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Abstract

Background: �e recommended dose (RD) of lurbinectedin in non-Japanese patients is 3.2 mg/m 2 on Day 1 every three
weeks (q3wk).

Methods: In this phase I trial, Japanese patients with unresectable/advanced solid tumors were treated at 1.5, 2.5 and 3.2
mg/m2 q3wk without primary granulocyte colony-stimulating factor (G-CSF) prophylaxis, or at 3.2 and 3.5 mg/m2 q3wk
with primary G-CSF prophylaxis, using a classical 3+3 escalation design to determine the RD and suitable schedule.

Results: Initial dose escalation in 15 Japanese patients treated with lurbinectedin without primary G-CSF prophylaxis result-
ed in a RD of 2.5 mg/m2. Grade ≥3 neutropenia was the main dose-limiting toxicity (DLT) observed in two of four patients
treated at the maximum tolerated dose (MTD, 3.2 mg/m2). Treatment-related AEs were mild/moderate. A new dose escala-
tion with primary G-CSF prophylaxis was done in 11 Japanese patients. At the RD de�ned for lurbinectedin with primary
G-CSF prophylaxis (3.2 mg/m2), two of nine patients had DLTs (grade 4 thrombocytopenia), leading to dose reduction. �e
most common grade ≥3 toxicities at the RD were neutropenia (22%; grade 4, 11%), grade 4 thrombocytopenia, and grade 3
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anemia (22% each). Myelotoxicity was reversible and manageable, and non-hematological toxicities were mild/moderate.
�e pharmacokinetic pro�le of lurbinectedin was similar to that observed in non-Japanese patients.

Conclusions: Lurbinectedin at 3.2 mg/m2 with primary G-CSF prophylaxis showed an acceptable, predictable and manage-
able safety pro�le with hints of antitumor activity in Japanese patients with unresectable and advanced solid tumors, and is
the recommended schedule for phase II studies.
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Introduction

Lurbinectedin (Zepzelca®)  is  a  synthetic  tetrahy-
droisoquinoline alkaloid structurally related to trabectedin.
Lurbinectedin  inhibits  oncogenic  transcription  primarily
through  binding  to  the  exocyclic  amino  group  of  gua-
nine-rich DNA sequences around the promoters of protein--
coding genes, thereby altering the 3D DNA structure and
evicting oncogenic transcription factors from their binding
sites,  halting their aberrant transcription programs [1-3].
Lurbinectedin adducts can also stop transcribing (phospho-
rylated) RNA polymerase II, decreasing mRNA synthesis,
and inducing the ubiquitination and degradation of RNA
polymerase II inhibition [4]. Lurbinectedin adducts may al-
so trick the nucleotide excision repair system, favoring the
production of  DNA double-strand breaks  and triggering
apoptotic cell death [5].

�e recommended dose (RD) for lurbinectedin ad-
ministered  as  a  1-hour  intravenous  (i.v.)  infusion  on  Day
(D)1  every  3  weeks  (q3wk)  in  non-Japanese  patients  with
cancer  in studies  conducted in the US and Europe was 3.2
mg/m2 [6-8]. In a Basket phase II study, nine cohorts of pa-
tients with di�erent di�cult-to-treat tumor types received
lurbinectedin 3.2 mg/m2 to establish the proof-of-concept
of  anticancer  activity  for  further  clinical  development.
Based on the results in the small cell lung cancer (SCLC) co-
hort [7], approval of lurbinectedin was �rst obtained in the
US [9] and later in other countries (Canada, Australia, Sin-
gapore, Arab Emirates and Qatar). Lurbinectedin is recom-
mended in the United States National Comprehensive Can-
cer Network (NCCN) guidelines [10] and the European So-
ciety of Medical Oncology (ESMO) [11] as a treatment op-
tion for relapsed SCLC. Recently, the results of another co-
hort of this Basket trial showed relevant antitumor activity

in relapsed Ewing sarcoma [12].

�e pharmacokinetic (PK) pro�le of lurbinectedin
showed dose linearity at the dose range explored (from 0.02
to 5.0 mg/m2), with no signi�cant relationship between lur-
binectedin clearance (CL) and body surface area (BSA) [6].

Based  on  the  proven  activity  of  lurbinectedin  in
non-Japanese  patients,  the  clinical  development  of  lur-
binectedin was initiated in Japan with this phase I study to
determine the RD and suitable schedule for the next phase
II  studies  in  Japanese  patients  with  unresectable  and  ad-
vanced  solid  tumors.

Materials and Methods

�is clinical trial was conducted in Japan in com-
pliance with ICH Good Clinical Practice guidelines and the
“Ministerial Ordinance on the Standards for the Implemen-
tation  of  Clinical  Studies  on  Pharmaceutical  Product”
(GCP) in Japan.  �e study protocol  was approved by local
ethics  committee  of  each  study  center.  Written  informed
consent  was  obtained  from  each  patient  before  the  study-
speci�c procedures.

Inclusion Criteria

Eligible patients were Japanese patients aged ≥ 20
years,  with advanced and/or unresectable solid tumors;  life
expectancy  ≥  3  months;  who had recovered from previous
toxicities  to  grade  ≤1  (excluding  alopecia  and  non-painful
peripheral sensory neuropathy), with ≥1 previous treatment
lines  but  not  >3;  Eastern  Cooperative  Oncology  Group
(ECOG) performance status score ≤ 2; adequate bone mar-
row, hepatic and renal function; and measurable disease ac-
cording  to  the  Response  Evaluation  Criteria  In  Solid  Tu-
mors (RECIST) v.1.1 (Japanese translation version by Japan
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Clinical  Oncology  Group  [JCOG]),  and  with  documented
disease progression.

