K Wakuda et el. f Lung Cancer 84 (2014) 138-144 143

1 of 5 samples (20%) in Japanese patients with SCLC [ 18], Although
FIK3CA matation is the major genomic aberration in Japanese SCLC
patients, the larger study, such as our study and Umemura’s report,
detected it in approximately 5% of SCLC samples. Based on these
results, there dees not seem to be significant ethnic differences in
the prevalence of PIK3CA mutation and PIK3CA mutation may be
one of the major genomic alterations for the SCLC patients. The
PI3K pathway plays a central role in cell proliferation and survival
in hurnan cancer [19]. The PIK3CA gene encedes a class JA PI3K cat-
alyticsubunit p110c and s frequently mutated in some of the most
common human tumors [20]. Wojtalla et al. showed that approx-
imately 25% primary SCLC tissue samples overexpress the PI3K
isoform p110x [21]. They also reported that targeting PI3K p110a
affected the proliferation of SCLC cells In vitre and in vivo and that
p110a inhibition led to impaired SCLC tumor formation and vas-
cuiarization in vivo, Many drugs targeting class IA PI3K have been
developed [22), and preclinical studies have shown these to have
potent antitumor activity. Some have led to a decrease in advanced
solid tumors in phase I studies [23,24]; therefore, PIK3CAmay be a
suitable target for the treatment of SCLC.

EGFR and KRAS mutations were detected in the patients with
combined SCLC and adenacarcinoma in our study. Tatematsu et al,
analyzed 122 SCLC patients and detected EGFR mutations in 5
(4%} [25]. Their study inciuded 15 combined subtype patients,
and 20% of these had EGFR mutations. Compared with conven-
tional SCLC, EGFR mutations are found significantly more frequently
in the combined subtype. Fukui et al. retrospectively studied six
patients with combined SCLC and adenocarcinema and analyzed
the EGFR mutation status in the microdissected SCLC and ade-
nocarcinoma components of their resected samples [26), In their
report, one of six patients had amissense mutation in EGFR (L858R),
and both the SCLC and adenocarcinoma components shared the
same mutation, Gene mutation status in tissue samples from SCLC
with other histology component remain an open question. There-
fore it is necessary to perform microdissection in the future study.
To the best of our knowledge, there has been no previous report
of KRAS mutations in SCLC, In our study, a KRAS mutation was
detected in one patient with combined SCLC and adenccarci-
noma.

No significantly different characteristics were found between
patients with and without genomic aberrations in the present
~ study. Although the associations between serum tumor markers
and genomic aberrations were unclear, serum NSE and pro-GRP
levels at diagnosis were significantly lower in the patients with
genomic aberrations, Pujol et al. reported that pro-CRP levels did
not have any independent prognostic significance [27], while NSE
levels have been shown to have better prognostic value [28], We
could not detect an association between prognosis and genomic
aberration status (data not shown). Further studies are needed to
clarify the relationships between genomic aberrations and serum
tumor marker values.

In this study, genomic aberrations were detected in 18%
FFPE samples and 13% surgically resected snap-frozen samples.
The National Comprehensive Cancer Network {NCCN) guldeline
recommends that surgery should only be considered for patients
with stage 1 SCLC, However, another report stated that only 5%
patients with SCLC have true stage 1 SCLC {28}, Because surgery
is not performed in most patients with SCLC, FFPE samples play a
key role in detecting genomic aberrations. Kenmaotsu et al, reported
on the concordance between FFPE samples and surgically resected
snap-frozen samples in multiplexed molecular profiling of lung
cancers |30}, Complete concordance of driver mutations was shown
for 65% FFPE and snap-frozen samples. These findings indicate that
itmay be better to analyze FFPE samples to identify SCLC molecular
profiles and treat patients with molecular-targeted drugs such as
PI3K inhibitors.

Our study had several limitations. First, we analyzed SCLC
genomic aberrations using a nine-gene tumor genotyping panel,
not a comprehensive panel, In addition, we did not include some
kaown driver mutations such as 7P53 and RB7T mutations in the
panel, However, the objectives of our study were not only to assess
the frequency of genomic aberrations but also to detect genomic
aberrations that are treatable with targeted drugs, and our multi-
plexed tumor genotyping platform includes almost all known gene
aberrations that are targeted by drugs. And detectionof gene ampli-
fication may also reguire consideration of incorporating FISH for
future studies. Second, we only analyzed 60 SCLC patients because
we only began to analyze genomic aberrations in july 2011. How-
ever, other reports have also included a small number of samples.
We continue to analyze SCLC samples and utilize the findings for
targeted therapy of patients with SCLC,

5. Conclusions

In conclusion, genomic aberrations were found in 15% SCLC
patients, with PIK3CA amplifications being frequently detected. We
previously reported our massive paralle]l sequencing findings for
ron-SCLC [31}, and we plan to undertake a similar analysis of SCLC
samples. A larger study is necessary to further our understanding
of the molecular profiles of SCLC.
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Abstract

Background: Personalized cancer treatment ielles on the accurate detection of actsonable genomic aberrations in
turnor cells, Circulatiag tumer cells (CTCs) céuld provide an alternative genétic:resource for diagnosts; however, the
‘technical difficulties In isolating and analyzing fare CTCs have limited progress to date. In this preclinical-study, we
aimed to develop.an :mproved capture systemn for molecular charactenzatlon of GTCs based .on a.novel cefl sorting
technology. :

Methods: We developed a cell capture platform using On-chip Sort: (On—Chlp Biotechnologies), a novel bench-top
cell sorter-equipped with a dzsposable microfluidic- chip: Spike—ln experiments comprising a series of lung cancer cell
fines with varying epithelial cell adhesion molecile (EpCAM) expression levels were conducted to assess the capttire’
and purification eff iciency of the patform Samples were negatively efiriched sing anti-CD45-coated magnetic bedds
1o remove white blood cells, followed by sample fikation and labeling. Thie entiched and labeled samples were then
sorted by On-chip Sort based on cytokeratin, vimentin, and CD45 éxpréssion. Captiited célls were lmmedlatefy
subjected to whole genomie amplification followed by mutation analysls uslng deep targeted sequencing, and
copy 1 numbeér arialysis using quantitative poiymerase chain reaction (qPCR). =

Ressults: Spike-in experiments révealed an excellent overall mean capture rate of 70.9%. A 100% success rate in the
deteéction of EGFR, KRAS and BRAF mutations ffom captured cells was achieved using pyrosequencing and deep
sequencing The mutant variant detectlon rates were markedly higher than those obtained with the CellSearch
profile kit. qPCR analys;s of amphf' ed DNA demonstrated reproduabte detect:on of copy number changes of the
EGFR in captured tumor cells. -

Conclusions: Using a novel cell sorter, we, estabﬂshed an effaent and conven fent platform for the capture of
CICs. Results of a proof-of: =principle. preclinical study indicated that this platform has potentiat for the molecular
charactenzatron of- captured CTCs:from patients. .
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Background

Recent advances in molecularly targeted cancer therapy
have offered up a wide variety of therapeutic strategies,
The presence or absence of various actionable genomic
aberrations has been shown to predict response to molecu-
larly targeted treatments [1]. In some cases, identification
of genetic aberrations is a prerequisite for commencing
treatment; for example, identification of EGFR-activating
mutations in patients with non-small cell lung cancer is
required prior to starting treatments with EGFR tyrosine
kinase inhibitors [2]. Howevey, kinase inhibition frequently
leads to the appearance of drug resistance mutations
within the target kinase itself, such as the EGFR T790M
mutation [3].

In addition to identifying gene mutations, there is also
a need for detection of protein expression and gene
amplification of targeted molecules on primary tumor
cells for further stratification of patients [4], To optimize
treatment, real-time monitoring of tumors over the course
of the treatment, especially at the point of treatrnent fail-
ure, is necessary. However, rebiopsy remains challenging,
mainly because of the invasiveness of the pracedure.

