84 WAEMB e2d 1% 2014

4. BB T A OWEERNT ORI (Greenland, 1996, p.1111 & W HIH). Se, Sp Ol
TEnF v A ORDX d)ﬁﬁi“é‘fﬁ

Cases Controls

Se Sp Se: 0.90 0.80 0.90 0.80
Sp: 0.90 0.90 0.80 0.80
0.90 0.90 234" 2.00 193 16.5
0.80 0.90 2.83 242" 233 199

0.90 0.80 1.29 L1 10.7 9.1
0.80 0.80 1.57 1.34 129 11.0"

" Non-differential 727555351,

E%h. By=My— B, ThAd, TRICLY, (By,B) 2il5i§52L28T&5. 29 L
TSNS By, By &, R - BREZOWTOREZ B W20 & TR S b el (UifE) ©
Hb. SeSp=Fnkp THAYE, TNOOMIAREELRY, SeSp < FnFp D¥pfy, A% L
b, BEOYE, BBREROSEN, ToH (EER) AL D DE VLW T L2 FEKL
TWh.,

— R, WSROI, BEE LS L Y DIEMETH B &) TR CIRREEFNT %17
I. R(24) ERIKRIC, r—ABICBIT A, BICBEER ST -ABE A, BIBEELZII TV
WARE Ag & T BHE,

(2.5) Ay = (SpAT] — FpAj)/(SeSp — FnkFp)

Eleh, Flo, F—AORB M ICHLT, Ag= M — A L b. TN 4R RGO RREERNT
X, (Se, Sp) ICHL iR 527-% & T, (24) 25) X2 b VEBDOHFHMEZ KD, N1 T A
LT o2t v AW ORpx 23RO D, Greenland (1996) 12X 5, W2 D Y FIVFDH L
TOREMITOMRE, R4ITRLZ. ILABNTWAS X HIT, Non-differential 72 i 3HD
b ETE, BOEICLEF Yy ADONA 7 AU TR O (BRFR %) FICA L. Zhi
DWVTIE, BEERAN 3 KED ETHo7D, MOERICESEB A7V THHEITIZ, £
DOIRY Tld v (Dosemeci et al., 1990). F7z, R4 DRI, r—ABENa Y bo—VE
IVBTIVBBELZZIT - LBEGEINAEMAREV]LEVIBETDH, N 7 AREL v X
s, gty ARI DI RELHBAIENITFIFTHHTWE, ZhiE, Wbhbwbr—2X
2V b= VIR TOIRVH LNANA 7AIORETDH YD, BB LA 7 AL L DRERD
BEBRICHEET AN, TAZELEEEbIITREVILEZRLTWAS., T2, ZOFHT
%, Sed DD SpDIFIPHEMDNAL TALEZHEENRKEHTHSE, Zhid, 2%
bOBELZTNBZEOEEGINE T DTHS. .
ZOHRETDH, Bifi L FRIC Se, SpZENA TANG A= L LT, MLFET, EVTHV
DR 2 ETT A LN TE L, 2 2T, Non-differential S0 HOIKER B X, 7 —
A Ay bu— VD Se, Sp BT, B Trapezoidal (0.75,0.85,0.95,1.00) {259
EVWIHREDD L TOEY T A NVORKERNTZIT). T v F A REEDMARATIEORpx DI
fiz, B 1(d) RS, BN 7 AORERIE LIt v o454 DIl 2.45, 95%X
ML (1.87,14.25) TH VY, TV FARREDED-FES v LD P RAEIR 2.56, 95%X X
(1.49,14.68) Th oz, N4 TAFEL v AWD 95% X ML, EREL v O 5% EHXH
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LD PRYIEL, BOENA T AL BAHEEMEE, ZOFFMHL T, 7V 5 a5RHEE
ID{ BV EEZOLNS.

FREDBSFORKERTIS OV TOIEIL, & 225, TR D5 S (Greenland, 1996), 33k H
T D5 H (Savitz and Baron, 1989), BHDOEHKIZ DOV TDESH (Kristensen, 1992; Chavance
et al., 1992), N F—3¥ a VRO T — ¥ & Fw7-5Hii 5 (Wacholder et al., 1993; Tennenbein,
1970; Green, 1983; Marshall, 1990; Brenner and Gefeller, 1993) % &, £ O HEmIHEIN
TWh, BV FHIVaKERITE, ChooFEIcdh, ARCGERTSIENTES.

2.3 BRNAIT7X

BEIRSA 7 A (selection bias) i, FmzEH LW =&y FMEFP S ONREDERICE
FBENATATHY, r—A2y Na—VIIETIX, I Pa—VORBRICBITENALTAD
MIEIH L O HEE SN T X7 (Rothman et al., 2008). Bl 21X, Science & T® Taubes and
Mann (1995) T, Boston KZF® Charles Poole ###45, 1980 EARDEK L NIV EBMIHOBEL H
M35 - ESE D — 23 > b e — V%% 4T - 72D Random digit dialing IC& A2 ¥ ha—
WORR(T V¥ AR LI-BEREEST, 2 ba— UV EBUHTHE) TONL 7 2ADEH]
ZRBALTEY, ZOMAETIE, HEEFENIEBEBOALS, a2 v - ViR
CVWEWINL T ABH o2 BRTWE., BLWHEBOUV LI, €323 20 L) RBZEIC
SML7B0wE ) @mAdY, /2, Hi, HERIFESHZ LIS, YROBTER
FHRRROD LB T o TRV E DL D o7 &9 (Taubes and Mann, 1995). < DEHFN
ATRIZLY, ZOBRTIE, SRBEFADRY D HAA, HEHRTOKRTDH, ALV
BICHE LT, BHEOBELR LN, VAZERELTEN-oTEZEWS,

BIRNA T ADBEBFICBIT A7 — 232 ba—IVBIEDOF v AROSREGTEZ LM
N7-d DD 5 (Kleinbaum et al., 1984; Rothman et al., 2008). Sa1, Sp1 &, TNFNBEE%Z
ZVF =R =R, A aV PO VBT YT VT ENLHERTHL LT
5, TOELE, F—RaY PO—-VIETOZNEFNROY V7Y v 7 BOMEEIX, Ai/Sas,
B1/Sp1 &% 5. [RRIC, Sao, Spo &, TNEFNBEZZIT TRV TI—R « FEFr—2A0H%
Ty THERLTAHE, ENENOY T Y TBOBFEI, Ao/Sao, Bo/Spo &b, TD
X, BRNATRAEREL4 vy A1,

(A1/541)(Bo/SBo) _ (AlBO> (5/;1530)‘1
(Ao/Sa0)(Bi/SE1) AgB: Sa0SB1

LEITL. Thbbh, BIRNA T AOFES v AL, EMICEREY v k%, BIRASA T2

DOFBEHETF S* = 541580/S40581 TE72D DL LTRTIENTESL. BRLRNS, S*=1

DL E, BFNATAOEBI R Y, r—2arybu—VvFy XWLT, WY ORVEEDN

WHETHSH. ThE, FIZIE, BROAE - BEOFELNREORRIMVTH H5EITK

1) 372 (Greenland, 1996; Greenland and Lash, 2008).

