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Figure 2 Immuohistocheical staining of ovarian cancer immunore-
active antigen domain containing 2 (OCIAD2) in mucinous ovarian
tumors. Immunohistochemistry of OCIAD2 for adenoma (2a), bor-
derline lesion (endocervical type) (2b), borderline lesion (intestinal
type) (2¢), and adenocarcinoma (2d). OCIAD2 is granularly positive
in borderline tumor and carcinoma.

Figure 3 Histological staining pattern of ovarian cancer immunore-
active antigen domain containing 2 (OCIAD2) for OCIAD2 in muci-
nous borderline tumors and invasing mucinous adenocarcinoma. (a)
Immunohistochemial staining of OCIAD2 for the case of mucinous
borderline tumor. Areas of papillary proliferation showed more
intense reactivity for OCIAD2 than flat lining tumor cells. (b) Immu-
nohistochemical staining of OCIAD2 in a case of mucinous adeno-
carcinoma. Areas of stromal invasion (arrow heads) showed more
intense reactivity for OCIAD 2 than flat lining tumor cells.

for OCIAD1 (Table 2, Fig. 4d). As was the case in adenocar-
cinoma, OCIAD1 showed a granular staining pattern that was
separated from intracytoplasmic mucin. Stromal cells also
showed positive background staining.

With regard to CEA, tumor cells showed a diffuse cytoplas-
mic staining pattern, as had been observed in colonic adeno-
carcinoma, and also positive staining for mucin. Among the
43 cases of mucinous adenoma, 0 (0%) were positive for
CEA (Table 2, Fig. 5a). Background staining for intracystic
and brush border secreted mucin was evident, but this was
judged as negative. Among the 40 cases of mucinous bor-
derline tumor, 10 (25%) including five among ten of the
endocervical type (50%) were positive for CEA (Table 2,
Fig. 5b, c). There was strongly positive background staining

Figure 4 Immuohistocheical staining of ovarian cancer immunore-
active antigen domain containing 1 (OCIAD1) in mucinous ovarian
tumors. Immunohistochemistry of OCIAD1 for adenoma (4a), bor-
derline lesion (endocervical type) (4b), borderline lesion (intestinal
type) (4c), and adenocarcinoma (4d). OCIAD1 is granularly positive
in borderline tumor and carcinoma.

Immuohistocheical staining of CEA in mucinous ovarian
tumors. Immunohistochemistry of CEA for adenoma (5a), borderline
lesion (endocervical type) (5b), borderline lesion (intestinal type)
(5¢), and adenocarcinoma (5d). CEA is granularly positive in border-
line tumor and carcinoma.

Figure 5

for intracystic and brush border secreted mucin. Non-specific
positive staining was evident in the nuclei of tumor cells and
in the tumor stroma. Among the 34 cases of mucinous car-
cinoma, 25 (71%) (5 of the infiltrating invasive type and 20 of
the expansile invasive type) were positive for CEA (Table 2,
Fig. 5d). Strongly positive background staining for intracystic
and brush border secreted mucin was evident, similatly to
adenoma and borderline lesions. Diffuse cytoplasmic stain-
ing was judged as positive. The tumor cell nucleoli and tumor
stroma showed non-specific positive staining.

© 2012 The Authors
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The one case of borderline tumor showing pseudomyxoma
peritonei was stained with OCIAD2, but negative for OCIAD1
and CEA.

Statistical analysis

Positivity for OCIAD2 increased gradually with tumor pro-
gression, and more than 70% of the mucinous carcinomas
were positive (Table 2). A similar tendency was seen for CEA
and OCIAD1, more than 70% of the carcinomas also being
positive. The expression of OCIAD2, CEA and OCIAD1
increased significantly as the malignancy of the tumor
increased (P<0.01, P<0.01, and P<0.01, respectively).
Table 2 compares the positivity ratio of adenoma vs border-
line lesion and adenocarcinoma. Among the cases of
adenoma, 6 (14%), 21 (49%), and 0 (0%) were positive for
OCIAD2, OCIAD1, and CEA, respectively, whereas among
the cases of borderline lesion and adenocarcinoma, 51
(68%), 56 (75%), and 35 (47%) were positive, respectively.

DISCUSSION

The ovarian cancer immunoreactive antigen domain
(OCIAD) family comprises OCIAD1 and OCIAD2. In 2001,
Luo etal. immunoscreened an ovarian carcinoma cDNA
expression library using ascites from a patient with ovarian
cancer and detected an antibody against OCIAD1.2 There-
fore, OCIAD1 is thought to be a cancer-specific protein that
could be applicable for detection of carcinoma, and several
reports have stressed the association between ovarian car-
cinoma malignancy and OCIAD1 expression. On the other
hand, OCIAD2 was identified in 2001 by Strausberg et al. on
the basis of its sequence similarity to OCIAD1 through the
National Institute of Health Mammalian Gene Collection
project.” Although OCIAD2 has high homology with
OCIAD1, to date, no reports have examined the relationship
between its expression and carcinoma or autoantibody
against human tissue. Ishiyama T. first reported the associa-
tion between lung adenocarcinogenesis and OCIAD2 on the
basis of a cDNA microarray study.” In the present study, we
examined the expression of OCIAD2 in ovarian carcinoma,
especially ovarian mucinous tumors, since the diagnosis of
their malignancy is based on histology, and no biomarkers for
these tumors have been characterized.

In order to examine the relationship between the OCIAD
family and other immunohistochemical biomarkers, we also
examined the expression of CEA. As Table 2 shows, QCIAD2
expression was detected in 74% of mucinous ovarian carci-
nomas and 63% of borderline tumors (i.e. 69% of ovarian
mucinous tumors with malignancy), but in only 14% of muci-
nous adenomas (benign counterpart) (P < 0.01). Expression

© 2012 The Authors

QOCIAD2 expression in ovarian tumor 475

of OCIAD2 was associated with the malignancy of ovarian
mucinous tumors. OCIAD2 showed a granular staining
pattern in the cytoplasm of the tumor cells, but interestingly
its positivity was stronger in areas of papillary proliferation
and stromal invasion than in flat tumor cells, suggesting
an association between OCIAD2 expression and tumor
malignancy.

With regard to borderline tumors, it was of considerable
interest that positivity for all of the markers examined
(OCIAD2, OCIAD1, and CEA) had a tendency to be higher in
the endocervical type than in the intestinal type. As the tumor
cells of intestinal-type tumors contain much mucin in their
cytoplasim, relative to those of endocervical-type tumors, it
might be difficult to judge the staining positivity of intestinal-
type tumors. On the other hand, in the carcinomas, the rates
of positivity for the three proteins showed no significant dif-
ference between the infilirating invasive type and the expan-
sile invasive type.

The staining patterns of OCIAD1 and CEA were similar to
that of OCIAD2, but several differences were evident.
OCIAD1 was positive in 86% of carcinomas and 65% of
borderline tumors (i.e. 75% of all ovarian mucinous tumors
with malignancy), whereas 49% of adenomas were also posi-
tive for OCIAD1. These results indicated that positivity for
OCIAD1 increased in the earlier stage of malignant progres-
sion. Although we are unable to verify whether the staining
was non-specific, stromal cells also showed positive staining
for OCIAD1. However, the results suggested that OCIAD2 is
a marker more associated with malignancy of ovarian muci-
nous tumor cells than is OCIAD1.

CEA was immunopositive in 71% of carcinomas and 25%
of borderline tumors (i.e. 47% of all ovarian mucinous tumors
with malignancy). The specificity of CEA for diagnosis of
malignancy in ovarian mucinous tumors was highest among
the three markers we examined, thus confirming that CEA is
a very useful biomarker for detection of ovarian tumors. The
CEA positivity rate mainly increased during the course from
borderline tumor to carcinoma. Therefore, CEA might be a
marker of more advanced-stage mucinous tumors in com-
parison with OCIAD2.

The association between OCIAD2 stainability and tumor
malignancy was of considerable interest; papillary proliferat-
ing and invasive tumor cells were positive, whereas flat lining
tumor cells were negative. Six cases of adenoma gave a
positive reaction with anti-OCIAD2 antibody. These tumors
were histologically diagnosed as adenoma, but may have
had the potential to progress to borderline tumors. As it has
been suggested that OCIAD2 may be localized to the tumor
cell membrane, OCIAD2 protein in exfoliated tumor cells or
cell fragments in ascites or blood could be detectable and
applicable as a new biomarker of ovarian mucinous tumors.

