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Current Status and Future of Diagnostic Breast Imaging Before and After Primary Chemotherapy
Takayuki Kinoshita, M.D.

Summary

Circumstances concerning the diagnosis and treatment of breast cancer have gone through considerable changes
over the last few year. Surprising progress in diagnostic technique has been made, and various modalities have been
put to effective use in actual clinical settings. In addition, treatment has gone from a time when only surgical
management was performed to one which multiple therapies, like pre-and postoperative chemotherapy, hormone
therapy, therapy with molecular targeted agents are performed; techniques like sentinel node biopsy has also become

firmly established.

As treatment protocols for breast cancer patients have advanced, the purposes of breast imaging have changed from
simply diagnostic use to evaluation of cancer spread and predicting the effect of primary therapy.

Surgical Oncology Division, National Caneer Center Hospital
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Regimen

Treatment period

Number of patients

ADM (50mg/m?),
DTX (60mg/m?) X 4 (AT)

ADM (50mg/m?),
DTX (60mg/m?) X 2,
PTX (80mg/m?) X12 (ATT)

PTX (80mg/m?) X 12 (WPTX)

ADM (50mg/m?),
CPA (600mg/m?) X 4
PTX (80mg/m?) X12 (ACT)

5FU (500mg/m?),

EP! (100mg/m?),

CPA (500mg/m?) X 4,

PTX (80mg/m?) X12 (CEF/PTX)

1998.5-2002.2 144
2002.3-2002.8 24

2002.7-2006.2 18

2002.8-2006.2 75

2003.1-2006.2 106

®2 FEMEEEERTEEOERAT

- Number of patients
- Age 50 {26-78) y/o
- Menopausal status

Pre 187 (51%)
Post 180 (49%)
- Clinical tumor size before NAC
- Stage A/ 11B/ HIA/ 1B/ HIC

- Tumor type : IDG/ ILC/ special type

5.2 (2.5-12)cm
123/ 113/ 68/ 58/ 5
333/ 15/ 19

FREEEE60% 1o 3T L CHTRT LB TId68% L HREER
W3 b DODKEREBCIE RV, WRMLFEREICL D
2 L EHAlASRAR IS 72 © 72cCRIF36% TH o 7%, WEAL
i 2 iR AR | TR BB AT & L 7-pCRIZZ D1/4D 9 %
CF Kot Thibb, MAEEICLoThR)D
5 \WEEIC TEET A BMIBOFML L Y EHEICEoT
{BMEED H B, SVIRAD L, FAFHOBIEL T
BRI, BREEROEEBE L LIS, PRYVEER
i+ <& Tdh b, EB. NSABP B-187 8 £EBEE
O F— ¥ TIRATEILER L Ak LR TR RABRRC
BEZIEholbO0, 99vs1.1%Th Y, WELE
BECIHBEROERIC L ) THCERT S L) GiERE
EABHEE ShTWVD, & 5IINSABP B-27TH, #Hl
ACAT—RIIEE, FeyFENE 4 a—ARMATYS
4. cCRIZ63.6% & & LIz L, pCRIZI8I%E R .
¥ AL EESHIBEL ko T&
TWwh,

!%ﬁ?@ﬁﬁﬁ?ﬁﬁ@&%t@%@%

WEETI, 199848 5 B X h EEE(T)IembLH B\

. BEY o AEESYRO L (NI LEEF

LT, WEbemEs RPBRRBRE LTERBL TS
Tro (LEBEOL I AV OEBER 1 LRT BEOT
O b3 — VIiE6SERMOER IS, AC(FEC) X 47 1
5 W & weekly PTX X 1244 70, 65l EDEFHIE
weekly PTX?D &124 4 7 VT LT LTV %, HER2H
HFERNCIE, BE TidtrastuzumabZEML TV %,
20064E 2 B TOBATIOTACK L THbLERE
RRATL T AN, FORBICOVWTERD, HREH
B2 ICRT & DT, PHEBFSOR. FHERER
52cmE o TWh, EHEICHL TR, AFRARE
HA RS 4 v EBEC, BRE L TEFEEOELNTS
WES E ATE{EEBREOHRICL TV 5,
WECEREORRRIHT 2 EL ., MLFERE
i A BT 019954 D EEFR IR B E3cm Bl L DRI L 19985
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%3 RESNESELVIENLARHEREECLIEREIIET IMR
(bEEERIEEOAH L EMMBRECHMEE 5.

