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Current Status of Radiation Therapy
—Evidence-based Medicine (EBM) of Radiation Therapy—

Non-Small Cell
Lung Cancer (NSCLC)

Minako Sumi

The goal of radiation therapy for non-small cell lung cancer
(NSCLCQ)is to improve the survival rate of patients without
increasing treatment-related toxicity and to improve patients’
quality of life. Several prospective randomized trials have
demonstrated a survival advantage in combined modality
treatment over radiotherapy or chemotherapy alone when a
cisplatin-based chemotherapy regimen is utilized in the treat-
ment plan. Combined modality treatment of cisplatin-based
chemotherapy and radiotherapy is standard treatment for
selected patients such as those with better performance sta-
tus with locally or regionally advanced lung cancer includ-
ing T3-T4 or N2-N3.

Determining the contribution of new agents in combined
modality treatment will require carefully designed and con-
ducted clinical trials.

High-dose involved field radiation therapy using 3D-con-
formal radiation therapy potentially enables the use of higher
doses than standard radiation therapy, because Jess normal
tissue is grradiated, and may improve local control and sur-
vival, The combination of radiotherapy with chemotherapy
and dose escalation using 3D-conformal radiation therapy
is also a possibility in unresectable NSCLC. ’

In surgery cases, the results of several Phase I trials of
cisplatin-based preoperative chemotherapy have suggested
survival improvement. But the concept needs to be tested
in a larger Phase HI trial.

Research Code No.: 604

Key words: Radiation therapy, Lung cancer, EBM
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(Phase I/II) T4379.2Gy  THRMEIMMS iz, RIAEE
EROER, SEEFRES SV —TT6~8%Tho1:
A%, favorable performance subset T 5 4 FFEII60Gy, -
63Gy, 69.6Gy, 74.4Gy, 79.2GyDBDEDT12%, 8%,
10%, 10%, 9% &%h, 606Gyt RE LAY, D
#3512, ‘RTOG 88-08 (Phase I} & LT, @HTHI60Gy £
bt L £ EIRE69.6Cy D EBIRBRNEREL TV
Skiloin

ILEMATOFEEIZIE, VbW Bconcomitant boost & & i
hABEEt AL, continuous hyperfractionated accelerated
radiotherapy (CHART) 2% %, Saunders® HLERRT
i, 2 EEFEIC0GYB0REDEEFER (0 =225)T
1320% Td o 722 DIZ3F L, CHART (n=338) Ti329%iIL
ALEFHROEESTR IS EBRELALY, LIALEY
HOBESRSH L (ICHBENEEENIETH Y, BFS
BT 3% Th o723 LCHARTTI219% (I Lo T
2. CHARTIY, METHEEHEOESICLS ) A RBED
BEOBEL Y, BEFEOREIZL VEEBROBERN
Mg s i, HHRERFEL 2 5TEMEN S 5.

MES T 5T 2 batk L RAHEROSE I X 2BR
HERAYT DN T V1535, RTOG 9410, HAHRIERDR T
Pa=nbkF4 IV TICETAIRBERBRTH S, (LFRE
B EESEI60GY % 4T 5 (sequential) RESFRI (SEQ) &, 1L
sy ) R AHE 6 % FERGEB (concurrent) 32 TR G
EORr ¥ a— V% EEHEERS60Gy (CON-QD) &£ &5l
FB5369.6Gy (CON-BID) & L7z, 3 FHEDLBEAERA TS

N7z, RTOG 9410TH, £HFHIMOPREIZCON-QDA1T

HBAERED LWL OO(CON-BIDTI6 M A, SEQTI4.67
A), BHFHERT TOMMIISEQIZILER LEFICCON-
BIDTREW (p=0.007) L FE NI, SHHMOFERER
T, Grade 3 L EOFEMBEFHEACTON-BIDT63% &,

CON-QD®M50% {p = 0.011) RSEQTM31% {p < 0.001 1421t
BLEW S EANER &h RRREE, 2002 Il RITR
KT AEBRBORENRETETHAY, SHROFEDS
MmO RSHR R OME(LICHEE 5 X DA RERAD
5,

SRTEHMIRAREE

= k30 iR 0T # i (Three-dimensional conformal
radiotherapy; 3D-CRT)4, WEHEUBERDBET A iHHEE

5



190 . B ES DERM  FETANIRS

Table 1 {bPEEEGA L LEMNRREZOERMBOBR

Authors Number of Dose Timing Chemotherapy Median 2yr 3yr Long
Patients Survival Survival Survival Survival
Dillman® 77 60 Gy/30 Fr None 9.6 mo 13% 10% 6%/7yr
CALGB8433 78 80 Gy/30 Fr  Sequential  Clsplatin+Vinblastin 13.7 mo 26% 24% 13%/7yr
Sauge'® 152 60 Gy/30 Fr None 11.4 mo 21% 1% 5%4/5yr
RTOGS808 & 149 60 Gy/30 Fr Sequential  Cisplatin+Vinblastin 13.2mo 32% 17% 8%/5yr
ECOG4588 149 69.6Gy/58 Fr Nene 12 mo 24% 14% - 6%/5yr
(182m)
Furuse® 158 56Gy/28 Fr Sequential  MitomycintVindesine  13.3 mo 274 14.7% 8.9%/5yr
JCOGD202N +Clsplatin
156 56Gy/28 Fr  Concurrent  Mitomycin+Vindesine  16.5 mo 346 22.3%  15.8%s5yr
+Cisplatin
Komaki'2! 60 Gy/30 Fr  Sequentlal  Clsplatin+Vinblastin -~ 14.6 mo
RTOG9410 592 60 Gy/30Fr  Concurrent  Cisplatin+Vinblastin 17 mo
69.6Gy/88 Fr  Conourrent Cisplatin+VP-18 16 mo
(1R2@E)

i & CT4°MRI, PET%: ¥OBGHRZETFE L BBEEECKET
A7 0V—0#ENER, ERLLBRFELVR L
7. FOEHEBRRIEERBCETIN:, EROZKT
BATRBRR CRIEFHBOFERIS® A IR HEgc
WEBEOE - 2, REDS - EESENCRIR SR
CDERTHRRFHRE S h, BRSBOERATLOAMNE
FLTWS,

