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Table 5 The average number of cancer patients treated with radiation and radiation oncology personnel in institutions according to patient load/
FTE radiation oncologists or number of new patients

all facilities heavy load/FTE R.O.* heavy load/FTE R.O.* new patients 2800
(n=721) institution in group B (n=35) institution in group A (n=83) institution in all facilities (n=21)

EHEMBAEER 236.1 3232 421.0 10332

FHEMEREY 284.4 394.7 5420 - 1288.9

TR G R S EFTER 115 0.58 1.35 6.49
T AT G L ETFTER 227 2.27 3.18 7.39
FIGEZ YR TFTER 0.09 0.06 0.08 0.70
FHMSHRREREEELIFTER 015 0.09 0.20 0.62

annual no. patients/FTE R.0. 2300, BIEEX/EIIFTE=1 & L TEtH.

Table 6 Region and number of radiation oncology facilities according to patient load/FTE radiation oncologists or number of new patients

Hids FRAT MR 2K heavy load/FTE R.O. (%) heavy load/FTE R.O. (%) new patients 2800 (%)
(FpERFIEED (%) institution in group B (n=35) institution in group A (n=83) institution in all facilities (n=21)
JeiEE (D 30 (4.2) 1 (9 9 (10.8) 2 (9.5
#dk(6) 59 (82) 2 (57) 2 (24 1 (48
BH(8) 198 (27.5) 14 (40.0) 30 (36.1) 12 (57.1)

B8 - JhkE(s) 50 (6.9) 2 (57 7 (84) 1 (48)
HiE4) 87 (12.1) 3 (86) 12 (14.5) 2 (9.5)
i #%(6) 127 (17.6) 7 (20.0) 9 (10.8) 2 (95)
hE(S) 54 (15) 2 (57) 3 (3.6 0 (00)
i (4) 27 (3.7) 1 (29) 1 (12) 0 (0.0
Jutl - () 89 (12.3) 3 (8.6) 10 (12.0) 1. (4.8)
LE47) 721°(100) 35(100) 83(100) 21(100)

T 20074E AT G R E R RER S 765 MR & HEMI S AL, T210E7%1394.2% 12484

Table 7 Number of facilities (%) by their category according to patient load/FTE radiation oncologists or number of new patients

i LA
— Total
U G N P 0 H
all facilities(%) 114(158) 29 (4.0)  65(9.0) 208(28.8) 174(24.1) 131(18.2)  721(100)
heavy load/FTE R.O. institution in group B(%) 6(17.1)  4(114) 1(2.9) 7(200)  8(229)  9(257)  35(100)
heavy load/FTE R.O. institution in group A (%) 12(14.5) 8 (9.6) 5(6.0) 17(20.5)  23(27.7)  18(21.7)  83(100) .
new panenls 2800 institution in all fac1htles(%) 9(42.9)  8(38.1) 0(0.0) 1 (48) 1 (48) 2 {95)  21(100)
" REREHLERX
U KENERE
G: .m%t’/y— WAy — - ﬂﬁ'}ii)i/u%‘/?—
N SHALATEGE A B RIS (AL L ¥ 845 )
P &i(%ﬁ:ﬁﬁﬂrn“ﬁﬂfn)fﬁrm Wv /57—~*— i) .
0 FRtEFEE FESRE 0% dEE BE R HE o FI M1e T BEERESE
H: E&EEA, l’_ﬁm SRR, BARE. 0l
THATL Tz 25 BBENL. 229%, 494%, 714% DM TFHEVISEULEEL BoTWwi BEBIIE{ LT
ERTHITL T/, 58l Hu)ﬂ”BT I ivss%. i Va7 RARERRB) TLREE., HERBISETFEELY
FI145.7%, 43.4%, 66.7% DHER THIITL T E[ =< BB &ofwf KBTI, i
(s BT £ TI317.1%, /ch%zu7.1%, 30.1%, B, BEBL DB L Ty
819% DI THEfT L Tva/z. IMRTIZEET 8.0%, %n%‘
1L57%, 13.3%. 714% DOFEEE THIT L Tyv272. Table | =
2. e, BB e2EnEEBRER JTT@bm -
B LGERL TS SAWHER BEREB TREBS2E LEIDE 9 RIASTROFEAEEREFH RO L HEIZ O
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Table 8 Number of equipments and their function in radiation oncology facilities according to patient load/FTE radiation oncologists or number

of new patients

. e 0 4ok A U heavy load/FTE R.O. heavy load/FTE R.O. new patients 2800
3 2l =1
CE G%f“) & all facilities institution in group B institution in gronp A institution in all facilities
5D (n=721) P
ik St (n=35) (n=83) (n=21)
linac 807 34 103 58
with dual energy function 539 66.8% 25 735%° 71 63.9%" 45 77.6%"
with 3DCRT function 555 68.8%° 22 64.7%’ 77 148% 53 91.4%’
(MLC width=<1.0 cm)
with IMRT function 235 29.1%" 11 324%° 38 369% 38 655%
with IGRT function 108 134%° 4 11.8%" 17 165%" 22 379%
with CT on rail 47  58%° 0 0% 7 68% 4 69%
with treatment position 110 13.6%° 4 11.83%" 18 17.5%" 22 379%
verification system
annual no. patients/linac 24327 3604 4062 466.7
betatron 0 0 0 0
telecobalt (actual use) 28(15) 0(0) 3(3) 1(1)
Gamma Knife® 46 7 11 2
i5 . 0 0 3

other accelerator

new type Co-60 RALS
(actual use)

old type Co-60 RALS

16(16) 229%™ (22%)  1(1) 29%™(2.9%) 3(2) 3.6%(3.6%) 0(0)

39(29) 5.4%*(4.0%) 3(3)  8.6% " (8.6%) 8(7) 9.6%(84%) 1(1) 48%(4.8%)

(actual use)

Ir-192 RALS (actual use) 127(123)  17.6%7(17.1%) 4(4) 114%*(114%) 27(27) 325%(325%) 18(18) 85.7%(85.7%)
X-ray simulator 445 609%™ 18 457%™ 52 627%™ 19 905%™

CT simulator 497  65.6%™ 26 714%™ 63 711%™ 25 952%"

RTP computer(2 or more)  1,070(168) 43(8) 144(33) 121(20)
linacH BT B iRFEDEI A

* linacHERE SN TR VRER RV T— 7 » 5B H (n=680, 77, 31).

pRBS AR | TWAREROSIE B EHICIT I ER 26U EEELTVEIDbETNE).

