FOXQ1 Promotes Tumorigenicity and Tumor Growth

Luciferase reporter assay. The human p21 promoter
reporter vector was constructed according to a previously
described method (13). The p21 promoter fragment was
cut between the Kpnl and Xhol restriction sites and was
transferred into the luciferase reporter vector pGL4.14 (Pro-
mega). All sequences were verified using DNA sequencing,
The empty and p21 promoter-containing reporter vectors
were designated as pGL4.14-mock and pGL4.14-p21, respec-
tively. All the samples were examined in triplicate.

ChIP. ChIP was carried out using the ChIP-IT Express
Enzymatic kit (Active Motif) according to manufacturer's
protocol. HEK293 cells were transfected with empty vector
(Myc) or Myc-tagged FOXQI vector. The putative region of
the p21 promoter (-2264 to -1971) was amplified with the
following primers: 5'-TTG AGC TCT GGC ATA GAA GA-3’
(forward) and 5'-TAC CCA GAC ACA CTC TAA GG-3' (re-
verse). As a negative control, the glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) second intron promoter was am-
plified with the following primers: 5'-AAT GAA TGG GCA
GCC GTT AG-3’ (forward) and 5’-AGC TAG CCT CGC TCC
ACCTGA C-3’ (reverse).

Xenograft studies. Two separate xenograft studies were
performed independently. Nude mice (BALB/c nu/nu;

6-week-old females; CLEA Japan, Inc.) were used for the
in vivo studies and were cared for in accordance with the re-
commendations for the Handling of Laboratory Animals for
Biomedical Research compiled by the Committee on Safety
and Ethical Handling Regulations for Laboratory Animals
Experiments, Kinki University. The ethical procedures fol-
lowed and met the requirements of the United Kingdom
Coordinating Committee on Cancer Research guidelines
(23). To assess tumorigenicity, suspensions of 1 x 10°
H1299/EGFP or H1299/FOXQ! cells (in 0.1 mL PBS) were
s.c. injected into the left or right flanks of nude mice (n =
15), respectively. To evaluate tumor growth, a suspension
of 6 x 10° H1299/EGFP, H1299/FOXQl, H1299/FOXQ1/sh-
control, and H1299/FOXQ1/sh-p21 cells (in 0.1 mL PBS) were
s.c. inoculated (n = 10) into nude mice. The tumor volume
was calculated as length x width® x 0.5, The tumor formation
was assessed every 2 to 3 d. At the end of the experiment, the
mice were sacrificed and the xenografts were resected, fixed
in 10% buffered formalin for 6 to 10 h, and processed for
histologic analysis.

Immunohistochemical and immunofluorescence
staining. The methods used in this section have been
previously described (24, 25).
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Figure 1, FOXQ1 expression in CRC. A, mRNA expression of FOXQ1 obtained from a microarray analysis of 10 CRC and paired normal mucosa specimens,
The values indicate the normalized signal intensity. B, the mRNA expression levels of FOXQ7 were determined using real-time RT-PCR for 10 paired
and an additional 36 CRC samples. C, the mRNA expression levels of FOXQ7 were determined using a real-time RT-PCR analysis of human normal tissue
(left) and 30 human cancer cell lines, HEK293, and human umbilical vascular endothelial cell (HUVEC) cell lines (right). GC, gastric cancer; LC, lung

cancer; Rel mRNA, normalized mRNA expression levels (FOXQ1/GAPD x 10%).
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Figure 2. FOXQ directly regulates p21 transcription. A, FOXQ1-targeting siRNA {FQ#1 and FQ#4) suppressed FOXQ1 expression in DLD-1 cells. The mRNA
expression levels of FOXQ1 were determined using real-time RT-PCR. B, microarray analysis of DLD-1 cells transfected with control-siRNA or
FOXQ1-siRNA. The longitudinal axis indicates the mRNA expression of FOXQ1-siRNA transfected cells and the horizontal axis indicates that of
control-siRNA. Arrow, FOXQ1 or p21 expression. Each point indicates the normalized and log base 2 transformed microarray data. C, induction of p21
promoter activity by FOXQ1. Luciferase vectors with either an empty or p21 promoter (pGL4.14-mock or pGL4.14-p21) were transiently cotransfected with a
mock or FOXQ1 expression plasmid (pcDNA3.1-mock or pcDNA3.1-FOXQ1) expressing B-galactosidase as an internal control. The results were
normalized to B-galactosidase activity and are representative of at least three independent experiments. D, ChiP of FOXQ1 on the promoter of p21. HEK293
cells were transfected with empty vector (Myc) or Myc-tagged FOXQ1 vector. Agarose gel shows PCR amplification (35 cycles) of the p21 promoter
using inputs (1% of chromatin used for ChiP) or ChiPs as templates. Primers to the GAPDH promoter were used as the negative control.

Microarray analysis. The microarray procedure and anal-
ysis were performed according to the Affymetrix protocols
and BRB Array Tools software, Ver. 3.3.0,° developed by
Dr. Richard Simon and Dr. Amy Peng, as reported previously
(21, 26).

Statistical analysis. The statistical analyses were per-
formed using Microsoft Excel (Microsoft) to calculate the
SD and to test for statistically significant differences between
the samples using a Student’s ¢ test. A P value of <0.05 was
considered statistically significant.

Results
FOXQI mRNA was overexpressed in CRCs. A microarray
analysis for 10 paired CRC samples identified 30 genes as be-

ing significantly upregulated by >10-fold in CRC (P < 0.00L;
Supplementary Table $1). FOXQI, an uncharacterized tran-

* http://linus.nci.nih.gov/BRB-ArrayTools.htm!

scription factor, was upregulated by 28-fold in the CRC speci-
mens (Fig. 1A), exhibiting the fourth highest level of upregu-
lation [after interleukin-8, matrix metalloproteinase-1 (MMP),
and MMP-3]. Real-time RT-PCR for the 10 paired samples
and an additional 36 CRC samples showed that FOXQI
mRNA was markedly overexpressed in the CRC samples
but was only expressed at a very low level in noncancerous
colonic mucosa (P < 0.001; Fig. 1B). The average levels of
FOXQI expression were 299 + 326 and 4.0 + 5.0 (x10*/GAPD),
respectively.

FOXQ1 expression in normal tissues and cancer cell
lines. To investigate the expression of FOXQI, we analyzed
the mRNA expression levels of FOXQI in panels of human
normal tissues and cancer cell lines using real-time RT-
PCR. High levels of FOXQ1 expression were observed in the
stomach, salivary gland, prostate, trachea, and fetal liver
among the 24 normal tissues that were examined (Fig. 1C,
left). Relatively weak expression levels were detected in
brain-derived tissues, kidney, lung, placenta, and thyroid
gland. These results were consistent with those of a previous
report (27).
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In the cancer cell line panel, the mRNA expression levels of
FOXQI were higher in gastric cancer, CRC, and lung cancer
cell lines than in the other cancer cell lines, indicating that
the expression of FOXQI varies among specific cancers
(Fig. 1C, right). Interestingly, the overexpression of FOXQI
in CRC arose from normal colonic mucosa with very low
expression levels during carcinogenesis.

p21 is a target gene of FOXQI. To examine the function
of FOXQ1 as a transcription factor and to explore its target
genes, we performed a microarray analysis using a CRC cell
line, DLD-1, transfected with FOXQl-targeting siRNA or
control siRNA. Two sequences of FOXQI-siRNA, FQ#1 and

FQ#4, were used to exclude the off-target effect of siRNA.
Real-time RT-PCR showed that both sequences of FOXQI-
siRNA suppressed FOXQI mRNA expression by ~80% in
DLD-1 cells (Fig. 2A); thus, FQ#4 was used as the FOXQI-
siRNA in the following experiments. A microarray analysis
showed that 19 genes were downregulated by FOXQI1-siRNA
(Fig. 2B; Supplementary Table S2); p2I was the fifth most-
downregulated gene. Because p2l is a key regulator of cell
cycle and apoptosis, we focused on p2l as a target molecule
of FOXQl.