Circulating tumor cells (CTCs) could potentially serve
as an alternative to tumor tissue as a source of material
for the detection of genetic alterations, an approach that
is termed “liquid blopsy” [5-11] owing to its minimal inva-
siveness, To date, the CellSearch system (Veridex LLC,
Raritan, NJ, USA) is the only United States Food and Drug
Administration-approved CTC enumeration system for
the provision of prognostic information regarding survival
[12-17]. However, the isolation of the rare CTCs for
molecular analysis remains technically challenging, Most
of the currently available capture methods retain a
considerable number of white blood cells (WBCs) and
cell loss during sample handling, Vatious methods to
overcome this issue have béen under development and
evaluation [18-28].

The conventional cell sorting device is a well-established
cell capture system and it has previously been used to
enrich CTCs from whole blood {29]. However, it is report-
edly difficult to efficiently carry ont this isolation when
using blosd samples with a low CTC count together with
a conventional Auorescence-activated cell sorter [20],

Recently, we have established a protocol for CTCs
enumeration using a newly-developed flow cytometry
FISHMAN-R [30]. The results of preclinical study showed
superior sensitivity of their system in detecting EpCAM-
negative tumor cells in direct comparison with the
standard method, This protocoi also enables a detection
of EpCAM-/CK- cells and epithelial-mesenchymal transi-
tion (EMT)-induced tumor cells using the incorporation
of an EMT marker [30]. The system and protocol have
been evaluated and validated for the enumeration of CTCs
in clinical feasibility study [31,32].
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In this study, we introduced a new approach for the
characterization of CTCs captured by On-chip Sort cell
sorter, This novel cell sorter is an integrated sorting unit
with FISHMAN-R, allowing the detection and isolation
of rave tumor cells for subsequent molecular analyses,
Here we evaluate the feasibility of mutation analysis of
the isolated rare cell in blood aftéer immunomagnetic
enrichment and fluorescence-activated cell sorting. This
is an efficient and convenient platform based on a cell
sorting system, and promising preclinical results were
obtained for possible future clinical application.

Methods

Cell lines and culture

The tumor cell lines A431, A549, H292, HCC827, H1975,
and H1755 were obtained from the American Type
Culture Collection (ATCC; Lockville, MD). The breast
cancer cell line Hs578T was kindly gifted by Dr. Tohru
Mochizuki (Shizuoka Cancer Center Research Institute,
Japan). A549, H292, HCC827, H1975, and H1755 cells were
cultured in RPMI-1640 (Invitrogen, Carlsbad, CA) contain-
ing 10% fetal bovine serum (Gibco, Life Technologies,
Grand Istand, NY). A431 and Hs578T cells was cultured in
Dulbecco’s medified Eagle’s medium (DMEM; Invitrogen)

-containing 10% TFBS. Cell lines were cultured under
~ humidified 5% CO4/95% air at 37°C,

Blood spiking experiments

Blood samples of 4 mL each were spiked with 5-25 cells of
the above-mentioned cell lines and were used for the isola-
tion of tumor cells for mutation and gene copy number
analysis, Blood samples were collected from healthy volun-
teers working at Shizuoka Cancer Center who consented to
donation. This study was approved by the independent

" institutional review board of Shizucka Cancer Center,

Tamor cells were harvested by incubation with 0.25%
trypsin/EDTA (Gibco) solution for several minutes at 37°C,
and then washed and resuspended in T-buffer {05% bovine
serum.albumin (Nacalal Tesque Inc., Kyoto, Japan) and
2 mM. ethylenediaminetetraacetic. acid (EDTA; Sigma-
Aldrich, St. Louis, MO), and 0.5% Through Path Plus
{On-Chip Biotechnologies, Tokyo, Japan) in phosphate-
buffered saline (PBS, Invitrogen)} to obtain a final concen-
tration of 107 cells/100 yL. From this suspension, tumor
cells were individually picked up uvsing a micropipette
under an inverted microscope, and subsequently added to
the 4 mL healthy blood sample, These spiked samples
were then processed immediately via immunomaghetic
enrichment as described below.

Immunomagnetic entichment and sample staining
procedures

Immunomagneti¢ enrichment and sample staining of
cells were described previously [30]. Briefly, samples

_80_
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were negatively enriched using Dynabeads.coated with
anti-CD45 monoclonal ‘antibody (Ivitrogen) to remove
white blood cells, :followed by fixation and labeling
with-the fluorescein isothiocyanate (FITC)-conjugated
anti-CK mAb CK3-6H5 (1:25 dilution; Miltenyl Biotec,
Bergisch-Gladbach, Germany), the PE-conjugated anti-
vimentin mAb D21H3 (1:50 dilution; Cell Signaling
Téchnology, Danvers, MA), and the Alexa Fluor 700-
conjugated anti-CD45 mAb F10-89-4 (1:20 dilation; AbD
Serotec, Oxfoid, UK). Samples were incabated ovetnight
at 4°C in the dark, followed by stairied vith 1 jig/mL
Hoechst 33342 (S1gma-Aldr1ch St Louls, ‘MO) for 10 min
at RT in the dark,

On-chip Sort cell sorter

The novel cell sorter used in this study; On-chip Sort
(On-Chip Biotechnologies, Takyo, Japan), is-a bench-top
size sorter that:is compatible with operation in. most bio-
safety cabiriets (Figire ‘1A); As shown in Figure 1B, the
disposable microfluidic ¢hip contains all fluidic-and optical
paths within 2 single; closed systemi, which is intended to
realize cross contarnination-free, biosafety adherent, lossless
whole volume sorting, This system therefore provides suit-
able conditions for the captire of CTGs in‘a élinical settmg

The principle of sorting will be described elsewhere.

* The On-chip Sort of this paper has two excitation lasers
(blue; 473 nm, 10 MW and red; 640 nm, 30 mW) and four
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detection chianiiels, FL2: (509—552 nm), FL3 (565-605 rirm),
FL#4 (576-620 fim), FL5 (658-695 hm), and FL6 (>700 nin).
Signals for FITC; PE, Alexa Fluor 647, and Aléxa Fluor 700

were collected through these detection channels, Voltages

of each light sensor moditle of each channel are optimized
for CTC detection (FSC; gain Low, SSC: 025 V; FL2:
0.35 V, FL3: 0.33 V, FL4035 V, FL5: 048 V, and FLé:
0,35 V). On-chip Sort software version 24.1 (On-Chip Bio-
tectinologies) was used for signal acquisition. Data analysis
was performed usmg Flowjo software v7.6.5 {Tree Sf;ar,
Inc, Ashland OR). - '

Enummération and sorting procedures
Enuriétation and ‘sorting of -cells were performed by On-
chip- Sort according to the manufacturers instructions,
Briefly, the flow path was pre-washed with the 1 x Through
Path Plus (On-Chip Biotechnologies) and the On-chip sam-
ple buffer {1 x Through Path Plus with 1.5% polyvinylpys-
rohdpne, Oni:Chip Biotechnologies). Stained samtples were
dissolved in 25 [ to 100 (L of Onschip sample buffer and
ther a flow rate was up to 150 events/sec (about 1 pL/min:
1.8 kPa in the On-chip Sort setting). Total events were
approximately 1 % 10° to 10° events. The sorting time
required for all the samples was approximately 30 to
120 minutes depending oh the final sample volame:’
- The sorted cells ated irito the cytokeratin andfor virmen-
tin posifive-and CD45 négative channels were collected into

o
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the collection reservoir, and then observed under a fluor-
escence microscope (Biorevo BZ-9000: Keyence, Osaka,
Japan) to confirm that the cells were nucleated (nuclear
stain-positive), cytokeratin and/or vimentin positive and
CD45 negative, All steps were carrled out at room
temperature.

Whole genome amplification

Sorted cells were transferred from the collection reservoir
to a 200 ul polymerase chain. reaction (PCR) tube and
rinsed the collection reservoir with sheath solution twice,
After centrification (600 x g for 10 min), the supernatant
was carefully aspirated to leave ~1 pl, which comprised
the starting volume of the whole genome amplification
{WGA) procedure. WGA was performed using the Amplil
WGA kit (Silicon Biosystems, Bologna, Italy) following the
manufacturer’s protocol, The AMPure XP PCR Purification
Kit (Beckman Coulter, Beverly, MA) was used to clean up
the amplified DNA, and DNA concentrations were deter-
mined using a NanoDrop spectrophotometer (NanoDrop
Technologies, Waltham, MA, USA). Quality control checks
of the WGA. product were performed using the Amplil
QC Kit (Silicon Biosystems). Only samples positive for four
PCR products were considered to contain successfully
amplified genomic material suitable for mutation analysis,
Amplified DNA product of 2, 20 or 250 ng was subjected
to mutation analysis using quantitative real-time-PCR
(gPCR) amplification, pyrosequencing, or deep sequencing,
respectively.