BT HNVAIREMBITIE, Sa1, Spi, Sao, Spo ENA T ANG A—F L LTHEFTTRETD
BH, TTENATAFAERT S* 2HBENSNA TANGA—F L RELT, REFEHEIT.
INA T AETIVIE, 95%MEEX AT (0.70,1.50) & %25 & ) LM BEBRSAEIRET 5. T4b
H, log(S*) ~ N(0,0.21%) £ §5. TV FALBEDMABIAAI ORpx DHATIE, B 1(e) &
5., BRNATRAEPEL 74 vy AHROGAHOF R 1.76, 95% XML (1.17,2.65), T~
FARBECEZR LI-HEL v XLO5GA O RAEIX 1.76, 95%KX X (1.01,3.10) TH o 7.

ZONATRETVIE, Bfihr—2aY bu—VEIRICRS TIEWEETH L. & 213
Density sampling #7272 — A3 ¥ b O — VDA ITIX, Sai, Sp1, Sao, Spo S AKEH
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# 5. Greenland et al. (1994) DHHNTBT %€ 2 F H v 0 IRFEIT O R 5

T H LIRRRELE DR TS BB D
BaE e

PR T AT Median  2.5th & 97.5th Median  2.5th & 97.5th

Percentiles Percentiles

1 72 U (HERR%E 2 fifd) 1.77 — 177 1.18,2.64

2. RPELHR AL DS T A 176 1.25,2.48 1.76 1.05,2.96

3. WG T A 245 1.87,14.25 2.56 1.49, 14.68

4. BRSA T A 1.76 1.17,2.65 1.76 1.01,3.10

5. MANAL T ATF N (24 BRMCETF 4,26 2.24,27.66 432 2.00, 28.30
Ak

Hi-hOFEELL S, Fi, Scharfetein et al. (1999) Tk, #BIEEGEFNV~OPEE LTI TW
5. FREDISA T AEFNVEHWT, Greenland (2003) % Lash and Fink (2003) D X 9 ICHRH
DBMP VAR A, B - REICRKNTENN, 7T ASWELTLILLTRTHL. Tz,
AYTF) VAT, EfSNAHEOHBICBT 5B uX A0 7 ARG 7 A
(publication bias) & LTHIGNTE Y, % { DEEFNT O IR S TW A, Bowden et
al. (2010) 12X 2T, BTN OKEMNT 2RI LR biThbTn b,

2.4 BEINATRAEFI LT

ZZETIE, TNENDONA 7 AN T 5 RN O FELZHP LT E 7205, #
DNA T AV IS SN DG, 0 %2 FMEHCHTHE L RERN 2179 LERD 5.
S PRy 72 JRBESHAT D T EE T, BB NA T AERSKITGHITETFT ML, RSy e RD S
ZEiTiE, FTIEEE LoOREESE Y, BTN A ERBRSBICRES LW L H D, I,
BRI /) S W TELL LT, TNEFNDONL TRAZOWTHEBD VT I 2 ERT
BYLENRHY, TOTRTOMAEDLEEERTLE, 2L LTOVF )T RBREb DL
A, B, BRIBHERIOERL. T, N TARBOEELANEDLSL &, Ty
AOEEL - TLE D &) WM D H 5 (Greenland, 1996; Greenland and Lash, 2008).
COBEIICD, FUTFHNORERITICE BN 7 AORBRBIITETHY, HRONLT
AT ML L L LT, #HAENA 7T AETY ¥ (multiple bias modeling) 23 ST
W5 (Greenland, 2005). KEICTHHAT HEY, Ihid, X4 AWOMHT & L TOMRITHET
HY, NATANG A= BHHERFITETMEL IR, ZEFVICBWT, B2 EHY
TNV TERITIBDE RS, NA T AMOBEEIIOWTD, N[ T ARG X —F ORISR
BT AHBEOEFMEIZE o TEBT A LN TE S,

HEE LT, 21855 23 TEELINL 7 AEHILIZETFTMELIZBEE /S TAETF NV
WBUIAEYFHNVORERTEERZ DL, N TANGA—FRBMTTHLLEVIREICRD
720, AIMiEFTCOTNVIY X LDOHMRIEE LT, RREOF vy AHITH LT, LD/ 4
TAREOHEZHGER L TWE, ThENONL 7T AOREEEZMEL TWLZTTX
\» (Greenland and Lash, 2008). /N4 7 ADOREEW DA EZER L7 v o454 T,
ROl 4.26, 95%X I (2.24,27.66) L2 Y, BEONAL 7 A EFBEICER L TV 55, T
EMRIKREL LD, SUFTARBEIZRT DL, PRIEZ 4.32, 95%X X (2.00,28.30) & %

58



BB BT 531 7 A D RREERAT 87

%. $ED ORpx DHARIX, B 1) &% 5.
2HITHOREBITOERE, E510F LDl WFRLONAL TAEFLVOL ETH, 95%XH
DOTFRIZ, BEREZEBEVTYRWV., 5T, IXRTONL T RAEHEENL T AET N THAR
ATBETD, CORBRRI—BLTHENITZ-TWS., Thbb, SHOMKTTERLE-YFY
F DD & TiX #% Greenland and Lash (2008) 12 X A 5 D L FE), BEHIIMRAETHY, =
NODREDD L TONL TAZHTEANANRADPRERTEEZSIZLIITESLEA),
BB DR R OBH - EDOHEIZDOWTDOFMIL, Lash et al. (2009) FSBEIZ R B7259.

3. FERBIREMEN O

Z Z % T Greenland et al. (1994) O % b &I L THIZIT o T E - HERARERITIL, b &
b Lid, SEMCLBHEICBITHAHERY A 75, RTFFOREWMFMZ Y R 7 F#HEi04H THW
BN T &2 FHETH A (Committee on Risk Assessment of Hazardous Air Pollutants, Commission
on Life Sciences, National Research Council, 1994; Vose, 2008). e TiX, HEIZR - T,
BREG~OBE & /N A s O B E I~ D F (Phillips, 2003; Greenland, 2003) ¥V 4§
B LA OBEEFEM~D#EH (Steenland and Greenland, 2004) % 1& L#®, Chu et al. (2006),
Eddy et al. (1992), Fox et al.(2005), Greenland (2001, 2005), Hoffman and Hammonds(1994),
Lash and Fink (2003) % &2 & 2% 47bN T & 7z,

EVTFANOBEBTOBFEHNERNLL LT, TT—EOBHUT—% (D) 2 HWTHEKED S
NG A—=F 0=0() EHETHILEEZ L. RO TIE, BRI NA T ATV EWVS
BEZEBEX DDARCE>TONBNTELIDLLT, MEFEF IV L(D|a) ZHWT 0 2H#E
T5, TR LTNANL TRAEFIVTIE, WA TANGA—=F%n L LTEFIVICEAL, F—
5 DGAENA T AETFTNEMBRAATLE L(D]a,n) 12X o TEFMEENB LTS,

WA TAETF VRV INA 7T AREER, XFICHI e 2EZ B L, (o,n) DERGA
ployn) 52T O = 0(a) FBBEBRSAZRD S Z L1275 5 (Gelman et al., 2013; Greenland,
2005).

p(a|D) o / L(Dla, m)p(a, m)dn

ZOBZ, FHIOAE ployn) BRBETHDIZ, NATRANTA—F n BEFEAOLER L
RADNAN=)NF A —F g OB E LTEFMELENSLZ LICH BT L b H 5 (Parmigiani,
2002). TO XL TEINLFHLBHSAIBTHHH T, EELREETV L ETIRE
12, RNV THEBE VT AN OEOERERLIAHN 2 EOFH LOMBERE) B, TEVT ANV
TRERATEE TR, HBREELRT S AVaY S VTR lAE DR BT TEAT A S
EDTE, TNOOMEREERMT LI ENTESL, T/, BRICABRDEBY, HHONST
AR BEWITETF VLT BHEICIE, BEBRAXEFVTORBZY VTV TOTNTY XA
i, FRICHALTEER DD L 2B, TV FHIIVRERITIZ, BEHICERONL 7RI
HLTOEYTFTAMVAY I 2= a Y ElAEDELRET TERTEL L V)P D 5.