Exclusion Criteria

Patients were excluded if they had been pretreated
with  trabectedin;  had  colorectal  cancer  or  central  nervous
system primary tumors; had received ≥3 prior chemothera-
py lines for advanced/unresectable disease, other recent anti-
tumor therapies (e.g., chemotherapy-containing regimen ≤3
weeks,  monoclonal  antibody-containing  therapy  ≤4  weeks
or any other anticancer therapy ≤2 weeks, all with respect to
study treatment start) or bone marrow and/or stem cell tran-
splantation;  were  pregnant  or  lactating  women;  or  had
symptomatic  brain  metastases  or  leptomeningeal  disease,
bone  marrow  involvement,  ongoing  chronic  hepatopathy,
active infection, relevant cardiac disease, external drainage,
hematological  malignancy  (or  dyscrasia),  bowel  sub-occlu-
sion  or  occlusion,  human  immunode�ciency  virus  infec-
tion, bleeding diathesis or signi�cant coagulopathy, prior or
concurrent  invasive  malignancy  (other  than  the  primary
study indication) unless in complete remission for at least 3
years,  or  any  other  disease  interfering  with  the  study  out-
come.

Study Treatment

Treatment  consisted  of  escalating  doses  of  lur-
binectedin  administered  as  a  1-hour  i.v.  infusion  on  D1
q3wk with and without primary granulocyte colony-stimu-
lating  factor  (G-CSF)  prophylaxis.  G-CSF  were  adminis-
tered  in  a  standardized  way:  3.6  mg  given  subcutaneously
and starting 24-48 hours a�er lurbinectedin treatment.

Lurbinectedin  was  supplied  as  a  lyophilized  pow-
der concentrate, reconstituted, and diluted with glucose 5%
or  sodium  chloride  0.9%  solution.  Antiemetic  prophylaxis
(dexamethasone 8  mg i.v.  and ondansetron 8  mg i.v.  dose,
or their equivalents) was administered before each infusion
of lurbinectedin.  Treatment was administered until  disease
progression,  unacceptable  toxicity,  intercurrent  illness  pre-
cluding study continuation, patient refusal and/or non-com-
pliance  with study requirements,  treatment  delay  >21 days
(except  if  clear  clinical  bene�t),  or  requirement  of  >2 dose
reductions.

From  Cycle  2  onwards,  treatment  was  to  be  de-

layed  if  the  following  criteria  were  unmet:  ECOG  perfor-
mance  status  0-2;  absolute  neutrophil  count  (ANC)  1.5  ×
109/L; platelets 100 × 109/L; hemoglobin 9 g/dL; total (or di-
rect) bilirubin 1.5 × upper limit of normal (ULN); grade 1
AST/ALT; plasma albumin ≥3.0 g/dL; calculated creatinine
clearance ≥30 mL/min; grade 1 muscular toxicity, grade 1
for  other  non-hematological  drug-related events;  and no
signs of chronic heart failure. �en, parameters which were
unmet were re-evaluated at least every 48-72 hours during
the �rst week, and as clinically appropriate therea�er.  A
new cycle could only be started upon recovery of these pa-
rameters.  If  recovery  to  meet  criteria  was  not  observed
within 21 days, the patient was to be withdrawn from the
trial, except for the case of documented objective clinical
bene�t.

Dose Escalation and Dose-limiting Toxicities

Dose  escalation  followed  a  standard  3+3  phase  I
study design,  with cohorts  of  three patients treated at  each
dose level. If no dose-limiting toxicities (DLT) occurred dur-
ing the �rst cycle in these three patients, escalation proceed-
ed to the next higher dose level. If one of these patients had
a DLT in the �rst cycle, the dose level was expanded to treat
at least six patients.

Initial  dose  escalation  was  performed  with  lur-
binectedin  without  primary  (G-CSF)  prophylaxis,  and  in-
cluded three  dose  levels:  1.5  mg/m2,  2.5  mg/m2  and 3.2
mg/m2.  �e  RD  (primary  endpoint  of  the  study)  was
de�ned as the highest dose level at which less than one-
third of evaluable patients had DLTs in Cycle 1. Once the
RD for lurbinectedin without primary G-CSF prophylaxis
was de�ned as 2.5 mg/m2, a second dose escalation was cont-
inued with the administration of primary G-CSF prophy-
laxis. �e starting dose of lurbinectedin with primary G-
CSF prophylaxis was the maximum tolerated dose (MTD)
(3.2 mg/m2) obtained during the initial dose escalation (lur-
binectedin without G-CSF) and was escalated to 3.5 mg/m2;
in both dose escalations, the same rules were applied. Once
the  RD  of  lurbinectedin  with  G-CSF  prophylaxis  was
de�ned (3.2 mg/m2), dose escalation was ceased.

�e  following  DLTs  were  de�ned:  grade  4  neu-
tropenia (ANC <0.5 × 109/L) ≥3 days; grade 4 thrombocy-
topenia (platelet count <25 × 109/L); grade ≥3 neutropenia
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or thrombocytopenia lasting ≥ one week; grade ≥3 febrile
neutropenia (or neutropenic infection or sepsis);  grade 4
anemia; grade 4 alanine aminotransferase (ALT) and/or as-
partate aminotransferase (AST) increase irrespective of du-
ration (or grade 3 if lasting for ≥one week); treatment-relat-
ed grade ≥ 2 ALT or AST increase concomitant with total
bilirubin increase ≥2 x ULN and normal alkaline phospha-
tase (AP); any other grade ≥3 non-hematological AE that is
suspected  to  be  related  to  study  drug  (except  for  nau-
sea/vomiting, unless a patient is receiving an optimal an-
tiemetic  regimen),  hypersensitivity  reactions,  extravasa-
tions, grade 3 fatigue lasting less than three days, and non--
clinically relevant isolated biochemical abnormalities; delay
in the administration of a subsequent cycle exceeding �ve
days from the treatment due date (i.e., Day 22); toxicities
meeting the criteria described above but with delayed onset
(i.e., those occurring a�er Cycle 1); non-compliance with
the intended dose intensity in half or more than half of the
evaluable patients at any dose level (in which case switching
to an alternative schedule may be considered, if appropri-
ate); and a red blood cell transfusion (if the need for the
transfusion was drug-related).

Methods for Data Collection

An electronic  data  capture  system,  also  known as
an  electronic  case  report  form  (eCRF),  was  used  to  collect
patient data.