3D-CRT L iTAA LIz I DY, “BEEtigshs:
BEOCTERICETVT, EREL2S -7y FMERCTV -
PTV) & V) R 7 %83 (organs at risk; OAR) DR MENEE %
HEL, TROTEEMAEL L OSXTEELRW
AT, BESREMEEEICET S ERLREHRER
EHE" & UTW5, SEROBEHRER “IRE S M & RETH
TRORELLTLES—4'y FAOBESAEERTL”
DL, “F—4 v P EBEERBRORRERELTh
b, fFHEShAZRTEEEFRATIEICL T, BY
AEPRAMIBERET "L, REHERRELEL
&Iz, S 61T, AEEREKSREE (Intensity-Modu-
lated Radiotherapy; IMRT) Cid* ¥ — 4" v k DAEFO M2
BARE S SEME) A 7 RBOFMLBRERLER
{prescribe) L7zt&12, HEEEEREEII L > TREL BT S
ERRETA" I ERY, 2 LWEESHOERIHEE
EtEEBORLFIZEIhTeL 2 Dodh 5.

3D-CRTi}, #—¥y M OBREDEFETEEL LEER
COBERE S AL LESY, BEECHINCE ) BRI
ROMENLERBIEBIIBWTIIERIMNEE HIEFS
BB blBodl, 3D-CRTICIIHATHE S N/ E{RRB

R, TAIRAIRERSS, non-coplanarBE S FI=KTCHESY, &

BTRARSNAREEDRY, 7AXV A THESRL
Cyber-knifels &'A5 5,

FEANBRLE R I T A ISR B HEOF LVWERE LT
2, 3D-CRTZFIA L R ABRAMAT E R TV 5, 3D-

6

CRTORBTHE 5 — 4y FORRICH| L - BT ORE
25 =4y bOBRICAI L BESTOREICE ABHEE
TREOREORRIZ, FFMMIRMEESHRSERICBITS
WHITIT MBS LR EL L P REDEFERILNE
BEeT bl Lih, BEHERIIPDESI—7 v L0
PRSE I BV THICRU Report 6213Vt B EHRE L T
#(Table 2), FDAEMIIGTV <CTV <ITV < PTVOIEIZ
K& 22(Fig. 1), HELTLHEERLFOMEME - 4L
B, BRANLEPEBLEBREIATRTHD, 4=
v PORBIZBWITERELREEZRTOILEBSZEZE TS
h, CT%MRI, PETIZ & L%F & $'Molecular Imaging®®
Functional Imaging @A TIEE DR - BESHEPEER
MO T ZERMLABRETEOTRENER EA TS,
FEANRRLRT I O BT BRI BV TR
Gross Tumor Volume (GTV)

=CTLOREHEE, BELZXLNAH
Clinical Tumor Volume (CTV)

= GTV + SRS EIR B + MPICNER ) >/ BB
Internal Target Volume (ITV) = CTV + IM (IR & 2 8))
Planning Target Volume (PTV) = ITV + §M
WV IBEEROREN L2 SN TV A, Dillman b 3EHER
SH#RIGH Dretrospective quality control review 2 BT, 23
BTy —7y 'O EITN TV LD EHELTS
h, 3D-CRTO T UL RIZBIT 5 BETHREDRME/LITE
BRI ELBLLELS,

GTVICxT A MBI L A4 Y v M, RTOG 8311
ZEYDERRRBICIN—EOBBRHTHRESLTVS
pee . T I TR o ONERERII BT AEESL
BRAOTEIIDEFEAOEETCH o7, EROBE
FHEIZ X BGTVIZT 270Gy A LD BT E B 4Bk R E
YERTLLERENET2HE5LHH'™®, 3D-CRT¥ B
RALULEREEMARES LTS ) (Table 3),

BHRERSEE Mok B 5
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Graham % 13V20 (the percent volume of

Table 2 HAHRAMSAI DB E—F v FORE

Gross tumor volume

EGCAN TR TE S A RMER IR

Clinical target volume

FEARIZEOMETN = GTV + SRIMRANE RIH

Internal target volume

CTV+IM

the total lung exceeding 20Gy) 2%, Hifills: GTv
KOBMTORROEBETHLLHEL cTV
Tvi3®, Grade 2 U LORARER v
Vv20& & <HEBMLTEY, V20H22%K —
WOESITCIRFEIR R {, V209722~31

Planning target volume

ETENRAVMAIR = 1TV + SM

% Tdh o 125EBIDGrade 2 1 7% {(Grade 3
X 0%)TH D, V20432~40%THE
Grade 2 1313% (Grade 3 13 5%) &30

IV itermal margine R B I PR EOH A AW B L APRBOBRIAPDE
SM: set up margin = BEOEHICBIFIREMELPPDD ;

L, V202%40% % #B A 5 & Grade 2 {336
% (Grade 3 H23%) I LELTw
3, WRAEDELELV0IHETLL
LHELTEY, SEERTCBWT -
V20i 32 Msingle best predictor T %
X ot el ) FAR

RTOG 9311 (Phase I/1) 245843 BN %
175 GHRtAERARTH M. 20
BARAER I R OMARICA T 5 3D-CRT
DEMBRRRABRTH Y, EROERR
BRICHEBLERZAN {225,
V20TREMEL TR Y, oREERT

