20/22/0694

B3 A BB IRATF FEEE 36

BEROMBEAMNEEBICHT 3
MR REORT BT 3 HR

VRR244EE MR E E

WrEfiERE % B T —

SRR 256 (2013) £ 4 H



A S R R A B &
O AR

WR24FE  RIET RS E

MAERKE & B 2 —

SRR 25 (2013) 4 4 A



[. SIEEHE
BRI A 2 AR OREST I B B FE ————
s —

II. FFEREDOTIITIZE T3 —&F

III. WFERREOTFIITY - BRI



e
4o
R



BELEBBRFEMAEBMDE (BAVBRFEER)
IR R R EE

B3/ S SR EERIRRIE O ML IZBE 9 5 R 4R

MRERRE

®’iE h—

MISATBEANE LS AR E v ¥ —Rmb
PR SN B SRER

WREE
BXR/NMBEREAAICK T 2EERBEORMY 2 BENIC EERRERARS
NTWVW3E /XTI N EEICH LT, MBETHLIHARIh ALV X
TITFUA IR R+ AV )T PEDEECEBEE S HEHERSE
IIT tEEEEERBRICB W THREET 5, ARRKREBRIL. FAL 19 £ 8 A Japan
Clinical Oncology Group (JCOG) 7 m ha— L BEZESDODEABEET,
R I9FEIA 20K VEBLRY ZMEBRICBITL2MEFEZER
DAEABERET, FR20E 1 ALY REHITEFBREDIIEE o 72, EFIE
BR—ZANRTFEIVLELPENP -2, UHOEFHM 4 £MIVH 1
EMENRT, P24 E 11 A 19 BIZ 180 A0 FEEMEREMNET Lz,

Lk, 2EB OB L 225,

M oEE
B AT
FOES
[FE A< 1 B
IWAEZ
Bl &
FE A&
ASRE
Bl FniE
HEZF
AT

MR A
BRNERT

UL FRAE—

Ex Bt s 2 —FiEmi B
AR At Z— &
RRIE T 32T Bl &
BEBRIEMEPAEZ— BIRERE

BRI At v =Rk ik

BRIBR AL 5 — R HE
KERFIRNF Y 2 — HE
i PN i
KRHIREERE L ¥ — W5
B LR |
[ A A FT R Bt
SRR S ETAE ER
EERIA AL H— e
L DR ERE 5 — EE

W BT U AE L Z— Xl
TR = KRS KRFREREFEWER HEET
B B BHEERSIBNAE S Z— EEBE
B H#x IREWERRRE HE
FERBA AR BRI B E
B Ly HERSARYE— EE
A. HIRE®

BER/EIEESA FIENREREML T, 1A
BERT?»O 90 BUERB L TEREEZRD
sensitive relapse) ZXRIZL T, HEDE
ERTREIEE RS Lb /) X7 12 (N6T) JEiE
WRT BV AT TF o+ bRV R+ )
T 5 R (PEL EIE) OBEIEERIET A2 &
FEBET D,



B. WAL

£[H 40 MR ORFZE S N — T2 K D& hask LR
% 111 MRLLEGRBR C. =¥ N1 » MIEFH
Mcdhd, AFEHMATRME MST) &8 »Anb
12 » Aizm b Ega 2 L& RIAATND,

St BE T, BRSNS A (FIENGED
EHL T, IBERT?S 90 BLUERE L THER
ZZ 7~ sensitive relapse) TH V. /INEREAH
DS AT RIS B AVRHOBIBRIT DOBEE 2372 < . #[E]
BIRE LT 7 FFEA 2SR FEREE
T RAL FREE =T TR Y, 756 FLLUF,
ECOG Performance Status (PS) 0-2. @z
MEENMRE IR TRY, BERAOBHRERI
LI AXERENEONBETH D,

JCOG F—F —F v F—TDOHRBE, EIES
LB 0T 24T 9, 728, BIFRERETFIX, PS,
EXRERE, MR TH D,

BN, NGT EiE, & D WIL PELEIEE1T
5, NGT JE1EIX. / ¥7 7> 1. 0 mg/m? (dayl1-5) .
3EMIE., 4 =—A& T3, PEIEEIX, F1E
B : v RATFF5F (25 mg/n’, day 1) += FRY
K (60 mg/m?, day 1-3). E2#E : VAT TF
v (25 mg/m?, day 1) +A YV /742 (90 mg/m?,
day ) D 2 @A 1 a—RAELLTha—X(EH10
) OIEEETHS, PEIEEIE, 1a—2BD
% 8 HE XY G-CSF ZHEHEE B LUIMNIEHR
w575,

RAMEAT I 1 |, Zett=F U V73R
& 2 @, FEELIEIL 180 BT, FEMIEFRELR
XY T 4 EFDOFETH -2, EFIERN
— ANBND, 6 ERNCIER L, ZFIOE=
2T UFE— MZBWT, £BFO MST 28 16
rBTHY ., WEEHERHICBEINT 10 7 A X
bR BIFRT0, BERENITIZ, EFER
BTHRIEND 2E~NER LT,

(e FE~DERE)

SINBE DR EMHERIC OV T, B
R7u ha—/WEEOTIEERERELZ R LR
FTBY ., HEBRBINC X A3 RFIRITR/IMEE
%, 7=, TERFRMIZEICEIT A MaEEE) BLOV
~IVY R EE R EOEBEHEIREANIIE L

T&#EFT 5,
1) FFFeEfmstEE o IRBARNE DN Higk O
B BEBREEIT I,

2) FTXT DBEFEITBRERNC T 720 & HiR
WES BROFEEARAANL YV XETHES,
3) F—Z DBV L, EEEAIRINTE S
BHERANT, HhOTF—FR—Z20EF2 VT
4 ZRER L. EABROREL BT D,

4) JCOG 7 m ha—LVEEZES R K

2

SHFHEEE S, BEEZES. BHERIBEERER
SRECEDEZENEREZITLLZEU
T, Bl L mEEORERIZE D D,

C. WFFERER

2E DN ABBRIIEDEE 40 Hisk THE
TN—T% L., B 19F9A 20 BLVAR
RERZEME LT, EFAEBEX—ADBTFELL b
OB T, BEHIE A 2 FRER L
FEER, Rk 244 11 A 19 BICBIEEFETHD
180 BlDXEFKNFET Uiz, 541X 2 FH DB
EiPRAR

