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Few treatment options are available for patients with small cell lung cancer
(SCLC) in progression after a first-line therapy. A novel therapeutic approach is
represented by lurbinectedin, a synthetic derivative of trabectedin that works
by inhibiting oncogenic transcription and promoting apoptosis in tumor cells. A
phase Il basket trial demonstrated the activity of lurbinectedin at the dose of 3.2
mg/m? in patients with SCLC who had failed a previous chemotherapy, with a
response rate of 35.2%, a median progression-free survival (mPFS) of 3.5
months, and a median overall survival (mOS) of 9.3 months. Common severe
adverse events (grades 3—-4) were hematological disorders, including anemia
(9%), leukopenia (29%), neutropenia (46%), and thrombocytopenia (7%). On the
basis of the positive results of this phase Il study, on June 2020, lurbinectedin
was approved by the Food and Drug Administration as second line for SCLC
patients in progression on or after platinum-based therapy. The subsequent
phase Il trial comparing the combination of lurbinectedin plus doxorubicin vs.
CAV (cyclophosphamide, Adriamycin, and vincristine) or topotecan did not
demonstrate an improvement in overall survival, although the experimental
arm showed a superior safety profile. Combinations of lurbinectedin with other
drugs, cytotoxic agents and immune checkpoint inhibitors, are currently under
investigation. The results of these studies should better define the optimal
clinical application of lurbinectedin.
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Introduction

One of the most aggressive lung cancers is represented by
small cell lung cancer (SCLC) (1), with an overall survival (OS)
at 5 years of <10% and a median overall survival (mOS) of 9-11
months for patients in metastatic setting (2, 3). The most
significant risk factor for developing SCLC is a history of
tobacco exposure. Despite an extensive genetic characterization
of SCLCs in recent years (4-7), no clear targetable alteration has
emerged (6). For roughly 30 years, outcomes for patients with
extensive-stage ES-SCLC have remained substantially
unchanged (8-12), and only recently the combination of
immune checkpoint inhibitors and standard platinum-based
chemotherapy has changed the therapeutic paradigm in the
first-line setting—thanks to the positive results observed in the
IMpowerl33 and CASPIAN trials (13, 14).

In the IMpowerl33 trial, patients with metastatic SCLC
naive for treatment were treated with atezolizumab or placebo
plus carboplatin and etoposide every 3 weeks for four cycles
followed by maintenance treatment with atezolizumab or
placebo. This trial showed a median OS of 12.3 months (95%
CI: 10.8-15.9 months) in the experimental arm vs. 10.3 months
(95% CI: 9.3-11.3 months) for placebo [hazard ratio (HR) 0.70;
95% CI: 0.54-0.91; p = 0.0069) and a median progression-free
survival (mPFS) of 5.2 months (95% CI: 4.4-5.6 months) for
atezolizumab vs. 4.3 months (95% CI: 4.2-4.5 months) for
placebo (HR 0.77; 95% CI: 0.62-0.96; p = 0.017). Benefits were
consistent across patient subgroups (13). In the CASPIAN trial,
patients with extensive-stage SCLC, naive for treatment, were
randomized 1:1:1 to receive platinum-based chemotherapy
(either carboplatin or cisplatin and etoposide) plus
durvalumab, with or without tremelimumab every 3 weeks for
4 cycles followed by maintenance with durvalumab on day 1
every 4 weeks, or up to six cycles of platinum-based
chemotherapy (standard arm). The combination of
durvalumab and chemotherapy leads to a statistically
significant improvement in OS [mOS of 12.9 months 95% CL:
11.3-14.7 months) for durvalumab plus chemotherapy vs. 10.5
months (95% CI: 9.3-11.2 months) for standard arm; HR 0.75;
95% CI: 0.62-0.91; p = 0.0032] (14). Based on the results of these
two randomized trials, the first-line treatment for extensive-
stage SCLC is currently platinum (carboplatin or cisplatin) plus
etoposide and atezolizumab or durvalumab (15).

Unfortunately, almost all patients with metastatic disease
relapse, notwithstanding high response rates (RRs) to first-line
therapy. Patients with relapsed SCLCs are usually classified into
platinum-sensitive, platinum-resistant, and platinum-refractory
according to the treatment-free interval (TFI) (16). RRs to
second-line chemotherapy are generally 20%-30% in
platinum-sensitive patients (i.e., TFI >3 months) and 15% in
platinum-resistant patients (i.e., TFI <3 months). Patients not
responding or progressing during chemotherapy (platinum-
refractory) have very poor outcomes, and further systemic
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therapy may not be helpful. Until 2020, topotecan, a
topoisomerase 1 inhibitor, was the only second-line treatment
approved for SCLC patients, with modest activity in sensitive
disease. The efficacy of topotecan was evaluated in a randomized
phase IIT clinical trial vs. the CAV (cyclophosphamide,
Adriamycin, and vincristine) regimen; topotecan showed
similar objective response rates (ORRs: 24.3% vs. 18.3%, p =
0.29), time to progression (13.3 vs. 12.3 weeks), and OS (25 vs.
24.7 weeks) but a better tolerability than CAV (17). The efficacy
of topotecan was then evaluated in another phase III trial, in
which topotecan was compared with best supportive care,
showing a statistically significant prolongation of OS (25.9 vs.
13.9 weeks, p = 0.0104), better symptom control and a slower
worsening of quality of life in patients with relapsed SCLC, of
whom half were platinum-resistant. Adverse events (AEs)
(particularly hematological) were however considerable, with
6% toxic deaths (18). Different toxicity profiles between oral and
intravenous (i.v.) topotecan emerged from a subsequent phase
IIT trial, which also demonstrated similar efficacy (19).
Therefore, either oral or iv. topotecan is recommended as
second line in platinum-resistant or -sensitive relapsed SCLC,
with CAV as an alternative option. Indeed, in a meta-analysis of
1,347 patients treated with topotecan, an RR of 17% was
reported in patients with refractory-relapsed disease vs. 27% in
those with sensitive disease (20). For sensitive relapsed SCLC, a
recent randomized phase III study of second-line treatment
compared the rechallenge with platinum-based chemotherapy
and topotecan: roughly one-third of enrolled patients had
limited disease at diagnosis (21). The rechallenge
chemotherapy resulted in a longer mPFS than topotecan (4.7
vs. 2.7 months; HR 0.57; 90% CI 0.41-0.73; p = 0.0041).
Therefore, rechallenge chemotherapy can be considered a
reasonable alternative as second line for patients with sensitive
relapsed SCLC. Overall, limited treatment options are currently
available for patients with relapsed SCLC.