Table 9 Number of reimbursement request on radiation treatment planning by complexity and patient load/FTE radiation oncologists or

number of new patients

BRI E A (RSHRGREEHRIIINT 2816)

h load .0.09 0. (% ients 2 %
all facilities (%) 1€2YY loa /FTER.O.(%) heavy load/FTER.O.(%) new patients 2800(%)

EHEEE (n=548") institution in group B institution in group A institution in all facilities
n= ) (n=18") (n=61°) (n=21)
Bl 67.174(46.8) 2,400(40.7) 13,396(45.1) 8,393(38.9)
(1 PBBES, Xfm 2 PIRRST) ’ R e
R
\ 41,189(28. 2 . s 284 (29.2
(GExtiA 2 FIFRSY. 3 PAEBEY) ,189(28.7) 1,629(27.6) 8.447(28.4) 6,303(29.2)
iy ,
g . ) (26. .
(4 FILL LIRSS, EEIFRST EABRS) 5,239(24.5) 1,871(31.7, 7.857(26.5) 6,896(31.9}
&EF 143,602 5,900 29,700 21,592

HETRIERESERBRE R A TH o R RV T S b B

T, B 1HICTEHAFPHRELLY. 20O5WT, HERE L. %Eiﬁotz}*‘a RKDT N—7 v 7 DEED 500 %
BERBEHOBUPYOPCSTHFEL WA LEI HIC PhEBERL W CORSREEBYESOTENR

o TV, EFABEOREHIGE#HEIZ261% %dw&zaﬁ%&m“qmg%ft, BEAIZMZTC, ZEAY Y TE
THYHT, 20054E024.5% & D 1.6%EINL TVv:72. lnacD% POLAVEDOERRGEEHE LRI R > TRy
FEEECT simulatoriZ £ ZNA LA, EHIRIVEVL », 2005FERIREREN:. SBOMSTHREEZSHO%
BEEINT 7z LA L, MR RERLSESOMU BO-OIIHEEEEELOUITEEAR Y v 7R ERT
j | FTERST#E IR S 5 5 F Mt ZENEEBETHE FRETIE, DYEOHRTHEE
B r$+$ﬁ BE2482 A Th Y, BIlEIL 1.4 A1 RAEERILL L DWTIEL JIBIBL, ZiE AR
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Table 10 - Special radiation therapy other than external irradiation according to patient load/FTE radiation oncologists or number of new patients

all facilities (%)

RS

heavy load/FTE R.0.{%)

new patients 2800(%)

heavy load/FTE R.0.(%)
institution in all facilities (n=21)

(n=721) institution in group B (n=35)  institution in group A (n=83)
e Bt
FETRERR B 172(23.9) 8(22.9) 39(47.0) 19(90.5)
HEEGI 3,235 124 668 578
AR IR ST
FAThEER R 97(13.5) 1(2.9) 20024.1) 16(76.2)
HIEIE B 3,301 29 762 578
BIZiR T — FiAE
HATHERR L 78(10.8) 1(2.9) 15(18.1) 13(61.9)
IBEAE I 2,690 29 651 444
E-gc )
AT HERREL 185(25.7) 8(229) 41(49.4) 15(71.4)
TERERI 1,707 45 412 231
firp ER AT
HEATRERR S 41(5.7) 1(29) 4(4.8) 6(28.6)
IBEIEBIE 251 3 15 79
SENT () BR & ‘
TEATHERR 2L 186(25.8) 16(45.7) 36(43.4) 14(66.7)
HEEFE 12,554 2,101 3,919 853
SERL(FReedh) BB G
HEATHERR L 123(17.1) 6(17.1) 25(30.1) 17(81.0)
IBFIE IS 2,490 338 711 502
IMRT
WEATHERRE 58(8.0) 2(57) 11(13.3) 15(71.4)
TRIERIE RIS 2,799 249 796 792
ImERGE RS
MATHERR L 23(32) 0(0.0) 1(1.2) 3(14.3)
IRIEREBIER 340 0 2 96
Sr-90REIRF iR
HEAT R 2 4(06) 0(0.0) 0(0.0) 0(0.0)
EIEGIEL 149 0 0 0

T, RREBHRLITEBE OB RBTRZBET -4 %
BHTLZEAEHNE LTS,

El &R T56% DT HGE iR (BREX) 2B\ T, FTE 2
1 AOBEHEGEFEHLEFER I TRV, 232005
ELD 6%WBIIL TETVAEY Y ZNHDMETIL

2005 TEMFEHISTAOBERLIGEEL THHDT, 7

N—"T v 2 DFEHEN50~200N) 2 5 1L, BHEFZOEERD
ZHOFETH BHH2005E5% TiE, 1 ADOBEHRGHFEEY
EOBBIIFAFHLERREL VL SHROSBHELRE
EBOBENEWRINT /-0 BEL%EEH IO, 2o
HEOMETLHAS . LA o>T, TNHDMEEIZFTE 2
P N\OFEEHSHBEEEYEBETAILEEETHL. &

—

DB BV 5P FEEOBHATIFES CEYBARE

R BEREN /DI R, DA AR T 2 H#
BB REYHED261%IZEO T WA FEED H 5.
— 7. T D44% DATEEED L I25% DL 1 FTERS
BERE L DI BB EEY00AZBALBETHEL TS
D, BESEIRRIIH 7 HROL 77D T ETIRE
FHBINOWIAREEL 2 ood b ZOREEASOTET
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Annual number of total cancer patients (new-+repeat) treated for brain metastasis and bone metastasis by patient load/FTE radiation

Table 11
oncologists or number of new patients
EREW MAHSEEBERYIINT 2814)
55 all facilities (%) heavy load/FTE R.0.(%) heavy load/FTE R.0.(%) new patients 2800(%)
> (n=721) institution in group B (n=35) institution in group A (n=83) institution in all facilities (n=21)
it v s 21,237(104) 2,335(16.9) 6,796(15.1) 2,401(89)
Gl 27,970(13.6) 1,716(12.4) 5,808(13.1) 3,603(13.3)

LT, BEEETIIH L CEEMICIEABETA T4~
HNTRETX TS EXYHELFTEYN SEEHLFTE
HIZEEL DB TH o108, AMRBIIBHERED 2 F0
ABRBELTW. HET V=T v oW 90, ExyE
+13400~500 A\DBEIZ 1| AOBLBHFUET, BIKOAR
cmomA%ﬁifwé BELNMERPVLETH A,
TEGEBI AR EETS L) bEROBERITN
o%¢0ﬁ%LTbb,%ﬁﬁﬁé%%%,ﬁmmk%#o
7o 2005 & HEL T, 2FThIBELTETVAS. L
L, EEEINIRERIROITBIIBHERETH Y, |
FTEL FORSHRGEEHLUESBRS N WP o/ 2
DEEIIETL, ZELTETWS. WEREOBREERD
PG BEBEMIMI6ANT, EEHEHRIGEELE i
B RERRICE. BLED XAz, MgtisaEELE R
KELTV%@T*, BEEMEME O TEE L T LR
. MEEBKRORY v 7HTEEY Y X RMET L2
@ommm YHOEREESEETH LY. L{vbhT
VB LI, BRRD LD P ABREOKZRER LT DA E
TEESELREPEDIE, EREEEOFBLEOLE
BARBIORAI PP O DBEMZHEROPIPOERTNE
TH 5. BB RIGERZ OIS HIZDONWT, DS
Eid L CEBTETWD, —F, B TORFHIEER.