Pyrosequencing

The amplification primers for mutations in EGFR, KRAS,
and BRAF are described in Additional file 1: Table SL. Py-
rosequencing PCR was performed following the manufac-
turer’s instructions,

Deep sequencing using the TruSeq Amplicon Cancer Panel
A total of 48 genes frequently mutated in cancer according
to the COSMIC database (Catalogue Of Sornatic Mutations
In Cancer), were sequenced using a TruSeq Amplicon
Cancer Panel {TSACP; llumina, San Diego, CA) following
the manufacturer’s instructions, Variant call analysis was
performed with Amplicon Viewer (Illumina), Coverage in-
formation was obtained using CLC genomics Workbench
6.0 (CLC Blo, Aarhus, Denmark).

Mutation analysls of lung tumor cells enriched with the
CellSearch profile kit.

To compare the cell capture performance of the On-chip
Sort platform versus the CellSearch platform (Veridex
LLC), nine tubes (three regular 5 mL blood collection
tubes containing EDTA} of blood were collected from a
healthy volunteer. H1975, A549 or H1755 tumor cells were
spiked into the 5 mL of blood to a final concentration of 10
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cells/mL. Two blood collection tubes (total of 10 mL blood}
were delivered to an independent medical laboratory
{Genetic Lab, Sapporo, Japan). There, tumor cell capture
was performed using the CeliSearch profile kit (Veridex
LLC) or the On-chip Sort in parallel concurrently. Cap-
tured samples using the CellSearch profile kit were stored
in a CellSave Preservative Tube (Veridex LLC) and sent
back to our Jaboratory. After a single wash with T-buffer,
samples were stalned as described above, Captared sam-
ples using the On-chip Sort were stored at 4'C until the
initiation of WGA in parallel with returned CellSearch
samples. Both samples were subjected to WGA concur-
rently, followed by mutation analysis.

Gene copy number analysis for EGFR

gPCR amplification of the EGFR was performed on the
StepOnePlus Real-time PCR system (Applied Biosystems,
Foster City, CA) using SYBR Premix Ex Taq I (T1i RNase
H Plus; Takara Bio, Shiga, Japan). The amplification primers
used are described in Additional file 1: Table S1.

Immunoblot analysis and Immunofluorescence staining
Immunoblot analysis was as described previously {33}].
Briefly, the cultured tumor cells were harvested and lysed
in lysis buffer (60 mM Tris-HCI, pH 7.4, 50 mM NaCl,
1% Nonidet P-40, 2 mM EDTA, 10 mM NaF, 2 mM so-
dium orthovanadate and protease inhibitor cocktail).
Whole cell lysate was electrophoresed on a 12% SDS-
PAGE gel, transferred to nitrocellulose membrane {Bio-Rad
Laboratories Inc, Hercules, CA) and immunoblotted with
the a the phospho-EGER (Tyr1068, D7A5; Cell Signaling),
the EGFR (D38B1; Cell Signaling), or a-tubulin (YL1/2;
Miltipore, Temecula, CA), The intensity of the bands was
quantified with ImageJ (Wayne Rasband, NIH, MD).

The cultured tumor cells were harvested and fixed,
After washing with T-buffer once, the cell pellet was dis-
solved in a staining solution containing the PE-conjugated
anti-CD326 (EpCAM) mAb 9C4 (1:25 dilution, BioLegend,
San Diego, CA) or Alexa Fluor 647-conjugated anti-EGFR
mAb D38B1 {Cell Signaling Technology), Samples were in-
cubated overnight at 4°C in the dark, Unbound antibodies
were removed via washing with 2 mL of T-buffer followed
by centrifugation. Flow cytometry was performed using the
On-chip Sort. Data analysis was performed using Flowjo
software v7,6.5.

Statistical analysis

Prism software (GraphPad Software, Inc., La jollz, CA)
was used for statistical analyses. Statistical significance of
difference was determined using the unpaired Student’s
t-test.
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Results

Assay davelopment for CTC detection and capture after
negative depletion enrichment

To capture CTCs in whole blood, we used a novel cell
sorter, On-chip Sort (Figure 1). Discrimination of CTCs
from the bulk of the blood cells was achieved by negative
enrichment using anti-human CD45 microbeads [30]. A
typical example for the full gating strategy is shown in
Figure 1C. Gating of the CTCs by On-chip Sort was car-
ried out using the CK-FITC staining vs. the vimentin-PE
staining density plot (Figure 1C, left), The lower limit of
the gate that discriminates CTC signals from WBCs
autofluorescence as well as from debris was determinied
by several runs of non-spike experiments using healthy
donor control bloods {Additional file 2: Figure S1}. The
CK+ and/or vimentin+ events were then subjected to
CD45 negative gating to distinguish tumor cells from
WBCs and/or debris. Tumor cell events that appeared
in the CD45-Alexa Fluor 700 vs. FL5 density plot (FL5is a
detection channel adjacent to that for Alexa Fluor 700)
were easily distinguished from the WBCs and debris
population (Figure 1C, middle).

Immunofluorescence staining of the On-chip Sort sorted
cells identified these cells as nuclei, CK and/or vimentin-
positive and CD45-negative under the fluorescent micro-
scope, confirming these cells to be tumor cells, Tumor
cells were easily distinguished from WBC, which were
CD45-positive and CK-negative {Figure 1C, right). Five
healthy donor control samples were processed with
above settings (Additional file 2; Figure S1), On average
these samples have 1.2 + 1.3 events in the CTC gate.
However no sorted tumor cells {CK+ and/or vimentin+,
CD45- cells) were observed.

Evaluation of captured tumor celis from spiked blood
samples
To assess the performance of our method, low numbers
(ie, 5, 13, or 25 cells) of various non-small cell lung
tumor H1975, A549 or H1755 cells expressing varying
levels of EpCAM were spiked into 4 mL of normal bload,
and processed according to our protocol for tumor cell
" isolation with the On-chip Sort system. As shown in
Figure 24, H1975 cells displayed high EpCAM expres-
sion, whereas A549 cells exhibited partial EpCAM
expression, H1755 cells did not appear to express any
EpCAM.

Results of the sorting experiments are summarized
in Figure 2B and in Additional file 3: Table 52, Overall,
the mean percentages of cells detected into the gate as
shown in Figure 1C were 86,9% + 8.6%, 84.7% % 9.3%,
and 83.4% £ 12.4% for H1975, A549, and H1755 cells,
respectively (# = 9). These detection rates are compar-
able to those obtained in the previous report using
FISHMAN-R [30]. Captured cells into collecting reservoir
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were confirmed to be tumor cells using microscopy of celi
morphology and positive CK and vimentin fluorescent
labeling, while contaminating cells were identified by cell
morphology and positive CD45 staining (Additional file 4:
Figure $2). Overall mean percentages of cells captured
were 68.5% +9.2%, 69.8% +9.9%, and 74.5% % 12.7% for
H1975, A549, and H1755 cells, respectively. Observation
of CD45-positive cells under the fluorescent microscope
yielded a purity of captured tumor cells after cell isolation
with On-chip Sort of 78.4% + 13.9%, 69.8% + 18.5% and
704% + 124% for H1975, A549, and H1755 cells,
respectively.

Regression analysis of the number of detected tumor
cells versus the number of expected tumor cells produced
a correlation coefficient (R?) of 0.9978, 0.9967 and 0.9965
for H1975, A549, and H1755 cells, respectively (Figure 2C,
blue line). The number of captured tumor cells was also
highly linear, with a correlation coefficient of R*=0.9928,
0.9985 or 0.9963 in H1975, A549, or H1755 cells, respect-
ively (Figure 2, red line}.