In summary, we have demonstrated specific expression of
OCIAD2 in ovarian mucinous tumors. Immunohistochemi-
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cally. OCIAD2 appeared to be more specific than OCIAD1
and more sensitive than CEA. Examination of OCIAD2
expression is thus expected to become a new immunohis-
tochemical biomarker of the malignancy of ovarian mucinous
tumors. OCIAD2 is a membrane-localized protein expressed
in several malignant tumors including lung cancer and
ovarian cancers, but its function is still unclear. As normal
tissue is unreactive with a specific antibody against OCIAD2,
it appears that OCIAD2 is not a basic protein required for the
survival of human cells. However, the biological implications
of OCIAD2 should be examined extensively and utilized for
the detection or treatment of malignant tumors expressing it.
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Neoadjuvant Chemotherapy for Ovarian Cancer: Takashi Onda (Dept. of Gynecology, Kitasato University School of Med-
icine)
Summary

The current standard treatment for advanced ovarian cancer is primary debulking surgery (PDS) followed by postsurgical
chemotherapy. We can expect better prognosis in cases where optimal debulking (residual diseases<<1cm) can be achieved.
Neoadjuvant chemotherapy (NAC) has been recognized as an alternative treatment to primary surgical debulking for pa-
tients with poor performance status or apparently unresectable bulky tumors. Retrospective analyses and non-randomized
comparative studies revealed that overall survival was comparable between patients treated with NAC followed by interval
debulking surgery (IDS) and those treated with PDS, though the former group had more advanced disease and poorer
performance status. Two reports of meta-analyses of these studies revealed that the NAC setting treatment does not compro-
mise the treatment outcome of the patients with advanced avarian cancer. Until now, at least four phase 1l studies compar-
ing NAC setting treatment with standard treatment for advanced midillerian cancer have been conducted. The results of the
first study conducted by the European Organization for Research and Treatment of Cancer (EORTC) were published in 2010.
They revealed a comparative outcome of NAC setting treatment with standard treatment (median survival 30 M vs 29 M)
with less common surgery-related adverse effects. NAC setting treatment is now expected to become a standard treatment or
one of the effective treatment options for advanced ovarian cancer in cases when other phase 1 studies reproduce similar
results. Key words: Neoadjuvant chemotherapy, Primary debulking surgery, Ovarian cancer, Corresponding author: Takashi
Onda, Department of Gynecology, Kitasato University School of Medicine, 1-15-1 Kitasato, Minami-ku, Sagamihara, Kanaga-
wa 252-0374, Japan

EE SRR 2 BEOERERIIREERENFER (PDS) LMBRIEERETHY, PDS TREESE 1 cm Rl
D optimal FMAER T EUIFROUEIHHFTE D, MaTbEmE: (NAC) &, £FRERROEMPRH S »IZWERA
BEZIEELR VAR LT, BREEORBREL LTI TEL, CORFTHRNREPEERS T2V HERRARIC
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RIEITO & B2 VWEERREIREN 2RDRA I TF 54 Y ADORETDH, NACEEIETHEROBREELEL Y
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D, BRWDOHRERTH % European Organization for Research and Treatment of Cancer (EORTC) D ERERKRIT 2010 FI25%
FENToo R NACKETIIEREEE L BEORCISHEEE (EFHHPRE 2R L 2920) EFHBEEOFEER
PEEETH L T LARENT, 5%, hoFTHRRIC L Y AROFEEIFBHR I LML, NAC B BT ERE OFRER
RHHVREERBEO—DOOENLRERE L2 0N,

NAC) #PEBEN TS, RED 2007 £ 11 A5 TLH
AL72E918, BLOBRFAFRIRE L IMERETIE W

ETHEBOFHEMLEZOELREREL LT, B AR TOEREEL OB T, NACEE (22T
#E5% (BB OBE (weekly #5), B5BEBOEE i, NAC CHa% Y, interval debulking surgery (IDS),
(HERERIRE), 5 FEME (bevacizumab % &) OFFH WRALFREED O 2 5 IEREKRET NACHE L L] @
LB, WRILFEE (neoadjuvant chemotherapy: Ty, BFZEEFEONRTEY, SUMHLEEARTD

U &I
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# 1 NACERE:EEBREORE (BEH/NFHRIZBITS optimal surgery, HHE)

Jacob (1991) MST optimal (<2 cm)
BHEEE (n=18] 18M 39% (7/18)
NAC## [n=22] 6M 7% (17/22)

NS p=0.02
Onnis (1996) 3 year 5year optimal (<2cm)
B [n=284] 31% 21% 29% (83/284)
NAC ## [n=88] 27% 19% 42% (37/88)

NS NS NA
Vergote (1998) 3 year

NAC AR [n=112] 26%
NAC #EAf [n=173] 42%

p=0.0001
Kayikcioglu (2001) 5 year MST  optimal (=0)
BEEBEAE [n=158] 24% 38M 14% (22/158)
NAC ##: [n=45] 30% 34 M 49% (22/45)

NS NS p<0.001
Kuhn (2001) MST optimal (<2cm)
BH#GRE [(n=32] 23 M 63% (20/32)
NAC ##: [n=31] 42 M 84% (26/31)

p=0.007 p=0.04
Loizzy (2005) MST DFI optimal (<1 cm)
BEHRE [n=30] 40M 16 M 60% (18/30)
NAC ## [n=30] 32M 21M 63% (19/30)

NS NS NS
Lee (2006) MST DFI optimal (<2 cm)
BRERE (n=22] 55 M 17M  46% (10/22)
NAC #&# [n=18] 53 M 15M 78% (14/18)

NS NS p=0.04
Everett (2006) MST optimal (<1 cm)
BR¥EBRE (n=102] 42M 54% (55/102)
NAC ##: [n=98] 33M 86% (84/98)

NS p<0.001
Inciura (2006) MST DFI optimal (<2cm)
B#GE (n=361] 2B M 15M 67% (242/361)
NAC #: [n=213] 24M 13M  63% (134/213)

NS NS NS
Hou (2007) MST DFI optimal (<1 cm)
R [n=109] 47 M 14 M 71 (77/109)
NAC #¥ [n=63] 46 M 16 M 95 (60/63)

NS NS <0.001

NAC B, (EHER L LB CARD AT, ERIGEREZ,
HEITH, MER, 5CE, F#% match Z€7: controls

Mk, WERBROERE, HERBBEICX 2 0RTTREDEIC
X 0 NACHERTIRE. NACHEERIL, LVEFLE
BIHZ o

AR, RS X MR REOFMEIC L ) NAC#
EREE RE,

Mk, F&%, UBRTRZ2SBEBORE 25KREBICL
D NAC BERZ I E. NACHEERIFREICER (o=
0.01), PSAR (p<0.001) T, VEERAP S v (p=0.03).

ML, FROBEK (>500ml) AT HIERICHI
MR, ERRSERICRZLE O Nk o 7RI R ERR,
REBREE L NACREROTERICAERER L,

SEOMK, BK, £FIRE, CTICX 2RO
&) NACER 2 e, SHBIAHER T, AR, &7
¥ % match 847 controle NACHBIIEEIE#K (p=
0.03), HEEIZPSTE (p=0.02),

CT, MRIIZX Y {UBRWEEMZ 3R L, NAC B2 8%,

Friets, KXz LEHER, K#z) v HiEg, 285
EHEZ LX) NACHZIE, NACHEIARIIVE
(p=0.042), &L (p=0.025) FEHHE

LZBOBK, KEHZBBANIZEEBREEOEEIZLD,
NAC BT %,

BEELAHESD L UEEZI CEBE 8RR BB, Liih
BRENERIZL) NACHZIE, NACHTHEILVE
ERIDZ v (<0.05), NACBTL h &, & h{ESLE
BETholPEEEIR L,

NA: not available, MST: median survival time, DFT: disease free interval

BEPHE I N TV, Z XTI NACERICETAE
BEETBHEREL, BN ERCPEIHABORE
IZDOWTHBAT 5,

1. EfTIREEICHT D NACEE

PRRIEICHT T B IR, WOERRES EEE 0%
W, ETEIOZW (staging laparotomy) % Hig& L72F
WEITH) ONBETH 5. #EITHITBWTIE, optimal
surgery (BEEEN<lcm) &745 X912, BBREDT
KBytrk: (maximum debulking) #4793 2 & HHBE LT

5728, ZOFMIE primary debulking surgery (PDS)
EIFIEN B, EITRICH L Cid, Wi bSRES 6~8
I—RAfT5 OWPEHETH S, PDS T optimal surgery 7%
ERTE20E0E, ETHEROEELTFERTO—
DTH LD, EHFRERRTFEHBEIEELEE,
BRZ R B SR W C optimal AEEL BRI S 254
%Y, R PHIPFTCELVWEAICEEREOAE
BEE LT, $TMBREZITVWEFREOUED 2 »
R OM/E S N BICEERINER 2T, &5
ALEEE R BT BEEPITbNTE /2,
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& 2 NACHRELREDROLE (FNEGHHER L OLE)