Study Assessments

A complete history and physical examination were
conducted, including an ECOG performance status score as-
sessment, both at baseline and at the beginning of each treat-
ment  cycle.  Hematology  and  biochemistry  tests  were  per-
formed at baseline, weekly during cycles 1 and 2, and on D1
and D8 (hematology tests) and D1 (biochemistry tests) dur-
ing  subsequent  cycles.  Total  protein,  albumin,  C-reactive
protein  (CRP),  calcium  and  coagulation  tests  were  mea-
sured at baseline and on D1 of each cycle. Abnormal (grade
≥ 3) tests were re-assessed at pre-speci�ed times until recov-
ery to grade ≤ 2. Electrocardiograms were done at baseline
and repeated if clinically indicated.

Adverse  events  (AEs)  and  laboratory  variables
were assessed at baseline and during treatment and graded

according to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events (NCI-CTCAE) v.4, Japa-
nese translation version by the JCOG (13), and coded using
the  Medical  Dictionary  for  Regulatory  Activities  (Med-
DRA)  v.22.0.

Antitumor activity was evaluated every two cycles
according to the RECIST v.1.1 [14], Japanese translation ver-
sion by JCOG. Overall response rate (ORR) was de�ned as
the  percentage  of  patients  with  complete  response  (CR) or
partial  response  (PR).  Clinical  bene�t  rate  (CBR)  was
de�ned as the percentage of patients with CR, PR or stable
disease (SD) for ≥ 4 months. Progression-free survival (PF-
S) was de�ned as the time from start of the treatment until
disease progression or death from any cause, whichever oc-
curred �rst.

Pharmacokinetic Analyses

Eleven  samples  were  collected  from  each  patient
to quantify the lurbinectedin plasma concentrations at base-
line  and  at  di�erent  times  during  one  week  a�er  the  �rst
treatment  administration.  �e  complete  total  plasma  con-
centration-time pro�les of lurbinectedin were measured us-
ing  validated  liquid  extraction  methods  followed  by  ultra-
-performance  liquid  chromatography-tandem  mass  spec-
trometry  detection.  �e  lower  limit  of  quanti�cation  was
0.1  ng/mL  and  the  calibration  range  was  0.1  to  50  ng/mL.
�e  within-day  and  between-day  precisions  ranged  from
2.7 to 12.9% and 5.1 to 10.7%, respectively. �e within-day
and  between-day  accuracy  (bias)  ranged  from  -  10  to  12%
and -5 to 6%, respectively.

Statistical Analyses

SAS®  version  9.4  or  higher  (SAS  Institute  Inc.,
Cary, NC, USA) was used to analyze this dataset. Demo-
graphics  and baseline  characteristics  of  all  patients  were
summarized and presented by dose level. Continuous vari-
ables were presented as summary statistics and categorical
variables in the frequency tables. PFS was calculated using
the  Kaplan-Meier  approach.  Binomial  exact  distribution
was used to calculate 95% con�dence intervals (95%CIs) for
categorical variables. Total lurbinectedin plasma concentra-
tion-time pro�les were analyzed by standard non-compart-
mental analysis (NCA) using Phoenix® WinNonlin® version
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6.3 (Certara L.P. [Pharsight], St. Louis, MO). �e individual
PK parameters were tabulated and summarized.

Results

Patient Characteristics

Twenty-six  patients  were  treated  with  lurbinecte-
din  in  this  study:  15  without  primary  G-CSF  prophylaxis
and  11  with  primary  G-CSF  prophylaxis.  �e  baseline  pa-

tient characteristics are summarized in Table 1.

Table 1: Baseline characteristics of patients

 Lurbinectedin without primary G-
CSF prophylaxis

Lurbinectedin with primary G-CSF
prophylaxis

RD (2.5 mg/m2)
(n=8)

All dose levels
(n=15)

RD (3.2 mg/m2)
(n=9)

All dose levels
(n=11)

Gender     

Male 4 (50%) 5 (33%) 6 (67%) 7 (64%)

Female 4 (50%) 10 (67%) 3 (33%) 4 (36%)

Median age, years (range) 52 (38-65) 52 (38-65) 61 (40-77) 61 (40-77)

ECOG performance status     

0 5 (63%) 11 (73%) 2 (22%) 4 (36%)

1 3 (38%) 4 (27%) 7 (78%) 7 (64%)

Median BSA, m2 (range) 1.7 (1.6-1.8) 1.6 (1.3-1.8) 1.6 (1.5-1.8) 1.6 (1.5-1.9)

Primary tumors     

Biliopancreatic 1 (13%) 3 (20%) 1 (11%) 2 (18%)

Breast 1 (13%) 1 (7%) 1 (11%) 2 (18%)

Endometrial 1 (13%) 2 (13%) 1 (11%) 1 (9%)

Le� upper jaw 1 (13%) 1 (7%) . .

Parotid gland 1 (13%) 2 (13%) . .

Rib 1 (13%) 1 (7%) . .

Urinary bladder 1 (13%) 1 (7%) . .

Le� adrenal gland 1 (13%) 1 (7%) .  

Esophageal . 2 (13%) . .

Sigmoid colon . 1 (7%) . .

Ureter . . 1 (11%) 1 (9%))

Unknown primary site . . 1 (11%) 1 (9%)

Lung . . 1 (11%) 1 (9%)

Oropharynx . . 1 (11%) 1 (9%)

Right inguinal subcutaneous sweat
gland

. . 1 (11%) 1 (9%)

Retroperitoneum . . 1 (11%) 1 (9%)
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Histology type     

Adenocarcinoma 7 (88%) 9 (60%) 4 (44%) 6 (55%)

Carcinoma . 3 (20%) 2 (22%) 2 (18%)

Sarcoma 1 (13%) 3 (20%) 1 (11%) 1 (9%)

Other . . 2 (22%) a 2 (18%)

Sites of disease     

Lung 5 (63%) 10 (67%) 5 (56%) 5 (46%)

Liver 2 (25%) 5 (33%) 4 (44%) 6 (55%)

Bone 1 (13%) 1 (7%) 1 (11%) 1 (9%)

Lymph node 6 (75%) 10 (67%) 4 (44%) 4 (36%)

Pleura 3 (38%) 4 (27%) 1 (11%) 1 (9%)

So� tissue/skin 1 (13%) 2 (13%) 1 (11%) 1 (9%)

Peritoneum . . 2 (22%) 2 (18%)

