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Risk Scoring JHBMIC £ B RTOG 3 I BRBEDIIC £ 5 U R 7 498

Seattle? Mt. Sinai® D'Amico® T-Stsge Nede  Gleason  Disease-Specific Survival

5 Score Syr 10-yr 15y

Low iPSAZ10 iPSAS10 iPSAS10 T2 Nx 26 96% _86% 2%

GS2-6 GS82-6 G826 Ti-2 Nx 7
StapeT1a-T2b _ StapeT1a-T2a StapeT1c-T2a 2 T3 Nx 2-6 94 % 5% 61%
Intermediate  iPSA>10 or iPSA=10.1-20 or  iPSA=10.1-20 TI-3 N+ 26
GSZ7or GS7or and/or
Stage=T2c StageT2b GS 7 and/or Ti-2 Nx 810
. StageT2b 3 8% 2% 319%
T3 Nx 7
High 2o0r3 20r3 iPSA>20 and/or T1-3 N+ 7
intermed intermediate risk ~ GS 8-10
risk factors factors or StageT2c .
iPSA>20 : 4 B N B0 w 27%
GS 810 or
Stage2T2¢ T1-3 N+ 8-10
-

iPSA=initial prostate specific antigen
G8= Gleason score

®2 VRS HRLEEFEC L SEPSABERAERD

Seattle Risk Group
Treatment
. Low Intermediate High

3D-CRT; Zelefsky® (, 2001) 0% 70% 47%
Seeds; Blasko” (Seattle, 2000) 94% 82% ) 65%
Secds+EBRT; Sylvestar®(, 2002) 35% % 5% .

- Radical Prostatectomy; D'Amico” (Univ, Pennsylvania, 2000) 85% 65% 32%
Radical Prostatectomy; D' Amico® (B&W, 2000) 83% . 50% 28%

81% 40% —

Radical Prostatectomy; Kupelian®™ (Cleveland, 1997)

BT BRE B ISR B XU R 2 fpisss

BELCTBY, fERomsgtg (Conventional
Radiotherapy) CIZIES 13§ 3 BB E R 51T
HETH oo ZETHREREOR LSS
ROBRE B L, 3% T 2Butnmam
PREENTER, FFTREBLICL Y ES
SNLBEAERAFUM L VEHSATEY, %
5 IC=RTTEARRE 51458 (Three-dimensional
conformal radiotherapy; 3D-CRT) #S% % LT
2o BB LI, ZESICITZ “BFEn
WLILETFRE - A ZHWATRTER W LERTE
HER b OHEEHRETC, LORSFERL
RTOBHERRY — 2y MBRIc—Z LT
WBREHE" L E&hTwa Y, BETIkCT-
simulator, {ERETEREE, BEFBREART
BldDTNVF) -T2 YRX & (Multi-leaf

Collimator; MLC) ¥ L 2-iGEER L 2 v b

U7 DFEFIT X D & 5123 3D-CRT 45
REELZoTWw3, A
3D-CRT L iZkH L IZ X hidw, “BvEEc

BRIESNIBEOCTHEICED VT, FER
F—Fy VEEL YRS BBORTENES
REL, ThOREGELEL B4 DZERITH
BERVWES 2T, PERIIRAEY v b - A
DR BETRIARETE” L sha, kD
ARSI “BBE R & Ba Bl 0RE:
LT85y "HOBESH 2D+ 27
DEFL, “F=4v b BIEIEEIREF DB 3R
ERELTHS, B SNASRTEERE T
TAHIELIZXST, it b bl bk e
5 X, BEetEI k& LBALEEZIT -,
SHI, BELARRMEEE (Intensity-
Modulated Radiotherapy; IMRT) TIE “% — 2y
N OREROFEN 2 RETEE L £FEEEY X 7 1%,
230 %a"ﬁl RERRE % T (prescribe) L7-2
I, MERTEEBIC X > TRELBHFES &
ETD” Zkkibh, =F LWiEESHMDOER
PEBRRIEEBOERICL )V TEL 2 Y003
%o WRFTEDRRICB VT, (EREEE
2fTo THRESHZEHEL (forward planning),




£3  HEBENC X BRI AICXTT 5 Dose Escalation Study

Author No.  SubsctofPt. Dose Local p-value  Biochemical  p-value Cause-specific  p-value  Overall p-value
Control Control Survival rate Survival rate
Kupelian'® 1041 =Z72Gy  95%/8-yr 87%/8-yr
(Cleveland) Allsbsets o0 gamyr 006 sjougyy <000
Shipley'@ 302 T34, 75.6 Gy BAWBYT oo 6T%/8-yr NS 55%/8-yr NS
(Harvard) poorly diff, 672Gy 19%/8-yr - 62%/8-yr - 519%/8-yr
Valicenti'? 1465 >66Gy  78%/5yr 46%/10-yr 27%/10-yr
(RTOG) G810 gy eowsyr 00" sgnoyr O ppyey <0
Zelefsky'® 828 Favolable 75.6 Gy:83%/10-yr . =0.003 -
(Memoriel Sloan- 756G <702 Cy:57%10yr B
Kettering C.C) bosd Intermediate 75.6Gy:50%/10-yr
T1-3 702 Gy 105 G0y P005
<702 Gy < Y 4l
Unfavolable 75.6Gy:42%/10-yr p=0.04
<70.2 Gy:24%/10-yr -

Hanks" 714 274Gy 100%/5yr B8%l5yr
(Fox Chass €.C) GSTI0 gy 89Sy 0029 ggysyr NS

=74Gy 95%/5-yr 88%/5-yr

T2eT3 <74Gy 87%/5-yr NS gy 0039

Pollack™ 301 78 Gy 7096yt -
(M. D. Anderson C.C.) T3 70.Gy S4%l6-yr p=0.03

FORBIZ X ) REREE L ERL TV
%, IMRTIC X o THREZRELH L IHRE
$HHE % H:#E1bL 3 % inversed planning EFH L T
W5, IMRT S HERENZ HEY & LBRRR
BIIBWT, EEIPACTIMBRFEACIGHES

T3, WEETEOLBICE, BESHFELL

NIBEBBEEL A N F A (Dose-Volume
Histogram; DVH) 2R &, ¥—7v FRH
BOEER ) X 7 EROEFEFORNEED
FRENT WA, TCP (tumor control probability)
. % NTCP (normal tissue complication probability) &
HHELTRTH S, »
MBS A B CRREORIIC X,
BRH#HESL PSAERREFREIMET S C
LARENTV S, 53 IKHHBENC X 5 Dose
_escalation study DFEREZ R T, Zelefsky 5D
Memorial Sloan-Kettering Cancer Center IZ3V) %
RSB L B L™, 104 PSABHERA
7£214 Favolable - Intermediate *+ Unfavolable
risk D% 4 T 70.2Gy RIS LB L 756Gy TR

1 CdH o 77 Pollack & 12 X 5 M. D. Anderson.

Cancer Center D& Tix», TI1-3EMICHT
LEMHEBRBEOERE, 6EPSAKFRER
X 70Gy BET64%ICXT L 78 GyEETI0RLEE
E2EFH T (p=0.03), HFICHERIOPSA
P> 10ng/ml DEFITIE 645 PSA EEFHEIL
70Gy BT 43%I12xF L 78Gy BEETIX 62% & BIF T

e e i e

H o7z (p=0.01)o 6EHED Grade2 L EDOERZD
BRI, 70GyBETI12%ICH L
78GyEET26% & T18Cy B THEE (BDDL
NTBYVEEIDETH S (p= 0.001), BEED
ERFEREREEE, BETI0%TH )=
o, BIERTOG T 3D-CRTIC L 3
72.93Gy & 82.28Gy D5 MAHHLBEAER (RTOG P-
0126) 2 EITHTH.), FHRIEH S NS,

2. NFREE

MBI EEFNERom L AREEHE
BOBERSEREBNE LT, MZBRFAR
A SNTE 2, BFRPERNTRIYE
B94F# L L.CBragg peak & L, #RE D peak-
plateau ratio WS\ 72D ICHED R ICEN D,
O EISH LABEEERICT T 2882 H
T CHROBHREOHEMER S = LT
BLRDEEXDND, BEHRESRATIER
BERTHRELY S —CRENTHRO1OTHS
RERERWT, 19954 X ) BIRASANCKT
AERFESEBINLTVS, SYIHBED
BE, TOBROENHEABRTRIRRELBE
66GYEZ T2 T\ 5%,

R&F#3 7R 5% C it Massachusetts General Hospital
KBV TI970ER L Y RILIRAFAICH T 50T
BIRENBEE SN/, Loma Linda K& Tid 1991




