JDVHOHL TVIINID

418 SAWABATA ET AL

MALIGNANT SAFE MARGIN DISTANCE FOR EXCISION OF NSCLC

Table 4. Univariate Analyses Using Logistic Regression Model
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No. of Relative 95% Confidence

Variable Patents Risk ) Interval p Value
Maximum tumor diameter 118 1.063 1.005-1.124 .03
Margin distance ‘118 0.840 0.772-0.915 < 0.0001
Location

Difficult to resect region 29 1.000 g

Easily resectable region 89 0.149 0.058-0.038 << 0.0001
Stapler

Complete 85 1.000 . .

Partial 18 2542 - 0.900-7.175 c.078

Not used 15 1652 . 3465-78.77 £.0004
Thoracotorny

Open 72 1.000 . -

Video-assisted thoracic surgery 46 0.466 0.211-1.028 0.058

Further Analysis Using Maximum Tumor Diameter
and Margin Distance

‘We conducted a further analysis using the two indepen-
dent factors in order to identify the threshold distance.
The ratic of margin distance to maximum tumeor diame-
ter in the negative group was 0.9 * 0.6 (mean * standard
deviation) as compared with 0.3 * 0.3 in the positive
graup (p < 0.0001). In every positive case, the sum of
margin distance divided by maximum tumor diameter
wag less than 1 (Fig 2). Furthermore, there was no
malignant surgical margin found among the seven le-
sions that had a margin distance g'reater than 2 em, which
is generally believed to be a safe margin distance [17]

Comment

One of the most serious problems of a limited resection
in cases of NSCLC is a high rate of surgical margin
relapse [1-7), whereas the Lung Cancer Study Group has
suggested a diminished survival rate among patients
who undergo resection less than a lobectomy, Therefore,
an appropriate technique must be applied to avoid such
relapse. Postoperative radiation therapy can reduce the
risk of local recurrence [9] and its role after wedge
resection, which is currently being investigated in a
prospective study [18]. Brachytherapy has also been

Table 5. Multivariable Analyses Using Logistic Regress:on
Model

Relative 95% Confidence .
p Value

Varlable Risk Interval

Maximum diameter 1.096 1.602-1.130 0.006
Margin distance 0.853 0.798-0.908 0.003
Location

Difficult to resect region  1.000

Easily resectable region  0.820 0.187.-—1.320 0.754

Stapler
Complete 1.000
Partial 2153 0.601-7.717 0.239
Not used 7972 1257-5054  0.027

attempted during operations [19] with preliminary re-
sults revealing no instances of significant radiation pneu-
monitis.or local recurrence. Although these treatments
may reduce: therisk: of margin relapse, an adequate
margin-distance remairs the strongest defense,

There is no clear information regarding what consti-
tutes an adequate margin distance when a wedge resec-
tion-is performed Allen and Parirolero [20] recom- -
mended a margin of 1 ¢m in cases with a malignant
nodule, whereas it is commented that a margin of 1.5 cm
in a deflated lung and 2 ¢em in an inflated one are
generally acceptable in a textbook of thoracic surgery
[17]. However, scant data have been reported regarding
the size of margins obtamed .As described in our previ-
ous study [14], a margin relapse can occur even if a
wedge-resected NSCLC has a margin of more than 1 cm,
or 1.5 cm in a deflated lung, as well as malignant negative
histology findings. Furthermore, it has been found that
margin relapse occurs enly in cases of a cytologically
malignant positive margin [12-15]. In addition, another
disadvantage of wedge resection is blindness in relation
fo the segmental and interlobar lymph nodes. -

Attaining a malignant negative surgical margin is very
important to prevent margin relapse, and Lewis and
colleagues reported [16] that both size and location of the
tumor are directly related to the margin obtained. In the
present study, a univariate analysis revealed a high
number of lesions that. were difficult to resect and a
shorter margin distance in the positive group. In addi-
tion, maximum tumor diameter and type of stapling used
kad dn influence on the mahgnant status of the surgical
margin. Although the performance of a thoracotomy was
not stahshcally significant, the average distance from the
margin to the tumor’in thoracotomy cases was smaller
than that in vxdeo-ass:sted thoracic surgery cases. This
was Jikely because of the selection bias in both thoracot-
omy and video-assisted thoracic surgery cases, as well as
technical limitations. When a multivariate analys:s was
carried out, both margin distance and maximum tumor
diameter were independent variables. Therefore, it is
important to obtain as great a margin distance from the
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Fig 2. Margin distance from tumor compared with the maximum
funtor diameter according lo malignant status af surgical margin of
excised tumor. The margin distance from the tumor as compared
with the maximum tumor dinmeter was 0.9 % 0.6 cm (mean = sfan-
dard deviation) in the negative group and 0.3 0.3 cm (mean +
slandard deviation) in the positive group (p < 0.0001). In every
positive case, the sunt of the margin distance from the humor divided
by the moximum tumor diameter was less than 1.