To confirm the microarray data, p21 downregulation by
FOXQ1-siRNA was examined using real-time RT-PCR and a
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Figure 3. p21 induction by FOXQ1 and p53 status in cancer cells. The seven cell iines were transfected with control-siRNA or FOXQ1-siRNA for 24 h,
and the cells were exposed to doxorubicin at a final concentration of 0.5 or 1 ymol/L for a further 24 h to enhance p21 induction. Westem blot
analyses for p21 and p53 were performed in three p53-wild type cell lines (A), three p§3-mutant cell lines (B), and one p53-null cell line (C). The experiment
was performed in duplicate. D, immunofluorescence p21 staining and 4',6-diamidino-2-phenylindole (DAPI} staining for H1299 cells transfected

with control-siBNA (top) or FOXQ1-siRNA (bottom) for 48 h. Scr, scramble-siRNA (control); FQ#4, FOXQ1-targeting siRNA. B-Actin was used as an

internal control,
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FOXQ1, H1299/FOXQ1. *, P < 0.05.

Western blot analysis in DLD-1 cells. The results indicated
that both sequences of FOXQ1-siRNA (FQ#1 and FQ#4)
downregulated p21 expression at both the mRNA and pro-
tein levels. In addition, we confirmed the downregulation
of p21 by FOXQI1-siRNA in other cell lines (WiDr and
HEK?293), obtaining similar results (Supplementary Fig. S1).
FOXQ! directly increases the transcription activity of
p21. We performed a luciferase reporter assay to determine
whether FOXQ1 regulates p21 expression at the transcrip-
tional level. A 2.4-kb section of the p2l promoter region

was subcloned into a luciferase vector according to a
previously described method (13, 28). The p21 promoter
activity was increased by >8-fold when cotransfected with
a FOXQ! expression vector, compared with an empty vector
(Fig. 2C). To determine whether FOXQ1 directly binds to
p21 promoter, we transfected Myc or Mye-tagged FOXQ1
vectors into HEK293 cells and then conducted ChIP experi-
ments. A segment of the p21 promoter containing putative
FOXQ! binding site (2264 to -1971) is precipitated with
specific antibody, only if, FOXQ1 was induced (Fig. 2D).
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The result indicates that FOXQ1 binds to the p21 promoter
and upregulates p21 transcriptional activity.
p53-independent p21 induction by FOXQI in cancer
cells. Because p53 is the most important regulatory mole-
cule of p21, we examined the downregulation of p21 by
FOXQI-siRNA in several cell lines with p53-wild type,
p53-mutant, or p53-null statuses. These cell lines were
transfected with control-siRNA or FOXQI-siRNA, and p2l
induction was enhanced by doxorubicin (29-31). The
experiments were performed using three p53-wild type cell
lines, three p53-mutation cell lines, and one p53-null cell
line (Fig. 3A-C). Without doxorubicin exposure, all seven
cell lines showed that p21 expression was downregulated
by FOXQ1-siRNA. Notably, with doxorubicin exposure,
considerable p21 downregulation by FOXQ1-siRNA was
observed in the p53-mutation and p53-null cell lines,
compared with in the p53-wild type cell lines. In the p53-
null H1299 cell line, FOXQ1-siRNA completely suppressed

p2l expression. These results suggest that p21 induction
by FOXQI is p53 independent. An immunofluorescence
study of p21 in H1299 cells also showed that p21 was
completely downregulated by FOXQ1-siRNA (Fig. 3D).

Overexpression of FOXQI increases p2l1 expression and
exhibits an antiapoptotic effect in cancer cells. Next, we
established a stable FOXQI-overexpressing cell line to con-
firm the induction of p21 expression by FOXQ1 and to detect
any changes in the cellular phenotype of the cancer cells.
FOXQ1 overexpression induced p21 expression (both mRNA
and protein) in HEK293 and CoL0320 cells (Supplementary
Fig. §1). Notably, p21 protein expression was markedly in-
duced by >10-fold in the H1299/FOXQ1 cells (Supplementary
Fig, S1). These results indicated that FOXQI robustly induces
p21 expression, consistent with the findings of the siRNA
study.

p21 induces an antiapoptotic effect and exerts a protec-
tive role against apoptosis induced by DNA damage. To
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elucidate the role of apoptosis induced by FOXQ1 in
cancer cells, we examined the apoptotic effect in H1299/
EGFP and H1299/FOXQ1 cells using anticancer drugs. The
overexpression of FOXQI inhibited the apoptosis induced
by doxorubicin (H1299/EGFP: 7.9 + 1.9%, H1299/FOXQ1l:
2.7 + 0.7%; Fig. 4A). Similarly, camptothecin-induced
apoptosis was also inhibited in FOXQ1-overexpressing cells
(H1299/EGFP: 7.4 + 2.1%, H1299/FOXQ1: 2.5 + 1.0%; Fig. 4B).
Western blotting revealed that FOXQ1 overexpression
decreased the levels of cleaved caspase-3 and cleaved PARP
induced by doxorubicin (Fig. 4C). These results are consis-
tent with those obtained using flow cytometry.
Overexpression of FOXQI decreases cellular prolifera-
tion but enhances tumorigenicity and tumor growth
in vivo. Stable H1299/FOXQ1 cells showed decreased cellular

proliferation compared with control cells in vitro (Fig. 5A).
Expressions of Cdk4, cyclin D1, and Cdk2 were decreased
by FOXQ! expression in H1299/FOXQ1 cells and resulted in
a decrease of phosphorylated Rb expression (Fig. 5A). To
examine the biological functions of FOXQ1 overexpression
in vivo, we evaluated tumorigenicity and tumor growth using
H1299/EGFP or H1299/FOXQ1 cells. H1299/FOXQI cells ex-
hibited a significantly elevated level of tumorigenesis in vivo
(GFP 2/15, FOXQ1 7/15, P < 0.05; Fig. 5B). In addition, the
tumor volume was markedly larger in H1299/FOXQI cells
than in H1299/EGFP cells (EGFP: 437 + 301, FOXQI: 1735 +
769 mm®, P < 0.001; Fig. 5B) on day 25.

p21 does not contribute to FOXQI-mediated tumor
growth in vivo. Because emerging evidence has indicated
that p21 may have dual functions with regard to tumor
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progression and the suppression of cancer cells (32, 33), the
shRNA targeting p21 or shRNA control viral vectors were fur-
ther introduced into the H1299/FOXQ1 cells to elucidate the
involvement of p21 in increased FOXQl-mediated tumorige-
nicity and tumor growth in vivo. Stable H1299/FOXQ1/sh-p21
cells were slightly increased in cellular proliferation in vitro
(Fig. 5C). In addition, tumor growth of H1299/FOXQ1/sh-p21
cells was increased compared with control cells in vivo (Fig.
5D). The results clearly indicate that p21 has negative roles
for cellular proliferation and tumor growth in FOXQ1-overex-
pressing cells, suggesting that p21 does not contribute to
FOXQl-mediated tumor growth in FOXQl-overexpressing
cells in vivo.

Overexpression of FOXQI promotes angiogenesis and
antiapoptosis in vive. To gain an insight into the mecha-
nism by which FOXQI enhances tumor growth in vivo, we
performed the microarray analysis on H1299/EGFP and
H1299/FOXQ1 cells. Fifty-two genes were upregulated over
4-fold by overexpression of FOXQ1 including several genes
that have positive roles for tumor growth, such as VEGFA,
WNT34, RSP02, and BCL11A (Fig. 6A). Overexpression of
FOXQ! upregulated the VEGFA expression for 4.4-fold, sug-
gesting the possibility of enhanced angiogenesis. Real-time
RT-PCR for these cells and vascular endothelial growth factor
(VEGF) staining of tumor specimens confirmed the result
(Fig. 6B). Furthermore, CD31 staining of the tumor spe-
cimens showed that FOXQ1 overexpression significantly
increased the angiogenesis in vivo.

Terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling (TUNEL) and p21 immunostaining of the
tumor specimens showed that p21 expression was increased
and apoptosis was inhibited in H1299/FOXQ1 cells (Fig. 6B).
These results strongly suggest that FOXQ1 promotes tumor-
igenicity and tumor growth with its angiogenic and antia-
poptotic properties in vivo (Fig. 6C).