XY BRE
A MEHEAVERBEETo TV B, XER
45Gy L BFH T — 2 b 3'?5#30GyE 2ITW 54
TE8I%, SEELEHBPRETERTION L BIF

TR A LT FE s —

BEEERELTWEY, BEics BWTE, &
BREGFREZAEL Y — 2B 1985119
L ORISR KT 2 B FRBRITh
EMAAY Y ¥ —EREETIX 2001 F£LED 9%‘!‘3%&1

BEBGTRERERIC X DRI A DB
IS hTnd, SR E KRR LTk,
7 A 1] 71 T Proton Radiation Oncology Group

(PROG) 7%, EEIRITIEATA (T1b-T2b, PSA <
15) 1236 L 70.2GyE & 79.2GyE 5 I A H e tes
2fToTHBY, FIBT b T1b-T3bNOMO % 3} 5
LT 55 MERERSE I HRBHEE 2 hrio
D, SBROBREVERSATVE,

3. R

BUSZBRAS A TS 2 BEER P R B 12 1 1257 20
CPAFDOMBEEH L — FEEIC X BIKRA
BATE USRS R L E |- I 2
R, BRERCLBEC L2 ERER
ARARST 2 (F4), RABAEH /NG
FEREBEBEOMIBAADSR, 812 Low
Risk HECLUBI L YR CRIECBESA TS
720 B (IR 1914412 2Ra % i\ -8 2% 3
DI, 19804 & ) REIBEBERT 4 Fick
AT 7U—FIVRRERTIY TS L ALC
ERTEMRETFITEE R ole 7R Tl

BEERBEO—BE LT1998 4 1213 23,000 155 .

HEAT S 4L, SEBIOINC X b £/ 50,0004 LLF
DEMAPEEEN TV B, 33 |12 15[ 210pg ¢
DRABAEE MBS EES + U4 g
HEDOBRIC X 2 RERE Y R,

HETR, EE¥BE0E0s [SHRERs
HRSTERE 2 A AR ICEA X N7-BEDEHIC
PWT] PRR1543 5 3 HESE%E 0313001 2
BB LU [BEIAAMICEAS ni-2HH
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BAHBSERE (30 %1253~ F, &1087
VAY) OBERGIEDWT] FHi1547 8 15
HEBHERE 0715002 52 &, 2573 — N
BORMEHBRE N L1z Y KABATH
INRIRR IR ERE RO BIRE O —o LT
BSH i FREND, AAMstmmss
= BRBRERES - ARESRREa
&Y= FIIRIC & 2 M Bk ASE A B g
FRROEEEBIHET T4 K54 ] 24k
Bl, ZEMOHRL SR EORE %
HELTWS, 273 — Fi, BLEEFBEIC
LY BB LPHI RN — 1328 .5keV & 15 <,
FRH L5940 TH Y BENOEEHBA~DE
BRELAHZ D 2L TeeTd 2,

American Brachytherapy Society (ABS) & 1999
FIERLHIRAABEA B/ NGB
CHT28ED 22T, EHMBEROBAIE
DT1-T2aF, @Gleason sum 2652, GPSA<
10ng/ml &\ ) BREHEER LTV B, T,

PHRENCINA BIEE L LTS &ML L

Ti, OT2b, T2 3 71, @Gleason sum 8-10 ¥
721, @PSA > 20ng/ml &\ BRI R R L
T, RREBACERCEEERTH 2
&, MRTHEETH - 7RIS X UMRIEHE

. REVBEEDER IS B D boost & LT

Eﬁi&%ﬁcﬁ?ﬁ)\%ﬁd\ﬁiﬁ%&%@%ﬁ ZEIDT
Who SBIT, BIMBRERED60ce Ll DRfic
RFIVE VREIC X B EROBRIBITRE SR
BRETHD, BRMBRNEREY LTIk, B
%ﬁ%sfﬁ%iﬁ@ﬁ'&wm@&:lék%&, S
PREEHORED S 250, BB 25
Bﬁ@%‘wﬁ&ml(ﬁﬁiﬁﬁﬁﬁﬂééﬁfw
Bo ETBBHENY X 7 DEER & LT, k&
&, %ﬁ%ﬁﬁ%‘fﬂf/AUA Score DEAEE
Bl, FRAFHOMBHF S B L B
RIFEGFIPEB S T2, AR TURP DB
#, MBSt 60ce Bl E DR, k%&*%
BRSO BB CHATI I +5 72 BBt s
WETH2 LR Tns, 199542 American




R4 HLBRAABAEERMRERFES O PSA .

PSA Outcome by Pretreatment PSA

No. Treatment T Stage Definition Follow-up O~d 4~10 10~20 20~

Beyer (1997)% 489 1125 T2 240 Syr 93% % - 492% 38%
Blasko (2000)™ 230  Pd-103 T1-2 2 rises 9yr - 90% 87% 80% 67%
Critz (1998)2 689  [-125+EBRT Ti-2 20.5 Syr 9% 93% 4% 69%
Dattoli (2003)2¢ 102 Pd-103+EBRT T2a-T3 210 4yr 82% 85% 75%
Grado (1998)% 490  1-125/Pd-103+EBRT Ti-3 2 rises Syr 88% 2% 57%
Grimm (2001)® 125 1125 Ti-2b 2 rises 10yr 97% 8% 8% 55%
Ragde (2000)*" 147 1-125/Pd-103 T1-3 3 rises 2yr 66 %

. 82 1-125/Pd-103+EBRT B 3 rises 12yr 79%
Stock (1997)%® 258  1-125/Pd-103 T1-2 2rises 4yr 75% 4% 34%
Sharkey (2000)® .65 Pd-103 215 4yr’ 90 % 5% 51% —
Zelefsky (2000)°® 248 1-125 Tle-2b 3 rises Syr 96 % 84 % 62%

Association of Physics and Medicine (AAPM) O
Task Group No. 43 (TG-43) I2 & Y B ESET7
TV XLDEEIEIE SN TEY®, 15[ — )
I2 & BRI BRA AR AT NIRRT 3

ABSIZEBZMAHBON L K54 bEHaE

T160Gy & Y 144Gy ~EE &Nz, 40-50Gy D
SHRHZ AT 55413110 ~ 120Gy X b 100

~110GyNEEENTW5, BABROEEFME

DEBDEIEF SN T2 25RE 2 BT S
T, BARLGEHEO CTERI RES R
TWnbo RBRTNEREL LTIk OLFRE,
ORI % 100% & LR THh 5 Do, @Y
MEREE R 0% ELHETH 5 Do, QLT

ETRHING *fr:‘zﬁ%lﬁ*@ﬂ: Vi 2%h & &
nTwns,

ERERIHEIC L 2 ERERERKNE

¥, &FT Liﬁcﬂkféz\%ﬁd\%&?ﬁ?ﬁﬁﬁ T
ERholzl, WABISACBESLTE R,
RERDHE DS BIK TOREHGEYEE
B - EYFHFAREZRBE LR TH Y,
LAEHSBET L DBAETH B,

BN ERERHMED PSAES

R R R A 12 25-35% I BER 2 E L3
Lahe, BRBREFICIRETREE, 2F

BRI EASMEEI TSN Tw S, B

BAOVLDE LT, MBROEBEETIIR

R L s e

BEVPEHELZIHOI T2V ODPSAD LA

*ROBLPSABREND B, 5 ITRBRITE

ERHMHED PSATRITH T 5 MR mRE s
AT o PSABIRFREAEVIZE, BEICERY
BREPELAZLIEHILTEYY, BEiE
EPEBEEPEFEUTIEF L LTI}, i
PSA BRI TOHMA24ELIA, PSA SRS
%56 % B3R, Gleason score2S8LLED b DA
BEBLHBETIRFLETAHRE D20, ]
BHRI IR SRR O PSAERIC§ 2 2%
BRERIIFEL S LT Wi WAS, 199748 ASTRO
(American Society for Therapeutic Radiology and
Oncology) Consensus Panel {2 38\ TIRB BT IR
B PSA LR ITH T 2 S IBR 0BT B
C7%bMN, 1999 #1Z Consensus Panel Statement
& LTHE S 72, Massachusetts General
Hospital (Zietman) + Washington University
(Hudson) + Mayo Clinic (Schild ) + Wayne State
University (Forman) O 7'~ ¥ OfEHT-& ) BEE
64Gy DL ECEESEIRE (1 @8 1.8~ 2.0Gy)
PHEESN, WEOF LIV FIZonTH,
Parker 5 DT & ) BREI O REHEBRE DAL
PRENDDOH B9,

BHYIC

FIOMLBRAS A DRGHRIGR OB, MRS
%’ﬂ(ﬁ\fﬁkéﬂ%}‘d\ﬁﬁ(’ﬁ%ﬁo L URTFHIRE R
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R5 RBMALIRSIITRD PSA failore IS B Bt

) Author ~ No.