Tk 24 EERHEHT=F Y T LR—|
W2 &5 138 FIORENTTIrX, NGT JEiE & PEI B
FNENICBITAH T L—F 3 U EOFFERRED
84.3% vs 80.9%, ~FZ vt rEA 27.1% vs
79. 4%, M/NRIRA> 30. 0% vs 45. 6%, TFI 0% vs
10. 3%, ZEBWMEAF P ERIA 7. 1% vs 32. 4% TH D |
JREBNEE IR 1 A3 OO biv, B
BR & M2 PEI JIENFRWEE X BNLD, —F,
YRk 24 %5 A 21 BBREOEBES DT 155 f
DOMSTIZ1.39FETH Y, B CHEDEZ A
LR, BWIREDRBHIFIN
Do
72k, AR 22 4R 9 A 11 B JCOG ZhR - Zeaeik
SHZE B4 o FREIAENTERE I3V TARRER Ok
FERARINTWD,

. B

INHRRERG S AT RS A D 10-15%% H, FE
INHRBEIT A3 AT HER B &L SREE SO AR
DREZENE < . PIENERIZH T 5 FTEHRILMR
JBALT 80-100%, HERAIT 60-80%Th D, L
L. 80-90%D /NI AT R AR L, b F4
FRIZBFHETH 25%, ERET 0-5%TH Y,
INHEREDS A BARD b FEAETFRIT 10%KRME & AR
Thbd, BREOFEERECKT HUNTIES
BREMNSFHETETOMTIX 4 rALEbNT
¥,

AR, BRR/EBARE AT, FIEMLSEEIEN
EHL., BWEKTH»S 60-90 ALLERBLTH
AW B sensitive relapse &, FIENEEMN
ZFHLR, HDHWIEEZLTH 60-90 ALK
IZEFR A D B refractory relapse @ 2 D245
BFINT, BRMZE ITONTE T, TV,
0 2 BET{LFEEIEOSRESCAFHMICELTE
DB THD, FlziE, NeTERETHD L, &
ZhER . MST IX. sensitive relapse Tl 14-37%.
25-37 1. refractory relapse TiL 6-11%, 16-20
HBTHD,



BEE TIZHER /MR N A (sensitive
relapse) Z#x& & Lz 4 DOKRKBEELE 111 #6
RBENRESNTWA NCTEEE Y 7 akR T
FIFN+T RUT=A 0+ T U RF
(CAV) By Z thar L7 111 FER B TlI.
MST:25.0 Ext 24.7 HEHFEEEZFRDR o7
. BRI S EROLETIE NGT EEIMEN
Tz, NGT EIEOR OB G L IR 5EO)
BRBRTIE. FEOR, £EFCEFEEE2R0OT.
EMELRBECTH-oz, 72, NeT EEOROR
5 L EIEE O 111 B TlX, NeT IR0 R E
72 MST DIEE (26 X 14 W) #5R 7z, 2011 K
E R RER S (ASCO) Tik  NGT EiE S 7 AL E
TUBIEDE 11T HERBR O BENRE SN7-28,
EFICEEEEZRDR N -T2, B/
PN KT T DAZTER LR IRITFESL L TV 7208,
EF 4 S0% 111 HEBRORBRIZESHT, #
ST NGT BEENER/INHEREIE ATk A1
WEIRE L AR SN TWE, 22T, BE/NEE
Ffids A (sensitive relapse) \Z%1d BIZHEISED
fEsL A& BEE L C. NGTJEYE & 4 23BE% L 7= PEI
BIEDE 111 FEBRBEEHm L, 54E% CFE
BIERENTET LI ZATHD,

E. #im

T3 /N IR 3 DA HERTR BRI DO
MICEET AR Tk, TBER/NREAEIC S
% NGT ¥&ik & PEI SEEZ HLERT 228 111 FE5A5R
(JCOG0605) | ZFr% 194 9 A 20 H Xk ZHasR
HEFEFEBRE UTERB L, Fa244 11 A 19 BIZ
180 B DF EREBIEFENTET LTz,

F. iR fERRIE R
B4R RS L ERfaRER A L,

G. HFZEFER

. FCHER

1. Kubo T, Takigawa N, Osawa M, Harada D,
Ninomiya T, Ochi N, Ichihara E, Yamane H,
Tanimoto M, Kiura K. Subpopulation of
small-cell lung cancer cells expressing CD133

and CD87 show resistance to chemotherapy.
Cancer Sci. 2013, 104(1): 78-84.

Rossi A, Di Maio M, Chiodini P, Rudd RM,
Okamoto H, Skarlos DV, Frih M, Qian W,
Tamura TSamantas E, Shibata T, Perrone F,
Gallo C, Gridelli C, Martelli O, Lee SM.
Carboplatin- or cisplatin-based
chemotherapy in first-line treatment of
small-cell lung cancer: the COCIS

meta-analysis of individual patient data. J
Clin Oncol. 2012, 30(14): 1692-1698.

Ono A, Naito T, Ito I, Watanabe W, Shukuya
T, Kenmotsu H, Tsuya A, Nakamura Y,
Murakami H, Kaira K, Takahashi T,
Kameya T, Nakajima T, Endo M, Yamamoto
N. Correlations between serial
pro-gastrin-releasing peptide and
neuron-specific enolase levels, and the
radiological response to treatment and
survival of patients with small-cell lung
cancer. Lung Cancer, 2012, 76(3): 439-444.

NaitoT, Tanaka F, Ono F, Yoneda K,
Takahashi T, Murakami H, Nakamura Y,
Tsuya A, Kenmotsu H, Shukuya T, Kaira K,
Koh Y, Endo M, Hasegawa S, Yamamoto N.
Prognostic impact of circulating tumor cells

in patients with small-cell lung cancer. J
Thorac Oncol. 2012, 7(3): 512-519.

Ogawa S, Horio Y, Yatabe Y, Fukui T, Ito S,
Hasegawa Y, Mitsudomi T, Hida T. Patterns
of recurrence and outcome in patients with

surgically resected small cell lung cancer. Int
J Clin Oncol. 2012, 17(3): 218-224.

Ochi N, Hotta K, Takigawa N, Oze I,
Fujiwara Y, Ichihara E, Hisamoto A, Tabata
M, Tanimoto M, Kiura K. Treatment-related
death in patients with small-cell lung cancer

in phase III trials over the last two decades.
PLoS One. 2012, 7(8): e42798.

Fujii M, Hotta K, Takigawa N, Hisamoto A,
Ichihara E, Tabata M, Tanimoto M, Kiura K.
Influence of the timing of tumor regression
after the initiation of chemoradiotherapy on
prognosis in patients with limited-disease
small-cell lung cancer achieving objective
response. Lung Cancer. 2012, 78(1): 107-111.