Lurbinectedin (PMO01183) is a tetrahydropyrroloquinoline
with better antitumor activity than trabectedin through the
addition of a portion of tetrahydro B-carboline (22). This drug
induces a specific degradation of transcribing RNA Pol II with
the accumulation of DNA breaks, leading to apoptosis in tumor
cells. The drug, covalently binding to CG-rich regions located
within the affected gene, blocks the DNA repair mechanism,
causing RNA polymerase II elongation arrest and therefore
degradation (23). Furthermore, in transcriptionally dependent
tumor cells such as SCLC cells, lurbinectedin could cause a
separation of transcription factors from their target promoters,
with the block of its transactivating activity. It may also influence
the tumor microenvironment via suppression of tumor
proliferation, matrix remodeling, angiogenesis, and immune
suppression (24-26). Moreover, in mice with xenografted
tumors, the combination of lurbinectedin and doxorubicin,
which has a different mechanism of action and a different
toxicity profile, showed a synergistic antitumor activity,
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supporting the rationale of the combination of these two
drugs (27).

Phase | studies

Elez et al. (28) evaluated in a phase I trial the safety and activity
of lurbinectedin (PMO01183) in 31 patients with advanced solid
tumors (Table 1). The drug clearance was independent of body
surface area (BSA), and a flat dose of 7 mg intravenously as a 1-h
infusion every 3 weeks was recommended. The most frequent severe
adverse effect was myelosuppression, occurring in 40% of patients,
usually transient and manageable, never febrile. Fatigue, nausea, and
vomiting were mild. A partial response was observed in a patient
with pancreatic adenocarcinoma. A dose escalation study of
lurbinectedin combined with doxorubicin 50 mg/m® every 3 weeks
was conducted by Calvo et al. (29). The starting dose of lurbinectedin
was 3.5 mg [ie., 50% of that suggested by Elez et al. (28)]. The dose
escalation phase enrolled 74 patients, in whom the most common
tumor type was SCLC (n = 28, 38%). Four dose levels were evaluated
(3.5-5 mg). Most dose-limiting toxicities were hematological. The
recommended flat dose of lurbinectedin was 4 mg in the combined
regimen. Twenty-seven patients with relapsed SCLC were treated
with the above therapy. Twelve patients (44%) had platinum-
sensitive disease (relapse after at least 90 days) and received the
protocol therapy as second line. The other 15 patients (56%) had
platinum-resistant disease (time to relapse shorter than 90 days) and
received the therapy as second, third, or fourth line of treatment.
Median age was 62 years (range 48-73). Eight patients (29.6%)
received 45 cycles of lurbinectedin alone after doxorubicin
discontinuation. Grade 3 of higher toxicities comprised febrile
neutropenia, fatigue, mucositis, and pneumonia. However,
myelosuppression was transient and reversible for patients treated

TABLE 1 Clinical studies with Lurbinectedin in solid tumors and SCLC.

Study Author Setting Pts Treatment Response
rate (%)
Phase I Elez ME, Advanced 31 Lurbinectedin 3.6
2014 solid
tumors
Phase I Calvo E, SCLC, 27  Lurbinectedin + 57.7
2017 pretreated doxorubicin
Phase I PonceS, SCLC, 7 Lurbinectedin + paclitaxel 71
2019 pretreated 12 Lurbinectedin + irinotecan 25
Phase  Trigo J, SCLC 105 Lurbinectedin 35
1T 2020 second-line
Phase  Paz-Ares SCLC first 613 Lurbinectedin + 31vs 29
111 L, 2021 line doxorubicin vs Topotecan
or CAV

CAV: cyclophoshamide, doxorubicin, vincristine.
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with the recommended dose of lurbinectedin. The most common
adverse effects related to single-agent lurbinectedin were fatigue (n =
8, 100%), decreased appetite (50%), and alopecia (38%). ORR was
57.7%, and disease control rate (DCR) was 69.2%. As second line,
ORR was 66.7% (14 of 21 patients). Moreover, ORR was 91.7% for
12 patients with platinum-sensitive disease [two complete (16.7%)
and nine partial (75%) responses] and 33.3% for nine patients with
platinum-resistant disease. DCR was 100% in sensitive and 55.6% in
resistant disease. mPFS was 4.1 months. As second line, PES was 4.7
months (5.8 months for sensitive and 3.5 months for resistant
disease). Seven patients achieved a PFS lasting over 6 months. An
expansion cohort of the above study, including SCLC patients
relapsed after no more than one prior therapy, was successively
treated with a lower dose of doxorubicin (40 mg/mz) to reduce the
incidence of severe myelosuppression (30). Moreover, lurbinectedin
dose has been modified at 2 mg/m” of BSA based on the finding that
patients with the lowest BSA had an increased risk of severe
thrombocytopenia with the flat dose of lurbinectedin. On the
other hand, the maximum lurbinectedin dose was capped at 4 mg
for patients with BSA higher than 2 m* to prevent unexpected
toxicities. Twenty-eight patients were recruited in the expansion
cohort: 18 (64%) had platinum-sensitive and 10 (36%) had
platinum-resistant disease, including six patients with refractory
tumor progressing within 30 days from platinum-based
chemotherapy. Responding patients could continue to receive
single-agent lurbinectedin at 4 mg/m” every 3 weeks after 10
courses of combined regimen. ORR was 36% [one complete (4%)
and nine partial (32%) responses], PFS was 3.3 months, and OS was
7.9 months. DCR was 72%. In the subgroup analysis, ORR 50%, PFS
5.7 months, and OS 11.5 months were recorded for patients with
platinum-sensitive disease, while ORR 10%, PES 1.3 months, and OS
4.6 months were recorded for patients with platinum-resistant
disease. The main toxicity was confirmed as transient