Median pre- Gleason score Seminal Vesicle+ Dose Follow-up  Biochemical
RTPSA 8-10 ~orLN+ Median Median Contro}
Leventis™ 49 21 7% 2% 66Gy 29 mos 24%/5-yr
Catton*? 43 15% 35% 60Gy 43 mos 20%/5-yr
Pisansky® 166 0.9 16% 31% 64Gy 52 mos 46%/ 5-yr
Anscher™ 89 14 26% 34% 66Gy 48 mos 50%/ 4-yr
Nudel? 69  0.1-29.3 22% C10% 60-74Gy 37 mos 47%/4-yr
Cadeddu™ 82  2.8(mean) 15% . 15% 64Gy 83years  10%/5-yr
" {(mean) (mean)
Garg®? 78 12 35% 38% 66Gy 25 mos 5778 -
Do*® 60 17% - 37% 64.8Gy 36 mos 30/60
(mean)
Morris™ 48 1.7 34% 25% 60-64Gy 32 mos 47%/3-yr
' ! (mean)
Crane®™ 41 27 to35% 29% 60Gy 55 mos I 8/41

EEZBFIThe Y, 20OBELBRICOVWTIZS

BOBHBEEL 2o TWS, SEBIZ3D-CRT

RIMRTDIGHIIC LY, KABABE/NEER
BB L UHTFRBRIIZOWESES L &y
MREICL Y, EEEROBEERICL2ES
EZROHE & BBRE OB X 2 EESE DR
LZEHRLTWE, BEROBERICH 2> TH,
ERPRIREI IR AT PSA, Gleason Score 3 X U
MBROBFRERLTEE, AHEOFEL LOBAW
BRESLETH B,
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~ BACKGROUND. Prophylactic cranial irradiation (PCD reduces the incidence of brain

metastasis with an' effect on overall survival in patients with sma]l cell lung -

‘carcinoma (SCLO). In spite of multidisciplinary intensive treatment approaches,

many patients still experience brain metastasis. The authors retrospectively ana-
lyzed the characteristics of the first failure event due to brain metastasis (FBM) in
patients treated with PCL

METHODS. Between January 1990 and Apnl 2004 71 patients with limited disease
SCLC were treated with PCI after completing systemic treatment at the National
Cancer Center Hospital (Tokyo, Japan). Univariate and multivariate analyses were
used to identify factors related to FBM and survival,

" RESULTS: The FBM and overall incidence of brain metastasis (OBMJ were 16.9 %

(12 of 71) and 26.8% (19 of 71), respectively. Median time to progressive dlsease
and median survival were 8.4 months and 21.6 months, respectively. Elevation of
pro-gastrin—releasing peptide (Pro GRP) level before PCI was found to be a ‘signif-
icant predictive and prognostic factor for FBM, OBM, and survival on multivariate
analysis (P = 0.007, P = 0.025, and P = 0.009, fespectively).

CONGLUSIONS. An elevated Pro GRP level before PCI was found to be significantly
related to FBM and survival, and should be considered before PCI is perfdrmed.
Cancer 2005;104:811-6. © 2005 American Cancer Saciety.

KEYWORDS prophylactic cranial irradiation, small cell lung carcmoma, limited
dlsease, predlc’ave factor, pro-gastrm—releasmg peptide.

mall cell lung carcmoma (SCLO) accounts for approximately 20%
of all lung carcinomas.! Although SCLC rapidly develops distant

‘metastasis, it is very sensitive to chemoradiotherapy, unlike non-
. SCLC. Limited disease SCLC is clinically confined to the hemithorax,

and chemoradiotherapy is the standard treatment. In patients with

" limited disease SCLC; chemotherapy combined with thoracic radio-

therapy yields complete remission (CR) rates of 50-85%, with a me-
dian survival time of 12-20 months.>* The 5-year survival rate is
reported to be 26% for patients who have CR.* Because chémoradio-
therapy reduces the risk of intrathoracic disease recurrerice, distant

_metastasis in the brain has been the main cause of disease recurrence.

Although only 10% of patients have brain metastasis at the time of
diagnosis, the cumulative incidence at 2 years is > 50%. 56 As many as
73% of patients develop clinically apparent central nervous system -

_mietastases before death,”® and even higher rates are documented in -

autopsy series.” The brain is the initial site of disease recurrence in 5~

Publlshed online 22 June 2005 in Wiley InterScience (www. lntersclence wiley. com)
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33% of panents and is the only site of disease recur-

‘rence in < 20% of patients.>'":
Although several randomized trials of prophylac—
_tic cranial irradiation (PCI) have attempted to reduce

the risk of brain metastasis ‘and to improve survival, to-

our knowledge its role in the management of patients
with SCLC has remained controversial accordmg to
the results of each trial.’*
Recently, the metaa.nalysm of these trials compar-
ing PCI with no-PCI found that PCI led to a small but
_significant absolute reduction in mortality (5.4%), and
that PCI not only significantly reduced the risk of brain
metastasis, but also improved both overall survival

- (0S) and disease-free survival among patients with .
SCLC in CR."® These results suggest that PCI should be

considered as a part of the standard treatment for
patients with limited disease SCLC who achieved CR
or good partial remission (PR).

Although PCI was - perfonned for. patients who -

‘achieved CR or good PR as part of the . combined

treatment that corisisted of chemotherapy and tho-

_ racic, radiotherapy, brain metastasis occurred in
—24% of the treated patients.5'?* Whole-brain irra-

diation (WBRT) for brain recurrence was often difficult - .
because these patients had already received PCI to the -

whole brain. THerefore, we should strictly consider

PCI for patients who could achieve a true CR, as as-

sessed with diagnostic imaging. In addition, we should
be careful to follow the paﬁents who have a high risk
of brain recurrence after PCI

To our knowledge, there are no previous. reports.

that describe the characteristics of patients with brain
metastasis after PCIL. In the current study, we analyzed

retrospectively predictive factors for brain metastasis

' in patients with limited disease SCLC treated with PCL

MATERIALS AND METHODS

Patients ,

A total of 71 patients with limited disease SCLC were
| treated with PCI after chemoradiotherapy for primary
disease between January 1990 and April 2004 at the
National Cancer Center Hospital (Tokyo, Japan). Fifty-
~ four patients were male, and the median age was 62
years old (range, 40-75 years).

. Histologic or cytologic examination conﬁrmed the
diagnosis of SCLC in all patients. Before the initiation
of systemic treatment, staging was performed using
computed tomography (CT) or magnetic resonance
imaging (MRI) scans of the chest, abdomen, and
‘brain, as well as.radlonuchde bone scanning and bone
marrow aspiration and biopsy. Limited disease was

defined as being limited to one hemithorax, medias- -

tinal, hilar, or supraclavicular area, which could be
" encompassed within a reasonable single radiation

por‘.cal' Patients with pleural effusion found on chest -
films or CT scan were exclided. '
“Tumor response was classified in accordance with

- the World Health Oiganization (WHO) criteria.'® After -

systemic treatmient, including. thoracic radiotherapy,
PCI was administered to patients with CR or good PR
according-to the results of chest radiography and CT
or MRI scans of the head, chest, and abdomen.

Thoraclc Radmtherapy

The majority of patients (n = 55 [77.5%]) received
accelerated twice-daily thoracic radlotherapy com-
prised of 45 gray (Gy) in 1.5-Gy fractions. The remain-
ing patients (n = 16 [22.5%]) received once-daily ra- -
diotherapy, 50 Gy in 2-Gy fractions. Radiotherapy was

" performed 5 days per week, excluding weekends and
‘holidays. Sixty of the 71 patients received concurrent
-chemoradiotherapy, which began on Day 2 of the first

cycle of combination chemotherapy as cisplatin (80
mg/m?, Day 1) plus etoposide (100 mg/m?, Days 1, 2,
and 3). The other patients received sequential thoracic
radiotherapy after the forth cycle of chemotherapy: |

The initial field included the primary tumor vol-
ume with a 1.5-cm margin around the mass, the ipsi-
lateral hilum, the entiré width of the mediastinum,
and the supraclavicular lymph nodes (only if there was
tumor involvement).

chemotherapy :

All patients.received cisplatin combination chemo-
therapy. After concurrent chemoradiotherapy, 34 pa-
tients received 3 cycles of cisplatin plus etoposide, 17
patients received CODE therapy (cisplatin at a dose of
25 mg/m? weekly for 6 weeks; vincristine at a dose of
1 mg/m? during Weeks 2, 4, and 6; and doxorubicin at’
a dose of 40 mg/m? and etoposide at a dose of 80
mg/m? for 3 days during Weeks 1, 3, and 5), and 9
patienits received 3 cycles of c1sp1ann (60 mg/ m?, Day
1) plus irinotecan (60 mg/m? Days 1, 8, 15). In pa-
tient$ treated with sequential radiotherapy, five pa-
tients received four cycles of cisplatin plus etoposide,
four anents received four. cycles. of cisplatin ‘plus
irinotecan, and two patients. received four cycles of
cisplatin containing combination chemotherapy, op-
timized for each patient.