CCETRBRCELEY T AN ORERITER, ABROERNIA pla,n) 2/54 T ANS
A — ¥ DREBERNSA p(n) DAOEETRA LD OICHYT A, —#&IC, a X npDEHREL
KIS HICBREINT, o X2V TOHEL n OMEITEEIKT TS My b o DFERE
LIS DR SN ) . BV 7 AV aKERIT T, FLRENSH pn) 260D
£ TY Y TECH LT, o REELTHE LRKD 585 2 — 5 Ol EEE RAHEEE
ThbLAhid. ZOHE, o TIE—HRENIH EERFNLM THELTVHI LIZRY,
p(n|D) =p(n) LEPTE S, L7z T,

59



88 AT We2k H 15 2014

LDl mplest)) o 1o,

plalD,n) o

p(nlD)
WY L,
p(6)D,n) oc/ L(D|a,n)do
0(cr)=0
Ll d.

KEER DRI T, FERG p(0)D,n) WFIEBLE. [~ N(6,,82)] 2 WHTH Y, p(8|D,n) %
WL ORGDVAEL D, €T AV TR T O 3 20OFIHEEtZ & TR
DHH p(0|D) 5 DR > T ) VT AT LN TED.

p(6]D) = / (61D, )p(n| D)dn

Lopn) 2oqgDMlixg 577325
2. Kb 0, LEHERGE 5, 2HMT D
3.0y % N0y, 82) 2O YT 2 7T h 0, DA N(0,82) BMZ S

ZDENZ, BT H VOB, XA ZRORMATHERT 5 &HTESH. —H T,
SFEEFLRBEAPLOBRITINTWEY, BUIERMN 2L L TOMRILT & %2> (Greenland,
2001). F7z, alZOWTOHEFGAMZBA L HENDOIRRIEIES TH 5.

BENATRAETFTY) Y FIZBY A5E 7 VA RERITE, FEONA 7RI LT, i
DY TN TENA T AFEREGL, TORREMDINA T AET N TOMGFIENT X —
LT, MICEMOY 7)) 2 7R LT, BBONA T ADRIKEFHEIT R L
b,

T 2 TR LB R 0% <13, Orsini et al. (2008) 12 & 5 STATA € ¥ 2 — )V EPISENS
(http:/ /nicolaorsini.altervista.org/stata/tutorial /e/episens.htm) THEITTHZ LW TE L. F72,
Lash et al. (2009) 1%, EHIZBIT HHERNEEMTOBRETH ), TROBHRPEHE Y — VI
DWTO X Y RHIHF T L OO TS,

4. BbYIZ

BIBETONA TADFEB I TFOEEIIOVWTIE, EUHEIOBEMRTHL LR LE
Wb LT, hBEETHLEABENTVE., TO—FTEBRNZIFMIZY F V) FEEN
BRI IC R B DL, BEALDEEIERINTICERESTBRAL LTORKRT 2
ENBIEFHZEHNE V. SA T RAEFNVOERALR CER M 2 IKE L TE YT AT
VI VT ET) ZETHEEONA T ARFABERTAZ LIE, TOX) REEEREITH
L, BEMEOKRICEINIRHEL 2 EEMICEMET A Z LIC0ohP 5. BIUSL T RIS
LTI, 2NEHEEITT—2 22N T— % L OB THU DM ICHETA2HERESEALIZ LN
TEETHAIH. RUEOTHIZE LTI, TRXRTONRETHE I N TR WRERZRAE
DRMHEFE AL, WEISNTWE—HAREOFERLFMFHERE L-RUHEOFEL L
THRATAEVWHIFHTE DA, /213, FEoKETFEEEL, HETES LVWRKH
FIREOREORE (RNEORMEFOF vy ) 2320002 HETHILT, 20X
ERRTPHELETAHREZBRTAZLOWEETH L. WUEREIIOVWTR, TDLI%
NATAETFVERAVLZ ET, FHAL VEET—HHREIIH LTEEOBVWIEZ MY T
EHLTELIET, ThERERTFT—FELTHHETAZI LD TE S, BFEOBENET—
7B X UFHEPOBEMECH L TEOEHEZRIVZE 20,
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LCenter for Environmental Health Sciences, National Institute for Environmental Studies
2The Institute of Statistical Mathematics

Most researchers recognize that conventional statistical analysis of observational data
require assumptions like no selection bias, no information bias, no unmeasured, missing at
random. . . ete. It is almost impossible to assess that these assumptions are met with study
data. If these assumptions are unmet, the results from conventional analysis have uncer-
tainty and are biased. In this article, we reviewed bias analysis, focusing on probabilistic
sensitivity analysis.

Key words: Observational study, epidemiology, uncertainty, bias, probabilistic sensitivity analysis.
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Erlotinib alone or with bevacizumab as first-line therapy in
patients with advanced non-squamous non-small-cell lung
cancer harbouring EGFR mutations (JO25567): an open-label,
randomised, multicentre, phase 2 study

Takashi Seto, Terufumi Kato, Makoto Nishio, Koichi Goto, Shinji Atagi, Yukio Hosomi, Noboru Yamamaoto, Toyoaki Hida, Makoto Maemondo,
Kazuhiko Nakagawa, Seisuke Nagase, Isamu Okamoto, Takeharu Yamanaka, Kosei Tajima, Ryosuke Harada, Masahiro Fukuoka, Nobuyuki Yamamoto

Summary

Background With use of EGFR tyrosine-kinase inhibitor monotherapy for patients with activating EGFR mutation-
positive non-small-cell lung cancer (NSCLC), median progression-free survival has been extended to about 12 months.
Nevertheless, new strategies are needed to further extend progression-free survival and overall survival with acceptable
toxicity and tolerability for this population. We aimed to compare the efficacy and safety of the combination of
erlotinib and bevacizumab compared with erlotinib alone in patients with non-squamous NSCLC with activating
EGFR mutation-positive disease.

Methods In this open-label, randomised, multicentre, phase 2 study, patients from 30 centres across Japan with stage
IT1IB/IV or recurrent non-squamous NSCLC with activating EGFR mutations, Eastern Cooperative Oncology Group
performance status 0 or 1, and no previous chemotherapy for advanced disease received erlotinib 150 mg/day plus
bevacizumab 15 mg/kg every 3 weeks or erlotinib 150 mg/day monotherapy as a first-line therapy until disease
progression or unacceptable toxicity. The primary endpoint was progression-free survival, as determined by an
independent review committee. Randomisation was done with a dynamic allocation method, and the analysis used a
modified intention-to-treat approach, including all patients who received at least one dose of study treatment and had
tumour assessment at least once after randomisation. This study is registered with the Japan Pharmaceutical
Information Center, number JapicCTI-111390.