T = 3cm g LR
(1995, WRARE L) (1998.5~2006.2)
n=81 n = 367
LR 520
SEIEEE (cm) ’
RIRPEY
E&E& (cm)
F4 WECREEL Y A S RIOBRRMR
Regimen cCR (%) Grade 3(%) PpCR(%)
AT (n=144) 15.3 55 8.3
ATT (n=24) 16.7 125 20.8
wPTX (n = 18) 27.8 1141 22.2
ACT (n=75) 40 12 20
CEF/PTX (n=106) 41.5 13.2 19.8
Total (n = 367) 28.6 9.8 15.5
x5 {LBEIHEOZBEESHICLIZFRETAX
pPR pCRH
MMG
(before NAC) (cm) 3.7 3.6
{after NAC) 1.5 1.5
us
{before NAC) (cm) 3.8 35
(after NAC) 1.0 1.2
CcT :
(before NAC) (cm ) 4.5 4.2
(after NAC) 1.4 1.6
Pathology {(cm) 2.2 0.0

5 B D2 OMEIMLESE AT S 3em L OERT
WELZbD0%EIIRT, FHEEZFZIZIZALE
5. UBERICBIT 5 RBEHEEEIITY27cnP b
3.04cmicii/h LTV B, EHLTH25%, BEETHRS
XETVWABIEIIE D, BRETH, BR, LYAVOR
ErE b, WRMLEEEOPRELMELTETY S,

BEDL YA TR, cCRY#40%., pCRA#I20%. &
MR ATSEA I % LTV AGrade 30812~13% & % 2T
VB (EL), 0L, MAEEREOMRL LD
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1 ERBZE LD 21 TRBE/IERBE) &ifTHi{LEm
HICEAEREORNDING—

REB MBI A, L, ERBEGERBRIZGHNTSC

LB,

Localized type 80

P 6 EGEETRE & OERENR ORI
b 5o (74%) #*6 EFBZERE ERENREORS
/ Marginal status
\ Positive Negative
o, : 21(26%) :
Localized 3 30
Non-localized 7 3

Non-localized type 50

‘ .
\‘8 9'30@ 37(74%)

F7 BROHR ERBEOMROBRR

Clinical response *8 EREKEIMER. AEEFEFHORE
Pathological response cPR cCR Clinical response No. of pts. BCT (%) Positive margin (%)
NC/PD 61 18 36
0 6 0
1allb 141 37 PR 201 % 5
2'3 ' pis e CR 105 56 15
T 3
3 14 o4 otal 67 38 26
Total 201 105

(kiR I M N R 2 O ERID, LB RFRE
DEIBEBbITHEY, HEDH O TERLI
cCRZE D7, cPRCIVODPDHENEETH S, K7
WZRT & 9 ICcCREYE ENTERNZ. 230REZRT
I THRMEFED LR TV S, PREFITI, RES
BC T+ ESRO b NEFIZIACT EL V.
L7chso T, {LFREMROBREFMAT BETEEDE
Bz DL B faRiEdh B, & 8ITRT & 5 ICHTRI{LE
BEAEAOUROIFEFRIILAETIRBERLTE
Vb DT BV, BEMEAPRIT OEF T, B
IS4 HPRTI3%., NC/PDT3I6% & LEMEm VR
LhoTwh, —F, CREHESHIEMTIE, ILFE
BEEHS6%THEIIH b b THRBEEIIS% L
BIFRIEEREL o T 5, HRI{LFEREREFOIL
EREEEELREORICEGZZHLE. O BEMOE

BONFIZY 4T, @ EEBROFHEHEICBV Tnear.
pCRAE DB &) HOHSE (T 5 L EHEIHRETRL
TVBOREI D ?)BKETH 5,

Lk, B2, 31RT & ) IKEEREMOELZO
B % {LEFI3D-CTR M RL3D-MRINTER & FHFIC
022 | C Y = SIIRERRL 0 e L ALE B A YIBRAT & Rk
LTwh,

l MEeEER Y F R Y v NEERE L EGEE

WELFBEOEAL L NS DEATY 7 Y AT —
SHBIC & ) B RAEEN TR % - TE 2o WAL
gk R, FEIBL LDV h® 5 BATETE L
S ERFI AU BTEICTAENTERSNTEL
B, SEERBIIAS SUIAD SR b AR {LFEBREO R
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EELMITRET 5,

B

B &% B

BEfERE Ry R&z Likl,

FRIREE © R

BRE 2~3FEML b AAEEEZBR,
WAERICH B0, EEXY, EAEEH
HicERE 230, FNAFETL, class V &2
SN, 20084E3 A 19 HYBRMBNXZ Lz
770

B fE: A9EE i 356x30cm KDOE
WEE 2 A, AEaWw (), LEENL (),
EEEL (-), ZEEE (), REY v 38
(<)o

MEREMR : ME - £{FERECEETE
X7 d o 7= E2<10.0 (19.0~51.0 pg/mi),

JEE v — 5 — : CEA 10ng/dl (<50ng/

* Mizuho KIKUYAMA et al. BEuAAEr & —
RABEAIRSE (2104-0045 RREZEH 5-1-1)

key words : BtEIE, ALWEE, FH

ml), CA15-3 10U/ml (<28 U/mi), ST439
<1.0U/ml (<45U/ml),

BERFR -

2 VET T 7 4 BEE CD~E i 4.2
X28cm KOSREEE 22D 5, TEY~0
ERT, BRI CHETH 3 2T IEFIEE,
AIRGEED o7 (R1),

FLIREZW - B E FEESFLEE TIC 41X27X
2.6 cm KOAFEH~SEER, BERBEEE R
ra—[EE RO, KEETH» o KRHEL
¥ CHEET 3, Smm KOEY v HE2RD
7o, RIGHEERE -7 (K 2a),