Other 3 (38%) 6 (40%) b 2 (22%) 2 (18%) c

Prior treatment for advanced
disease

    

Median (range) 1 (1-2) 2 (1-3) 2 (1-3) 2 (1-3)

Prior anticancer agents     

Cisplatin 4 (50%) 8 (53%) 3 (33%) 4 (36%)

Carboplatin 2 (25%) 2 (13%) 4 (44%) 4 (36%)

Doxorubicin 4 (50%) 6 (40%) 2 (22%) 2 (18%)

Paclitaxel 2 (25%) 6 (40%) 3 (33%) 4 (36%)

Fluorouracil 2 (25%) 6 (40%) 2 (22%) 2 (18%)

Irinotecan 2 (25%) 3 (20%) 1 (11%) 1 (9%)

Gemcitabine 1 (13%) 4 (27%) 1 (11%) 3 (27%)

Gimeracil 1 (13%) 3 (20%) 3 (33%) 4 (36%)

Oteracil 1 (13%) 3 (20%) 3 (33%) 4 (36%)

Tegafur 1 (13%) 3 (20%) 3 (33%) 4 (36%)

Investigational drug 1 (13%) 3 (20%) 2 (22%) 3 (27%)
a Clear cell carcinoma (n=1 patient) and phyllodes tumor (n=1).

b Ascites (n=2), pleural e�usion, le� upper jaw, bladder and kidney (n=1 patient each).
c Psoas major muscle and muscle (n=1 each).

BSA, body surface area; ECOG, Eastern Cooperative Oncology Group; G-CSF, granulocyte colony-stimulating factor; RD, recommended
dose.

Lurbinectedin without Primary G-CSF Prophylaxis

Most  of  the  15  patients  (67%)  treated  at  all  dose

levels  were  female,  with  a  median  age  of  52  years  (range,
38-65 years). �e most common primary tumors were bilio-
pancreatic  (20%  of  patients),  esophageal,  endometrial,  and
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parotid gland cancers (13% each). Adenocarcinoma was the
most  common histological  type  (60%).  �e most  common
disease  sites  were  the  lung  and  lymph  nodes  (67%  of  pa-
tients each), liver (33%), and pleura (27%). Median number
of lines of prior therapy for advanced disease was 2 (range,
1-3  lines),  with  cisplatin  (53%)  as  the  most  common prior
agent.

Eight patients were treated at the RD (2.5 mg/m2).
Half of these patients were female, with a median age of 52
years (range, 38-65 years). Primary tumors were distributed
equally across a wide range of organs, and adenocarcinoma
was  the  most  common  histological  type  (88%).  Median
number of lines of prior therapy for advanced disease was 2
(range,  1-2  lines),  with  cisplatin  and  doxorubicin  (50%
each) as the most common prior agents.

Lurbinectedin with Primary G-CSF Prophylaxis

Most  of  the  11  patients  (64%)  treated  at  all  dose
levels  were  male,  with  a  median  age  of  61  years  (range,
40-77  years).  �e  most  common  primary  tumors  were
breast  and  biliopancreatic  cancers  (18%  each).  �e  most
common histological type was adenocarcinoma (55%). �e
most  common  sites  of  disease  were  the  liver  (55%),  lung
(46%), and lymph nodes (36%). Median number of lines of
prior therapy for advanced disease was 2 (1-3 lines), and the
most common agents of prior therapy were carboplatin, cis-
platin,  gimeracil,  oteracil,  paclitaxel,  and  tegafur  (36%
each).

Nine patients were treated at the RD (3.2 mg/m2).
Of these, 67% were male, with a median age of 61 years
(range,  40-77  years).  Primary  tumors  were  distributed
across a a wide range of organs. Adenocarcinoma was the
most common histological type (44%). Median number of
lines of prior therapy for advanced disease was 2 (1-3 lines),
with carboplatin (44%) as the most common prior agent.

Treatment Administration

Lurbinectedin without Primary G-CSF Prophylaxis

Fi�een  patients  were  treated  with  three  dose  lev-
els: 1.5 mg/m2, 2.5 mg/m2 and 3.2 mg/m2 (Table 2). Forty--
seven treatment cycles were administered at all dose levels

(median: 2 cycles per patient; range: 1-10 cycles). At the RD
(2.5 mg/m2), 22 treatment cycles were given (median: 2 cy-
cles per patient; range: 1-7 cycles). Median relative dose in-
tensity was 98.3% (range: 65.2-100.6%).

Dose  administration  was  delayed  in  four  of  15
treated  patients  (27%) (two patients  treated  at  the  RD [2.5
mg/m2] and two patients the MTD [3.2 mg/m2]) because of
grade 2 neutropenia related to the study treatment. Two pa-
tients (13%) had dose reduction due to hematological toxici-
ty:  one patient  had grade 2 neutropenia at  the RD, and
another  patient  had  grade  4  neutropenia  (DLT)  at  the
MTD.

Lurbinectedin with Primary G-CSF Prophylaxis

Eleven patients were treated at two dose levels: 3.2
mg/m2 and 3.5 mg/m2 (Table 2). Seventy-six treatment cy-
cles were administered at all dose levels (median 4 cycles
per patient; range: 1-20 cycles). At the RD (3.2 mg/m2), 69
treatment cycles were given (median: 4 cycles per patient;
range 3-20 cycles). Median relative dose intensity was 96.3%
(range: 74.2-99.6%).

Dose administration was delayed in two of 11 pa-
tients (18%), both treated at the RD (3.2 mg/m2)  due to
grade 2/3 anemia related to the study treatment. �ree pa-
tients (27%) had dose reduction at the RD due to hematolog-
ical toxicity: grade 4 thrombocytopenia (DLT) in two pa-
tients, and grade 2 anemia in one patient. In addition, treat-
ment-related grade 3 drug-induced liver injury (DILI) con-
comitant with grade 4 ALT/AST increased that occurred in
one patient treated at 3.5 mg/m2 (MTD) was considered a
late-onset DLT (observed during Cycle 2) and led to dose re-
duction.