surgical margin to the lumor as possible regardless of
tumor size,

The margin distance from the tumor can also restricted
by anatomical issues, For example, removal of a tumor
with a 1.0 or 1.5 ¢m margin that is located in a difficult
region to resect may be complicated, as the margin
distance obtained is relative to tumor size, If the removed
tumor is 0.5 cm in size, then a 1.5 ¢m margin may be
sufficient, whereas the same size margin with a tumor 3
cm in size would likely be insufficient. Therefore, analysis
using the two independent variables to determine the
ratio of the distance from the surgical margin to the
tumor diameter is mandated,

The rate of malignant negative margin occurrence was
100% when a tumor was resected with a greater margin
distance from the surgical margin to the tumor than the
maximum tumor diameter. That is, the distance thresh-
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old of the malignant-safe margin was equal to the max-
imum tumor diameter. The run-across method can reveal
the malignant status of a surgical margin [12, 14); there-
fore, using this technique during surgery is strongly
recommended. However, 2 margin distance of greater
than maximum tumor diameter in a deflated lung may be
a good measurement to insure a malignant-safe margin,
if the run-across method cannot be utilized.

There were some limitations to this study. The number
of high-risk patients was 41 (39%), whereas 77 (61%) had
a normal lung. There may have been patho-anatomical
differences between these two groups of patients, but an
insufficient margin distance was permitted because a
complete lobectomy for NSCLC was utilized in cases of
nondiagnosed pulmonary nodules. Thus, the distance
threshold for a malignant negative surgical margin was
able to be determined.

In conclusion, a multicenter, prospective study re-
vealed that when an NSCLC tumor was exeised, malig-
nant positive margins were not found when the margin
distance was greater than the maximum tumor diameter.
This amount of distance is warranted to prevent margin
relapse in cases of NSCLC excision.
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for Chest Diseases; cytopathologist, Taikichi Hashimoto at Ton-
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Surgery Study Group of Osaka University: Masahito Ikeda, MD,
at Otemae Hospital; Kiyohike Fijiwara, MD, and Masayoshi
Inoue, MD, at Habikino Hospital; Shin-Ichi Takeda, MD, Yoshi-
tomo Okumura, MD, and Teruaki Asada at National Toneyama
Hospital; and Hirohisa Hirabayashi, MD, at Osaka University
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The 2004 Part I {(written) examination will be held at the Sofitel
O’Hare Hotel, Rosemont, Chicago, IL, on Novem-
ber 21, 2004 The closing date for registration is August 1,
2004. Those wishing to be considered for examination must
request an application because it is not automatically sent,

To be admissible to the Part {1 {oral) examination, a
candidate must have successfully completed the Part [
(written) examination.

© 2004 by The Society of Thoracic Surgeons
Published by Elsevier Inc

A candidate applying for admission to the certifying
examination must fulfill all the requirements of the Board
in force at the time the application is received.

Please address all communications to the Ameri-
can Board of Thoracic Surgery, One Rotary Center,
Suite 803, Evanston, IL 60201; telephone: (847) 475-
1520; fax: (847) 475-6240; e-mail: info@abts.org.
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Fig.1 Survival rates of patients with intrapulmonary
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Table 1 Distribution of clinical features according to
postoperative survival years.

2(:!26 ;;S <(:__¥g ?;5 P-value
Age (mean) | 46-77(63.9) 37-79(61.0) 0.556
Gender (M:F) 17:5 49:18 0.945
S'i;”g’}"nﬁfp‘ 1784048 26.64+£16.65 0.002
(:onpj?itn?;) 157 35:32 0.288
(l:stg&oﬁg) 17:5:0 45:17:5 0.392
(g-or:r:?itnoa:) 12:10 15:52 0.007

Positive rate of
invasion of B87.5% 84.5% 0.993
{ymphatic vesscl

Positive rate of
vascular invasion 68.2% 82.8% 0.228
Size(mm) 11.74 17-130
{mean) (38.1} (45.6) 0.243
pmi:pm2 17:5 43:19 0.784
Ad].therapy ] )
{done:none) 139 43:24 0.800
opaerative methad 12:4:6 40:7:20 0.833

{lob.:bilab.:pn.)

A adeno ca; 5q; squamous ca.; La: large cell ea; pm: intrapulmonasy metastasis
(L: same lobe with primary; 2: different lobe from primary); Adj.: adjuvant; lob.:
tobectomy(+ pactial tesection); bilob.: bilobectomy; pn.: pneumoncctomy
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Fig. 3 Survival rates by type of operative method in
patients with pm.

Table 3 Location of pm and patterns of recurrence by type of operative method in resected lung

cancer patients with pm.

