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Table 1 Relationship between results of mediastino-
scopy and number of stations evaluated as
¢-N2 on CT.

numbers of station

Results of evaluated as c-N2 on CT
et p-value
mediastinoscopy ) More than
1 station 2 stations
positive 68 65 .
negative - 50 17 P=0.002

Table 2 ‘Final pn status in patients with
..+ ., N2, mediastinoscopically nega-
. .. tive lung cancer.

oo pnl 18
TUpn2 10
Cltotal | 59

Table 3 . Histopathological findings of lymph nodes
obtained by mediastinoscopy in p-n0, 1
patients” with ¢N2 by CT, but media-
stinoscopically negative lung cancer.

Silicotic change . - 6 cases
Sarcoid reaction : - 3 cases
Tuberculous change 1 case

No particular change 39 cases

total . 49 cases

N2, HERSERMMIED p-n0, nl H4OMD 3 5,
FERSETF IR L7 v S E R B AR A B
W, EdTibeed, oA FREE I, B
Rt 16180, FOMn30F CilRFnT <&
FHESFREIED R 2o/ (Table3), 2%
3050 S5, 9FITHEENME, 451TELENNE
¥, MEEREEE, H3Am, MEEmREAHLT
Wi FOMmOWBE] (53.1%) T, #EICHEESL
DY yNEREAETRL)ABFHEEL TR
(Table 4).
¢-N2, SRR ah o p-n2Fl10Fic BT, HkR
SEIEFESOER E 56 (B EAKERS LD
5 # OREVPATTICHEL o F5RERE LB, #5532
B, #8414, #6 & #90 D1 BITHo7z), KIFFEELE
iR #T FTHOEBE 24580, £/, HREIE
AR (#1, 2, 3, 4, 7i%E) ToOBREFEEDH

3 (517)

Table4 Complicating diseases of p-n0, 1 cases in
N2 by CT, but mediastinoscopically
negative patients without specific
histopathological findings in LIN.

Obstructive pneumonia 9 cases
Pulmonary tuberculosis 1 case
Non-tuberculous mycobacteriosis 1 case
Silicosis 1 case
Interstitial pneumonia 1 case
None 26 cases
total 39 cases

Table 5 Reasons for the discrepancy between media-
stinoscopic-n status and final p-n status in
pn2 lung cancer patients with ¢-N2 by CT,
but mediastinoscopically negative lung cancer.

Metastasis beyond mediastinoscope 5
accessible region

Metastasis to the # 7 lower part where 2
mediastinoscope hardly accessible

Failure to confirm metastasis to 2

mediastinoscope accessible region
Incomplete study because of the hemorrhage 1

n=10

MO SEEATFERbo R 1HEED 3HTH -
7= (Table 5}.

FESESHIETEI (#5, 6, 8, 9) VWIFRADHD c-
N2 Fl 6 Blic BT 5, #HREEEL S CICRIgHE QR
Y TR IRIL E A7z (Table 6). 6Pl 2 I THE
BHIZT, CTTO e N2 SN~ ERLED . £
7z, 6Bt 36N CT BERRMESITH - 1o,

SIRETETEIEOA L S & L7454, sensitivity
{$£97.7%, specificity I2100%, accuracy 1398.4%, neg-
ative predictive value {£94.9%, positive predictive
value 12100% Td o 7= (Table 7). HEMSHEELETREM
LA D p-n2 61 & & 72354, sensitivity 1392.8%,
specificity 1£100%, accuracy 1394.7%, negative pre-
dictive value i£83.1%, positive predictive value I
100% C&H o 7= (Table 8).

& ="

BT, VY REBOEEICL VREIEDD,
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4 (518)
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Table 6 Results of mediastinoscopy and operation in lung cancer patients evaluated as ¢-N2

only in station #3, 6, 8, or 9 on CT.

LN stations evaluated

Confirmed positive stations

Confirmed positive stations

asc-N2on CT by mediastinoscopy at thoracotomy

5 4,7, contra. 4 2,3,4,5 7, 8, contra. 4
9 none none

o none none

56 3.4 23,456

5 none none

5,6 none 3.4,5

LN: lymph node; contra.: contralateral.

Table 7 Results of the mediastinescopic evaluation
in ¢-N2 lung cancer patients (when having
intended for only the mediastinoscope
accessible level (#1, #2, #3, #4, and upper

part of #7)).
Sensitivity 97. 7%
Specificity - 100%
Accuracy 98.4%
Negative predictive value 94.9%
Positive predictive value 100%

Table 8 Results of the mediastinoscopic evaluation
in ¢-N2 lung cancer patients (when having
intended for all mediastinal lymph nodes).

Sensitivity 92.8%
Specificity 100%
Accuracy a4.7%
Negative predictive value 83.1%
Positive predictive value 100%

AEEOMRELRY 5 5 c-N2EFIZBVWTIE, 20
FREZARARESICERELE STV S, SER4 L,
Al CTHRZEIC T e-N2 LBl & i, HRFRRE TR
Tdh o EFOEEEREE L URIY ¥/ g0 R
RS, % 60N o-N2 EFI 0 HEFR SR T LA % retro-
spective {ZFRET L 7=,

FHEIIBWT, CTIRTHEREZEOLHEEFY >t
B O station ATHVEBIIZ L, p-n2 BIAE VW EAT
FIBA L 7z, AT CT TR station DHERF ) > /15508
KEBOBERNIE, BEMCHBERECOMREE
MEMRRVLETH I LEL LN,

CTIZ Tc-N2 & B B & 725000 @ 5 5, 4961
(83.1%) BT, MWMERELHTTAZI&ITL
WN22BETE, ThOREBROATHIEY »
NEIRRESH D LRI SRS, S LERLA0, 1

FITHILIE, 43k first choice T 5~ & FHHEEINE
MENLWEREDHL—HTHE. ZOLHL/kEE
EETH LR, DDLEFIORERERLIRIV 238
DRERMATRERF Lo L 25, Wanziik, B
ED S KRS D Y Y EERGREET 25
badH, L LAFREER LB CVWEFMOEIZ N
LA EEof BIETICHI%, BBELEHL
TWHERTREBLOEHOLOIC, E/BELM%
Uy AEEABEEE LTORVERTY, HEMEC
L HMBENRBEVLETHDL LEI LN

— R IC A TIEEL ) o (#7) ~DEBICEL
T, *OEME CHMBLENESE S 2 L HEES
F2OERMEFIAE LY, s bHIREILETRRD )
¥ REi® LR, EEREE, g, EERERE
¥, [REFEHOEIRE LTwBE2Y, BRETTHE, o
N2, HEFBSERETEC, R#AICp-n2 THo 7210510
b, #7 RS T SO HREIERRIIADOERE 7 Flic
B, KD 3 Hid & Mo 728 12 incomplete
study i2#%b o 72 VBl L BHET RS T O Rk LK1 2 1
O, whtFEfombict hERL ) 5EFTH-
fo. —7, HERREEIEENEM (#5, 6, 8, 9) DADc-
N2 a3 % W, WRAstEmoFGI sz
ATHAH. BETiL, IELX station B idhdb o,
c-N2FI BT EFIHRERTEHITLTEY,
PHBIER T 6 FIED; )b 2 I CHBIIST, CTT
D c-N2 S~ 2B, T4, 66IF3F
X CTEEEFTH -7 EflfELEVwb o0, »
DBEFINIE LTI, MEEREOBOT 7O—FIi
LBER) Y ABOFREMBFORRLERT AT
HoLEZ LN

CTI & 35 ¥ NHEB OB, ) ¥/ 850
RESOAEZHRIBIZLTWEDT, CTIZHLHE




N2, MR IRIED IR e A AT R

BHOBMENBR TSI LIRALATHEY, i
£, HLVIBOSE Y v REBOBEFRE LT,
2ositron emission tomography (PET)¥ %, PET-CTY
NERMICET I RENHR SR TEY, Dwamena
EDASTFY S AOBREI LD, CT, FDG-PET
DR, BREEENEN60%, TT%L, 9%, 91%
Chot, FRFHIBWTIE, MREIE, sensitiviy
#%93% T, % 7= false positive A7 T, specificity iX
100% & 7 1,364 CT, FDG-PET & ) RFF Ll T
Hot:, sbLsBMEENEEICLY, FFREMEIL
BERTY > SEERBBET AR L 2 Y ) B, PRl

b B A CIIEE TS T 5 KD ISR

BRENHATHLEEL LRI,
el i% =

EREETeTs)
A EN4

CT {2 T ¢-N2 & BEF S N FEH D83 1% BT,
WRERES AT A LI D N2 2 TETE L.
RS OEFIC EAEICIT R, BRREOSH % L
SOy v EERREEATAHLH B, EEE
ZELALWER LS. BELY, N2 TLED
FAIEERG & L72 Y, induction therapy ¥THok

5 {519

HELTitnwy., FREROFELVIBALETS
B, RS ICREEERESERATHA. BT, B/
2o station ¢IEA % D A EFICIE, RHEEIHERE
MELETTRE&THAL. ©b, HREICBYIBE
RS RITRLE, EORIEFOMLILETSHS
EEZ LI

X 8

1} fEEfa—, ERE, aPEL, it W ORR) v
SRR QBRI DWT D CT L HIRHE D HE. 8 05
£r3k 8 447-454, 1994

9) Tk &, PN  HERSREL ) Y EE. BFE
DI &L 182: 838-891, 1997.