Valldation of mutation detection methods

Prior to performing mutation analysis on tumor cells
captured with On-chip Sort, we tested whether WGA
products are usable for sequencing by pyrosequencing
and deep sequencing methods. The H1975 human lung
tumor cell Hne harboring known mutations in the EGFR
was used. Two single cells and two groups of ten cells
each were analyzed for the presence of two different
mutations in the EGFR; using both pyrosequencing and
deep sequencing subsequent to the WGA procedure.
Both mutations were reliably detected by pyrosequencing
even in single cells, as well as in both unamplified and
amplified H1975 genomic DNA carried out as a positive
control (Table 1). These EGFR mutations were not de-
tected In any of the amplified WBC samples carried out as
a negative control (Table 1).

Amplicon libraries were generated using the TSACP
followed by deep sequencing with an Illumina MiSeq
sequencer. Significant single nucleotide variants (occurring
in>1% of DNA in the sample) were found in both the
small groups of cells as well as in the single cells with satis-
factory sequence coverage depth (Table 1). Similarly, A549
and H1755 human lung tumor cell lines harboring known
mutations in the KRAS and BRAF were also reliably called
with sufficient variant frequency when using small numbers
of cells as well as in single cells (Additional file 5: Table $3).

Analytical sensitivities of pyrosequencing and deep se-
quencing were analyzed by titration studies using normal
leukocyte and EGER mutant H1975 cells. One or ten
mutant cells were mixed with wild-type cells (normal
leukocytes) in dilutions of 20, 5, and 1% of mutant cells.
All cell mixtures were subjected to WGA, followed by
sequencing with pyrosequencing and deep sequencing.
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Table 1 Mutation analysis of single or small groups of tumor cells

Cells Template EGFR mutation Var, Freq. Var. Freq. by MiSeq Coverage min. = 10 x
byPYo.  Var.Freq.  Total read {212 amplicans)

H1975 Unamplified gDNA L858R (2573T>0) 75% 782% 13,070 1000%
T790M (2369C>T) 74% 795% 11,044

H1975 Amplified gDNA L858R 73% 65.9% 372 96.7%
T790M 72% 75.2% 10013

H1975 10 cells L858R 71% 88.8% 4479 92.0%
T790M 79% 84.1% 27,539

H1975 10 cells 1 858R 73% 90.1% 601 93.5%
T790M 7% 809% 35070

H1975 1 call LBS8R 68% 771% 109 90.6%
T790M 79% 87.0% 31,312

H1975 } cell LB58R 6996 782% 368 80.2%
T790M 615 63.8% 27341

WBC from healthy donor 10 celis L858R 2% N/A 3596 81.4%
T790M 0% N/A 18497

WBC from healthy donor 1 cell {858R 3% N/A 56 88.7%
T790M 0% N/A 256

Footnote: Tumor cells or normal WBCs were fixed and stalned followed by Ampli WGA. WGA products were sequenced using a pyrosequencer or the Humina
MiSeq sequencer. Vardant frequendes of two different mutatlons in the £GFR and the coverage distribution of WGA produscts using the TSACP are shown. Pyro,

psyrosequence Var, Freq, varlant frequency. Coverage mih, coverage minimum,

WGA, and profiled by deep sequencing with sufficient
depth.

We further evaluated whether On-chip Sort was capable
of capturing very low number of tumor cells in blocd. 4
mL blood samples containing one or two H1975 cells
were processed with On-chip Sort in 6 independent tests
(Additional file 7: Table $4). The results demonstrated a
sensitivity threshold for On-chip Sort platform detecting
close to one tumor cell per 4 mL of blood, In addition,
tumor cells were not detected from healthy donor blood
containing no tumor cells. Therefore, CTCs could be de-
tected and isolated form patients who have 21 CTCs per 4
mL of blood by the On-chip Sort platform and they could
be genotyped utilizing isolated CTCs,

We also found that EpCAM/CK double-negative
Hs578T cells spiked into healthy blaod were successfully
isolated with On-chip Sort and profiled by mutation ana-
lysis (Additional file 8: Figure $4); the resulting mutation
profiles showed the expected genomic mutation in p53
known to be present in Hs578T. These results strongly
suggest that our CT'C capture assay is advantageous for
capturing and characterizing both EpCAM-positive and
EpCAM-negative tumor cells.

Comparative analysis of On-chip sort versus the CellSearch
profile kit

We next performed a comparative analysis of On-chip
Sort versus the CellSearch profile kit in terms of mutation

detection of tumor cells spiked into blood samples. Cells
isolated using On-chip Sort or the CellSearch profile kit
were processed by WGA followed by mutation analysis
with pyrosequencing or deep sequencing. In On-chip
Sort-isolated samples, specific mutations in each tumor
cell line were reliably detected by both pyrosequencing
and deep sequencing (Figure 3, left). In CellSearch profile
kit-isolated samples however, specific mutations in H1975
cells expressing high EpCAM levels were detected by deep
sequencing only and not by pyresequencing (Figure 3,
right). In both experiments, genomic DNA was suc-
cessfully amplified according to Amplil end-point PCR
criteria in all of the samples (Additional file 9: Figure $5).
Details of the mutation analysis are shown in Additional
file 10: Table S5, These data suggest that the On-chip
Sort assay provides superior sensitivity compared
with the CellSearch profile kit for subsequent mutation
detection,

Assessment of EGFR exprassion and copy number
amplification in captured tumor cells

Owing to the multichannel detection capability of the sys-
tem, EGFR expression levels on single CTCs are measur-
able and semi-quantifisble using an anti-EGFR antibody
in the FL5 channel of On-chip Sort. We first performed
experiments to demonstrate that EGFR immunostaining
on On-chip Sort could be correlated to EGFR expression
and gene amplification status as determined by western
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blot analysis and qPCR using WGA products from various
cell lines. To distinguish different levels of EGFR protein
expression and EGFR amplification, we used the EGFR-
over-expressing and/or EGFR-amplified cell lines H292,
A431, and HCCB27 (Figure 4A, C). Very low-level EGFR-
expressing A549 cells with a single EGFR copy served-as a
negative control (Figure 44, C).

Ab49 .cells -were either weakly positive or negative,
whereas H292 cells also revealed moderate EGFR ex-
pression (Figure 4B). In A431 and HCC827 cells, strong
intensities of EGFR specific immunofluorescence were
observed (Figure 4B). These EGFR expression levels
correlated with those determined by immunoblot analysis
(Fignre 4A). CTCs with mederate to strong intensities of
EGFR-specific immunofiuorescence were assumed to be
EGFR-positive (H292, A431, and HC827), whereas CTCs
with negative or only weak intensities of EGFR-specific im-
munofluorescerice were considered to be EGFR-negative
{A549) (Figure 4B).

EGFR expression levels determined using On-chip
Sort were consistent with the mean gene amplifications
determined by qPCR carried out on DNA extracts of the
corresponding cell lines (Figure 4C, black bars; A549,

118-fold; H292, 1.69-fold; A431, 6.32-fold; HCCB27,
25.37-fold). In line with these results, the analysis of
Amplil WGA products of genomic DNA (1 ng) and of
small numbers of cells including single cells, by EGFR
gPCR, revealed comparable mean values in the respective
cell lines (Figure 4C, grey bars), The mean gene amplifica-
tions of pure tumor cell samples (Figure 4C, grey bars)
and of those isofated by On-chip Soxt (Figure 4C, blue
bars) were compared, and found to be reasonably similar
to that observed in the cell lines with strong expression
levels of EGFR (A431.and HC827 Figure 4C), whereas no
significant amplification was detected in H292, which ex-
presses moderate Ievels of EGFR (Figure 4C). The results of
these sorting experiments are summarized in Additional
file 11; Table.S6.

