 hours after dosing, 
test-article concentrations increased in fetus, specifically in fetal liver and lung, 
increased within the first hour and persisted until the final 24 hours post-administration 
collection. 
 
Conclusions 

• The radioactivity distributed to the placenta and amnion was higher than that in 
maternal plasma 

• ET-743 can pass through the placenta, and persists, especially in fetal liver  
 

12 Appendix/Attachments 
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement 

File name: 5_Pharmacology_Toxicology Filing Checklist for NDA_BLA or Supplement 
010908 

NDA Number: 207953 Applicant: Janssen Products, LP Stamp Date: November 24 
2014 

Drug Name: Yondelis 
(trabectin) 

NDA Type: 505(b)(1)  

 
On initial overview of the NDA/BLA application for filing:  
  

 
 

Content Parameter 
 

Yes 
 

No 
 

Comment 
1 Is the pharmacology/toxicology section 

organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?   

Yes  

 

 
2 

 
Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin?  

 
Yes 

 

 
 

 
3 

 
Is the pharmacology/toxicology section 
legible so that substantive review can 
begin?  

 
Yes 

 
 

 
 

 
4 

 
Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)? 

 
Yes 

 
 

 
 

 
5 

 
If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA). 

 
Yes 

 
 

 
 

 
6 

 
 

Does the route of administration used in the 
animal studies appear to be the same as the 
intended human exposure route?  If not, has 
the applicant submitted a rationale to justify 
the alternative route? 

 
Yes 

 
 

 
 

7 Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations? 

 

Yes 

 
 

 
 

8 Has the applicant submitted all special 
studies/data requested by the Division 
during pre-submission discussions? 

Yes  

 
An additional toxicology study was 
proposed for qualification of impurity 

 threshold, but 
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