3) Wahl RL, Quint LE, Greenough RL, et al: Staging of
mediastinal noo-small cell lung cancer with FDG PET.
CT. and fusion images: preliminary prospective evaluation.
Radiology 191: 371-377, 1994.

4) Lardinois D, Weder W, Hany TF, et al: Staging of non-
smallcell lung cancer with integrated positron-emission
tomography and computed tomography. N Engl ] Med
348: 2500-2507, 2003.

5) Dwamena BA, Sonnad 53, Angobaldo JO, et al: Metastases
from non-small cell lung cancer: Mediastinal staging in
the 1990s- Meta-analytic comparison of PET and CT.
Radiology 213: 530-536, 1999,



d

Benefits of Surgery for Patients With Pulmonary
Metastases From Colorectal Carcinoma
Masayoshi Inoue, MD, Mitsunori Ohta, MD, Keiji Tuchi, MD, Akihide Métsumura, MD,

Kan Ideguchi, MD, Tsutomu Yasumitsu, MD, Katsuhir

akagawa, MD,

Kenjiro Fukuhara, MD, Hajime Maeda, MD, Shin-ichi Takeda, MD,
Masato Minami, MD, Yuko Ohno, PhD, and Hikaru Matsuda, MD*
Department of Surgery, Toneyama National Hospital, Department of General Thoracie Surgery (E1), Osaka University Graduate

School of Medicine, Department of Surgery, National Kinki Central Haospital for Chest Diseases, Department of Surgery, Osaka
Prefectural Habikino Hospital, and Department of Mathematical Health Science, Osaka University Graduate School of Medicine,

Osaka, Japan

Background. A pulmonary metastasectomy for colorec-
tal carcinoma is a generally accepted procedure, although
several prognostic predictors have been reported. The
aim of this study is to define the patients who benefit
from pulmonary metastasectomy for colorectal
carcinoma.

Methods, Retrospective survival analysis was per-
formed using 128 patients who underwent curative pul-
monary resection.

Results. The overall 5-year survival rate was 45.3%.
Univariate analysis showed the number of metastases,
location (unilateral or bilateral), Prethoracotomy carcino-
embryonic antigen (CEA) level, hilar or mediastinal
lymph-node metastasis, and Dukes’ stage to be consid-
erable prognostic factors. Among these, Dukes’ A for the
primary lesion and unilateral pulmonary metastasis were
shown to be independent predictors of longer survival
by multivariate analysis (p = 0.0093 and p = 0.0182,

The lung is one of the most frequent metastatic sites of
colorectal carcinoma and some patients have under-
gone resection for pulmonary metastasis, since Blalock
first reported the successful surgical treatment of pulmo-
nary metastasis from colorecta} carcinoma in 1944 [1].
Thereafter, Thomford noted criteria indicati_ng the resec-
ton of metastatic lung tumors; (i) the patient must be a
good risk for surgical intervention, (ii} the primary ma-
lignancy is controlled, (iii) there is no evidence of meta-
static disease elsewhere, and (iv) the roentgenologic
evidence of pulmonary metastasis is limited to one lung
[2]. Morrow [3], Mountain (4], Takita [5], and The Inter-
national Registry of Lung Metastases [6] then evaluated
the surgical results for metastatic lung tumors, whereas
MecCormack discussed the operative indication for pul-
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respectively). In patients treated with both pulmonary
and hepatic metastastasectomies, a better prognosis was
observed in those who received metachronous resection,
Recurrence aftera pulmonary metastasectomy frequently
occurred in the thorax and the 3-year survival rate was
44.6% in patients who underwent a repeat thoracotomy,
Conclusions, Patients with unilateral metastasis and
Dukes’” A for the primary tumor benefit most from the
resection of pulmonary metastasis from colorectal carci-
noma. Further, the number of metastases, prethora-
cotomy CEA level, and hilar or medjastinal lymph-node
involvement should be considered to determine the op-
erative indication. Finally, periodic follow-up examina-
tions for thoracic recurrence shoiild be carefully per-
formed as these patients may have a heightened risk of
requiring a repeat thoracotomy. '
(Ann Thorac Surg 2004;78:238-44)
© 2004 by The Society of Thoracic Surgeons

menaty metastasectomy associated with colorectal carci-
noma [7]—one of the most frequent metastatic lung
tumors that general thoracic surgeons encounter. Oper-
ative indications must be considered for all aspects, as
pulmonary metastasis is a distant lesion and pulmonary
resection always causes the deterioration of respiratory
function. Thus, it is very important to identify the pa-
tients who can benefit from surgery.

We previously reported that the resection of pulmo-
nary metastasis from colorectal carcinoma is effective in
patients with a normal CEA level and without lymph-
node metastasis [8], although several points, such as the
relationship between survival and the number of meta-
static tumors and/or stage of the primary tumeor, the
recurrence pattern after pulmonary metastasectomy, and
the effectiveness of repeat pulmonary metastasectomy, as
well as others, are still unclear because of the small
number of patient cases. In this report, we conducted a
retrospective multicenter analysis of patients treated
with pulmonary metastasectomy for :colorectal carci-
noma. From our results, we discuss the prognostic fac-
tors, patterns of hilar or mediastinal lymph-node in-

0003-4975/04/$30.00
doi10.10164.athoracsur,2004.02.017
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volvement, the outcomes of patients with pulmonary
metastasis found during treatment for the primary lesion,
the surgical results of patients freated for both hepatic
and pulmonary metastases, the recurrence sites after
pulmonary metastasectomy, and the significance of re-
peat pulmonary metastasectomy in an attempt to define
which patients can benefit from a metastasectomy asso-
ciated with colorectal carcinoma.

Patients and Methods

The records of all patients with pulimonary metastases
from colorectal carcinoma who underwent a pulmonary
metastasectomy between March 1979 and May 2002 at
Toneyama National Hospital, Osaka University Hospital,
Osaka Prefectural Habikino Hospital, and National Kinki
Central Hospital were reviewed, All resected specimens
were pathologically confirmed to be pulmonary metasta-
ses from colorectal carcinoma by each pathology division.
Preoperative evaluation was performed using chest
roentgenogram and computed tomography (CT) images
for pulmonary nodules. Only those patients whose met-
astatic sites were confined to the lung or with extratho-
racic metastases that could be completely resected after
surgery were included in this study. Three patients
underwent incomplete resection and were excluded from
this study. Patients were evaluated for age, gender,
primary site, number and largest diameter of pulmonary
metastases, existence of metastases on the unilateral or
bilateral lungs at diagnosis, prethoracotomy carcinoem-
bryonic antigen (CEA) level, hilar or mediastinal Iymph-
node metastases, and Dukes’ stage of the primary tumor
to define prognostic factors. Because the chance of detec-
tion of pulmonary recurrence depended on how fre-
quently the attending physician checked the chest roent-
genogram or CT images, we did not use disease-free
interval as a variable. We also analyzed the surgical
results of patients with both hepatic and pulmonary
metastases and patients with pulmonary metastasis
found during surgery for the primary. Furthermore, we
surveyed all patients who suffered from recurrence after
pulmonary metastasectomy and evaluated the results of
the repeat thoracotomy. Survival after pulmonary resec-
tion was estimated according to the method of Kaplan-
Meier. The prognostic influence of variables on survival
was analyzed using the log-rank test and Cox propor-
tional hazards model. All variables tested by univariate
analysis were applied to multivariate analysis.