Disease Progression-free Overall Toxicity
control rate survival (months)  survival

(%) (months)

32.6 - - Myelosuppression,
nausea,vomiting
fatigue

69.2 4.1 - Febrile neutropenia
fatigue, mucositis,
pneumonia

71 4.8 - Grade 4 neutropenia,

67 5.6 - febrile neutropenia
Grade 4 neutropenia,
fatigue, nausea

68 3.5 9.3 Myelosuppression,

febrile neutropenia

4.0 vs 4.0, HR: 0.831, 8.6 vs 7.6, HR:  Myelosuppression,
p=0.043 0.967, p=0.703  liver toxicity
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myelosuppression. Non-hematological events were mild or
moderate and included fatigue, nausea, decreased appetite,
vomiting, and alopecia.

Phase |l studies

The evidence of lurbinectedin activity in SCLC came from a
cohort of a single-arm, open-label, phase II basket trial
conducted by Trigo et al. (31). The authors recruited 105
patients with advanced SCLC pretreated with only one
previous line of treatment (immunotherapy was allowed, alone
or in combination with chemotherapy) and an Eastern
Cooperative Oncology Group (ECOG) performance status of 2
or lower. Unfortunately, the trial did not include patients with
known central nervous system (CNS) involvement, missing a
crucial information about the activity of lurbinectedin this
setting. All patients were treated with 3.2 mg/m? lurbinectedin
administered as a 1-h iv. infusion once every 3 weeks until
disease progression or unacceptable toxicity. According to the
investigator assessment, after a median follow-up of 17.1
months, the study met its primary endpoint with an RR of
35.2% (95% CI: 26.2-45.2) in the entire cohort. In a preplanned
analysis of overall response by treatment-free interval (TFI), the
RR in the subgroup of 60 patients who had a sensitive disease
(TFI of 90 days or longer) was 45.0% (95% CI: 32.1-58.4) with a
median duration of response of 6.2 months (95% CI: 3.5-7.3).
On the contrary, the subgroup of 45 patients with poor
prognosis (TFI of less than 90 days) achieved an overall
response of 22.2% (95% CI: 11.2-37.1) and median duration
of response of 4.7 months (95% CI: 2.6-5.6). The mPFS was 3.5
months (95% CI: 2.6-4.3) in the study population: 4.6 months
(95% CI: 2.8-6.5) in patients with a sensitive disease and 2.6
months (95% CI: 1.3-3.9) in patients with resistant disease,
while the mOS was 9.3 months (95% CI: 6.3-11.8) in the overall
population, 11.9 months (95% CI: 9.7-16.2) in patients with a
sensitive disease, and 5.0 months (95% CI: 4.1-6.3) in patients
with resistant disease. In a post-hoc exploratory analysis,
lurbinectedin activity was observed in a small group of eight
patients (8%) who had received previous immunotherapy, where
five of them had durable responses according to investigator
assessment. The most common grade 3-4 AEs were
hematological disorders, including anemia (9%), leukopenia
(29%), neutropenia (46%), and thrombocytopenia (7%).
Serious treatment-related AEs were recorded in 10% of
patients, principally due to neutropenia and febrile
neutropenia [five (5%) patients for each]. However, no
treatment-related deaths occurred. Other mild or moderate
toxicities were fatigue (58%), nausea (32%), decreased appetite
(21%), vomiting (18%), diarrhea (15%), and pneumonia (2%).
The most common biochemical abnormalities were creatinine
(83%) and transaminase (alanine aminotransferase: 72%;
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aspartate aminotransferase: 45%) increases. It is worth to note
that 47 (45%) patients were still able to receive further antitumor
treatments after lurbinectedin such as paclitaxel, carboplatin,
etoposide, and topotecan. The results for the subset of patient
candidates in this phase II study for a platinum rechallenge
according to the National Comprehensive Cancer Network
(NCCN) guidelines (TFI from the first line =180 days) were
presented by Subbiah et al. (32). The authors reported an ORR of
60.0% (95% CI: 36.1-86.9) in the 20 patients treated with
lurbinectedin with TFI =180 days, an median duration of
response (mDoR) of 5.5 months (95% CI: 2.9-11.2), and a
(DCR) of 95.0% (95% CI: 75.1-99.9). Median OS was 16.2
months (95% CI: 9.6-upper level not reached) and PFS was
4.6 months (95% CI: 2.6-7.3) after a median follow-up of 15.6
months. Of note, 60.9% and 27.1% of patients were still alive
after 1 and 2 years, respectively. Taken together, these data were
particularly encouraging in terms of response and survival, in
comparison with historical controls, in both groups of patients
with resistant and sensitive disease. Furthermore, lurbinectedin
showed an acceptable safety profile, with manageable reversible
myelosuppression as main toxicity. However, the absence of a
control group and of patients with brain involvement represents
a caveat.

Based on these positive results of a phase II study, on 15 June
2020, lurbinectedin has been approved by the Food and Drug
Administration (FDA) for patients with SCLC in progression on
or after platinum-based chemotherapy.