Findings Between Feb 21, 2011, and March 5, 2012, 154 patients were enrolled. 77 were randomly assigned to receive
erlotinib and bevacizumab and 77 to erlotinib alone, of whom 75 patients in the erlotinib plus bevacizumab group
and 77 in the erlotinib alone group were included in the efficacy analyses. Median progression-free survival was
16-0 months (95% CI 13-9-18-1) with erlotinib plus bevacizumab and 9-7 months (5-7-11-1) with etlotinib alone
(hazard ratio 0-54, 95% CI 0-36-0-79; log-rank test p=0-0015). The most common grade 3 or worse adverse events
were rash (19 [25%] patients in the erlotinib plus bevacizumab group vs 15 [19%] patients in the erlotinib alone group),
hypertension (45 [60%)] vs eight [10%]), and proteinuria (six [8%] vs none). Serious adverse events occurred at a similar
frequency in both groups (18 [24%] patients in the erlotinib plus bevacizumab group and 19 [25%] patients in the
erlotinib alone group).

Interpretation Erlotinib plus bevacizumab combination could be a new first-line regimen in EGFR mutation-positive
NSCLC. Further investigation of the regimen is warranted.

Funding Chugai Pharmaceutical Co Ltd.

Introduction

Lung cancer is a leading cause of death worldwide; it is the
primary cause of cancer deaths in men and the secondary
cause in women.! Most patients with lung cancer have
non-small-cell lung cancer (NSCLC) and a dlinically
significant proportion of patients have activating mutations
of EGFR? In this subgroup of patients, EGFR tyrosine-
kinase inhibitors have consistently led to better outcomes
than has standard chemotherapy.™ Erlotinib and gefitinib
have been shown to prolong progression-free survival
compared with chemotherapy in several phase 3 trials.”*
Unfortunately, most patients with NSCLC with activating
EGFR mutations who are given EGFR tyrosine-kinase

inhibitors eventually develop resistance and relapse within
about 1 year of initiation of treatment®™" To improve
outcomes, the foundation treatment of EGFR tyrosine-
kinase inhibitors should be built on through investigation
of biologically synergistic combinations.

The anti-angiogenic monoclonal antibody bevacizumab
targets the VEGF signalling pathway and has been shown
to provide additional efficacy when used in combination
with firstline platinum-based chemotherapy in several
trials in non-squamous NSCLC.** The combination of
erlotinib and bevacizumab has the potential to prolong
progression-free survival in unselected populations of
patients with NSCLC."™* In a subgroup analysis of EGFR
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See Oniline for appendix

mutation-positive participants in the phase 3 BeTa study
of second-line treatment of NSCLC (12 patients treated
with erlotinib and bevacizumab and 18 with erlotinib
alone), median progression-free survival with erlotinib
plus bevacizumab in patients with EGFR mutation-
positive disease was substantially higher than with
erlotinib alone (17-1 months vs 9-7 months)."” However,
this analysis was post-hoc and EGFR mutation status was
not a prespecified stratification factor in this trial. Because
of this limitation, we undertook this phase 2 trial to
examine the combination of erlotinib and bevacizumab
in patients with EGFR mutation-positive NSCLC.

Methods

Study design and patients

JO25567 was a randomised, open-label, multicentre,
phase 2 study in patients with stage IIIB/IV (according to
the 7th edition of the General Rule for Clinical and
Pathological Record of Lung Cancer®) or recurrent
NSCLC with activating EGFR mutations. Patients were
enrolled from 30 centres across Japan.

Eligible patients had histologically or cytologically
(excluding sputum cytology) confirmed stage IIIB/IV or
postoperative recurrent non-squamous NSCLC with
activating EGFR mutation (either exon 19 deletion or
Leu858Arg mutation). Tumour samples were screened
for EGFR mutation by PCR-based hypersensitive EGFR
mutation testing in local laboratories, according to
standard testing practices. Other criteria included age
20 years or older when giving informed consent; Eastern
Cooperative Oncology Group performance status 0 or 1;

i 154 assessed for eligibility and randomised ]

v

v

bevacizumab combination

77 randomly assigned to receive erlotinib plus

77 randomly assigned to receive erlotinib alone

....}‘ 2 withdrew before treatment started

A4

A4

55 discontinuted erlotinib
12 adverse events
37 insufficient efficacy
6 other reasons
63 discontinued bevacizumab
31 adverse events
26 insufficient efficacy
6 other reasons

75 received erlotinib plus bevacizumab

77 received erlotinib alone
66 discontinued erlotininb
14 adverse events
50 insufficient efficacy
1 death
1 other reasons

v

‘ Post-study observation ]

v

L

8 insufficient efficacy
2 other reasons

10 discontinued post-study observation

13 discontinued post-study observation
9 insufficient efficacy
4 other reasons

Figure 1: Trial profile

adequate haematological, hepatic, and renal function;
and life expectancy 3 months or more at the time of
registration. No previous chemotherapy for advanced
disease was allowed, but postoperative adjuvant or
neoadjuvant therapy of 6 months or more previously was
allowed. Previous radiotherapy was also allowed, but only
for non-lung lesions. Patients had to have one or more
measurable lesion based on Response Evaluation Criteria
in Solid Tumors (RECIST 1.1).

Major exclusion criteria included confirmation of
Thr790Met mutation, presence of brain metastases,
history or presence of haemoptysis or bloody sputum,
any coagulation disorder, tumour invading or abutting
major blood vessels, coexistence or history of interstitial
lung disease, and previous receipt of EGFR inhibitors or
VEGF receptor inhibitors.

This study was done in accordance with the Declaration
of Helsinki and Good Clinical Practice guidelines. The
study protocol was reviewed and approved by the
institutional review boards of the participating institutions
(appendix p 10), and written informed consent was
obtained from all patients.

Randomisation and masking

Patients were randomly assigned (1:1) to receive either
erlotinib plus bevacizumab or erlotinib alone with a
dynamic allocation method. Central randomisation was
done by a clinical research organisation (EPS Corporation,
Tokyo, Japan). Patients were stratified according to sex
(men vs women), disease stage (stage IIIB vs stage IV vs
postoperative relapse), smoking history (never smokers
or former light smokers vs others), and type of EGFR
mutation {exon 19 deletion vs Leu858Arg mutation). All
patients and investigators were unmasked to treatment
allocation.