WAL

Vergote (1998) FHBIEIL TR
NAC ZEART [n=112] 6%
NACEA# [n=173] 0%

HERBANE, PEREENIC X B EDBRTT etk o0 B
[2& Y NAC HEER & g

NA
Schwartz (1999) Wi ICU #+E NN SHIRE, AHHEIC X 5 FHUE O S,
EHEIEE [n=206] 1,000 mL 1.26 days 11 days CTIC L 2B sRlic L » NAC
NAC ## [n=59] 600 mL 1.03 days 7 days FEHLTRE. NACEEBIIEZIIEER
p=0.001 p=0.01 p<0.001 (<0.001), PSARE (<0.001) THo7,

Kayikcioglu (2001) b=l anilS il

HEWEH [n=158] 16% 11% SHRBICL ) NAC HEFHLZHRE. NAC
NAC # [n=45] 2% 0% BERIIFECER p=0.01), PSTE

p=0.01 p=0.02 (p<0.001) T, VEERIZ v (p=0.03),
Morice (2003) =2] 5 EELAIE WMbE4 HEBREE EEEICL20BRTEREOHE
HRHEIRE [n=28] 61% 7% 36% 39% 12X ) NAC BERF T,
NAC ##& [n=57] 19% 5% 7% 21%

p=0.01 NS p=0.01 NS
Hegazy (2005) Hif 2 ICU #7E ABRIAR SERBEME, FEREEEIC X 2 YIRRTTRRME O ERE
BHERE [n=32] 735 mL 4.4 days 15.9 days 12X ) NAC SR k. NACEHRE
NAC #i% [n=27] 420 mL 1.7 days 10.5 days FICE# (p=0.04)

p=0.02 p=0.03 p<0.05
Lee (2006) Hi I & CT, MRIIZ X Y ¥R BB % 8746 L NAC
HEEE [n=22] 1,061 mL HEEBE,
NAC#¥% [n=18] 620 mL

p=0.04
Hou (2007) Hif & FHESH ABeHiRS Lo i1 BEZEGHES LCHEZH CHEEEMZ
E#RE (n=109] 1,033 mL 276 min 8.5 days 24U ToEE, RELEENERICI D NACE
NAC #i% [n=63] 546 mL 211 min 5.7 days 1.2U BRRE. NACH THEICVEEANN S »

p<0.0001 p<0.0001 p<0.0001 p=0.03 (<0.05), NACETXI D E#, XHES

LBHChHo P EEET R L,

NA: not available

& 3 NACHBEOFI M & HER

ALEREOBRICLIVEFRBEREL, LhREe 1.
TRETEERDFH LTRSS,

2. LEREROHBREBEICLD, brnidEESS 2.
XY, BREEICEEREICA SN EREIR SR
DHUBFEFTE 5, 3.

3. BEOMMILY, MBRSESHIEBRR W ALK
L7 L T% optimal surgery O EERDSEL 25, 4.

4. FHEOMRMR MR EOEERLEETEIER L,
HERPICEBELFBT A I LATE 5, 5.

5. BEMAOLDOFRIL L EOATED,

BB IZ, staging laparotomy % 3427 PDS #1F7hb %z w

72, NBREBLEITHOBRI S ARIERE L 2 59 BEIFD 5,
IL2BEODEPEOARITWIEER A NFHOBE 2 RT
%, optimal surgery DERERT 5% EOWEMEN D S,
BEHPEFICELC AR ZEES X UEROM/MI LY,
WREHBDALUTECRENRLIEL ) TEERD 5,
BEEOSVRETIERELIT) 20, MFEA+o4MRD
BRIV EHNWEOHBEOTERELEL 25,

1EOFEHT, FTRCOBEBEEZHET L ICEPHBEHH L 2
LR D B

FHRAPIH LTIz NAC BIEOR#E, &
MR R AT BB OB & B L 72 ENc L 0, %
FRAMIZE LT, NAC B TRAGSEVHEEANTH
D 255 bR B AT BTN & L C RSO
BEAELN, FHERCHLTE, 5 O8ET,
MBOHEELRD, B, Wi EOSHEIROFE:
B, EELAWEOHERRED, 10U AN AR
BB B ERAT SN0 B 1 ICHARE =2

FHBBIIOWTHBRLZBEDT L0 2EBTSY,
NAC #&kiIiE, #E LW O DR RFEZ LNBHD,
HICZORE L OHEL BRI FELEL TV D, 3
I NACHREOF R EMBERZ L0,

I. NAC 8D meta-analysis {& & B8R

Bristow 571%, 1989~2005 4 S h7-, JIEE
HO/NVECRT 5 NAC BEDFR 21 A% meta-analy-
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& 4 EEEHR L NACEEOS IREVES LBEER

JCOGO602

KA EORTC55971 CHORUS ID 1473
Ll E Belgium United Kingdom India Japan
HefEE Vergote IB Kehoe S Kumar L Yoshikawa H
WEEE SRER/INE R/ IENEAE  DNEE/ SRR/ IR MEE RELRE/INERR/ B
EATH mC/VE /N WC/HaRIVEA m/VEs
REBOSA T EMAH SE0/MAH ZMAH FEMAH
BEHMOMETE (B&a) BEEEsR EEZN/EE<-—-A— (BR) MR, M2 B&Ea) MRk
H DR (B8E) REgAER

stER, ERMRE
(=it Platinum+ Taxane CBDCA # & {r regimen TC regimen TC regimen
NAC (L% #/E NAC3+3a—2X NAC3+3z2—2 NAC3+32—2 NAC4+4 2—2X
IE1E:54
HE BIEL 704 150 (B T AH) +400 (S5 IM4H) 180 300
PR 1998.9.21 2004.3 (S5I04H) 2001.11 2006.11.17
FEE G 4 £ 44EH (FWAE) #5EH 3E+L5E (%ED
BERIRG 2006.12.6 B85 T 2010.8 B2 T FEHCTH 2011.10 B85 T
BT A~ I (EORTC &80¥C 1,250 %1 (&) #E% FHH

T) k5
BERABESES  NCT00003636 NCTO00075712 NCT00715286 UMINO000000523
ERABRESH 1999.11.1 2004.1.9 2008.7.14 2006.11.17

EORTC: European Organization for Research and Treatment of Cancer, JCOG: Japan Clinical Oncology Group
RCOG: Royal College of Obstetricians and Gynaecologists, CTU-MRC: Medical Research Council Clinical Trials Unit

CHORUS: Chemotherapy or Upfront Surgery

sis IC & QM L7z AFEAB A RAE (median survival
time: MST) 3 24.5 % H, optimal surgery (Z 2T,
BREEEE<2cm L EH FHEIX65%THo /o
NAC BEDOEEBEIL, HXOEM, paclitaxel (PTX)
DEMEE, optimal EHIOEE, VHEFMOEHE,
NAC D a—2AE L BFRICHEIED 57z, optimal fE
FlOEEE, 10%822TL121.9ADFHOAES
RObN/D, NACOIZ—AHE 1 a—AWz L
2 4.1 HhRDEFHMOERIRD iz, EEHLIE,
Gynecologic Oncology Group (GOG) 2 & 2 EElRRER T,
PDS T optimal 25 T & %2572 (suboptimal & I
5) EFROMST K24 A THII L EHELT,
NAC#EED MST 24.5 B, Zh b suboptimal FEHI
LRETHHE LT NACHECEEW 2 RAERL
720

—7, Kang 5¥i3, 1989~2008 4El2#&E xhiz 21 &
DEFLE R TEBROBI 21T o 720 3 FEHBRINEHEH
IR o e PSR OBIRFE R IZIZIZFEMETH D95, 7
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A single-arm Phase |l study evaluating combination chemotherapy utilizing oral etoposide
and irinotecan for platinum-resistant and taxane-pretreated ovarian cancer has started. The
aim of this study is to evaluate the efficacy and safety of this regimen as a test arm regimen
in a subsequent Phase Il trial. Patients with platinum-resistant and taxane-pretreated ovarian
cancer are given etoposide at 50 mg/m? p.o. from days 1 to 21 and irinotecan 70 mg/m? i.v.
at days 1 and 15, repeated every 28 days, up to six cycles. A total of 60 patients will be en-
rolled at 36 institutions. The primary endpoint is response rate. The secondary endpoints
include adverse events and progression-free and overall survival.