Location of Recurrence (+)
pm
Operation
e Distant
pml | pm2 (n=) [ Local (overlapping) |
ubccm;?’{g Ogi::g]r;;s“m“) 51 2 6 37; pm 21, bone 11, brain 6,
(n=63) (68.3%) lymph node 4, liver.1, kidney 1
Preumonectomy 14 12 5 . 16; pm 9, brain 4, bone 3, liver 1,

(n=26) (69.2%) ‘lymph node 1
Total
(n=89) 51 2% Il (essm| 8 53

ot
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Table 4 Sites of newly recognized pm by type of

operative method in resected lung cancer

patients with pm.
Newly recognized pm after operation
ti —
Operation ——_’7. = Sites
(%) - Ipsi.: Contra. : Bi.
Lo | (21/63) 498
(n=63) (33.3%)
Pneumonectomy | = (9/26). ° 0:9:0
(n=26) (34.6%) o
Total 1a.
(n=89) 30 4:18:8

Ipsi.: ipsilateral, Contra.: contralateral, Bi.: bilateral.
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Prognostic factors and failure patterns in resected non-small cell lung cancer cases
with ipsilateral intrapulmonary metastasis (pm(+) lung cancer)

Kenjiro Fukuhara* , Katsuhiro Nakagawa, Hiroyuki Shiono, Yoshinisa Kadota
Kan Ideguchi, Tsutomu Yasumitsy

Osaka Prefectural Medical Center for Respiratory and Allergic Disaeses, Osaka, Japan
(Department of Surgery, Osaka Prefectural Habikino Hospital, Osalka, Japan)
*Department of Sugery, Rinku General Medical Center, Izumisano Municipal Hospital, Osaka, Japan

A retrospective study was performed to evaluate patterns of recurrence and prognosis in resected non-small cell
lung cancer cases with ipsilateral intrapulmonary metastasis {(pm (+) lung cancer (n=89: pm1 (metastasized in the
same Iobe with primary): 65, pm2 {metastasized in the different lobe from primary): 24). The 3-year and S5-year
survival rates of patients with pm1 and pm2 were 28.9%, 14.2% and 26.6%, 21.3%, respectively (N. S.).

When we divide pm (+) lung cancer patients into two groups (group @ : patients who survived more than 3 years
(n= 22): group @ : patients who survived less than 3 years (n= 67)), significant differences were recognized between
the groups in CEA value (p= 0.002) 'and p-n factor (p=0.007). Multivariate analyses also showed that both factors
were significant prognostic factors. The 5-year survival rate of pm (+) lung cancer patients with normal CEA level
and p-n0 disease was 50.7%, which was nearly equal to stage I B (53.3%) and Il A (47.1%) patients and significantly
higher than III B (9.4%) patients.

No significant difference in survival rates according to operative method was observed in pm {(+) lung cancer
patients. Postoperative distant metastases were detected in 53 of 89 (59.6%) pm (+) lung cancer patients, and 56.6% of
these were intrapulmonary metastases {only 13.3% of which were ipsilateral).

These results suggest that pneumonectomy is not useful to prevent recurrence in pm (+) lung cancer patients and
the staging system should be revised to consider CEA level and p-n factor because of good prognosis in pm (+) lung
cancer patients with normal CEA level and p-n0 disease.
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Brinkman Index, resected lung cancer patients, prognosis
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Hodnb p<0.05k L #BFREICBVTH,
BiSUE, RENIK, BOE, CREE, HEERE
CRERLEEL LTV 54 CHaMRERE TRE

LD ERI LA ATHES 0, WRIHZ, B,

TR, B O EEOMES R LEREELLE
FwEATESD ) LERLL.

HEAEA L SIS IREISToR %, BEREAMO0L
t@%@@ﬁ(-@%ﬁm%%ﬁw&%@ﬁ@—wm
b, g RERE LA, BOY, MEB L
WAHEOHE, MHEO 6 BEOHRET 1R
L7z (Table 1): -SBRERIC, FHMOORALE, B,

Table 1_._C.li_ﬁiéél features according to Brinkman
Tndex (B. L.

B.I.<400 B.L.=Z 400

(n=159)  (n=420) p-value

Cli'a{ii:a'l fennire -

55:104 105:315 0029

(<60 260 )
Gender . ]
(malc fcmale) 28:131 382:38 <0.0001
' p-stage N ,
ARy 85:74 190:230 009
Preoperatlvc comphcatlon . ]
(no yes) o 103:56 214:206  0.004
Postoperatwe comphcatmn ) )
(no yes) 122:37  247:173 <0.0001
Histology” 28:131  272:148 <0.0001

(others ‘ddeno ca)’

TabIeZ Prognostlc factors accordlng to Cox's
) proportlonal hazards model (univariate

©7 tanalysis): °
!P:?cfc:ri__ _ H::?;d 95% C.I, p-value
(<60v & 260) 2624 19083610 p<0.0001
(malfjgd‘f’; pale) | 0616 0.460-0.825 p=0.001
Ug-fft:ng) 1494 11731902 p=0.001

Preoperativé complication
(nov.s. ycs)

Posmperanve comphcatton
(no v.8.-yes)

Brinkman Index
(<400 v.s. =400)
Histology
(others v.s, adeno ca.)

