Surgery for Pulmonary Metastases from Colorectal

Cancer

The Importance of Prethoracotomy Serum
Carcinoembryonic Antigen as an
Indicator of Prognosis

Objective: Several investigators have analyzed prognostic factors of surgical treatment for pulmonary
metastases from colorectal cancer, but the results remain inconclusive. This study was performed to de-
termine the prognostic implications of the prethoracotomy serum level of carcinoembryonic antigen (CEA)
in relation to the postthoracotomy recurrent pattern among patients with this disease. Methods: A retro-
spective analysis of prognostic factors was undertaken in 100 patients who had consecutively undergone
initial surgical resection for pulmonary metastases of colorectal origin. Results: The overall 3- and 5-year
survival rates were 62.2% and 49.4%, respectively. Univariate analysis revealed that the prethoracotomy
serum CEA level and operative curability were strongly associated with prognosis, while in multivari-
ate analysis, only the prethoracotomy serum CEA level was a significant prognostic indicator. Patients
with a high level of prethoracotomy serum CEA more frequently exhibited recurrence in extrathoracic
sites, especially in the brain. Conclusion: Before thoracotomy for pulmonary metastases from colorectal
cancer, the serum CEA level was the most useful prognostic factor. Patients with elevated serum CEA
level should undergo a careful prethoracotomy systemic survey and postthoracotomy follow-up for extra-
thoracic metastases, in particular brain metastases, and an appropriate combined therapeutic modality
should be considered. (Jpn J Thorac Cardiovasc Surg 2003; 51: 289-296)
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S urgical resection is frequently performed for pul-
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disease.”” In our institute, pulmonary metastasectomy

monary metastases from various malignant tumors."”
In fact, for some cancers, pulmonary metastasectomy is
considered to prolong survival, and potentially cure this
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from various types of malignancy has been aggres-
sively performed with favorable results by improving
surgical techniques.*® Thus, the role of pulmonary
metastasectomy will continue to evolve with improve-
ments in systemic treatment, although the criteria for
patient selection remain undetermined.

Surgical resection for pulmonary metastases from
colorectal cancer is the most commonly performed
operation with a relatively favorable prognosis.”** Sev-
eral investigators'®'"'****"** have analyzed prognostic
factors of surgical treatment for this disease, and some
promising clinicopathological variables influencing
prognosis were proposed. However, because of the dif-
ferences in the diagnostic modality of computed tomog-
raphy, surgical techniques, and perioperative follow-
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up for this disease, a consensus for prognostic analysis
has not been reached. In fact, multivariate prognostic
analysis using prognosis-associated variables was not
performed in most reports. In addition, there have been
few investigations regarding the postthoracotomy-
recurrent pattern in relation to prognosis.'**""*

Recently, the prethoractomy serum level of carcino-
embryonic antigen (CEA) has been suggested to be a
potential prognostic indicator in patients undergoing
metastasectomy with this disease.”***** However, why
patients with a high level of prethoracotomy serum
CEA may show a poor prognosis has not yet been
clarified. This study was retrospectively performed
to clarify the prognostic implications of this marker,
prethoractomy serum CEA, by reviewing the posttho-
racotomy-recurrent pattern in this disease, and other
prognosis-associated variables.

Subjects and Methods

Patient characteristics. Between January 1981 and
September 2001, a total of 100 patients consecutively
underwent initial resection for pulmonary metastases
from colorectal cancer at our institute. The patient
characteristics are summarized in Table I. No data
were available in 7 patients as to the primary tumor
stage, and 3 as to histological grade, because the pri-
mary surgery had been performed elsewhere.

Preparation for thoracotomy consisted of a chest CT
scan to estimate pulmonary lesions, abdominal CT scan
or ultrasonography, if necessary a brain CT scan, and
bone scintigraphy during the follow-up period between
detection of pulmonary lesions and the initial thora-
cotomy. Chest CT scans were performed at least twice
or more before thoracotomy at intervals of at least
more than two months to check for abnormal intratho-
racic findings, especially pulmonary lesion number and
mediastino-hilar node swelling.

Based on the above examination data, criteria for
pulmonary metastasectomy were: 1) unilateral or bi-
lateral pulmonary lesions seen on chest radiography or
CT scan without bulky mediastino-hilar lymph node
involvement, and indicated for resection, that is, po-
tentially complete resection; 2) no extrathoracic distant
metastasis and potentially satisfactory local control for
primary colorectal lesions; and 3) possibly complete
resection of both hepatic and pulmonary metastases, if
present.