Procedures

Patients assigned to the erlotinib plus bevacizumab group
received bevacizumab 15 mg/kg by intravenous infusion
on day 1 of a 21-day cycle and erlotinib orally once daily at
150 mg/day, starting from day 1 of cycle 1. Patients in the
erlotinib alone group received erlotinib orally once a day
at 150 mg/day. Patients remained on treatment until
disease progression or unacceptable toxicity. Changes to
dose of erlotinib or bevacizumab because of adverse
events were allowed, as per the protocol. The dose of
bevacizumab was not to be reduced except when dose
adjustment was needed because of change in bodyweight.
Dose reduction of erlotinib was allowed for up to two
doses (100 mg/day and 50 mg/day) in a stepwise decrease.
After two steps of dose reduction, erlotinib was
discontinued. Patients who required suspension of
erlotinib for more than 3 weeks consecutively, or of
bevacizumab for more than 6 weeks from the date of
previous administration, were discontinued from study
treatment. In the erlotinib plus bevacizumab group, if
either drug was discontinued, the other could be
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continued. Tumour lesions were assessed radiologically
at baseline, week 4, week 7, every 6 weeks from week 7 to
18 months, and every 12 weeks thereafter until disease
progression according to RECIST 1.1

Patient-reported outcomes were assessed with the
Functional Assessment of Cancer Therapy for patients
with Lung cancer (FACT-L) scale until disease
progression. An independent review committee of
clinicians and radiologists masked to treatment
assignment reviewed all tumour images and determined
tumour response and progression status. Laboratory
studies including blood and urine tests were done at
days 1, 8, and 15 in cycles 1 and 2, and day 1 in cycle 3 and
thereafter. Adverse events were monitored throughout
the study period and were graded according to the
National Cancer Institute Common Terminology Criteria
for Adverse Events (CT'C-AE) version 4.03.

Outcomes

The primary endpoint was progression-free survival, as
determined by an independent review committee.
Secondary endpoints were overall survival, tumour
response (the proportion of patients with an objective
response and disease control, and duration of response)

e
- Median 67-0 (59-73)
. 63 (84%)

6%)

67-0 (60-73)
62 (81%)
15(19%)

30 (40%)
45 (60%)

26 (34%)
51 (66%)

42 (56%)
9 (12%)
24 (32%)

45 (58%)
6 (8%)
26 (34%)

Never smoker

. Former light smoker

Yo ' 43(57%)
1 32 (43%)
R

41(53%)
36 (47%)

" Adenocarcinoma 74(99%) 76 (99%)

Large-cell carcinoma 0 1(1%)
; ' Adencsquamous carcinoma

1(1%) 0

B O iaw) 0
62 (81%)
15 (19%)

v 60 (80%)

Postoperative recurrence 14 (19%)

40 (53%)
35 (47%)

- Exon 19 deletion
Exon 21 Leu858Arg mutation

40 (52%)
37(48%)

according to RECIST 1.1, quality of life, symptom improve-
ment measured by the FACT-L scale, and safety profile.

Statistical analysis

A median progression-free survival of 13 months was
estimated for the erlotinib alone group, and 89 events
were deemed necessary to detect a hazard ratio (HR) of
0-7 in favour of erlotinib plus bevacizumab, with a one-
sided significance level of 0-2 and a power of 0-8. The
target sample size was set at 150 patients (75 patients in
both groups), allowing for dropouts. Median progression-
free survival was estimated by the Kaplan-Meier method
and compared between groups with an unstratified log-
rank test. Greenwood’s formula was used to calculate
95% Cls. HRs were calculated by unstratified Cox
proportional hazard methodology.

In the safety analysis, adverse events were converted to
Medical Dictionary for Regulatory Activities (version 14.0)
preferred terms, and tabulated by grade. Changes in
laboratory test data with time were summarised in tables
and graphs.

All patients who received at least one dose of the study
treatment were included in the safety analysis population.
The modified intention-to-treat population for the
efficacy analysis included all patients who received at
least one dose of study treatment and had tumour
assessment at least once after randomisation. Statistical
analyses were done with SAS version 9.2.

The study is registered with the Japan Pharmaceutical
Information Center, number JapicCTI-111390.

Role of the funding source

The study was designed and funded by Chugai
Pharmaceutical Co Ltd and monitored by a clinical
research organisation (Niphix Corp, Tokyo, Japan) who

80

60

40

Progression-free survival (%)

50| — Erlotinib plus bevacizumab group
(median 16.0 months [95% C113-9-18-1]; 46 events)
— Erlotinib alone group
(median 9-7 months [95% CI 5.7-11-1]; 57 events)

HR 0-54 (95% C1036-0-79)

Olllllllli
o 2 4 6 8 10 12 14 16 18

Time (months)
Number at risk
Erlotinibplus 75 72
bevacizumab group
Erlotinibalone group 77 66

69 64 60 53 49 38 30 20

57 44 39 29 24 21 18 12

T T T T 1
20 22 24 26 28

13 8 4 4 0

10 5 2 1 0

Figure 2: Progression-free survival, as determined by independent review committee, in the modified

intention-to-treat population
HR=hazard ratio.
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obtained all data and did all initial data analyses; further
analysis and interpretation was done by the funder, with
input from the authors and investigators. The initial
draft of the report was reviewed and commented on by all
authors and by employees of Chugai Pharmaceutical Co
Ltd. NobuY had full access to all data, and had final
responsibility for the decision to submit the results for
publication.

Results

Between Feb 21, 2011, and March 5, 2012, 154 patients
were enrolled, of whom 77 were randomly assigned to
receive erlotinib plus bevacizumab and 77 to erlotinib
alone. Two patients withdrew before treatment started
and were excluded (one had multiple thrombosis and the
other had increased pleural effusion). Thus, data from
152 patients (75 patients in the erlotinib plus bevacizumab

Figure 3: Forest plot of hazard ratios for progression-free survival by baseline characteristics
HR=hazard ratio.

group and 77 in the erlotinib alone group) were included
in the analysis population (figure 1). The cutoff date for
the primary analysis was June 30, 2013, when
103 progression events had occurred; median follow-up
was 20-4 months (IQR 17-4-24-1).

The baseline characteristics of patients were well
balanced between the groups (table 1). Median age was
67 years (IQR 60-73), and 27 (18%) patients were aged
75 years or older. EGFR mutation subtypes were balanced
between the two groups.

Progression-free survival was significantly prolonged
with erlotinib plus bevacizumab compared with erlotinib
alone (log-rank test p=0-0015; figure 2). When subgroup
analyses were done by baseline clinical characteristics,
most patient subgroups seemed to have greater benefit
from erlotinib plus bevacizumab compared with erlotinib
alone. No significant difference was noted between any of
the subgroups (Pieso>0- 05 for all subgroups; figure 3).

Analysis of progression-free survival by mutation
subtype showed that in patients whose tumours had an
exon 19 deletion (40 [53%)] of 75 patients in the erlotinib
plus bevacizumab group and 40 [52%] of 77 patients in the
erlotinib alone group), median progression-free survival
was significantly longer with erlotinib plus bevacizumab
than with erlotinib alone (180 months [95% CI 14-1-20- 6]
vs 10-3 months [95% CI 8.0-13-1; HR 0-41
[95% CI 0-24-0-72]; p=0-0011; appendix p 1). In patients
whose tumours harboured the Leu858Arg mutation
(35 [47%)] patients in the erlotinib plus bevacizumab group;
37 [48%)] patients in the erlotinib alone group), median
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Figure 4: Waterfail plot of best percentage change from baseline in the sum of longest tumour diameters
Responders were confirmed by Response Evaluation Criteria in Solid Tumors. CR=complete response. PR=partial response. SD=stable disease. PD=progressive disease.

NE=non-evaluable. SLD=sum of longest diameters.

progression-free survival was numerically longer with
erlotinib plus bevacizumab than with erlotinib alone, but
the difference was not significant (13-9 months [95% CI
11.2-20-9] vs 7-1 months [95% CI 4-3-15- 2], respectively;
HR 0-67 [95% CI 0-38-1-18]; p=0-1653; appendix p 2).