1 YETF74
HFLE CD ~ E I 42x 28 cm KO REH~FTER

BREEEAZDO I,
a) R-ML
b) R-CC
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¥R 3.0% 22 cm, G2, NG2, s, ly-, v-n 0/4, ER
3+, PgR 3+, HERZ 0)
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Blid ke o BEIEES CRES Th o,
BREEYET5 b0, BHAES45H
(111%), 7 # 9L %8 1,313/11,060 51 (11.9%)
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a) 40x34x25cm OKEAGH, HAPELEEEREERD L (FHER.

b) FEEMEIEETR (HE, x40),
c) —EEEESS bR (HE, x100),

d) BEBRLARAMER b ORI bk FRRERat R B T 2 BRI (HE, X 400),

#F1
a) b)
5 % . # pfE g 28 FE~FK

HE B 45 %1 (04%) 11,060 #1 B 4

Efy (h(E) 64 8% 55 BX Hiii 3

HIEFRIERE 541 (11.1%) 1,313 41 (11.9%) p=NS BiAZiR 2

BEE 1140 (244%) 402 %1 (36%) p=<00001 KB 1
mO=E 1

a) 1962 ~ 2008 4E 5 A £ TOL2FJEFMTE 11,105 # %H}gﬁ 3

b) EREDOAR

B 728, 191 £ B RNGEFLETRS%
{, BETREMIABETBRLTbATRE Y,
OO CREBEIEBIINT vy F 201U voofi
EROBFAEDREINTETYS Y, KEHNL
RIREVIC Y v EEB 20T, ThEIEIcE
CTeyF20Y Uy REERET, BEERE
THoll tdb, BWEHFIZEKL I,

BHABEOEFHE LTCKEILEOERB LK
PgR BHEZIZ K 4 40~60%, 25~40%TdH 5
DL L, BHIAEORINVEYLE TSI —B
HRIFET 2|ENE W, RS DEEK
k3E, ERBMIZ 3073041 (833%), PgR
1% 23/28 B (821%) TH-o7z Y,

UIEDHAIEREFT, TAEVLE TS —,
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HER? score DSIHE &S 11T v 5 D3 BHIE 17
), 4z ¥ %8 3276 61 T, ER1+, PgRl+,
HER2 score 2+ (FISH kiEfT2 &) 2Bk
L L, EREBHEZR I BEHIAE T 14/1701
(824%), ZHEFLE T 2116/3276 61 (645%),
PgR B i3 B ILE 11/17 Bl (647%), &
M L9 1,738/3.276 Bl (531 %), HER2 BB
X EMIIE 1/17 Bl (59%), ZEFLE 607/3,276
%l (185%), triple negative i3 BHEFIE 2/17 B
(11.8%), ZcH: 298 389/3,276 fil (11.9%) TH -
7-. ER BBz & HER2 BUR I BEEIETE
FiH otz (22 h p<00001, p=004).
PoR BRI R 22 X BHIE L pegich
EeABEZRED Lo (F2),

B IR O EEIEE B L TiE, i

% 2 BMIECAMIEOREREDILER

B o 9 x #& p &
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R FOVE VO R LIE T RLERE DT
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BB I R I RERER S VU v iR
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1980 EA LTI, 5EEFRIILOBAET
B NELEEEL0ULBITHRELD
D9 LHLIERTCFHROEI LWV EPHD
PIENTETL D,

=17 n=3276
m z . p s 0 BAEELE O 10 A FER LRI A
ER 5 14 1 2116 %1  p<0.0001 - 1 4 B - (e -
(824%)  (645%) Tfﬁk?{ﬁTE’C Hole gp 003) (K 4a),
PgR BB 11 61 173841 p=0.3369 FHFABERL LT, BEAABEOTFHERI
(64.7%)  (531%) 63 B¢ -1 =A%
HER? Bt 161 60781  p=00406 f KL DB LRD, T Bbs
(59%)  (185%) R BB, 2000 EBBTOEF TR FNVE LV
Triple negative 2 fl 389 % p=0905 7y —2RELTORVED S, BEEERHE
(11.8%) (11.9%)
Kaplan-Meier & Kaplan-Meier ¥
- 100%Fmcs
S 00T
:.‘; \
] T
R 70 S
24 (10764 g"‘f — 60 mel £ (10764 481); —
Pl B8 (45 B e ; E 50 P8 (45 H1)
40
30
20
10
0
1 3 5 7 1 3 5 7
a) hHEE (F) b) 4HEE (F)