BT HEEREFENMLTBY, ¥y —, BAFEY S~

RREFRETORERBEDL, oo RELE
IANDBEEFIRENTVBIEEFRIEL THEDH
L LIy, o BEHEFITS B0 BEEH L HY
DT ) | AKIEL, REHRIGEHESE T 3 & R
B LR C296E DI EN S S BIZEFO
Z g CIE A BT L DM S OBEEFLETH S,
WE AEEOHEIICHLMRD, SHROSHLE LUK
SIHUGEERE LRI BEROBIMHA TABRHT
EROLEVWIEFHETH L. EFPEL, WHEGEER
HEHLWELT, SHIEETH D, f%ﬁi’$¢
THEMAA LS, KF—yPEHFEEINS

ijij,

WEHRRBHELEIIOWT, ABHTEOENEZ L 6N
SAFEMT N —7 v s DU BEEEY T BB AT
w%kmmﬁ%ﬁmFWéFUt fﬁﬁw #$wo
/\U NI o, EEFT-F X HE L TaW L #ilsing
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THHVIIHENBIEZITIEERSEIN TS, IND
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Original Article

Prognostic Impact of Mitotic Index of
Proliferating Cell Populations in
Cervical Cancer Patients Treated With
Carbon Ion Beam

Yoshiyuki Suzuki, MD, PhD', Kuniyuki Oka, MD, PhD?, Tatsuya Ohno, MD, PhD?, Shingo Kato, MD, PhD?,
Hirohiko Tsujii, MD, PhD*, and Takashi Nakano, MD, PhD'

BACKGROUND: The authors previously reported that the mitotic index of a proliferating cell population
(pMI) was a potent prognostic factor in cervical cancer patients treated with photon beam therapy. In this
study, they investigated whether the pMI| accurately predicted prognosis in cervical cancer patients treated
with carbon ion beam. METHODS: Tissue sections were obtained from 27 consecutively treated patients
with stage llIB bulky (19 patients) and stage IVA (8 patients) squamous cell carcinomas of the cervix
treated with carbon Bon beam at the National Institute of Radiological Sciences, Japan, as a phase I/1l study
with dose escalation methodology (52.8-72 grays equivalent radiation dose/24 fractions). The mitotic index
(MD and Ki-67 labeling index (Ki-67-L.1) were determined by hematoxylin and eosin staining and immuno-
histochemical staining, respectively. The pM! was calculated using the following formula: pMI = MI/Ki-67-LI.
RESULTS: The pMIl ranged from 0.6 to 8.9 (mean, 3.9 £ 2.6; median, 3.2). Twelve of the 27 specimens had a
pMI >3.5, The local control rate in tumors with a pM! >3.5 was 17%, significantly lower than the 73% in the
tumors with a pMt <3.5 (P = .005). Multivariate analysis indicated that the pM! had the strongest impact on
local contro! (standard regression coefficient = 0.48, P = .002) among the variables, including clinical
stage, irradiated dose, age, and tumor volume. CONCLUSIONS: These results suggest that a high pMl is an
indication of a poorer prognosis, and is a powerful prognostic factor in patients with squamous cell carci-
nomas of the cervix treated with carbon ion beam therapy. Cancer 2009;115:1875-82. © 2009 American

Cancer Society.

KEY WORDS: carbon ion beam, Ki-67, mitotic index, cervix, squamous cell carcinoma.

Heavy charged particle radiation therapy for cancer treatment began at the National Institute of Radio-
logical Sciences (NIRS, Chiba, Japan) in June 1994 using carbon ions generated by the heavy-ion medical
accelerator in Chiba, and more than 3000 patients have been treated to date." Several reports have demon-
strated the favorable results of carbon ion beam radiotherapy (CIRT) in the treatment of malignant
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tumors, including head and neck cancer,” stage I nonsmall
cell lung cancer,® hepatocellular carcinoma,” choroidal
melanoma,® prostate cancer,”® bone and soft tissue sarco-
mas,” and sacral chordomas.'®

In terms of cervical cancer, a phase I/1I clinical trial
for advanced cancers of the uterine cervix (protocol 9403)
began in June 1995 and ended in February 1998. The pre-
liminary results of those clinical trials have been reported
by Nakano et al'' and Kato et al.'” These reports have
shown that carbon ion beam therapy for cervical cancer is
feasible,' and the local control rate of patients treated
with >62.4 grays equivalent radiation dose (GyE) was
favorable even for the patients with stage IVA disease, or
for those with tumors >6.0 cm.'® Furthermore, we have
also reported similar disease-free survival and local control
rates between hypoxic and oxygenated tumors before and
during treatment, indicating that the tumor oxygenation
status is relatively unimportant in local control in carbon
beam therapy.'?

The proliferative activity of tumor cells has been
determined immunohistochemically by Ki-67 antigen, as
well as other markers. The Ki-67 labeling index (Ki-67-
LI) has been reported to be a significant prognostic factor
in many malignant tumors.'4?* The mitotic index (MI;
percentage of mitotic cell) of tumor cells also correlates to
the cell proliferation speed, and it too has been reported as
a significant prognostic factor.”’ > We have reported that
Ki-67-LI and MI correlate with prognosis in patients with
cervical cancer treated with photon radiation therapy.>
However, the mitotic index in vivo is sometimes biased by
the presence of quiescent cells whose population is larger
than the cycling cell population in human cancers.”® We
have proposed that the MI of a proliferating cell popula-
tion (pMI) can express the relative cell cycle speed and can
be estimated by the counting of the MI and Ki-67-L1.%°
Furthermore, we have reported that the pMI correlates
well with the prognosis of patients with cervical cancer
who received photon beam therapy.”®>* The pMI was
found to be a significantly stronger prognostic factor than
Ki-67-L1" ~

Carbon ion beam therapy has various biologic
advantages in terms of high linear energy transfer (LET)
radiation. Potentially lethal and sublethal damage repair is
attenuated by high LET radiation.” Blakely et al reported
that high LET beam diminished cell cycle~dependent

radiosensitivity compared with those observed with low
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LET radiation.>¥ Barendsen et al reported that high LET
radiation is apparently most effective on tumors with a
farge GO fraction.?® As for tumor oxygen status, which is
an important issue in radiation therapy, high LET radia-
tion induces cell death independendy of the tissue oxygen
status, as we previously demonstrated.” Furthermore,
Takahashi et al®® reported that the carbon ion beam can
induce apoptosis regardless of p53 staws. Hence, the
prognostic factor for high LET radiation therapy may be
éompletely different from that of low LET radiotherapy.
In this study, we investigated whether Ki-67-LI, MI and/
or pMI predicted prognosis in cervical cancer patients
treated with a carbon ion beam.

MATERIALS AND METHODS

Patient Characteristics and Specimens

Twenty-seven patients with stage IIIB bulky and stage
IVA squamous cell carcinomas of the cervix were treated
with carbon ion beam at the NIRS between 1995 and
1998 as a phase 1/II study in a dose escalation manner
{protocol: 9403). Their ages ranged from 36 to 72 years
(mean = standard deviation [SD], 56.2 = 9.3; median,
54 years). All the tumors had a maximum diameter >50
mm. Tumor size was assessed by both pelvic examination
and magnetic resonance imaging (MRI), and dimensions
of the cervical tumor were measured according to T2-
weighted MRI images.””*® The mean & SD and median
tumor volume were 153 % 113 and 109 mm?, respec-
tively. Of these, 19 patients had stage I1IB disease, and 8
had stage TVA disease, all of which involved bladder inva-
sion, except | case with rectal invasion. The clinical stag-
ing and histologic dlassification were based on the criteria
of the International Federation of Gynecology and Ob-
stetrics and the World Health Organization.*** All
patients were followed for a minimum of 5 years or until
death. Tissue sections were obtained from all 27 patients
before treatment. They were excised from the cervical
tumors and fixed in 10% formaldehyde for approximately
24 hours and embedded in paraffin.