52 (69% [95% CI 58-80]) patients in the erlotinib plus
bevacizumab group had an objective response, as did
49 (64% [52-74]) patients in the erlotinib alone group
(p=0-4951), although median duration of response was
not significantly longer with erlotinib plus bevacizumab
than with erlotinib alone (13 - 3 months [95% CI 11-6-16-5]
vs9-3 months [6-9-13-8]; p=0-1118). A greater proportion
of patients achieved disease control with erlotinib plus
bevacizumab (74 [99%] vs 68 [88%]; p=0-0177). Best
responses to treatment are shown in table 2.

Figure 4 shows change in tumour size from baseline in
the two groups. All patients in the erlotinib plus
bevacizumab achieved tumour reduction, but three
patients in the erlotinib alone group did not. Of patients
who had a 30% or greater reduction in tumour size
during treatment, six (8%) patients in the erlotinib plus
bevacizumab group and 12 (16%) patients in the erlotinib
alone group did not meet the criteria for complete or
partial response according to RECIST.

100

80

60—

40~

Overall survival (%)

204
~— Erlotinib plus bevacizumab group (13 events)
— Erlotinib alone (18 events)

o T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Time {months)

Number at risk
Erotinibplus 75 75 74 74 74 72 71 69 63 48 38 27 19 11 1 0

bevacizumab group
Erlotinibalonegroup 77 76 76 76 76 73 71 69 63 51 42 29 23 10 2 0

Figure 5: Overall survival, as determined by independent review committee, in the modified intention-to-treat
population

Overall survival data are immature at present and so
we cannot present any statistical analyses. At data cutoff,
only 13 events (17%) had occurred in the erlotinib plus
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bevacizumab group and 18 events (23%) in the erlotinib
alone group (figure 5).

68 (91%) patients in the erlotinib plus bevacizumab
group and 41 (53%) patients in the erlotinib group had
grade 3 or 4 adverse events. The most common adverse
events of any grade in the erlotinib plus bevacizumab
group were rash, diarrhoea, hypertension, and
paronychia, and in the erlotininb alone group were rash,
diarrhoea, and paronychia (table 3). The most common
grade 3 or worse adverse events in the erlotinib plus
bevacizumab group were hypertension, rash, proteinuria,
and liver function disorder or abnormal hepatic function,
and in the erlotinib group were rash, liver function
disorder or abnormal hepatic function, and hypertension
(table 3). Substantially higher (>40%) incidences of
hypertension, haemorrhagic events, and proteinuria
were noted in the erlotinib plus bevacizumab group
compared with the erlotinib alone group (table 3).
Serious adverse events were reported by 18 (24%) patients
in the erlotinib plus bevacizumab group and 19 (25%)
patients in the erlotinib group.

12 (16%) patients in the erlotinib plus bevacizumab
group and 14 (18%) patients in the erlotinib group
discontinued erlotinib because of adverse events.
31 (41%) patients discontinued bevacizumab because of
adverse events (figure 1). Ten patients discontinued both
erlotinib and bevacizumab because of adverse events in
the erlotinib plus bevacizumab group. Of these patients,

seven discontinued erlotinib and bevacizumab
simultaneously because of adverse events (liver function
disorder or abnormal hepatic function in two patients,
and infection, pancreatic cancer, rash, interstitial lung
disease, and cerebral infarction in one patient each). In
the remaining three patients, bevacizumab was initially
discontinued, and patients continued on erlotinib
monotherapy, although this was also subsequently
discontinued. The dose of erlotinib was reduced to
100 mg for 34 (45%) of 75 patients in the erlotinib plus
bevacizumab group and 33 (43%) of 77 patients in the
erlotinib alone group; and to 50 mg for 17 (23%) of
patients in the erlotinib plus bevacizumab group and
eight (10%) patients in the erlotinib alone group.
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The major adverse events leading to discontinuation of
erlotinib in both groups were liver function disorder or
abnormal hepatic function (two [3%] patients in the
erlotinib plus bevacizumab group, eight [10%] in the
erlotinib alone group), interstitial lung disease (two [3%],
three [4%]), and rash (two [3%], none). Major adverse
events leading to discontinuation of bevacizumab were
proteinuria (11 [15%)] patients), haemorrhagic events (nine
[12%)]), and hypertension {two [3%]). Most haemorrhagic
events were low-grade epistaxis or haemorrhoidal bleeding.
All of the 11 patients who discontinued bevacizumab
because of proteinuria had grade 3 or lower events, and
five of these patients recovered during the study period. All
of the nine patients who discontinued because of
haemorrhagic events had grade 3 or lower events; eight
patients improved or recovered during the study period.

The median duration of erlotinib treatment was
431days (range 21-837) in the erlotinib plus bevacizumab
group and 254 days (18-829) in the erlotinib group,
whereas median duration of bevacizumab was 325 days
(1-815). The median duration of bevacizumab in patients
who discontinued treatment because of proteinuria was
329 days (113-639) and because of haemorrhagic events
was 128 days (23-357).

The relative dose intensity of erlotinib (calculated as
[totally administered dose /total treatment
duration] /150x 100} was similar in both groups (95-3%
[range 34-7-100-0] in the erlotinib plus bevacizumab
group and 98-7% [33-3-100-0] in the erlotinib alone
group), whereas that of bevacizumab (calculated as totally
administered dose/planned dosex100) was 93-9%
(72-4-99.7).

Haemoptysis was reported in six (8%) patients in the
erlotinib plus bevacizumab group (five [7%)] patients had
grade 1 events and one {1%] had a grade 2 event); one
patient (1%) had a grade 1 event in the erlotinib alone
group. Interstitial lung disease was reported for five (3%)
of all patients. One patient in the erlotinib alone group
had grade 3 interstitial lung disease, but all other cases
were grade 1 or 2, and all patients recovered. During the
study period, one patient in the erlotinib group died by
drowning, and a potential association with the study
drug was confirmed.

No significant difference was noted between the two
groups in terms of quality of life, including total FACT-L
score, trial outcome index score, and all other subscores,
since the standard deviations at each time point
ovetlapped (appendix pp 3-9).

Discussion

In this study, the addition of bevacizumab to erlotinib
significantly prolonged progression-free survival in
patients with NSCLC with activating EGFR mutation-
positive disease compared with erlotinib alone. To our
knowledge, this is the first randomised study to show a
clinically significant treatment effect of combining an
EGFR tyrosine-kinase inhibitor with another biological

drug in patients with activating EGFR mutation-positive
NSCLC (panel). We noted clear separation of the Kaplan-
Meier survival curves from the start of treatment, despite
the use of erlotinib in both groups.

Multivariate analysis according to baseline patient
characteristics showed a consistent treatment benefit,
with longer progression-free survival noted with erlotinib
plus bevacizumab across most subgroups of patients.
Previous studies have reported that erlotinib tends to be
more effective in tumours with EGFR exon 19 deletions
versus those with Leu858Arg mutations,** which is
consistent with our results.