1596 12572026 p=0.0001
1652 1.299-2.102 p<0.0001
2007 14612756 p<0.0001

0.756 0.593-0.963 p=0.023
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WHRASEED Y, BREDSOHGEIFECS -
fo. ki, S, RERY LA, BOJI, WHRE
EEOELE, WERY, BENOTHETREELL
rETEStBo kot l A, EENTEBON
FROPFELTFRETFCHo7 (Table2). HEF
OREEESZR LT, SEERE (AT v 774 XHE)
TRELIE DA, £, RERE WEREIA B
% RS ENHED 4 EEVFFELBITER
T, BEENEEBICRWTCFEANDOERNRES
ﬂ??%%%ﬁ#%btfﬁ%ﬂ%
EEHBATCIREREEOTRIE, PREBCELE
BIIRETHorz(Fig. 1). Lo L, {BRFE1226 24T
Ly L LTRHET A E, ZHEOTRICHFERIREE
Hhhhhor: (Fig. 2). SOOI Edh, FROER
MERC bbb DLELI. F2C, HHIELITHY

Table 3 Prognostic factors according to Cox’s
proportional hazards model (multivariate

analysis).
Standard
Factor B error p-value
Age 0.853 0.165 p<0.0001
Fiion 0.358 0.123 p=0.0036
Brinkman _

Todex 0.597 0.163 p=0.0002
p-stage 0.290 0.124 p=0.0195
1
.8
6 “.—-‘,

S ——|

1 B.L.= 400

Cumulative survival
.
1

™ 1T v 117 1 &'+t 17 > T 7%
@ 20 40 80 BO 100 120 140 160 180
Survival time (months)

Fig.1 Overall survival curves by Brinkman Index in
patients with p-stage [ lung cancer.
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B.L.= 400

Cumulative survival
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Fig. 2 Disease-specific survival curves by Brinkman
Index in patients with p-stage I lung cancer.

NELISZEERIF (AF v 774 XE) 2{Fo72L
25, iy, HEFALA BOJO 2 HEAFE LM
AFEEFTHo7 (Table d).

fARFED PRI, IFs eI PRAeh & OIFREIS5ES
A44E], BRESCIHELR YOBRREIIBE, OEEES
TR EDERBEEIUG], FofhidEE, ZigE
PAEAFIH2IHITH o 72 (Table 5),

% =

REIMBRECEELRFEEZ LA TV,
RSB EOTRET L LTCoREOESRIZHL »
Tk, BERBEORESLITRL, FHFHIC
SbELEERIZTTEESENSH LD, TCIIRELLM
FILBVWTR, AP nBF LV BORTEZD
bOPFHREFE LTERSRDEE-THHY, 1
BOEMFHEANOEELRT S 70121, LI
ERHBRELTITIDONEZ Lk #Fr . 40, &4
2, AR ERERHA [EFN ORI T, EEMNF
DRECEZEL OO0 2BRER, BRERS
BHE? L ZhIRETARESLEEL, BEOFH
AFELTOESES X 0 EMISKRE LT,

ML TOEEEMBFRFRCMTARER, £
FAEHRE LIL DS nES, Sobue &I, BE
ERTOERLY, BREFHCBWTRENFHE
TERBERELTWRY, —F, SERBITEMA
OB ETIRVT RS REI MY FHREFLEL
ZTWEHBLTWARLLY T hik, ko, 7
KRELLEHBIZBWTE, S aBF Lot

B 18%2F5 (204£3F)

Table 4 Disease-specific prognostic factors according
to Cox’s proportional hazards model
(multivariate analysis).

Standard

Factor 8 p-value
error
Age 0.591 0204  p=0.0037
p-stage 0.679 0.174 p<0.0001

Table 5 Causes of deaths unrelated to lung cancer.