Prophylactlc Cranial lrradiation
All patients who achieved CR (n =40 [56.3%]) or good

. PR (n = 31 [43.7%]) were treated with PCL The median-

time between the initiation of- systémic induction
treatment and the initiation of PCI (duration) was 3.7
months (range, 2.6-7.5 months). ’

The target volume was the entire mtracramal site.

Individual shaped ports with multileaf collimators



-were. used. to deﬁne the m‘adlatlon target volume.
- Patients were treated using a megavoltage linear ac-
celerator with 4- 6 megavolt (MV) photons. Treatment
was’ delivered with' equally weighted right and left
lateral fields, with the dose calculated on the. ceniral
ray at mid-separation of the beams.

. Of the 71 patients who received PCI, the majority

of patients (52 of 71 [73.2%)]) received 25 Gy in 2.5-Gy -

_ fractions daily, 12 patients received 30 Gy in 2-Gy
fractions daily, 6. patients received 24 Gy in 1.5-Gy

fractions twice daily, and 1 patient received 36 Gy in.
2-Gy fractions daily. All PCI was performed a total of 5 -
days per week: The treatiment was administered with a

. linear aeéel‘eiator Qf 6 MV (n = 53 patients) or 4 MV (n
= 18 patients). The median follow-up time after PCI
was 16.3 months (range, 1.4-113.6 months).

Statistical Analysis
The first failure event due to brain metastasis (FBM)
" was defined as brain metastasis as a first event after
PCI, and the overall incidence of brain. metastasis
" (OBM) was defined as the overall incidence of brain
metastasis found throughout the clinical course after
PCL Clinical and laboratory variables before PCI were
chosen by considering possible factors indicated by our
own experience. We determined the predictive factors
for FBM and OBM using both univariate (Pearson chi-
square test/Fisher exact test) and multivariate analysis.
,, Before PCI, 9 categorized variables for multivari-
ate analysis were selected, as follows: gender (male vs.
female), age (< 60 vs. = 60 years), response to sys-
" temic treatment (CR vs. good PR), time between the

start of systemic treatment andfth’e start of PCI (dura--
tion: < 4 months vs. = 4 months), hemoglobinlevel (< -

10 g/dL vs. = 10 g/dL), lactate dehydrogenase level (<
229 U/L vs. > 229 U/L), C-reactive protein (=.0.1
mg/dL vs. > 0.1 mg/dL), neuron-specific enolase

(NSE) (= 10 ng/mL vs. > 10 ng/ml), and pro-gastrin— .

releasing pepude (Pro GRP) (< 46 pg/mL vs. > 46
pg/mlL).

Time to progresswe d1sease (PD) was measured
from the first day of PCI until PD or the last day of
follow-up without PD, and OS time was measured

from the first day of PCI until death or the last day of -

follow-up. Median time to PD and median OS were
estimated using the Kaplan-Meier method. Pro gnostic
factors were evaluated by multivariate analysis. All
statistical analyses were performed using SPSS version
12.0] (SPSS Inc Chlcago, ).

‘ RESULTS
- Incidence of Brain Metastasis
FBM and OBM were observed in 16.9% (12 of 71; 95%
" confidence interval [95% CI], 8.2-17.3%) and 26.8% (19

’ Pr'edir;tive/Proghdshﬁcv Factors in PCl/Yonemori etal. 813 - -

ATABLEI

Univariate Analyses of Pretreatment Variables for FBM and OBM. -
. - Ne.of No. of .No. of
Variables - ‘patients  FBM-  Pvalue OBM  Pralue
* Gender : ' 0.27 0.99
Male - 54 no- 15
Female 7 -1 : g
Age (yrs) 0.71
260 38 7 i1 0.66.
<60 : 33 5 8
Energy (MV) : 099 . 0.36
4 - - ‘ B . 3 3
6 53 9 16
Total dose (Gy) 0.99 0.08
=% - 58 10 13
> 13 2 6 .
Hyperfraction 0.27 0.33
Twice daily 6 2 3
Once daily . 65 10 16
Response : 063 0.70
Good PR 31 6 9
CR - 40 6 10
Duration (mos)* . 0.61 ‘ 0.86
=4 25 -5 7
<4 46 7 12
Hemoglobin level (g/dL) 0.75 0.79
<10 43 8 12
=10 28 4 7
LDH level (U/L) . 0.93 0.99
> 228 6 :
<229 65 11 . 18
CRP level 0.75 . 0.50
> 0.1 mg/mk 2 8 10 '
< 01 mg/dL 2 4 8
NSE level (ng/ml) . 0.63 0.89
>10 8 2
<10 59 : 10 16.
Pro GRP level (pg/ml) o 0007 0.029
>46 12 5 5 '
<46 ’ 37 2 4.

FBM: first failure event due to brain ‘metastasis, OBM: overall incidence of brain metastasis, MV:

megavolt; Gy: grays; PR: partial remission, CR: complete rermission; LDH: lactate dehydrogenase, CRP:
C-reactive protein; NSE: neuron- specific enolase; Pro GRP: pro- gésmn releasing peptide.

2 Duration indicates the time between the initiation of systemic induction treatment and the initiation
of prophylactic cranial iradiation.

of 71; 95% Cl, 16.5-27.3%) of patients, Iespectlvely
Nine patients with FBM had multiple brain metastases
and the others had solitary lesions. Among these pa-
tients, six were reirradiated with WBRT or stereotactic
multiarc radiotherapy, five were treated with systemic
chemotherapy, and one received best supportive care.
The median times to FBM and OBM were 9.4 months
(range, 1.1-23.5 months) dnd 12.0 months (range, 1. 1-
92.9 months),- respectwely In univariate analysis, an.
elevated Pro GRP level was found to be 51gmﬁcanﬂy
related to FBM and OBM (Table 1) (P = 0.007 and P.

- = 0.029, respectively). Using a complete dataset from
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TABLE 2

First Progressive Disease Sites after PCI
- Site . ~ No. of patients % of all patients -
Local failure (nside the thorax) - *20 . . 282
 Distant metastasis® 26 : 36.6
Abdominal organ 7 -89
Bone - . 9 ) 127
Spinalcord : 1 14
. Brain . ' 12 - 169
Total - 46 ‘ 64.8
PCL: prophylactic cranial irradiatior‘L

*Three patients had more than one progressive disease site in distant metastasis,
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'FIGURE 1. Kaplan-Meer analysis of time to disease progression (dotted line)
and overall survival (solid lme)

49 patients, a multivariate logistic regression model

disclosed that an elevated Pro GRP level was a signif- -

icant predictive factor for both FBM (hazard ratio
[HR], 12.5; 95% CI, 2.00-77.9 [P = 0.007]) and OBM
(HR, 5.89; 95% CI, 1.25-27.7 [P = 0.025]). '

Time to Progressive Disease and Survival
In the current series, the majority of patients (46 of 71

[64.8%]; 95% CI, 53.7-65.4%) experienced PD in their

clinical courses. The first sites of PD are listed in Table
2. The median time to PD and the median survival
‘time were 8.4 months (95% CI, 3.9-12.8 months) (Fig.
1)and 21.6 months (95% CI, 14.1-29. 2 months) (Fig. 1),
respectively. A multivariate Cox regression model in-

dicated that elevated Pro GRP level before PCI was a -

* prognostic factor, (HR, 2.97; 95% CI, 1.31-6.75 [P
= 0.009]). :

DISCUSSION

It is suggested that PCI eradicates subclinical brain -
metastasis that is- protected from cytotoxic drugs by -

the blood-brain- barrier as a pharmacologic sanctu-‘

" ary.”” A recently reported metaanalysis of seven pro-

spectively. randomized trials demonstrated both an OS
and disease-free survival advantage for patients with
limited disease SCLC who received PCI compared with
patients who did not receive PCL!'® However, the
metaanalysis included various trials and often insuffi-
cient systemic chemotherapy regimens, different PCI -
techniques, and a mixed population of patients with
limited and extensive disease,’**® Therefore, Kotalik
et al.'® found there was insufficient evidence to make

‘a definitive recommendation. in terms of the: total

dose, fractionation; indication, and tlmmg of PCI ac- ~

‘cording to this metaanalysis.”

In the current study, 16.9% of patients had bram

_ metastasis as a first site of failure, which'is consistent

with previous reports of 4-24%.%'%1* The salvage.
treatmeént for brain metastasis after PCI would be re-

" stricted by the number of brain metastases, patient
. condition, and, previous irradiation, To our knowl-

edge, no report has described the predictive or prog-
nostic factors for outcomes after PCIL. Therefore, our

results could provide useful information concerning

the indication of PCI and close follow-up in patients
with limited disease SCLC with CR or good PR who
received intensive multidisciplinary treatment.