Discussion

FOX transcription factors are an evolutionarily conserved
superfamily that control a wide spectrum of biological pro-
cesses. Several Fox gene family members are involved in the
etiology of cancer. Only the FOXO family has been regarded
as bona fide tumor suppressors that promote apoptosis and
cell cycle arrest at G, (34, 35). The loss of FOXO function ob-
served in alveolar rhabdomyosarcoma through chromosomal
translocation was first identified in relation to cancer. Many
target genes of FOXO have been reported to date, including
p21, cyclin D, Bim, TRAIL, and ER-« (36). On the other hand,
the overexpression of FOXM is observed in head and neck
cancer, breast cancer, and cervical cancer, and it enhances
proliferation and tumor growth in vitro (37), suggesting that
FOXM may be an oncogene. Although the available evidence
is not conclusive, FOXP, FOXC, and FOXA have been linked
to tumorigenesis and progression of certain cancers (36).
Thus, the FOX family is thought to act as either an oncogene
or a tumor suppressor. In the present study, we showed
that the overexpression of FOXQ! played a tumor-promoting
role in CRC.

The p21 promoter region contains several definitive DNA
regulatory elements, such as the p53-binding domain, E-box,
Smad binding element, and TGF-p response elements. In the
case of the other FOX family member FOXO, a recent report
showed that the p21 promoter contains a consensus fork-
head binding element (GGATCC) immediately upstream of
the first Smad binding element and that the FOXO and Smad
complexes activate p2l expression, whereas the FOXG1 pro-
tein binds to FOXO and blocks p21 induction (38). On the
other hand, the consensus binding sequence (5'-NA(A/T)
TGTTTA(G/T)(A/T)T-3') has been defined for human FOXQ1
(4). The p21 promoter region contains several putative
FOXQ1 binding sites according to its consensus binding se-
quence. Indeed, we have shown that FOXQ1 binds to a seg-
ment of the p21 promoter, indicating that FOXQ1 directly
transactivates the p2l gene expression.

The initial descriptions of p21 were thought to indicate a
tumor suppressor-like role, and p21 was almost solely re-
garded as a modulator with the principal function of inhibit-
ing a cyclin-dependent kinase activity and, hence, cell cycle
progression, because it was originally identified as a media-
tor of p53-induced growth arrest. However, emerging evi-
dence has indicated that p21 may have dual functions with
regard to tumor progression and the suppression of cancer
cells, with examples of other genes with dual functions in-
cluding TGF-B, Notch, Runx3, E2F, and p21 (32). Besides its
growth inhibitory role, p21 is known to have a positive effect
on cell proliferation (39-41). A more recent study on leuke-
mic stem cells showed a p2l-dependent cellular response
that leads to reversible cell cycle arrest and DNA repair;
such data clearly illustrate the oncogenic potential of p21
(33). We have shown that p21 has negative roles for tumor
growth using FOXQl-overexpressing cells with knockdown
of p21 (Fig. 5D).

Recently, accumulating evidence has shown that FOX
transcriptional factors are involved in VEGF regulation and
angiogenesis. For example, forkhead has exhibited a positive
role in mediating induction of VEGF (42-44). In the present
study, we identified VEGFA as a candidate target gene of
FOXQI by microarray analysis and showed that FOXQ1
increased angiogenesis in vivo. Interestingly, although over-
expression of FOXQI decreases cellular proliferation
in vitro, it enhances tumorigenicity and tumor growth in vivo.
We consider that this discrepancy can be explained by these
angiogenic and antiapoptotic effects of FOXQ1 contribute to
enhanced tumor growth in vivo, although p21 negatively
functions.

We showed that the overexpression of FOXQ1 inhibited
doxorubicin-induced and camptothecin-induced apoptosis
in p53-inactivated cancer cells. Therefore, we speculated
that FOXQ1 might be a new determinant factor of resistance
to drug-induced apoptosis and might represent a poor
prognostic factor for CRC patients.

In conclusion, FOXQ1 is markedly overexpressed in CRC
and enhances tumorigenicity and tumor growth in vive.
We have elucidated a biological function of FOXQ1, which
directly upregulates p21 transcription and promotes angio-
genesis and antiapoptosis. Our findings support FOXQ1
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as a new member of the cancer-related FOX family in
cancer cells.
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Background: Amrubicin is a synthetic anthracycline drug that is a
potent inhibitor of topoisomerase 1. We have performed a multicenter
phase [I trial to evaluate the efficacy and safety of amrubicin for patients
with previously treated non-small cell lung cancer (NSCLC).
Methods: Patients with advanced NSCLC who experienced disease
recurrence after one platinum-based chemotherapy regimen were eligi-
ble for enrollment in the study. Amrubicin was administered by intra-
venous injection at a dose of 40 mg/m” on 3 consecutive days every 3
weeks.

Results: Sixty-one enrolled patients received a total of 192 treat-
ment cycles (median, 2; range, 1-15). Response was as follows:
complete response, 0; partial response, seven (11.5%); stable dis-
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case, 20 (32.8%); and progressive disease, 34 (55.7%). Median
progression-free survival was 1.8 months, whereas median overall
survival was 8.5 months, and the l-year survival rate was 32%.
Hematologic toxicities of grade 3 or 4 included neutropenia
(82.0%), leukopenia (73.8%), thrombocytopenia (24.6%), and ane-
mia (27.9%). Febrile neutropenia occurred in 18 patients (29.5%).
One treatment-related death due to infection was observed. Nonhe-
matologic toxicities were mild.

Conclusions: Amrubicin is a possible alternative for second-line
treatment of advanced NSCLC, although a relevant hematological
toxicity is significant, especially with a febrile neutropenia.

Key Words: Amrubicin, Non-small cell lung cancer (NSCLC),
Platinum refractory, Second-line chemotherapy.

(J Thorac Oncol. 2010;5: 105-109)

N on-small cell lung cancer (NSCLC) is the leading cause
of decath related to cancer worldwide.! The first-line
platinum-based chemotherapy confers a moderate improve-
ment in survival and quality of life in individuals with
advanced NSCLC.23 It has recently become generally ac-
cepted that the second-line chemotherapy also has beneficial
effects on survival and quality of life in such patients3—>
Despite the availability of several options for the second-line
treatment of NSCLC,¢ however, the life expectancy of pa-
tients with advanced disease remains short, highlighting the
urgent need for new treatments.

Amrubicin is a fully synthetic anthracycline anticancer
drug with a similar structure to doxorubicin and is a potent
inhibitor of topoisomerase 11.7-9 Two phase II trials of am-
rubicin administered as a single agent yielded response rates
of 18.7 to 27.9% with acceptable toxicities in chemotherapy-
naive patients with advanced NSCLC,'%!' suggestive of
promising activity for such paticnts. Howcver, the activity
and safety of amrubicin for patients with NSCLC whose
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disease progresses after first-line chemotherapy have not been
previously described.

Therefore, we conducted a multicenter phase 11 trial of
amrubicin in patients with NSCLC previously treated with
platinum-based chemotherapy. This trial was designed to
determine the antitumor activity and toxicity of amrubicin in
the second-line setting.

PATIENTS AND METHODS

Patient Selection

The eligibility criteria for participation of subjects in
the trial included histologic or cytologic evidence of NSCLC;
stage IV or stage 11IB disease (including only patients with no
indications for curative thoracic radiotherapy) at study entry;
recurrent or refractory disease after one previous platinum-
containing chemotherapy regimen; measurable disease; no
chemotherapy or radiotherapy within the 4 weeks before
study entry; an age of 20 to 74 years; an Eastern Cooperative
Oncology Group performance status of 0 or |; adequate bone
marrow function (leukocyte count of >4000 and =12,000/
mm°, neutrophil count of =2000/mm>, platelet count of
>100 000/mm>, and hemoglobin content of =9.5 g/dl); ad-
equate other organ function (serum total bilirubin concentra-
tion of =1.5 mg/dl, serum aspartate aminotransferase and
alanine aminotransferase levels of =2.5 times the upper
normal limit, and normal serum creatinine concentration);
partial pressure of arterial oxygen of =60 torr; no abnormal-
ity on the electrocardiogram requiring treatment; and a left
ventricular ejection fraction of =60% on echocardiography.
Patients were ineligible for participation in the study if they
had undergone previous amrubicin therapy, a history of a
cumulative doxorubicin dose >500 mg/m? (epirubicin >900
mg/m?, pirarubicin >950 mg/m?, and daunorubicin >25
mg/kg), symptomatic brain metastasis, third-space fluid col-
lection requiring drainage, active concomitant malignancy,
radiographic signs of interstitial pneumnonia or pulmonary
fibrosis, a serious or uncontrolled concomitant systemic dis-
order (active infection, active gastric or duodenal ulcer, heart
disease, diabetes mellitus, or a condition requiring chronic
systemic administration of corticosteroids), or a history of
drug allergy, or if they were lactating or pregnant. This study
was performed in accordance with the principles of the
Declaration of Helsinki and the good clinical practice guide-
lines. Written informed consent was obtained from all pa-
tients before study entry. Trial document approval was ob-
tained from the institutional review board of each
participating institution.