Key words: Chemo-Gynecology — Gynecol-Med — clinical trials

INTRODUCTION

Ovarian cancer is one of the most lethal gynecologic cancers
in Japan. The first-line standard chemotherapy regimen is
carboplatin plus paclitaxel (1,2). Although first-line chemo-
therapy is very effective, more than 60% of the patients with
an advanced stage will die of recurrent disease. After
relapse, the choice of second line chemotherapy depends on
‘platinum-free interval (PFI)’, which is prognostic and pre-
dictive for the effect of repeating platinum agents. Usually,
the cut-off point of PFI is regarded as 6 months. Patients re-
curred within 6 months after first-line chemotherapy are
regarded as ‘platinum-resistant’ and receive second-line
chemotherapy with single agent such as pegylated liposomal
doxorubicin (3), topotecan (3) and gemcitabine (4) as the
standard treatment. Many single cytotoxic agents have
shown activity against recurrent ovarian cancer; however, re-
sponse rates generally have been low, such as 6—12% (3,4),
and of short duration because of emerging resistance to the

monotherapy regimens. Combination chemotherapy may cir-
cumvent this resistance and halt progression of disease,
because lower dose of two drugs with different mechanism
may reduce the toxicity and enhance the efficacy (5).

Irinotecan, a semi-synthetic derivative of camptothecin, is
a prodrug with little inherent topoisomerase inhibitory activ-
ity and is converted by carboxylesterases to its more active
metabolite, SN-38 (7-ethyl-10-hydroxycamptothecin). /n
vitro, SN-38 is 250—~1000 times more potent than irinotecan
as an inhibitor of topoisomerase. For platinum-resistant
patients, irinotecan has shown modest activity (6—8) as
monotherapy in weekly, every 2-week and every 3-week
schedules.

Etoposide is a semi-synthetic glycosidic derivative of
podophyllotoxin (9). Intravenous dosing of etoposide has
been tested in two Phase II studies and shown relatively low
response rates (10,11) (0 and 8.3%). On the contrary, oral
etoposide has shown better efficacy, whose response rate was
26.8% for patients with platinum-resistant relapse (12).
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Topoisomerase-I treatment induces an increase in the
S-phase cell population with an increase in topoisomerase-II
mRNA expression. Thus, topoisomerase-I can modulate
topoisomerase-II levels to enhance the effect of
topoisomerase-1I inhibitors (13,14).

Eder et al. (15) reported the result of the in vivo study.
They showed that a combination of irinotecan and etoposide
showed more than an additive effect by both the tumor exci-
sion assay and tumor growth delay assay.

A Phase I study of topotecan and oral etoposide revealed
severe myelosuppression but promising efficacy for ovarian
cancer (16).

The dose-limiting toxicity of irinotecan is diarrhea, differ-
ent from that of topotecan (myelosuppression). Then, utiliz-
ing etoposide with irinotecan may improve the risk—benefit
balance of dual inhibition of topoisomerase. The result of
the Phase I study was reported in ASCO 2002 (17).

The recommended dose for further study was oral etopo-
side: 50 mg/m?/days 1—-21 and intravenous irinotecan:
60 mg/m*/days 1 and 15, repeated every 4 weeks.

In this Phase I study, four objective responses [two com-
plete responses and two partial responses (PRs)] were
achieved among 24 patients, including one PR in clear cell.

Nishio et al. (18) reported the result of feasibility study
run by selected hospitals in Tohoku and Kyushu districts in
Japan. Response rate, time to progression and overall sur-
vival were 44%, 9 months and 17 months, respectively.

This very promising result lead us to conduct a nationwide
Phase II study run by Japan Clinical Oncology Group
(JCOG).

The protocol review committee of the JCOG approved this
protocol in January 2009 and the study was initiated in April
2009. This trial was registered at UMIN-CTR as
UMIN000001837 (http:/www.umin.ac jp/ctr/index.htm).

PROTOCOL DIGEST OF THE JCOG0503
OBJECTIVES

The aim of this study is to evaluate the safety and efficacy of
oral etoposide and intravenous irinotecan for patients with
platinum-resistant and taxane-pretreated ovarian, tubal and
peritoneal cancer as the test arm regimen in a subsequent
Phase III trial.

Stupy SETTING

The study is a multi-institutional open-label two-stage
design Phase II trial.

RESOURCES

This study is supported by Grants-in-Aid for Cancer
Research (20S-1 and 20S-6) and Health and Labor Sciences
Research Grant for Clinical Cancer Research (18—6), from
The Ministry of Health, Labor and Welfare of Japan.

Jpn J Clin Oncol 2012;42(3) 223

ENDPOINTS

The primary endpoint is response rate in all eligible patients.
For patients with measurable lesion, response is evaluated
according to the RECIST criteria (19). For patients with non-
measurable lesion, response is evaluated according to the
GCIG CA-125 criteria (20). The secondary endpoints are
progression-free survival, overall survival and adverse
events. Overall survival is defined as days from registration
to death from any cause, and it is censored at the last follow-
up day when the patient is alive. Progression-free survival is
defined as days from registration to disease progression
(either of radiological, CA-125, symptomatic) or death from
any cause, and it is censored at the latest day when the
patient is alive without any evidence of progression.

EviciBiLity CRITERIA
Incrusion CRITERIA

For inclusion in the study, patients are required to fulfill all
of the following criteria:

(i) cytologically or histologically proven ovarian, tubal or
peritoneal cancer
(ii) platinum-resistant disease
(iii) taxane-pretreated disease
(iv) age: 20—75 years old
(v) PS (performance status): 0—2
{vi) one of the followings, or both of them:

(a) patients have measurable lesion
(b) patients have assessable lesion with elevated
CA-125 (more than 70 U/ml)
(vii) no prior treatment with irinotecan, topotecan or
etoposide
(viii) no prior radiation to abdomen
(ix) oral intake without parenteral nutrition
(x) both of the followings:
(2) no drainage to effusion or ascites within 28 days
(b) no effusion or ascites to be drained at registration
(xi) both of the followings:
(a) no chemotherapy or surgery within 28 days
{b) no hormonal or biologic therapy within 14 days
(xil) patients without severe organ dysfunction
(xiii) written informed consent

Excrusion CRITERIA

Patients are excluded if they meet any of the following
criteria:

(i) synchronous or metachronous (within 5 years) malig-
nance other than carcinoma in sifu or intramucosal
cancer

(i) mental disease or mental symptoms that would affect
the participant’s decision to participate

(iii) pregnant or lactating
(iv) continuous systemic steroid
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(v) active bacterial or fungal infection with fever of
38.5°C or higher
(vi) uncontrollable hypertension
(vii) uncontrollable diabetes requires continuous insulin
administration
(viil) history of myocardial infarction or heart failure within
6 months, or current unstable angina
(ix) bowel obstruction

TREATMENT METHODS

Etoposide is orally administered once a day at 50 mg/m?
from days 1 to 21, and irinotecan is infused at 70 mg/m?* on
days 1 and 15, repeated every 28 days. Protocol treatment is
continued up to six cycles unless disease progression,
unacceptable toxicity or patient refusal.

FoLLow-up

Enhanced abdominal computed tomography (CT)/magnetic
resonance imaging, chest CT/X-rays and tumor marker
(CA-125) are evaluated at least every 8 weeks during the
protocol treatment. Adverse events are evaluated at least
every 2 weeks during the protocol treatment using CTCAE
ver. 3.0.

StTuby DESIGN AND STATISTICAL ANALYSIS

This study is a Phase II trial with two-stage design by
Southwest Oncology Group (21) to evaluate this regimen as
the test arm for a subsequent Phase III trial.

The sample size was determined as follows by the SWOG
design. We assumed that the expected value for the primary
endpoint of 35% and the threshold value of 20%. In this
situation, the sample size ensuring at least 80% power with
one-sided « of 5% is 55. Considering the likelihood of some
ineligible patients being enrolled, the total number of
patients was set at 60.

INTERIM ANALYSIS AND MONITORING

We plan interim analysis for futility after 30 patients
enrolled. In house monitoring will be performed every 6
months by the JCOG Data Center to evaluate the study pro-
gress and to improve the study quality.