No new safety signals were identified and the incidence
of adverse events (any grade) and serious adverse events
was similar between the two groups. There were more
grade 3 or worse adverse events in the erlotinib plus
bevacizumab group. Discontinuation of bevacizumab
because of adverse events was more common than that
reported in previous studies.* One possible reason for
this discrepancy could be the longer duration of
treatment than in previous studies: the median treatment
duration of bevacizumab was 325 days (16 cycles), which
is substantially longer than that in previous studies.
Furthermore, proteinuria was one of the major adverse
events that led to discontinuation of bevacizumab, and
the time to onset of bevacizumab discontinuation
because of proteinuria tended to be in the later treatment
phase (median 329 days [range 113-639]). Nevertheless,
despite the high incidence of bevacizumab dis-
continuation because of adverse events, most of these
events (mainly proteinuria and haemorrhagic events)
were deemed non-serious and reversible.

The incidence of grade 3 or greater hypertension and
proteinuria were higher than those in previous studies,
again possibly related to the prolonged duration of
treatment. Another potential factor that could explain the
difference in the incidence of hypertension is in the
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definition of grading used; we used CTC-AE version 4.03,
whereas previous studies™* used CTC-AE version 3.
Akhtar and colleagues®” showed that the change in
CTC-AE version from 3 to 4 could lead to a significant
shift in the severity of adverse events in clinical trials.
Furthermore, despite the somewhat higher incidence of
hypertension observed in this study, only two (3%) of
75 patients discontinued bevacizumab administration
because of hypertension.

Although we noted no significant difference in the
proportion of patients achieving an objeclive response
between the erlotinib plus bevacizumab group and
erlotinib alone groups, all patients in the erlotinib plus
bevacizumab group had a reduction in tumour size. Of
those patients who had a greater than 30% reduction in
the sum of longest diameter of their target lesions from
baseline, more patients in the erlotinib alone group
failed to meet the criteria for complete or partial response.
These findings suggest that the addition of bevacizumab
to erlotinib might help to maintain the tumour-
suppressing effect after reduction in tumour size, which
might explain the difference in progression-free survival
between the two groups.

One possible mechanism to explain this effect could be
improved drug delivery. Bevacizumab changes tumour
vessel physiology, resulting in increased intratumoral
uptake of drugs®* The results of a preclinical study
suggested that patients on lower doses of EGFR tyrosine-
kinase inhibitors tend to develop treatment resistance
earlier than those who receive higher doses.”* Therefore,
achieving a higher intratumoral concentration of erlotinib
could delay the appearance of resistant cells. Another
possible mechanism that could explain these findings is
the effective blocking of angiogenesis signalling via the
VEGF receptor and EGFR signalling pathways, which is
thought to promote tumour growth.”* In addition to
synergistic inhibition of tumour growth signalling, VEGF
signal inhibition is still effective for tumours harbouring
EGFR tyrosine-kinase inhibitor resistance mutations. In
preclinical studies, blocking the VEGF receptor signalling
pathway overcame resistance for EGFR signalling blockage
by Thi790Met EGFR mutation in vivo.®*

Another treatment strategy that has been recently
investigated is the combination of an EGFR tyrosine-kinase
inhibitor with chemotherapy. Wu and colleagues® reported
that platinum doublet chemotherapy with intercalated
erlotinib increased progression-free survival compared
with platinum doublet chemotherapy alone. In a subset
analysis of the EGFR mutation-positive population in this
study, progression-free survival was 16-8 months. In our
study, median progression-free survival with erlotinib and
bevacizumab was 16-0 months. The firstline use of
erlotinib and bevacizumab could allow chemotherapy to be
reserved for subsequent lines of treatment, which might
further improve survival outcomes in these patients.

Our study has several limitations. First, the analysis of
EGFR mutations was not done at a central laboratory and

various methods were used, including the peptide nucleic
acid, locked nucleic acid PCR clamp method, the PCR
invader method, and the cycleave method. However, on the
basis of previous evidence, these methods are generally
judged to provide consistent results.” Second, because
some patients are still receiving the first-line treatment and
overall survival data are still immature, assessment of
subsequent treatment effects after progression is not
possible. Data relating to post-study treatment will be
reported in due course with updated overall survival results.
Third, we did not use the EQ-5D questionnaire developed
by the EuroQol group for quality-oflife assessment.
Therefore, we could not formally estimate quality-adjusted
life-years for a cost-effectiveness analysis. The health
economics related to the combined use of erlotinib and
bevacizumab remains unclear and should be discussed in
future studies. Additionally, follow-up for overall survival is
still ongoing and these results are needed before the clinical
value of this combination can be determined.

In summary, our study provides, to the best of our
knowledge, the first evidence that the addition of
bevacizumab to erlotinib confers a significant
improvement in progression-free survival when used as
first-line treatment for patients with non-squamous
NSCLC with activating EGFR mutation-positive disease.
Some degree of increased toxicity, particularly
hypertension, proteinuria, and haemorrhagic events,
seems to be associated with the addition of bevacizumab.
Our findings suggest that the combination of erlotinib
and bevacizumab could be a new first-line regimen in
EGFR mutation-positive NSCLC, and that further
investigation of the regimen is warranted. Two clinical
trials, BELIEF (NCT01562028) and ACCRU RC1126
(NCT01532089), are ongoing and the results are awaited
to confirm the efficacy and safety shown in our study.
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Introduction characteristics, such as cellular arca and perimeter. These
morphological parameters, referred to as “imaging biomarkers”
hereafler, are other indexes to identify specific target cells. For
example, a large cellular size was indicated for some tumor cells
[14-17], and a larger nucleus than in healthy cells is known as one
common property of the morphometric phenotype of cancer cells
[18-24]; therefore, finding target cells using imaging biomarkers,
especially using both cell size and nucleus conformation, is useful
for the identification of tumor cells. In this study, a real-time cell
sorting system to achieve simultaneous processing of imaging
biomarkers for both optical image (i.e., total cell configuration) and
fluorescent image (i.e., nucleus configuration) was developed, and
it was applied to identify irregular cells, especially clustered cells, in
a blood sample. According to previous reports on CTC detection,
the possibility of the CTCs forming clusters was suggested [7];
however, clear evidence had not been identfied and there have
been no quantitative studies on the identification of clustered cells
in the blood. Here, a quantitative approach for cluster detection
was suggested using imaging biomarkers as detection indexes.

Tinding irregular cells in blood is fundamental to achieving non-
ivasive health checks, such as cancer and immune diagnostics.
For example, circulating tumor cells (CTCs) are expected to form
additonal seeds for subsequent growth of tumors [1-3], and
quantitative detection of CTCs in the blood [4-8] has the
potential to achieve minimally invasive cancer diagnosis in
comparison with conventional biopsies. One major approach to
finding irregular cells is the targeting of specific molecules,
molecular biomarkers, on the cell surface [1,3,6,9,10]; however,
its application has sometimes had the difliculty of false-negative
detection because of the variety of molecular expression properties
of targeted cells.