Dose Escalation and Recommended Dose

Lurbinectedin without Primary G-CSF Prophylaxis

All  15  treated  patients  were  evaluable  for  DLTs.
No  DLTs  occurred  at  the  �rst  two  dose  levels  (1.5  or  2.5
mg/m2). However, two of eight patients (25%) treated with
2.5 mg/m2 had cycle delays and dose reduction due to treat-
ment-related grade 2 neutropenia.
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Table 2: Distribution of patients and dose-limiting toxicities over the dose levels studied, without or with primary G-CSF prophylaxis

Dose level Dose Lurbinectedin
(mg/m2)

No. of patients with
DLTs / No. of

evaluable patients a
Description of DLTs

Lurbinectedin without primary G-CSF prophylaxis

DL1 1.5 0 / 3 .

DL2 (RD) 2.5 0 / 8 .

DL3 (MTD) 3.2 2/4 Grade 3 neutropenia ≥ 7 days (n=1)

Grade 4 neutropenia ≥ 3 days (n=1) b

Lurbinectedin with primary G-CSF prophylaxis

DL1 (RD) 3.2 2/9 Grade 4 thrombocytopenia (n=2) b

DL2 (MTD) 3.5 1/9 Grade 4 ventricular arrhythmia c, grade 4
neutropenia and grade 4 thrombocytopenia (n=1)

a A total of 26 patients were evaluable for DLTs: 15 without primary G-CSF prophylaxis and 11 with G-CSF.
b �is toxicity resulted in lurbinectedin dose reduction.

c �is toxicity resulted in treatment discontinuation.

DL, dose level; DLT, dose-limiting toxicity; MTD, maximum tolerated dose; G-CSF, granulocyte colony-stimulating factor; RD, recommend-
ed dose.

Two of the four patients treated at 3.2 mg/m2 had
DLTs consisting of grade 4 neutropenia lasting ≥ 3 days in
one patient, which led to dose reduction, and grade 3 neu-
tropenia lasting ≥ 7 days without e�ects on treatment in
another patient;  as a result,  this dose was de�ned as the
MTD (Table 2). �e hematological DLTs observed in these
two patients were predictable,  transient and manageable:
one  patient  continued  receiving  lurbinectedin  treatment
and the other discontinued treatment a�er Cycle 2 due to
disease progression.

No DLTs were reported in eight patients treated at
2.5 mg/m2 and, therefore, this dose was declared the RD for
lurbinectedin without primary G-CSF prophylaxis given as
a 1-hour i.v. infusion q3wk (data presented at the ASCO
2018 Annual Meeting) [15]. �en, dose escalation was fur-
ther  continued  with  the  administration  of  lurbinectedin
with primary G-CSF prophylaxis according to the prescrib-
ing guidelines, as stated by the study protocol.

Lurbinectedin with Primary G-CSF Prophylaxis

All  11  treated  patients  were  evaluable  for  DLTs.
�e starting dose (3.2 mg/m 2) was the MTD reached during

the dose escalation of lurbinectedin without G-CSF. Two of
the nine patients treated at 3.2 mg/m2 had DLTs consisting
of grade 4 thrombocytopenia lasting for 1 to 3 days, which
resulted in dose reduction in both cases. �ese hematologi-
cal abnormalities were manageable, reversible, and transient
(Table 2). At 3.5 mg/m2, one of the two treated patients, a
55-year-old male with duodenal papilla cancer as primary
tumor and metastases in the liver, had DLTs: grade 4 ven-
tricular arrhythmia on Day 4, grade 4 neutropenia on Day
8, and grade 4 thrombocytopenia on Day 9 and Day 11 a�er
�rst lurbinectedin infusion. On Day 3, the patient lost cons-
ciousness  and  was  admitted  to  the  intensive  care  unit
(ICU). During monitoring, he had an episode of severe ar-
rhythmia compatible with both Torsade’s de Pointes and
ventricular �brillation. QTc prolongation was not observed.
Final diagnosis was grade 4 ventricular arrhythmia. He re-
ceived intravenous infusion of lidocaine with a de�brillator
(200-300 J DC counter) for managing the ventricular ar-
rhythmia,  and treatment with noradrenaline,  magnesium
sulfate, propofol, carbohydrates with potassium and sodi-
um,  thiamine  disul�de/pyridoxine/cyanocobalamin,  and
fentanyl. Four days later, his general condition improved
and the patient le� the ICU. Although some degree of hypo-
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calcemia and myelosuppression, including both neutrope-
nia and thrombocytopenia, were developed, no cardiac safe-
ty issues including clinically signi�cant arrhythmia were ob-
served a�erwards. �e patient did not require any medica-
tion or treatment for ventricular tachycardia but remained
hospitalized for close ECG monitoring. Grade 4 ventricular
arrhythmia lasted for 6 days, improved to grade 2 on Day
10,  and was  resolved  on Day 24,  when the  patient  was
discharged from the hospital. Grade 4 ventricular arrhyth-
mia was judged as serious and led to treatment discontinua-
tion.  Nevertheless,  relationship was considered unknown
taking into account that, so far, no cardiac events of this

type have been associated with lurbinectedin. �erefore, 3.5
mg/m2 was de�ned as the MTD and 3.2 mg/m2 was declared
the RD for lurbinectedin with primary prophylaxis G-CSF
given as a 1-hour i.v. infusion q3wk (data presented at the
ESMO 2020 Virtual Congress) [16].

Safety

All treated patients were evaluable for safety: 15 pa-
tients  received  lurbinectedin  without  primary  G-CSF  pro-
phylaxis and 11 with primary G-CSF prophylaxis. Treatmen-
t-related AEs and laboratory abnormalities at all dose levels
and the RD are shown in Table 3.