Study Design and Sample Size

The study was a multicenter, open-label, single-arm,
phase 11 study. The primary end point was the response rate
for amrubicin in patients with recurrent or refractory NSCLC
who experienced treatment failure with platinum-based che-
motherapy, which determined the sample size based on an
optimal two-stage design.'’? On the basis of the results of
previous studies, the proposed regimen was to be considered
worthy or not worthy for additional investigation in the
selected patient population if a true response rate was ob-
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tained of =18 or =<5%, respectively, with a power of 0.9 and
an o error of 0.05. A total of 55 assessable patients was
necessary for the study; 23 in the first stage and 32 in the
second stage. Assuming a drop-out rate of 10%, we planned
on enrolling 60 patients in the study.

Treatment

Amrubicin was reconstituted in 20 ml of physiological
saline or 5% glucose solution and was administered intrave-
nously for more than 5 minutes at a dose of 40 mg/m? per day
on days 1 to 3 every 3 weeks. Patients with evidence of
disease progression or who experienced unacceptable adverse
events were withdrawn from the study. Other criteria for
treatment discontinuation included treatment refusal by the
patient, inadvertent enrollment in the study, use of excluded
concomitant therapy, or a dccision by the physician to stop
treatment. Subsequent courses of treatment were withheld
until the followmg criteria were satisfied: the leukocyte count
was =3000/mm?>, the neutrophil count was =1500/mm?>, the
platelet count was =100,000/mm’®, and the grade of any
nonhematologic toxicity was =2. If these criteria were not
satisfied within 43 days after thc onset of the last treatment,
the patient was removed from the study. The dose of amru-
bicin was reduced to 35 mg/m? per day if leukopenia or
neutropenia of grade 4 for morc than 4 days, febrile neutro-
penia, thrombocytopenia of grade 4, or nonhematologic tox-
icity of grade =3 (or of grade 4 for anorexia, nausea, body
weight loss, or hyponatremia) occurred during the previous
course. If these toxicities occurred after reduction of the
amrubicin dose to 35 mg/m? per day, the dose was reduced
further to 30 mg/m? per day. The third reduction of amrubicin
dose was not allowed.

Evaluation

Tumor response was assessed according to the Re-
sponse Evaluation Criteria in Solid Tumors.'* Tumors were
measured by computed tomography within 4 weeks before
the first cycle of treatment. The same measurement was
performed every 4 weeks from the onset of treatment. A
central radiologic review was performed to determine the
eligibility of patients and the response to treatment. Response
was confirmed at least 4 (for a complete or partial response)
or 6 weeks (for stable discase) after it was first documented.
Progression-free survival was defined as the time from reg-
istration until objective tumor progression or death. Patients
whose disease had not progressed at the time of discontinu-
ation of the study treatment were assessed until progression
was documented. If a patient died without documentation of
disease progression, the patient was considered to have had
tumor progression at the time of death, unless there was
sufficient documented evidence to conclude otherwise. Over-
all survival was defined as the time from registration until
death from any cause. Progression-free and overall survival
and the 1-year survival rate were estimated by the Kaplan-
Meier method. Adverse events were graded according to
National Cancer Institute Common Toxicity Criteria (version
3). All patients who received one dose of chemotherapy were
assessable for toxicity. Clinical and laboratory assessment
was performed at least once a week.
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RESULTS

Patient Characteristics

Between February 2005 and March 2006, 61 patients
were enrolled in the study at 12 participating institutions. All
patients were eligible for the study and assessable both for the
efficacy and safety of treatment and for survival. The char-
acteristics of the study subjects are summarized in Table 1.
Thirty-nine patients were men and 22 were women, and their
median age was 63 years, with a range of 51 to 74 years.
Histologic analysis revealed that 40 patients (65.6%) had
adenocarcinoma, and 14 patients (23.0%) had squamous
cell carcinoma. Forty-eight patients (78.7%) had stage TV
disease, and the other 13 patients had stage ITIB disease at
the time of enrollment in the study. All 61 patients had
been previously treated with platinum-based chemother-
apy, with eight and 22 patients having also undergone
surgery or radiation therapy, respectively, before enroll-
ment in the study.

Treatment Administered
Patients received a median of two cycles of treatment
(range, 1-15), with 16 patients (26.2%) receiving at least

TABLE 1.

Characteristic

Characteristics of the 61 Eligible Patients

No. of Patients (%)

Median age (yr)

<70 48 (78.7)

=70 13 (21.3)
Sex

Male 39 (63.9)

Female 22 (36.1)
Performance status (ECOG)

0 15 (24.6)

! 46 (75.4)
Disease stage

B 13 (21.3)

1\Y 48 (78.7)

Tumor histology

Adenocarcinoma 40 (65.6%)

Squamous cell carcinoma 14 (23.0%)
Large cell carcinoma 34.9)
NSCLC, not specified 4(6.6)
Prior therapy
Chemotherapy 61 (100)
Radiotherapy 22 (36.1)
Surgery 8 (13.1)
Time since last chemotherapy
<3 mo 28 (46.0)
3-6 mo 16 (26.0)
=6 mo 17 (28.0)
Response to prior chemotherapy
Complete response 1(1.6)
Partial response 36 (59.0)
Stable or progressive disease 19 31.1)
Not evaluable 5(8.2)

ECOG, Eastem Cooperative Oncology Group; NSCLC, non-small cell lung cancer.

four cycles. A total of 192 cycles of treatment was deliv-
ered overall. The mean relative dose intensity of amrubicin
was 87.3%. Dose reduction of amrubicin was necessary
according to the study protocol in 22 cycles (11.5% of total
cycles). The major reasons for dose reduction were neu-
tropenia or leukopenia of grade 4 (13 cycles of all cycles)
and febrile neutropenia (nine cycles of all cycles). Treat-
ment was discontinued in 14 patients after the first cycle
and in 17 patients after the secoud cycle; the reasons for
discontinuation included progressive disease (25 patients),
toxicity (four patients), and patient refusal (two patients).
Poststudy, 71% of patients eventually received subsequent
therapies. Twenty-cight patients (46%) received do-
cetaxel-containing chemotherapy, 18 (26%) received ge-
fitinib or erlotinib, and 30 (49%) received other chemo-
therapy.

Response and Survival

Among the 61 assessable patients, there were seven
partial responses and no complete responses, for an overall
response rate of 11.5% (95% confidence interval [CI], 4.7
22.2) (Table 2). Twenty paticnts (32.8%) had stable disease,
yielding an overall disease control rate (complete response +
partial response + stable disease) of 44.3% (95% CI, 31.5—
57.6). Thirty-four patients had progressive disease as the
best response. No correlation was apparent between the
response rate and sex, age, tumor histology, disease stage,
or smoking status.

Of the 61 subjects, 11 patients were still alive as of
October 2008. The progression-free survival curve is shown
in Figure 1; the median progression-free survival was 1.8
months (95% CI, 1.4-2.3). The curve for overall survival is
shown in Figure 2; the median overall survival time was 8.5
months (95% CI, 7.7-10.4), and the I-year survival rate was
32% (95% Cl, 20.7-44.0).

Safety

The adverse events observed for all 61 treated patients
are summarized in Table 3. The most frequent toxicity was
myelosuppression, which mostly affected leukocytes. Neu-
tropenia or leukopenia of grade =3 occurred in 82.0% and
73.8% of patients, respectively. Anemia and thrombocytope-
nia of grade =3 were relatively infrequent, occurring in
27.9% and 24.6% of patients, respectively. Eighteen patients
(29.5%) developed febrile neutropenia. The most common

TABLE 2. Overall Response Rate for Amrubicin (Response
Evaluation Criteria in Solid Tumors) as Determined by
Independent Radiological Assessment

Response No. of Patients

Complete response 0

Partial response 7 (11.5%; 95% Cl, 4.7-22.2)
Overall response 7 (11.5%)

Stable disease 20 (32.8%)

Disease control 27 (44.3%; 95% CI, 31.5-57.6)

Progressive disease 34 (55.7%)
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Progression-free survival
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FIGURE 1. Kaplan-Meier analysis of progression-
free survival for all 61 treated patients.
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FIGURE 2. Kaplan-Meier analysis of overall sur-
vival for all 61 treated patients.