The disease status and treatment methods were
explained carefully and precisely to the patients by the
treating physicians. In addition, an explanation of the
tumor biopsy measurement procedure was provided to
all patients who qualified for the study. After these
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explanations, written informed consent was obtained
from the patients and the family, according to the institu-

tional regulations.

CIRT

CIRT was performed at the National Institute of Radio-
logical Sciences in Chiba, Japan. Details of the treat-
ment protocol have been previously reported by Kato et
al'” and Nakano et al."? Briefly, the total number of
treatment fractions and the time period were fixed at 24
fractions over 6 weeks with 4 fractions per week. Antero-
posterior and posteroanterior ports were used for 16
fractions over 4 weeks to irradiate cervical umors and
pelvic lymph node chains. An additional 8 fractions over
2 weeks were given by lateral opposing ports to boost
only cervical tumors. As this represents a phase I/II
study with a dose escalation methodology, the treatment
was initiated with a fraction dose of 2.2 GyE,*! and the
fraction doses increased by 0.2 GyE per step to 2.4
GyE, 2.6 GyE, 2.8 GyE, and 3.0 GyE. Therefore, the
initial dose of 52.8 GyE was increased by 4.8 GyE per
step to a total of 72.0 GyE. Each dosing group consisted
of at least 5 patients. The energy of the carbon ion beam
ranged from 350 MeV to 400 MeV.

Measurements of pMi, Ml, and Ki-67-L/

The tissue sections, placed on silane-coated microslides,
were deparaffinized and dehydrated.

For measurement of the Ki-67-L1, specimens were
immunohistochemically stained (Fig. 1). Specimens were
heated to >95°C for 20 minutes in 0.01 M citrate buffer,
pH 6, using a Microwave Processor (H2800, Energy
Beam Sciences Inc., Agawam, Mass) to unmask the anti-
gens. After the unmasking, the sections were cooled at
room temperature for 1 hour. Endogenous peroxidases
were blocked with 3% hydrogen peroxide for 10 minutes,
and the sections were washed 3 times with phosphate-buf-
fered saline (PBS). They were then incubated overnight at
4°C with anti-Ki-67 (MIB-1, Immunotech International,
Marseilles, France). After incubation, they were washed
with PBS 3 times. They were incubated with a labeled-
polymer—conjugated second antibody, an Envision kit
(DAKO, Carpinteria, Calif), for 30 minutes. They were
washed with PBS and then developed with 3,3'-diamino-
benzidine tetrahydrochloride for 5 minutes at room
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FIGURE 1. Cancer cells were positive for Ki-67 in the intra-
nucleus, exhibiting Ki-67 immunostaining. The white arrow
heads indicated mitosis. (Original magnification, ~200.)

temperature and then lightly counterstained with hema-
toxylin, dehydrated, and mounted. As a negative control,
a specimen was treated without a primary antibody in the
incubation step. The Ki-67-LI was calculated as the per-
centage of Ki-67—positive cancer cells by counting >500
cancer cells. A cutoffvalue for the Ki-67-LI was defined as
33%.

For measurement of the M1, specimens were stained

" with hematoxylin and eosin. The MI was calculated as the

percentage of mitotic cancer cells by counting >2000
cancer cells. A cutoff value for the MI was defined as 1.5%.
The pMI was calculated with the following formula:

pMI = M/P = (M/[P +Q])/(P/[P + Q])
= (MI)/(Ki-67-LI)

M indicates mitotic cell population (the number of
mitotic cells); P, proliferating cell population (the number
of Ki-67~positive cells); Q, quiescent cell population (the
number of all cells — the number of Ki-67~positive cells).
A cutoff value for the pMI was defined as 3.5, based
on the results of our previous report.”® A cutoff value for

the MI was established as a positive finding.

Statistical Analysis
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The Kaplan-Meier method was used for the local control
and metastasis-free survival rates, and differences were
statistically analyzed with the log-rank test. Mean values
of pMI, MI, and Ki-67-LI by irradiated dose group were

compared by 1-factor analysis of variance. Univariate
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Table 1. Mean Values of pMI, Ml, and Ki-67-LI
by Dose Group

Dose Ki-67-11 Mi pMi
52 GyE 35110 1.241.2 3.0£2.0
57 GyE 36412 1.940.8 5.442.0
62 GyE 37::26 1.240.7 4.432.9
67 GyE 36+12 0.740.6 1.741.1
72 GyE 33+15 1.340.7 4.743.2
P .99 28 A5

pMI indicates mitotic index of proliferating cell populations; M, mitotic
index; Ki-67-L1, Ki-87 iabeling index; GyE, gray equivalent radiation dose.

analysis for local control and metastasis-free survival was
applied with Pearson correlation coefficient. Multivariate
analysis for local control and metastasis-free survival was
applied with the Cox proportional hazard model with a
95.0% confidence interval. The differences were consid-
ered statistically significant at P < .05. All analyses were
performed with StatView (Version 5.0, SAS Institute Inc,
Cary, NC).

RESULTS

The pMI ranged from 0.6 to 8.9 (mean & SD, 3.9 4 2.6;
median, 3.2). A total of 44% (12 of 27) of the tissue speci-
mens had a pMI >3.5. The MI ranged from 0.14% to
3.3% (mean £ SD, 1.23 & 0.83%; median, 1.02%). A
total of 33% (9 of 27) of the tissue specimens had a
>1.5% MI. The Ki-67-LI ranged from 15% to 80%
(mean =+ SD, 35 £ 15%; median, 29%). A total of 44%
(12 of 27) of the tissue specimens had a Ki-67-L1 >33%.
Table 1 shows the means value of pMI, MI, and Ki-67-L1
by dose group. There was no significant difference among
the dose group. Although there was no significant differ-
ence, pMI and Ml in the low dose group (<62 GyE) were
bigger than in the high dose group (=67 GyE).

Nine of 12 patients with a >3.5 pMI had local
recurrence, compared with only 4 of 15 patients with a
pMI <3.5. The local control rate of the tumors with a pMI
>3.5 was 17%, significantly lower than the 73% of the
tumors with a pMI <3.5(P = .005; Fig. 2). The local con-
trol rate of the tumors with a >1.5% MI was 17%, signifi-
cantly lower than the 66% of the tumors with a <1.5%
pMI (P = .02). The local control rate of the tumors with a
Ki-67-LI >33% was 64%, which was higher than the 37%
of the tumors with a Ki-67-L1 <33%, although the differ-

ence was not significant (P =.13).