X 4

w10$§ﬁ$3%ﬁ%ﬁﬁﬁﬁﬂ%mm&T%%¥%Kﬁﬁk$%$Eféok (p=0.03),
b) 10 EEBREFE  BiEIEL THIBCRERZERRD b o T,
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Introduction: The role of elective nodal irradiation of non-small-cell lung cancer (NSCLC) patients treated
with radiotherapy remains unclear. We investigated the significance of treating clinically uninvolved
lymph nodes by retrospectively analyzing the relationship between loco-regional failure and the irradi-
ated volume.
Methods: Between 1998 and 2003, patients with IA-IIIB NSCLC were treated with radiotherapy. The eli-
gibility criteria for this study were an irradiation dose of 60 Gy or more and a clinical response better than
stable disease. Typical radiotherapy consisted of 40 Gy/20 fr to the tumor volumes (clinical target volume
of the primary tumor [CTVp], of the metastatic lymph nodes [CTVn], and of the subclinical nodal region
[CTVs]), followed by off-cord beost to CTVp+n to a total dose 60-68 Gy/30-34 fr. The relationship
between the sites of recurrence and irradiated volumes was analyzed.
Results: A total of 127 patients fulfilled the eligibility criteria. Their median overall and progression-free
survival times were 23.5 {range, 4.2-109.7) and 9.0 months (2.2-109.7), respectively. Ata median follow-
up time of 50.5 months (range, 14.2-83.0) for the surviving patients, the first treatment failure was
observed in 95 patients (loco-regional; 41, distant; 42, both; 12). Among the patients with loco-regional
failure, in-field recurrence occurred in 38 patients, and four CTVs recurrences associated with CTVp+n
failure were observed. No isolated recurrence in CTVs was observed.
Conclusions: In-field loco-regional failure, as well as distant metastasis, was a major type of failure, and
there was no isolated elective nodal failure. Radiation volume adequacy did not seem to affect elective
nodal failure.

© 2009 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 91 (2008) 433-437
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Radiation therapy is an integral component of the multi-modal
treatment of non-small-cell lung cancer (NSCLC). Recent phase i
studies have demonstrated that concomitant chemoradiotherapy
improves survival, and this has resulted in the general acceptance
of concurrent chemoradiotherapy as one of the standard treatments
for locally advanced NSCLC [1]. Despite the improved survival, how-
ever, most patients die from their disease as a result of local or dis-
tant failure,

Local failure remains a rnajor challenge when treating NSCLC
with radiotherapy. A number of studies of dose escalation to the
gross tumor volume (GTV) have been conducted as a means of
improving local control {2-5]. The conventional radiation fields
for NSCLC typically encompass the entire mediastinum and ipsilat-
eral hilum (elective nodal region) to deliver a dose of 40 Gy, even
without evidence of disease in these areas, followed by a 20 Gy
boost to the GTV. However, the conventional treatment has added

* Corresponding author. Address: Department of Radiation Oncology, National
Cancer Center Hospital, 1-1, Tsukiji 5-chome, Chuo-ku, Tokyo 104-0045, japan.
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considerable morbidity and can limit the dose escalation. In phase
I-1I dose escalation studies, there is a trend toward omitting the
practice of elective nodal irradiation (ENI) after their experiences
with toxicity, which is not based on direct evidence [2-5}, Accord-
ing to those studies, omitting ENI has not sacrificed treatment out-
comes so far. They also analyzed patterns of recurrence in relation
to irradiated volume in a dose escalation setting {6].

By contrast, the current literature provides limited information
regarding patterns of failure when conventional fields and doses are
used [7,8]. Since it is important to know whether loco-regional failure
is within or outside the irradiation field, we retrospectively analyzed
pattemns of failure after radiation therapy for NSCLC, especially in re-
gard to the relationship between local failure and irradiated volume.

Methods and materials
Patients

Between January 1998 and March 2003, 263 patients with newly
diagnosed NSCLC were treated with thoracic radiation therapy,
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‘with or without chemotherapy, at the National Cancer Center Hos-
pital. All tumors were cytologically or histologically confirmed
NSCLC. Patients’ disease was staged by the tumor-node-metastasis
(TNM) staging system (UICC, version 6, 2002). The diagnostic
workup included a bone scan, brain scan by computed tormography
(CT) or magnetic resonance imaging, CT scan of the chest, and CT or
ultrasound imaging of the abdomen. The criteria for inclusion in
this study were irradiation with a dose of 60 Gy or more as a part
of the initial treatment and a clinical response better than stabie
disease. After excluding patients with metastatic disease, whose
primary tumor was located in the apex of the lung (superior sul-
cus), and whose post-treatment evaluation was inadequate, the
remaining 127 patients served as the subjects of the analysis.

Details of treatment

Radiotherapy

Gross tumor volume {GTV) was defined as the demonstrable ex-
tent of the primary tumor and the metastatic lymph nodes, GTVp
and GTVn, respectively. GTVn was defined as abnormally enlarged
regional lymph nodes measuring over 1.0 cm along their short axis.
Clinical target volume (CTV) consisted of the adjacent mediasti-
num and ipsilateral hilum (CTV of the subclinical nodal region,
CTVs) as well as CIVp and CTVn which were assumed to be equal
to GTVp and GTVn, respectively. A planning target volume (PTV)
margin of 1-1.5 cm was drawn around each CTV.