We found that elevated Pro GRP level before PCI
was a significant predictive factor for FBM and for
OBM (P = 0.007 and P = 0.025, respectively). The
other pretreatment variables such as clinical and lab-
oratory parameters had no influence on FBM or OBM.
Among tumor markers, NSE is known to have a high ,
false-positive rate due to hemolysis, whereas Pro GRP

- is a stable and reliable tumor marker for SCLC.'? In

addition Pro GRP is found to have higher specificity
than NSE, and its serum level was frequently elevated
at an earlier stage compared with that of the NSE level
in patients with SCLC at the time of diagnosis.?>? Tt is
reported that Pro GRP reflects tumor volume and the
effect of treattnent more sensitively than does NSE,
and that it is useful in detecting PD because Pro GRP
levels increase before disease recurrence becomes ev-

.ident.’*??2 From the results of the current study; the

elevation of Pro GRP before PCI might reflect the
existence of residual viable tumor cells after a series of
induction treatments, even if CR or good PR is indi-
cated by imaging: A PCI would be recommended for
patients with limited and extensive disease SCLC with -

'CR.'® However, PCI might not be sufficiently benefi- .

cial for decreasing the incidence of brain metastasis in
patients with an elevated Pro GRP level. Therefore, by
the completion of whole therapy, we should com-
pletely’ eliminate residual subclinical intracranial



: and/ or extracramal dlsease that ¢ causes the brain re-v

currence. .
Several evidence- based gmdehnes for hmlted

disease SCLC described uncertainty in terms of the

optimal regimen, schedule of drug admxmstrahon, du-
ration of chemotherapy, and maintenance chemo-

therapy.?*** Although there is a guideline that recom- -

mends a maximum of six cycles of chemotherapy,?
the trend in clinical trials and practice, including the
current study, has been to use only four cycles of

cisplatin-based chemotherapy. In patients with CR

with elevated Pro GRP after four cycles of chemother-
apy, two additional cycles of chemotherapy might be

possiblé to eliminate tumor cells, to normalize Pro

GRP levels, and to reduce the risk of brain recurrence.

A previous study suggested that there may be a .

.dose-response relation for PCI, and that higher doses
were more effective in reducing the risk of bram me-

 tastasis.* If currently ongoing trials that compare 25 -

Gy in 10 fractions with 36 Gy in 18 fractions!® indicate
thé superiority of high-dose PCI, this will be another
option to optimize the PCI procedure for controlling
the subkclinical disease at pharmacologic sanctuary.

- The previous WHO criteria for evaluation of tumor
response’? did not consider the value of tumor mark-
ers. However, the Response Evaluation Criteria in
Solid Tumors (RECIST) include tumor markers for as-
sessment of CR.?>® Serum laboratory methods more

accurately evaluate the evidence of viable tumor cells, -

and have a complementary role to the imaging studies

when macroscopic tumor disappears or residual scar .

remains. In SCLC, tumor markers are well correlated
to the response and tumor volume,'*?*** as was ob-

served with Pro GRP in the current study..Therefore, ,

CR according to the RECIST guidelines might be more
appropnate in the evaluation of paﬁents wrrh SCLC for
PCL.-

. Several authors reported many prognostic factors

of clinical and laboratory parameters for patients with
SCLC.?® Almost all the analyses in the previous reports
showed pretreatment factors before the initiation of

" systemic therapies. We analyzed pretreatment param-

eters for patients with CR or good PR receiving PCI. In
our study, most of the laboratory parameters fell
within normal limits before PCI, except for Pro GRP as
a prognostic factor.

- Local failure occurred in approximately one-half

of the patients with disease recurrence, in addition to
“distant failure. The Southwest Oncology Group re-
ported the pattern of failure in 114 patients with lim-
ited disease SCLC treated with cisplatin plus etoposide
and concomitant thoracic radiotherapy followed. by
‘PCIL Local failure and distant metastasis occurred in

© 49% and 35% of patients, respectively.”” These results.

P'redicﬁveIPrognosﬁc'Factoi's in PCU/Yonemorietal. . ~ 815

. also suggested that the main cause for. disease recur- -
- rence was local or distant faﬂure Therefore, it is cru-

cial to develop new drugs or regimens for i improving
Iocal and distant control, which achieve a high rate of
CR without elevation of tumor markers such as Pro
GRP before PCL o :

The results of the current study demonstrate that
elevation of Pro GRP before PCI is a significant pre-
dictive factor for the first failure event due to brain
metastasis. With regard to the indication of PCI; the
assessment of clinical response according to RECIST
might be evaluated more accurately using Pro GRP
together with conventional imaging studies. '
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Summafy:

The prognosis of patients with metastatic retinoblastoma
. is poor with conventional chemotherapy and radiation.

Since retinoblastoma is highly chemosensitive, dose-
escalation of chemotherapeutic agents with stem cell

support should be promising. We report our experience .

- with high-dose chemotherapy (HDC) and autologous stem
cell transplantation (SCT) in patients with metastatic
retinoblastoma. Five patients with metastatic retinoblas-
‘toma underwent HDC with autologous SCT following
conventional chemotherapy and local radiation therapy.

Stem cells (bone marrow in four and peripheral blood stem 4

cells in one) were collected after marrow involvement was
cleared. Melphalan was a key drng in all patients, and was
administered in combination with other agents such as
cisplatin, cyclophosphamide, carboplatin_or  thiotepa.
Three patients are currently alive disease-free at 113,
107 and 38 months, respectively, from the time of SCT.
They had no central nervous system (CNS) involvement.
The two patients who died of disease had CNS involve-
ment. No long-term sequelae of HDC have been noted.
.Our treatment strategy using HDC appears to be effective

" for treating metastatic. retmoblastoma without CNS

- involvement.
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Retmoblastoma, the most common ocular malignancy in:

childhood, develops in infants, and the incidence is one in
16000020000 births in Japan.! Many therapeutic mod-
alities have been employed, and retinoblastoma has become
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- one of the curable pcdiatﬁc solid tumors. Nevertheless, the

prognosis of extraocular retinoblastoma with metastasis to

" bone/bone marrow (BM) or the central nervous system

(CNS) remains very poor? Such high-risk populations
include involvement of the cut end of the optic nerve,
extrascleral spread into the orbit, lymphatic or hematogenous
dissemination, CNS involvement and trilateral retinoblasto-
ma. The overall occurrence of extraocular retinoblastoma
was 4.8% of all patients at an institution.? Since retinoblas-
toma is highly chemosensitive, a treatment strategy that
includes the dose-escalation of chemotherapeiltic agents and
stem cell support should be promising. We tréated five
patients with metastatic retinoblastoma using high-dose
chemotherapy (HDC) followed by autologous stem cell
transplantation (SCT), and three patients are currently alive

" and disease-free. Although our experience is very limited, our

experience suggests the feasibility of a prospective study.

Patients and methods

Five patients received HDC for extraocular retinoblastoma -

between March 1986 and November 2000 at the National
Cancer Center Hospital of Japan (NCCH), and the data
reported reflect the last patient contact as of January 2004.
All patients originally were treated with radiation therapy
and/or enucleation for intraocular disease at NCCH. The
clinical characteristics of the patients are described in
Table 1. After comple’ﬂon of the initial series of local
ophthalmic therapies in NCCH, four of the five patients
developed metastatic recu'rreﬁce, as reported elsewhere.* S
Only one patient had BM metastasis at the initial diagnosis.
Staging studies included: computed ‘tomography and
magnetic resonance imaging of orbits and brain, histo-
pathologic evaluation of BM aspiration and cytologlc
examination of cerebrospinal fluid (CSF). All patients were
classified as having stage III/IV disease by the grading
system of Grabowski and- Abramson.” After the diagnosis
of metastatic diseases was established, all patients were
treated with conventional chemotherapy with or ‘without
radiotherapy and surgical cnucleatio‘nﬂ(T able 2). Systemic

chemotherapy included courses of vincristine, cyclophos-

phamide and doxorubicin - with or without cisplatin
altematmg with cisplatin and cyclophosphamide, or



=

" HDC for metastatic RBL without CNS involvement

764

H Matsubara et a/
Tablel - Patients characteristics
UPN Sex Ageat Ivolvement Metastases  Treatment - " Metastases after therapy
" diagnosis . - at diagnosis : - : . )
1 . F  3months Bilateral  Nome Right: 50.7 Gy radiation Brain (optic .chia;sm), spinal cord (Ll)
: Left: enucleation
2 M~ 10 months - Bilateral None Right: 49.4 Gy radiation Brain (ethmoid and sphenoid sinus),
. . . bilateral cervical LNs -~
. i Left: enucleation - oo .
3 F 41 months Left None Left: 46 Gy radiation+HIT Right temporal bone, marrow (70%)
4 F 16 months Right .  Marrow Right: enucleation+6 Gy radiation + chemotherapy .
5 F 18 months Right No_ne Right: 46 Gy :

. Right orbit, marrow (50%)

radiation+enucleation+ HIT+PC+ CTT+IVI

UPN =-un'ique péticdt number; HIT:-;-vheat-inducing thermotherapy; PC=photocoag1ﬂaﬁop; ‘CTI' = chemothermotherapy; IVI=intravitreal injection.