TABLE 3. Toxicity for all 61 Patients During Amrubicin
Monotherapy According to the National Cancer Institute
Common Toxicity Criteria (Version 3)

Grade Grade =3
Toxicity 1 2 3 4  No. Percentage
Leukopenia 5 8 24 21 45 73.8
Neutropenia 0 5 & 42 S0 82.0
Anemia 16 27 13 4 17 279
Thrombocytopenia 25 7 7 g 15 24.6
Febrile neutropenia 0 0 18 0 18 29.5
Anorexia 19 9 5 1 6 9.8
Nausea 20 5 2 0 2 33
Vomiting 7 3 0 0 0 0
Asthenia 18 13 2 2 4 6.6
Infection 0 1 2 1 4¢ 6.6
Fever 10 6 ] 0 1 1.6
Elevation of AST or ALT 15 3 { 3 4 6.6
Preumonitis 1 0 1 0 1 1.6

% Includes one treatment-related death (grade 5).
AST, aspartatc aminotransferase; ALT, alanine aminotransfcrase.

nonhematologic toxicities of grade 3 or 4 were anorexia
(9.8%), asthenia (6.6%), an increase in serum alanine ami-
notransferase and aspartate aminotransferase levels (6.6%),
and infection (6.6%), but most nonhematologic toxicities
were mild. No cardiac toxicity was observed during the study.
Pneumonitis of grade 3 occurred in one patient. One treat-
ment-related death due to sepsis after febrile neutropenia
occurred.
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DISCUSSION

Amrubicin is a novel, fully synthetic anthracycline
agent that is active against both NSCLC and small cell lung
cancer (SCLC).10.11.14-16 N prospective study evaluating the
efficacy and safety of anuubicin for previously treated
NSCLC has been reported. We have now demonstrated the
efficacy of amrubicin monotherapy for patients with NSCLC
previously treated with platinum-based chemotherapy, as
shown by a response rate of 11.5%, median overall survival
of 8.5 months, and 1-year survival rate of 32% in 61 patients.
Previous phase 111 trials for second- or third-line treatment of
NSCLC have shown response rates of 7.6 to 9.1%, median
overall survival times of 6.7 to 8.3 months, and l-year
survival rates of 29.7 to 34%.45.17-19 Amrubicin is a potent
inhibitor of topoisomerase II, with its mechanism of action
differing from those of currently available active agents for
advanced NSCLC.™ Given the encouraging results from our
trial and the unique mode of action of amrubicin, this drug is
a good candidate for the development of a new second-line
treatment for NSCLC.

Treatment was discontinued in 14 paticnts after the first
cycle and 17 patients after the second cycle. Of these 31
patients, 25 patients were withdrawn because of progressive
disease. The study protocol required assessment of antitumor
effect by computed tomography every 4 weeks. Such assess-
ment, performed to avoid ineffective therapy, resulted in
early discontinuation of treatment due to progressive disease
and thereby yielded a median progression-free survival that
was slightly shorter than otherwise might have been obtained.

Two recent phase 11 trials of amrubicin for previously
treated SCLC, in which the drug was administered at the
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same dose and according to the same schedule as in the
present study, found that treatment was associated with a high
incidence of bone marrow suppression, although drug toxic-
ity was manageable.202! Consistent with these results, the
major adverse events in this study were hematologic toxici-
ties of grade 3 or 4 including neutropenia (82.0%), leukope-
nia (73.8%), anemia (27.9%), and thrombocytopenia
(24.6%). The incidence of these toxicities in this study was
similar to that observed previously in the phase 1T trials for
previously treated SCLC. However, the incidence of febrile
neutropenia of grade 3 was higher in our study (29.5%) than
in these previous trials (5-14%). One possible explanation for
this difference is the frequent use of granulocyte colony-
stimulating factor for treatment of SCLC, when compared
with treatment for NSCLC. The incidents of significant neu-
tropenia and febrile neutropenia were seen primarily in the
first cycle. In this study, patients who experienced severe
hematologic toxicities were not allowed to receive prophy-
lactically granulocyte colony-stimulating factor in subsequent
cycles. One treatment-related death due to sepsis after febrile
neutropenia occurred in our study. Therefore, it is important
to monitor closely leukocyte and neutrophil counts during
amrubicin therapy in patients with previously treated
NSCLC. Nonhematologic toxicity was manageable in this
study. Another adverse cvent of particular concern for amru-
bicin is cardiac toxicity, given that the chemical structure of
the drug is similar to that of doxorubicin, whose cardiac
toxicity has been experimentally and clinically established.
Indeed, cardiac toxicity was detected in previous trials of
amrubicin, although its frequency (3.2%) was relatively
low.'0.11 For safety reasons, this study allowed the enrollment
only of patients with a left ventricular ejection fraction of
=60% as determined by echocardiography. No cardiac tox-
icity was observed during our trial, even in the three patients
who received more than eight cycles of amrubicin therapy.

Tn conclusion, in this first reported phase 11 study of the
efficacy and safety of amrubicin monotherapy as a second-
line treatment for advanced NSCLC previously treated with
platinum-based chemotherapy, we obtained a response rate,
overall survival, and 1-year survival rate comparable with
those of other second-line treatment regimens. This activity
despite a relevant hematological toxicity of amrubicin mono-
therapy is a possible alternative for second-line treatment of
advanced NSCLC. Further evaluation of amrubicin for re-
fractory or relapsed NSCLC in randomized phase 111 trials is
warranted.
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Introduction: A phase | study on relapsed small cell lung cancer
(SCLC) was conducted to establish the toxicity and maximum tolerated
dose of carboplatin with topotecan, and to observe the antitumor
activity.

Methods: Thirty-two SCLC patients who had received one previous
line of chemotherapy were enrolled. Topotecan was infused for 30
minutes on days 1 to 5, and carboplatin for 60 minutes afier the
topotecan infusion on day 5 every 3 weeks. Granulocyte colony-
stimnulating factor prophylaxis was administered from day 8 to white
blood cell or neutrophil recovery.

Results: The most frequent toxicities were neutropenia and throm-
bocytopenia. Nonhematological toxicities were generally mild.
Three of six patients experienced a dose-limiting toxicity, thrombo-
cytopenia, at dose level 6: 0.85 mg/m® topotecan with area under
curve 5 carboplatin (maximum tolerated dose). Of 29 evaluable
patients, 5 (17.2%) had partial responses. Of 21 patients who
relapsed more than 90 days after completion of first-line chemother-
apy, 5 (23.8%) had partial responses. Median overall survival time
and l-yesr survival rate were 11.3 months and 50.0%, respectively.
Conclusions: The recommended dose for further studies is 0.75 mg/m?
of topotecan on days | to 5 with area under curve $ of carboplatin on
day 5 every 3 weeks. This combination is well tolerated, and is
promising for sensitive relapsed SCLC. A comparative study against
single-agent topotecan for sensitive relapsed SCLC is warranted.
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mall cell lung cancer (SCLC) accounts for 15 to 20% of
all lung cancers. As SCLC is highly sensitive to chemo-
therapy and radiation, chemotherapy plays a central role in
the treatment of SCLC. Although initial standard chemother-
apies such as cisplatin plus etoposide! or cisplatin plus
irinotecan? yield high response rates, especially in terms of
complete remission, in SCLC, the majority of patients expe-
rience relapse and the 5-year survival rate is disappointing, at
20 to 25% for patients with limited disease and only 1 to 2%
for those with extensive disease. Moreover, the outcome for
patients who receive second-line chemotherapy after relapse
is generally poor, depending on the interval from the day of
the last administration of first-line chemotherapy to the day of
relapse.>4 It scems that the response rate of second-line
chemotherapy with an interval of 90 days or more for “sen-
sitive cases” is higher than that of chemotherapy with an
interval of less than 90 days for “refractory cases.”
Topotecan targets DNA topoisomerase 1. Recently, two
randomized phase I1I studies on the effect of topotecan, as a
single agent and sccond-line chemotherapy, for relapsed
SCLLC were performed. ¢ The first randomized study
showed that topotecan alone had an equivalent effect to the
combination chemotherapy (cyclophosphamide, doxorubi-
cin, and vincristine: CAV) in sensitive cases. In this study,
topotecan achieved a response rate of 24% (CAV, 18%)
and a median survival time (MST) of 25 weeks (CAV, 24,7
weeks), with significantly better symptom relief.5 The
second randomized study demonstrated that oral topotecan
prolonged overall survival more significantly than best sup-
portive care (25.9 weeks versus 13.9 weeks) in relapsed
SCLC patients, who were not considered as candidates for
standard intravenous chemotherapy, including refractory
cases. Moreover, patients receiving oral topotecan also
showed better quality of life and greater symptom control.%
Based on these results, it would seem that topotecan alone
should be the standard of care for relapsed SCLC; however,
as there have been few randomized trials in the second-line
setting, whether results of combination chemotherapy can
exceed those of the single agent is not yet well known.
We planned combination chemotherapy using carbo-
platin with the present standard of care, topotecan. Cisplatin
is a platinum preparation that has an important role in the
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treatment of SCL.C, but its cumulative toxicity such as ncural
and renal toxicities from first-line therapy was a matter of
concern. We thus chose carboplatin rather than cisplatin.
However, until now, combination chemotherapy of topotecan
and carboplatin for relapsed SCLC had not been fully eval-
uated. Trials on ovarian cancer demonstrated that the toxicity
of combination therapy for carboplatin on day S with topo-
tecan on days 1 to 5 was significantly milder than that of
carboplatin on day 1 with topotecan. Therefore, we chose a
schedule in which carboplatin was administered on day 5 in
combination with topotecan on days 1 to 5 every 3 weeks.”
As both carboplatin and topotecan have overlapping toxici-
ties, neutropenia and leucopenia, we decided to give granu-
locyte colony-stimulating factor (G-CSF) prophylaxis.