Table 3: Treatment-related adverse events (>10% of patients or grade ≥3) and laboratory abnormalities (regardless of relationship) at the rec-
ommended dose and all dose levels, reported for lurbinectedin without or with primary G-CSF prophylaxis

Lurbinectedin without primary G-CSF prophylaxis

 RD(2.5 mg/m2)(n=8) All dose levels (n=15)

NCI-CTCAE grade 1-2 3 4 Total 1-2 3 4 Total

Hematological laboratory abnormalities (regardless of relationship)

Anemia 7 (88%) . . 7 (88%) 13 (87%) . . 13 (87%)

Lymphopenia 2 (25%) 5 (63%) . 7 (88%) 6 (40%) 6 (40%) . 12 (80%)

Neutropenia 4 (50%) 1 (13%) . 5 (63%) 5 (33%) 2 (13%) 2 (13%) 9 (60%)

Leukopenia 4 (50%) 1 (13%) . 5 (63%) 4 (27%) 4 (27%) . 8 (53%)

�rombocytopenia 2 (25%) . . 2 (25%) 4 (27%) 1 (7%) . 5 (33%)

Biochemical laboratory abnormalities (regardless of relationship)

ALT increased 7 (88%) . . 7 (88%) 9 (60%) 1 (7%) . 10 (67%)

AP increased 5 (63%) . . 5 (63%) 9 (60%) . . 9 (60%)

AST increased 6 (75%) . . 6 (75%) 12 (80%) . . 12 (80%)

Bilirubin increased . . . . . 1 (7%) . 1 (7%)

Treatment-related AEs

Nausea 6 (75%) . . 6 (75%) 11 (73%) . . 11 (73%)

Constipation 2 (25%) . . 2 (25%) 4 (27%) . . 4 (27%)

Decreased appetite 3 (38%) . . 3 (38%) 7 (47%) . . 7 (47%)

Lurbinectedin with primary G-CSF prophylaxis

 RD(3.2 mg/m2) (n=9) All dose levels (n=11)

NCI-CTCAE grade 1-2 3 4 Total 1-2 3 4 Total

Hematological laboratory abnormalities (regardless of relationship)
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Anemia 7 (78%) 2 (22%) . 9 (100%) 8 (73%) 3 (27%) . 11 (100%)

Lymphopenia 5 (56%) 4 (44%) . 9 (100%) 6 (54%) 5 (46%) . 11 (100%)

Neutropenia 1 (11%) 1 (11%) 1 (11%) 3 (33%) 1 (9%) 1 (9%) 2 (18%) 4 (36%)

Leukopenia 2 (22%) 2 (22%) . 4 (44%) 3 (27%) 2 (18%) 1 (9%) 6 (55%)

�rombocytopenia 5 (56%) . 2 (22%) 7 (78%) 6 (55%) . 3 (27%) 9 (82%)

Biochemical laboratory abnormalities (regardless of relationship)

ALT increased 5 (56%) 2 (22%) . 7 (78%) 5 (46%) 2 (18%) 1 (9%) 8 (73%)

AP increased 8 (89%) 1 (11%) . 9 (100.0%) 9 (82%) 1 (9%) . 10 (91%)

AST increased 4 (44%) 1 (11%) . 5 (56%) 5 (46%) 1 (9%) 1 (9%) 7 (64%)

Treatment-related AEs

Nausea 6 (67%)  . 6 (67%) 7 (64%) . . 7 (64%)

Constipation 3 (33%) . . 3 (33%) 3 (27%) . . 3 (27%)

Decreased appetite 6 (67%) . . 6 (67%) 7 (64%) . . 7 (64%)

Ventricular arrhythmia . . . . . . 1 (9%) 1 (9%)

Drug-induced liver injury . . . . . 1 (9%) . 1 (9%)

Data shown are number of patients (n) and percentages (%).

Hematological and biochemical abnormalities are shown regardless of relationship to treatment.

AEs, adverse events; ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; JCOG, Japan Clinical Oncol-
ogy Group; NCI-CTCAE, National Cancer Institute Common Terminology Criteria for Adverse Events (Japanese translation version by

JCOG); G-CSF, granulocyte colony-stimulating factor; RD, recommended dose.

Lurbinectedin without Primary G-CSF Prophylaxis

At the RD (2.5 mg/m2), all treatment-related AEs
were grade 1/2, with the most common being nausea (75%
of  patients),  decreased  appetite  (38%)  and  constipation
(25%). Hematological abnormalities (regardless of relation-
ship) included anemia grade 1/2 (88%), lymphopenia (88%;
grade  3  in  63%),  neutropenia  (63%;  grade  3  in  13%),
leukopenia (63%; grade 3 in 13%), and grade 1/2 thrombocy-
topenia (25%).  All  biochemical  abnormalities  were grade
1/2, with the most common being increases in ALT (88%)
and AST (75%). No treatment-related serious AEs were re-
ported. No treatment discontinuations or deaths occurred
due to toxicity.

Lurbinectedin With Primary G-CSF Prophylaxis

At the RD (3.2 mg/m2), all treatment-related AEs
were grade 1/2, with the most common being nausea (67%),
decreased appetite (67%) and constipation (33%). Hemato-
logical abnormalities (regardless of relationship) consisted

of lymphopenia (all patients; grade 3 in 44%), anemia (all pa-
tients; grade 3 in 22%), thrombocytopenia (78%; grade 4 in
22%), leukopenia (44%; grade 3 in 22%), and neutropenia
(33%; grade 3 and 4 in 11% each). �e most frequent bio-
chemical abnormalities were increases in AP (all patients;
grade 3 in 11%), ALT (78%; grade 3 in 22%) and AST (56%;
grade 3 in 11%). Two treatment-related serious AEs were re-
ported in two patients treated at  the MTD (3.5 mg/m2):
grade 3 DILI (late-onset DLT concomitant with grade 4 AL-
T/AST increased), and grade 4 ventricular arrhythmia (DLT
concomitant with other DLTs of grade 4 neutropenia and
grade 4 thrombocytopenia). Both serious AEs were �nally
resolved. Treatment discontinuation due to grade 4 ventric-
ular arrhythmia related to lurbinectedin occurred only in
one patient treated at 3.5 mg/m2. No deaths occurred due to
toxicity.

E�cacy

All 26 treated patients were evaluable for e�cacy:
15 patients with lurbinectedin without primary G-CSF pro-
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phylaxis and 11 with lurbinectedin with primary G-CSF pro-
phylaxis  (Table  4).  A  swimmer  plot  depicting  individual

PFS of all patients treated with and without primary G-CSF
prophylaxis by dose level is provided in Figure 1.