1878

%) —— pMI<35;N=

15
100 1 7 sranaren pl\.ﬂi3.5~:;N=12
g i
T o] |
- ¥
5 i
8 4ol iy |
3 :......l.l...................'...............:
'3 20 7 Serrrasine
{p=0003)
0

40 50 60
{months)

0 10 20 30

FIGURE 2. The local control rate in 27 patients with cervical
squamous cell carcinoma is shown in relation to the mitotic
index of a proliferating cell population (pM). The local control
rate of a pMI <3.5 was significantly higher than that of a pMI

score of >3.5 (P = .005).
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FIGURE 3. The metastasis-free survival rate in 27 patients
with cervical squamous cell carcinoma is shown in relation to
the mitotic index of a proliferating cell population (pMb).
There was no significant difference between the metastasis-
free survival rate of a pMl <3.5 and that of a pMIl >3.5 (P =
26).

The metastasis-free survival rate of the tumors with
a >3.5 pMI was 23%, lower than the 58% of the tumors
with 2 <3.5 pMI, although the difference was not signifi-
cant (P = .26; Fig. 3). The metastasis-free survival rate of
the tumors with an MI >1.5% was 23%, lower than the
54% of the tumors with an MI <1.5%. The difference
was not significant (P = .60). The metastasis-free survival
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Table 2. Correlation Matrix for Local Control and
Metastasis-free Survival

Variables Local Metastasis-free
Control (P) Survival (P)

Ki-67 labeling index .265 (.18) 182 (.37)

Mitotic index ~.419 (.03) ~.052 (.80)

pMi —.481 (.01) - 112 (57

pMt indicates mitotic index of proliferating celt populations.

rate of the tumors with a >33% Ki-67-LI was 63%,
higher than the 34% of the tumors with a <33% Ki-67-
LI, although the difference was not significant (P = .14).

Table 2 shows the univariate analysis for local con-
trol and metastasis-free survival. The pMI and M1 signifi-
cantly correlate to the local control (correlation
coefficient, 0.481 and 0.419, respectively). Among Ki-67-
LI, M1, and pMI, pMI was the strongest factor for local
control. None of these factors significantly correlates to
metastasis-free survival. Table 3 shows the multivariate
analysis for local control and metastasis-free survival. The
pMI had robustly significant impact on local control
(standard regression coefficient = 0.484, P = .021), but
no significant impact on metastasis-free survival (standard
regression coefficient = 0.131, P = .54) among the varia-
bles, including irradiated dose (52.8 GyE vs 57.6 GyE vs
62.4 GyE vs 67.2 GyE vs 72.0 GyE), clinical stage (stage
HIB vs stage IVA), age (<50 years old vs >50 years old),
and tumor volume (<100 cm® vs >100 cm?).

DISCUSSION

The MI and Ki-67-LI are well-known cell growth-associ-
ated parameters and have been reported to be useful and
powerful prognostic factors."*™ In general, a high MI
and high Ki-67-LI correlate with a worse prognosis. How-
ever, in the course of radiation therapy, tumors with
higher proliferative activity tend to have higher radiosensi-
tivity and better prognosis.** Furthermore, as mentioned
carlier, the mitotic index in vivo is sometimes biased by
the presence of quiescent cells, the population of which is
larger than the cycling cell population in human cancers.
Therefore, we have proposed the pMI as a more accurate
cell growth—associated parameter and reported that pMI
strongly correlates with prognosis in patients with cervical

30-32

cancer who have received photon beam therapy.
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Table 3. Multivariate Analysis for Local Control and
Metastasis-free Survival

Variables Standard P
Regression
Coefficient
Local control {recurrence/control)
Irradiation dose —0.033 .87
(52.8/57.6/62.4/67.2/72.0 GyE)
Clinical stage (1IB/IVA) 0.064 .78
Age (<50 y) -0.013 .95
Tumor volume (<100 cm?) ~0.174 .38
pMI (£3.5) -0.484 021
Metastasis-free survival, meta (+)/meta (-) :
Irradiation dose -0.320 .16
(52.8/57.6/62.4/67.2/72.0 GyE)
Clinical stage (HIB/IVA) 0.069 .78
Age (<50 y) ~0.115 65
Tumor volume (<100 cm®) —0.184 .39
pMI (£3.5) -0.131 54

GyE indicates gray equivalent radiation dose; pMI, mitotic index of prolifer-
ating cell populations.

In this study, the local control rate of the tumors
with a pMI >3.5 was only 17%, although most of the
tumors were bulky. To improve the local control rate of
radiation therapy, 1) shortening the treatment period
(accelerated fractionation),*>** and 2) combined use of
chemotherapy®#® have been investigated. We have
reported a phase /11 clinical study of carbon ion radio-
therapy for locally advanced carcinoma of the uterine
cervix.'>'? We have fixed the fraction number at 24 frac-
tions in a G-week period, and an accelerated-fractionated
protocol has not yet been planned, because of the rela-
tively high probability of late adverse effects. However,
heavy ion beam therapy has the advantage of better dose
distribution and biological effect, and the excellent dose
distribution of the heavy ion beam enables a reduction in
the irradiation volume absorbed by normal tissue. Also,
biologically, the therapeutic ratio increases if short-course
accelerated-fraction schemes are used in carbon ion beam
therapy.! Hence, accelerated-fractionated radiotherapy is
desirable. In addition, although the “redistribution,”
“recruitment,” and “reoxygenation” of the tumor during
radiation therapy are benefits of a fractionated treatment
schedule of conventional photon beam therapy, the bene-
fits of fractionation of the high LET beam are believed to
be less than the low LET beam, because high LET beam
diminishes both the cell cycle-dependent radiosensitivity
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and oxygen enhancement ratio compared with low LET
radiation.***” At the NIRS in Japan, accelerated-fractio-
nated carbon ion beam therapy has been investigated sys-
tematically for a variety of tumor entities, and it has been
indicated that a significant reduction of overall treatment
time can be accomplished for many tumor entities with-
out enhancing toxicity." Miyamoto et al* reported that
the treatment regimen of accelerated-fractionated CIRT
for stage I lung cancer was 72 GyE/9 fractions in 3 weeks,
in which the local control rate was >90%, and the rate of
late adverse effects of grade 2 or more severe was only 8%.
Furthermore, a dose escalation study on the single-frac-
tion treatment has been initiated." Although cervical
cancer has been treated with 24 fractions over 6 weeks and
an accelerated-fractionated protocol has not yet been
planned because of the relatively high probability of late
adverse effects, prostate, which is in close proximity to the
rectum and bladder, as in the case of the uterus, has been
treated with 66 GyE/20 fractions over 5 weeks, and the
rate of late adverse effects was only 7%, and the local con-
trol rate was 1009%.” Hence, although some improvement
of treatment is still needed, accelerated-fractionated
CIRT for cervical cancer appears feasible.