7 patients showed mediastino-hilar node swelling on
preoperative chest CT scans, and 29 had a past history
of surgical treatment and/or current extrathoracic recur-
rent lesions; 7 patients with primary local failure, 17
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with metastases in the liver, 1 in the adrenal gland, 1
in the thyroid grand, 1 in the brain, 1 in the diaphragm
and 1 in the chest wall. 3 patients synchronously un-
derwent surgical treatment for the primary lesion and
pulmonary metastases, and 5 simultaneously underwent
surgery for pulmonary metastases and extrathoracic
recurrence.

The median prethoracotomy serum CEA of the pa-
tients was 3.3 ng/ml, and the mean was 12.3 ng/ml,
ranging from 1 to 288 ng/ml. According to this level,
the patients were classified into three groups: 55 pa-
tients showed normal preoperative serum CEA levels
(less than 5 ng/ml), and 23 showed borderline levels
(between 5 and 10ng/ml), while 22 showed high levels
(10 and higher than 10ng/ml).

The surgical mode at the initial thoracotomy is de-
scribed in Table I. Node dissection or sampling was
performed during lobectomy and pneoumonectomy,
but was not performed in wedge resection, except when
node swelling was observed on a chest CT scan.

Based on the surgical data file, the metastatic le-
sion numbers were as follows: a solitary lesion in 55
patients, and multiple lesions in 45 patients. Node
involvement was observed in 12 patients, 6 of whom
showed metastases at the mediastinal level (N2). Po-
tentially curative surgery was performed in 94 patients,
whereas 6 patients showed non-curative surgery due to
the following reasons: pleural dissemination in 4, resi-
due of pulmonary micrometastases in 1, and residue of
mediastinal node involvement in 1.

Perioperative chemotherapy at thoracotomy, includ-
ing preoperative and/or postoperative adjuvant therapy,
was performed in 53 patients. S-fluorouracil and its
derivatives were administered in 47 patients: Tegaful
in 23 patients, Doxifluridine in 16, Fluorouracil in 4,
Carmofur in 2, and UFT in 2. Cisplatin-based chemo-
therapy was given to 4 patients, 3 of whom underwent
postoperative intrathoracic chemothermotherapy be-
cause of pleural dissemination. Irinotecan-based che-
motherapy was performed in 2 patients.

Repeated thoracotomy for pulmonary metastasec-
tomy after the initial thoracotomy was performed in 13
patients; twice repeated thoracotomy in 11, and thorac-
tomy three times in two.

Patient follow-up and analytic methods. Follow-
up was available for all patients. Information was
obtained from the patients’ records by correspondence
with the patients and their physicians, and from death
certificates. Follow-up periods of the surviving patients
ranged from 3.6 months to 168.7 months, and the me-
dian value was 30.3 months. We were able to ascertain
the cause of death in all but 3 patients.
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Table . Patient characteristics

Gender Male/Female 61/39
Age at initial thoracotomy (years) 39-79 (mean 60.3)
Primary tumor  Dukes’ B/C/D/Unknown 33/52/8/7
Location  Colon/Rectum 44/56
Histology Well/Moderate/Mucinous/Unknown 47/48/2/3
History or coexisting of extrathoracic recurrent lesions
No/Primary local/Liver/Others T1/7/17/'5
Interval between primary resection and thoracotomy (years) 0-11.7 (mean 2.9)
Lesion number on preoperative radiography 1-8
One/Two/Three/Four/Five/Six and more 49/25/18/4/1/3
Clinical mediastino-hilar node swelling on preoperative radiography
No/Yes 93/7
Site of lesions Unilateral/Bilateral 79/21
Maximum tumor size (cm) 0.2-11.0
Three and smaller/Larger than 3 59/41
Prethoracotomy serum CEA level (ng/ml) 1-288
Normal (less than 5)/Borderline (5-10)/High (10 and more) 55/23/22
Lesion number at surgery 1-12
One/Two/Three/Four/Five/Six or more 55/23/14/3/2/3
Surgical mode
Wedge/Lobectomy/Combined/Pneumonectomy 61/27/9/3
Mediastino-hilar node involvement No/Yes 88/12
Pleural involvement No/Yes 81/19
Curability Yes/No 94/6
Perioperative chemotherapy No/Yes 47/53
Repeated thoracotomy after initial thoracotomy No/Yes 87/13

The site of the first recurrence after thoracotomy was
also examined in the current series. Especially, in or-
der to check on recurrent pulmonary metastases, post-
thoracotomy follow-up was aggressively performed
on chest X-ray and/or chest CT scans. When physical
symptoms did not develop, clinical examination to
detect extrathoracic distant metastases, such as bone
and brain metastases, was not routinely performed, but
was done as required. In contrast, ultrasonography to
check the upper abdomen was performed every 6 to 12
months.