(1) GTV: PERAVEEHE 5TR

(2) CTV: ERFRAZRIR

{3) ITV: CTV + Internal margin

(4) PTV: HiEi8otki® 1TV + set up margln
(5) TV: BE IR

(6} IV: EBEHEIR

/
/

ERLHEAO) A PBRTLBIC
TRt Rt E L2V ERIRRERE
2o T3, RTOG 931 1LEE SRS
THY, BEEBHIERLTWAALEETRETHS
3, B L o TSR OBNIC & 1 tumor control
probability ET+ 5 2 L ARB SN TH 29, FEME
Jaft R ES| TIZRTOGH: & B BIRASROATHR L U unfa-
vorable clinical feature (i.e. KPS < 90, weight loss > 5%, N3
stage) DR WIEFIIZBWT, BRI & EFEOET AR
TEEREE AR B L F1.5%/H & 2 AT EMSREHE IR TY
21929 Preliminary results CHMO BB FRLRELT
857, BEDGrade 3 DEREHEFFICH 2/94, B0
Grade 3 DEREEERLA /I TEL L ERTWEY,
RRERIZBVTIE, RTOG 9410 THIRE & 2 o 13kl E
OIEHL 3D-CRTYHE R Ch ATEEEAR ST S,
= DEERRERIC DT &, RTOG L-0117(Phase I/II) TH,
3D-CRT % 15 L 7=dose escalation & AR 6f F{L2EBHEE D ER
EEERMEIE S TWA, 7 AU OMBRSRERILE
WWTid 3D-RTPYSRIGEIUER OZ { THfTshTHY,
AT BOT S ERISEA TV A, ID-RTPERVHET
a4 E L SN (L aa i & O AICL T
X, 4145 OFSRRIRIC X 2 ERBRORIEY oD
LB ThHA.

SRR & MAHRIAROHA

AR OTEBRNOUIERERTHL L ER,
19704EA8 LIS ¢ O{LEEFRIE TS A6 2 & v 7o ERER R
ER AT T & 72 (Table 4). {LEEREICHLTIL, 1995

S 149E 4 Fl 25 B

Fig. ICRU Report 62 E D (HMHRARC PP DI X —F v DRE

£z meta-analysis?SHE XN, 7T FFHHEEULFER
BT idhazard ratio?%0.87°C § AR E L T 5% DUE
EIFPFENSL L ShizP, 19914E(CEastern Cooperative
Oncology Groupi2 & ) BifA & N7zintergroup trialld, #ifk
BRAT & AR R AR AT & RETHIERICB VT
B L BERBRTH o 12, £ O P IEIAE
HETI88 A, HRIEST + {LFIERETITIARTHY,
WBHFNAR L ATRBEETI3%, MERA + (LERER
T12% L FEELR O Lo, 1998FERERI ML
PORT meta-analysis Ti3?®, WZRHING-1 EFUIBWVT
REEESITETS ) EHOE R BV Tildetri-
mental (HE) T3 LRELL, N2EMIHLTHEDOR
AR P TR, SOLRIREILBELERII. 4
1%, CIRRERICI T A SRR OREN, BRI LUK
BIEBOHHML L b ICEEEROER A EM L LTHERR
BMHEENILENDD.

HBTIAE & L TOSEENIBERIZIE, BNERRES ORI
RJEE Ddebulkingts X AVIREOME, SHEHIREOMEE
R OIEE LI IL S YA HM L ShD, AMRKERER
BTRATSERCRIF LR HRE XA TR,
RO ORBCRHBROTFERITETHS T & REPR
APV LRI SITEY, W Heontroversial T
B. RS UMD 1B N2 ES R RICHRR
BRI TH Y, OLENHERBROEROERDL
TLELL.
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Table 3 3D-CRT %AV AFeAMRIECHEERBORM

Institution N;g?il:i;: f Dose Median Survival 1yr Survival 2yr Survival 3yr Survival
University of Michigan® 88 > B0 Gy 15 mo - 37% 15%
University of Chicago® 37 60-70 Gy 19.5mo 75% 37% -
Memorial Sloan Keltering®! 45 64-72 Gy 16 mo - 33% -
Washingion University® 126 60-74 Gy 21.5mo 57% 43% 29%

Table 4 FE Bl H &R T SRKEROMIK

Authors Number of Dose Median 2yr 3yr Syr
Institution Patients Survival Survival Survival Survival
oot ET
Keller™ Surgery=>RT 242 50.4Gy 36.8 mo 52% 39%

Surgery=RT+CTx 246 50.4Gy 37.8mo 50% 33%
PORT Meta-Analysis  Surgery 1072 55%
Trallsts Group? Surgery=RT 1056 30-60Cy 48%
Neoadjuvant chemotherapy (clinical IIIA)
Roth® Surgery 32 None 14mo 19% 15%
MD Anderson* CTx=Surgery 28 None 21 mo 43% 36%
Rosell® Surgery=RT 30 50Gy 8mo
Barcelona** CTx=Surgery=RT 30 50Gy 26 mo

*MD Anderson: {t& 4 #il3cyclophosphamide + etoposide + cisplatin
**Barcelona; {L22# ElEmitomycin + ifosfamide + cisplatin

3 =)

Bzt BEEHERY IR, RETHIMER LA
HEOMEBLUEEESOBRIEL OO TEIVE
Tha. tERECHEEFIHNHEOHF LWEA s D6
FRRERD, BAEREZ TSR TV, BSREEORE
LB BEECITREL, BHEEE, RRESLUTH
BAOHREIFET L LEXONLY, HRIEbELE

BHEORIE LT, B ePSOEVERIORE 4%
ITITEELLD,

IR OREHSEERC I LTIk, SATHEESEOL RS
RETAMSHAEEONA L EATFRE NS, BEALE
BLTWIRE, L FFS v ENEBERBILETH
b, HAHREROBHORBL EOBREL LI, BRD
REMPERERENINVEEL 2o T HLELLND,

X #

N2 AOHITREZASR | KAOKE 0, BEEADANZR
IR EH [, 2001

2)Non-small Cell Lung Cancer Collaborative Group: Chemo-
therapy in non-small cell lung cancer: a meta-analysis using
‘updated data on individual patients from 52 randomized ¢lini-
cal trials, Br Med 1 311: 899-909, 1995

3) American Society of Clinical Oncology: Clinical practice guide-
lines for the treatment of unresectable non-small cell lung cancer.
I Clin Oncol 15: 2996-3018, 1997

4}Steel GG, and Peckham MJ; Exploitable mechanisms in com-
bined radiotherapy- chemotherapy: The conceplt of activity. Int
J Radiat Oncol Biol Phys 5: 85-91, 1979

5)Dillman RO, Herndon 1, Seagren SL, et al; Improved survival
in stage 111 non-small-cell lung cancer: seven-year follow-up
of Cancer and Leukemia Group B (CALGB)8433 trial. J Natl
Cancer inst 88: 1210-1215, 1996 .