Results

Patient characteristics are shown in Table 1. Only those -

who underwent complete resection of pulmonary metas-
tases-were included. A thoracotomy without a macro-
scopic residual lesion was defined as complete resection.
The number of metastatic lesions was evaluated ‘using
conventional CT scanning and operative palpation.
Three patients had extrathoracic lesions at the time of
thoracotomy: 2 with hepatic metastasis were treated with
simultaneous hepatectomy and transcatheteric arterial
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Table 1. Patient Characteristics

Age 33-78 years (mean 61.8)
Gender male 85
: female 43
Primary colon : 73
rectum 54
colon + rectum 1
Prethoracotmy elevated 56
CEA normal 65
not measured 7
Metastatic site* right upper lobe 47
right middle lobe 19
right lower lobe 36
left upper lobe 40
left lower lobe 31
Operation . pneumonectomy 2
mode Isbectomy 69
'segnientectomy or partial resection 57
(video-assisted thoracoscopic
surgery 10)
Metastatic solitary 25
number multiple (bilateral netastasectomy 33
12; simultaneous 2, sequential
10

* All metastatic lesions for each pulmonary lobe were counted.
CEA = carcinoembryonic antigen,

embolization and 1 with adrenal metastasis underwent
sequential adrenalectomy. The resection margins were
evaluated by histology or cytology. The mean follow-up
period was 859 months and 7 patients were lost to
follow-up, The estimated 5-year survival rate for all
patients was 45.3% (Fig 1). The 5-year survival rate of
patients with solitary pulmonary metastasis was 50.6% as
compared with 29.5% for those with multiple metastases
{(p = 0.0163). The prognosis of patients with a solitary
metastasis was considerably better than with two or

5
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=
%
'8'2
8
0L, . : . . —_
0 1 2 3. 4 5

patients at risk
128 112 -79 - 54 42 32

Fig 1 Overall survival of 128 patients who underwent curative re-
section for pulinonary metestases from colorectal carcingsma, The
S-year survival rate was 45.3%. Median survival Hime was 40.5
nmonths,
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—_ solitgry {n=95)
-------- - multiple unilateral {n=21)

L:' multiple bilateral (n=12)

probability of survival
'S

0 T T Ll T T T
0 1 2 3 4 §
patients at risk years .
solitary g5 84 &i 44 36 27
multiple unitateral 21 18 13 7 § 4
multiple bilateral 12 0 5 3 1 1.

Fig 2. Probability of survival actording to the number and location
Gunilateral or bilateral) of metastatic lesions. The 5-year survival
rate for patients with solitary, multiple unilateral, and multiple bi-
lateral metastases was 50.6%, 40.3%, and 12.5%, respectively, The
survival rate for patients with multiple bilateral metastases was
worse than with a solitary lesion (p = 0.0028) and with multiple
unilateral lesions (p = 0.0727),

more, When considering both the number and location of
metastasis, the 5-year survival rate for patients with
solitary, multiple unilateral, and multiple bilateral metas-
tases was 50.6%, 403%, and 12.5%, respectively (Fig 2).
The survival rate for patients with multiple bilateral
metastases was worse than with a solitary lesion and with
multiple unilateral lesions. Patients with a unilateral
lesion demonstrated better outcome results.

The serum CEA level was measured before pulmonary
metastasectomy in 121 patients, of which 56 (46.3%) had
an elevated prethoracotomy CEA level. The cutoff value
for each institute varied from 2.5-7.0 ng/ml The 5-year
survival rate for patients with normal CEA was 51.9% as
compared with 38.3% for patients with elevated levels (p
= 0.0563). When a limit of a twofold cutoff for each
institute was used, the 5-year survival rate for 93 patients
with a low CEA level was 51.7% which is significantly
better than the 27.5% for patients showing a high CEA
level (p = 0.0184). )

In the last decade, we have performed lymph-node
dissection, or at least sampling, and found mediastinal or
hilar lymph-node metastases in 21 out of 89 patients

(23.6%). The 5-year survival rate for patients without

lymph-node involvement was 50.8% as compared with
19.3% for node-positive patients (p = 0.0047). Most pos-
itive nodes were located at the metastatic lobes or nearby
sites in the mediastinum [9]. The level of node involve-
ment, whether hilar or mediastinal, had ne prognostic
implications.

We also analyzed patient survival according to Dukes’
stage as determined during surgery for a primary colo-
rectal lesion in 95 patients (Dukes’ A, 29; B, 8; C, 48; D, 10).
The 5-year survival rates for patients with Dukes’ A, B, C,
and D were 68.7%, 38.1%, 31.9%, and 27.8%, respectively.
Because the number of Dukes’ B and D patient cases was
small, we compared Dukes’ A versus B~D and found that

Ann Thorae Surg
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— Dukes'A (n=29)
.............. Dukes’ B-D {n=66)

probability of survival
o 38 ] N Lo}
] ;j

patients at risk years

Dukes'A 29 28 20 14 11 9
Dukes’ B-D 65 53 36 23 16 10

Fig 3. Profmbilify of survival by Dukes’ stage, The 5-year survival
rate for patients with Dukes’ A was 68.7% compared with 32.8% for
patients with Dukes’ B-D {significant, p = 0.0045).

the 5-year survival rate for those with Dukes’ A was
68.7% as compared with 32.8% for those with B-D (Fig 3).

The potential prognostic factors were tested by univar-
iate and multivariate analyses. Univariate analysis using
the variables listed in Table 2 showed that the number of
metastases, location (unilateral or bilateral), CEA level,
mediastinal or hilar lymph-node involvement, and
Dukes’ stage were considerable prognostic factors. Re-
garding CEA level, when positive cases were compared
with negative, we found a trend, however, the limit of
twice the cutoff revealed survival significance between
CEA high and low groups. Solitary metastasis, unilateral
location, a CEA ‘level less than twice the cutoff, no
lymph-node metastasis, and Dukes’ A were better prog-
nostic predictors in univariate analysis. Using all vari-
ables tested by univariate analysis, we also performed
multivariate analysis (Table 3). As a result, Dukes’ stage
and pulmonary metastasis location were shown to be

Table 2. Potential Prognostic Factors by Univariate Analysis
in Patients With Pulmonary Metastasts From Colorectal
Carcinoma

Hazard
Variables Ratio 95% CI p Value
Age 1.004 0.979-1.030 0.7367
Gender (female:male) 0.933 0.555-1.568 0.7930
Primary {colon:rectum) 0.783 0.481-1.275 0.3256
Number (> 2: solitary} . 1.866 1.113-3.129 0.0180
Size® (> 3 em: < 3 am) 1.300 0.796-2.122 0.2939
Location (bilateral: 2,700 1.368-5.329 0.0042
unilateral lung)
CEA (elevated: WNL) 1.625 0.982-2.689 0.0587
(>:<2 X cutoff) 1920 1106-3.335  0.0205
LN (positive: negative) 2.266 1.266-4.058 0.0059
Dukes’ stage {A: B-D) 0.348 0.162-0.745 0.0066
® Size = maximum diameter of the pulmonary metastases,
CI = confidence interval; LN = lymph node metastasis; WNL =

within normal limits.
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Table 3. Potential nguosﬁc Factors by Multivariate
Analysis in Patients With Pulmonary Metastasis From
Colorectal Carcinoma

Hazard
Variables Ratio 95% CI . pValue
Age 1.008 0.972-1.045 0.6797
Gender (female:male) 0.589 0.271-1.280 0.1811
Primary (colon:rectum) 0.832 0.398-1.741 0.6257

0.408-2.020 0.8124
0.817-3.092 0.1728

Number (> 2: solitary) 0.908
Size® (> 3 cou < 3 ¢m) 1.589

Location (bilateral: 4.206 1.277-13.856 0.0182
unilateral Jung) :

CEA (elevated: WNL) 1.354 0.663-2.764 0.4050

LN (positive: negative) 2217  0.951-5.170 0.0653

Dukes’ stage (A: B-D) 0.326 ' 0.140-0.75% 0.0093

@ Size = maximum diameter of the pulmanary metastases.