Phase lll studies

The ATLANTIS study is an open-label, randomized,
multicenter phase III trial evaluating in second line the efficacy
of the combination of lurbinectedin and doxorubicin compared
to the investigator’s choice of chemotherapy with CAV
(cyclophosphamide/doxorubicin/vincristine) or topotecan. The
study enrolled pretreated patients with histologically or
cytologically confirmed diagnosis of limited- or extensive-stage
SCLC whose disease progressed after one prior platinum-
containing line (33). Patients should have chemotherapy-free
interval (CTFIL time from the last dose of first-line chemotherapy
to the occurrence of progressive disease) =30 days and could
have received prior immune checkpoint inhibitor therapy. Other
inclusion criteria were adequate hematological, renal, metabolic,
and hepatic function and a washout of at least 3 weeks since last
prior anticancer treatment. Patients may have received whole-
brain radiotherapy and prophylactic cranial irradiation or
palliative radiation and concluded at least 4 and 2 weeks ago,
respectively. In the trial, 613 patients were randomized to receive
doxorubicin 40 mg/m” on day 1, followed by lurbinectedin 2 mg/
m® on day 1 every 21 days or physician’s choice of CAV
(cyclophosphamide 1,000 mg/m* on day 1, doxorubicin 45
mg/m” on day 1, and vincristine 2.0 mg total on day 1 of each
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21-day cycle) or topotecan 1.5 mg/m” on days 1-5 every 21 days
until progression of disease, investigator decision, unacceptable
toxicity, or withdrawal of consent (34).. Primary granulocyte
colony-stimulating factor (G-CSF) prophylaxis has been
received by all patients in all treatment arms. Stratification
factors of the study were ECOG PS, CTFI, baseline brain
metastasis, prior immunotherapy, and investigator’s choice
between CAV and topotecan. The OS was the primary
endpoint. The secondary endpoints were the difference in OS
between the experimental arm and CAV, OS and PFS in patients
with or without CNS involvement, PFS by independent review
committee (IRC), ORR per IRC, and duration of response (DoR)
per IRC. Unfortunately, the trial did not meet the primary
endpoint: the difference in OS between two arms was not
statistically significant, and it translated into a small
improvement in OS, from 7.6 months for the control arm to
8.6 months for the experimental arm. No factors were associated
with a benefit in OS based on stratification analysis. IRC mPFS
was 4.0 for both arms, with an HR in favor of the combination of
lurbinectedin/doxorubicin of 0.831 and a p-value of 0.043, which
translated to an improvement of PFS at 6 months (31% vs. 24%)
and at 12 months (10% vs. 4%). A benefit from the experimental
arm was observed for patients with a longer CTFI (>180 days)
and treated with immunotherapy plus chemotherapy in the first
line (35). Similar RRs were reported in the two arms: 31% in the
experimental arm vs. 29% in the standard arm, with a greater
benefit from the experimental treatment for patients with a
longer CTFI (49% vs. 29%). Moreover, the mDoR was longer in
the lurbinectedin combination arm: 5.7 months vs. 3.8 months
(p = 0.0012). Principal grade 3-4 AEs and laboratory
abnormalities were hematological disorders, including anemia,
neutropenia, febrile neutropenia, and thrombocytopenia, and
they were more common in the control arm (AE grade 23: 75%
control arm vs. 47% experimental arm), with a greater delay of
the treatment in this arm (34% vs. 26%). Although this phase III
trial did not meet its primary endpoint and showed comparable
efficacy results in the two arms, lurbinectedin plus doxorubicin
showed a superior safety and tolerability profile compared to
that of the control arm with a significantly lower incidence of
hematological toxicities. Moreover, the ATLANTIS trial
confirmed CTFI as the most important prognostic factor for
second-line SCLC treatment.

Discussion

The positive results of the pivotal phase II study of Trigo
et al. (31) led to the accelerated approval by the FDA of
lurbinectedin at the dose of 3.2 mg/m” for metastatic SCLC in
progression after first-line chemotherapy. Lurbinectedin
compared favorably to other second-line regimens in terms of
activity, such as topotecan and CAV and demonstrated a better
safety profile, representing a new treatment option for the
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second-line therapy of SCLC. However, several issues remain
to be addressed: Why did lurbinectedin fail to improve OS in the
ATLANTIS study? What is the activity of lurbinectedin in SCLC
patients with brain metastases? What is the role of new
combinations of lurbinectedin with other cytotoxic agents and
immune checkpoint inhibitors? What will be the role of
predictive factors?

The phase III trial comparing the efficacy of lurbinectedin
plus doxorubicin vs. CAV or topotecan failed to demonstrate a
better OS, although a superior safety and tolerability profile was
shown by the experimental combination. A possible explanation
of the negative results of the phase III trial could be the lower
dose of lurbinectedin in combination with doxorubicin
compared with the higher dose used in the phase II trial (2.0
mg/m” vs. 3.2 mg/m?) that provided the maximum benefit of the
drug. Unfortunately, the ATLANTIS trial did not include an
experimental treatment arm of lurbinectedin as a single agent.
That would have been important to confirm in a phase III trial
the superiority of single-agent lurbinectedin over topotecan.

For the second question, it is unknown to date whether
lurbinectedin has CNS penetration, and most of the trials with
lurbinectedin have excluded patients with brain metastases. In
the ATLANTIS study, patients with a history of CNS metastases
were allowed and roughly 15% of patients had a baseline CNS
involvement. Median OS was 4.6 and 6.6 months for patients
randomized to lurbinectedin + doxorubicin and control group,
respectively. Therefore, further evaluation of lurbinectedin
activity in patients with CNS metastases is needed.

For the third question, new combinations of lurbinectedin with
other cytotoxic agents and immune checkpoint inhibitors are
currently being explored (Table 2). Two phase I trials evaluated
the feasibility of the combination of lurbinectedin with paclitaxel or
irinotecan in SCLC patients pretreated with at least one platinum-
based chemotherapy (36, 37). The recommended dose of
lurbinectedin was 2.2 mg/m” on day 1 in combination with
padlitaxel 80 mg/m” on days 1 and 8 every 3 weeks. The RR in
SCLC patients was 71% (67% in patients with a CTFI >90 days),
with a median duration of response of 2.3 months (36). This
combination was well tolerated. The most frequent toxicities were
fatigue (57.1%), peripheral sensory neuropathy (57%), nausea
(42.9%), and diarrhea (42.9%). The recommended dose of
lurbinectedin was 2.0 mg/m*> on day 1 in combination with
irinotecan 75 mg/m> on days 1 and 8 plus G-CSF every 3 weeks
(37). The RR in 12 SCLC patients was 25% (38% in patients with a
CTFI >90 days), and the median duration of response was 4.6
months. Main toxicities were fatigue, gastrointestinal events, and
hematological. The LUPER Trial (38) is a phase I/II trial involving
SCLC patients who have progressed from a first-line chemotherapy-
based treatment, with the aim to explore the feasibility and activity of
the combination of lurbinectedin with pembrolizumab. In the phase
I stage of the trial, patients will receive pembrolizumab plus
lurbenectedin at a starting dose of 2.4 mg/m? then this dose will
be escalated. In the phase II stage, patients will receive
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TABLE 2 Ongoing studies with Lurbinectedin.