Tsuchida T, Yamane H, Ochi N, Tabayashi T,
Hiraki A, Nogami N, Takigawa N, Kiura K,
Tanimoto M. Cytotoxicity of activated natural
killer cells and expression of adhesion

molecules in small-cell lung cancer.
Anticancer Res. 2012, 32: 887-892.



H. FHI M EEHED HIBE - B ERIRTL

1.

2.

3.

Rt
7L
ERFRE &
L

a2l

2L



I. #FERROFATICET 2 —ExR



AR OTATICE T 5 — &R

HERERL X EZA v HBREL BE | =Y | HERE
Kubo T, Takigawa N,
Osawa M, Harada D, | Subpopulation of small-cell
Ninomiya T, Ochi N, |lung cancer cells expressing Cancer Sci | 104(1) | 78-84 2013
Ichihara E, Yamane H, | CD133 and CD87 show
Tanimoto M, Kiura K. resistance to chemotherapy.
Rossi A, Di Maio M,
Chiodini P, Rudd RM, | Carboplatin- or cisplatin-based
Okamoto H, Skarlos DV, | chemotherapy in first-line
Frih M, Qian W, |treatment of small-cell lung |J Clin .
Tamura T, Samantas E, | cancer: the COCIS | Oncol 30(14) | 1692-98 | = 2012
Shibata T, Perrone F, | meta-analysis of individual
Gallo C, Gridelli C, | patient data.
Martelli O, Lee SM.
Ono A, Naito T, Ito I, | Correlations between serial
Watanabe W, Shukuya | pro-gastrin-releasing peptide
T, Kenmotsu H, Tsuya | and neuron-specific enolase |
A, Nakamura Y, | levels, and the radiological | Lung )
Murakami H, Kaira K, | response to treatment and | Cancer 76(3) | 439444 | 2012
Takahashi T, Kameya T, | survival of patients with
Nakajima T, Endo M, | small-cell lung cancer.
Yamamoto N.
NaitoT, Tanaka F, Ono
F, Yoneda K, Takahashi
T, Murakami H, | Prognostic impact of
Nakamura Y, Tsuya A, | circulating tumor cells in| J Thorac .
Kenmotsu H, Shukuya | patients with small-cell lung | Oncol 73) | 512519 | 2012

T, Kaira K, Koh Y, Endo
M, Hasegawa S,
Yamamoto N.

cancer.




Ogawa S, Horio Y, | Patterns of recurrence and Int J Clin
Yatabe Y, Fukui T, Ito S, | outcome in patients with .
Hasegawa Y, Mitsudomi | surgically resected small cell Oncol 17(3) | 218-224 | 2012
T, Hida T. lung cancer.
’(I)‘:EilgaWNa, NHotgaZe I% Treatment-related death in
Fujiwara Y, Ichihara E, pat1ent§ Wﬁh srﬁ?ll'c:ell lung | PLoS One 7(8) e42798 2012
Hisamoto A Tabata M. | CAncer in phase trials over
Tanimoto M, Kiura K > | the last two decades.
Influence of the timing of
Fuji M, Hotta K tumor regression after the
Takigawa N, Hisamoto ::r}l::;igi'(::liothera o(;f Lun
A, Ichihara E, Tabata wdrobaerapy o | e 78(1) | 107-111 | 2012
M. Tanimoto M. Kiura prognosis 1n patients with ancer
K, > = | limited-disease small-cell lung
= cancer achieving objective
response.
Tsuchida T, Yamane H, | Cytotoxicity of activated
Ochi N, Tabayashi T, | natural killer cells and Anticancer
Hiraki A, Nogami N, | expression of  adhesion Res 32 |1 887-892 | 2012

Takigawa N, Kiura K,
Tanimoto M.

molecules in small-cell lung
cancer.




0. AFgER S o AT - Bl



expressing CD133 and CD87 show resistance to
chemotherapy

Toshio Kubo,' Nagio Takigawa,>* Masahiro Osawa,' Daijiro Harada,' Takashi Ninomiya,' Nobuaki Ochi,’
Eiki Ichihara,’ Hiromichi Yamane,? Mitsune Tanimoto' and Katsuyuki Kiura®

'Department of Hematology, Oncology, Respiratory Medicine, Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences,
Okayama; 2Department of General Internal Medicine 4, Kawasaki Medical School, Okayama; *Department of Respiratory Medicine, Okayama University

Hospital, Okayama, Japan

(Received June 19, 2012/Revised September 27, 2612/Ac(epted October 14, 2012/Accepted manuscript online October 16, 2012/Article first published online November 24, 2012)

Tumors are presumed to contain a small population of cancer
stem cells (CSCs) that initiate tumor growth and promote tumor
spreading. Multidrug resistance in CSCs is thought to allow the
tumor to evade conventional therapy. This study focused on
expression of CD133 and CD87 because CD133 is a putative mar-
ker of CSCs in some cancers including lung, and CD87 is associ-
ated with a stem-cell-like property in small-cell lung cancer
(SCLC). Six SCLC cell lines were used. The expression levels of
CD133 and CD87 were analyzed by real-time quantitative reverse
transcription-polymerase chain reaction and flow cytometry.
CD133+/— and CD87+/— cells were isolated by flow cytometry.
The drug sensitivities were determined using the 3-(4,5-dim-
ethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. Non-
obese diabetic/severe combined immunodeficiency mice were
used for the tumor formation assay. SBC-7 cells showed the high-
est expression levels of both CD133 and CD87 among the cell
lines. CD133-/CD87—, CD133+/CD87—, and CD133—/CD87+ cells
were isolated from SBC-7 cells; however, CD133+/CD87+ celis
could not be obtained. Both CD133+/CD87— and CD133—/CD87+
subpopulations showed a higher resistance to etoposide and pac-
litaxel and greater re-populating ability than the CD133—/CD87—
subpopulation. CD133+/CD87— cells contained more GO quiescent
cells than CD133—/CD87— cells. By contrast, CD133—/CD87— cells
showed the highest tumorigenic potential. In conclusion, both
CD133 and CD87 proved to be inadequate markers for CSCs; how-
ever, they might be beneficial for predicting resistance to chemo-
therapy. (Cancer Sci 2013; 104: 78-84)

mall-cell lung cancer (SCLC) is highly sensitive to chemo-

therapy. More than 80% of patients achieve an objective
response; however, most responders eventually relapse because
of drug resistance. Less than 30% of patients with limited dis-
ease and 1-2% of patients with extensive disease survive to
5 years.