The purposes of this study were to establish the toxicity
and maximum tolerated dose (MTD) of this combination, to
determine the recommended dose for further studies, and to
assess the antitumor activity.

PATIENTS AND METHODS

Patient Eligibility

Patients with histologic or cytologic confirmation of
SCLC who had received one previous chemotherapy regimen
were eligible. The eligibility criteria were as follows (1):
measurable lesions (2); age 20-75 years (3); Eastern Coop-
erative Oncology Group performance status 0—1 (4); life
expectancy of at least 3 months (5); adequate organ function
(12,000/pl = white blood cell count (WBC) =4000/ul,
absolute neutrophil count =2000/ul, platelet count
=100,000/l, hemoglobin count =9.5 g/dl, serum total bili-
rubin =1.5 mg/dl, serum transaminase =2.5 X upper normal
limits, serum creatinine = upper normal limits, PaO, =60
torr). Al least 4 weeks had to have passed after completion of
the previous chemotherapy. Prior radiotherapy and surgery
were allowed. The exclusion criteria were as follows (1):
pulmonary fibrosis or interstitial pneumonitis with symptoms
or apparent abnormalities on chest radiograph (2); massive
pleural effusion, pericardial effusion, or ascites (3); preg-
nancy (4); lactation (5); fertile men with no intention of using
contraception (6); symptomatic brain mectastases (7); active
concurrent malignancies (8); patients who had received a
bone marrow transplantation or peripheral blood stem cell
transplantation (9); severe drug allergies (10); severe comor-
bidities. Prior topotecan chemotherapy was not allowed. This
study was approved by the Institutional Review Board at each
institute, and was conducted in accordance with the Declara-
tion of Helsinki. Written informed consent was obtained from
all patients.

Pretreatment and Follow-Up Studies

Prior to entry, complete history-taking and physical
cxamination were performed regarding age, height, weight,
performance status, histologic diagnosis, tumor stage, details
of previous treatment, and presence of complication. The
pretreatment laboratory investigations included complete
blood cell count, differential WBC, platelet count, serum
electrolytes, total protein, albumin, total bilirubin, transami-
nase, alkaline phosphatase, lactatc dehydrogenase, BUN, cre-

atinine, creatinine clearance, and urinalysis. Afler initiation
of therapy, blood count was repeated twice per week, and
blood chemistry and urinalysis were repeated weekly. Le-
sions were measured in every second course at minimum,
Toxicity was evaluated in accordance with the National
Cancer Institute Commen Toxicity Criteria version 2. Tumor
responses were assessed using the Response Evaluation Cri-
teria in Solid Tumors (RECIST) guidelines.? Time to pro-
gression was measured from the date of registration to the
date of first progression or death from any cause. Survival
time was also measured from the date of registration to the
date of death or latest follow-up, and was calculated using the
Kaplan-Meier method.®

Drug Administration, Dose Escalation, and
Sample Size

The treatment schedule included topotecan, diluted
with 100 ml of normal saline, given intravenously as a
30-minute infusion on days 1 through 5, and carboplatin with
250 to 500 ml of normal saline, given intravenously over 60
minutes after completion of topotecan infusion on day 5
every 3 weeks. All patients were allowed to receive antiemet-
ics with dexamethasone, metoclopramide, or SHT3 antago-
nists at the treating physician’s discretion. G-CSF prophy-
laxis was administered from day 8 until WBC recovered to
more than 10,000/ul or absolutc ncutrophil count to more
than 5000/ul. The subsequent courses were delayed if any of
the following parameters were not met: WBC =3000/pul,
platelet count =100,000/ul, or recovery to at least grade 1
nonhematological toxicity. If dose-limiting toxicities (DLTs)
occurred, the patient was withdrawn from the study in prin-
ciple, but when an antitumor effect could be cxpected, the
dosc of topotecan was decreased by one dose level and that of
carboplatin was reduced to area under curve (AUC) 4. At the
initial dose level, dose reduction was not permitted and when
it was required the patient was withdrawn from this study.

The starting dose of topotecan was 0.50 mg/m? and the
targeted AUC of carboplatin was 5. In the dose escalation
methad, the AUC of carboplatin was fixed at 5, and only the
dose of topotecan was increased, by 0.10 mg/m? or by 0.05
mg/m? (topotecan: level 1, 0.50 mg/m?; level 2, 0.60 mg/m;
level 3, 0.65 mg/m?% level 4, 0.70 mg/m?; level 5. 0.75
mg/m?; level 6, 0.85 mg/m?). Intrapatient dose escalation was
not allowed. At least three patients were treated at each dose
level, and three additional paticnts werce entered at the same
dose level if DLT was observed in one or two of the first three
paticnts. The MTD was defined as the dose level at which all
three of the first three patients, or three of any six patients,
experienced DLT. The definitions of DLT were as follows
(1): grade 4 neutropenia for more than 4 days (2): "“'f"“h""
cytopenia <20,000/ul (3); grade 3 febrile neutropenia .(4)‘
grade 3 nonhematological toxicity except naUS?“/V"m“";gj
appetitc loss, constipation, hyponatremia, and weight |°q s( p )f
grade 2 interstitial pneumonitis or pulmonary ﬁbmf'sl (o)
grade 4 constipation, and hyponatremia (7): delayed ,.ukmm-
istration of the subsequent course by more than 2 weeks.
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TABLE 1. Patients’ Characteristics

No. of patients 32
Age (yn)

Median (range) 64 (43-74)
Sex

Malc/Female 2309
Performance status

0/1 15/17
Interval from the completion of 1% line (evaluable 29 patients)

more than 90 days 21

less than 90 days 7

unknown* 1
Body weight loss

Absent 27

Present 1

Unknown ’ 4
Prior therapy

Surgery 0

Radiation 14

Chemotherapy 32

CDDP/CBDCA +Etoposide 18

CPT-1 l-containing 12

CDDP+ Amrubicin 2

*One patient was excluded from this analysis becausc the exact day of the last
administration of 15-line Chemotherapy was unknown.

RESULTS

Patients were registered from six institutions that were
members of the West Japan Thoracic Oncology Group. Be-
tween October 2002 and January 2006, 32 patienis (dose
level- number of patients: 1-6, 2-3, 3-8, 4-3, 5-6, 6 -6)
were enrolled. The total and median number of courses were
90 and 2.5 (range, 1-6), respectively. The patients’ charac-
teristics are shown in Table 1. Nine patients were female. The
median age was 64 (range, 43-74). The regimen most often
given as first-line chemotherapy was cisplatin or carboplatin
plus ctoposide, which 18 patients (56.3%) received. Twelve
patients (37.5%) had received a regimen including CPT-11.
Fourteen patients (43.8%) had had prior radiotherapy and no
patient had had prior surgery.