10.3389/fonc.2022.932105

Trial Phase Diagnosis Line of Pts Treatment Endpoints
treatment

LUPER /1 SCLC Second-line 42 Lurbinectedin + pembrolizumab ORR

NCT04358237

NCT04610658 /11 SCLC Second-line 57 Ipilimumab + nivolumab + DCR
lurbenectedin

NCT04802174 /11 SCLC and High Grade Neuroendocrine tumors Advanced 75 Lurbinectedin and berzosertib ORR

IMFORTE I SCLC not progressed after carboplatin, etoposide and ~ Maintenance 690 Lurbinectedin + atezolizumab vs PFS, OS

NCT05091567 atezolizumab atezolizumab

Emerge 402 v SCLC Second-line 300 Lurbinectedin ORR

NCT04894591

Pts, patients; ORR, objective response rate; DCR, disease control rate; PES, progression-free survival; OS, overall survival.

pembrolizumab plus lurbinectedin at the dose found in the first
phase. Primary outcome measure for phase II is ORR; estimated
enrollment is for 42 patients. Results are awaited in September
2023. A similar phase I/II trial (39) is also involving SCLC patients
who have progressed from a first-line chemotherapy-based
treatment. In the phase I stage of the trial, patients will receive
ipilimumab and nivolumab plus lurbenectedin at three different
doses (1.5, 2.6, and 3.2 mg/m?). In the phase II stage, patients will
receive ipilimumab and nivolumab plus lurbinectedin at the
recommended dose found in the first phase. The primary
outcome measure for phase II is DCR; estimated enrollment is for
57 participants. Results are awaited in October 2025. Another phase
I/IT trial (40) is enrolling patients with SCLC and high-grade
neuroendocrine tumors who have failed to respond to previous
standard treatments. Patients will receive a combination of
lurbinectedin and berzosertib, an ataxia telangiectasia and Rad3-
related (ATR) protein kinase inhibitor. The inhibition of ATR is
cytotoxic in SCLC, and berzosertib has been found to be active in
combination with topotecan in this clinical setting (41). Primary
outcome measure is clinical RR, calculated as the fraction of patients
who will experience a partial response (PR) or a complete response
(CRY); estimated enrollment is for 75 participants; study completion
date is awaited in December 2026. The IMforte trial (42) is a phase
III trial designed for patients with ES-SCLC who have already
received a first-line induction therapy with carboplatin, etoposide,
and atezolizumab and are found to have at least a stable disease or
ongoing response. In arm A, patients will receive the combination of
atezolizumab and lurbinectedin, while in arm B, patients will receive
standard maintenance therapy with atezolizumab. PFS and OS are
the primary outcome measures. Estimated enrollment is for 690
participants. Results are awaited in March 2025. The EMERGE 402
trial (43) is a phase IV trial that aims to report the efficacy and the
AE:s tied to lurbinectedin in the second-line ES-SCLC setting. ORR is
the primary outcome measure. Estimated enrollment is for 300
participants. Results are awaited in June 2024.

For the fourth question, we currently do not have
biomarkers to identify SCLC patients responding to
lurbinectedin or to other agents. However, Schlafen-11
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(SLEN11), a predictive biomarker of response to cisplatin and
to other DNA-damaging agents such as poly ADP ribose
polymerase (PARP) inhibitors in multiple cancer types
including SCLC, has been recently identified as a promising
predictive biomarker of response also to lurbinectedin. An in
vitro and in vivo study showed that cell lines with a high
expression of SLEN11 protein were more sensitive to single-
agent lurbinectedin (44). Moreover, in SLFN11-low SCLC cell
lines that are resistant to lurbinectedin, the addition of
ceralasertib, an ATR inhibitor, resensitized resistant cells,
providing a rationale for combining lurbinectedin with ATR
inhibitors to overcome resistance in SCLC with low SLFNI11
expression. Therefore, SLFN11 immunohistochemistry (IHC)
could be translated into the clinical setting and be used in clinical
studies with lurbinectedin in SCLC. Moreover, the recent
identification by Rudin et al. (45) of four different molecular
subtypes of SCLC defined by differential expression of four key
transcription regulators highlights the heterogeneity of SCLC
and could allow a better customization of treatments.

In conclusion, lurbinectedin has demonstrated significant
activity as a single agent in second-line therapy of SCLC,
especially in platinum-sensitive patients, but failed to
demonstrate an improvement in OS when combined with
doxorubicin compared with CAV or topotecan. New
combinations of lurbinectedin with other cytotoxic drugs and
with immune checkpoint inhibitors are currently under
investigation. The results of these studies should better define
the optimal clinical application of lurbinectedin in SCLC.

Author contributions

Conceptualization, AnM and AlM; writing—original draft
preparation, AnM, VS, GC, GP, and AlM; writing—review and
editing, AnM, VS, GC, GiuP, AgM, RC, GE, FL, EM, CM, PM,
GT, RDC, CP, MP, GiuP, NN, and AlIM; supervision, AIM; All
authors have read and agreed to the published version of
the manuscript.

frontiersin.org


https://doi.org/10.3389/fonc.2022.932105
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Manzo et al.

Acknowledgments

The Authors are grateful to Dr. Alessandra Trocino,
Librarian at IRCCS “G. Pascale” of Naples, Italy, for the
bibliographic assistance.