External-beam radiotherapy with a 6, 10, or 15 MV photon
" beam was delivered using a linear accelerator. A majority of the pa-
tients were treated with anteroposterior opposing fields encom-
passing CTV to a dose of 40 Gy/[20 fractions (2 Gy per fraction, 5
days per week), followed by an off-cord boost to the GTV by obli-
que opposing fields, to a total dose of 60-68 Gy/30-34 fractions.
No attempt was made to encompass the supraclavicular areas in
most patients; the supraclavicular areas were treated only elec-
tively. Initially, treatment planning was performed by using an
X-ray simulator for the anteroposterior fields and a CT-port for
the oblique opposing fields, but after the end of 1998, most treat-
ment planning, especially to define the off-cord boost, was per-
formed using a CT-based planning system (FOCUS, Computed
Medical Systems).

The dose to the spinal cord was limited to 45-50 Gy. The size of
the treatment fields was adjusted so that it did not exceed half of
the hemithorax before introducing CT-based planning system, or
so that the volume of normal lung tissue receiving a dose over
20 Gy would be less than 40%.

Chemotherapy

Systemic chemotherapy was used in 87 patients (68.5%), and
the majority of the patients received platinum-based chemother-
apy sequentially or concurrently with the radiation therapy. One
of the representative regimens was 2-3 cycles of cisplatin
80 mg/sqm on day 1 and vinorelbine 25 mg/sqm on days 1 and 8
(or vindesine 3 mg/sqm on days 1, 8, and 15) in 21-28 days. The
second most common regimen was cisplatin 80 mg/sqm on day
1, vindesine 3 mg/sqm on days 1 and 8, and mitomycin C 8 mg/
sqm on day 1, in 21-28 days. The other regimens are summarized
in Table 1.

Evaluation

patients were followed at 4- to 6-week intervals for 6 months
after treatment and at 3- to 6-month intervals thereafter. Chest
X-ray and laboratory workups were performed at each post-treat-
ment visit, Unless there were changes in the chest X-ray or in
symptoms, a CT scan was performed about 2-3 months after the
treatment for the assessment of the treatment response, and every

Table 1
Baseline patient characteristics.

6-12 months thereafter. Follow-up information was obtained from
the medical charts and death certificates.

When evaluating overall survival, an event was defined as death
from any cause. When evaluating progression-free survival, an
event was defined as documented tumor progression (loco-regio-
nal or distant) or death from any cause. Local or loco-regional fail-
ure was judged to have occurred if there was radiographic
evidence of progressive disease. Absence of progression of residual
disease for more than 6 months following treatment was consid-
ered evidence of loco-regional control. A recurrence in supraclavic-
ular nodes was considered regional failure, not an elective nodal
failure, because the supraclavicular regions are not routinely in-
cluded within the radiation fields in our practice. Treatment failure
was not always confirmed histologically. Elective nodal failure
(ENF) was defined as recurrence in CTVs without evidence of local
failure, as the first event or even after distant metastasis,

The adequacy of field borders was assessed in terms of CTVs
coverage and PTV margin in patients with loco-regional failure.
The failure patterns were analyzed to distinguish in-field recur-
rence from out-of-field recurrence; “in-field” included CTVs as well
as CTVp and CTVn.

The Kaplan-Meier method was used from the start of the treat-
ment to calculate the overall survival and progression-free survival
of all the 127 patients.

Results

A total of 127 patients, median age 65 years (range, 36-83), met
the criteria for evaluation in this study. The majority of patients
had stage IIIA (n = 59) or llIB {n = 51) disease. Other baseline char-
acteristics of the patients and details of their treatment are sum-
marized in Table 1.

At a median follow-up time of 50,5 months (range, 14.2-83.0)
of the surviving patients, 95 had experienced treatment failure.
Median survival time was 23.5 months (range, 4.2-109.7), and
median time to progression was 9.0 months (range, 2.2-109.7).
The 2-year cumulative survival rate and 2-year progression-free
survival rate were 51.4% and 27.6%, respectively. The survival
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curves are shown in Fig. 1. Patients with early progressions were
excluded because of the criteria for inclusion in this study: a clin-
ical response better than stable disease.

Eighty-seven (69%) patients received chemotherapy concomi-
tantly or sequentially with the radiotherapy. The overall survival
time of the patients who received chemotherapy was 21.7 months
(range, 7.6-33.9), as opposed to 19,1 months (range, 6.8-32.7)
among those who did not receive chemotherapy, and the differ-
ence was not statistically significant (p = 0.10), There were no sta-
tistically significant differences in disease-free survival nor loco-
regional control according to whether the patients had received
chemotherapy. Concurrent use of chemoradiotherapy did not af-
fect survival among the 87 patients who received chemotherapy
(data not shown).

There were 53 patients with a first loco-regional failure, alone
(n=41) or with distant metastasis (n=12), and the majority of
the failures were in-field (n =38, 72%). Nine (21%) patients had
out-of-field recurrences in the form of supraclavicular node metas-
tasis (n=>5) or pleural metastasis (n=4), with or without local
recurrence. There were no isolated ENFs (Table 2).