Cl = confidence interval; WNL =

within normal limits,

LN: lymph node metastasis;

independent prognostic predictors. No lymph-node in-
volvement showed a tendency to be a better prognostic
factor. The regression coefficient of metastatic number to
location was 0.470 and metastatic. number was not de-
tected as a prognostic factor in the multivariate analysis.
Thus, patients with Dukes’ A and a unilateral pulmonary
metastatic lesion were determined to most likely benefit
from a metastasectomy.

Thirteen patients underwent both pulmenary and he-
patic metastasectomy, whereas metachronous and syn-
chronous resections were performed in 10 and 3 patients,
respectively. The most frequent metastasectomy pattern
for both the lung and liver was metachronous resection
{(primary lesion—hepatic and pulmonary metastasis} in 9
patients and surgical results produced 47.months of
median survival time {(MST). The interval between hep-
atectomy and pulmenary resection ranged from 12-73
months (average 35.2 months}. One patient who under-
went a resection (primary lesion—pulmonary and he-
patic metastasis) was alive after 87 months. In contrast,
patients treated with synchronous resections had a poor
outcome, although the number of patient cases was
small, Two patients who underwent a resection (primary
lesion—Iliver and lung metastases) died after 12 and 14
months and 1 patient has survived for 6 months. On the
other hand, the 5-year survival rate for 115 patients with
only pulmonary metastases was 45.5% and the MST was
49.5 months. .

Nine patients were diagnosed with colorectal carci-
noma with pulmonary metastasis before treatment for
the primary lesion (ie, Dukes’ D, colorectal carcinoma).
The primary site was the colon in 6 patients and the
rectum in 3 patients. The tumor diameter ranged from
1-10 cm (average 3 cm). A lobectomy was performed in 5
patients and 4 patients underwent partial resection. The
survival for these patients ranged from 13-62 months
(MST: 26 months), whereas 3 patients survived for more
than 4 years. Recurrence after pulmonary resection oc-
curred in the lung in 3 patients and the brain in 2
patients.
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probability of survival

patients at risk 20 15 1M1 7 3 2

Fig 4. Probability of swrvival for paticnts who underwent a repeat
puhnonary metastasectonty. The 3- and 5-year survival rates were
44,6% and 22.3%, respechvely. Median survival ime was 35.4
months, + - oo o '

We al_sqlthoroughly surveyed the cutcomes after pul-
monary metastasectomy. Interestingly, intrathoracic re-
currence, especially in the lung, was most frequent and
occurred in 46 (53%) of the patients that showed evidence
of recurrence. Recurrence in the liver, brain, bone, and
peritoneum was .detected in 12, 9, 9, and 8 patients,
respectively. Among those suffering from intrathoracic
recurrence, 20 patients underwent a repeat thoracotomy
and their survival curve is shown in Figure 4.-The 3- and
5-year survival rates after the second operation were

" 44.6% and 22.3%, respectively, with an MST of 35.4

months.

\

Comment

Surgical results for pulmonary metastasis related to colo-
rectal cancer have been reported from several institutes
with 5-year survival rates ranging from 22.0%—48.0% [7,
8, 10-18]. From their findings, with the results of our
study, and because no other effective treztment for this
disorder has been established, we suppose that pulmo-
nary metastases from colorectal carcinoma should be
resected according to the following criteria: (i} pulmonary
nodules consistent with metastases, (ii) no residual tumor
at the primary site, (iii) all nodules potentially resectable
with planned surgery, (iv} adequate postoperative pul-
monary reserve anticipated, and {v) no extratheracic
metastases. In addition to these criteria, we propose the
following five prognostic predictors to consider surgical
indication: (i) location (unilateral or bilateral) and Dukes’
stage as independent prognostic factors, (ii) the number
of metastases, (iii) prethoracotomy CEA level, and (iv)
intrathoracic lymph-node involvement as reference fac-
tors. From these findings, we have redefined the Dukes’
stage as a prognostic predictor in patients with pulmo-
nary metastasis from colorectal carcinoma. This study
revealed that the prognostic impact of tumor location and
Dukes’ stage was greater than that of CEA level or
lymph-node involvement which was shown to be prog-
nostic factors in our previous study with a small number
of patients [8].
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Sakamoto reported that no considerable differences in
survival rate were found among patient groups for soli-
tary, ipsilateral multiple, and bilateral nietastases [13]. In
this study, although only 12 patients (9.4%) suffering
bilateral metastases underwent a metastasectomy, the
5-year survival rate was substantially worse than that for
patients with unilateral metastasis. It is expected that the
survival rate will decrease in association with an increase
in the number of metastases in patients with bilateral
metastases even if all metastatic nodules are macroscop-
ically extirpated. The mean number of lesions resected in
these patients with bilateral metastases was 4.2, there-
fore, we considered that such bilateral multiple meta-
static patients had a minimal depressive effect on the
survival curve of the bilateral metastases group. Further-
more, multivariate analysis revealed that tumor location
(unilateral or bilateral) and not metastatic number was a
most powerful and independent prognostic factor sug-
gesting that patients with hemithoracic pulmonary le-
sions could be good candidates for resection. However,
patients with bilateral metastases will gain no surgical
benefit,

We found that patients with a solitary pulmonary
metastasis had a considerably better survival rate than
those with two or more by univariate analysis, although
multivariate analysis did not show the metastatic number
to be an independent prognostic factor. The number of
pulmonary metastases has often been reported as an
independent prognostic factor [10-12, 16, 19, 20], whereas
some studies have found no marked difference [7, 14], CT
imaging has recently been improved and is able to detect
a tiny nodule allowing for preoperative knowledge of the
exact number of pulmonary metastases. Thus, an accu-
rate preoperative evaluation of nodule number, which
may have an influence on prognosis, has become increas-
ingly important. The size of the metastases was not a
prognostic factor in our study and most other reports
found no substantial relationship between tumor size
and patient prognosis [12, 14-16, 20], although Shirouzu
[10] and Okumura [11] reported that patients with pul-
monary metastases 3 cm or greater in diameter had
worse survival than those with tumors less than 3 cm. In
the analysis by Shirouzu, the results may have been
influenced by the bias that 57% of the patients with
metastases 3 em or greater in diameter suffered from
lymph-node metastases.

Sakamoto [13], Saito [18], Rena [21], Pfannschmidt [22],
Higashiyama [23], and Headrick [24] have reported CEA
to be a prognostic factor in patients with pulmonary
metastasis from colorectal carcinoma. In this study, the
outcome of patients with an elevated CEA level was
inclined to be poor compared with those having a normal
level (Table 2). However, when analyzing with a twofold
cutoff value limit, the survival of the CEA high group was
considerably worse than that of the CEA low group with
a less than twofold cutof (Table 2). Interestingly, recent
reports by Saito (18] and Higashiyama [23] similarly
showed that a prethoracotomy CEA greater than 10
ng/ml was a predictor of poor prognosis, whereas their
cutoff values were set at 5 ng/ml. Namely, poor prognosis
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could be predicted in patients with a distinet elevation of
CEA,

As for hilar or mediastinal lymph-node involvement in
patients with pulmonary metastasis from colorectal car-
cinoma, the previous analysis from a single institute
resulted in a substantially better prognosis for patients
without lymph-node metastasis [8]. Okumura, Saito,
Pfannschmidt, and Headrick also reported the prognostic
impact of lymph-nade involvement [11, 18, 22, 24). We
confirmed those results in this study using a large num-
ber of patients and concluded that Iymph-node metasta-
sis was a prognostic factor (Table 2), However, multivar-
iate analysis showed lymph-node involvement not to be
an independent prognostic predictor when analyzed to-
gether with Dukes’ stage (Table 3). We interestingly
observed that most patients with lymph-node metastases
were diagnosed with Dukes’ B-D for the primary lesion
except for 2 patients. There may be some biological
relationship between the invasiveness of the primary
tumnor and the intrathoracic lymph-node involvement, In
addition, the metastatic site of nodes corresponded to the
regional segmental or lobar nodes supporting the hy-
pothesis of node metastasis from pulmonary metastatic
lesions. Thus, we suppose that sufficient evaluation of
intrathoracic lymph nodes, for instance, using CT, fluoro-
deoxyglucose-positron emission tomography, fiberscopic
transbronchial needle aspiration, or mediastinoscopy is
important in aiding the decision of the operative indica-
tion, as lymph-node involvement is not rare in patients
with pulmonary metastasis from colorectal carcinoma.
The results of this study showed that patients with
proven node metastasis had no operative indication. We
recommend lymph-node dissection or sampling to pre-
dict prognaosis. DO