Cause of death Case number
Pulmonary disease 44
Second primary cancers 33
Cardiac and cerebrovascular disease 24
Others and unknown 21

DETEXOLOIFFHEFE LTCERBS LI 2HE-
TwahhedtZEZ oM., [HNBKNETREEEIZ
MToETE, BRFIEABICRIFERETFERS
ETAHED L, MY TFREF L2 T, HIRERD
% erbB-2 ¥, p53 RELED 0EYEMEMRE DT
PRUFHREAFERDETIRENS D, BRI
BHEIUREDEREFITRTVWERER, PRAER
EHEDTFRENDESEABL I L L ERITBWNTHEE
BERRLAOT, RESFEOTHRTFLENSH
TmbEZD, '
FRECBWT, ERTEFTLEYN & LI,
£, WEMY, WERRE, TREREHEDCEFE,
ZELEO AWEEELHITFRETF TH o 1225,
HTEEIT YD L LR CHRERY L EBO A
PHEELZBITFHET Choz. ML L, 14E

CFHICBWT, BERAESMITFERFTHSE D

DO, FEFEHOTEE L THHREIE L, 20F#
CIHRTEATR S CBBL TV D S EAUHE L1,
BEILL D258 IURERFRORENOETIW
R pS3 MIEFOLERD RREIN TV DD, BEDOH
AR EGEN L EMELAGL TV LIXE A
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Induction Concurrent Chemoradiation Therapy for
Invading Apical Non-Small Cell Lung Cancer

Objective: Although non-small cell lung cancer (NSCLC) inx{olﬁi;g'the‘supérior sulcus has been gener-
ally treated with radiation therapy (RT) followed by surgery, local recurrence is stili a big problem to
be solved. We investigated a role of induction therapy, especially induction concurrent chemoradiation
therapy (CRT), on the surgical results of this type of NSCLC. Method: We retrospectively reviewed
30 patients with NSCLC invading the apex of the chest wall who underwent surgery from 1987 to 1996.
Ten patients (57£8 years) received surgery alone, 9 (35+13 y§a'ai"s‘)'r _r.ééeive'd'RT (4217 Gy) followed by
surgery and 11 (519 years) received cisplatin based chemoftlnéfaiijjahd RT (47+5 Gy) as an induction

therapy. Results: Two and 4-year survival rates were

30% and 20% in patients with surgery alone, 22%

and 11% in patients with induction RT, and 73% and 53% in patients with induction CRT, respectively.
The survival was significantly better in patients with induction CRT than those with induction RT or
surgery alone. Univariate analysis demonstrated that curability (yes versus no: p=0.027) and induction
therapy (surgery alone and RT versus CRT: p=0.0173) were significant prognostic factors. Multivariate
analysis revealed that only induction therapy (p=0.0238) was a significant prognostic factor. Conclu-
sions: Induction CRT seems to improve the survival in patients with NSCLC invading the apex of the

chest wall compared with induction RT or surgery alone.

(Jpn J Thorac Cardiovase Surg 2004; 52: 120-126)

Key words: lung cancer surgery, chemotherapy, radiation therapy, pancoé;'st turmor
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N on-small cell lung cancer (NSCLC) involving the
superior suleus has been generally treated with
radiation therapy (RT) followed by surgery since two
representative reports by Shaw et al.! and Paulson.’
Surgery is thought to be important because RT alone
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does not sterilize the local tumor area® Recently, con-
current chemoradiation therapy (CRT) has been applied
for stage I1IA or ITIB NSCLC as induction therapy,”’
which has produced better locoreginal control and sur-
gical results than that consisting of chemotherapy {ChT)
or RT alone. More recently, CRT has been used for the
treatment of NSCLC involving the superior sulcus be-
fore surgery and reported that CRT appears to offer im-
proved survival compared with induction RT atone.*’
We have also applied CRT to NSCLC patients involv-
ing the apex of the chest wall'® resulting in an excellent
locoreginal control.

In this study, we reviewed the surgical results of this
type of NSCLC operated at Osaka University Hospi-
tal and the affiliated hospitals. This study allows us to
compare three treatment modalities consisting of surgery
alone, strgery+RT, and surgery+CRT in those patients.

Subjects and Methods
A retrospective study of 30 patients with NSCLC

e g
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Table L. Patient characteristics

NIT RT CRT

n=[0 n=9 n={1
Gender male 10 9 10
female 0 0 |

Age (yr) 57+8 5513 5149
HS 2 4 4
Histology Ad 6 5. 5
~ sq 0 t 2
La 3 L 2
AdSq | 2 0
unknowit 0 0 2

follow up interval (yr) 5.6%£0.9 53%1.0 3.8+0.6

NIT, No induction therapy; RT, radiation therapy; CRT, chemoradiation therapy; HS, Horner's syndrome; yr, years;
Ad, adenocarcinoma; Sg, squamous cell carcinoma; La, large cell carcinoma; AdSg, adenosquamous carcinoma.