Cancer stem cells (CSCs) have been proposed as one of the
causes of treatment resistibility. Cancer stem cells are a rare
population of undifferentiated cells that are responsible for
tumor initiation, maintenance, and spreading. They are resis-
tant to anticancer agents and can self-renew and generate prog-
eny in the form of differentiated cells that constitute most of
the cells in tumors.*® Because a surviving population of
CSCs after conventional treatment might be responsible for
tumor regrowth, identifying and eradicating the CSC popula-
tion are very important.

Cancer stem cells were isolated initially from leukemia and
subsequently from solid f:umorf:é including brain, breast, pros-
tate, colon, and liver cancer.*™® The methods used to isolate

Cancer Sci | January 2013 | vol. 104 | no. 1 | 78-84

CSCs include cell surface marker analysis,®® side-population
analysis,”” and the sphere-formation assay.”® Putative CSC
markers were reported to be CD34-positive/CD38-negative for
acute myeloid leukemia, CD44-positive/CD24-negative/a2p1-
low/Lin-negative for breéast cancer, CD44-positive/a2B1-high/
CD133-positive for prostate cancer, and CD133-positive/nes-
tin-positive for brain cancer.”> The present study focused on
expression of CD133 and CD87 as putative cell-surface mark-
ers. CD133 is reported to be a marker of CSCs in_some can-
cers, such as brain, prostate, and colorectal cancer.®™ Freshly
dissociated human SCLC and non-small-cell lung cancer con-
tain CD133-positive cells, which could generate long-term
lung tumor spheres in vitro that could both differentiate and
preferentially form tumors in vivo.® However, CD133 was
reported to be both a positive and a negative marker of CSCs
in lung cancer."%'" Meanwhile, in human SCLC cell lines, a
small population of urokinase plasminogen activator receptor
(uPAR/CD87)-positive cells was identified, of which a subset
demonstrated enhanced clonogenic activity in vitro."? CD87
has been implicated in the growth, metastasis, and angiogene-
sis of several solid and hematologic malignancies, and its
increase was associated with a poor clinical outcome.!'®
Targeting CD87 can have broad-spectrum antitumor effects.*®

We hypothesized that both CD133 and CD87 might be use-
ful as CSCs markers in SCLC. To test this hypothesis, we
investigated the expression levels of CD133 and CD87 using
six SCLC cell lines. Additionally, we examined whether amru-
bicin might be effective for such cancer stem-like cells
because it was demonstrated to be effective for refractory
SCLC patients."'*

Material and Methods

Drugs. Drugs were obtained from the following sources: cis-
platin and amrubicinol from Nippon Kayaku (Tokyo, Japan);
etoposide and paclitaxel from Bristol-Myers Squibb (Tokyo,
Japan); 7-ethyl-10-hydroxy-campthothecin (SN-38), an active
metabolite of irinotecan, from Yakult Honsha Co. Ltd. (Tokyo,
Japan); and 3-[4,5-dimethyl-thizol-2-y1]-2,5- diphenyltetrazoli-
um bromide (MTT) from Sigma Chemical Co. (St. Louis, MO,
USA).

Cell culture, The SBC-3, 4, 5, 6, 7, and 9 cell lines were
established in our laboratory from SCLC patients.’® The
SBC-3 cell line was derived from bone marrow aspirates of an
untreated patient."” The other cell lines were established from
pleural effusion or pericardial effusion of patients who had
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received chemotherapy. All cell lines were characterized by
Tsuchida ez al.,™® and some were stored at the Japanese Col-
lection of Research Bioresources (http://cellbank.nibio.go.jp/
cellbank.html). These cell lines were cultured in RPMI-1640
supplemented with 10% FBS and 1% penicillin/streptomycin
in a tissue culture incubator at 37°C under 5% CO..

Reverse transcription-polymerase chain reaction. RNA samples
were prepared for reverse transcription-polymerase chain reaction
(RT-PCR) using an RNeasy Mini Kit (Qiagen, Germantown, MD,
USA) according to the manufacturer’s protocol, and cDNA was
synthesized using SuperScript II Reverse Transcriptase (Invitrogen,
Carlsbad, CA, USA). Duplex TagMan real-time PCR was used to
analyze the CD133 and CD87 expression levels in each cell line
using an ABI PRISM 5700 Sequence Detection System (Applied
Biosystems, Foster City, CA, USA). Sequences of the Tagman
probe and primers for CD133, CD87, and glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) were as follows: CD133: Tagman
probe  (5-FAM-TGGCATCGTGCAAACCTGTGGCC-TAM-
RA-3"), forward primer (5-AGTGGATCGAGTTCTCTATCA
GTG-3'), reverse primer (5'-CAGTAGCTTTTCCTATGCCAA
ACC-3"); CD87: Tagman probe (5-FAM-ACAGCCCGGCC
AGAGTTGCCCT-TAMRA-3"), forward primer (5'-CCACTCA
GAGAAGACCAACAGG-3"), reverse primer (5'-GGTAACGG
CTTCGGGAATAGG-3"). GAPDH was co-amplified in the
same reaction mixture as an endogenous reference gene.
Sequences of the probe and primers for GAPDH were as fol-
lows: Tagman probe: 5'-FAM-CGTCGCCAGCCGAGCCA-
CATCG-TAMRA-3"; forward primer: 5-CGACAGTCAGCC
GCATCTTC-3"; and reverse primer: 5-CGACCTTCACCTT
CCCCATG-3". The average levels of CD133 and CD87 expres-
sion were determined from differences in the threshold amplifi-
cation cycles between CD133 and CD87 and GAPDH.

Flow cytometry. Cells were harvested and re-suspended at
1 x 10° cells/mL of staining buffer. Fluorescent-labeled
monoclonal antibodies were added in concentrations recom-
mended by the manufacturer. After washing, the labeled cells
were analyzed and sorted using a FACS Aria flow cytometer
(Becton Dickinson, Mountain View, CA, USA). The antibodies
used were allophycocyanin (APC)-conjugated mouse anti-
human CD133 (Clone AC 133; Miltenyi Biotec, Auburn, CA,
USA) and FITC-conjugated mouse anti-human uPAR (CD87,
American Diagnostica, Stamford, CT, USA) and phycoerythrin
(PE)-conjugated mouse anti-human MDR1 (eBioscience, San
Diego, CA, USA). Gating was implemented on the basis of
negative-control staining profiles. The sort was performed in
four-way purity mode (the purity was >98%). The cell-cycle
analysis was performed after staining with Hoechst 33342 and
Pyronin Y (Sigma-Aldrich, St. Louis, MO, USA). Cells were
stained according to the manufacturer’s instructions.