Discussion

In this study, we have described a new approach for the
capture of rare tumor cells from immunomagnetically
pre-enriched blood samples, We provided proof-of-
principle demonstrating the feasibility of this approach
by using it to capture between one and ten tumor
cells from spiked blood samples for subsequent

_.86_
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molecular characterization at the genomm ievel using  CTCs/4 mL blood. The cut-off number of CTC events
deep sequencing. detected by the On-chip Sort method was 3 events/4mL
In addition, we investigated the applicability of using  blood (Additional file 2: Figure S1), suggesting that the
WGA products obtained from single CTCs with the CTC capture efficiency of our system to detect mutation
Amplil WGA kit, This WGA kit is the only commercially  might ‘be ‘sufficient for low CTC cohort numbers: In
available kit compatible with analysis of a single fixed cell.  fact; wé were able to detect specific mutdtions from
Fixation is ‘a crucial step for the staining of cytokeratin  blood samples containing one tumor cell, -
and vimentin with fluorescent probes, and cytokeratin In a low CTC cohoit (<15 CTCs/7.5 mL), the rate of
positivity Is included to gold standard criteria for CTC de- successful: subsequent WGA was reported to be 23.5%
tection. The WGA/Sequencing procedure described inthis (17 =34) after isolation using a conventional cell sorter
stady was shown to be serviceable for the detectioni of a2 {20]. Cell loss during sample handling is a critical issue
broad range of somatic mutations in 48 cancer-related  in CTC isolation when using CéliSedrch [21,28]. Unlike
genes in small nambers of cells, as well as in single cells  conventional cell sorters and CellSearch, the On-chip Sort
for the first time. A coverage .depth of 10-fold was  system employs a lossless whole volume sorting approach,
achieved even for single cells at >90% of the nucleotide and as -a- result, displays 100% successful subsequent
positions, Next-generation sequencing-based diagnostics WGA as well as mutation detection of spiked blood sam-
may therefore hold the potential to provide clinically  ples as'low as five tumor cells.in 4 mL blood {7 =9).
relevant information. using single CTGs. - Purity -of isolated CTCs is also crugial for obtaining
Total CTC capture yield is important i in genotyping as  high sensitivity in mutation detection. The On-chip Sort
well as in other applications, such as prognostic and  system Isolated tumor-cells at a purity of >60%, which is
drug resporise measuremnents. The overall méan percent-  sufficient for mitation detection using pyrosequeéncing
age of cells captured was 70.9% % 10.6% (;z 27). 'The methods that haye a sensitivity of approximately 10%,
percentage of cell Ioss attributed to, the negatwe enrich- “When directly comparing mutation detection sensitivity
ment procedure and: sorting was about 20% and 10%, of our system with that of the CeliSearch system and
respectively, The estimated capture limit of the humber  profile kit, -our systenmi wa$ observed to be significantly
of tumor cells captured by our system was 146+£022 more sensitive at low CTC numbers (<10 GTGs/mL).
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Detection of variant frequency of EGFR mutations in
high EpCAM-expressing H1975 cells after our sorting
procedure was approximately 68%, which was sufficient
to call the mutations. However, in the same samples using
the CellSearch system, variant frequency was approxi-
mately 3%, which is insufficient for unambiguous variant
identification. These results suggest that our system dis-
plays superior purification efficiency for the detection of
mutations using the relatively low-sensitivity downstream
pyrosequencing method,

The use of EMT markers, e.g, vimentin, facilitated the
capture of EpCAM/CK double-negative tumor cell in
petipheral blood. The loss of EpCAM and/or CK in
tumor cells has been reported previously {34-39]. This
loss of epithelial cell properties is related to Epithelial-
to-Mesenchymal Transition (EMT). Our multicolor cell
sorting system allows us to capture a CTC-positive
marker and an EMT-related marker in parallel, suggesting
that a population of CTCs that has been missed by current
platforms might be able to capture and characterlze using
our system. However, vimentin is also expressed on
mesenchymal stromal cells which normally circulate
{40). Criteria for vimentin+ CTCs must be carefully defined
and evaluated in future clinical studies, We also consider
using other EMT-related makers such as N-cadherin or
twist in addition to vimentin staining to detect and cap-
ture CTCs which show mesenchymal phenotype {34,38].
Our multicolor cell sorting system equipped with multila-
ser has the potential to capture CTCs muitiple EMT
markers, In addition to CTC markers, nuclear staining
positivity is regarded one of the golden standard criteria
to detect CTCs. It is important to incorporate nuclear
positivity in sorting gates to classify the events as CTCs
or not in the case of clinical samples. On-chip Sert can
be equipped with violet laser for detection of DAPI
staining. Further improvement of equipment is needed
to be a robust diagnostic teol for cancer patlents,

While the use of Amplil technology has previously
been reported for PCR-based mutation analysis on single
cells [21,22], gPCR to determine copy number of single
cells using the Amplil kit has not yet been evaluated. In
our study, the mean gene amplification rates within various
turnor cells determined by qPCR on DNA extracts were
similar to those determined with Amplil WGA products
when using both DNA. extracts as well as small numbers
of cells, including single cells. The amplification of the
EGFR could also be observed in captured samples, sug-
gesting our system might be capable for detecting gene
amplification on CTCs. Such analyses may assist in
predictive biomarker studies in cases where expression
levels of therapeutic targets may be predictive of thera-
peutic activity. For example, High EGFR expression of
tumeor cells was shown to predict the benefit of anti-EGFR
therapy such as cetuximab [41].
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Evaluation of the clinical feasibility of phenotypic analysis
in captured CTCs by evaluating target gene expression
is still ongoing. The DETECT III trial assesses the use
of antl-HER?2 treatments in HER2-nepative breast can-
cer patients selected on the basis of CTC detection/
characterization [42], www.detect-studien.de. Results of
this trial will give an insight into the relevance of CTCs
in cancer treatment strategies. Our system has clear ad-
vantages over conventional systems when carrying out
longitudinal analyses of CTC dynamics in terms of protein
expression as well as of mutation status,

Conclustons

We have provided the first report on the performance of
the On-chip Sort system, a novel bench-top cell sorter that
allows the capture of low numbers of cells from human
blood samples, We have described the analytical charac-
teristics of the system and provided proof-of-principle
showing its feasibility in the capture and molecular
characterization of low numbers of tumor cells in blood.
Ongoing improvement of CTC enrichment processes from
whole blood and integration of single-cell technologies may
help to establish CTCs as a pivotal diagnostic tool for can-
cer patients towards enabling better-personalized therapies.
The data shown in this study imply the potential of the
On-chip Sort cell capture system and further evaluation
with clinical samples should be conducted.

Additional files

(' Additional fita 1: Table 1. Primers used for pyrosequencing and
quantitative PCR (GPCR). *1: 5° ends of the amplification primers were
biotinylated.

Additional file 2: Flgure $1. Detection and sorting data of healthy
donor conirol samples. A typical example of healthy control samples
analyzed with On-chlp Sort. On average five heatthy donor control
samples have 12 1.3 events {n=5} in the CTC gate (CK+ and/or
vimentin+/CD45~), but no tumor celis were abserve In the ¢ollecting
reservolr,

Additional fite 3: Table 52, Detalls of mutation analysis of captured
celis. This table provides detalls of DNA from captured tumor cells shown
in Flgure 2, which was amplified using Amplil WGA followed by
mutation detection with both a pyroseguencer and an lllumina MiSeq
sequencer, Variant frequencles of two different £GFR mutations and
single KRAS and BRAF mutations, as well as coverage distdbution of WGA
products in the TruSeq Ampllcon Cancer Panel are shown. Var, Freq,
variant frequency. Coverage min, coverage minimurm,

Additional file 4: Flgura $2. Gallery of H1975 cells captured by
On-chip Sort In the collection reservalr, Captured cefls 2re shown with
tinding to fluorescently-labeled antibodies targeting cytokeratin,
vimentin, and CD45. The Images allowed for identification of tumor cells
{arrow) and hematologic cells Brrowheads).