Figure 1: Lurbinectedin swimmer plot of progression-free survival in all individual patients treated with and without primary G-CSF prophy-
laxis by dose level

G-CSF, granulocyte colony-stimulating factor; MTD, maximum tolerated dose; PFS, progression-free survival; PR, partial response; RECIST,
Response Evaluation Criteria In Solid Tumors v.1.1 (Japan Clinical Oncology Group translation version); RD, recommended dose.

Table 4: Antitumor activity according to the Response Evaluation Criteria In Solid Tumors (RECIST) v.1.1 (Japan Clinical Oncology Group
translation version) in patients evaluable for e�cacy at each dose level treated with lurbinectedin without or with primary G-CSF prophylaxis

 Lurbinectedin Lurbinectedin

without primary G-CSF prophylaxis with primary G-CSF prophylaxis

Dose level Dose level

DL1 1.5 mg/m2

(n=3)
DL2 (RD) 2.5
mg/m2 (n=8)

DL3 (MTD) (3.2
mg/m2) (n=4)

DL1 3.2 mg/m2
(n=9) DL2 3.5 mg/m2 (n=2)

n % n % n % n % n %

CR . . . . . . . . . .

PR . . 1 12.5 . . . . . .

SD ≥4 months . . . . 1 25 3 33.3 . .

SD <4 months 1 33.3 3 37.5 1 25 6 66.7 2 100

PD 2 66.7 4 50 2 50 . . . .

ORR (%) . 12.5 . . .

(95%CI) (0.3-52.6)

CBR (%) a . 12.5 25 33.3 .

(95%CI) (0.3-52.6) (0.6-80.6) (7.5-70.1)

Data shown are number of patients (n) and percentages (%).
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a Patients with CR or PR or SD ≥4 months.

CBR, clinical bene�t rate; CI, con�dential interval; CR, complete response; DL, dose level; G-CSF, granulocyte colony-stimulating factor;
MTD, maximum tolerated dose; ORR, overall response rate; PD, progressive disease; PR, partial response; RD, recommended dose; SD, stable

disease.

Lurbinectedin without Primary G-CSF Prophylaxis

one  patient  with  metastatic  breast  cancer  treated
at  the  RD (2.5  mg/m2)  achieved  a  PR that  lasted  for  4
months; ORR was 12.5% (95%CI, 0.3-52.6%). Stable disease
(SD) was observed in one patient treated at 1.5 mg/m2, three
treated at 2.5 mg/m2  (RD), and two treated at 3.2 mg/m2

(MTD). Of these, one patient with sigmoid cancer treated at
the MTD had prolonged disease stabilization (SD ≥4 month-
s).  Clinical  bene�t  rate  at  the  RD  was  12.5%  (95%CI,
0.3-52.6%)  and  median  PFS  was  1.3  months  (95%  CI,
0.6-2.6 months).

Lurbinectedin with Primary G-CSF Prophylaxis

no  objective  responses  were  reported.  All  11  pa-
tients had SD as best response; three prolonged disease stabi-
lizations (SD≥4 months) were observed among the nine pa-
tients treated at the RD (3.2 mg/m2). Clinical bene�t rate at
the RD was 33.3% (95%CI, 7.5-70.1%) and median PFS was
6.7 months (95% CI, 2.3-13.7 months).

Pharmacokinetics

All  patients  were  sampled  for  PK  analysis  and
were suitable for non-compartmental Analysis (NCA). Indi-
vidual  lurbinectedin  total  plasma  concentration-time  pro-

�les grouped by dose level are shown in  Figure 2. Parame-
ters obtained for lurbinectedin at each dose level are shown
in Table 5.

Figure 2: Lurbinectedin total plasma concentration-time pro�les by dose level

h, hour; LLOQ, lower limit of quanti�cation; PM01183, lurbinectedin.
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Rsq = 0.432, Intercept -21.53, Slope = -0.1068

Rsq = 0.1814, Intercept = 13.79, Slope = -0.16

Figure 3: Relationship of lurbinectedin CLt with AAG and CRP by dose level

AAG, alpha-1-acid glycoprotein; CLt, total body clearance; CPR, C-reactive protein; PM01183, lurbinectedin; RSQ, coe�cient of determina-
tion

�e mean (standard deviation) of total body clear-
ance (CLt) at dose levels of 1.5, 2.5, 3.2 and 3.5 mg/m2 was
of 8 (1.9), 9.9 (4), 15 (7.4) and 11 (2.3) L/h, respectively. To-
tal body clearance of lurbinectedin in patients treated with
3.2 mg/m2 was the highest among the four dose levels test-
ed, most likely due to low levels of alpha-1-acid glycopro-
tein (AAG) and C-reactive protein (CRP), which are known
to  correlate  with  high  lurbinectedin  CLt,  rather  than  to

dose-dependent PK of lurbinectedin. �e relationship be-
tween CLt and those covariates was con�rmed in the pre-
sent study (Table 5).

Median  values  of  plasma  total  plasma  dose-inde-
pendent  PK  parameters  obtained  in  this  study  were  com-
pared  with  those  from  the  Fist-in-Human  (FiH)  trial  (P-
M1183-A-001-08 study) in non-Japanese patients at its RD
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of 7.0 mg (FD) (Table 6). �e PK pro�le of lurbinectedin in Japanese patients appeared to be similar to that observed in
non-Japanese patients.

Table 5: Non-compartmental pharmacokinetic parameters of lurbinectedin by dose level

 Lurbinectedin Lurbinectedin

without primary G-CSF prophylaxis with primary G-CSF prophylaxis

Dose level Dose level

DL1 1.5
mg/m2

(n=3)

DL2 (RD) 2.5
mg/m2 (n=8)

DL3 (MTD)
(3.2 mg/m2)

(n=4)

DL1 3.2 mg/m2
(n=9) DL2 3.5 mg/m2 (n=2)

n % n % n % n % n %

CR . . . . . . . . . .

PR . . 1 12.5 . . . . . .

SD ≥4 months . . . . 1 25 3 33.3 . .

SD <4 months 1 33.3 3 37.5 1 25 6 66.7 2 100

PD 2 66.7 4 50 2 50 . . . .

ORR (%)
(95%CI)

. 12.5 (0.3-52.6) . . .