In the present study, no significant correlations were
detected between pM1, M1, and Ki-67-LI and metastasis-
free survival rate. However, there was a large difference of
approximately 35% in the metastasis-free survival rate
between the patients with the low and high pMI tumors.
As shown in our recent report,’ although the local tumor
control was relatively good, distant metastases did fre-
quently occur, and the 5-year overall survival rate was still
unsatisfactory. To improve the survival rate as well as the
local control rate, the use of chemotherapy in combina-
tion with CIRT should be further explored, especially for
patients with high pMI tumors, although further study is
still required to properly assess the significance of pMI for
metastasis-free survival with higher patient numbers.

In conclusion, we investigated whether Ki-67-LI,
MI, and/or pMI predicted prognosis in cervical cancer
patients treated with a carbon ion beam. The results of

. this study suggest that a high pMI is indicative of a poor

prognosis in patients with squamous cell carcinomas of
the cervix treated with carbon ion beam therapy.
Although further studies with larger data sets is warranted,
to ‘improve the local control rate of CIRT for cervical

squamous cell carcinoma, especially for those tumors
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having a high pM], an accelerated-fractionated regimen

together with the use of chemotherapy should be further

explored as explored in photon beam therapy.#3-4¢
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Abstract Survivin is a member of the inhibitor of
apoptosis family, and is expressed in various malignant
tumors. Survivin overexpression has been reported to be a
poorer prognostic factor in-various malignancies. However,
the prognostic value of survivin expression in patients with
glioblastoma is still controversial. Therefore, in this study
the role of survivin as a predictor for survival was inves-
tigated in patients with glioblastoma. Tissue specimens
were obtained from 66 patients with glioblastoma treated
with radiotherapy. Survivin expression was detected by an
immunohistochemical method. Nuclear and cytoplasm
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survivin scores were defined by using the cell positivity
and staining intensity. The scores were defined as follows,
0 (no staining), 1 (less than 50% of cell positivity and any
staining), 2 (more than 50% of cell positivity and weak to
moderate intensity) and 3 (more than 50% of cell positivity
and strong intensity). The correlation between survivin
scores and the overall survival rate was evaluated. Nuclear
and cytoplasm survivin staining were noted in 47 and 58
patients, respectively. The number of patients with nuclear
survivin score of 0, 1, 2 and 3, were 19 (28.8%), 26
(39.4%), 9 (13.6%) and 12 (18.2%), respectively. The
3-year overall survival rate of the nuclear survivin score 3
was 0%, significantly lower than the 11.6% of the nuclear
survivin score <2 (P = 0.0003). Cytoplasm survivin score
did not correlate with the prognosis. Nuclear survivin
expression may be a useful biomarker for predicting
prognosis in patients with glioblastoma.

Keywords Survivin - Glioblastoma - Radiotherapy -
Nuclear - Cytoplasm

Introduction

Glioblastoma, the most malignant brain tumor in adults, is
highly resistant to radiotherapy n and chemotherapy. The
recent standard treatments of this disease are considered to
be surgical resection to the extent feasible, followed by
radiotherapy and chemotherapy including temozolomide.
The median survival time of the patients with glioblastoma
has remained approximately 12 months over the last few
decades, even though multimodal therapies have been
applied.

Survivin is 16.5-kDa protein and a member of the
inhibitors of apoptosis family. It is expressed in fetal tissues
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and tumor cells but not in normal adult differentiated tissues
[1, 2]. Survivin is thought to inhibit the processing of
procaspase-3 and procaspase-7 by direct binding [3]. Sur-
vivin overexpression is reported to be an unfavorable
prognostic factor in various malignancies, including pros-
tate cancer [4], colorectal [5], pancreatic [6] and non-small
cell lung carcinomas [7, 8]. However, several reports have
shown survivin expression to be associated with a favor-
able prognosis in gastric cancer [9], transitional cell
carcinoma of bladder [10], breast cancer [11] and osteo-
sarcoma [12]. Chakravarti et al. [13] reported that survivin
expression in glioblastoma patients was an adverse prog-
nostic factor, by using semiquantitative western blot
analysis. However, their study did not distinguish between
nuclear and cytoplasm survivin expression and the
prognostic value of survivin expression by immunohisto-
chemistry is still controversial. Therefore, we assessed the
prognostic value of nuclear and cytoplasm survivin
expression by immunohistochemistry in patients with
glioblastoma.

Materials and methods
Patients and specimens

Available tissue specimens were obtained from all of the
66 patients with pathologically confirmed glioblastoma
treated with radiotherapy at the Gunma University Hospital
(Maebashi Japan), Takasaki National Hospital (Takasaki
Japan) and Maebashi Red Cross Hospital (Maebashi Japan)
between 1982 and 2005. The median follow-up period was
12 months. Sixty-one patients died due to tumor progres-
sion and 5 patients were alive with follow-up period
ranging from 15 to 60 months. The mean and median of
age were 55.1 £ 16.2 and 59 years old, respectively. There
were 40 male and 26 female patients. Gross total resection
was performed in 18 patients, partial resection in 43
patients and biopsy in 5 patients. The mean and median
radiation doses were 56.9 £+ 9.3 Gy and 60 Gy, respec-
tively. In general, radiotherapy was performed by the
conventional therapy (5 days x 2 Gy/week). However,
some patients were performed by hyper- and hypo-frac-
tionated radiotherapy. Therefore, we used the biological
effective dose (BED) for analysis and set the off} ratio as
10.0 Gy. The mean and median BED were 68.7 £+ 10.9
and 72.0, respectively. Chemotherapy was performed in 45
patients as an initial treatment before and/or after irradia-
tion. There were 64 patients with glioblastoma multiforme
in 64 patients and 2 with giant cell glioblastoma, and the

pathological diagnosis was based on the WHO Classifica-

tion of Tumors of the Nervous System (2000) [14]. The
pathological features, including the extent of necrosis,
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vascularity, cell density and existence of giant cells were
evaluated.

Immunohistochemistry

The tissue specimens were cut into 4 um sections on
cylan-coated slides, then were deparaffinized and hydra-
ted. For antigen retrieval, they were heated by microwave
for 75 min in Dako Target Retrieval Solution (Dako, CA,
US.A) at 93.0°C and were cooled for 20 min. After
washing with Phosphate Buffered Saline (PBS), nonspe-
cific binding was blocked with peroxidase-blocking
solution (Dako) for 15 min. The specimens were incu-
bated ovemight at 4.0°C with anti-survivin antibody
(Novus Biologicals, CO, U.S.A.) diluted with antibody
diluent (Dako) at 1:300. Then, they were washed with
PBS. They were incubated with a labeled-polymer con-
jugated second antibody EnVision 4 kit (Dako) for
30 min. After washing in PBS, the specimens were
developed with 3,3'-diaminobenzidine tetrahydrochloride
(Dako) for 2 min, Specimens were slightly counterstained
with hematoxylin, and finally dehydrated and mounted.
As a positive control, a known positive control (breast
cancer) specimen was handled in parallel. As a negative
control, a specimen was treated without a primary anti-
body in the incubation step.