Conflict of interest

AIM declares the following conflicts of interest: Speaker’s fee
or advisory board: MSD, BMS, Boehringer, Pfizer, Roche,
AstraZeneca, Novartis, Takeda, Eli-Lilly. NN declares the
following personal financial interests (speaker’s fee and/or
advisory boards): MSD, Qiagen, Bayer, Biocartis, Incyte,
Roche, BMS, MERCK, Thermofisher, Boehringer Ingelheim,
Astrazeneca, Sanofi, Eli Lilly; Institutional financial interests
(financial support to research projets):MERCK, Sysmex,

References

1. Pietanza MC, Byers LA, Minna JD, Rudin CM. Small-cell lung cancer: will
recent progress lead to improved outcomes? Clin Cancer Res (2015) 21(10):2244—
55. doi: 10.1158/1078-0432.CCR-14-2958

2. American Cancer Society. Cancer facts & figures 2019. Atlanta: American
cancer society (2019). Available at: https://www.cancer.org/content/dam/cancer-
org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2019/
cancer-facts-and-figures-2019.pdf (Accessed October 20, 2020).

3. Jackman DM, Johnson BE. Small-cell lung cancer. Lancet (2005) 366
(9494):1385-96. doi: 10.1016/S0140-6736(05)67569-1

4. Rudin CM, Durinck S, Srtawaiski EW, Poirier JT, Modrusan Z, Shames DS,
et al. Comprehensive genomic analysis identifies SOX2 as a frequently amplified
gene in small-cell lung cancer. Nat Genet (2012) 44(10):1111-6. doi: 10.1038/
ng.2405

5. Peifer M, Fernandez -Cuesta L, Sos ML, George J, Seidel D, Kasper LH, et al.
Integrative genome analyses identify key somatic driver mutations of small-cell
lungcancer. Nat Genet (2012) 44(10):1104-10. doi: 10.1038/ng.2396

6. George J, Lim JS, Jang SJ, Cun Y, Ozretic L, Kong G, et al. Comprehensive
genomic profiles of small-cell lung cancer. Nature (2015) 524(7563):47-53. doi:
10.1038/nature14664

7. Drapkin BJ, George J. Genomic and functional fidelity of small-cell lung
cancer patient-derived xenografts. Cancer Discovery (2018) 8(5):600-15. doi:
10.1158/2159-8290.CD-17-0935

8. Jalal SI, Lavin P, Lo G, Lebel F, Einhorn L. Carboplatin and etoposide with or
without palifosfamide in untreated extensive-stage small-cell lung cancer: a
multicenter, adaptive, randomized phase III study (MATISSE). J Clin Oncol
(2017) 35(23):2619-23. doi: 10.1200/JCO.2016.71.7454

9. Tiseo M, Boni L, Ambrosio F, Camerini A, Baldini E, Cinieri S, et al. Italian,
Multicenter, phase III, randomized study of cisplatin plus etoposide with or
without bevacizumab as first-line treatment in extensive-disease small-cell lung
cancer: the GOIRC-AIFA FARM6PMFIM trial. ] Clin Oncol (2017) 35(12):1281-7.
doi: 10.1200/JC0O.2016.69.4844

10. Spigel DR, Townley PM, Waterhouse DM, Fang L, Adiguzel I, Huang JE,
et al. Randomized phase II study of bevacizumab in combination with
chemotherapy in previously untreated extensive-stage small-cell lung cancer:
results from the SALUTE trial. J Clin Oncol (2011) 29(16):2215-22. doi: 10.1200/
JCO.2010.29.3423

11. Socinski MA, Smit EF, Lorigan P, Konduri K, Reck M, Szczesna A, et al.
Phase III study of pemetrexed plus carboplatin compared with etoposide plus
carboplatin in chemotherapy-naive patients with extensive-stage small-cell lung
cancer. J Clin Oncol (2009) 27(28):4787-92. doi: 10.1200/JC0O.2009.23.1548

12. Reck M, Luft A, Szczesna A, Havel L, Kim SW, Akerley W, et al. Phase III
randomized trial of ipilimumab plus etoposide and platinum versus placebo plus

Frontiers in Oncology

07

10.3389/fonc.2022.932105

Thermofisher, QIAGEN, Roche, Astrazeneca, Biocartis. Non-
financial interests:President, International Quality Network for
Pathology (IQN Path); President, Italian Cancer Society (SIC).

The remaining authors declare that the research was
conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict
of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

etoposide and platinum in extensive-stage small-cell lung cancer. J Clin Oncol
(2016) 34(31):3740-8. doi: 10.1200/JCO.2016.67.6601

13. Mansfield AS, Kazarnowicz A, Karaseva N, Sanchez A, De Boer R, Andric Z,
et al. Safety and patient-reported outcomes of atezolizumab, carboplatin, and
etoposide in extensive-stage small-cell lung cancer (IMpowerl133): a randomized
phase I/III trial. Ann Oncol (2020) 31(2):310-7. doi: 10.1016/j.annonc.2019.10.021

14. Paz-Ares L, Dvorkin M, Chen Y, Reinmuth N, Hotta K, Trukhin D, et al.
Durvalumab plus platinum-etoposide versus platinum-etoposide in first-line
treatment of extensive-stage small-cell lung cancer (CASPIAN): a randomised,
controlled, open-label, phase 3 trial. Lancet (2019) 394(10212):1929-39.
doi: 10.1016/S0140-6736(19)32222-6

15. Dingemans AMC, Frith M, Ardizzoni A, Besse B, Faivre-Finn C, Hendriks
LE, et al. Small-cell lung cancer: ESMO clinical practice guidelines for diagnosis,
treatment and follow-up. Ann Oncol (2013) 24(suppl 6):vi99-vil05. doi: 10.1016/
j.annonc.2021.03.207

16. Owonikoko TK, Behera M, Chen Z, Bhimani C, Curran W], Khuri FR, et al.
A systematic analysis of efficacy of second-line chemotherapy in sensitive and
refractory smallcell lung cancer. ] Thorac Oncol (2012) 7(5):866-72. doi: 10.1097/
JTO.0b013e31824c7f4b

17. von Pawel J, Schiller JH, Shepherd FA, Fields SZ, Kleisbauer JP, Chrysson
NG, et al. Topotecan versus cyclophosphamide, doxorubicin, and vincristine for
the treatment of recurrent small-cell lung cancer. J Clin Oncol (1999) 17(2):658-67.
doi: 10.1200/JC0O.1999.17.2.658