The invasiveness of colorectal carcinoma is generally
classified using Dukes’ stage in which a tumor limited to
the muscularis propria is considered to be Dukes’ A, that
beyond the muscularis propria but without lymph-node
metastasis is considered to be Dukes’ B, that with lymph-
node metastasis is considered to be Dukes’ C, and a
tumor remaining locally or with distant metastasis is
considered to be Dukes’ D [25]. Dukes’ classification is
reported to be a prognostic factor for patients undergoing
hepatic metastasectomy for colorectal carcinoma [26],
however, the prognostic impact of Dukes’ stage for pul-
monary metastasis has not been sufficiently assessed.
Sauter found a better, though statistically insignificant,
disease-free survival in Dukes’ B compared with Dukes’
C patients who underwent pulmonary resection of met-
astatic colorectal carcinoma [27]. We found the Dukes’
stage to be an independent prognostic factor (Table 3),
These results suggest that the degree of local invasive-
ness can influence the prognosis of patients with distant
metastasis in colorectal carcinoma, We believe that
Dukes” classification is useful to predict prognosis and
should be considered for operative indication in patients
with pulmonary metastasis. )

Regarding the pulmonary and hepatic metastasectomy
procedure, Gough reported 9 patients with a median
survival of 27 months {28] and Lehnert noted that se-
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guential resection was warranted in carefully selected
patients with a 2-year survival rate of 70% [29]. Kobayashi
also reported a 5-year survival rate of 31% in 47 patients
and found that patients with a solitary pulmonary me-
tastasis or a small number of hepatic metastases were
good candidates for metastasectomy [30]. Further, a
study by Robinson revealed that patients treated with
metachronous resection survived longer as compared
with synchronous resection [31]. Similarly, patients
treated with metachronous resection showed a reason-
ably good outcome in this study. Thus, we consider that
patients suffering from metachronous metastases to the
liver and lung are potential operative candidates.

The thorax was the most frequent site of recurrence
after pulmonary metastasectomy. Mori also reported
similar results which showed intrathoracic recurrence in
58% of 35 patients including 79% in the lung and 21% in
the lymph nodes [14]. From these results and the feasible
outcome after repeated metastasectomy, we concluded
that patients undergoing pulmonary metastasectomy
from colorectal carcinoma should be carefully followed
up, especially in the chest as they may have a heightened
need for repeat thoracotomy. Our recommendation for
follow-up is a chest roentgenogram at least every 3
months and a CT scan every year. The serum CEA level
may alsc be useful to predict recurrence, because 5
patients who underwent repeated metastasectomy
showed CEA elevation. However, no applicable prognos-
tic predictor to select candidates for repeat metastasec-
tomy was found among the variables tested in this study.
Therefore, we would consider repeat metastasectomy for
good-risk patients whose lesions are resectable,
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Thymidylate synthase and dihydropyrimidine
dehydrogenase mRNA levels in tumor tissues and
the efficacy of 5-fluorouracil in patients with
non-small-cell lung cancer
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Summary We examined 116 stage [-UIA non-small-cel! lung cancer (NSCLC) patients
for intra-tumoral expression of thymidylate synthase (TS} and dihydropyrimidine de-
hydrogenase (DPD) using TagMan reverse transcription polymerase chain reaction
(RT-PCR) assay to clarify the correlation between gene expression and the efficacy
of 5-fluorouracil {5-FU) in patients with NSCLC. Patients who were administered 5-FU
alone after surgery comprised the 5-FU group (n = 30}, and those who underwent
only surgery comprised the control group (n = 86). When dichotomized at the mean
TS and DPD mRNA level, patients with low-DPD tumors wha were administered 5-FU
had a significantly better prognosis than those who did not receive adjuvant treatment
(p = 0.041). In addition, in the 5-FU group, 10 patients with both low-TS and low-DPD
tumors have not had any relapse, whereas 8 of the 20 patfents with either high-TS or
high-DPD tumors developed distant metastasis after surgery. Based on these results,
the quantitation of TS and DPD mRNA levels may predict the efficacy of 5-FU after
surgery for patient with NSCLC. '

© 2004 Elsevier Ireland Ltd, All rights reserved,

1. Introduction of fluorodeoxyuridine monophasphate (dUMP) to

deoxythymidine monophdsphate (dTMP), which is
Thymidylate synthase (TS) is the target enzyme for  an important process for DNA biosynthesis (1,2].
3-fluorouracil (5-FU) and catalyzes the methylation  Recent studies have demonstrated that the prog-
nosis of cancer patients is significantly related
to TS intra-tumoral immunchistochemical expres-

“Corresponding author. Tel.: 181-6.6879-3152, son and mRNA levels {3,4]. We had previously

fax: +81-6-6879-3164, shown that the quantitation 6f TS mRNA levels
i - E-mail address; ohta@surgl.med.osaka-u.ac.jp (M. Ohta). is clinically sensitive and usefyl for determining
]

0169-5002/5 - see front matter © 2004 Elsevier lreland Ltd. All rights reserved,
doi:10.1016/j.[ungcan.2004.01.015
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the prognosis of stage | and Il non-small-cell lung
cancer (NSCLC) patients [5]. On the other hand,
dihydropyrimidine dehydrogenase (DPD) is a key
enzyme in the catabolism of 5-FU and its high
expression in a tumor is thought to reduce the
efficacy of 5-FU [6,7]. Therefore, the activity of
these enzymes in tumor tissues is considered to
be associated with the chemosensitivity to 5-FU
[8,9].

5-FU has been used in gastric cancer, colorec-
tal cancer, breast cancer, and NSCLC. Recently,
several reports showed that oral UFT (a com-
bination of tegafur and uracil in a molar ratio
of 1:4, Taihe Pharmaceutical Co. Tokyo, Japan)
is effective postoperative adjuvant chemother-
apy for NSCLC [10,11]. In addition, it is reported
that DPD expression may predict the efficacy of
UFT after surgery for NSCLC ‘with immunohisto-
chemical clinical investigation [12,13]. It is also
reported that DPD activities evaluated by radioen-
zZyme assay correlated with in vitro sensitivity to
5-FU [14]. Since there is no study on TS and DPD
gene expression in NSCLC tissues, we measured
both TS and DPD mRNA levels tissues, and exam-
ined the association of these enzyme mRNA levels
with cllmcopatholocncal factors and the efficacy of
5-FU.

Sy e iy s 8
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2. Materials and methods
2.1. Specimens

One hundred and sixteen specimens from 116 lung'
cancer patients that were determined to be p-stage
I-I11A [15] were obtained at Osaka University Hos-
pital, National Kinki Central Hospital; Toneyama

Hospital, Osaka Prefectural Habikino Hospital, and

Osaka Police Hospital between January 1999 and
March 2003. The specimens were frozen in llquld ni-
trogen as soon as possible and stored at —70°C until
extraction of RNA. Informed consent was obtained
from all patients. Patients who were admiriistered
UFT alone comprised the 5-FU group (n=30), and -

those who underwent only surgery comprised the -

control group {(n=285}). UFT administration ‘was
started within 2 months after surgery and contin--

ued more than 6 months. The dose and mean dura”
tion of UFT were 300—400 mg/body welght per day i
and 19.4 7.3 months {mean £ 5.D.; ranga: 6-24"

months), respectively. The clinical backcround of -
patients is summarized in Table 1. There 3 was no
difference in clinical factors between the 5-FU

group and the control group. Median follow-up of
the patfents was 42 months (range: 6 57 months) o
after surgery.
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2,2. Real-time quantitative RT-PCR for TS,
. DPD and GAPDH mRNA

| TFié:}EfUér'\titation of TS and DPD mRNA levels in

NSCLC tissues was performed, as described previ-
ously [5]. Briefly, to construct RNA standards for

- the.real-time reverse transcription polymerase
-chain reaction (RT-PCR) assays for TS, DPD and

GAPDH mRNA, the region of each mRNA was am-
plified with each forward primer and the standard
reverse primer (Table 2) using cDNA derived from
the RNA of a healthy volunteer as a template.
Amplified fragments were cloned into pCR2.1 {In-
vitrogen, The Netherlands), and the plasmid was
transformed into E. coli (Toyabo, Tokyo, Japan),
The RNA fragment used for the preparation of RNA

. Standards was synthesized in vitro from the plasmid

that had been linearized with an RNA polymerase
T7 RNA synthesis kit (Wako, Tokyo, Japan). The
RNA standards were constructed by sequential dily-
tion in a range of 10% and 10" copies/pl, following
calculation of the RNA copy number,

Total RNA was extracted from 100 mg of each tis-
sue sample using an AGPC method. A 1pg aliquot
of total RNA solution including oligo-dT primer in
a total volume of 7l was incubated at 80°C for
Smin. After cooling on ice, RT—enzyme mixture was
added, and the resulting mixture was incubated at
42 °C for 60 min, then denatured at 95°C for 5 min.