Limiting dilution assay. To determine the clonogenicity and
regenerative ability of single cells, a limiting dilution assay
was carried out. The cells were resuspended in fresh medium,
diluted to 3 cells/mL, and seeded at approximately 0.3 cells/
well with 100 ul. of medium into 96-well plates. Wells con-
taining no cells or more than one cell were excluded after
careful microscopic examinations, and those containing a sin-
gle cell were marked and monitored daily under a microscope.
After colony formation, the colonies were counted, dissociated,
harvested, and cultured again.

Cell proliferation assay. Cell proliferation was examined on
days 1, 2, 3, and 4. Isolated cells (1 x 10°) were seeded in a cell
culture flask at a final volume of 5 mL. After incubation, prolif-
eration was evaluated by enumerating cells. Growth inhibition
was determined using a modified MTT dye reduction assay with
Cell Counting Kit-8 (Dojindo, Tokyo, Japan). Briefly, cells were
plated on 96-well plates at a density of 3000 cells per well with
RPMI 1640 with 10% FBS. Several concentrations of each drug
were added to wells, and incubation was continued for 72 h.

Kubo et al.

MTT solution (Sigma-Aldrich, St. Louis, MO, USA) was then
added to all wells, and incubation was continued for a further
2 h. After the dark blue crystals had dissolved, the absorbance
was measured with a microplate reader. The percentage of
growth is shown relative to that of untreated controls. Each assay
was performed in triplicate or quadruplicate. The mean =+ stan-
dard error of the 50% inhibitory concentration (ICsq) of the
drugs in cells was determined.

Immunoblotting. Proteins were extracted from each cell line
and incubated in lysis buffer [1% Triton X-100, 0.1% SDS,
50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 1 mM EDTA,
1 mM EGTA, 10 mM f-glycerol phosphate, 10 mM NaF, and
1 mM Na-orthovanadate] containing protease inhibitors (Roche
Diagnostics, Basel, Switzerland) and centrifuged at 20 630g
for 20 min at 4°C. Proteins were separated by SDS-PAGE
using 5-15% precast gels (Bio-Rad, Hercules, CA, USA) and
transferred onto nitrocellulose membranes. Specific proteins
were detected by enhanced chemiluminescence (GE Health-
care, Buckinghamshire, UK) using the antibodies to aldehyde
dehydrogenase 1A1 (1:100 dilution; Abcam, Cambridge, MA)
and B-actin (1:1000 dilution; Cell Signaling Technology, Dan-
vers, MA, USA). The secondary antibody; anti rabbit IgG
(HRP-linked, species-specific whole antibody) (GE Health-
care), was used at a 1:5000 dilution.

Xenograft model. Sorted cells were injected subcutaneously
into the backs of 7-week-old female non-obese diabetic/severe
combined immunodeficiency (NOD/SCID) mice (Charles
River, Yokohama, Japan). Groups of mice were inoculated
with CD133+/CD87—, CD133—/CD87+, or CD133—/CD87—~
cells at 5 x 10° and 2 x 10° cells. Tumor growth was moni-
tored twice per week, and tumor volume (width? x length/2)
was determined periodically. A lack of tumor formation at
8 weeks after sorted-cell injection was described as “no tumor
formation™.

Statistical analysis. The differences between the groups were
compared using Student’s t-test and 2 test. P < 0.05 was con-
sidered statistically significant. All data were analyzed using
Microsoft Office Excel 2007 (Microsoft Japan Corporation,
Tokyo, Japan).

Results

SBC-7 cells showed high expression levels of both CD133 and
CD87. Expression levels of CD133 and CD87 mRNA by real-
time quantitative RT-PCR were determined. SBC-7 cells
showed the highest expression of both CD133 and CDS87
among the six cell lines. SBC-9 cells also showed both CD133
and CD87 expression, and SBC-4 and SBC-5 cells showed
expression of only CDI133 and CD87, respectively. SBC-3
cells demonstrated neither CD133 nor CD87 expression
(Fig. 1a). We confirmed expression of CD133 and CD87 in
each cell line by flow cytometry (Fig. 1b,c). SBC-7 cells dis-
played some subpopulations: CDI133+/CD87— (41.1%),
CD133—/CD87+ (10.1%), and CD133—/CD87— (48.3%);
however, CD133+/87+ double-positive cells were very rare
(0.6%). The cell-surface expression of CD133 was confirmed
in SBC-7 and SBC-9, and that of CD87 was in SBC-5 and
SBC-7, respectively. Although there seemed to be a correlation
between the mRNA levels and cell surface expressions, cell
surface expression was not detected at moderate mRNA levels,
such as CD133 in SBC-4 and CD87 in SBC-9. Because only
SBC-7 cells showed both CD133 and CDS87 expressions in
flow cytometry analysis, we selected SBC-7 cells and investi-
gated their characteristics as CSCs.

CD133+/CD87~ and CD133—/CD87+ subpopulations showed re-
populating ability. We used SBC-7 cell lines and examined the
properties of each subpopulation. To compare the re-populat-
ing ability of each subpopulation, we sorted the CD133+/
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Fig. 1. (a) The mRNA expression levels of CD133
and CD87 in each cell line using real-time
quantitative reverse transcription-polymerase chain
reaction. SBC-7 cells showed the highest expression
levels of both CD133 and CD87 among the six cell
lines. SBC-4 cells expressed only CD133, and SBC-5
cells expressed only CD87. SBC-3 cells expressed
neither CD133 nor CD87. Bars indicate the standard
deviation. (b) Flow cytometry analysis of SBC-7 cells
stained with CD133 and CD87 antibodies. SBC-7 celis
showed CD133+/CD87-, (CD133-/CD87+, and
CD133—/CD87— subpopulations; however, a CD133+/
CD87+ subpopulation was not obtained. (¢) Flow
cytometry analysis of SBC-3, 4, 5, and 9 cells stained
with CD133 and CD87 antibodies. SBC-5 showed a
CD133-/CD87+ subpopulation. SBC-9 cells showed a
CD133+/CD87—- but not a CD133-/CD87+ subpop-
ulation.