18. O’Brien ME, Ciuleanu TE, Tsekov H, Shparyk Y, Cucevia B, Juhasz G, et al.
Phase III trial comparing supportive care alone with supportive care with oral
topotecan in patients with relapsed small-cell lung cancer. J Clin Oncol (2006) 24
(34):5441-7. doi: 10.1200/JCO.2006.06.5821

19. Eckardt JR, von Pawel J, Pujol JL, Papai Z, Quoix E, Ardizzoni A, et al. Phase
III study of oral compared with intravenous topotecan as second-line therapy in
small-cell lung cancer. J Clin Oncol (2007) 25(15):2086-92. doi: 10.1200/
JCO.2006.08.3998

20. Horita N, Yamamoto M, Sato T, Tsukahara T, Nagakura H, Tashiro K, et al.
Topotecan for relapsed small-cell lung cancer: systematic review and meta-analysis
of 1347 patients. Sci Rep (2015) 5:15437. doi: 10.1038/srep15437

21. Baize N, Monnet I, Greillier L, Geier M, Lena H, Janicot H, et al. Carboplatin
plus etoposide versus topotecan as second-line treatment for patients with sensitive
relapsed small-cell lung cancer: an open-label, multicentre, randomised, phase 3
trial. Lancet Oncol (2020) 21:1224-33. doi: 10.1016/S1470-2045(20)30461-7

22. Leal JF, Martinez-Diez M, Garcia-Hernandez V, Moneo V, Domingo A,
Bueren-Calabuig JA, et al. PM01183: a new DNA minor groove covalent binder
with potent in vitroin vitro and in vivoin vivo antitumour activity. Br ] Pharmacol
(2010) 161(5):1099-110. doi: 10.1111/j.1476-5381.2010.00945.x

frontiersin.org


https://doi.org/10.1158/1078-0432.CCR-14-2958
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2019/cancer-facts-and-figures-2019.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2019/cancer-facts-and-figures-2019.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2019/cancer-facts-and-figures-2019.pdf
https://doi.org/10.1016/S0140-6736(05)67569-1
https://doi.org/10.1038/ng.2405
https://doi.org/10.1038/ng.2405
https://doi.org/10.1038/ng.2396
https://doi.org/10.1038/nature14664
https://doi.org/10.1158/2159-8290.CD-17-0935
https://doi.org/10.1200/JCO.2016.71.7454
https://doi.org/10.1200/JCO.2016.69.4844
https://doi.org/10.1200/JCO.2010.29.3423
https://doi.org/10.1200/JCO.2010.29.3423
https://doi.org/10.1200/JCO.2009.23.1548
https://doi.org/10.1200/JCO.2016.67.6601
https://doi.org/10.1016/j.annonc.2019.10.021
https://doi.org/10.1016/S0140-6736(19)32222-6
https://doi.org/10.1016/j.annonc.2021.03.207
https://doi.org/10.1016/j.annonc.2021.03.207
https://doi.org/10.1097/JTO.0b013e31824c7f4b
https://doi.org/10.1097/JTO.0b013e31824c7f4b
https://doi.org/10.1200/JCO.1999.17.2.658
https://doi.org/10.1200/JCO.2006.06.5821
https://doi.org/10.1200/JCO.2006.08.3998
https://doi.org/10.1200/JCO.2006.08.3998
https://doi.org/10.1038/srep15437
https://doi.org/10.1016/S1470-2045(20)30461-7
https://doi.org/10.1111/j.1476-5381.2010.00945.x
https://doi.org/10.3389/fonc.2022.932105
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Manzo et al.

23. Santamaria Nunez G, Robles CM, Giraudon C, Martinez-Leal JF, Compe E,
Coin F, et al. Lurbinectedin specifically triggers the degradation of phosphorylated
RNA polymerase II and the formation of DNA breaks in cancer cells. Mol Cancer
Ther (2016) 15(10):2399-412. doi: 10.1158/1535-7163.MCT-16-0172

24. Germano G, Frapolli R, Belgiovine C, Anselmo A, pescae S, Liguori M, et al.
Role of macrophage targeting in the antitumor activity of trabectedin. Cancer Cell
(2013) 23(2):249-62. doi: 10.1016/j.ccr.2013.01.008

25. Germano G, Frapolli R, Simone M, Tavecchio M, Erba E, Pesca S, et al.
Antitumor and anti-inflammatory effects of trabectedin on human myxoid
liposarcoma cells. Cancer Res (2010) 70(6):2235-44. doi: 10.1158/0008-
5472.CAN-09-2335

26. Allavena P, Signorelli M, Chieppa M, Erba E, Bianchi G, Marchesi F, et al.
Anti-inflammatory properties of the novel antitumor agent yondelis (trabectedin):
inhibition of macrophage differentiation and cytokine production. Cancer Res
(2005) 65(7):2964-71. doi: 10.1158/0008-5472.CAN-04-4037

27. Guillen MJ, Cataluna O, Palomares M, et al. (2015). Combination of
PM1183 with doxorubicin induces a synergistic antitumor activity in SCLC
tumor xenografts, in: Proceedings of AACR Annual Meeting (Abstract 2524)
Philadelphia, PA, USA

28. Elez ME, Tabernero J, Geary D, Macarulla T, Kang SP, Kahatt C, et al. First-
in-human phase I study of lurbinectedin (PM01183) in patients with advanced
solid tumors. Clin Cancer Res (2014) 20(8):2205-14. doi: 10.1158/1078-0432.CCR-
13-1880

29. Calvo E, Moreno V, Flynn M, Holgado E, Olmedo ME, Lopez Criado MP,
et al. Antitumor activity of lurbinectedin (PM01183) and doxorubicin in relapsed
small-cell lung cancer: results from a phase I study. Ann Oncol (2017) 28(10):2559-
66. doi: 10.1093/annonc/mdx357

30. Olmedo ME, Forster M, Moreno V, Lopez-Criado MP, Brana I, Flynn M,
et al. Efficacy and safety of lurbinectedin and doxorubicin in relapsed small cell
lung cancer. results from an expansion cohort of a phase I study. Invest New Drugs
(2021) 39(5):1275-83. doi: 10.1007/s10637-020-01025-x.