PCR reactions were carried out using a reaction

mixture containing TagMan Universal PCR Master -

Mix (PE Applied Biosystems, Foster City, USA), the
primer mixture, a labeled probe (Table 2), and sam-
ple cONA. Real-time PCR assays were run on an ABi

PRISM 7700 sequence detection system (PE Applied
Biosystems) with the following protocol: 50°C for
2min, 95°C for 10min, and then 50.cycles at 95°C
for 15s and 60°C for 2 min.

The amount of mRNA levels in the’'sample spec-
imen was calculated from the threshold cycle (Ce)
of the sample and the RNA standard curve. The ob-
tained copy number of TS or DPD was. then stan-
dardized with GAPDH mRNA quantity as the endoge-
nous control using the equation: result = log(TS or
DPD RNA copy number. in tumor}/(GAPDH RNA copy
number in tumor) x (6:1 x 10%; GAPDH RNA copy
number in 1 ug of total RNA extracted from the pe-
ripheral blood of 30 healthy volunteers),

2.3. lmmunohistochemical staining for TS
and DPD -

Formalin-fixed and paraffin-embedded 3um thick
tissue sections’ were deparaffinized and rehy-
drated. For antigen retrieval steps, the sections
were treated by microwave for 10 min ina 10pMm
hot citrate buffer solution at PH 6.0. After quench-
ing the endogenous peroxidase activity with 0.3%
H20; for 20min, the sections were pre-incubated
with peroxidase blockirig'reagent,(DAKO, Kyoto,
Japan) for 15min. The sections were then in-
cubated overnight at 4°C with anti-TS [16] and
anti-DPD polyclonal antibodies [17] provided by

_Taiho Pharmaceutical Co, Ltd., Saitama, Japan (di-

luted to 1:500). Biotinylated goat anti-rabbit IgG
(Dako, Kyoto, Japan) was applied as a secondary
antibody for 20 min at room tem[ierature, followed
by streptavidin—biotinylated peroxidase complex
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for 20min at room temperature. Peroxidase ac-
tivity was visualized with a diaminobenzidine
tetrahydrochloride solution for 5min at room tem-
perature. The sections were then counter-stained
with hematoxylin. Slides were examined sepa-
rately by two independent investigators who were
unaware of the clinical characteristics of the pa-
tients. Five areas selected at random were scored
by ‘'MSCORE'’, which reflects both the intensity
and percentage of cells staining at each intensity
according to the method described by McCarty
et al. [18]. Intensity was classified as O (no stain-
ing), +1 (weak staining), +2 (distinct staining},
or +3 {very strong staining). A value designated
the *'"HSCORE"’ was obtained by the following al-
gorithm: HSCORE = }_ (intensity x percentage of
cells that stain at each intensity). When the HSCORE
was >30, the sample was classified as high T5, and
it was <30, the sample was classified as low TS
[5,12]. in addition, when the HSCORE of DPD in a
given specimen was =50, the sample was classi-
fied as high DPD, and it was <50, the sample was
classified as tow DPD [12]. '

2.4. Statistical analysis

Chi-square test, Mann—Whitney U-testand Kruskal—
Wallis test were used to compare the results, and
free disease survival rates were estimated by the
method of Kaplan and Meier [19] and compared
with results of a log-rank test using Statview ver-
sion 5.0 for Windows {Abacus Concepts, Berkeley,
CA) and a P-value of <0.05 was considered to be
statisticatly significant.

3. Resuits
3.1. TS and DPD mRNA levels in tumors

The quantitation of TS and DPD MRNA levels in

NSCLC tissues was successfully performed in all
specimens. Intra-tumoral TS and DPD mRNA lev- .
els varied from 6.279 to 8.041 (mean+£5.D.: -
6.97 +0.33) and from 5.176 t0 8.279 (6.62 £ 0.58). ;

3.2. Clinicopathologic factors and TS and
DPD mRNA levels

The results for TS and DPD are summarized in .
Table 3. TS mRNA levels were associated with'the

advance of tumor status, and those in advanced - -

cancer tissues were significantly higher than those -
in early cancer tissues. In contrast, the reverse -
association was observed in DPD mRNA levels. Ac- |
cording to nodal’status, there was no significant . .
difference in TS or DPD mRNA levels. In regard to -
histological types, DPD mRNA levels in adenocar-
cinoma showed significantly higher than those in
squamous cell carcinoma. AL ey S

¥

3.3. TS and DPD mRNA levels ar-lc'i. TSand “ :
DPD immunohistochemical evaluation -

We conducted an immunohistochemical investiga-""
tion on intra-tumoral expression of both TS5 and
DPD using 92 available specimens. Fifty (54%) and -
44 (48%) of the specimens were TS-positive -and -
DPD-positive, respectively, by immunoreaction -
(Fig. 1). The correlation between mRNA levels and
protein expression evaluated by immunohistochem:

_Table 3¢ Clinicopathologic-factors and TS}gﬁngPD miRNA
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F:g1 Immunohistochemical staining t;f_' _‘sqf_g;'i.éélly resééfed-specimens Sfrom. ‘lung cancer patients using

. anti-thymidylate synthase (A) and anti-dihydropyrimidine dehydrogenase (B) polyclonal antibodies. Note the diffuse
~ positive staining present in the cytoplasm of the cancer cells (100x magnification). Scale bar =100 um.

ical staining is shown in Fig. 2. The mean TS mRNA 3.4, Disease-free survival and TS and DPD

levél in the TS-positive group was 7.095, as com- mRNA levels

.pared with 6.796 in the TS-negative group, which

was statistically different (P < 0.0001), whereas  Thirty-three (28%) of the 116 patients developed
the ‘mean DPD mRNA level in the DPD-positive  distant metastasis after surgery. In regard to tu-
group was 6.643, as compared with 6.467 in the  mor stage, 12 (15%) of the 79 patients in stage
DPD-negative group, which did not reach statistical  t, 7 (39%) of the 18 patients in stage Il, and 14

sfshiﬁcance (P =10.108). (74%) of the 19 patients in stage IlIA suffered from
| @ p<0.0001 ® p=0.108
] 8]
.
8 <
< % 77
% ;'
[77] 71
= A
.
6 5
negative positive negative positive
n=42 n=50 n=48 n=44
TS immunohistochemistry DPD immunohistochemistry

Fig. 2 Association of mRNA levels with immunohistochemistry findings. Bars for the box extend from the 25th to 75th
percentile of the data, and the line in the middle represents the median. The upper and lower bars represent the
distance from the 10th to 90th percentile from the median. The dots represent outlier values in the data. {A) There
was a significant difference in mRNA levels in tumor tissues between the TS-positive and TS-negative patient groups,
as evaluated by immunoreaction, {B) According to DPD immunohistochémical evaluations, there was no significant
difference in DPD mRNA levels. :
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Years after surgery

Fig. 3 Disease-free survival curves for patients who un-
derwent only surgery, with high TS mRNA and low T35
mRNA levels in lung cancer tissue when dichotomized at
the mean TS mRNA level. TS mRNA levels were signifi-
cantly correlated to disease-free survival.

recurrent disease. In the control group, 25 (29%)
of the 86 patients had relapses of disease, and
TS mRNA levels were significantly correlated
to disease-free intervals for the control group
(P =0.009, log-rank test; Fig. 3), whereas DPD
mRNA levels were not correlated (P = 0.367), when
dichotomized at the mean TS and DPD mRNA level,
respectively. In the 5-FU group, 8 (27%) of the 30
patients had recurrences, and DPD mRNA levels
were significantly correlated to disease-free inter-
vals (P = 0.016; Fig. 4), whereas TS mRNA levels
were not correlated (P = 0.114).