6)LeChevalier T, Arriagada R, Quoix E, et al: Radiotherapy alone
versus combined chemotherapy and radiotherapy in
nonresectable non-small cell lung cancer: first analysis of a
randomized trial in 353 patients. J Nat! Cancer Inst §3: 417-
423, 1991

7)Sause W, Scott C, Taylor §, et al: Radiation Therapy Oncol-
ogy Group {RTOG) 8808 and Eastern Cooperative Oncology
Group (ECOG)4588: Preliminary results of a phase 111 trial in
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regionally advanced unresectable non-small el jung cancer.
] Natl Cancer Inst §7: 198-205, 1995
8) Furuse K, Fukuoka M, Kawahara M: Phase 111 study of concur-
rent versus sequential thoracic radiotherapy in combmnuon with
mitomyein, vindesine, and cisplatin in unresectable stage 1T non-
small-cell lung cancer. J Clin Oncol 17: 2692-2699, 1999
9)Perez CA, Pajak TF, Rubin P, et al: Long term observations of

the patterns of failure in patients with unresectable non-oat
cell carcinoma of the lung treated with definitive radiotherapy.
Cancer 59: 18741881, 1987

10)Cox JD, Azarnia N, Byhardt RW, et al: A randomized phase I/
11 trial of hyperfractionated radiation therapy with total doses
of 60.0 Gy to 79.2 Gy: possible survival benefit with greater
than or equal to 69.6 Gy in favorable patients with Radiation
Therapy Oncology Group stage III non-small-cell lung
carcinoma: report of Radiation Therapy Oncology Group 83-
11. ] Clin Oncol 8: 1543-1555, 1990

11) Saunders M, Dische S, Barrett A, et al: Continuous
hyperfractionated accelerated radiotherapy (CHART)versus
conventional radiotherapy in non-small-cell lung cancer: a
randomised multicentre trial. Lancet 350: 161-165, 1997

12)Komaki R, Seiferheld W, Curran W, et al: Sequential vs, con-
current chemotherapy and radiation therapy for inoperable non-
small cell lung cancer (NSCLC); Analysis of failures in a Phase
III study (RTOG 94-10). Proceedings of the American Soci-
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Radiat Oncol Biol Phys ; 48: 38 {Abstr): 113. 2000

13)AE %, FEEE: SREHSHRERITE(MRT2 &),
FHER, HAEE, FEEEH | EREET=aT N,
45-60, 2001, ARSHE¥M, WX

14)Dillman RO, Seagren SL, Propert KJ, et al: A randomized trial
of induction chemotherapy plus high-dose radiation versus
radiation alone if stage IIl non-small cell lung cancer. N Engl
T Med, 323: 940-945, 1990

15)Cox JD, Pajak TF, Asbell S, et al: 111 Interruptions of high-
dose radiation therapy decrease long-term survival of favor-
able patients with unresectable non-small cell carcinoma of the
lung: analysis of 1244 cases from three Radiation Therapy
Oncology Group(RTOG ) trials. Int J Radiat Oncol Biol Phys
27: 493-498, 1993 o

16)Sause W, Kolesar P, Taylor § IV, et al: A final results of phase
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tive Oncology Group, and Southwest Oncology Group. Chest
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with a statistically sipnificant inferior 08, whereas age 270, clinical stage TIIB, >5% weight loss, and radiation dose >63Gy
did not have any statistically significant influence on OS. Patients receiving CMT were significantly younger (p < 0.001), with
less comoarbidity {p < 0.001) and weight loss {p = 0.003) compared to patients receiving radiotherapy alone. A multivariate
analysis revealed that comorbidity (p = 0,007), weight loss {0.002) and age (p < 0.00]) were independent factors influencing
patient selection for CMT, whereas stage and hospital where patients were treated were not. The statistically higher (p = 0.001)
incidence of severe comorbidity in the VAH patients compared to the MCWAH patients was likely the major reason for the
less frequent use of chemotherapy in VAH patients (p = 0.001).

Conclusions: The imporiance of comarbidity cannot be jgnored in treatment of stage TII NSCLC. Comorbidity is not enly an
independent prognostic factor influencing OS, but it also effects patient selection for CMT independent of age and weight loss
in patients with KPS =70 Therefore, comorbidity assessment should be included in protocols studying advanced stage NSCLC
and may be useful for stratification.

2316 The Patterns of Care Stndy for Non-Small Cell Lung Cancer Treated with Radiation Therapy in Japan;
Analyses of Age

M. Sumi,' H. Ikeda,' T. Uno,? T. Teshima,? Y. Sawa*

I Radiation Oneology Division, National Cancer Center Hospital, Tokya, Japan, *Departments of Radiology, Chiba
University Medical School, Chiba, Japan, *Departments of Radiotion Oncology, Osaka University Graduate School of
Medicine, Suita, Japan, *Departments of Medical Engineering, Osaka University Graduate School of Medicine, Suita,
Japan )

Purpose/Objective: As to non-small cell lung cancer (NSCLC), the incidence of the elderly, adenocarcinoma in histology and
stage I continue to increase from year to year in Japan. The primary goal of the Patterns of Caxe Study (PCS) is to measure
whether results and methodologies from positive clinical trials are being incorporated into practice. The purpose of this stady
is to analyze the impact of age on choice of treatment process for patients with stage -l NSCLC treated with radiation therapy
(RT) in Japan. i :