Additians{ file 5: Table $3. Mutation analysis of single or smail graups
of A549 and H1755 cells. Tumor cells were fixed and stalned followed by
Ampiil WGA. WGA products were sequenced using a pyrosequencer or
an llumina MiSeq sequencer, Variant frequency of KRAS ar BRAF
mutations and WGA coverage distribution in the TruSeq Amplicon
Cancer Panel are shown, Var. Freq, vadant frequency. Coverage min,
coverage minimum,

L




Watanabe et al. Journal of Translational Medicine 2014, 12:143
htipy//www iransiational-medicine.com/content/12/1/143

Additlonal file 6: Flgure 53, Analytical sensitivity of mutation
detection. Dilutions of £GFR mutant H1975 cells splked into healthy
donor WBCs were analyzed by both pyrosequencing and deep
sequending for detection of T790M and L858R mutations. Variant
frequencies of £GfR mutations detected by the pyrosequencer (A) or
MiSeq sequencer (B) are graphically represented. The horlzontal axis
shows the expected fraction of mutant EGFR cells, The vertical axls shows
the observed percentage of vartant frequency. The varant frequencies of
the T700M mutation (diamonds) and of the LBS8R mutation (squares) are
indicated, Blue marks indicate dilutions of single H1975 cell into WBC
samples and green marks indicate dllutiehs of ten H1975 cells into WBC
samples. The line represents the fower limit of detection of the method
{10% for pyvosequencing and 1% for deep sequencing), Data shown here
are representative of two Independent experiments for each assay,

Additional file 7; Tabla $4, Evaluation of sensitivity of On-chip Sort
platform for mutation detection, One or two cultured H1975 cefls were
Individuaily picked up using a microplpette under an Inverted microscope,
spiked into 4 mL afiquots of healthy donor blood, and the resulting blood
samples were processed using the On-chip Sort platform in 6 separate tests.
Captured samples were analyzed for the presence of spedific mutations in
each cell {ine using pyrosequencing.

Addtitional fila 8: Figure S4, Capture and mutation profiling of
CK—/EpCAM ~ breast cancer cells. (A} Histograms of CK, EpCAM, and
vimentin expression in Hs578T cells. Fluorescence histograms of the
isotype control {gray) and of the EpCAM antibody (red). (8) CTC gates of
spiked Hs578T cefis and gallery of Hs578T cells captured by On-chip Sort.
The images allowed for Identification of Hs578T cells famow). () Detalls
of sorting results and mutation analysls using deep sequendng, DNA
from captured Hs578T cells was ampiified using Amplit WGA followed by
mutation detection with an {flumina MiSeq sequencer. Variant frequencies
of p53 mutation and coverage distdbution of WGA products in the TSACP
are shown, Var. Freq, varlant frequency. Coverage min, coverage
minimum.

Additional file 9: Figura 85, Composite gel Images of Ampli1 QC
end-point PCR products. Genomic DNA of experimental samples was
consldered to be successfully amplified if ali four of the contro) -
genomic DNA sequences were detected. No amplification product was
obtained in either of the negative controt samples (NTC and Buffes), All of
the captured samples abtained using ether On-chip Sort or the CellSearch
Profite kit passed the Amplft amplification check, NTC, no termplate control;
QDNA, 1 ng of H1975 GDNA as a positive control for Ampli) QC; Buffer,
negative control for WGA.

Additional file 10: Table S5, Detalls of mutation analysis of captured
tumox cells using On-chip Sort o the CeliSearch profile kit. This table
provides details of the captured sample in Figure 3 that were subjected to
mustation analysis. DNA from captured tumor cells were amplified using
Amplil WGA followed by mutation detection using both the pyrosequericer
and the Humina MiSeq sequencer, Variant frequencies of two different £GFR
mutations, singte KRAS and BRAF mutations, and ¢overage distibution of
WGA products in the TruSeq Amplicon Cancer Panet are shown, Ver. Freq,
variant frequency. Coverage min, coverage minimum,

Additional fila 11: Tabla $6. Capture effictencles and purity of tumor
cells spiked into 4 mi. of narmal blood, This table provides detalis of the
captured samples show in Figure 4 that were subjected to copy number
analysts. The number of captured tumor cells was counted as the
number of tumor cells found In the collection reservoir. Purlty was
caleulated as the number of captured tumor cells divided by the number
of captured tumor celis plus the number of white blood cells counted In
the collection reservoir (1=2),

Ahbreviations

CICs; Greulating tumor cells; EpCAM: Epithelial cell adheston molecule;
qPCR: Quantitative polymerase chaln reaction; WeCs: White blood cells;
FITC: Fluorescein Isothiacyanate; T Cytakeratln; PE: Phycoerythiing

WGA: Whole genome amplification; TSACP: TruSeq Amplicon Cancer Panel,
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Efficacy of Rechallenge Chemotﬁerapy in Patients With
Sensitive Relapsed Small Cell Lung Cancer
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Objectives: To evaluate the efficacy of rechallenge with cumrent
induction regimens for sensjtive-relapse small celf lung cancer (SCLC)
patients,

Methods: We defined sensitive relapse as treatment-free mnterval
(TFI = 504). Sensitive-relapse SCLC patients who weecived second-
line chemotherupy were separated into those treated with rechalienge
chemotherapy (rechellenge group) and those treated with other
rogimens (other group). The endpoints were overall survival (OS}),
progression-free survival, and toxioity.

Resalts: Sixty-five patients (19 rechallenge group and 46 other group)
were assessable for efficacy and safety evaluation, No significant dif-
ferences in age, sex, ECOG performance status st relapse, disease
extent at diagnosis, or vesponse to first-line treatment were found
between the 2 groups, but TFI was significantly longer in the rechai-
lengs group. Twenty-one patients of the other group recsived amm-
bicin, There was no significant difference in OS between the 2 groups
fmedian survival time {MS8T): rechallenge group, 14.4 mo; other group,
13.1mo; P=0.51]. In the patients treated with amrubicin, MST was
12.6 months. ‘Comparing the rechallenge group with the patients
treated with amrubicin, there was also no significant difference in OS,
(P=0.38). Both the rechallenge and other group included 11 patients
with ex-sensitive relapse (TFI > 180 d). There was no significant dif-
ference in OS betwzen the 2 groups (MST 15,7 vs, 26.9mo, P=0.46).

Conclusions: Rechallenge chemotherapy did not prove superior to
other chemothempies, suggesting that monotherapy, sach as anrubicin,
might be reasonsble as second-line chemotherapy for sensitive-relapse
SCLC pafients,

. Key Words: small cell lung cancer, rechsllenge chemotherapy,
second-line, sensitive relapse, ammubicin

{Am J Clin Oneol 2013;00:000-000)

ung cancer is the mogt common cause of cancer-related
death, Small cell lng cancer (SCLC) accounts for
approximately 12% of lung cancers.! SCLC has a very
agpressive course, with approximately 60% to 70% of patients
having disseminated disease at diegnasis, Althongh SCLC
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shows high gensitivity to chemotherspy and radiotherapy,
about 80% of limited-disease patients and virmally all patients
with extensive disease will develop disease relapse or pro-
gression? The prognosis of relapsed SCLC patients i 2 to
4 months without treatment 3

+ Second-line chemothierapy may produce tumor regres-
sfon, but the evidence of a clinical benefit i5 limited. In a phase

1 trial comparing oral topotecan with best supportive care, the

edian survival time (MST) was 25.9 weeks for patients
eceiving topotecan and 13.9 weeks for those receiving best
supportive care (HR, 0.64; 95% CI, 0.45-0.90; P=0.0104).4
Thus-the efficacy of second-line chemotherapy for relapsed
SCLC was demonstrated. However, selectable dmgs are lim-
ited and topotecan is cumently the only dmg approved for the
treatment of relapsed SCLC patients in the United States,+5

Previous reports have shown that sensitive-relapse SCLC

patients have a good chance of responding to the same
induction chemotherapy (rechallenge chemotherapy).”t Giac-
cone and colleagnes reported the efficacy of rechallenge che-
motherapy in 13 relapsed SCLC patients for whom the median
treatment-free interval (TFI) was 30 weeks and the overall
response rate (ORR) was 50%. Postmus and colleagues ana-
Iyzed 37 relapsed SCLC patients and reported that the ORR of
rechallenge chemotherapy was 62% {median TFI was 34 wk).
Although these resnits suggest the effectiveness of rechallenge,
the reported induction regimens ware CAYV (cyclophosphamide,
doxorubicin, vincristine) or CDE (cyclophosphamide, doxo-
rubicin, etoposide), which are not standard regimens at this
time, It i3 unclear whether rechallenge with the cumrently
standard regimens is effective. Therefore, 1o evaluate the effi-
cacy of rechallenge with current induction regimens, we per-
formed a retrospective analysis of second-line chemotherapy
for sensitive-Telapse SCLC patients.