Four patients (7%) experienced nodal failure in CTVs simuita-
neously with local or distant failure. Three of them had received
a prophylactic dose of 40 Gy to the CTVs, and the other had inade-
quate margin of the CTVs field, Other characteristics of these pa-

1.0}

w— Overall survival .
—— Progression-free survival

Survival probability
o

0.0
0 20 40 €0 80 100 120
Time in months
Number of patients at risk
Overall survival 127 67 31 18 7 2
Progression-free survival 127 34 14 9 3 1

Fig. 1. Overall and progression-free survival curves of all the 127 patients. Patients
with early progressions were excluded because of the criteria for inclusion in this
study: a clinical response better than stable disease.

Table 2
Details of all the first failures.

One also had concurrent failure in the contralateral hilum.
b One also had concurrent supraclavicular recurrence.

tients are shown in Table 3. There were no “marginal only”
failures among in-field failures; all the failures at the field borders
were associated with out-of-field failures,

Conventional X-ray simulation was performed in 8 (6%) pa-
tients, while 70 (55%) had CT-based simulation and remaining 49
(39%) had both (initially with X-ray simulation, followed by CT-
based simulation for off-cord boost). A majority (n = 122, 96%) of
the patients were treated with anteroposterior opposing fields as
elective nodal irradiation, followed by oblique opposing fields to
the total dose,

ENI was incomplete (n = 12) or not performed {n =6) in 18 of
the 53 patients with loco-regional failure because of diminished
pulmonary function or deteriorated performance status. All the
incomplete ENIs were due to insufficient CTVs coverage. In 12 of
the 18 patients, the failure was in the tumor volume, in 3 patients
it was in the pleura, and in 2 patients it was in the supraclavicular
nodes. Only 1 patient had recurrence in both the tumor volume
and the uninvolved nodal area.

Discussion

In this series of NSCLC cases treated with conventional fields
and doses, the loco-regional failures after radiotherapy mainly oc-
curred in the tumor volumes, and there were no isolated ENFs.

There are several possible reasons for these resuits. First, micro-
metastasis in the CTVs may have been controlled by prophylactic
delivery of 40 Gy to the region, and depending on the location of
the primary tumor, the sites of occult metastasis may often have
received additional unintentional radiation doses. Kepka et al. re-
ported an isolated ENF rate of 9% in 185 patients treated with
the ENI using 3-dimensional conformal radiotherapy (3D-CRT).
Their analysis showed that the ENF occurred more frequently in
the regions that received under 40 Gy than in the regions that re-
ceived higher doses (69% vs, 31%, respectively, p = 0.04) [7]. How-
ever, despite the same ENF rate of 9% in 1705 patients in the four
trials conducted by the Radiation Therapy Oncology Group (RTOG),
a retrospective evaluation of in-field progression revealed that nei-
ther in-field progression nor survival was affected by the adequacy
of ENI [8]. Field adequacy did not have any negative impact on re-
gional control in our series either (Tables 3). -

Second, the amount of micrometastasis in unenlarged mediasti-
nal regional nodes may have been small enough to be controlled by
chemotherapy, which has been shown to have activity that reduces
the incidence of distant micrometastasis in advanced NSCLC. How-
ever, the degree of systemic and local efficacy of chemotherapy did
not reach statistical significance in our series, probably because of
the small number of patients and their heterogeneity (data not
shown).

Third, since the failure sites in the majority of patients were dis-
tant, they would have died of their disease before the ENF became
apparent, As a result, the loco-regional failure rates may have been
lower than their true values because we did not investigate regio-
nal sites once a patient developed distant metastasis.

The therapeutic significance of treating subclinical nodal re-
gions during and after surgery for NSCLC has been questioned.
Some studies have established the presence of considerable micro-
scopic nodal disease in clinically uninvolved lymph nodes [9,10],
but the role of mediastinal lymphadenectomy remains controver-
sial and has been limited to the precise staging of the disease
[11-13]. A study by Izbicki et al. which compared systemic medi-
astinal lymphadenectomy with mediastinal lymph node sampling
showed that radical systemic mediastinal lymphadenectomy had
no effect on the disease-free or overall survival of patients with lim-
ited nodal involvement {13,14]. The role of adjuvant radiotherapy
after complete resection also remains unclear {15~17}. A systemic
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Table 3
Patients with CTVs failure.

review and meta-analysis [18] showed that postoperative radio-
therapy was detrimental to patients with early NSCLC, although
there may have been some efficacy in patients with N2 tumors.
These arguments also raise questions about the clear benefit of
ENI in regard to survival.