Materials/Methods: A PCS, a nationwide audit survéy was conducted in 78 institutions out of 556 using two-staged cluster
sampling and specific information was surveyed on 909 non-small cell bung cancer patients who received thoracic RT as part
of definitive or adjuvant management in 1995-1957 (PC595-97). Second survey (PCS99-01) has started in 2002 and data from
579 NSCLC patients (67 institutions) who were treated in 19992001 was surveyed. As Radiation Therapy Cneology Group
and the Caricer and Lenkemia Group B examined groups aged 70 years or older and compared their outcomes with those of
younger individuals, we used this cutoff to facilitate comparison in clinical studies.” ’

Results: In PCS99-01, two hundreds and ninety-six (51%) patients were aged 70 years or older (elderly patients), and the
number of patients increased compared with PCS95-97 (47%). Eigbty-five percent of eiderly patients were male, 65% were
smokers, 65% had KPS 80 or better, and 70% had comorbidity {mostly cardiopulmonary) as defined in the past medical history
in PCS99-01. Proportion of patients free of co-morbidities was only 30% in elderly patients and was significantly lower (p =
0.009) than the younger (59%). For elderly NSCLC, 18% of patients were clinical stage (CS) I, 13% CS II, and 69% CS I
Proporticn of patients with CS IIIB (36%) was lower than that in younger patients {56%). Regarding treatment strategies, RT
alone wag used more frequently than combined weatment for elderly patients (52%) compared with the younger (18%), which
was significant {p = 0.016). Result of clinical study was introduced in 3% in elderly patients and the proportion increased in
PCS99-01 compared with FCS95-97 (0.2%). Eighty-six percent of elderly patients completed planned treatment course and the
rate was higher than that of younger patients (81%). Of all patients with NSCLC, 53% received chemotherapy in addition to
RT, including 37% of elderly patients and 70% of younger patients. In elderly clinical stage 1IIB patients, a significant
difference (p = 0.039) in the rate of usage of chemotherapy was apparent between PC599-01 and PCS95-97 (84% vs.50%).
There was a higher rate of concurrent chemotherapy in PCS99-01 compared with PCS95-97 (60% vs.48%) in elderly patients.
For elderly patients without surgery, the median RT dose was 60Gy, which was the same as in younger patients. Only 8% of
these patients received hyperfractionated RT. CT treatment planning was used in 55% of the elderly and 60% of the younger
patienits. About treatment complications, elderly patients treated with chemoradiotherapy had significantly more Grade2-+ acute
toxicity (37%) compared with the younger (29%).

Conclusions: Our PCS establishes the general patterns of care for elderly patients with NSCLC treated with RT in Japan. This
study enabled us monitoring the differences in the treatment strategies for elderly NSCLC patients treated by RT such as
increasing the rate of chemoradiotherapy in clinical stage ITTB. Use of combined-modality therapy in lacally advanced NSCLC
is gradually increasing in elderly patients, but there is still wide practical variability such as patient selection. Future research
should focus on ways of decreasing the toxicity in the elderly NSCLC patients,

2317 Comorbidities in Paﬂeﬁts with Lung Cancer Suspected of Having Radiation-Induced Lung Injury: Their
Prevalence and Confounding Effects on Assessing Predictive Lung-Injury Models

Z. Koeak,' E. 8. Evans,' A, Baydush,' D. Hollis,? 8. Zhou,! M. S. Anscher,’ T.D. Shafman,' A. Tisch,' L.B. Marks'

!Radiation Oncology, Duke University Medical Center, Durham, NC, 2Cancer Center Biostatistics, Duke University
Medical Center, Durham, NC

Purpose/Objective: Radiation (RT)-induced lung injury is a relatively commoen clinical problem. Methods to predict the risk
of such injury are suboptimal. One confounding factor that challenges this area of study is that the scoring of RT-induced lung
injury is inexact. We herein assess the frequency of comorbidities in patients with lung cancer that are suspected of having
BT-induced fung injury. Further, we assess the impact of such patients on the evaluation of models designed to predict such
injury, . .

Materials/Methods: Between 1991-2003, 251 patients receiving thoracic RT for lung cancer were enrolled in & prospective
IRB-approved study to monitor RT-induced lung injury. Patients who had surgery following RT or recurrent tumor were
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Abstract Purpose: Previously, we conducted a nation-
wide survey of primary central nervous system lym-
phoma (PCNSL) treated between 1985 and 1994 in
Japan. In the present study, we conducted further
investigations of PCNSL patients treated between 1995
and 1999 to clarify possible changes with time in the
clinical features, treatment, and outcome of this disease.
Methods: Thirteen Japanese institutions were surveyed,
and data on 101 patients with histologically-confirmed
PCNSL were collected, These data were compared with
those of 167 patients treated at the same institutions
between 1985 and 1994. Resufts: Regarding patient and
tumor characteristics, the proportion of patients with
good performance status (PS) was significantly higher in
the group treated during 1995-1999 than in that treated
during 1985-1994, but other characteristics were not
significantly different. Regarding treatment, more
patients in the more recent period (66%) received sys-
temic chemotherapy than those in the preceding period
(53%, P = 0.049). For all patients, including those who
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did not complete radiotherapy, the median survival time
was 17 months and 30 months in patients treated
between 1985 and 1994 and those treated between 1995
and 1999, respectively, and the 5-year survival rate was
15% versus 31% (P = 0.0003). In both patient groups,
higher age and tumor multiplicity were associated with
poor prognosis in multivariate analysis. In patients
treated between 1995 and 1999, those who received
systemic chemotherapy showed significantly better
prognosis than those who did not (P = 0.0049), but the
difference was not significant in multivariate analysis (P
= 0.23). Conclusions: The high survival rates observed
in the present survey are comparable with those of recent
prospective studies employing intensive chemoradio-
therapy. The improvement in prognosis appeared to
result, at least in part, from the increase in the propor-
tion of patients with better PS. Since the clinical feature
and treatment outcome of patients with PCNSL can
thus change with the era, historical control data should
not be used in comparing different treatment modalities.