CD87—, CD133—/CD87+, CD133—/CD87—, and CDI133+/
CD87+ cells by flow cytometry (Suppl. Fig. S1), cloned the
sorted cells with limiting dilutions, and cultured them sepa-
rately under the same conditions for 6 weeks. Although we
attempted to select CD133+/CD87+ cells several times, no
double-positive cells could be obtained for further examina-
tion, including in vivo study. Therefore, we investigated the
characteristics of three subpopulations: CD133+/CD87—,
CD133—/CD87+, and CD133—-/CD87—. We then re-stained
the cultured cells with CD133 and CD87 antibodies and
analyzed them by flow cytometry. The CD133+/CD87— popu-
lation generated both CD133+/CD87— and CD133—/CD87—
subpopulations, and the CD133—/CD87+ population generated
both CD133—/CD87+ and CD133—/CD87— subpopulations.
However, the CD133—/CD87— population produced only
CD133—/CD87— cells. CD133+/CD87+ were not obtained
from any cultured subpopulation (Fig. 2).

Drug sensitivity, cell cycle and aldehyde dehydrogenase 1A1
expression in the subpopulations. Next, we examined the
sensitivity of each subpopulation to the chemotherapeutic
drugs cisplatin, etoposide, paclitaxel, and 7-ethyl-10-hydroxy-
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camptothecin (SN-38: active metabolite of irinotecan). Cells
expressing either CD133 or CD87 were more resistant to
etoposide and paclitaxel than were double-negative cells
(Table 1). In addition, CD133+/CD87— cells showed the high-
est resistance to etoposide among the three groups (P < 0.05).
The ICsos (uM) to cisplatin were 5.19 + 0.19 in CD133—/
CD87—, 3.49 +£0.68 in CDI133+/CD87—, 4.72+0.64 in
CD133—/CDg87+, and 2.14 + 0.22 in parent SBC-7 (Table 1).
Although CD133- and CD87-positive cells tended to be more
sensitive to cisplatin than double-negative cells, there was no
significant difference among the cell lines tested. When com-
pared with SBC-7 parental cells, CD133+/CD87— cells
showed more resistance to etoposide (P = 0.01) and paclitaxel
(P = 0.02), and CD133—/CD87+ cells were more resistance to
paclitaxel (P = 0.03).

Additionally, we analyzed the cell cycle of each subpopula-
tion by flow cytometry. The CD133+/CD87— subpopulation
contained more GO quiescent cells than did CD133—/CD87+
and CD133—~/CD87~ subpopulations (Fig. 3). Aldehyde dehy-
drogenase 1A1 levels seemed similar among the-three subpop-
ulations (Suppl. Fig. S2).

doi: 10.1111/cas. 12045
© 2012 Japanese Cancer Association



CD133

R T e
cD87 / | ow
g e
o3 ey ‘EQ -]
g 5
© ped ot o '\g\-‘: ot a¢
fe23 "’6.5
cos7 cosy

Fig. 2. Re-analysis of each subpopulation after limiting dilatation by
flow cytometry. CD133+/CD87— and CD133—/CD87+ subpopulations in
SBC-7 cells showed re-populating ability. However, the CD133-/
CD87- subpopulation could produce only CD133—/CD87— cells.

Growth rate and MDR1 expression in the subpopulations. We
also investigated the cell proliferation rates of each subpopula-
tion (Suppl. Fig. S3). The growth rate of CD133—/CD87+
cells was greater than that of CD133—/CD87— and CD133+/
CD87— cells. The growth rates of CD133—/CD87~ and
CD133+/CD87~ cells were similar. Although rapid prolifera-
tion makes a cell line appear more drug-sensitive compared
with a more-slowly growing cell line, the drug sensitivity of
the SBC-7 subclones could not be explained by the growth rate
alone. Next, we examined the expression levels of MDR1 on
each subpopulation by flow cytometry. The expression of
MDR1 was higher in CDI133—/CD87+ cells than that in
CD133—/CD87— cells (8.1% vs 3.1%) (Suppl. Fig. S4).

Drug exposure did not induce CD133 or CD87 expression. We
investigated whether the expression levels of CD133 and
CD87 were upregulated in cells resistant to chemotherapeutic
drugs. We used the SBC-3 cell line as a parent cell, which
expressed neither CD133 nor CD87, and its resistant cell lines
to cisplatin, SN-38, or etoposide gSBC—3/CDDP, SBC-3/SN-38,
or SBC-3/ETP, respectively)."* " The CD133 mRNA levels
in SBC-3/CDDP and CD87 in SBC-3/ETP were slightly upreg-
ulated compared with those in SBC-3 (Fig. 4a). However, in
flow cytometry analysis, there was no significant upregulation
of CD133 or CD87 expression in the resistant cells (Fig. 4b).
Thus, the surface expression of CD133 or CD87 at least was
unlikely to be induced by the chronic exposure of chemothera-
peutic drugs in vitro.

CD133-/CD87— subpopulations showed high tumor formation
ability in vivo. The tumorigenic potential of each subpopulation

through subcutaneous injection of each sorted cell line in
NOD/SCID mice was evaluated. We monitored tumor growth
twice per week. As shown in Table 2, when 5000 sorted cells
were injected, each subpopulation could initiate new tumors.
However, when 2000 cells were injected, the CD133—/CD87~
subpopulation showed the highest tumor initiating capability,
and the CD133—/CD87+ subpopulation could not produce new
tumors. When parental SBC-7 cells were injected, tumor for-
mation was confirmed as in the CD133-/CD87— subpopulation.
The pathological feature of the tumors with hematoxylin-eosin
staining was similar to parental SBC-7 xenograft tumors (Sup-
pl. Fig. S5). Re-analysis of each derived tumor using CD133
and CD87 antibodies in flow cytometry showed that the sur-
face markers of the tumor cells were similar to those of each
subpopulation cultured in vitro (data not shown).

CD133-positive cells were also resistant to amrubicin-
ol. Although CD133- and CD87-positive cells could not satisfy
the requirements for CSCs, these cells showed chemoresistant
characteristics. Additionally, CD133+/CD87~ cells had higher
tumorigenicity and higher resistance to chemotherapeutic drugs
than CDI133—/CD87+ cells. The ICsqs of amrubicinol in
CD133-positive and -negative cells were 0.732 £ 0.119 uM
and 0.172 + 0.038 pM, respectively (P = 0.009).