For the 63 patients who had high-DPD tumors,
there was no significant difference in disease-free
survival rate between the 5-FU group and the con-
trol group (P = 0.20). However, for the 53 patients
who had low-DPD tumors, those who were admin-
istered 5-FU had a significantly better prognosis

p=0.016 (Log-rank test)

100 et : ]
% 30
[ Low DPD mRNA (n=14)
g ‘
o &0-
&
L5
g 404 High DPD mRNA (n=16)
a Low DPD mRNA; <6.62
204 High DPD mRNA; > 6.62
17 O —
0 ! 2 3 4

Years alter surgecy

Fig. 4 Disease-free survival curves for patients who
were administered 5-FU alone after surgery, with high
DPD mRNA and low DPD mRNA levels in lung cancer tis-
sue. DPD mRNA levels were significantly correlated to
disease-free survival in the 5-FU group.

Years after surgery

Fig. 5 Disease-free survival curves for patients with
low-DPD tumors. Patients who were administered 5-FU

after surgery had a significantly better prognosis than :

those who did not receive adjuvant treatment. .

than those who dld not receive ad]uvant treatment

(P = 0.041; Fig. 5).

In addition, in the 5-FU group, 10 patlents w1th',:‘

both low-TS and low-DPD tumors -have not had

any relapse, whereas 8 of the 20 patients with ei- - :
ther high-TS or high-DPD tumors deye[oped dlstant L

metastasis after surgery (Fig. 6).

4, Discussion

We performed quantitative assay of itit‘r'a'"-"-turr"ib}‘af -

TS and DPD mRNA levels to assess the association’

of their levels with clinicopathological factors'and -
the feasibility of using them to predict the efficacy -

_the mean TS mRNA level (.97 - ;v %, PR R

7.51 o 9, 0 ; recurrence(-)
- ] & o e ¢ | e;recurrence(+)
L F]
I Ee
Z 651 o Q tharneanDE’D mR.NA level (ssv)' ‘
% ] ® ) oe .. e
o) R S SOt
2 6 .
a o o
5.5 :
0
62 64 6668 7 72 74
TS mRNA levels

Fig. 6 Correlation between relapses of disease and TS . .

and DPD mRNA levels in 30 NSCLC tissues in the 5-FU
group. The dotted lines indicate the mean value of each
mRNA level. The open circles represent the patient with-
out a relapse of disease, and the closed circles represant
the patient with a relapse of disease. Ten patients with
both low-TS and low-DPD tumors have not had any re-

lapse, whereas 8 of the 20 patients with either high-T5

or high-DPD tumors developed distant metastasis after
_surgery.
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‘of 5-FU in patients with NSCLC. The expression of
TS controls cell proliferation in a positive manner,
-as an increase in TS expression in synchronous cells

as'they enter the S phase from the Gy phase has
been demonstrated [20]. It is therefore reasonable
to expect that TS mRNA levels increases in accor-
dance with tumor status, and that a high expres-

'ston of T5 was associated with a poor prognosis. As
ishown in Fig. 3, there was a significant difference
.between the groups with low and high TS mRNA

levels for patients who underwent only surgery. In
contrast, DPD mRNA levels in cancer tissues of ad-
vanced tumor status were significantly lower than
thase in early cancer tissues. It is reported that DPD

MRNA levels tended to decrease during cell growth
in vitro [21]. These findings suggest the possibility
of down-regulation of DPD expression during tumor
-~ growth.

- AsDPD s a rate-limiting enzyme in the catabolism

of 5-FU, its high expression in a tumor is thought

- to result in low sensitivity to 5-FU [6-9,22]. In this

study, we evaluated the efficacy of 5-FU admin-

- .dstration as adjuvant chemotherapy in relation to
- intra-tumoral DPD mRNA levels of patients with
- NSCLC. The results showed that DPD mRNA levels
‘were significantly correlated to disease-free inter-

vals for patients who were administered 5-FU. Fur-
thermore, for patients with low-DPD tumors, those

| ‘whowere administered 5-FU had a significantly bet-
- ter prognosis than those with surgery alone. These
- findings suggest that intra-tumoral DPD mRNA lev-

els serve as a possible predictor for the efficacy of
5-FU administration after surgery for NSCLC. The
présent study is the first known to report DPD gene
expression in NSCLC patients based on comparisons
of DPD mRNA levels and the efficacy of 5-FU ad-

~ministration. As for histological type, DPD mRNA
- levels in adenocarcinoma were significantly higher

than those in squamous cell carcinoma. Several
investigators have also reported that squamous
cell carcinoma exhibits a lower [evel of DPD than
adenocarcinoma evaluated by immunohistochem-

-istry or radioenzyme assay [13,23]. These results
. indicated that patients with squamous cell {ung

carcinoma may be more susceptible to treatment

* with 5-FU than those with lung adenocarcinoma.

The role of TS in sensitivity to 5-FU is still contro-
versial. TS expression has been reported to be as-
sociated with response to 5-FU treatment [2,3,24].
On the other hand, some investigators have re-
ported that there was no correlation between TS
activity and sensitivity to 5-FU [25,26]. However,
at least, our results showed that TS expression is
associated with disease-free survival rate for pa-
tients with NSCLC. Furthermore, in the 5-FU group,
no patient with both low-TS and low-DPD mRNA

levels had a relapse of disease, whereas 8 of the
20 patients with either high-TS or high-DPD tumors
developed distant metastasis after surgery, when
the cut-off level was at the mean value for each
mRNA level. Our results suggest that TS mRNA ley-
els as well as DPD mRNA levels are associated with
response to 5-FU treatment and disease-free sur-
vival after complete resection of NSCLC, Fujiwara
et al. also reported that in vitro drug sensitivity
test showed an inverse correlation between 5-FU
sensitivity and each mRNA expression in the clini-
cal samples of gastric cancer [27]. Based on these
results, TS and DPD mRNA levels in tumors would
permit more rational decisions on whether or not
to proceed with 5-FlU-based chemotherapy.

DPD protein levels are not always in parallel with
DPD mRNA levels in clinical specimens [13,14].

- The present results also showed that DPD protein

content, evaluated using an immunohistochem-
istry method, was independent of DPD mRNA level.

'DPD protein levels in tumors change in a circadian

rhythm,‘therefore DPD mRNA levels are thought to
be a better parameter than DPD activity or DPD
protein conterit {21]."tn addition, a quantitative
real-time RT-PCR assay is able to determine mRNA
levels from nanogram amounts of total RNA (28],
thus it is possible to measure the mRNA level of
each enzyme in biopsy specimens obtained with a
bronchofiberscope or needle biopsy. If tumor pro-
gression or prognosis can be determined preopera-
tively, the quantitation of TS and DPD mRNA levels
in biopsy specimens may be useful for forming an
effective pi’eoperative'__thél"apeutic strategy.

In conclusion, an assessment of TS and DPD ex-
pression using real-time RT-PCR in patients with
NSCLC can not only provide precise prognostic in-
formation but also predict the efficacy of 5-FU af-
ter surgery for patient with NSCLC. We consider it
necessary to investigate the effects of preopera-
tive aggressive adjuvant therapy for patients with
high-TS or high-DPp NSCLC. '
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Tracheal Ring Regeneration
To the Editor:

[was delighted to read the interesting articte about replacement
of the trachea with an autologous aortic graft by Martinod and
associates {1]. Their results confirmed and their study duplicated
the experimental work done by my associates and me [2] more
than 30 years ago. There were four similarities between their
experiments and ours. The new “trachea” developed in autolo-
gous tissue; the new “trachea” developed rings, which were
incomplete posteriorly; it was external to a prosthetic device, a
silicon tube in our experiments and a nitinol or Endoxane stent
in theirs; and follow-up was up to 3 years. The dissimilarity was
that they used sheep and we used dogs in the experiments,

Another coincidence is that both articles were discussed by
eminent doctors from Massachusetts General Hospital, Dr
Hermes C. Grillo for ours and Dt Douglas Mathisen [3] for
theirs. Dr Grillo’s discussion of our 1973 article mentioned some
interesting embryological facts as well [2].