CBR (%) a (95%CI) . 12.5 (0.3-52.6) 25 (0.6-80.6) 33.3 (7.5-70.1) .

Values are expressed as mean (standard deviation).
a Total of patients from LRB without G-CSF (n=4) plus LRB with G-CSF (n=9).

AAG, alpha-1-acid glycoprotein; AUC, area under the plasma concentration-time curve from time zero to in�nite; CL, total body clearance;
Cmax, maximum plasma concentration; CRP, C-reactive protein; G-CSF, granulocyte colony-stimulating factor; LRB, lurbinectedin; n, num-

ber of patients; t1/2, half-life; Vss, volume of distribution at steady-state.

Table 6: Summary of total plasma lurbinectedin dose-independent pharmacokinetic parameters in present study (PM1183-A-013-15) and
First-in-Human trial (PM1183-A-001-08)

Clinical trial Statistics CLt (L/h) t1/2 (h) Vss (L) Vz (L)

PM1183-A-013-15 n 26 26 26 26

Mean 12.3 47.42 433.85 788.37

SDev 6.25 19.25 229.37 410.71

Min 3.87 18.18 141.41 279.22

Median 10.28 43.47 362.12 699.74

Max 28.85 115.38 1022.12 1598.77

CV% 50.85 40.59 52.87 52.1

PM1183-A-001-08(at RD) n 15 15 15 15

Mean 11.79 61.68 443.09 803.68
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SDev 6.54 37.09 185.86 333.55

Min 2.41 21.59 209.76 371.59

Median 11.3 53.98 436.66 762.68

Max 21.67 154.36 862.48 1515.77

CV% 55.52 60.13 41.95 41.5

CLt, total body clearance; CV, coe�cient of variation (%); Max, maximum value; Min, minimum value; n, the number of patients; RD, recom-
mended dose; SDev, standard deviation; t1/2, terminal half-life; Vss, volume of distribution at steady-state; Vz, volume of distribution based on

the terminal phase.

Discussion

�is  FiH  dose-�nding  study  of  lurbinectedin
de�ned the RD for phase II studies of lurbinectedin in Japa-
nese patients at 3.2 mg/m2 on D1 q3wk with primary G-CSF
prophylaxis.

�e safety pro�le of  lurbinectedin at  this  RD (3.2
mg/m2) with primary G-CSF prophylaxis was predictable.
Myelotoxicity was common but reversible and manageable.
Non-hematological toxicities were mild/moderate with the
most common being nausea and decreased appetite (67%
each). Severe myelotoxicity consisted of grade 3 lymphope-
nia (44%), grade 3 leukopenia, grade 3 anemia, grade ≥3
neutropenia and grade 4 thrombocytopenia (DLT) (22%,
each). �e most frequent biochemical abnormalities were in-
creases in AP and transaminases, being mainly grade 1/2,
with grade 3 ALT (22%) and grade 3 AP/AST (11% each).
No deaths or discontinuations due to toxicity occurred at
this RD, therefore supporting an acceptable safety pro�le.
As expected, severe myelotoxicity and some non-hematolog-
ical toxicities at the RD agrees with those observed in prior
studies with lurbinectedin when administered alone at 3.2
mg/m2 as 1-hour i.v.  infusion q3wk in non-Japanese pa-
tients with solid tumors [7,8].

Administration of primary G-CSF prophylaxis al-
lowed  continuation  with  lurbinectedin  dose  escalation  to
3.2 mg/m2, which was the MTD reached during dose escala-
tion without primary G-CSF prophylaxis. �e use of pri-
mary G-CSF prophylaxis reduced the incidence of neutrope-

nia (all grades) to 36% versus 60% with lurbinectedin with-
out G-CSF, and allowed patients to receive a higher number
of cycles: the median of cycles per patient was 4.0 (range,
3-20) with G-CSF versus 2.5 (range, 1-10) without G-CSF.

No cases of febrile neutropenia occurred in this trial, even
in the patients treated with lurbinectedin without primary
G-CSF prophylaxis.

�erefore,  the  use  of  primary  G-CSF  prophylaxis
allowed a RD of lurbinectedin 3.2 mg/m2 to be reached, as
de�ned for non-Japanese cancer patients in US and Europe
studies  where  primary  G-CSF support  was  not  required
[6-8].

Some evidence of antitumor activity was observed
with  one  partial  response  and  three  patients  treated  at  the
RD (3.2 mg/m2) showing prolonged stable disease in three
di�erent  tumor  types:  oropharynx,  retroperitoneum  and
ureter. Of note, median PFS with lurbinectedin with G-CSF
(6.7 months) was longer than without G-CSF (1.3 months).
However, the number of patients assessed was limited, and
further evaluation on e�cacy is needed in focused phase II
studies.

As result from PK analysis, CLt of lurbinectedin at
3.2 mg/m2 was slightly higher than the others dose levels
tested. �e observed di�erences in CL t among dose levels
(1.5 and 2.5 mg/m2 vs. 3.2 and 3.5 mg/m2) could be due to
di�erences in AAG and CRP levels, rather than to dose-de-
pendent PK of lurbinectedin. In fact, such inverse relation-
ship of AAG and CRP plasma levels and direct relationship
of albumin with lurbinectedin CLt, has been already detect-
ed in pooled phase I/II trials in non-Japanese patients with
solid and hematologic malignancies [17]. In addition, from
comparison of the lurbinectedin PK parameters obtained
from  this  study  with  those  in  FiH  study  conducted  in
overseas population [6],  pharmacokinetic pro�le in Japa-
nese patients appeared to be similar to that in non-Japanese
patients, although data was limited.
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Conclusion

Lurbinectedin administered at 3.2 mg/m2 on D1
q3wk with primary G-CSF prophylaxis showed an accept-
able, predictable and manageable safety pro�le with hints of
activity  in  Japanese  patients  with  unresectable  and  ad-
vanced solid tumors. �is dose, 3.2 mg/m 2, is the same ap-
proved in Western countries, but for Japanese patients, pri-
mary G-CSF prophylaxis  has  to be used.  �erefore,  this
schedule, including G-CSF support, is recommended for fu-
ture phase II studies conducted in Japanese cancer patients.
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