T:ible 2 Therapy and outcome
UPN _ Cx. after Mets" Rx. after Mets SCT from Conditioning (mg|m®) Stem - Result Meta. after Sequelae
: relapse : cell SCT (mos) .
(mos) ) . Source
1 7 VCR/CY/ADR x2  Spine 40 Gy, cranium 5 '~ CDDP 90, CY 120mg/kg, BM DOD Spinal cord at NE
CY/CDDP x 1 25Gy+boost 15Gy L-PAM180 T Th12-L1 level -+ - -
' o . ’ : o . (24 mos).
2 VCR/CY/ADR x3  Cranium - 5 - CDDP 90, CY 120mg/kg, BM DOD Rt. cervical LN © NE
CDDP/ETO x 2 40 Gy +boost 20 Gy, L-PAM180 (4 mos)’
: : spine 21 Gy, cervical . . :
’ ' LNs 40 Gy : T . ) o
3 VCR/CY/ADR x4 Focal site 40Gy 7 L-PAM 180, VP-16 BM NED (113+) None None-
CDDP/ETO x 2 . 800, CBDCA 1600 .
4 VCR/CY/ADR x 3 —_ 6 L-PAM 180, VP-16 BM NED (107+) None - None
: CDDP/ETO x 3 o 800, CBDCA 1600
5 VCR/CY/ADR/ . — 7 L-PAM 160, CY . PBSC © NED (38+) None None -
CDDP x 3 CBP/ 120 mg/kg, TEPA 500 ’ B
ETO x4 .~ :

SCT =stem cell transplantation; BM = bone marrow; CNS = central nervous system; LN:=lymph node; NED=no evidence of disease; DOD = dead of
disease; NE = not evaluable; VCR/CY/ADR = vincristine 1.5 mg/m?/day x 1, cyclophosphamide 600 or 800 mg/m?/day x 2, doxorubicin 40mg/m?/dayx 1;
CDDP/CY =cisplatin 90 mg/m?/day x 1; cyclophosphamide 1200 mg/m?/day x 1; CDDP/ETO = cisplatin 20 mg/m?/day x 5, etoposide 100 mg/m?/day x 5;
VCR/CY/ADR/CDDP = vincristine 1.5 mg/m?/day x 1, cyclophiospharide 1200 mg/m?/day x 1, doxorubicin 40 mg/m?/day x 1, cisplatin 18 mg/m?/day x 5;
CBP/ETO =carboplatin 120mg/m*/day x5, etoposide 100mg/m?/day x5; L-PAM =melphalan; VP-16=etoposide; CBDCA =carboplatin; TE-

PA =thiotepa.-

cisplatin and etoposide, or carboplatin and etoposide. After
complete resporse of tumor involvement in the BM,
autologous BM cells were collected from four patients,’
autologous blood stem cells from one patient, respectively.
The nonpurged stem cells. were cryopreserved. All patients
also received one to five intrathecal injections of metho-
trexate at a variable dose of 5-12.5mg/dose, concomitant

with systemic chemotherapy. Radiation therapy was given -

in four patients to sites that had harbored bulky disease at
early stage after the diagnosis of metastasis. All patients
were prepared for HDC with SCT after achieving complete
remission, which was evaluated by imaging studies, BM

- aspiration and/or CSF examination. We harvested BM

cells or peripheral blood stem cells, if a BM ‘aspirate had no
‘tamor cells on morphologic analysis before harvesting. We

~did not apply minimum residual disease (MRD) studies on

BM cells or peripheral blood stem cells. Conditioning
regimens for all patients contained melphalan 180 mg/m? as
a key drug.’ Concomitant agents were cisplatin' 90 mg/m?
and cyclophosphamide 120mg/kg (case 1, 2), etoposide
800mg/m® and’ carboplatin' 1600 mg/m? (case 3, 4), or

Bone Marrow Transplantation

thiotepa 500mg/m* and cyclophosphamide 120mg/kg
(case’ 5). The collected BM cells (1.0-1.7x 10® total

. nucleated cells/kg) or peripheral blood stem cells (4.7 x 10°

CD34 + cells/kg), which were unmanipulated, were infused
approximately 24h after completion of the .conditioning
chemotherapy. Granulocyte-colony stimulating factor was
administrated intravenously once’ daily from day +5 or
+7, and was continued until engraftment of neutrophils
was established (case 3-5). . : ‘ ‘

Res_ults'

Engraftment

) Eﬁg-rafhnent “of neutrophils, defined as. the first of two
‘consecutive days of an absolute neutrophil count of at least

0.5 x 10°/1, occurred 18, 26, 10, 14'and 11 days, respectively,
after stem cell rescue. Platelet engraftment, defined as the
first of 2 consecutive days of an absolute platelet count of at
least 50 x 10°/1 sustained without transfusion, occurred 67,
32, 11, 51 and 16 days, respectively, after stem cell rescue.



Toxicities

All patients developed sévere mucositis with oropharyngeal
pain (WHO grade 3) after SCT. Only one patient had
elevated transaminase levels greater than five times normal
(Case 5). All patients developed febrile neutropenia without
a detectable pathogen, which subsided within 7 days by
antibiotic treatment. No other acute tomcmes associated
with SCT were observed

Patzent survival

All three patxents w1thout CNS metastasis are alive disease-
free at 113, 107 and 38 months, respectively, from the time
of SCT (case 3-5). They are alive without complications,
except for orbital growth retardation because of local
1n'ad1at10n and surgical enucleation. Two patients died of
recurrent diseases.4 and 48 months, respectively, after SCT
(case 1, 2). There was no second malignancy in this series.

Discussion

The prognosis of patients with metastatic retinoblastoma is
poor with . conventional chemotherapy and- radiation
therapy.>® Honavar et aP have shown that postenucleation
adjuvant therapy is safe and effective in significantly
reducing the occurrence of metastasis in patients with
retinoblastoma manifesting high-risk histopathologic char- -
acteristics.® Several centers have used conventional-dose
chemotherapy and radiation therapy for hematogenously
spread extraocular disease. Despite some reports of long-
term event-free - survival,”»’® the bulk of the evidence
suggests that the prognosis remains poor with such an
. approach.’t’ :
A limited number of studles and case reports have
suggested that HDC with autologous stem cell rescue might
be beneficial for patients with metastatic retinoblastoma
(T able 3).12-2° Namouni et al** conducted a study of HDC
consisting of carboplatin, etoposide and cyclophosphamlde
(CARBOPEC) followed by autologous SCT in 25 patients,
including 12 patients with distant metastases. Among eight
children with’ bone and BM metastases, five survived

" High-dose chemotherapy for retinoblastoma -

HDC for metastatic RBL without CNS involvement
H Matsubara et al" :
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between 11 and 70 months disease free, while three patients

with CNS metastases relapsed in' the CNS after HDC and

died. Thus, the CARBOPEC regimen appeared-to be
effective only for patients with bone and/or BM involve-

ment of retinoblastoma. Dunkel et al*®: reported four -

retinoblastoma patients with orbit and BM metastases who
underwent HDC consisting of carboplatin and thiotepa
with or without etoposide. All patients survived event-free

_for 46-80 months after the diagnosis of metastatic disease.

They .co_ncluded‘ that this treatment strategy is effective for
metastatic . retinoblastoma without CNS involvement.
Rodriguez-Galindo et al*® reported four retinoblastoma
patients with bone and BM metastases, treated by intensive
systemic . therapy. Although they did not miention an
effectiveness of HDC, they concluded that the use of
intensive multimodal approach in patients with metastatic
retinoblastoma’ without CNS mvolvement could ach1eve
long-term survival.