PARTICIPATING INSTITUTIONS

The participating institutions (from north to south) are as
follows: Hokkaido University Hospital, Sapporo Medical
University, Iwate Medical University, Tohoku University
Hospital, Institute of Clinical Medicine, Tsukuba University,
National Defense Medical College, Saitama Cancer Center,
Saitama Medical Center, Saitama Medical School, National
Cancer Center Hospital, Jikei Kashiwa Hospital, Tokyo
Metropolitan and Infectious diseases Center Komagome

Hospital, The University of Tokyo Hospital, Jikei University
Hospital, Cancer Institute Hospital, Juntendo University
School of Medicine, Kitasato University School of
Medicine, Niigata Cancer Center Hospital, Shinshu
University School of Medicine, Aichi Cancer Center
Hospital, Kyoto University Hospital, Osaka city University
Hospital, Kinki University School of Medicine, Osaka
Medical Center for Cancer and Cardiovascular Disease,
Osaka City General Hospital, Sakai Hospital, Kinki
University School of Medicine, Hyogo Cancer Center,
Tottori University, Kure Medical Center Chugoku Cancer
Center, Shikoku Cancer Center, Kyushu Cancer Center,
Kurume University School of Medicine, Kyushu University
Hospital, Faculty of Medicine Saga University, Kumamoto
University Medical School, Kagoshima City Hospital and
University of the Ryukyu.
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This study is supported by National Cancer Center Research
and Development Fund 23-A-17.
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Abstract

Background The aim of this phase II study was to eval-
uate the efficacy and toxicity of docetaxel and irinotecan
combination chemotherapy in patients with ovarian cancer
refractory and resistant to both platinum and taxan
treatment.

Patients and methods Patients who had been treated with
platinum and paclitaxel but whose ovarian cancer
progressed or recurred within 6 months of treatment
(n = 41) received docetaxel 60 mg/m? (day 1) and irino-
tecan 60 mg/m? (days 1, 8), repeated every 21 days [Japan
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Gynecologic Oncology Group (JGOG) study 3015] or every
28 days [West Japan Gynecologic Oncology Group
(WJGOG) study 002] until disease progression was
observed or unacceptable toxicity. Sixteen patients had
platinum/paclitaxel-refractory disease, and 25 patients had
platinum/paclitaxel-resistant disease.

Results Thirty-two patients were available for determi-
nation of the clinical response. The overall response rate
[complete response (CR) + partial response (PR)] was
6.3%, and the disease control rate (CR + PR + stable
disease) was 34.4%. Among the 23 patients with resistant
tumor, the disease control rate was 47.8%. Ten patients
with refractory tumor showed a 10% disease control rate.
The median progression-free interval was 12.1 weeks and
the median overall survival time was 45.3 weeks. The
major toxic adverse effect was neutropenia (grade 4,
56.1%), but the incidence of neutropenic fever was less
frequent (4.9%). Neurotoxicity and gastro-intestinal toxic-
ity were mild.

Conclusion Among our patients, a combination of doce-
taxel and irinotecan was well tolerated. However, this
combination may not be a beneficial option for patients
with platinum-refractory and -resistant ovarian cancer in
terms of response rate and survival.

Keywords Ovarian cancer - Recurrence - Platinum
refractory - Platinum resistance - Docetaxel - Irinotecan
Introduction

Cytoreductive surgery and adjuvant chemotherapy by
paclitaxel/carboplatin is the standard of care for epithelial

ovarian cancer (EOC). However, over 70% of patients with
an advanced stage of EOC are reported to relapse. The

@ Springer



Int J Clin Oncol

therapeutic strategy involving chemotherapy for recurrent
ovarian cancer is planned on the basis of the platinum-free
interval. Markman et al. [1] found that patients with longer
than a 24-month platinum-free interval showed a superior
response to chemotherapy than those with an interval of
between 5 and 12 months. This phenomenon has been
observed by many researchers [2, 3]. Despite recent
advances in the treatment of EOC, many phase I trials
with a single agent have achieved only a 10-20% response
rate in patients with platinum-refractory or -resistant dis-
ease [4-0].

Docetaxel is an alternative taxane which demonstrates a
similar antitumor effect as paclitaxel but has a different
toxicity profile [7]. Docetaxel has also shown some effect
on platinum-resistant tumors. Two phase II studies showed
a 35 and 40% response, respectively, in platinum-refractory
ovarian cancer, with the accompanying adverse effect of
rather severe toxicity [8, 9]. Irinotecan hydrochloride, one
of the topoisomerase-1 inhibitors, achieved a 40% response
rate in patients with refractory and recurrent ovarian cancer
when used in combination with cisplatin [10].

The development of a new chemotherapeutic regimen
for platinum/taxane-refractory or -resistant ovarian cancer
is a matter of great urgency. Docetaxel and irinotecan each
show promising antitumor effects in ovarian cancer.
Moreover, the toxicity profile of these two drugs differs. As
such, an investigation of the efficacy of these two drugs
would provide valuable information. In this context, a
phase II clinical trial was conducted to assess both the
antitumor effect and the toxicity of the docetaxel/irinotecan
combination for patients with platinum-refractory and
-resistant ovarian cancer. This clinical trial was conducted
in two groups {[Japan Gynecologic Oncology Group
(JGOG) and West Japan Gynecologic Oncology Group
(WIGOG)] at the same time. Here, we have combined and
analyzed the data from these two studies because both had
the same eligibility criteria and used the same dosage of
docetaxel and irinotecan.

Patients and methods
Eligibility

This phase 11 trial was conducted by the JGOG (study 3015)
and the WIGOG (study 002). Patients were eligible if they
satisfied the following criteria (note: throughout all sub-
sequent text, the asterisk following a value presented in
parenthesis indicates criteria/values for the WJGOGO002
study only): (1) histologically confirmed EOC; (2) recurrent
disease after previous treatment with a treatment-free
interval of <6 months (resistant disease) or failure to
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respond to first-line chemotherapy with at least two cycles
of platinum and/or taxane (refractory disease); (3) age >20
and <75 years; (4) an Eastern Cooperative Oncology Group
(ECOG) performance status of <2; (5) >3 months life
expectancy; (6) presence of a measurable target lesion; (7)
adequate bone marrow, liver and kidney function, white
blood cell (WBC) count >3000 (24000*)/mm3, neutrophil
count >1500 (22000*)/mm3, platelet count >100 000,
hemoglobin >9.5 g/dl/mm>, serum creatinine level of
<1.5 mg/dl, creatinine clearance >50 (=60*) ml/min,
serum bilirubin <1.5 mg/dl, alanine aminotranferease/
aspartate aminotransferase ratio <2 (<1.5%) times the upper
limit of normal; (8) signed informed consent.

Patients were excluded from the study if any of the
following applied: (1) active or uncontrolled infection; (2)
other active malignancy; (3) life expectancy of <3 months;
(4) clinically significant morbidity, such as history of
myocardial infarction, congestive heart failure; (5) poor
oral intake due to intestinal obstruction; (6) large amount of
pleural effusion, pericardial fluid, or ascites requiring
repeated drainage; (7) previous abdominal radiation ther-
apy; (8) apparent pulmonary fibrosis or interstitial pneu-
monia; (9) interval of <3 weeks (JGOG) or 4 weeks
(WJGOG) since any previous chemotherapy.

Treatment schedule

Irinotecan 60 mg/m* was administrated as a 90-min intra-
venous infusion on days 1 and 8, and docetaxel 60 mg/m*
was administered as a 60-min intravenous infusion on day
1. The treatment cycles were repeated at 21-day (JGOG) or
28-day (WJIGOG) intervals until there was evidence of
disease progression or unacceptable toxicity. A SHT3-
antagonist was given before the administration of the anti-
cancer agents. Granulocyte colony-stimulating factor
(G-CSF) could be administered according to Japanese
health insurance guidelines [neutrophil count < 1000/mm?>
with fever (>38°C) or neutrophil count <500/mm> or
neutrophil count <1000/mm® in patients with grade 4
neutropenia in the previous cycle]. Subsequent treatment
was not started until patients had a neutrophil count of
> 1500/mm3, platelet count >100 000, grade 0O diarrhea, and
grade 1 neurotoxicity. The dose of irinotecan was reduced
to 50 mg/m® and that of docetaxel reduced to 55 mg/m?
(50 mg/m**) if grade 4 neutropenia persisted more than
5 days (3 days*) or grade 4 platelet count (level 1). If the
patients had grade >2 diarrhea, only the dose of irinotecan
was reduced, while if patients had grade >2 neurotoxicity,
only the dose of docetaxel was reduced. If patients showed
toxicity under level 1 dose reduction, further dose reduction
was offered to the patients following the same protocol. The
minimum dose of irinotecan an docetaxel was 40 and
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50 mg/m?, respectively. Patients were able to withdraw
from the study at any time.