Evaluation

All immunohistochemical stained slides were pathologi-
cally assessed by one of the authors (K.O.), without
knowledge of the clinical data. The cell nuclei and cyto-
plasm of more than 500 tumor cells were evaluated in each
specimen. Only the viable glioblastoma areas were evalu-
ated, while the necrotic and non-viable areas were
excluded. Nuclear and cytoplasm survivin scores were
evaluated with cell positivity and staining intensity. Scores
were defined as follows, 0 (no staining), 1 (less than 50%
of cell positivity and any intensity), 2 (more than 50% of
cell positivity and weak to moderate intensity) and 3 (more
than 50% of cell positivity and strong intensity). The cor-
relation between nuclear and cytoplasmic survivin scores
and overall survival were evaluated.

Statistical analysis

The overall survival period was calculated from the date of
operation to the date of death or last follow-up. The
Kaplan—Meier method was used for the overall survival
curves, and differences were statistically analyzed with the
Log-rank test. The multivariate analysis for overall survival
was applied with the Cox proportional hazard model with a
95.0% CI. The differences were considered statistically
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significant at P < 0.05. All analyses were performed with
SPSS 11.0 for Windows.

Results

The overall survival rates of all patients at 3 and 5 years
were 11.1% and 5.9%, respectively (Fig. 1). The median
survival period was 12 months. The overall survival based
on clinical characteristics and survivin scores were shown
in Table I. The 3-year survival rates of patients aged <60
and >60 were 11.5% and 10.3%, respectively (P = 0.26).
The 3-year survival rates of male and female were 5.4%
and 19.2%, respectively (P = 0.71). As for the extent of
surgery, the 3-year survival rates of patients performed
gross total resection was 22.2%, significantly higher than
6.7% performed partial resection and biopsy (P = 0.02).
The 3-year survival rates of patients irradiated with BED
<72.0 and with BED >72.0 were 9.7% and 13.6%,
respectively (P = 0.40). The 3-year survival rates of
patients on which chemotherapy was performed was
11.6%, significantly higher than 10.0% patients on which
chemotherapy was not performed (P = 0.04).

Nuclear and cytoplasm survivin staining were noted in
47 and 58 patients, respectively (Fig. 2). The nuclear sur-
vivin score 0, 1, 2 and 3, were 19 patients (28.8%), 26
patients (39.4%), 9 patients (13.6%) and 12 patients
(18.2%), respectively. The 3-year overall survival rate of
the nuclear survivin score 3 was 0%, significantly lower
than 11.6% of the nuclear survivin score <2 (P = 0.0003,
Fig. 3). The cytoplasm survivin score 0, 1, 2 and 3, were 8
patients (12.1%), 47 patients (71.2%), 6 patients (9.1%)
and 5 patients (7.6%), respectively. These cytoplasm sur-
vivin scores did not correlate with the prognosis. With
regard to histology, the 3-year overall survival rates in
glioblastoma multiforme and giant cell glioblastoma were

Overall Survival Rate (%)

O Il
0 12 24 36 48 60

Months after treatment

Fig. 1 The overall survival rate of 66 patients with glioblastoma

Table 1 Results of univariate analysis of prognostic factors

Variable No. of 3-year survival P
patients rate (%)

Age
>60 years old 29 10.3 0.26
<60 years old 37 11.5

Gender
Male 40 5.4 0.71
Female 26 19.2

Extent of surgery
PR and biopsy 48 6.7 0.02
GTR 18 222 ’

BED
<720 44 9.7 0.40
>72.0 22 13.6

Chemotherapy
Yes 43 11.6 0.04
No 20 10.0
(Unknown) 3

Nuclear survivin score
3 12 0 0.0003
<2 54 116

GTR gross total resection, PR partial resection, BED biological
effective dose

11.4% and 0 %, respectively (P = 0.90). The other path-
ological features, including the extent of necrosis,
vascularity, cell density and existence of giant cells were
not significant prognostic factors (P = 0.94, P =0.71,
P = 0.13 and P = 0.64, respectively). '

The results of multivariate survival analysis for the
clinical characteristics and the nuclear survivin score were
given in Table 2. The factor with the strongest impact on
overall survival was nuclear survivin score (P = 0.003,
hazard ratio = 0.35).

Discussion

Sasaki et al. [I5] reported that survivin expression
increased in parallel with malignant grade in astrocytic
tumors. Kajiwara et al. [16] also reported that survivin
expression was significantly associated with malignant
grade, and they concluded that survivin might play an
important role in the oncogenesis and progression of
astrocytic tumors. They mentioned that the median survival
period for patients with survivin positive tumors was
shorter than that for patients with survivin negative tumors
in astrocytic tumors [16]. Saito et al. [17] reported
that simultaneous survivin expression in both nucleus
and cytoplasm was worth prognosis in high-grade
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Fig. 2 Immunohistochemical
staining of nuclear (a) and
cytoplasmic (b) survivin.
(Original magnification: 400x)

- Nuclear survivin score 3 (N=12)

------ Nuclear survivin score <2 (N=54)

P =0.0003

Overall Survival Rate (%)

24 36 48 60
Months after treatment

Fig. 3 The overall survival rate of 66 patients with glioblastoma and
nuclear survivin score. The overall survival rate of patients with the
nuclear survivin score = 3 was significantly lower than patients with
the score <2 (P = 0.0003)

Table 2 Results of multivariate analysis of prognostic factors

HR (95% CI) P

Variable

Extent of surgery (biopsy and PR vs. GTR) 0.60 (0.33-1.08) 0.09
0.82 (0.46-1.45) 048
0.35 (0.18-0.70) 0.003

Chemotherapy (Yes vs. No)
Nuclear survivin score (3 vs. <2)

HR hazard ratio, CI confidence interval, PR partial resection, GTR
gross total resection

astrocytomas. Uematsu et al. [18] compared the survivin
index and MIB-1 index, and investigated a positive linear
correlation of them was weak. And they mentioned that
survivin index was more sensitive marker to predict sur-
vival than MIB-1 index in low grade gliomas.