Toxicity

All 32 patients were evaluable for toxicity. The major
toxicities following all courses are listed in Table 2. The most
frequent toxicities were hematological toxicities. Grade 3
thrombocytopenia occurred in 17 of 32 patients (53.1%), and
6 patients (18.8%) received platelet transfusions (one patient
at level 1, one at level 5, and 4 at level 6); however, no patient
had hemorthagic complications. Grade 3/4 leukopenia, neu-
tropenia, and anemia occurred in 34.4/0%, 37.5/9.4%, and
34.4/3.1%, of patients, respectively. There were fewer cases
with grade 3/4 leukopenia or neutropenia than expected,
owing to G-CSF prophylaxis. Two patients (6.3%) received
blood transfusions (one at level | and the other at level 6).
Nonhematological toxicities were generally mild. The most
frequent grade 3 nonhematological toxicities were constipa-
tion, nausea, and appetite oss. No patient experienced pneu-

TABLE 2, Toxicities in All Courses of Topotecan and
Carboplatin (32 Patients)

Grade

1 2 3 4
White blood count 5 13 11 0
Absolute neutrophil count i 11 12 3
Hemoglobin 5 15 11 1
Platelets 6 8 17 0
Nausea 9 4 2 0
Vomiting 2 2 1 0
Fatigue 16 2 1 1
Constipation S 7 4 0
Diarthea 7 0 1 0
Mucositis 1 3 1 0
Pneumonitis 0 0 0 0
Neutropenic fever 0 0 0 0
Infection 0 3 1 0

monitis or neutropenic fever, and there was no treatment-
related death. One patient at level 2 underwent dose reduction
after the third course by judgment of the treating physician
owing to grade 3 nausea and vomiting, and the dose for one
patient at level 3 was also reduced after the second course
because of delayed administration of the subsequent course
by more than 2 weeks. Moreover, the dose was reduced in
one patient at level 5 and 2 patients at level 6 after their first
course because of thrombocytopenia. The median length of
the delay before starting the subsequent course was 28 days
(21-49 days). Among 90 courses, only 14 courses (15.6%)
procecded to the next course without delay, as is stipulated in
the protocol.

Maximum Tolerated Dose and Dose-Limiting
Toxicities

At level 1, one patient suffered from grade 3 infection,
which was considered a DLT. As 5 other patients at level 1
did not experience any DLTs, the dose was escalated to the
next level. At level 2, none of the patients had a DLT. At level
3, one of six evaluable patients had a DLT, grade 3 diarthea,
during administration of topotecan; however, the other pa-
tients at levels 3 and 4 did not experience any DLTs, so we
escalated the dose to level 5. At level 5, one patient had grade
3 thrombocytopenia, which was considered a DLT, and
received platelet transfusion. At level 6, three of six patients
also experienced the DLT, grade 3 thrombocytopenia, and all
3 patients received platelet transfusions. Therefore, dose level
6, 0.85 mg/m? topotecan with AUC § carboplatin was re-
garded as the MTD, according to the protocol criteria. The
recommended dose level for further phase II study was
determined to be 0.75 mg/m? topotecan with AUC 5 carbo-
platin,
Response and Survival

A total of 29 patients were evaluable for response

(Table 3). There were 5 partial responses, with an overall
response rate of 17.2% (5.8-35.8%). Among 21 paticnts who
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TABLE 3. Response Data (n = 29)

No. of
Evaluable
Dose Level Patients CR PR SD PD NE
1 6 0 0 2 4 0
2 | 0 [1] 0 | 0
3 7 0 2 2 2 1
4 3 0 0 3 0 0
5 6 0 1] 4 2 0
6 6 0 3 ] 2 0
Total 29 0 5 12 1 1

CR, completc response; PR, partial response; SD, stable disease; PD, progression
discase; NE, not evaluated,

relapsed more than 90 days after completion of first-line
chemotherapy, five had partial responses, with an overall
response rate of 23.8%, and 8 patients had stable disease.
Conversely, among seven patients who relapsed less than 90
days after completion of first-line chemotherapy, none had a
complete or partial response, and four had stable diseasc. The
median progression-free survival time was 3.2 months (Fig-
ure 1). The MST and 1-year survival rate were 11.3 months
and 50.0%, respectively (Figure 2). In sensitive cases, the
MST and 1-year survival rate were 10.6 months and 47.6%,
respectively.

100
80
60 |
40 +

20 +

DISCUSSION

In this study, the overall response rate was 17.2%,
which was significantly less than the 20% supposed to be
invalid; however, the survival result in this study was excel-
lent as compared with the results of previous phase 11l studies
for relapsed SCLC. Morcover, the outcome of second-line
chemotherapy highly depends on the interval between the day
of the last administration of first-line chemotherapy and the
day of recurrence. The shorter this interval, the lower the
response tate. [n clinical trials for relapsed SCLC, therefore,
careful attention is required to evaluate the response. In the
current study, the response rate for 21 patients who had
disease progression more than 90 days after completion of
first-line chemotherapy was 23.8%, whereas no response was
observed among seven patients having disease progression
less than 90 days later. The results of only sensitive cases
were not necessarily disappointing, so additional studies in
patients with sensitive relapsed SCLC may be warranted to
evaluate the efficacy of this combination. In addition, the
survival results of sensitive relapsed cases were very prom-
ising. However, from this study, this combination treatment
was invalid for refractory relapsed cases.

Recently, a Japanese study showed that amrubicin, a
topoisomerase I inhibitor, as a single agent, had an overall
response rate of 50% in refractory cases and 52% in sensitive
cases.'0 If single agents such as amrubicin are really effective
for both sensitive and refractory cases, the combination of

Progression Free Survival Rate (%)

0 5 10 15 20
Time  (Months)

Overall Survival Rate (%)

25 30 FIGURE 1. Kaplan-Meier curve for

progression-free survival.

0 5 10 15 20 %
Time (Months) -

» 3 ©  FIGURE 2. Kaplan-Meier curve for

overall survival.
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carboplatin and topotecan would seem unnecessary; howcver,
no conclusion can be drawn, because no results of random-
ized studies that evaluated the efficacy of amrubicin have
been reported as of this writing. As there have been few such
controlled trials, and the standard trecatment has not been
established in this setting, randomized trials to determine
whether combination therapy is more useful than mono-
therapy are warranted.

Regarding toxicity, this carboplation-topotecan combi-
nation was generally well tolerated. The most frequent tox-
icity was thrombocytopenia. Grade 3 thrombocytopenia oc-
curred in 17 of 32 patients (53.1%), and 6 patients received
platelet transfusions. Thrombocytopenia became the decisive
factor in determination of the MTD. However, only 3 patients
had grade 4 neutropenia among all courses because of G-CSF
prophylaxis. In contrast, no nonhematological toxicity was
associated with dose escalation. In addition, the median
interval between cycles was 28 days, and most patients had a
delay of 21 days, as stipulated in the protocol. There is a
possibility that decreased dose intensity led to the disappoint-
ing rcsult of low response rate.

According to the design, prophylactic G-CSF was ad-
ministered from day 8. Therefore, few paticnts had grade 4
neutropenia and none had neutropenic fever, However, skep-
ticism has recently risen regarding dose-intensive chemother-
apy in the treatment of SCLC, especially in Lhe second-line
setting. In addition, G-CSF administration is very expensive,
There is thus a risk that compliance in therapy with prophy-
lactic G-CSF would be low. Therefore, an additional phase 1
study without prophylactic G-CSF may be neccessary before
conduct of randomized studies.

In conclusion, the combination of carboplatin and to-
potecan was generally well tolerated, although most patients
had a delay of 21 days, as stipulated in the protocol. The main

DLT was thrombocytopenia. The recommended dose for
further phase II and 111 studies is 0.75 mg/m? topotecan on
days | to 5 with AUC 5 carboplatin on day 5 with prophy-
lactic G-CSF every 3 weeks. A phase [1I comparative study
against single-agent topotecan for sensitive relapsed SCLC is
warranted because the survival result of this combination is
very promising, although the response rate was lower than
expected.