Study evaluation and endpoints

Antitumor effects were evaluated according to the
Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.0. The CA-125 level was determined at the end of
every treatment cycle and evaluated by Rustin’s criteria
[I1]. Adverse effects were evaluated according to the
National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI-CTC) version 2 (National Cancer
Institute, National Institutes of Health, Bethesda, MD).
Survival was calculated from the date of study treatment to
the date of death, or time of last contact. Subsequent
treatment after recurrence was not regulated.

The primary endpoint was the clinical response rate. The
secondary endpoints were adverse effects, CA125 response,
progression-free survival (PFS), and overall survival (OS).
The protocol was reviewed and approved by the institu-
tional review board of each participating institute.

Statistical method

According to Simon’s minimax design, the expected
response rate was 15% (JGOG), 20% (WIGOG), « = 0.05,
and f = 0.20. The estimated number of patients was 55
(JGOG) and 40 (WJGOG). Interim analysis was scheduled
when more than half of the patients were evaluable. If the
response rate was below the threshold (10%), the trial
would be stopped. The Kaplan—Meier method was used in
the analysis of the PFS and OS.

Results
Patients’ characteristics and treatment summary

Between December 2001 and November 2003 (JGOG3015)
and between December 2001 March 2005 (WIJGOGO002), 45
patients were registered for this study from 27 Japanese
institutions. Among these patients, the background char-
acteristics of 41 patients who were eligible for enrollment
are shown in Table 1. The median age was 53.6 years
(range 23-72). There were 33 patients with FIGO stage III
and IV disease, two patients with mucinous histology, and
five with clear cell histology. All patients had received
paclitaxel and/or platinum treatment as a front-line che-
motherapy, and responses had been assessed as refractory in
14 patients (34.1%) and resistant in 27 (65.9%). Sixteen
patients had received more than two chemotherapy regi-
mens. Toxicity evaluation was possible in all patients, and
clinical response was evaluable in 32 patients. Overall, 159

Table 1 Patients’ characteristics

Characteristics WIGOG002 JGOG3015 Total
Mean age, years (range) 53 54.5 53.6
(23-72) (36-72) (23-72)

Number of patients (1)

Eligible (toxicity) 22 19 41

Eligible (response) 17 16 33
FIGO stage (n)

1A 2 2

IC i 3 4

1A 1 1

ac 1 i

HIA 1

B 3 2 5

mc 8 11 19

v 6 2 8
Histological type (n)

Serous 16 12 28

Mucinous 0 2

Clear cell 2 5

Endometrioid 3 5

Undifferentiated 1 1
Eastern Cooperative

Oncology Group

(ECOG) performance

status (1)

0 12 13 25

I 7 6 13

2 3 0 3
Prior treatment ()

One regimen 15 16 31

Two regimens 7 3 10
Refractory or resistant (1)

Refractory 11 5 16

Resistant 11 14 25
Number of cycles

Mean 4.1 3.6 39
Four cycles completion rate  9/22 12/19 21/41

(%) (40.9) (63.1) (51.2)

JGOG Japan Gynecologic Oncology Group, WJGOG West Japan
Gynecologic Oncology Group

courses of treatment were delivered to 41 patients, with 21
patients (51.2%) receiving more than four treatment cycles.
Two patients stopped treatment after only one cycle because
of disease progression. No patients discontinued the treat-
ment because of toxicity.

Toxicity profiles

Toxicity data were available for all patients. The number
and type of hematologic toxicity events are shown in
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Table 2 Incidence of different

grades of hematologic/non- Hematologic/non-hematologic

toxicity events

Toxicity profile

hematologic toxicity events Grade 1 (%) Grade 2 (%) Grade 3 (%) Grade 4 (%)
associated with the treatment
Hematologic toxicity
Leukopenia 3(7.3) 6 (14.6) 20 (48.8) 9 (22.0)
Neutropenia 124 124 12 (29.3) 23 (56.1)
Thrombocytopenia 4 (9.8) 0 1(2.4) 0
Anemia 5(12.2) 19 (46.3) 11 (26.8) 2 (4.9)
Liver dysfunction 6 (14.6) 4 (9.8) 0 0
Non-hematologic toxicity
Nausea 20 (48.8) 11 (26.8) 124 0
Vomiting 10 (24.3) 5(12.2) 3(7.3) 0
Diarrhea 5(12.2) 11 (26.8) 8 (19.5) 2 (4.9)
Constipation 6 (14.6) 124 124 0
Data are presented as the Alopecia 14 (34.1) 11 (26.8) N/A N/A
number of patients, with the Neutropenic fever N/A N/A 2 (4.9) 0
percentage of total study cohort Edema 5(12.2) 4.9 0 0
(n = 41 patients) given in Neurotoxicity (sensory) 11 (26.8) 0 0 0

parenthesis

Table 2. The incidence of grade 4 leukopenia and neutro-
penia was 22.0 and 56.1%, respectively, among the
patients. Grade 3 anemia was observed in 26.8% of
patients, but grade 4 anemia was found in only 4.9% of the
patients. Thrombocytopenia was rarely seen, and only one
patient had grade 3 toxicity. Many patients required G-CSF
support during the course of treatment and two patients
developed neutropenic fever.

Table 2 also shows the incidence of non-hematologic
toxicity events. The most frequent subjective adverse event
was diarrhea, with 19.5 and 4.9% of patients experiencing
grade 3 and grade 4 diarthea, respectively. Nausea and
vomiting were generally mild but did not occur in patients
at grade 3 or 4 toxicity. Neurotoxicity was also mild. Only
grade 1 sensory neuropathy was observed (11 patients;
26.8%). Grade 2 alopecia was seen in 11 patients (26.8%).
Other non-hematologic toxicities, such as skin or mucosal
toxicity, were not observed, with the exception of one
grade 2 stomatitis. Dose reduction occurred in 46.3% (19/
41) of patients, including 14 patients who required reduc-
tion of the docetaxel dose due to grade 4 neutropenia and
16 patients who required reduction of the irinotecan dose
reduction due to grade 2 or 3 diarrhea. The dose intensity
of docetaxel was 19.6 = 3.6 mg/m*/week in the JGOG
patient group and 19.8 + 3.5 mg/m*/week in the WIGOG
group, while that of irinotecan was 35.9 #+ 5.5 mg/m%/
week (JGOG) and 39.0 + 7.95 mg/m*/week (WIGOG).

Response and survival
Among 41 patients, eight patients were not evaluable for

response because they failed to complete more than two
cycles of treatment or had no radiologically measurable
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Table 3 Tumor response and CA-125 response rate to treatment

Number of Refractory  Resistant
patients (n=10) (n = 23)
assessed (n = 33)
Clinical response
CR { 0 i
PR 1 0 1
SD 10 1 9
PD 21 9 12
Response rate (%) 2/33 (6.1) 0/10 (0) 2/23 (8.7)
Disease CTL rate 12/33 (36.4) 1/10 (10) 11/23
(%) (47.8)
CA-125 response
75% response 3 0 3
50% response 3 0 3

CR Complete response, PR partial response, SD stable disease, PD
progressive disease, CTL control

Data are presented as the number of patients, with the percentage of
each group given in parenthesis

lesions. Thus, 33 patients were assessed for clinical
response (23 resistant, 10 refractory) (Table 3). Two
patients showed a clinical response [1 complete response/
remission (CR) and 1 partial response/remission (PR)], and
another ten patients had stable disease (SD). The remaining
patients showed progressive disease (PD). The overall
objective response rate (CR + PR) was 6.1%, and the dis-
ease control rate [complete response/remission (CR) +
PR + SD] was 36.4%. According to the stopping rule, this
study was forced to discontinue at this stage.

The median PES was 12.1 weeks (range 19-720 days)
and the median OS was 45.3 weeks (range 90-1032 days)
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Fig. 2 Overall survival with docetaxel/irinotecan treatment

(Figs. 1, 2). CA-125 response data were available for 28
patients, of whom six were responders (21.4%), including
three patients with a 75% decrease in CA-125 level and
three patients with a 50% decrease. Among the 23 patients
with platinum/paclitaxel-resistant tumor, the disease con-
trol rate was 47.8% (CR, PR, SD: 1, 1 and 9 patients,
respectively). On the other hand, among the ten patients
with platinum/paclitaxel-refractory tumor, the disease
control rate was 10 % (SD, 1 patient). All CA-125
responders were patients with platinum/paclitaxel-resistant
tumor (6/22). There was a significant difference in the
disease control rate between resistant and refractory cases
(P < 0.05).