Previously 4 studies have been attempted among the
immunohistochemical analyses of glioblastoma. Das et al.
[19] firstly reported that the survivin was highly expressed
in glioblastoma, but did not discuss the relationship to
prognosis. Xie et al. [20] reported a difference in the
survivin expression between primary glioblastoma
and secondary glioblastoma, but also did not mention
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prognosis. Preusser et al. [21] reported that survivin did not
seem to be useful as a prognostic factor in 104 patients with
glioblastoma. Recently, Mellai et al. [22] showed that a
positive linear correlation was found between survivin
expression and proliferation, whereas inverse correlation
did not found between survivin expression and apoptosis.
However, they did not indicate the correlation between
survivin expression and survival. The present study is the
first report to show that the nuclear survivin score correlate
with a worse prognosis in the patients with glioblastoma.
Fortugno et al. [23] reported that survivin existed in 2
distinct nuclear and cytoplasmic subcellular pools in
human cervical carcinoma HeLa cells. Nuclear survivin has
been proposed to serve in the maintenance of the integrity
of the mitotic spindle in Hel.a cells [24]. In many immu-
nohistochemical studies, nuclear survivin expression has
been shown to be an unfavorable factor for prognosis,
including prostate cancer [4], rectal cancer [25], oesopha-
geal squamous cell carcinoma [26], colorectal carcinoma
[27], soft-tissue sarcomas [28], breast cancer [29], lar-
yngeal squamous cell carcinoma {30], hepatocellular
carcinoma [31], ovarian carcinoma [32] and non-small cell
lung carcinoma [7, 8]. Shinohara et al. [7] suggested that
strong nuclear staining of survivin may represent increased
mitotic events, hence resulting in poor survival. Recently,
it was reported that survivin has 3 splicing variants, sur-
vivin-AEx3, survivin-2B, and survivin wild type [33, 34].
Survivin-AEx3 exists in the nucleus, and nuclear survivin
has been considered active in the maintenance of the
integrity of the mitotic spindle. Yamada et al. [35] reported
that survivin-AEx3 was significantly more increased in
malignant brain tumors than benign brain tumors in vitro
setting. Both survivin-2B and survivin wild type exist in
the cytoplasm, and cytoplasmic survivin has been consid-
ered to be anti-apoptotic factor [36]. However, Islam et al.
[37] reported that survivin wild type can inhibit apoptosis
and survivin-2B does not. Immunohistochemically, a few
studies have reported cytoplasmic survivin expression to be
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an unfavorable factor in patients with colorectal cancer [5],
pancreatic cancer [6], and oral squamous cell carcinoma
[38]. Previously, we reported that cytoplasmic survivin
expression was an unfavorable factor in patients with cer-
vical squamous cell carcinomas [39]. However in this study
cytoplasmic expression is not a prognostic factor for sur-
vival in patients with glioblastoma. Shinohara et al. [7]
suggested that cytoplasmic staining might represent the
combined level of 2 functionally opposing variants of
survivin wild type and survivin-2B, and therefore, as a
result, cytoplasmic survivin expression was not a signifi-
cant prognostic marker. Cytoplasmic survivin score was
tended to be higher in relatively large cells (alike a giant
cell; data not shown). In this report, we showed correla-
tions between prognosis and the pathological features,
including the existence of giant cells. We additionally
analyzed the correlation between cytoplasmic survivin
score and the existence of giant cells. Then, higher survivin
score was significantly correlated with the existence of
giant cells (Pearson test; P = 0.048). Though the existence
of giant cells does not cormrelate to tumor phenotype
exactly, cytoplasmic survivin score might have a correla-
tion with tumor phenotypes.

Survivin has been expected to serve as a treatment target in
various malignancies. Yang et al. [40] reported that apoptosis
was induced when the activity of survivin was blocked by the
expression of dominant-negative mutant survivin in various
tumors, including pancreatic cancer cell lines, breast cancer
cell lines, and a colon carcinoma cell line, but not normal cell
lines. Ansell et al. [41] reported that cell growth was signif-
icantly inhibited by using an antisense oligonucleotide
approach in aggressive non-Hodgkin’s lymphomas. Van
Houdt et al. [42] reported that transcriptional targeting ther-
apy of the survivin promoter significantly inhibited the
growth of glioma xenografts in vivo.

Survivin expression was associated with radiation
resistance in various malignancies, Chakravarti et al.
reported that survivin enhanced double-strand DNA break
repair and tumor cell metabolism, and'thereby survivin
suppressed radiation-induced cell death in primary human
glioblastoma [43]. Saito et al. [44] showed that survivin
suppression by small interfering RNA (siRNA) enhanced
radiosensitivity in glioma cells. And they analyzed the cell
death induced by radiation was mitotic cell death correlated
with chromosome instability. Rodel et al. [25] reported that
the attenuation of survivin mRNA and protein by siRNA
enhanced radiation sensitivity in colorectal cancer cell
lines. They suggested that anti-survivin strategies improved
the radiation response, and may be ultimately correlated
with the better outcome [25, 43, 44].

In conclusion, we suggest that nuclear survivin score is a
useful biomarker to predict survival outcome in patients
with glioblastoma.
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Purpose: This study aimed to assess the feasibility, efficacy and complication of hyperthermia-inclusive
multimodality therapies for patient with inoperable Pancoast tumor.

Material and methods: Five patients with inoperable Pancoast tumor were treated with hyperthermia-
inclusive multimodality therapies. They received thermoradiotherapy with/without chemotherapy.
Radiation therapy was delivered using 10 MV X-rays with total dose of 68-70Gy. In the latter half of the

Keywords: radiation therapy hyperthermia was performed for 2-4 sessions once a week with 8 MHz radiofrequency
Inoperable Pancoast tumor device

Radiotherapy ’ . . . .
Hyperthermia Results: For primary response, 4 tumors showed partial response to the treatment with the exception of
Local control 1 tumor who showed stable disease. Only one patient was with a short follow-up period (9 months), all
chemotherapy other patients survived 3 years or more without recurrence. Of them, 2 patients wererecognized withlocal

recurrence at 38.7 and 42.7 months after treatment and died at 66.9 and 78.5 months after treatment. The
other 2 patients are disease-free survivor for 4 and 5 years after treatment. No severe non-hematological
toxicity was observed in each patient.

Conclusion: These data suggested that hyperthermia-inclusive multimodality therapies might be a promis-

non-small-cell lung cancer
long survivor

ing approach for inoperable Pancoast tumor.

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Non-small-cell lung carcinornas (NSCLC) of the superior sulcus,
which frequently termed Pancoast tumors, are an uncommon lung
cancer accounting for only a slight percentage of all lung cancer
cases [1}]. These tumors cause specific symptoms and signs, and
are associated with patterns of failure that differ from those seen
for NSCLC tumors in other nonapical locations, and originally con-
sidered to be fatal. During the past 40 years the development of
various effective combined modality treatments including new sur-
gical approaches have greatly increased the local control and the
overall survival for patients having these tumors [2]. At first, in 1956
Chardack and MacCallum reported the case of a patient who sur-
vived long term after surgical resection followed by a postoperative
radiation [3]. Subsequently, several authors reported that preop-
erative radiation facilitated the surgical resection and proposed
that such a combined treatment was potentially curative [4,5].
Since then preoperative radiation followed by surgical resection
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has been considered as a standard treatment approach for Pancoast
tumors. However, numerous reported data showed that his treat-
ment was associated with a relatively high incomplete resection
rate (30-50%). These high incomplete resection rates doomed the
patient to inadequate local control and overall survival of approx-
imately 30% in 5 years. Recently, the addition of chemotherapy
to preoperative radiation has improved the resectability and sur-
vival rates [6-8]. In a large prospective multicenter phase II trial
which tested the feasibility of chemoradiotherapy induction for
Pancoast tumors showed that the overall survival in 5-year was
44% for all patients and increased to 54% after complete resection
[9]. Although this strategy is very attractive and encouraging, oper-
ative mortality is reported and showed that all cases are not always
eligible for surgery, Inoperable Pancoast tumor which was treated
with radiation therapy alone or in combination with chemother-
apy has associated with poor prognosis [6,10,11}. Since the local
tumor control is an important goal of the primary treatment, more
aggressive treatment applied is advocated to improve the progno-
sis,

Heat is cytotoxic for cells in an environment with hypoxic and
low pH, conditions that are specifically found within tumor tissue,
duetoinsufficient blood perfusion|[12]. Therefore, we hypothesized