Even though it took more than 30 years for our work to be
confirmed and duplicated, I look forward to seeing more young
investigators interested in the subject of autologous substitution
for the trachea as well as other organs.

Nicholas |. Demos, MD

Departiment of Surgery

The University of Medicine and Dentistry of New Jerszy
142 Palisade Ave :

Suite 100

fersey City, NJ 07305
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Reph
To thJe; Editor;

We thank Dr Demos for his interest in our article [1] and for the
mention of his “historical” report 2] on the reconstruction of the
trachea using a silicone prosthesis. Although our approach was
different because we were looking for biological reconstruction
rather than prosthetic substitution (the prosthesis was used as a
temporary stent), we both sought the same goal of a reliable
tracheal replacement, and we wers both criticized by “nonbe-
lievers.” We will not forget to mention his interesting pioneering
work in our future studies.

Envnanuel Martinod, MD

Service de Chirurgie Thoracique et Vasculuire
Hépital Avicenne

125 Route de Stalingrad

93000 Bobigny, France

e-mail: emartinod@uwnnadoo. fr

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

Alnin F, Carpentier, MD, PhD

Laborntoire d'Efude des Greffes et Prothéses Cardiaques
Hépital Broussais UIPRES 264

Université Paris 6

96 rue Didot

75014 Paris, France
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Adenosquamous Carcinoma of the Lung and Visceral
Pleural Invasion
To the Editor:

Nakagawa and colleagues [1] reported their findings on the poor
prognosis for patients with adenosquamous carcinoma (ASC) of
the lung after surgical resection. The authoss concluded that
patients with stage [A or IB ASC had a prognosis similar to that
of patients with stage IIA adenocarcinoma or squamous cefl
carcinoma. Nakagawa and co-authors also found significant
differences in pathological pleural invasion characteristics be-
tween the two groups; the visceral and parietal was invaded
{p2-p3) in 50% (15/30) of patients with ASC versus 26.8%
(327/1,219) of those with adenocarcinoma or squamous cell
carcinoma.

In 2001, one group [2] presented a study of 69 patients who
underwent surgical resection for ASC of the lung. This study
also confirmed the aggressive biclogical behavior of ASC, The
other main characteristic of ASC was its propensity to invade the
visceral pleura (p1-p2) (41%) and the parietal pleura (p3) (22%),
a finding similar to that observed by Nakagawa and associates.
Our study also demonstrated that peripheral location of ASC
and visceral pleural invasion (VPI) were the only factors associ~
ated with a poor prognosis in the multivariate analysis. We
postulated that such characteristics allow tumor cells to exfoliate
within the pleural cavity and that the exfoliated tumor cells are
absorbed by the parietal pleural lymphatics and reach the
bloodstream, thus contributing to dissemination of cancer.

We [3] also observed that such a phenomenon was possible
whatever the histology of the peripheral lung cancer but that
VPI was twice more frequent in ASC, Furthermore, for the stage
IIA N2 subset, the survival rates of patients with one-station N2
involvement with VPI was close to that observed for patients
with N2 involvement of two or more stations with or without VPI
(3]. These survival results are comparable to those of Nakagawa
and co-workers and suggest that reabsorption of parietal pleural
lymphatic tumor cells behave as a metastatic mediastinal lymph
node chain in the presence of VPl and that VPI ean be likened to
one-station N2 disease. This is the case whatever the lung cancer
histology but appears particularly important in ASC because of
the high frequency of VPI in this histological subgroup.

Mare Riguet MD, PhD

Jalal Assouad, MD

Frangoise Le Pimpec-Barthes, MD.
Christophe Foucault, MD

Service de Chirurgie Thoracique
Hdpital Européen Georges Pompidon

Ann Thorac Surg 2004;78:1511-8 0003-4975/04/$30.00
doi:10.1016/j.athoracsur.2003.09.131
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Reply
To F;h{' Editor:

Thank you for reading our report [1]. I agree that the prognosis
for patients with adenosquamous carcinoma is poorer than that
for patients with other histological types of lung cancer. I
originally had assumed that pleural invasion was an indepen-
dent prognostic factor, but this was not substantiated by the
multivariate analysis. However, [ think your opinien about
pleural invasion is very useful and informative. I have encoun-
tered several patients with histopathological evidence of Iym-
phatic invasion directly beneath the visceral pleura. The reason
for the high frequency of pleural invasion associated with
adenosquamous carcinoma compared with other histological
types of lung cancer is unclear. Such subpleural lymphatic
invasion may be an index of the aggressive behavior of adeno-
squamous carcinoma of the lung.

For patients with stage [I[A disease, which wag freated by
complete resection in our hospital between September 1976 and
August 1998, the 5-year survival rate was 7.4% for patients who
had involvement of only one mediastinal lymph node station
{N2) with visceral pleural invasion {n = 71) and 27.2% for those
who had involvement of one mediastinal lymph node station
(N2} without vigceral pleural invasion {n = 47). The S-year
survival rate was 16.1% for patients with involvement of two or
more mediastinal lymph node stations (N2) irrespective of the
status of visceral pleural invasion (n = 128). The outcome of
patients who had involvement of only one Iymph node station
without visceral pleural invasion was significantly better than
that of patients with other types of N2 disease.

As in the study of Riquet and coauthors [2], outcome did not
differ significantly between patients who had invelvement of
one mediastinal lymph node station with pleural invasion and
those who had involvement of two or more mediastinal lymph
node stations irrespective of the status of visceral pleural inva-
sion. In the patients with visceral pleural invasion, it can be
imagined that tumor cells invading the parietal pleural lymph
nodes were reabsorbed and transferred to the mediastinal
lymph nodes; however, no direct evidence is available to cor-
roborate this. It is an open question whether reabsorption of
tumor cells in the parietal pleural can be verified clinically or
experimentally,

The reasors for the poor prognosis for patients with adeno-
squamous carcinoma of the lung remain unclear. Perhaps tech-
niques such as gene analysis will help to identify the most
critical factors.

@ 2004 by The Society of Thoracic Surgeons
Published by Elsevier lnc

Ana Thorac Surg
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Katsuhiro Nakagawa, MD, PhD

Department of Thoracic Swigery

Osaka Prefectural Medical Center for Respiratory and Allergy
Diseases
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Octreotide in Bronchobiliary Fistula Management
To the Editor:

|
Singh and colleagues [1] described the management of broncho- , !
biliary fistula (BBF} by endoscopic retrograde cholangiography .
and medical therapy. Their use of octreotide for BBF was not
previously documented according to our MEDLINE search. We
report 2 cases of patients demonstrating the therapeutic utility of
octreotide in BBF management.

A 56-year-old woman was seen with chest pain, fever, and
bilioptysis. History included percutaneous liver abscess drain-
age and thoracotomy for iatrogenic hemothorax 4 years earlier.
There was no jaundice or pallor. Crackles were heard at the base
of the right lung. The level of alkaline phosphatase was slightly -
elevated (154 IU/L). A biliary scan showed activity above the
diaphragm, and endoscopic cholangiography revealed a filling
defect in the intrahepatic ductal system with contrast material
extravasating into the right lung. Multiple bile duct stones were
extracted, anda stent was inserted into the common bile duct ot

initiated, during which progressive reduction in b:hoptysm weis .’%
seen until resolution on day 17, and repeat biliary scanmnrr i
confirmed closure of the fistula. The patient remained asymp-,
tomanc after discontinuance of octreotide and removal of the

confirmed the diagnosis of BBF, and a common bile duc
was inserted, but bilioptysis continued for 4 days. Octregtice
was then initiated at 100 pg subcutaneously three nmesg;#ﬂg{'
with marked reduction in frequency and production oE_btho P
tysis; however, follow-up biliary scanning showed a persis! s !
BBF. Qctreotide was continued until the patient underwent‘ g
operation to repair the BBF 6 weeks later. A lacentmn Eit'hﬂ
mfenor vena cava resulted in uncontrolhble hemorrljnge
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