Discussion

Recurrence is a leading cause of death in patients with
ovarian cancer, with those patients with platinum-resistant

or -refractory disease having less chance to obtain remis-
sion of disease. Therefore, the primary aim of any treat-
ment for these patients is to control the disease with
minimal toxicity. Previous studies have reported that the
administration of docetaxel alone for platinum-refractory
ovarian cancer achieved approximately a 35% response
rate and 10 months of OS [8, 9]. However, the 100 mg/m2
dose of docetaxel used in these studies gave rise to sig-
nificant bone marrow toxicity, with grade 4 neutropenia
occurring in up to 83-87% of patients and neutropenic
fever occurring in 44%. In addition, 69% of the patients
developed fluid retention, of whom 67% required diuretics
and/or corticosteroids. The combination of a smaller dose
of docetaxel (60 mg/m?) in combination with irinotecan
used in this study appeared to reduce the toxicity of
docetaxel. In another study, weekly paclitaxel was expec-
ted to have anti-angiogenetic activity on platinum/taxane
refractory ovarian cancer at the expense of severe neuro-
toxocity [12]. However, docetaxel did not show significant
neurotoxicity in that study.

In our study, patients with platinum/paclitaxel-refractory
or -resistant disease responded differently. Vershragen et al.
[13] reported that docetaxel achieved only a 11% response
rate in patients with absolute paclitaxel-refractory tumor,
while a 45% response rate was observed among those with
paclitaxel-resistant tumors. Therefore, in terms of treatment
response, these patients should be analyzed separately. In
our study, we found only a 10% disease control rate and no
CA-125 responders among patients with platinum/pacli-
taxel-refractory tumor, as was expected. On the other hand,
patients with platinum/paclitaxel-resistant tumor showed a
47.8% disease control rate and 27.3% CA-125 response.

In terms of the doectaxel/irinotecan combination therapy
for platinum-resistant ovarian cancer, Polyzos et al. [14]
reported that a combination with docetaxel 60 mg/m* and a
single dose of irinotecan 200 mg/m” achieved a 20%
response rate and 27% SD, a median PES of 5 months, and
11 months of OS. Despite the prophylactic administration
of G-CSF from days 2 to 6, 16% of patients on their reg-
imen showed febrile neutropenia and one patient died of
sepsis. The incidence of diarrhea was relatively low (13%),
but two patients had grade 3 or 4 diarrhea. In comparison,
in our study protocol, irinotecan 60 mg/m* was given on
day 1 and day 8. Among our patients, 56% showed grade 4
neutropenia and 4.9% developed grade 4 diarrhea. The
dose reduction of irinotecan was caused by bone marrow
toxicity (neutropenia) rather than by gastrointestinal tox-
icity (diarrhea). Weekly administration of both drugs was
studied by an Austrian study group, but the patients failed
to show a good response or reduced toxicity [15].

Long-term disease control with less toxicity would be
the most important aim when treating patients with plati-
num/taxane-resistant or -refractory EOC because the
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disease at this stage is not curable. When this trial was
planned, a number of new agents, such as topotecan,
pegylated liposomal doxorubicin (PLD), and gemcitabine
were pot available for treating ovarian cancer in Japan.
Since 2000, a number of phase II or phase III studies for
platinum-resistant EOC using these agents have been
published [4, 6, 16, 17], and Japanese health insurance
currently covers the cost of these agents for recurrent EOC.
Topotecan, PLD, and gemcitabine achieved a 44-66%
disease control rate but a relatively short PES
(9-14 weeks). The PFS and disease control rates in these
phase 2 studies of new agents were similar to those
observed in our study for the patients with the platinum/
paclitaxel-resistant disease, but they were significantly
better than the response obtained in patients with platinum/
paclitaxel-refractory disease. An agent which has different
toxicity profiles from those used in first-line chemotherapy,
such as PLD, might be a good candidate for second-line
chemotherapy for platinum/paclitaxel-resistant tumors.

In conclusion, docetaxel and irinotecan combination
chemotherapy was well tolerated but failed to show the
expected tumor response in patients with platinum/patc-
litaxel- refractory and -resistant EOC. Therefore, we con-
clude that it was not the suitable treatment choice for the
chosen population and that further study, including phase
IIT trials, is not warranted.
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Appendix

The following institutions participated in this study:

JGOG3015: Gifu Prefectural Tajimi Hospital, Mie
Prefectural General Medical Center, West Shizuoka
Hamamatsu Medical Center, Niigata Prefectural Saisei-
kai Sanjyo Hospital, Kawasaki Municipal Kawasaki
Hospital, Nagasaki Municipal Hospital, Jichi Medical
University Omiya Medical Center, Keio University
Hospital, Tottori University Hospital, Osaka Medical
University Hospital, Jikei University Third hospital,
Dokkyo Medical University Hospital, Niigata Prefec-
tural Cancer Center Hospital, Yamada Red-Cross Hos-
pital, Nantan General Hospital.

WIGOGO002: Kagoshima University Hospital, Kyushu
University Hospital, Kyushu University Beppu Medical
Center, Kurume University Hospital, Miyazaki Prefec-
tural Hospital, Saga Medical University Hospital,
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Nagasaki University Hospital, Fukuoka University Hos-
pital, Beppu Medical Center, Kyusyu Medical Center,
Kitakyushu Municipal Medical Center, Aso Iizuka
Hospital, Ryukyu University Hospital.

References

1. Markman M, Rothman R, Hakes T et al (1991) Second-line
platinum therapy in patients with ovarian cancer previously
treated with cisplatin. J Clin Oncol 9:289-393

2. Gore ME, Fryatt [, Wiltshaw E et al (1990) Treatment of relapsed
carcinoma of the ovary with cisplatin or carboplatin following initial
treatment with these compounds. Gynecol Oncol 36:207-211

3. Ozols RF (2002) Recurrent ovarian cancer: evidence-based
treatment. J Clin Oncol 20:1161-1163

4. Gordon AN, Granai CO, Rose PG et al (2000) Phase II study of
liposomal doxorubicin in platinum- and paclitaxel-refractory
epithelial ovarian cancer. J Clin Oncol 18:3093-3100

5. Markman M, Webster K, Zanotti K et al (2003) Phase II trial of
single-agent gemcitabine in platinum-paclitaxel refractory ovar-
ian cancer. Gynecol Oncol 90:593-596

6. Bookman MA, Malmstrom H, Bolis G et al (1998) Topotecan for
the treatment of advanced epithelial ovarian cancer: an open-label
phase II study in patients treated after prior chemotherapy that
contained cisplatin or carboplatin and paclitaxel. J Clin Oncol
16:3345-3352

7. Vasey PA, Atkinson R, Coleman R et al (2001) Docetaxel-car-
bopltain as first line chemotherapy for epithelial ovarian cancer.
Br J Cancer 84:170-178

8. Francis P, Shneider J, Hann J et al (1994) Phase II trial of
docetaxel in patients with platinum-refractory advanced ovarian
cancer. J Clin Oncol 12:2301-2308

9. Kavanagh JJ, Kudelka AP, de Leon CG et al (1996) Phase II
study of docetraxel in patients with epithelial ovarian carcinoma
refractory to platinum. Clin Cancer Res 2:837-842

10. Sugiyama T, Yakushiji M, Nishida T et al (1998) Irinotecan
(CPT-11) combined with cisplatin in patients with refractory or
recurrent ovarian cancer. Cancer Lett 128:211-218

11. Rustin GJ, Quinn M, Thigpen T et al (2004) New guidelines to
evaluate the response to treatment in solid tumors (ovarian can-
cer). J Natl Cancer Inst 96:487-488

12. Markman M, Hall J, Spitz D et al (2002) Phase II trial of weekly
single-agent paclitaxel in platinum/paclitaxel-refractory ovarian
cancer. J Clin Oncol 20:2365-2369

13. Vershragen CF, Sittisomwong T, Kudelka AP et al (2000)
Docetaxel for patients with paclitaxel-resistant Mullerian carci-
noma. J Clin Oncol 18:2733-2739

14. Polyzos A, Kosmas C, Toufex H et al (2005) Docetaxel in com-
bination with irinotecan (CPT-11) in platinum-resistant paclit-
axel-pretreated ovarian cancer. Anticancer Res 25:3559-3564

15. Petru E, Angleitner-Boubenizek, Reinthaller A et al (2006)
Weekly docetaxel and irinotecan in platinum-refractory and
resistant ovarian cancer: a phase II study of the Austrian
AGO:0152. Int J Gynecol Cancer 16(Suppl 3):643

16. O’Malley DM, Azodi M, Makkenchery et al (2005) Weekly to-
potecan in heavily pretreated patients with recurrent epithelial
ovarian carcinoma. Gynecol Oncol 98:242-248

17. Mutch DG, Orland M, Goss T et al (2007) Randomized phase III
trial of gemcitabine compared with pegylated liposomal doxo-
rubicin in patients with platinum-resistant ovarian cancer. J Clin
Oncol 25:2811-2818



Hiura et al. BMC Medical Genomics 2012, 5:8
http://www.biomedcentral.com/1755-8794/5/8

Medical Genomics

High-throughput detection of aberrant imprint
methylation in the ovarian cancer by the
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Abstract

human ovarian cancer.

imprinting)

Background: Aberrant DNA methylation leads to loss of heterozygosity (LOH) or loss of imprinting (LOI) as the first
hit during human carcinogenesis. Recently we developed a new high-throughput, high-resolution DNA
methylation analysis method, bisulphite PCR-Luminex (BPL), using sperm DNA and demonstrated the effectiveness
of this novel approach in rapidly identifying methylation errors.