Keywords Brain neoplasm - Lymphoma + Primary CNS
lymphoma + Radiotherapy - Chemotherapy -

Introduction

Primary central nervous system lymphoma (PCNSL) is
increasing and is becoming one of the most important
tumors in neuro-oncology. Radiation therapy has been
the standard treatment for PCNSL until recently, but
the outcome of patients treated by radiation alone has
not necessarily been satisfactory (Shibamoto et al, 1990;
Reni et al. 1997; Hayabuchi et al. 1998; Nelson 1999).
More recently, the use of high-dose methotrexate
(MTX)-containing chemotherapy before radiation
appeared to have gained some success in obtaining

S
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long-term survival (Glass et al. 1994; Blay et al. 1998;
Brada et al. 1998; Abrey et al. 2000; Ferreri et al. 2000;
O’Brien et al. 2000; Reni et al. 2001; Bessel et al. 2001;
Caldoni & Aebi 2002; DeAngelis et al. 2002). However,
there has been no randomized trial suggesting the
superiority of the combined modality treatment over
radiation therapy alone, and a recent study by a German
group suggested a high rate of pro%ressive disease during
treatment with 6 courses of 8 g/m* of MTX (Herrlinger
et al. 2002). Therefore, the benefit of high-dose MTX
appears to remain uncertain. Since the clinical features
of PCNSL appear to be changing with time, it may not
be reasonable to consider that combined MTX-con-
taining chemotherapy and radiation is superior to radi-
ation alone, by comparing the results of combined
treatment with the historical control data in patients
treated by radiation therapy alomne.

Previously, Hayabuchi et al. (Hayabuchi et al. 1998)
conducted a nationwide survey of PCNSL in Japan
treated between 1985 and 1994, The findings on 466
patients were previously published. Considering the
increasing importance of this disease, we organized a
research group consisting of 13 institutions to carry out
both retrospective and prospective studies on PCNSL.
As a first study of this group, we collected data on
PCNSL patients treated between 1995 and 1999 at these
institutions. In addition to analyzing these data on 101
patients, we compared the data with those on 167
patients from the previous survey treated between 1985
and 1994 at the same institutions, to investigate changes
in the clinical feature, treatment modality, and outcome
between these eras. -

Materials and methods

Subjects of the present survey were patients with histologically-
proven PCNSL who received radiation therapy between 1995 and
1999, Those who did pot complete the planned radiotherapy were

Table T Patient, tomor, and treatment characteristics

included. Clinical characteristics, treatment and prognosis of each
patient shown in the Results section were asked using a detailed
questionnaire. Data on 101 patients were collected from 13 insti-
tutions. For comparison, data on 167 patients treated in the pre-
ceding 10 years, ie., between 1985 and 1994, at the same
institutions were obtained from the data source of the previous
nationwide survey (Hayabuchi et al. 1998) and were analyzed, Data
regarding turmor size (maximum diameter at diagnosis and before
radiation therapy) was asked for in the prescnt survey, which had
not been done in the previous survey. As often happens with such a
survey, a number of the items were unanswered by the investiga-
tors. Various chemotherapy regimens bad been used, and were
categorized as follows: (A) ¢yclophosphamide, vincristine, and
prednisclone (COF) or COP plus doxorubicin (CHOP{VEPAY}; (B)
intravenous methotrexate (MTX) alone or MTX-containing regi-
roens. The drugs included in regimen A had often been used in
combination with MTX, and such regimens were categotized into
this group; (C) cytarabine plus procarbazine; (D) nitrosourea-
containing regimens. Some of the drugs in regimen A bad been
used in corabination with nitrosoureas, and such regimens were
included in this group, When MTX had been used in combination,
the regimen was categorized into group B; (E) cisplatin plus
etoposide; and (F) Single use or combination of miscellaneous
other agents not included in the above groups. For apalysis of
treatment results, regimens C—F were grouped together. Differences
in patient, tumor, and treatrent characteristics between groups
were examined by Fisher's exact test.

Survival rates were calculated from the date of starting radio-
therapy using the Kaplan-Meier method, and differences in pairs of
survival curves were examined by the log-rank test. Multivariate
analysis of prognostic factors was carried out using the Cox pro-
portional hazards model. In doing multivariate analysis, patients
were divided into two groups, and all the parameters were entered
as dichotomous variables, All statistical analyses were carried out
using a computer program, Stat View Version 5 (SAS institute,
Cary, NC, USA).

Results

Table 1 shows patient, tumor, and treatment charac-
teristics in the two groups treated between 1985 and
1994 and between 1995 and 1999. There were more
patients with better WHO performance status (PS) score
in the group treated between 1995 and 1999 than in the

Characteristic 1585-1994 1995-1999 P

Gender Male/female 97/10 67/34 0.20

Age (years) < 60/ 60 83/24 53/48 071
Median (range) 60 (15-84) 59(15-84)

Performance status 0-2/34 69/95 60/41 0.0078

Lactate dehydrogenase Normal/high 49/34 50730 0.75

B symptom Yes/no 16/133 11/81 0.83

Phenotype B/T 75/8 79/6 0.59

Tumor number Single/multiple 103/63 56/43 0.44

Maximum tumor diameter At diagnosis - 3(1.5-9)

Median (range) (em) Before radiation - 3(0-9)

Radiotherapy Completed/not completed 1589 97/4 0.77

Radiation field Whole brain/partial brain 146/21 92/9 0.43

Spinal radiation Yes/no 15/152 4/97 0.15

Total dose (Gy) < 50/250 54/113 28/73 0.49
Median (range) 50 (2-70) 50 (6-80)

Whole-brain dose (Gy) <40/240 70/97 42159 1.0
Median (range) 40 (0-54) 40 (0-60)

Chemotherapy Yes [ no 78470 65/34 0.049




Table 2 Chemotherapy regimens (COP cyclophosphamide, vin-
cristine and prednisone, CHOP/VEPA COP plus doxorubicin)