Discussion

The need to target therapies at the self-renewal capacity of the
stem-cell compartment, effectively interrupting the source of
recurrence in tumors sensitive to conventional therapeutic
approaches, has also evolved under the CSC hypothesis in the
lung cancer field.®” However, identifying a phenotypic marker
in lung CSCs has been unsuccessful. In this study, we investi-
gated whether CD133 or CD87 might be a putative marker of
CSCs. At first, we examined the expression levels of CD133
and CD87 mRNA by real-time quantitative RT-PCR. Then,
we confirmed the expression of CD133 and CD87 on cell sur-
face by flow cytometry. Although there were discrepancies
between the expression levels of mRNA and protein in some
cell lines, such as SBC-4 and SBC-9, only SBC-7 cells dis-
played both CD133 and CD87 cell-surface markers. The
ambivalence might be explained by following reasons.
(i) Although mRNA was induced, the protein might not be
detected because of small quantity; (ii) The protein might be
subject to degradation easily, and (iii) It might stay in the
cytoplasm and could not appear on the cell surface.

Both CD133- and CD87-positive cells showed higher resis-
tance to chemotherapeutic drugs and a higher re-populating
ability and contained more GO quiescent cells than did the
double-negative subpopulation in vitro. However, the double-
negative subpopulation showed the highest tumor-initiating
capability in vivo. Thus, CD133 and CD87 did not satisfy the
requirements for CSCs in SCLC cells. The reason that double-
negative cells showed the highest tumor-initiating capability
remains unclear. We used SCLC cell lines to examine the
characteristics of CD133- and CDS87-positive cells. In cell

Table 1. Sensitivity of each subpopulation to chemotherapeutic drugs

Cisplatin (uM) SN-38 (nM) Etoposide (M) Paclitaxel (nM)
CD133-/CD87—~ 5.19 £ 0.19 37.31 = 5.88 5.17 + 0.20 2.87 + 0.08
CD133+/CD87— 3.49 £ 0.68 107.96 = 40.24 >100 (P < 0.01)* 7.02 £ 0.36 (P = 0.01)*
CD133-/CD87+ 4.72 + 0.64 12.66 = 2.74 23.46 + 4.00 (P = 0.04)* 6.94 + 0.31 (P = 0.01)*
SBC-7 2.14 + 0.22 22.37 = 3.59 37.54 + 7.12 3.66 + 0.26

SN-38, 7-ethyl-10-hydroxy-campthothecin, an active metabolite of irinotecan. The asterisk indicates that the ICsgs (mean + standard error) of
the CD133+/CD87— and CD133—/CD87+ subpopulations were significantly higher than that of the CD133—-/CD87— subpopulation (P < 0.05). The
P -value was calculated with Student’s t-test compared with CD133—/CD87— subpopulation.
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SN38, and SBC-3/ETP) cell lines using real-time
quantitative reverse transcription—-polymerase chain
reaction. CD133 in SBC-3/CDDP and CD87 in SBC-3/
ETP were more highly expressed than those in SBC-
3. (b) Flow cytometry analysis of SBC-3/CDDP cells

Control 87
Table 2. Tumorigenicity of sorted subpopulations
Injected cell numbers 2 x 10° 5 x 10°

CD133-/CD87~
CD133+/CD87~
CD133-/CD87+

3/3 (100%) P = 0.014
1/2 (50%) P = 0.171 7/7 (100%) P = 0.089
0/3 (0%) 4/6 (67%)

Data are presented as number of tumors/injections of sorted cells. The

P -value was calculated with y-test comparing each sub-population to
CD133-/CD87+ population.

6/6 (100%) P = 0.121

lines, the characteristics of tumor cells can be changed from
primary cultured cells or fresh cells; thus, the double-negative
subpopulations might acquire some specific ability to initiate
new tumors. In addition, Meng et al. previously reported that
lung cancer cell lines regardless of CD133 expression could
initiate new tumors in nude mice.”" Thus, CD133 alone might
not be useful as a stem cell marker for lung cancer.
Particularly, becanse CD133-positive cells showed a higher
tumor-initiating capability than CD87-positive cells, we inves-
tigated the strategy to overcome the resistance to conventional
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o stained with CD133 and CD87 antibodies. The
w expression of CD133 or CD87 was not increased in
resistant cells.

chemotherapy in CD133-positive cells. Amrubicin, a synthetic
9-aminoanthracycline, is converted to the active metabolite
amrubicinol via reduction of its C-13 ketone group to a hydro-
xyl group by carbonyl reductase.®® Adriamycin-resistant cells
show partial resistance to amrubicin in vitro.*® Phase 1I stud-
ies of previously treated SCLC patients showed that amrubicin
was effective in both sensitive and refractory relapse.>
Unfortunately, CD133-positive cells were 4.3 times more resis-
tant to amrubicinol than were CD133-negative cells.

In the present study, both CD133 and CD87 proved to be
inadequate markers for CSCs; however, they seemed to predict
resistance to chemotherapy. We could not clarify the mecha-
nism why CD133- or CD87-positive cells showed higher resis-
tance to etoposide and paclitaxel. Etoposide targets the cells in
S/G2/M phase. CD133+/CD87~ fraction, which harbored
16.2% of S/G2/M fraction, showed a higher level of ICsq in eto-
poside than CD133—/CD87— containing 29.7% of that fraction.
However, CD133—/CD87+ fraction, which harbored higher
levels S/G2/M phase was also more resistant against etoposide
compared with CD133—/CD87—. Therefore, the resistant mech-
anism of CD133 or CD87 was not clarified only by cell cycle
analysis. Gutova et al. reported that CDS87-positive cells

doi: 10.1111/cas. 12045
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showed higher expression of MDR1.“® In our study, the
expression level of MDR1 was higher in CD133—/CD87+ sub-
population. However, the expression rate of MDR1 (8.1%) was
lower than that (10-40%) in their report.(u) Chen et al. indi-
cated that CD133-positive cells were highly co-expressed with
ABCG?2 transporter and were significantly resistant to conven-
tional treatment methods comzpared with CD133-negative non-
small-cell lung cancer cells.*® Thus, the CD133- or CD87-
positive subpopulation in SBC-7 might be related to drug resis-
tance. Meanwhile, cisplatin seemed effective irrespective of the
CD133 or CD87 status because cisplatin resistance was not
associated with MDR1 or ABCG2 overexpression.(zs’zs) The
surface expressions of both CD133 and CD87 were not
increased after chronic exposure of SBC-3 cells to chemothera-
peutic drugs, resulting in acquisition of resistance. The upregu-
lation- of CD133 or CD87 expression might be a part of a
complicated chemoresistance mechanism.