involving the apex of the chest wall, who underwent
surgery at Osaka University Hospital and its affiliated
hospitals between 1987 and 1996, was performed. In-
vading apical lung cancer was defined as a primary
NSCLC, which involves the superior sulcus or anterior
apical region cranially beyond the first rib. The diagno-
sis was made based on the clinical presentation of pain
around the shoulder and upper extremity, and by-chest
roentgenography, computed tomography (CT) and/or
magnetic resonance imaging (MRI). Distant metasta-
sis was also detected by brain CT or MRI, abdominal
CT and bone scintigrapy. Pathological diagnosis was
formed by transbronchial biopsy using a flexible f-
beropic bonchoscope or CT-guided needle biopsy. -

Patient characteristics are shown in Table I according
to the three preoperative treatment regimens such as no
induction therapy (NIT), RT, and CRT. Ten patients
belonged to NIT, 9 to RT, and 11 to CRT. All patients
but one were male. A mean age was 57+8 years in
NIT, 55£13 years in RT and 51£9 years in CRT.
Horner's syndrome was observed in 2 of NIT, 4 of RT,
and 4 of CRT, respectively. Adenccarcinoma and large
eell carcinoma occupied more than two thirds of all and
squamous cell carcinoma only 3 (10%). Histological
diagnosis was not obtained in 2 patients.- Follow up in-
terval was 5.640.9 years in NIT, 5.3£ 1.0 years in RT,
and 3.8+0.6 years in CRT. Patient characteristics were
not different among the three groups.

a:Preoperative and postoperative adjuvant therapies

employed were shown in Table II. Six of the NIT
group:received 40 to 60 Gy of the RT postoperatively,
2'of the 6 received 2 courses of cisplatin (C)+mitomycin
(M)+vindesine (V), concurrently. One patient of the
NIT group received two courses of CV postoperatively.

Table II. Preoperative and postoperative adjuvant therapies

NIT RT CRT
n=10 n=9 n=I1

Induction therapy

CMV - - 5
ChT CV - - 3
CBDCA+Ep -~ - 3
RT (Gy)
mean - 427 47+5
range - 30-52.5  40-56
Postoperative therapy
' NT 3 1 7
ChT =~ L. 6 1
RT 4 2 1
CRT = . 2 0 2

NIT, No induction therapy; RT, radiation therapy;

CRT, chemoradiation therapy; ChT, chemotherapy;

NT, no therapy; C, cisplatin; M, mitomycin; ¥, vindesing;
CBDCA, carboplatin; Ep, etoposide.

Nine patieats in RT group received 30 to 52.5 Gy pre-
operatively to the primary tumor and mediastinum or
the primary tumor alone, and 6 {60%) of them received
2 courses of postoperative ChT including CMV or CV.
Eleven patients in the CRT group received 40 to 56 Gy
and 2 courses of CMV, CV, or carboplatintetoposide,
concurreritly, nSeven (64%) of the CRT group did not
receive postoperative adjuvant therapy.

The actuarial survival rates were calculated with the
method of Kaplan and Meier. The statistical differ-
ence of survival was examined with the log rank test.
The relative importance of various prognostic factors
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Table lII. Surgical technique for resection of invading apical lung cancer

NIT RT CRT
n=10 n=9 n=I1
Thoracotomy approach
anterior l 4 5
posterolateral 9 4 6

anterior+posterolateral
Lung resection

upper lobectomy

upper and middle bilobectomy

pneumenectomy

partial resection or segmentectomy
LN dissection

NDO, 1

ND2a

ND3
Associated resected organs

ribs (1-5)

vertebral body or transverse process

brachial nerves

subclavian artery and/or vein
Curability

curative

nen-curative

o
(=]

3 8 10 (sleeve 1)
0 { 0
0 0 |
2 0 0
0 2 {
9 5 4
1 2 6
0 8 1
1 3 3
0 3 I
0 4 !
8 5 11
2 4 0

NIT, No induction therapy; RT, radiation therapy; CRT, chemoradiation therapy; LV, lymph node; MD1, hilar lymph node dissection;
ND2a, mediastinal lymph node dissection; ND3, neck lymph node dissection.

for postoperative survival as identified by multivariate
analysis was analyzed with Cox’s proportional hazards
model with the forward stepwise method. Association
between categorical variables was examined by the 3 test.
Continuous variables were compared with the Student’s
Newman Keul's multiple comparison test. Statistical
analyses were performed with the commercially avail-
able personal computer programs SPSS (SPSS, Inc.,
Chicago, I11, USA) or Statview J (SAS Institute Inc.,
cary, NC, USA). A p value of less than 0.05 was con-
sidered significant.

Results

Surgical technique. All patients with induction
therapy underwent surgery about one month after the
induction therapy. Surgical technique for resection
of invading apical lung cancer is shown in Table IIL
‘Anterior thoracotomy recommended by Masaoka et
al." was employed in 10 patients, posterolateral tho-
racotomy by Shaw et al.' in 19 and both in one. Up-
per lobe lobectomy and dissection of the mediastinal
lymphnodes or more including supraclavicular lymph

nodes were standard procedures. Chest wall including
the first rib or more ribs was resected in 29 patients,
vertebral body and/or transverse process in 7, brachial
nerves in 4, subclavian artery and/or vein in 5. A cura-
tive operation was performed 8 in NIT, 5 in RT and 11
in CRT, respectively.