Regimen 1985-1994 1995-1999
COP, CHOP/VEPA 35 (45%) 25 (38%)
Methotrexate-containing regimens 18 (23%) 27 {42%)
Cytarabine and procarbazine 0 7 (11%)
Nitrosourea-containing regimens 13 (17%) 2 (3%)
Cisplatip and etoposide 8 (10%) 4 (6%)
Miscellaneous drugs 4 (5%) ¢

group treated in the preceding 10 years, but the other
patient and tumor characteristics did not differ signifi-
cantly between the two groups. Radiotherapy charac-
teristics were similar between the two groups. During
both study periods, more than 85% of the patients were
treated with whole-brain irradiation with or without
focal boost, and the median total and whole brain doses
were 50 Gy and 40 Gy, respectively. Whole spinal irra-
diation was employed in less than 10% of the patients.
On the other hand, more patients seen between 1995 and
1999 received systemic chemotherapy than those seen
between 1985 and 1994 (66% vs 53%, P = 0.049).
Table 2 shows chemotherapy regimens used in the two
groups. The use of MTX-containing regimens appeared
to be increasing recently. However, a high dose of MTX
(>2 g/m? per administration) was used in only 14 pa-
tients (14% of all patients) treated between 1995 and
1999,

Figure 1shows overall survival curves for all patients
in the two groups. Patients in the present survey had
significantly better survival rates than those in the pre-
vious survey (P = 0.0003); median survival time was 30
vs 17 months, and the 3-year survival rate was 46% vs
24%. The 5-year survival was 31% and 15%, respec-
tively. Table 3 summarizes survival data in the two
groups according to potential prognostic factors. In
both study periods, patients with ages <60 years, PS (-
2, or a single tumor showed significantly higher survival
rates. Patients with normal lactate - dehydrogenase
(LDH) levels or without B symptom had better prog-
noses than those with high LDH level or with B symp-
tom, respectively, in the group treated between 1995 and
1999, but not in those treated during 1985-1994,

To analyze the influence of treatment-related factors
on outcome, patients who did not complete radiother-
apy (and died soon) were excluded. In patients treated
between 1985 and 1994, those who received partial-brain
radiation, spinal radiation, or whole-brain dose <40 Gy
showed better prognoses, but these phenomena were not
observed in patients treated between 1995 and 1999.
Figure 2 shows survival curves according to the treat-
ment modality, ie., radiation alone vs radiation plus
chemotherapy. In patients treated between 1985 and
1994, the two groups showed similar prognoses. In pa-
tients treated between 1995 and 1999, however, those
who received radiation plus chemotherapy showed
significantly better survival than those who received
radiation alone. Among these patients, 61% of the
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Fig. 1 Survival curves for patients with primary central nervous
system lymphoma treated between 1985 and 1994 (- - -e- - -} and for
those . treated between 1995 and 1999 ( O ). The
difference was significant (P = 0.0003)

120

patients who received radiochemotherapy were younger
than 60 years, but 39% of those treated with radiation
alone were younger than 60 years (P = 0.050), Similarly,
64% of the patients who received radiochemotherapy
had a'PS 0-2, but 55% of those treated with radiation
had a PS 0-2 (P = 0.50). Figure 3 shows survival curves
according to the chemotherapy regimens. In patients
treated between 1985 and 1994, there was no significant
difference in survival curves according to the regimens.
On the other hand, there was an overall difference
int those treated between 1995 and 1999 (P = 0.013).
Patients receiving MTX-containing regimens showed
better survival than those treated with CHOP/VEPA or
COP (P = 0.0071). '

Multivariate analyses were performed for potential
prognostic factors, which were significant in univariate
analyses {Table 4). Factors concerning the radiation
field and spinal radiation were not included because of
the small number of patients in one of the groups. In
both patient groups treated during 1985-1994 and 1995—
1999, age and tumor number were suggested to be sig-
nificant prognostic factors. PS and LDH level did not
reach statistical significance. The radiation dose to the
whole brain and chemotherapy did not prove significant
in patients treated between 1985 and 1994, and in those
treated between 1995 and 1999, respectively.

Discussion

The most significant finding of this study appears to be
that patients treated between 1995 and 1999 showed a
significantly better prognosis than those treated between
1985 and 1994, Comparison of the patient and tumor
characteristics revealed that there were more patients
with better PS between 1995 and 1999 than between
1985 and 1994. This may be due to the earlier diagnosis
of the disease in recent years and improvement in gen-
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Table 3 Survival data according to potential prognostic [actors (MST median survival time in months, 5-YSR 5-year survival rate)

1985-1994 1995-1999
Prognostic factor n MST 5-YSR(%) P n MST 5-YSR(%) P
Gender Male 97 15 8.7 0.13 67 32 31 0.62
Female 70 22 23 34 28 13
Age (years) <60 83 20 22 0.0057 53 44 45 0.0052
2 60 84 13 6.8 48 23 15
Performance status 0-2 69 24 18 00015 60 17 32 0.024
34 95 11 13 41 12 30
B symptom Yes 16 10 7.5 0.30 11 14 18 0.027
No 133 18 . 81 i 35
Lactate Normal 49 22 k)| 0.17 50 55.5 43 0.0084
dehyrdogenase High 34 21 58 30 20.5 (20)°
Tumor number Single 103 22 19 0.0021 56 55.5 43 0.0083
Muitiple 63 11 79 43 26 17
Tumor size (cm)* < 3cm - - - - 51 32 33 0.95
>3cm - - - 41 37 3l
Radiation field Whole brain 139 17 12 0.026 89 30 31 0.99
Partial brain 19 35 38 8 35 331
Spinal radiation Yes 15 3 37 0.042 4 - (50) 0.69
_ No 143 17 13 93 30 30
Total dose (Gy) <50 45 16 22 0.79 24 29.5 26 0.16
=250 . 113 18 13 73 36 32
Whole-brain dose <40 61 24 2 0.025 k1] 32 26 0.83
(Gy) ) . 240 97 14 11 59 30 32
Chemotherapy Yes 65 18 19 0.63 64 34 40 0.0049
No 74 ‘19 14 ki | 25 (14)
2 Maximum tumor diameter before radiation
® Figures in parentheses are 4-year survival rate
L 1985-1994
11 1985-1994
.5 1
5 1
— =
< > oL :
2ol y—p—y r ; . ' o 24 a8 72 96 120
E 0 24 a8 72 9% 120 1 4 19951999
J W .
7" 1995-1999-
L ’5 p
97
0 - °1 v v .
! 24 @ 12 ’ - N
Months
Months
) Fig. 3 Survival curves according to chemotherapy regimens.
Fig. 2 Survival curves according to the treatrment modality. O : cyclophosphamide, vincristine, prednisolone +
: patients treated with radiation alone, - - -»- - - doxorubicin, - - -e- - - methotrexate-containing regimens, - - -4- - -