REFERENCES

L. Evans WK, Shcpherd FA, Feld R, et al. VP-16 and cisplatin as first-fine
therapy for small-cell lung eancer. J Clin Oncol 1985;3:1471 1477.

2. Kudoh S, Fujiwara Y, Takada Y, et al. Phase 1I study of irinotecan
combined with cisplatin in patients with previously untreated small-cell
lung cancer. J Clin Oncol 1998;16:1068-1074,

3. Giaccone G, Ferrati P, Donadio M, et al. Reinduction chemotherapy in
small ccll tung cancer. Eur J Cancer Clin Oncol 1987;23:1697- 1699.

4. Johnson DH, Greco FA, Strupp J, et al. Prolonged administration of oral
etoposide in patients with relapsed or refractory small cell fung cancer:
a phase II trial. J Clin Oncol 1990;8:1613 1617,

5. von Pawel J, Schiller JH, Shepherd FA, et al. Topotecan versus cyclo-
phosphamide, doxorubicin, and vincristine for the treatment of recurrent
small-cell lung cancer. J Clin Oncol 1999;17:658 -667.

6. O’Brien ME, Ciuleanu TE, Tsekov H, et al. Phase [l trial comparing
supportive care alonc with suppottive care with oral topotecan in
paticnts with relapsed small-cell lung cancer. J Clin Oncol 2006;24:
5441-5447.

7. Bowman A, Rye T, Ross G, et al. Effective dosing of topotecan with
carboplatin in relapsed ovarian cancer: a phase I/I1 study. J Clin Oncol
2001;19:3255 3259.

8. Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to
evatuate the response to treatment in solid tumors. J Natl Cancer Inst
2000;92:205-216.

9. Kaplan EL, Meier P. Nonparametric cstimation from incomplete obser-
vation. J Am Stat Assoc 1958;53:457 481,

10. Onoda 8, Masuda N, Seto T, ¢t al. Phase Il trial of amrubicin for
treatment of refractory or relapsed small-cell lung cancer: Thoracic
Oucology Research Group Swmdy 0301. J Clin Oncol 2006;24:5448~
5453.

648 Copyright © 2009 by the International Association for the Study of Lung Cancer



Articles

Gefitinib versus cisplatin plus docetaxel in patients with
non-small-cell lung cancer harbouring mutations of

the epidermal growth factor receptor (WJTOG3405):

an open label, randomised phase 3 trial

Tetsuya Mitsudomi, Satoshi Morita, Yasushi Yatabe, Shunichi Negoro, Isamu Okamoto, Junji Tsurutani, Takashi Seto, Miyako Satouchi,
Hirohito Tada, Tomonori Hirashima, Kazuhiro Asami, Nobuyuki Katakami, Minoru Takada, Hiroshige Yoshioka, Kazuhiko Shibata, Shinzoh Kudoh,
Eiji Shirnizu, Hiroshi Saito, Shinichi Toyooka, Kazuhike Nakagawa, Masahiro Fukuoka, for the West Japan Oncology Group

Summary

Background Patients with non-small-cell lung cancer harbouring mutations in the epidermal growth factor receptor
(EGFR) gene respond well to the EGFR-specific tyrosine kinase inhibitor gefitinib. However, whether gefitinib is
better than standard platinum doublet chemotherapy in patients selected by EGFR mutation is uncertain.

Methods We did an open label, phase 3 study (WJTOG3405) with recruitment between March 31, 2006, and June 22,
2009, at 36 centres in Japan. 177 chemotherapy-naive patients aged 75 years or younger and diagnosed with stage
IIIB/IV non-small-cell lung cancer or postoperative recurrence harbouring EGFR mutations (either the exon 19
deletion or L858R point mutation) were randomly assigned, using a minimisation technique, to receive either gefitinib
(250 mg/day orally; n=88} or cisplatin {80 mg/m?, intravenously) plus docetaxel (60 mg/m?, intravenously; n=89),
administered every 21 days for three to six cycles. The primary endpoint was progression-free survival. Survival
analysis was done with the modified intention-to-treat population. This study is registered with UMIN (University
Hospital Medical Information Network in Japan), number 000000539.

Findings Five patients were excluded (two patients were found to have thyroid and colon cancer after randomisation,
one patient had an exon 18 mutation, one patient had insufficient consent, and one patient showed acute allergic
reaction to docetaxel). Thus, 172 patients (86 in each group) were included in the survival analyses. The gefitinib
group had significantly longer progression-free survival compared with the cisplatin plus docetaxel ‘goup, with a
median progression-free survival time of 9-2 months (95% CI 8-0-13.9) versus 6-3 months (5-8-7-8; HR 0.489,
959% C10-336-0-710, log-rank p<0-0001). Myelosuppression, alopecia, and fatigue were more frequent in the cisplatin
plus docetaxel group, but skin toxicity, liver dysfunction, and diarrhoea were more frequent in the gefitinib group.
Two patients in the gefitinib group developed interstitial lung disease (incidence 2-3%), one of whom died.

Interpretation Patients with lung cancer who are selected by EGFR mutations have longer progression-free survival if
they are treated with gefitinib than if they are treated with cisplatin plus docetaxel.

Funding West Japan Oncology Group (WJOG): a non-profit organisation supported by unrestricted donations from
several pharmaceutical companies.

have been shown to be significantly associated with a
favourable response to EGFR TKIs.* In 2004, researchers
noted that activating mutations of the EGFR gene
present predominantly in patients with the
above-mentioned clinical characteristics, and determine
sensitivity to EGFR TKIs”* EGFR mutations are present
in the first four exons of the tyrosine kinase domain of
the EGFR gene, and about 90% of these EGFR mutations
are either short in-frame deletions in exon 19, or point
mutations that result in a substitution of arginine for
leucine at aminoacid 858 (L858R).” Subsequent
retrospective and prospective trials confirmed that the
response rate to gefitinib or erlotinib in patients with
EGFR mutations is about 70-80%."" Furthermore,
patients with EGFR mutations have a significantly longer
survival than those with wild-type EGFR when treated

Introduction

Lung cancer is a major cause of cancer-related mortality
worldwide.! However, current standard platinum doublet
therapy seems to have reached a therapeutic plateau,’
although it has recently been shown that patients with
non-squamous histology who are treated with pemetrexed
disodium have better survival than if they are treated
with older drugs.’

Targeted therapies are actively being developed to
improve efficacy in selected patient populations.’
Small-molecule tyrosine kinase inhibitors (TKIs) that
target the epidermal growth factor receptor (EGFR),
such as gefitinib and erlotinib, are the first targeted
drugs to enter clinical use for the treatment of lung
cancer. Subgroups of patients of east-Asian origin,
female sex, adenocarcinoma, and no history of smoking

www.thelancet.com/oncology Vol11 February 2010

&

> W

Lancet Oncol 2010; 11: 121-28

Published Ontine

December 21, 2009
DO0k10.1016/51470-
2045(09)70364-X

See Reflection and Reaction
page 104

Department of Thoracic
Surgery, Aichi Cancer Center
Rospital, Nagoya, Japan

(T Mitsudomi MD); Department
of Biostatistics and
Epidemiology, Yokohama City
University Medical Center,
Yokohama, jJapan

(Prof S Marita PhD);
Department of Pathelogy and
Molecular Genetics, Aichi
Cancer Center Hospital

(Y Yatabe MD); Department of
Medical Oncology

(S Negoro MD), and
Department of Thoracic
Oncology (M Satouchi MD),
Hyoge Cancer Center, Akashi,
Japan; Department of Medical
Oncology, Kinki University
School of Medicine, Osaka-
sayama, Japan (i Okamoto MO,
) Tsurutani MD,

Prof K Nakagawa MD);
Department of Thoracic
Oncalogy, National Kyushu
Cancer Center, Fukuoka, Japan
(T Seto MD); Department of
General Thoracic Surgery,
Osaka City General Hospital,
Osaka, Japan (H Tada MD);
Department of Thoracic
Oncology, Osaka Prefectural
Medical Center for Respiratory
and Allergic Diseases, Habikino,
Japan (T Hirashima MDY);
Department of Respiratory
Medicine, National Hospital
Organization Kinki-Chuo Chest
Medical Center, Sakai, Japan
{K Asami MD); Clinical Research
Center, Division of Pulmonary
Medicine Kobe City Medical
Center General Hospital, Kobe,
Japan {N Katakami MD);
Department of Medical

121