Pathological TNM classification.” Postopera-
tive pathological TNM classification of the patients
is shown in Table IV. Five patients in CRT who had
a pathological complete response were categorized
as stage 0. Pretreatment clinical TNM classifications
of those had been T3NOMO in 2, T3IN2MO in 1, and
T4NOMO in 2. Thirteen patients were in stage [IB, 4 in
stage IIIA, 6 in stage IIIB, and 2 in stage V.

Postoperative complications. Postoperative com-
plications were summarized in Table V. Twelve pa-
tients had 18 postoperative complications, which were
arrythmia in 4, pneumonia in 4, respiratory failure in
3, and others in 7. One patient in RT group died of re-
spiratory failure. The morbidity rate was 12/30 (40%)
and mortality rate was 1/30 (3.3%). There was no dif-
ference in the postoperative morbidity rate among the

_ three groups.
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Table IV. Pathological TNM classification

NIT RT CRT
n=10 n=9 n={{

stage 0

TONOMO 0 0 5
stage [IB

TINOMO 6 4 3
stage [[IA

TIN2MO 2 { l
stage IIIB

T3N3IMO 1 0 l

T4NOMO 0 2 0

T4NIMO 0 0 1

T4NZMO | 0 0
stage IV '

T3NOM! 0 2 0

NIT, No induction therapy; RT, radiation therapy;
CRT, chemoradiation therapy.

Postoperative recurrence and survival. Postopera-
tive recutrence was depicted in Table VI. Total recur-
rence including local and distant sites was observed
in 8 of the NIT group, 8 of the RT group, and 3 of the
CRT group. The recurrence rate was significantly
lower in the CRT group than the NIT or the RT group
{p=0.002) and the local recurrence rate tended to be
lower in the CRT group compared with the NIT or the
RT group (p=0.056). S

The survival curves of the three groups were shown
in Figure 1. Two and 4-year survival rates were 30%
and 20% in the NIT group, 22% and 11% in the RT
group, and 73% and 53% in the CRT group, respec-
tively. The survival rate of the CRT group was sig-
nificantly better than that of the NIT or the RT group
(p=0.048).

- i*Prognostic factors. Univariate and multivariate
analyses were performed to investigate prognostic fac-
tors.- The results are shown in Table VII. Although
operative curability and induction therapy were sig-
nificant prognostic factors by univariate analysis, only
induction therapy was a significant prognostic factor by

-multivariate analysis.
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' RT followed by radical surgical resection is currently
: a:standard approach for NSCLC involving the superior
sulcus wh1ch has resulted in about a 30% survival at §

years:*' - Those patients receiving a complete resection
achieved a further better prognosis.” These findings
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Table V. Postoperative complications

NIT RT CRT

n=10 =9 (!} n=[1
patients 2 4 6
complications 4 6 8
arrythmia [ o K}
pheumonia l 2 L
respiratory Eailure 0 3(L) 0
others ' 2 l 4

{ ): Hospital death.
MIT, No induction therapy; RT, radiation therapy;
CRT, chemoradiation therapy.

Table VL ~ Postoperative recurrence

NIT RT CRT
n=10 n=9 (2} n=11

recurrence* . S
yes -: o8l 8 3
1o 2 L¢L 8
recurrent sites*# ) )
local .. 6 5 2
distant . 6 8(1) 2

( ): A case with distant metastasis, *p=0.002, **p=(.056.
NI{T, No induction therapy; RT, radiation therapy;
CRT, chemoradiation therapy.

suggest that locoreginal control is the most important
strategy for the treatment of this type of tumor.

However, preoperative RT is not good enough to
sterilize the tumor area.® About 40 to 50% of thora-
cotomy patients with Pancoast tumor have resulted in
an incomplete resection.™"” The rate of pathological
complete response, where no viable cancer cells were
found in the resected specimens, is also low about 7 to
24%.>'*'% Some surgeons. have prompted the use of
preoperative and postoperative radiotherapy™ or intra-

operative bmc:hytherapy13 to achieve better locoreginal
control.