MATERIALS AND METHODS

Patients

We collected data between September 2002 and May
2011 from the medical records of the Shizuoks Cancer Center,
In this study, we defined TFI as the period from the date of
completion of first-Tine treatment to the first relapse. When
sequential radiotherapy or prophylactic cranial jmadiation
(PCI) was performed as first-line treatment, the date of comple-
fion of first-line treatment was defined as the last day of these
treatments, We defined sensitive relapse as TFI = 90 days,
based on the definition in several previous trials.?-!} Patients
with TFI > 180 daye were considered as “ex-sensitive relapse,”
based on the NCCN guideline recommendation for rechallenge
chemotherapy.
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We divided the sensitive-relapse SCLC patients into 2
groups according o the second-line chemotherapy regimen.
The “rechallenge” growp comprised patients who received
rechallenge chemothexapy, which is defined in this study as
retreatment with the same induction regimen. The “ofber”
proup comprised patients who received regimens other than
rechallenge chemotherapy, including monotherapy such as
amrubicin or irinotecan.

Evaluation and Statistical Analysis

We evelnated tdmors according to the Response Evale-
ation Criteria in Solid Tumors by performing computed
tomography of the chest and abdomen, and magneno 1e50-
nance imaging of the head and a bone scintiscan.’? All patients
were evaluated every 2 cycles or cvery 2 months, All cate-
gorical variables were analyzed by % test or the Fisher exact
test, as appropriate, Clinical evaluation of progression-free
survival (PFS) and overall survival (OS) after the start of
second-line chemotherapy was condueted by the Kaplan-Meier
method to assess the time of recurrence or death, The log-rank
test was used to compare cumulative survival in each group.
We assessed toxicity by National Cancer Institute Common
Toxicity Criteria, version 2.0. All P values were reported as 2
sided, and values <0.05 were considered statistically sig-
nificant, All stafistical -mnalyses were performed using JMP
version 9.0 (SAS Institute Inc., Cary, NC).

The study protocol was approved by the Institationsl
Review Board of the Shiznoka Cancer Centet.

TABLE 1, Sensltive-Relapse* SCLC Patlent Characteristics for
Rechallenge Group and Other Group .

Rechallenge Group Other Gronp
(n=19) (n=46) P
Age at second-line chemotherapy (y) 024
Median 65 65.5
Range 51-83 43-80
Sex [n (%)) . 0.14
Male 17 (89) 34 (74)
Female 2 (11) 12 {26)
PS at recurrence [ (%)) 0.33
o-1 18 (95) 40 (87)
2-4 105 6 (13)
Disease extent at diagnosis n (%)} i 020
LD 12 (63} 21 {46)
ED 7(37 25 {54)
Chemoradiation [n {%)] ’ 0,77
Yes 9 (47) 20 (43)
No - 10(53) . 26 (57
" “Prophylactic cranial irradiation [n (%)} 0.09
Yas 7(37) LX)
12 (63) 38 (83)
pronse to firgt-Yine thcmpy ['n %)) 0.88
CR/PR 18 (95) 44 (96)
SD/FD 1(5) 2(9H
Treatment-free interval (mo) 6.01
Median 7.1 48
Range 3.1-39.2 3.0-8.7
*Defined ag TFI 90 days,

CR mdicntn compets response; ED, extonded diseass; LD, lmited digenss;
FD, progressive discase; PR, partial response; PS, parformance status; SCLC,
smgll cell fung cancer; SD, steble disease; TP, treatment-free interval,

RESULTS

Patient Characteristics

Of the 65 sensitive-relapse SCLC patients who received
second-line chemotherapy, 19 were placed in the rechallenge
group and 46 in the other grovp, including 21 patients treated
with ammbicin. The sensitive-relapse patient characteristics
are listed in Table 1. No significant differences in age, sex,
ECOG performance status at relapse, disease extent at diag-
nosis, or response to firgt-Jine treatment were found between
the 2 groups. PCI was more ﬁ'equent in the rechalienge group.
TFI was significantly longer in the rechallenge group than in
the other group. In the rechallenge group, etoposide and plat~
imun were wsed in 68% of the patients as gecond-line che-
motherapy. In the other group, 46% of the patients were treated
with amrobicin, and 11% were treated with topotecan
(Table 2).

Both groups included 11 ex-sensitive-relapse patients;
their characteristics are listed in Table 3. There were also no
significant differences in patient characteristics and response to
first-line treatment.

Response

Response to second-line chemotherapy in sensitive-
relapse and ex-gensitive-relapse SCLC patients is shown in
Table 4. In the sensitive-relapse patients, there was no sig-
nificant difference in response between the rechallenge group
and the other group (ORR: rechalienge proup 37% vs. other
group 44%, P=0,62), ORR in patients treated with arnrubicin
was 38% and was not significently different compared with
the rechallenge group (P=0.93). In the ex-semsitive-relapse
patients, there was also no significant difference in' ORR
between the 2 groups (rechallenge group 46% vs. other group
55%, P=0.67).

PFS and OS

In the sensitive-relapse patients, there was no significant
difference in OS from the stert of second-line chemotherapy
between the 2 proups (MST: rechallenge group 14.4mo vs.

TABLE 2, First-Line and Second-Line Chemotherapy of Sensitive-
Refapse* SCLC Patients in Rechallenge Group and Other Group

Rechallenge Group Other Gronp
(=19} (n=46}
First-line chemotherapy [n (%)} .

Cisplatin and 20 {43)
etoposide

Carboplatin and 6(32) 10 (22)
gtoposide

Cisplatin and 6 (32) 14 (30)
irinotecn

Other 0 2(5)

Second-line chemotherapy {n (%}]

Cisplatin and 7 (36) 1(2)
etaposide

Catboplatin and 6 (32) 2(4)
etoposide

Cisplatin and 6(32) 08
irinoteoan .

Axnmubicin 0 21 (46)

Irinotecan a Ig g.g

Topotecan 0

oorf:r ? 0 7 (15)

*Defined o5 TF1 2 90 days,

SCLC indicates small cell Jimg cancer; TFI, treatment-fres interval,

2 | www.amijclinicaloncology.com
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TABLE 3. Ex-Sensitive Relapse SCLC Patient Characteristics in
Rechallenge Group and Other Group

Rechallenge Group Other Gronp
T {a=11) {n=11) r
Age at second-line chemotherapy () 0.72
Median 69 69
Range 5279 4879
Sex [ (%5)] : 026
Male 10 (91) 8 (73)
Female 1% 4 (27)
PS at recurrence [n (%6)] 0.26
0-1 10 (91) R (73)
2-4 19 312N
Disease extent at diagnosis {n (%)] 0.65
LD 8(73) 7 (64)
ED 327 4 (36)
Chemoradiation [n (%)) 037
Yes 8 {73) & (55)
No 3N 5 (45)
Prophylactic cranial irvadiation [n 0.19
@)
Yes 5(45) 3@
-No 6 (55) 8 (73)
Responge to first-line therapy [n (%)) 023
CR/FR 11 (100} 10 (91)
SD/PD ’ 0 (0) 19
Treatment-fres interval {mo) 0.02
Median 268 207
Range 182-1176 6.0-262
*Defined as TFI > 180 days.

CR indicates cotsplete response; ED, extended disense; LD, limited disease;
PD, progressive dissase; PR, partial response; P8, performance smtus; SCLC,
small call lung cancer; SD, stable disease; TFI, weatment-free interval,

other group 13.1mo, P=0,51) (Fig. 1A). There was also no
significant difference in PFS (median PFS 5.6 vs. 4.9mo,
P={Q.15) (Fig. 1B). In the patients treated with ammbicin,
MST was 12,6 months and median PFS was 4.6 months,
Comparing the rechallenge group with the patients treated with
amrubicin, there wete also no significant differences in OS and
PFS (Figs. 24, B).