In-field loco-regional failure was a major site of failure in the
current study: all the recurrences in the CTVs were associated with
failure in the gross tumor volume, Thus, more intensive treatment
strategies are needed to enhance loco-regional control without
sacrificing safety. One possible strategy is to reduce the ENI field
in regard to the patients’ risk factors while escalating the total
dose. Such an attempt has already been made in regard to surgery:
Asamura et al. retrospectively reviewed the prevalence of lymph
node metastasis with respect to the location of the primary tumor
or other characteristics to decide on the optimal lobe-specific ex-
tent of systematic lymph node dissection for NSCLC [19.20]. By
using such predictors, including the location of the primary tumor,

histology, or nodal stage [21~24), it is possible to identify the nodal -

areas at risk and to optimize the extent of ENI in radiation therapy
as well. On the other hand, more precise diagnosis by novel tech-
nology, such as positron emission tomography [25], may enable
the omission of ENI and avoid unnecessary irradiation to areas at
low risk for subclinical disease.

In terms of the technical feasibility of dose escalation, Grills
et al. found that intensity-modulated radiation therapy without
ENI for NSCLC increased the deliverable mean target dose in
node-positive patients by 25-30% over 3D-CRT and by 130-140%
over traditional ENI [26].

Because omitting ENI is likely to leave microscopic disease un-
treated, there is concern that it may result in increased failure in
these areas. However, the preliminary results of dose escalation tri-
als have shown that isolated ENF outside the irradiated volume oc-
curred in fewer than 6% of the cases and that omission of ENIdid not
seem to sacrifice outcome [2-5,27]. There is insufficient evidence to
support the use of ENI for any patient with localized NSCLC (Stages
1-111), irrespective of whether chemotherapy is administered [28}],
There has been only one randomized trial that compared high-dose
thoracic radiotherapy without ENI and standard dose radiotherapy
with ENI, and it showed a survival benefit of high-dose thoracic
radiotherapy without ENI [29]. One possible explanation for this
finding is that incidental doses to elective nodal areas may contrib-
ute to the eradication of the subclinical disease. The pattern of ENF
according to nodal regions was described by Rosenzweig et al., who
implemented the use of involved-field radiation therapy with dose
escalation in 524 patients {6). Since the majority of the 42 ENFs that
were observed occurred in the areas that received less than 45 Gy,
the incidental doses to elective nodal areas may have been substan-
tial despite the attempt not to treat these regions in their study. in
addition, Zhao et al, reported that involved-field radiation therapy
with a dose escalated to 70 Gy delivered a considerable dose to
CTVs, and when the primary tumor was large or centrally located,

the percentages of CTVs in the lower paratracheal region, subcarinal
region and ipsilateral hilar region receiving over 40 Gy were 33%,
39%, and 98%, respectively [30].

Because of the retrospective nature of our study, no conclusions
about the value of ENI for NSCLC can be drawn. However, the finding
thatin-field loco-regional failure, as well as distant metastasis, wasa
major type of failure with the standard field and dose of thoracic
radiotherapy confirmed the need for more intensive treatment.

Further investigation to verify the true significance of ENI or to
identify best candidates for ENI is necessary before it is abandoned
in the context of dose escalation.

Conclusion

The loco-regional failures after radiotherapy in this series of
NSCLC cases treated with conventional fields and doses mainly oc-
curred in the tumor volumes, and there were no isolated ENFs. The
results confirmed the need for more intense treatment to improve
local control.
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Objective: To identify any gender differences in the outcomes of concurrent platinum-based
chemotherapy and thoracic radiotherapy for unresectable stage Ill non-small cell lung cancer
{NSCLC).

Methods: A comparative retrospective review of the clinical characteristics and treatment out-
comes between female and male NSCLC patients receiving chemoradiotherapy.

Results: Of a total of 204 patients, 44 (22%) were females and 160 (78%) were males.
There was no difference in age, body weight loss, performance status or disease stage
between the sexes, whereas never-smokers and adenocarcinoma were more common in
female patients (55% vs. 3%, P < 0.001, and 73% vs. 55%, P = 0.034, respectively). Full
cycles of chemotherapy and radiotherapy at a total dose of 60 Gy were administered
{0 ~70% and >80% of the patients, respectively, of both sexes. Grade 3—4 neutropenia
was observed in 84% of the female patients and 63% of the male patients. Severe eso-
phagitis was encountered in <10% of the patients, irrespective of the sex. The response
rate was higher in the female than in the male patients (93% vs. 79%, P=0.028),
but the median progression-free survival did not differ between the sexes. The median
survival time in the female and male patients was 22.3 and 24.3 months, respectively
(P=0.64).

Conclusions: This study failed to show any gender differences in the survival or toxicity
among patients treated by concurrent chemoradiotherapy. These results contrast with the
better survival in female patients undergoing surgery for localized disease or chemother-
apy for metastatic disease.

Key words: gender — female — non-small cell lung cancer — chemotherapy — radiotherapy

INTRODUCTION

Lung cancer in women differs from that in men with respect
to its incidence, association with smoking, and histological
distribution (1). Several epidemiological studies have shown
that female smokers have a 1.5- to 3-fold higher risk of
developing lung cancer than male smokers, suggesting that
women may have an increased susceptibility to the carcino-
gens in tobacco. Never-smokers with lung cancer are more
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likely to be female than male, and in East Asian countries,
as high as 70% of the women diagnosed with lung cancer
have never smoked in their lives. Women are more likely to
develop adenocarcinoma than squamous cell carcinoma, the
latter being more common in men. This difference cannot be
explained fully by differences in the smoking patterns, and
potentially suggests basic differences in the etiology of lung
cancer between the sexes (1).