The important component in HDC is the alkylatlng
agents, which have favorable tox101ty profile. There are
some reports- that ‘thiotepa is effective for high-risk

retinoblastoma and other malignancies.’$1%2122 As" jt’
penetrates well into the brain, as demonstrated by similar -

drug levels in CSF and in serum after intravenous injection
bolus use, we should consider the high-dose thiotepa in the
attempts of HDC in disseminated retinoblastoma, particu-
larly with CNS involvement. However,. we used not
thiotépa but melphalan. for HDC. High-dose melphalan
and SCT have been used to treat neuroblastoma, thabdo-
myosarcoma and Ewing’s sarcoma in children.>2¢ In
addition,  Inomata and Kaneko®” suggested that retino-
blastoma was most sensitive to melphalan based on a
colony assay on double agar layers. Kaneko treated six
patients with intraocular retinoblastoma that recurred after

irradiation therapy by injecting 40 mg/m? of melphalan into

the ipsilateral intracarotid artery, and by applying ocular

hyperthermia (45°C, 1h).° Two patients were. cured (no _
recurrence for more than 10 years) with a single treatment

procedure while preserving adequate visual function. Based
on their observation, we selected melphalan as a key drug

for HDC. We should consider that not only thiotepa but -

also melphalan is an effective agent of HDC for retino-
blastoma. As other agents, busulfan and nitrosurea drugs

Table 3
Author (year) n Marrow. Bone ) CNS * High-dose chemotherapy Result
: . involvement Metastasis - Metastatsis ' ‘
o (+/~) (+]~) (+]~)
. Namouni et al (1997)** 12 . it - 7/5 4/8 CARBOPEC 6 alive
Dunkel et al (2000)* 4 3n - 4/0 0/4 - CITE3, TC1 4 alive
. Kremens et al (2003)°° 5 41 o 2/3 0/5° . CTE4,BCyE1 S alive®
_ Rodriguez-Galindo et al (2003)* 4 4/0 4/0 - 04 CE1,BuCyM 1,CyE1,CyTopol  2alive
Jubran et al (2004)® 4 13 2/0 3 CTE 2 alive
Our cases 5 2/3 2/3 2/3 CDDP-CyM 2, MEC 2, TCyM 1 3 alive

*One ahve after relapse
Pineal.

. CARBOPEC= carbop]atm+etoposxde+cyclophospham1de, CTE= carboplanne+thxotepa+etop051de, TC= thlotepa +carboplaﬁn, BeyE = busulfan+

- cyclophosphamide -+ etoposide;

CE = carboplatin +etoposide; BuCyM = busulfan+ cyclophosphamide + melphalan; ' CyE= cyclophosphamide + etopo-

side; CyTopo= cyclophosphamide + topotecan; CDDP-CyM = cxsplatm+cyelophospham:de+melphalan, MEC= melphalan+etoposxde+carboplaﬁn,

TCyM= t.hmtepa+c:yclc>phospham1de+me.‘.11;»halan1 DOD =dead of disease.’
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(nimustine, ranimustine); which are effective because. of

their capacity to cross the blood-brain barner have been ‘
used for retinoblastoma,?®2? .

We conclude that our treatment strategy. that mcludes
high-dose melphalan with autologous SCT and local
irradiation is effective in patients with metastatic retino-
blastoma withgut involvement of the CNS, although a wide
variation in the HDC regimen made it difficult to judge the
objective safety and efficacy of autologous SCT. A’ safer
and more effective modality is required to better control
CNS' involvement. The possible risk of. late sequelae
secondary to additive toxicity by HDC and’ cranial
radiation should be critically evaluated: Since metastatic
retinoblastoma is a rare disease, a larger cooperative study

is needed. to clarify the safety and efficacy of this HDC -

strategy
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Ret‘rospectiVe analysis of- 'steroid thérap_y_for.
radiation-induced lung» injury in lung cancer patients.
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Abstract

- Purpose: To disclose characteristics of lung cancer patlents developmg radiation-induced lung injury treated mth or
. w1thout corticosteroid therapy. .

Methods and materials: Radiographic changes, symptoms, history of corticosteroid prescnptmn, and clinical course -
after 50—70 Gy of thoracic radiotherapy were retrospectively evaluated in 385 lung cancer patients.

Results: Radiation-induced lung injury was stable without corticosteroid in 307 patients (Group 1), stable w1th
corticosteroid in 64 patients (Group 2), and progressive to death despite corticosteroid in 14 patients (Group 3). Fever
and dyspnea were noted in 11%, 50% and 86% (p < 0.001), and in 13%, 44% and 57% (p < 0.001) patients in Groups 1—3,
respectively. Median weeks between the end of radiotherapy and the first radiographic change were 9.9, 6.7 and 2.4 for
Groups 1-3, respectively (p < 0.001). The initial prednisolone equivalent dose was 30—40 mg daily in 52 (67%) patients.

“A total of 16 (4.2%) patients dled of radlatlon pneumomtls or steroid complication with a median survwal of 45 (range,
8—107) days.

Conclusion: Development -of fever and dyspnea, and short interval between the end of radlotherapy and the first

radiographic change were associated with fatal radjation-induced lung injury. Predmsolone 30—40 mg daily was selected

for the treatment in many patients.

© 2006 Elsevier Ireland Ltd All rights reserved. Radlotherapy and Oncology 80 (2006) 93—97

‘ Keywords:‘ Radiation pneumonitis; Radiotherapy; Lung cancer; Corticosteroid

Thoracic radibthefapy is widely used fbr the curative and

paltiative treatment of lung cancer. Radiation-induced lung

injury was first described as early as. 1922 [1,2], and two
types of lung injury, radiation pneumonitis and' radiation

 fibrosis, were recognized in 1925 [3]. Radiation pneumonitis.

occurs in 5-15% of patients who have received radiation

_therapy for lung cancer. Its clinical symptoms are charac- -

terized by cough, dyspnea and fever developing between 1
and 3 months after the end of radiotherapy. Distinctive
radiographic changes of radiation pneumonitis are a

ground-glass opacification or diffuse haziness in early phase,

and then alveolar infiltrates or dense consolidation in late

phase in the, region’ corresponding to the irradiated area

[4-71. Radiation pneumonitis may persist for a. month.or
more and subside gradually. In severe cases, however,

pneumonitis progresses to death due to resplratory failure

within few weeks [4]. .

- Usé of adrenocorticotropic hormone (ACTH) and corti-
sone for radiation pneumonitis in a case was first reported
in 1951 [8], and 9 cases of radiation pneumonitis treated
with cortisone therapy in the hterature were reviewed in

1968 [9]. Although no case series or clinical trials of cortico-

. steroid therapy have been reported since that time, pred-

nisolone  has . been given in patients with severe

. pheumonitis in clinical practice. The initial dose of prednis-
. olone, approximately 30—100 mg dally, and very slow taper-

ing schedule are in agreément among experts [4—6,10],
because early withdrawal results'in aggravation of pneumo-
nitis-[11—13]. There is no consensus, however, about crite-
ria to define when steroids are- required for radiation-
induced lung injury. The objective of this study is to disclose.
general. characteristics of lung cancer patients developing
radiation-induced lung injury treated with or without corti-

. -costeroid therapy, to obtain data on the initiation criteria,

dose, and taper schedule of corticosteroid therapy for fur-
ther prospective trials.

Patients and methods o o
. Consecutive lung cancer patients treated with thoracic .
radiotherapy at a total dose of 50—70 Gy in National Cancer

0167-8140/$ - see front matter © 2006 Elsevier Ireland Ltd, All rights reseérved. doi:10.1016/j.radonc.2006.06.007
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Center Hospital between January 1998 and December 2003 '

were subjects of this study. We retrospectively reviewed

all chest X-ray films taken during 6 month period from the -

end of thoracic radiation to identify the first radiographic
change and its progress. History of corticosteroid prescrip-
tion, symptoms at the time of and one-month period after
the first radiographic change in a chest X-ray film, and clin-
ical course of radiation-induced lung injury were obtalned
from medical charts. The diagnosis of radlatlon-mduced
lung injury was defined as radiographic changes mcludmg
-opacification, diffuse haziness, infiltrates or consolidation
conforming to the outline of the sharply demarcated irradi-
ated area in a chest X-ray film. During clinical course, scar-
ring (fibrosis) was developed ‘within the irradiated area
leading to a reduction in lung volume. In contrast, pulmon-
ary infection spreads through anatomical structure of the
lung, and the boundary of infiltrates corresponds to anatom-
ical boundary of the lung. For patients with fever, the radio-
graphical response to antibiotics was. also evaluated.

Observed differences in the proportions of patients in vari- -

ous patient subgroups were evaluated using Chi-square test.
, Differences between continuous variables were compared
usmg Mann—Whitney tests. The Dr. SPSS Il 11.0 for Windows

software package (SPSS Japan Inc., Tokyo, Japan) was used

for all statistical analyses.