Results: In the current study, we applied the BPL method to the analysis of DNA methylation for identification of
prognostic panels of DNA methylation cancer biomarkers of imprinted genes. We found that the BPL method
precisely quantified the methylation status of specific DNA regions in somatic cells. We found a higher frequency
of LOI than LOH. LOI at IGF2, PEGT and H19 were frequent alterations, with a tendency to show a more
hypermethylated state. We detected changes in DNA methylation as an early event in ovarian cancer. The degree
of LOI (LOH) was associated with altered DNA methylation at IGF2/H19 and PEG].

Conclusions: The relative ease of BPL method provides a practical method for use within a clinical setting. We
suggest that DNA methylation of H79 and PEG] differentially methylated regions (DMRs) may provide novel
biomarkers useful for screening, diagnosis and, potentially, for improving the clinical management of women with

Keywords: Genomic imprinting, Ovarian cancer, DNA methylation, Bisulphite PCR-Luminex(BPL)method, LOI (loss of

Background

Human ovarian cancer (HOC) is the leading cause of
death from gynecological malignancies, primarily due to
the lateness of detection when the cancer is already at an
advanced stage. Effective screening protocols for early
stages are not currently available. HOC is characterized
by complex genetic and epigenetic alterations, including
loss of heterozygosity (LOH) and loss of imprinting
(LOT) [1,2]. Such alterations are presumed to represent
the second hit, according to Knudson’s two-hit hypoth-
esis (OMIM #167000) [3]. However, alterations in DNA
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methylation can also occur as the first hit during human
carcinogenesis [4].

For childhood cancers such as retinoblastoma (OMIM
#180200), Wilms’ tumor (OMIM #194070) and osteosar-
coma (OMIM #259500), changes primarily occur on the
paternal allele first, followed by a second hit on the mater-
nal allele [5,6]. Complete hydatidiform moles, which are of
androgenetic or paternal origin, are characterized by
malignant transformation whereas ovarian teratomas,
which are of parthenogenetic or maternal origin, are
benign [7,8]. These observations suggest a role for altered
genomic imprinting in the malignant transformation
process.

Alterations in the expression of imprinted genes
represent one of the most common changes seen in
cancer (9,10]. Some imprinted genes, including H19

© 2012 Hiura et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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[11], GTL2 [12], PEG1, PEG3 [13], LITI (KCNQIOTI)
[14] and ZAC [15], are known to act, or strongly impli-
cated to act, as tumor suppressor genes (TSGs). The
monoallelic expression of imprinted genes is reliant on
epigenetic mechanisms, most notably DNA methylation,
which initiates the imprinting process in the male and
female germlines at discrete locations termed differen-
tially methylated regions (DMRs) [16]. Imprinted
domains generally contain several genes displaying
allele-specific expression and these DMRs, which can be
located over the promoter of a protein coding gene or
the promoter of a functional non-coding RNA or within
intergenic regions, are known to control imprinted gene
expression within the domain, acting as imprinting cen-
ters or imprint control regions [17]. We recently devel-
oped a new high-throughput, high-resolution DNA
methylation analysis method called bisulphite PCR-Lumi-
nex (BPL) for the rapid analysis of DNA methylation [18].
In this study, we applied this method to 21 HOC cell
lines and 74 HOC tissues to efficiently and accurately
determine the methylation status of DMRs at eight
imprinted loci, six of which contained TSGs. To deter-
mine whether abnormal methylation of these DMRs acts
as an indicator for potential LOH and/or LOI, we also
examined the association between abnormal hypermethy-
lation and LOI or LOH. We found a higher frequency of
LOI than LOH. LOI at IGF2, PEGI and H19 was a fre-
quent alteration, with a tendency to show a more hyper-
methylated status. The degrees of LOI and altered DNA
methylation were similar among histology, progression
and tumor grades. This suggests that DNA methylation
of the HI19 and PEGI DMRs may provide novel biomar-
kers useful for screening, diagnosis and, potentially, for
improving the clinical management of women with HOC.

Results

Frequencies of the 8 imprinted gene profiles in HOC

We first determined whether the ovarian malignancies
showed LOH by comparing the restriction fragment
length polymorphism (RFLP) patterns of normal lympho-
cyte DNA and 74 matching primary HOC DNA samples.
Samples where RFLPs were present in the lymphocyte
DNA sample but absent or with an altered ratio in the
tumor sample were considered to exhibit LOH in the
regions of 8 imprinted genes (H19, IGF2, KCNQI, LIT1I,
GTL2, PEGI, PEG3 and NDN). The average percentage of
heterozygosity was 48.0% (16.2-58.5%). We found only 14
cases of LOH in the 8 imprinted genes in the 74 HOC
samples we analysed (Table 1). The most frequent gene
with LOH was IGF2 {9.0%, 3/33), followed by PEGI (8.1%,
3/37) and GTL2 (7.1%, 3/42). LOH of NDN and LOT1 was
not detected (0/31 and 0/12). The samples with LOH were
not from the same cases (Additional file 1: Table 1).
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We next performed RT-PCR and RFLP analysis to iden-
tify the samples of LOI without LOH. The frequency of
LOI was higher than that of LOH for all 8 imprinted
genes and we found a total of 46 cases of LOI (Table 1,
Additional file 1: Table S1). The most frequent sites of
LOI were PEGI (45.9%, 17/37), IGF2 (45.4%, 15/33) and
H19 (29.2%, 12/41). NDN had the lowest frequency. In 19
of the 46 cases, the abnormal gene expression pattern was
apparent at two or more imprinted loci. A normal
imprinting pattern, maintenance of imprint (MOI), was
most frequent in NDN (93.5%, 29/31). ND (not deter-
mined) means no amplification of RT-PCR at 3 times in
several samples, perhaps indicating low expression of the
genes. In 9 of the 14 LOH cases, LOI was also found in at
least one gene. In HOC cell lines, LOI was found in 2 of 3
informative cases for IGF2, and 3 of 9 cases for PEGI. We
did not find any LOH or LOI in 7 normal ovarian surface
tissues and 4 normal cell lines. We compared patients’
ages, progression, histology and tumor grades with
imprinted gene expression pattern profiles. Patients with
LOI had a tendency to be younger than patients with
LOH (mean ages for LOH and LOI: 55.0 + 7.4 and 47.7 +
6.9, respectively), but the difference was not statistically
significant by ANOVA, and no other correlations were
apparent.

Analysis of the methylation status of DMRs in ovarian
cancers by the BPL method

The proof-of principle experiment of the BPL method has
been described in detail [18]. Briefly, bisulphite-DNA can
be used to distinguish between methylation and non-
methylation status in the genome, e.g. cytosine and uracil.
The BPL method can determine one base substitution by
specific hybridization and detect the ratio of methylation
to non-methylation. We examined the quality of the BPL
method in spermatic DNA, which should show 100%
methylation of the paternally methylated DMRs: ZDBF2,
H19 and GTL2, whereas the maternally methylated DMRs:
PEGI, ZAC, SNRPN, PEG3 and LITI are non-methylated.
We applied the classic methylation assay COBRA techni-
que and our recently devised BPL method to the DNA of
7 normal ovarian surface epithelium tissues, 4 primary
cultures of normal human ovarian surface epithelium
(OSE1-4) and 21 HOC cell lines, and performed statistical
analysis with Spearman’s and Pearson’s rank correlations.
For all 8 DMRs a good correlation was found between
these two methods (Figure 1, Table 2, Additional file 2:
Figure S1).

We next determined the methylation status of the 8
DMRs from the 74 samples of primary ovarian cancer tis-
sue by the BPL method. Overall, we compared the average
DNA methylation status of cancer and normal samples for
each DMR and found that PEGI from ovarian cancers was