To overcome these dilliculties, we developed another system for
the recognition of target cells [11-13]. In this system, cell samples
were applied to a microchannel fabricated on a small microchip,
cellular images were taken with a high-speed CCD camera, and
target cells were identified depending on their morphological
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Materials and Methods

Fabrication of microchip

The microchip was fabricated by the following procedure. A
mask blank, which was a glass substrate coated with both
chromium for light interception and positive photo-resist
(AZP1350) for the fabrication of patterns (CBL4006Du-AZP,
Clean Surface Technology Co., Kanagawa, Japan), was set to a
laser lithography system (DDB-3TH, Neoark, Co., Tokyo, Japan)
and a laser (405 nm wavelength) was irradiated onto the mask
blank in the same pattern as the microchannel used in this study.
After the irradiation, the mask blank was immersed in a developer
of the resist (NMD-3, Tokyo Ohka Kogyo Co., Kanagawa, Japan)
to remove the resist on which the laser was irradiated; then, a
chromium layer was bared at this position. Next, the mask blank
was immersed in chromium etching solution (MPM-E350, DNP
Fine Chemicals, Co., Kanagawa, Japan), after which the bared
chromium layer was removed and a transparent pattern of the
microchannel was formed on the substrate. Finally, the whole
resist on the mask blank was removed by light irradiation onto the
whole of the substrate and immersion of the substrate in the
developer; then, a photo mask of the microchannel was fabricated.

On the other hand, a light-curing resin (SU-8 3025, Nippon
Kayaku Co., Tokyo, Japan) was spin-coated using a spin coater
(1H-DX2, Mikasa, Co., Tokyo, Japan) of 25 um thickness on a
clean Si substrate. The resin-coated substrate was pre-baked at
95°C for 15 min, set in a mask aligner with the fabricated photo
mask (MA-20, Mikasa), and the light (365 nm wavelength) was
irradiated through the mask to harden the resin with the pattern of
the microchannel. The substrate was heated at 65°C for 1 min
and 95°C for 5 min sequentally to promote hardening ol the
resin, and excess resin was removed by immersing the substrate in
SU-8 developer (Nippon Kayaku). A mold of the microchannel
was then fabricated using the resin on the Si substrate.

To [abricate the chip, poly(dimethylsiloxane) (PDMS; SYL-
GARD 184 silicon elastomer, Dow Corning Co., Midland, MI,
USA) was dropped onto the fabricated mold in sol state, and
heated at 90°C for 1 h to harden the PDMS. The PDMS on
which the pattern of the microchannel was transferred was peeled
oflf from the mold and stuck with cleaned cover glass. Tinally,
plastic columns for the application of solvents including sample
blood were pasted on the PDMS with epoxy resin; then, the
microchip to be used in this study was fabricated.

Preparation of sample blood

This study was carried out in strict accordance with the Act on
Wellare and Management of Animals of the Ministry of the
Environment, Japan. The protocol was approved by the animal
experiment committee of the Kanagawa Cancer Center (permit
number 21-02). MAT-LyLu is a rat prostate cancer cell line
established from the original Dunning R3327 tumor maintained
by in vivo passage of a prostate cancer that spontaneously
occurred in a Copenhagen rat [25]. This cell line was a generous
gift from the original founders through Hisao Ekimoto, Ph.D., at
the Oncology Section, Laboratory of Biology, Nippon Kayaku
Co., Ltd., and was maintained in our laboratory.

To obtain blood containing cancer cells, the MAT-LyLu was
adjusted to 5x10° cells in 200 pL of cell culture medium (RPMI
1640, Life Technologies Co., Grand Island, NY, USA), and
implanted into the dorsal subcutaneous tissue of a Copenhagen rat
(male, 6 weeks old). At 2 weeks after implantation, blood of the rat
was collected from the subclavian vein using a collection tube
containing heparin. The blood was hemolyzed using commercial
reagent (BD Pharm Lyse, without fixative, BD Biosciences, San
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Jose, CA, USA) for 10 min, washed along with 200x g
centrifugation for 5 min and re-suspended two times in phos-
phate-buffered saline (PBS) containing 1% bovine serum albumin,
suspended in PBS containing 100 ng/mL Hoechst 33258, and
then incubated for 10 min (o stain cellular nuclei. The sample was
washed again along with centrifugation 3 times, suspended in 5%
glucose solution, and applied to the sample inlet on the chip.

Flow cytometry

The prepared sample blood was applied to the sample inlet on a
fabricated microchip with a sample volume of 50 L in an assay.
The same buffer with the sample cell suspension (i.e., 5% glucose)
was also used as a sheath buffer, and was applied to the sheath
buffer inlet. Air pressure was applied onto both sample and sheath
buffer inlets simultaneously using a syringe pump to introduce
these liquids into the microchannels. Before starting the experi-
ments, flow velocity was calibrated by taking images of calibration
beads using a CCD camera (Ditect Co., Tokyo, Japan) as the shift
of bead posidon in the microchannel within a few frames of the
images, and typically, 1 kPa pressure achieved flow velocity of
about 3 mm/sec at the position after the meeting of sample and
sheath flows. MulG-imaging observations of sample blood were
then performed through the multi-view unit with 3 mm/sec flow
velocity and 200 fps acquisition rate.

Comparative genomic hybridization analysis

Rat genome comparative genomic hybridization (CGH) micro-
array 244A (Agilent Technologies, Santa Clara, CA, USA) was
used (o perform array CGH on genomic DNA obtained (rom the
MAT-LyLu cell line according to the manufacturer’s instructions.
A DNA sample obtained from liver tissue of a healthy
Copenhagen rat was used as a reference. Genomic DNAs were
extracted using a QIAamp DNA Mini kit (Qiagen, Hilden,
Germany) according to the manufacturer’s instructions. The DNA
concentration was determined with PicoGreen dsDNA Quantita-
ton Reagent (Life Technologies). Agilent Genomic Workbench
(Agilent Technologies) was used (o analyze chromosomal patterns
using an ADM-2 algorithm setting a threshold of 5.0.

Copy number assay

The gene copy numbers for c¢stp2 and zdhhcl7  were
determined using TagMan Copy Number Assays according to
the manufacturer’s instructions (Applied Biosystems, Foster City,
CA, USA). The gene-specific primers and TagMan probes were
used in the experiments had the following sequences. Rat csrp2
primers were: sense, 5'-GGACTAAATGGATTGATGCCAC-
TCT-3'; andsense, 5'-GTCCCTGCTTCAAAGAACTGTCT-
3", probe, 5'-FAM-AAGAGCAAGAAAGGAAACCC-MGB-
NFQ-3'. Rat zdhhc17 primers were: sense, 5'-GCCCTACTG-
CATGCATGATACA-3'; antisense, 5'-GGGCTGTTTTGCA-
CATGAAAT'TCAA-3'; probe, 5 -FAM-CTGGACAGCAIC!-
GCTAGTATAC-MGB-NFQ-3'. Rat 7pp40 primers were: sense,
5'-GTATGACACTGGCATGGAAGTCT-3'; antisense, 5'-CT-
TGCAGGTCCTCTGTGGAT-3'; probe, 5'-FAM-CCTGGC-
AATCAAAGTTAGGCTTAG-MGB-NFQ-3'. Genomic DNAs
obtained from collected samples using the cell sorting system were
extracted using a QJAamp DNA Micro kit (Qiagen) according to
the manufacturer’s instructions. The DNA concentrations were

. determined with PicoGreen dsDNA Quantitation Reagent. Rat

7pp40 was used as an internal control. Genomic DNAs obtained
from MAT-LyLu cell line and healthy rat liver were used as
positive and negative controls, respectively.
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