Results :

Of 544 lung cancer patients receiving thoracic radiother-
apy at a total dose of 5070 Gy, 111 patients were excluded
from this study because they were not evaluable: loss of fol-
low-up in 88 patients, early lung cancer progression in 18
- patients, chemotherapy-induced neutropenic fever and

- pneumonia in three patients, death of bleeding from the

esophageal stent in one patient, and no chest X-ray films
available in one patient. In addition, 48 patients (11% of
433 evaluable patients) were also excluded because no radi-

ation-induced lung ln]ury was noted. Thus, the subject of.
this study was 385 patients.- - '

Of. the 385 patients, 78 (20%) réeceived cortlcostermd
therapy-for radiation-induced lung injury, and 307 did not.
Radiation-induced lung injury was stable without corticoste-
roid in the 307 (80%) patients (Group 1), stable or in remis-
sion with corticosteroid in 64 (17%) patients (Group 2), and

- progressive to death despite corticosteroid in 14 (4%) pa-

tients (Group 3). No difference in sex, total dose, intent

- of radiotherapy, and ¢ombination chemotherapy was noted
among three Groups, but median age of patients was higher

in Group 3 (Table 1). Fever was developed in 50% of patients
in Group 3 at the initial radlographlc change, and in 86% of
them during subsequent clinical course, while it was devel-
oped in only 11—12% of patients in Group 1 through théir
clinical course (Table 2).. Dyspnea was developed in 57% of
patients in Group 3 and in 44% of patients in Group 2 during
clinical course, while it was developed in only 14% of pa-
tients in Group 1 (Table 2). A total of 88 patients developed
fever at the initial change in chest X-ray and/or during sub-
sequent clinical course. Of these, 43 patients received anti-
biotics, but no radiographical response was obtained in
these patients. Five (2%) and seven (2%) patients in Group
1 developed bloody sputum and chest pain, respectively,

- but none in Group 2 or.3 developed these symptoms. The

average interval of chest X-rays taken between the start
of radiotherapy and the first appearance of radiographic
change was 1.7 weeks for group 1, 1.3 weeks for group 2,

and 0.9 weeks for group 3 (P < 0.001, Table 3). Interval be-
tween. the end of radlotherapy and the first change in a
chest X-ray was shorter in Group 3 than in Group 2 or Group
1 (Table 3). Of 57 patients in whom the first radiographic.
change was noted within three weeks, 9 (1 6%) died of pneu-
monitis, while radiation-induced lung injury that occurred
10 weeks or later after the end of radiation was easily man-
aged with or without steroid therapy (Table 3). Oxyzen con-
tent in the blood at the start of steroid therapy .was
examined in 70 patients of Groups 2 and 3. Oxygen content’
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was slightly decreased (Pa02 = 70-74.9 Torr) in 12 (19%) pa-
tients of Group 2 and one (7%) patient of Group 3, and mod-
erately to severely decreased (Pa02<69.9Torr or
Sp02 £ 92%) in 21 (33%) patients of Group 2 and 7 (50%) pa-
tients of Group 3 (p=0.38).

Prednisolone was administered as the initial therapy in 69
(88%) patients of Group_s 2 and 3. The initial prédnisolone
equivalent dose of steroid was 30—40 mg daily in 52 (67%),

and 60 mg of higher only in 8 (10%) patients (Table 4). The -

median duration of the initial dose was 10 (range, 2—64)
days, and the dose was reduced within 14 days in 57 (77%)
patients. The median duration of steroid therapy was 10
(range, 2—28) weeks (Table 4). Steroid pulse therapy (meth-
ylprednisolone 1000 mg daily for three days) was adminis-
tered as the initial therapy in one patient, and as salvage
therapy in six patients at the time of pneumomtls aggrava-
tion. Among the seven patlents six died of respiratory fail-
ure due to progressive radiation pneumonitis.

Outcome of steroid therapy was evaluated in 76 patlents
(Fig. 1). Symptomatic relief was obtained and the steroid
dose was reduced in 71 (93%) of the 76 patients, while no ef-
fect was noted in the remaining five patients, who all died
of radiation pneumonitis despite escalated steroid adminis-

tration. Of the 71 patients, 15 (21%) developed recurrent

symptoms at the median daily prednisolone dose of 20 mg

(range, 10—40 mg) within median 33 days (range, 21—42
days) from the start of the steroid therapy, and required
steroids to be escalated. Of the 15 patients, nine died of
radiation pneumonitis and one died of complication of ste-
roid therapy. A total of 54 (71%) patients were in remission
from pneumonitis and steroid therapy was terminated. The
remainder 22 patients died during steroid therapy, 14 of
radiation pneumonitis, two of infectious complication (bac-

‘terial pneumonia in one, and lung aspergillosis in another

patient), five of lung cancer progression, and one of hem-
optysis. Thus, 16 patients, who accounted for 4.2% of 385
patients receiving 50—70 Gy of thoracic radiotherapy, and
who accounted for 21% of 78 patients treated with steroid
therapy, died of radiation. pneumonitis or complication
associated with steroid therapy. Median survival from the
start of steroid therapy in these patlents was 45 (range,
8-107) days.

Dlscusswn

Patients with radiation-induced lung injury have been
managed in compliance with the expert opinions, because
there has been no case series or clinical trial report on clin-
ical course and corticosteroid use for this lung injury. This
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study is the first systemic review of these patients both who

received corticosteroid therapy and who did not. Compari- |
son between the expert opinions and the results of this .
study s given below. First, radiation-induced lung injury is -

severer when a radiographic change appears earlier [5]. In

this study, the- initial change in a-chest X-ray film was
observed in 9.9 (range, —3 to 45) weeks in Group 1, in 6.7
(range, 0-25) weeks in Group 2, and 2.4 (range, 0-10)
weeks in Group 3 after the end of thoracic radiotherapy.
If patients present with symptoms, presumably they receive’
a chest X-ray. Thus; the patients with symptoms may have
radlographlc findings seen sooner, since they receive an X-
ray when they complain of symptoms. The average interval.
of chest X-rays taken between the start of radlotherapy and"
the first appearance of radiographic- change was longer in
Group 1 than that in groups 2 and 3. The difference, howev-
er, was negligibly small when compared with the difference
in duration between the end of radiotherapy and. the first"
radiographic change.- Second, steroid ‘administration is

- determined’ generally based on the severity of symptoms

[51. In this study steroid was uséd when patients developed

- dyspnea or fever. Dyspnea has been thought to be the car-

dinal symptom’ of radiation pneumonitis but fever to be
unusual [5,10]. In_ this study, however, fever was highly
associated with fatal radiation pneumonitis; fever was not-
ed in 12% patlents of Group 1, in 58% patients of Group 2,

and 86% patients of Group 3. “This study failed to show utility
of blood' gas analysis. An oxygen content in the blood was
decreased moderately to severely in only 28 (36%) patients
in Groups 2 and 3, and did not differ between the two.
groups. The oxygen content in Group 1 was measured in only
small number of patients, and-therefore it was not evalu-
able.in this study. Third, 30—100 mg/day of prednisolone
has been recommended as the initial dose [4—6,10]. In our
practice, a dose of 30—40 mg was the most frequently used.

We selected this relatively low dose of steroid mostly be-
cause. steroid therapy was started in out pahent clinic.
Forth, duration of the initial dose was within two weeks in
73% of patients, which is consistent to most expert opinions
[6,10]. In contrast, tapenng schedules varied between a pa-

! Evaluable patients (n = 76) I :

| Obtained (n=71) |

Symptomatic relief

l Not obtained (n=5) l

Recurrent Not developed- Developed
symptoms (n = 56) (n=15).
Cause of | Progressive Steroid - Radiation
death ) disease complication Helz:‘ogt;j)sm pneumonitis
{(n=>5) (n=2) = (n=14)
"n=52v ) n=2 v -

|,' - Remission (n=54) : I '

Fig. 1. Outcome of patients who received steroid therapy Two pa‘aents were excluded because of loss of follow-up. Of 76 evaluable patients,

71 (93%) experienced symptoma’clc rehef by steroid therapy.
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tient and another in this study. This may be partly due to

~ the diversity in clinical course of radiation pneumonitis,
but mostly due to lacking in available recommendation for
tapering schedules. In- this study, median total duration of
steroid therapy was 10 weeks, which may be a tentative
guide. A guideline of taper schedule appeared in the latest
textbook: the dose should be tapered by 10'mg every. two
weeks, and be terminated in 12 weeks [10].

Although our clinical practice mostly followed the expert
opinions on the management of radiation-induced tung injury
as mentioned above, there is little evidence that our steroid
use, dose and duration for radiation-induced lung injury were
ccorrect. In this study, 21% of patients received steroid thera-
py and 4% of patients died of radiation pneumonitis among
lung cancer patients treated with thoracic radiotherapy.at a
total dose of 50 Gy or higher. These figures are comparable
to the incidence of grade 3 pneumonitis, 3—20%, and that of
fatal pneumonitis, 1—4%, in other reports [10].

"In conclusion, development of fever and dyspnea, and-

short interval between the end of radiotherapy and the first
radiographic change were associated with fatal radiation-in-
duced lung injury. Prednisolone 30—40mg daily for two
weeks followed by slow taper was selected for the treat-
ment in many patients.
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