Increased levels of urokinase plasminogen activator and its
receptor CD87 were strongly correlated with poor prognosis
and unfavorable clinical outcome in patients with acute mye-
loid leukemia and breast cancer.'> In many solid tumors, such
as glioblastoma, the presence of CD133 was correlated with
poor survival.®) In patients with non-small cell lung cancer,
CD133 was indicative of a resistance phenotype, but did not
represent a prognostic marker for survival.?” Although the
clinical outcome of CD133 or CD87 expression in SCLC
patients remains unclear, our data suggested that the tumors
expressing CD133 and/or CD87 might be resistant to conven-
tional chemotherapy. To prove the hypothesis, the relationship
between CD133 and/or CDS87 expression levels on human
SCLC materials and corresponding chemosensitivity should be
investigated. The drugs should be screened for their ability to
overcome the resistant SCLC cells.
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The limitation of our study was that we were unable to gener-
ate CD133+/CD87+ double-positive cells, which might have
true CSC characteristics. Thus efficient sorting of a small popu-
lation of double-positive cells for in vivo experimentation is
necessary. Characterization of the CD133+/CD87+ might be
relevant for this study and could reveal some remarkable prop-
erties of this subset (e.g., an enhanced tumorigenic ability) com-
pared with single-positive CD133 or CDS87 fractions. In
addition, we extensively examined the SBC-7 line, which was
the only cell line that exhibited surface expression of both
CD133 and CD87 among the cells we used. We tried to confirm
that CD133 or CD87 positive cells showed higher chemoresis-
tance than negative cells using the SBC-9 cells. SBC-9 cells
were divided into CD133+/CD87— and CD133—/CD87~ sub-
populations. Unfortunately, CD87 positive cells in the SBC-9
cells were not obtained because it might be due to the small
amount of the cells (0.4%). We investigated cell viability of
both subpopulations after 96 h exposure to cisplatin, etoposide
and paclitaxel at the ICsy of each drug for the SBC-9 cells.
CD133+/CD87— cells were resistant to only etoposide than
CD133—/CD87— cells (Suppl. Fig. S6). We should further
examine using the cell lines which could be clearly divided into
CD133-positive/negative cells or CD87-positive/negative cells.
Furthermore, a second tumorigenic assay using CD133+and
CD87+ cells sorted from an alternate SCLC cell line could con-
firm our results; such a cell line could be generated.

In conclusion, both CD133 and CD87 in the SBC-7 line
proved to be inadequate markers of CSCs; however, they might
be beneficial for prediction of resistance to chemotherapy.
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Supporting Information

Additional Supporting Information may be found in the online version of this article:

Fig. S1. CD133 and CD87 expression and sort position in SBC-7 cell line.

Fig. S2. The expression levels of aldehyde dehydrogenase 1A1 (ALDH1A1) in each subpopulation by western blotting.
Fig. S3. Growth curves of each subpopulation.

Fig. S4. The cell surface expression levels of MDR1 on each subpopulation by flow cytometry.

Fig. S5. Hematoxylin-eosin staining of xenograft tumors.

Fig. S6. The cell viability of CD133+/CD87— cells and CD133—/CD87— cells in the SBC-9 after treatment with cisplatin, etoposide or paclit-
axel.
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Carboplatin- or Cisplatin-Based Chemotherapy in
First-Line Treatment of Small-Cell Lung Cancer: The
COCIS Meta-Analysis of Individual Patient Data

Antonio Rossi, Massimo Di Maio, Paolo Chiodini, Robin Michael Rudd, Hiroaki Okamoto,
Dimosthenis Vasilios Skarlos, Martin Frith, Wendi Qian, Tomohide Tamura, Epaminondas Samantas,
Taro Shibata, Francesco Perrone, Ciro Gallo, Cesare Gridelli, Olga Martelli, and Siow-Ming Lee

Purpose
Since treatment efficacy of cisplatin- or carboplatin-based chemotherapy in the first-line treatment

of small-cell lung cancer (SCLC) remains contentious, a meta-analysis of individual patient data
was performed to compare the two treatments.

Patients and Methods
A systematic review identified randomized trials comparing cisplatin with carboplatin in the

first-line treatment of SCLC. Individual patient data were obtained from coordinating centers of all
eligible trials. The primary end point was overall survival (OS). All statistical analyses were stratified
by trial. Secondary end points were progression-free survival {PFS), objective response rate (ORR),
and treatment toxicity. OS and PFS curves were compared by using the log-rank test. ORR was
compared by using the Mantel-Haenszel test.

Results

Four eligible trials with 663 patients (328 assigned to cisplatin and 335 to carboplatin) were
included in the analysis. Median OS was 9.6 months for cisplatin and 9.4 months for carboplatin
(hazard ratio [HR], 1.08; 95% Cl, 0.92 to 1.27, P = .37). There was no evidence of treatment
difference between the cisplatin and carboplatin arms according to sex, stage, performance
status, or age. Median PFS was 5.5 and 5.3 months for cisplatin and carboplatin, respectively (HR,
1.10; 95% CI, 0.94 t0 1.29; P = .25). ORR was 67.1% and 66.0%, respectively (relative risk, 0.98;
95% Cl, 0.84 to 1.16; P = .83). Toxicity profile was significantly different for each of the arms:
hematologic toxicity was higher with carboplatin, and nonhematologic toxicity was higher
with cisplatin.

Conclusion
Our meta-analysis of individual patient data suggests no differences in efficacy between cisplatin
and carboplatin in the first-line treatment of SCLC, but there are differences in the toxicity profile.
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impairment, and its administration requires a
prolonged hydration,>® but carboplatin is associ-

Small-cell lung cancer (SCLC) accounts for approx-
imately 15% of all lung cancers. At presentation,
approximately 70% of patients are diagnosed as hav-
ing extensive disease and the remaining patients are
diagnosed as having limited disease.'

The main international guidelines recommend
platinum-based chemotherapy as the standard of
care for first-line therapy of SCLC.>* However,
whether cisplatin or carboplatin are equally effective
in the treatment of SCLC is still contentious. These
two platinum compounds have different toxicity
profiles. Cisplatin is associated with more GI ad-
verse effects, neurotoxicity, and renal function
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ated with more myelosuppression.

Although the mechanisms of action are sim-
ilar, it is unclear whether carboplatin and cisplatin
have the same clinical efficacy. For some tumors
such as ovarian cancer, randomized studies’®
supported the use of carboplatin instead of cispla-
tin; for other tumors, such as germ cell and head
and neck tumors, cisplatin is superior to carbopla-
tin.” Several meta-analyses have addressed the issue of
cisplatin-based versus carboplatin-based chemoth-
erapy in the first-line treatment of advanced non—
small-cell lung cancer. Cisplatin-based regimens
resulted in slightly superior outcomes compared

Copyright © 2012 American Sotfétyl 86 QUdigal Oncology. All rights reserved.