patients _treatcd_with radiation and chemotherapy. The difference  : other regirens. The difference among the curves was significant in
was significant in the group of patients treated between 1995 and  the group of patients treated between 1995 and 1999 (upper panel,
1999 (upper panel, P = 0.63; lower panel, P = 0.0049) P = 0.32; lower panel, P = 0.018) :
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Table 4 Multivariate anayses for potential prognostic factors that were significant in univariate apalysis

Factor 1985-1994 (n= 154) 1995-1999 (n= 72}
P Relative risk P Relative risk

Age (<60 vs 2 60 years) 0.036 1.48 (1.03-2.15)° 0.047 2.07 (1.01-4.22)
Performance status (0-2 vs 3.4) 0.13 1.36 (0.92-2.01) 0.13 1.77 (0.85-3.68)
Lactate dehydrogenase (normal vs high) - - 0.13 1.70 (0.86-3.34)
Tumor number (single vs multipie) 0.0093 1.67 (1.13-2.45) 0.0032 2.82 (1.42-5.62)
Whole-brain dose (<40 vs 2 40 Gy) 0.22 1.28 {0.86-1.91) - -
Chemotherapy (yes vs no) . - - 0.23 1.53 (0.32-1.31)

"Figures in parentheses are 95% confidence intervals

eral care including corticosteroid therapy and less
aggressive surgery. Since PS was a significant prognostic
factor in univariate analysis, it is suggested that the in-
crease in the proportion of better PS patients may, at
least in part, have contributed to the improvement in
prognosis in patients treated between 1995 and 1999.
Age, PS, and tumor multiplicity are well-known
prognostic factors for PCNSL (Corry et al. 1998; Hay-
abuchi et al. 1998; O’Brien et al. 2000). The present re-
sults of univariate analyses agree with these previous
observations, although the influence of PS did not reach
a significant level in multivariate analysis. Patients with
a high LDH level treated between 1995 and 1999 showed
a poorer prognosis than those with a normal LDH level
~in univariate analysis. However, LDH was not a sig-
nificant factor in patients treated between 1985 and
1994, as also shown in the multivariate analysis of pa-

tients treated between 1995 and 1999. The previous

analysis of 466 patients in the nationwide survey sug-
gested an association of high LDH level and poor
prognosis in both univariate and multivariate analyses
(Hayabuchi et al. 1998), so LDH may be a potential
prognostic factor which is certainly weaker than age, PS,
and tumor multiplicity. A similar finding was obtained
regarding B symptom. In the newer survey, we investi-
gated the influence of tumor size, but it did not appear to
have a significant influence on patient outcome.
Regarding the method of radiation therapy, patients
who were treated with a partial-brain field showed a
better prognosis than those treated with a whole-brain
field in the group treated between 1985 and 1994. Shi-
bamoto et al. (Shibamoto et al. 2003) recently discussed
the possible benefit of using partial-brain irradiation,
especially in patients with a single lesion. Due to the
retrospective nature of the present study and the small
number of patients who received partial-brain irradia-
tion, no conclusion should be drawn regarding radiation
field, but avoiding whole-brain radiation may be a
future topic in the treatment of PCNSL. The observa-
tion in the earlier period that patients who received
spinal radiation and those who reccived whole-brain
doses of less than 40 Gy had a better prognosis are
paradoxical, and it is suggested that these observations
would represent patient selection bias, which is often
seen in retrospective analysis. As has been suggested by

previous findings (Nelson et al. 1992; Hayabuchi et al.
1998), a higher dose of radiation did not appear to be
associated with survival improvement. ‘

In patients treated between 1985 and 1994, those who
received radiation "alone and those who received
radiation plus chemotherapy showed a similar progno-
sis. On the other hand, in patients treated between 1995
and 1999, those who received radiation plus chemo-
therapy had a significantly better prognosis than those
who received radiation alone, However, the effect of
chemotherapy was not significant in multivariate anal-
ysis. Since younger patients were more often treated with
combined radiation and chemotherapy, this may be one
of the reasons why the effect of chemotherapy was not
supported by multivariate analysis. Analysis according
to chemotherapy regimens suggested a possible advan-
tage of MTX-containing regimens over conventional
CHOP or similar regimens. Several studies have
suggested the ineffectiveness of CHOP or similar regi-
mens, especially when given before radiation (Schultz
et al. 1996; O’Neill 1999; Mead et al. 2000), although
post-radiation CHOP requires further investigation
(Shibamoto et al. 1999). The present findings suggest
that systemic chemotherapy with weak or moderate
intensity may not be beneficial in PCNSL.

The findings of the present study revealed that the
treatment outcome for PCNSL varies greatly with the
era. Although most of the chemotherapy regimens used
were of mild or moderate intensity and only 14% of
the patients received high-dose-MTX-containing che-
motherapy, the S5-year survival rate of 31% for all
patients treated between 1995 and 1999 (including
those who did not complete radiotherapy) were equal
to that recently reported by the Radiation Therapy
Oncology Group (DeAngelis et al. 2002) or those of
other series using intensive combined modality treat-
ment including high-dose MTX (Brada 1998; Bessell
et al. 2001). Therefore, it appears to be inappropriate
to discuss the usefulness of treatment modality by
comparing with the historical control data, There have
been no major randomized studies, except for a small
one (Mead et al. 2000), regarding the benefit of com-
bining chemotherapy with radiation, but to confirm the
efficacy of chemotherapy, randomized studies appear to
be necessary.