Kaplan-Meier estimated overall survival curves were
calculated using the log-rank test, and multivariate
Cox’s proportional hazards regression analysis was
performed using the StatView Ver. 5 computed system.
The Chi-square test was used to determine statistical
significance. Statistical significance was taken at p val-
ues less than 0.05.

Results

Overall survival of patients. The overall survival
curve is shown in Fig. 1. The 3-year and 5-year-surviv-
al rates were 62.2% and 49.4%, respectively.

Survival probability
1.0

3-year-survival: 62.2%
S-year-survival: 49.4%

0.8
0.6
0.4

0.2 4

0

0 40 80 120 160
Survival in months

Fig. 1. Overall survival curve after the initial thoracotomy for
pulmonary metastasectomy of colorectal cancer.

Three-year and 5-year-survival rates were 62.2% and 49.4%,
respectively.

Univariate analyses of prognosis. A summary of
univariate prognostic analyses using prethoracotomy
and thoracotomy-associated variables is shown in
Tables II and II1, respectively. Prognostic significance
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Table II.  Univariate analysis of prognosis — Prethoracotomy variables —
Variables No. of patients S-vear survival (%) p value
Gender Male/Female 61/39 42.5/60.2 0.131
Age at thoracotomy Younger than 61/61 and elder
49/51 57.5/40.4 0.079
Primary tumor
Dukes’ stage B/C, D/Unknown 33/60/7 48.2/51.8* 0.720
Location Colon/Rectum 44/56 44.5/53.3 0.975
Histology Well/Moderate and mucinous/Unknown
47/50/3 45.4/52.8% 0.642
History of surgical treatment and/or current coexistence for extrathoracic metastasis
No/Yes 71/29 54.7/35.1 0.075
Interval between primary resection and thoracotomy (years)
Shorter than three/Three and longer
59/41 59.3/36.7 0.130
Lesion number on preoperative X-ray tomography or CT scan
Solitary/Multiple 49/51 53.3/46.7 0.735
Increase of lesion number on X-ray tomography or CT scan through follow-up periods before thoracotomy
No/Yes 77/23 53.2/39.3 0.128
Site Unilateral/Bilateral 79/21 50.1/48.8 0.960
Maximum tumor size (cm)
Three and smaller/Larger than three
63/37 50.3/46.8 0.398
Serum CEA level (ng/ml)
Less than 5/ 5 and higher 55/45 60.4/34.1 0.024
Less than 10 / 10 and higher 78/22 54.6/29.7 0.018
*Data excluding unknown cases
Table III.  Univariate analysis of prognosis — Thoracotomy-associated variables —
Variables No. of patients S-year survival (%) p value
Number of metastatic lesions at surgery
Solitary/Multiple 55/45 51.7/47.5 0.846
One or two/Three or more 78/22 55.1/29.1 0.242
Mediastino-hilar node involvement
No/Yes 88/12 51.4/33.5 0.106
Pleural involvement No/Yes 81/19 51.5/39.6 0211
Resection Wedge/Others 61/39 47.3/51.3 0.688
Curability Yes/No 94/6 52.3/0 0.041
Perioperative chemotherapy
No/Yes 47/53 41.9/53.5 0411

was observed in serum CEA level (less than 5ng/ml
vs. Sng/ml and higher, p = 0.024, less than 10ng/ml vs.
10ng/ml and higher, p = 0.018) among prethoracotomy
variables, and operative curability (curative vs. non-
curative, p = 0.041) among thoracotomy-associated
variables.

Prognosis among the three groups: normal, border-
line, and high level of prethoracotomy serum CEA.
As described above, since patients with high levels of

serum CEA level showed significantly poor prognosis,
overall survival curves according to the serum CEA
level in the three groups were examined. In Fig. 2,
there was also a significant correlation of prognosis
among the three groups (normal, borderline, and high
level: log-rank test, p = 0.031).