We also employed induction RT for the ﬁrst two
cases. After surgery, local recurrence occurred in
one patient and distant metastasis in the other, . Then,
CRT was applied to the subsequent 4 cases, all of
which demonstrated a pathological complete response
in the surgical specimens:"® Thus, for the purpose of
investigating the effect of CRT, we reviewed patients
with NSCLC invading the apex of the chest wall who
underwent surgery at Osaka University Hospital and
the affiliated hospitals from 1987 to'1996. During this
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g0 4

Survival Rate

w0 4

&—® CRT(n=11)
B—H RT(n=9

A—A  NIT(n=10)
{p=0.048)

Years after surgery

Fig. 1. Survival curves in patients with concurrent chemoradiation therapy (CRT), radiation therapy * -
(RT), and without induction therapy (NIT). The survival rate of the CRT group is significantly better

than that of the NIT or the RT group (p=0.048).

Table VIL. Prognostic factors e

univariate analysis

multivariate analysis .

induction therapy (NIT+RT vs. CRT)

age, HS, N factor, T factor, LN dissection
pathological stage

curability (yes vs. no)

induction therapy (NIT+RT vs. CRT)

SNS
TTp=0.027
- p=0.017

" 5=0.0238

relatwe risk=0.3092
95% confidence mterval-O lll7—0 8554

NIT, No mduct:on therapy. RT, mdtauon therapy; CRT, chemoradiation therapy; HS, Horner’s syndrome; L, lymph node; vs., versus;

NS, not significant.

period, three preoperative treatment moclahtles such as
NIT, RT and CRT were employed. ‘Although the three
different treatment groups were fairly evenly matched,
the NIT group seemed to have a less invasive disease
because of less associated resection organs and high
complete resection rate (Table III). The finding that
there was no difference in survival between the NIT
group and the RT group may suggest that RT is effec-
tive as an induction treatment. However, compared
with the CRT group, there was a swmﬁcant difference
in survival,

Four previously published repotts s have also sug-
gested that CRT is the optimal induction therapy for
patients with the supetior sulcus tumor. The summary
of the four reports and our series is shown in Table
VIII. Regimens of the chemotherapy were cisplatin

or carboplatin based and the dose of radiation was 45
to 60 Gy. The.complete resection rate was extremely
high from 76.4 to 100%. The pathological complete
response raté was 33.7 to 70.5% and if minimal micro-
scopic residual disease was included, the response rate
was furthér high. Local recurrence rate was 0 to 23%.
As a result, 2-year and 4-year survival rates have been
extremely tmproved to 73 to 93%, and to 53 to 84%,
respectively. In‘our series, if two patients, who died
of esophageal cancer and lung tuberculosis postopera-
tively, are censored, the 4-year survival rate of the CRT
groupswas 78.7%. These reports suggest that CRT
may improve the likelihood of pathologic complete re-
sponse, [ocal control, and overall survival.

When CRT was applied to stage [IIA or IIIB disease
as an induction treatment, postoperative complications

thes
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< Table VIIL.  Residts of induction chemoradiation therapy for non-small cell lung cancer involving the superior sulcus in literature
"t Series ' ) ) Survival
. Patients number G Complete resection  p-CR  Operative martality
Reference yr (Gy) 2yr dyr
;:Martinez-Monge® 1994 18 46-50 76% 7% 16.6%* 56%
. Attar’ 1998 11 60 . T2%**
i Rusch® 2001 83 45 92% 34% 2.4% 70%
Wright? 2002 15 51 93% 67% 0% NB% %
Present series 11 47 [00% 46%. 0% % 353%

*[neluding treatment related death, **estimated § year survival rate,

yi; Year; p-CR, pathological complete response.

became a major problem.'™" In our series, however,

there was no significant difference in frequency of
postoperative complications among the three preop-
erative treatment modalities and postoperative mortal-
ity of the CRT group was 0%. Although Martinez-
Monge et al.® reported the high rate of treatment-
related death (16.6%), a recent large series of Rusch
et aL.® demonstrated the low rate of treatment-related
mortality (5%) including 2.4% of operative mortality.
In stage ITIA or IIIB disease, one of major operative
procedures was pneumonectomy, which was a signifi-
cant important risk factor for postoperative morbidity
and mortality."™* On the contrary, a major procedure
for the superior suleus tumor is upper lobe lobectomy
and bronchopleura] fistula occurred only in 2.4% in
Rusch’s series.® The low frequency of pneumonectomy
employed for the superior sulcus tumor seems to result
in the low frequency of fatal postoperative complica-
tions after CRT.

There are several limitations in retrospective studies
as Wright’ pointed out. However, the three retrospec-
tive studies shown in Table VIII reached the common
conclusions, in which induction chemoradiation ther-
apy can produce a high complete resection rate, a high
pathologic response rate, and subsequent improved sur-
vival in NSCLC invading the superior sulcus. These
conclusions were also the same as those of the prospec-
tive multi-institutional trial by Southwest Oncology
Group.” Further studies are needed to obtain the opti-
mal protocol of CRT, which can control not only the
locoregional area but also distant metastases.

We appreciate the cooperation of the members of Tho-
racic Surgery Study Group of Osaka University.
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