In the ex-senmsitive-relapse patients, there was no sig-
nificant difference in OS from the start of second-line che-
motherapy between the 2 groups (MST 15.7 vs. 26.9mo,
P=0.46) (Fig. 3A). There was also no significant difference in
PES (median PFS 7.8 vs. 4.9 mo, P=0.63) (Fig. 3B).
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FIGURE 1. (A) Overall survival and (B) progression-free survival in
sensitive-relapse SCLC patients in the rechallenge chemotherapy
group and other regimen group. SCLC indicates small cell fung
cancer,

Safety

Toxicity was evaluated in both group patients. The most
common prade 3 or worse adverse events were hematologic
toxicity and included neutropenia (rechallenge group 94% vs.
other group 61%, P=0.02), thrombocytopenia (rechallenge
group 26% vs. other group 22%, P=0.76), and anemia
(rechallenge group 10% va. other group 26%, £=0.29), Febrile
neutropenia was noted in 3 rechallenge group patients (16%)
and 2 other group patients {4%). No patients experienced
nonhematologic toxicities worse than grade 3.

DISCUSSION
This study could not show the superiority of rechallenge
chemotherapy over other regimens in zensitive-relapse SCLC
patients, As TFI is a prognostic factor,’* we analyzed
treatment efficacy after adjusting the value, Although TFI was

TABLE 4. Response to Second-Line Chemotherapy in Sensitive-Relapse and Ex-Sensitive-Relapse SCLC Patients

Sensitive Relapse {TFI 290 d) [n (%))

Ex-Sensitive Relapse (TFI > 180 d) [n (%)]

Rechatlenge Gromp Other group Amrubicin Rechallenge Group Other Group
CR (5 0 (0) 0 (0) 1% 0 (0)
PR 6(32) 20 (44) 8 (38) . 4 (37) ) 6 (55)
sp 9 (47) 17 37) 7 (33) 327 327
PD X () 9 (19) 6 (29) 0 (0} 2(18)
NE 3 (16) 0 () 0 (0) 307 0(0)
ORR (%) 37 44 38 46 55
95% CI 1959 30-57 20-59 21-72 28-78
P — 0.62* 0.93* - 0.67*
ared with the rechallonge group.

95% Cl indicates 95% confidence interval; CR, complete response; NE, not evaluable; ORR, overall responss mate; PD, progrezsive discase; PR, partial response;

SCLC; small celf fung cancer; SD, stable disease; TH, treatment-free interval.

© 2013 Lippincott Williams & Wilkins
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Figure 2. (A) Overall survival and (B) progression-free survival in
sensitive-relapse SCLC patients In the rechallenge group and
those taking amrubicin in the other group. SCLC indicates smalt
cell lung cancer,

stgnificantly longer in the rechallenge group than in the other
group, ‘techallenge chemotherapy did not show significant
differences in ORR, PES, or OS compared with the other

chemotherapies. In our stady, nentropenia was more frequently .

observed in rechallenge group. Because a cure cannot be

expected in relapsed SCLC, the purpose of second-line.
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Figure 3. (A} Overall survival and (B) progression-free survival in
ex-sensitive-relapse SCLC patients in the rechalienge group and
other group. SCLC indicates small cell lung cancer.
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chematherapy is improvement of prognosis and quality of
life.'* When quality of life and treatment results are taken into
account, less toxic monotherapy may be reasonsdble.

Moreover, in comparing amrubicin with rechallenge
chemotherapy, similar results were obteined. In the rechallenge
group in this study, ORR was 37% whereas in previous reports
it was 50% to 62%.%8 In this study, median TFI in rechallenge
chemotherapy was 20 weeks, but in previous reports it was 30
to 34 weeks. These results suggest that the difference in TFI
might have led 1o the difference in ORR.

At this time, clinical evidence of second-line chemo-
therapy for relapsed SCLC patients is limited, The number of
randomized trals is small, and topotecan is the only estab-
lished drug.$ Amrubicin is a synthetic 9-amino-anthracy-
cline, which showed response rates of 50% to 53% in 2 phase
I toals.’®!7 In phase 11 tdals comparing topotecan with
avarubicin, the efficacy of amrubicin was pmmisin%?’m On the
basis of the results, a phase [l trial was conducted ! However,
this trial was nnable to show the superiority of amrubicin over
topotecan. MST with amrubicin was 9.2 months compared
with 9.9 months with topotecan (P=0.62; HR, 0.88).

Although several guidelines recommend rechallenge
chemotherapy for sensitive-relapse SCLC patients, the rec-
ommendation is not based on randomized trials. In addition,
the reported induction chemotherapy regimens were not plat-
inum based. Garassino et a1'® evaluated the clinical outcomes
of SCLC patients who received second-line chemotherapy
after platimum-etoposide chemotherapy. In their report, plat-
num-based rechallenge showed significant better results in
ORR and OS than other chemotherapy regimens for sensitive-
relapse and refractory-relapse SCLC patients. A platinum-
containing regimen showed better resuits indspendently of the
time to second-line therapy. However, there is a difference in
subjects between our study and Garassino’s report. We eval-
uated only sensitive-relapse SCLC patients. In addition, 46%
of the patients received amrubicin in ovr study, whereas 44.8%
of the patients received anthracycline-based regimens such as
CAYV in Garassino’s report.

Our study had several limitations. First, the sample size
was small and the timing of response nssessment was decided
by cach physician; which might have resulted in variance of
ORR and PFS. Second, we did not assess the influence of PCI,
which is known to improve the proguosis.!? Although the
patients in the rechailenge group received more frequent PCI,
there was no significant difference in ORR, PES, or O§
between the 2 groups. However, there are a fow reports that
evaluated the rechallenge chemotherapy for semsitive-relapse
SCLC patients with the currently standard regimen.

In conclusion, superiority of rechallenge chemotherapy
over other chemotherapies could not be demonstrated. The
results suggest that monotherapy, such as mmrubicin, may be
reasonable as second-line chemotherapy for sensitive-relapse
SCLC patients.
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Abstract:

OBJECTIVES: The effects of first-line chemotherapy on overall survival (OS) might be confounded by subsequent
theraples in patients with small celt lung cancer (SCLG). We examined whether progression-frea survival (PFS),
post-progréssion-survival (PPS), and tumor response could be valld surrogate erdpoints for. OS after first-ine

shemothigrapies for pallems with: extens!ve SCLC ussing Indiulduaiulevel data,

vember-2012, we artalyzed 49 cases of pa!ients with extensive
an as first-line chamatherapy. The. reiaﬂonshlps. of PES, PPS,

vidual fevel,

ear regression analysis shoWed that PPS was stmng!y
‘was moderately correlated with OS (r= 0.88, p < 0.05,
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»'Lung cancer:is one of the leading causes of

caricer-related mormhty worldwide. In 2007,
1.3 million people were diagnosed with lung
cander; 15-20% of whom wete found to have small

{ rcell lung cancer {(SCLG).#4 Overall survival (OS)
. | i8 considered the most reliable endpointin cancer
studxes, -and-when studies can be conducted
to adequately assess survival, it is usually fhe -

preferred endpoint? O s a precise endpoint; is

“easy to meastre, and can be documented by the
1| date ofdeath. Surrogate endpoints such as tumior -
‘|| response- -and progression-free survival (PFS) - ©
| | are-also-useful endpoints for phase II oncology -
clindeal trials becatise they can be measiired

earlier:and more conveniently. Events for these

I surrogaté endpoints oceur more frequently than
‘do events for the main.endpoints of interest,
| whichare referred to as the trué endpomts

| The effects of first-line cheniotherapy on OS‘

might be confounded by sitbsequent therapies.
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Indeed, PFS m1p10vements do not necessanly
resilt in an n:nproved 08, as shown by recent
randomized trials in patients with non-SCLC
(NSCLC).H Ini recent years, a growing nuimber
of active compounds-have become available
as. second- or thu'd-ime chemothempy for
hreast, oyarian,. and colorectal cancers®7, as

,weli as advanced NSCLC However, with
. regpect to ‘the treatment of SCLC, first-line

chemotherapy is often benefictal for patients with
poor performangce status (PS), in contrast wnh

- - NSCLC cases,.albeit-at the risk:of serious toxic
‘effects, SCLCis a distinet clinical and histological

entity within fhe range of lung cancers. Only a
few drugs are available for its treatment, and
fopotecan is-currently the only drug-approved
for thé treatment of rélapsed SCLC patents in

‘the United States®% Second-line treatment is
-anoption in only a few patients, owing to rapid

disease progression and poor PS.
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