31. Trigo J, Subbiah V, Besse B, Moreno V, Lopez R, sala M.A, et al.
Lurbinectedin as second-line treatment or patients with small-cell lung cancer:
results from a single-arm, open-label, phase 2 basket trial. Lancet Oncol (2020) 21
(5):645-54. doi: 10.1016/51470-2045(20)30068- 1

32. Subbiah V, Paz-Ares L, Besse B, Moreno V, Peters S, Sala M.A, et al.
Antitumor activity of lurbinectedin in second-line small cell lung cancer patients
who are candidates for re-challenge with the first-line treatment. Lung Cancer
(2020) 150:90-6. doi: 10.1016/j.lungcan.2020.10.003

Frontiers in Oncology

08

10.3389/fonc.2022.932105

33. Farago AF, Drapkin BJ, Lopez-Vilarino de Ramos JA, Galmarini CM, Nunez
R, Kahatt C, et al. ATLANTIS: a phase III study of lurbinectedin/doxorubicin
versus topotecan or cyclophosphamide/doxorubicin/vincristine in patients with
small-cell lung cancer who have failed one prior platinum-containing line. Future
Oncol (2019) 15(3):231-9. doi: 10.2217/fon-2018-0597

34. Paz Ares L, Ciuleanu T, Navarro A, et al. (2021). Lurbinectedin/
Doxorubicin versus CAV or topotecan in relapsed SCLC patients: Phase IIT
randomized ATLANTIS trial, in: Abstract presented at the 2021 World
Conference on Lung Cancer. Wordlwide virtual event (Abstract PL02.03),
Proceedings of WCLC 2021. doi: 10.1016/j.jtho.2021.08.030

35. Xie W, Forveille S, Iribarrenet K, Sauvat A, Senovilla L, Wang Y, et al.
Lurbinectedin synergizes with immune checkpoint blockade to generate anticancer
immunity. Oncoimmunology (2019) 8(11):e1656502. doi: 10.1080/
2162402X.2019.1656502

36. Ponce S, Calvo E, Miguel MJD, et al. P2.12-13 lurbinectedin (L) combined
with paclitaxel (P) or irinotecan (I) in relapsed SCLC. results from two phase ib
trials. J Thorac Oncol (2019) 14(10):S817.

37. Ponce Aix S, Cote GM, Falcon Gonzalez A, et al. Lurbinectedin (LUR) in
combination with irinotecan (IRI) in patients (pts) with advanced solid tumors:
updated results from a phase ib-1I trial. J Clin Oncol (2020) 38(Suppl. 15):3514-4.

38. Available at: https://clinicaltrials.gov/ct2/show/NCT04358237.

39. Available at: https://clinicaltrials.gov/ct2/show/NCT04610658.

40. Available at: https://clinicaltrials.gov/ct2/show/NCT04802174.

41. Thomas A, Takahashi N, Rajapakse VN, Zhang X, Sun Y, Ceribelli M, et al.
Therapeutic targeting of ATR yields durable regressions in small cell lung cancers
with high replication stress. Cancer Cell (2021) 39(4):566-79. doi: 10.1016/
j.ccell2021.02.014

42. IMFORTE trial Available at: https://clinicaltrials.gov/ct2/show/
NCT05091567.

43. Emerge 402 trial. Available at: https://clinicaltrials.gov/ct2/show/
NCT04894591.

44. Kundu K, Cardnell R, Zhang B, Shen L, Stewart CA, Ramkumar K, et al.
SLEN11 biomarker status predicts response to lurbinectedin as a single agent and
in combination with ATR inhibition in small cell lung cancer. Transl Lung Cancer
Res (2021) 10(11):4095-105. doi: 10.21037/tlcr-21-43

45. Rudin CM, Poirier JT, Byers LA, Dive C, Dowlati A, George J, et al.
Molecular subtypes of small cell lung cancer: A synthesis of human and mouse
model data. Nat Rev Cancer (2019) 19(5):289-97. doi: 10.1038/s41568-019-0133-9

frontiersin.org


https://doi.org/10.1158/1535-7163.MCT-16-0172
https://doi.org/10.1016/j.ccr.2013.01.008
https://doi.org/10.1158/0008-5472.CAN-09-2335
https://doi.org/10.1158/0008-5472.CAN-09-2335
https://doi.org/10.1158/0008-5472.CAN-04-4037
https://doi.org/10.1158/1078-0432.CCR-13-1880
https://doi.org/10.1158/1078-0432.CCR-13-1880
https://doi.org/10.1093/annonc/mdx357
https://doi.org/10.1007/s10637-020-01025-x.
https://doi.org/10.1016/S1470-2045(20)30068-1
https://doi.org/10.1016/j.lungcan.2020.10.003
https://doi.org/10.2217/fon-2018-0597
https://doi.org/10.1016/j.jtho.2021.08.030
https://doi.org/10.1080/2162402X.2019.1656502
https://doi.org/10.1080/2162402X.2019.1656502
https://clinicaltrials.gov/ct2/show/NCT04358237
https://clinicaltrials.gov/ct2/show/NCT04610658
https://clinicaltrials.gov/ct2/show/NCT04802174
https://doi.org/10.1016/j.ccell.2021.02.014
https://doi.org/10.1016/j.ccell.2021.02.014
https://clinicaltrials.gov/ct2/show/NCT05091567
https://clinicaltrials.gov/ct2/show/NCT05091567
https://clinicaltrials.gov/ct2/show/NCT04894591
https://clinicaltrials.gov/ct2/show/NCT04894591
https://doi.org/10.21037/tlcr-21-43
https://doi.org/10.1038/s41568-019-0133-9
https://doi.org/10.3389/fonc.2022.932105
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Lurbinectedin in small cell lung cancer
	Introduction
	Phase I studies
	Phase II studies
	Phase III studies
	Discussion
	Author contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