Prospective cohort studies and a large population-based
study have consistently shown that female gender is a favor-
able prognostic factor in patients with non-small cell lung
cancer (NSCLC). These studies, however, included patients
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with all stages of cancer, and the therapies administered are
not specified (2--4). The existence of a gender difference in
survival remains controversial among patients with locally
advanced NSCLC receiving radiation-based treatment. Some
studies have shown better survival in females than in males
(5—7), whereas others have shown no difference in survival
between the sexes (8,9). Many patients in these studies,
however, received radiotherapy alone, which is no longer the
standard treatment for locally advanced disease.
Furthermore, all but one of these studies included patients
with stage 111 disease who were considered unsuitable for
surgical treatment because of poor general condition. One
stady that addressed gender differences in unresectable stage
111 NSCLC patients treated by chemoradiotherapy showed a
median survival time in women of 15.7 months and in men
of 21.7 months (P = 0.26) (10). The objectives of this study
were to compare the outcomes of concurrent chemora-
diotherapy between female and male patients with stage 111
NSCLC.

PATIENTS AND METHODS
STUDY POPULATION

Patients with unresectable stage 111 NSCLC who underwent
concurrent platinum-based chemotherapy and thoracic radio-
therapy at the National Cancer Center Hospital between.
1994 and 2005 were eligible for this study. A total of
204 patients were identified. Patients treated by sequential
chemotherapy and thoracic radiotherapy were excluded from
this study, because we consider that the standard of care for
unresectable stage 111 NSCLC without effusion is concurrent
chemoradiotherapy, and sequential treatment is only given to
patients in poor general condition or those with tumors too
large for radiotherapy initially, which are expected to shrink
sufficiently for radiotherapy after chemotherapy. All patients
underwent a systematic pre-treatment evaluation and standar-
dized staging procedures, which included physical examin-
ation, chest X-rays, computed tomographic (CT) scans of the
chest and abdomen, CT or magnetic resonance imaging of
the brain, and bone scintigraphy. Chemotherapy consisted of
cisplatin combined with either vinorelbine (# = 125), vinde-
sine with or without mitomycin (n = 46), or other drugs
(n = 6) repeated every 4 weeks, carboplatin and docetaxel
(n = 10) administered weekly, and nedaplatin and paclitaxel
administered every 4 weeks (n= 17).

A retrospective review of the medical charts of the
patients was conducted to determine the gender, age,
smoking history, body weight loss, performance status, clini-
cal stage, histology, success of treatment delivery, incidence/
severity of hematological toxicity and esophagitis, tumor
responses, and survival parameters. The histological classifi-
cation of the tumor was based on the criteria of the World
Health Organization (11). Toxicity was graded according to
the Common Terminology Criteria for Adverse Events v3.0.
Objective tumor responses were evaluated according to the

Response Evaluation Criteria in Solid Tumors (RECIST)

(12). )

StAaTISTICAL METHODS

The demographic, clinical and histopathologic characteristics
were comparted between the genders. The x° and Mann—
Whitney tests were used to evaluate the differences in the
categorical and continuous variables, respectively. Overall
survival was measured from the start of chemotherapy to
death from any cause. For progression-free survival (PFS),
both the first evidence of disease progression and death from
any cause were counted as an event. A patient who did not
develop any event at the last follow-up was censored at that
time. Survival curves were calculated according to the
Kaplan—Meier method. Cox’s proportional hazard models
were used to adjust for potential confounding factors such as
tumor stage and performance status (13). The significance of
P value was set to be <0.05. All of the above-mentioned
analyses were performed using the Dr. SPSS 11 11.0 for
Windows software package (SPSS Japan Inc., Tokyo, Japan).

RESULTS
PATiENT DEMOGRAPHICS

Of the 204 patients, 44 (22%) were females and 160 (78%)
were males (Table 1). There were no differences in age,
body weight loss or performance status between the sexes,
whereas never-smokers were more common among female
patients (55% vs. 3%, P <0.001). Adenocarcinoma
accounted for the main histological type in both sexes, but
was more common in female patients (73% vs. 55%, P =
0.034). No difference in the distribution of the clinical stage

was noted between the sexes.

TREATMENT DELIVERY

The delivery of chemoradiotherapy was good in both sexes.
Three to four cycles of chemotherapy were administered in
68% of the female patients and 69% of the male patients.
A total radiation dose of 60 Gy was given to 89% of the
female patients and 86% of the male patients.

Toxacrres

Grade 3--4 neutropenia was observed in 64% of the female
patients and 63% of the male patients (Table 2). The fre-
quency of febrile neutropenia was also the same between the
sexes. Severe csophagitis was encountered in </ 10% of the
patients, irrespective of the sex.

TREATMENT AFTER RECURRENCE

The wuse of epidermal growth factor receptor
(EGFR)-tyrosine kinase inhibitors (TKls) was evaluated in