Multivariate analysis of prognosis. Cox’s propor-
tional hazards regression analysis of prognosis using
the above two variables, prethoracotomy serum CEA
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TableIV. Multivariate analysis of prognosis —Cox’s proportional hazards regression analysis—
Variables Hazard ratio 95%CI p value
Model 1
Curability (Yes versus No)
0.395 0.138-1.133 0.084
Serum CEA level (less than 5 ng/ml versus 5 and higher ng/ml)
0.525 0.287-0.961 0.037
Model 2
Curability (Yes versus No)
0.431 0.148-1.250 0.121
Serum CEA level (less than 10 ng/ml versus 10 and higher ng/ml)
0.490 0.247-0.972 0.041

CI, Confidence interval.

level and operative curability, by two models (Model 1:
normal CEA level vs. borderline and high CEA level,
Model 2: normal and borderline CEA level vs. high
CEA level), showed that only the former variable was
a significantly independent prognostic factor (Model
1: Hazard ratio: 0.525, 95% Confidence interval: 0.287
-0.961, p = 0.037, Model 2: Hazard ratio: 0.490, 95%
Confidence interval: 0.247-0.972, p = 0.041, Table
V).

Prethoracotomy serum CEA level and recurrent
pattern after thoracotomy. Table V shows a recur-
rent pattern after thoracotomy according to the serum
CEA level. The patients with high levels of serum
CEA (10ng/ml and high) exhibited extrathoracic dis-
tant recurrence significantly more frequently than those
with normal and borderline levels (p = 0.003, Chi-
square test).

The initial site in extrathoracic distant recurrence
was the brain in 13 patients, the bone in 8, the liver in
9, and other sites in 3 (adrenal gland in 2 and ovary in
1). Regarding these recurrences, the incidence of brain
metastasis was significantly higher in the patients (27%)
with high levels of serum CEA than that in those (9%)
with normal and borderline levels (p = 0.024, Chi-
square test, Table V).

Discussion

According to recent reports describing pulmonary
metastasectomy for patients with colorectal cancer, the
5-year overall survival rate after thoracotomy ranges
about from 20% to 50%.'""*"***** In the present
study, it was 49.4%, showing relatively more favorable
surgical results, especially for a Japanese series. Nev-
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Table V.  Recurrence after thoracotomy

Serum CEA level before thoracotomy

CEA<10Ong/ml CEA=10ng/mi
N=78 (%) N=22 (%)
Recurrent pattern
None 32 6
Intrathoracic alone
PM 15(19) 1(5)
PM and intrathoracic local 5(6) 0
Intrathoracic local 3(4) 1(5)
Intrathoracic and extrathoracic
PM and distant 12 (15) 6(27)
PM and abdominal local 1(1) 1(5)
Intrathoracic local and distant 2(3) 0
Extrathoracic alone
Distant 6 (8) 7(32)
Abdominal local 2(3) 0
Rate of extrathoracic distant metastases™ 20 (25) 13 (59)
Site in extrathoracic distant recurrence
Brain** 7(9) 6(27)
Bone 5 3
Liver 7 2
Others 1 2

PM, Recurrent pulmonary metastases.
*p=0.003 (Chi-square test) ** p =0.024 (Chi-square test)

ertheless, this survival rate may depend on the surgical
indication criteria: For example, if pulmonary metasta-
sectomy is performed for patients with more advanced
conditions such as bulky nodal involvement, miliary
metastatic nodules, and malignant pleural effusion, sur-
gical results may be unfavorable. Therefore, when dis-
cussing the surgical results of this disease, the patients’
backgrounds and surgical indication of pulmonary
metastasectomy for this disease must be considered.
The present study in one institute was performed under
a rigid surgical criteria and follow-up. For example, it
is important that patients with bulky mediastino-hilar
lymph node involvement on preoperative thin-section
CT scans, namely those with potential “clinical-N2”
disease, are principally excluded from pulmonary me-
tastasectomy. In this respect, surgical results based on
a multicenter retrospective analysis may be not so reli-
able, despite a relatively large number of patients.*
Prognostic analyses of pulmonary metastasectomy
for this disease have been performed by many investi-
gators, > and various clinicopathological vari-
ables were proposed as candidate prognostic indicators,
such as metastatic lesion number,”'>">*"** maximum
tumor size,'”" intrathoracic node involvement,19
metastases in an extrathoracic site,” interval between

primary surgery and thoracotomy,'®* surgical curabil-
ity"*** and prethoracotomy serum CEA level."****
However, the prognostic significance of the metastatic
lesion number remains to be clarified. For example,
patients with solitary metastasis”™'>'*"""**"** or those
with 3 or fewer lesions™"® showed good prognosis. In
the present series, metastatic lesion number, especially
solitary or multiple at the initial pulmonary metastasec-
tomy, did not influence postoperative survival. There-
fore, the baseline metastatic lesion number for surgical
indication has not yet been established, but 2 or less
may be a reasonable lesion number. In our experience,
when the metastatic number was 3 or more, some un-
favorable factors, oncologically and surgically, were
often combined in such patients.

In the present study, using not only univariate, but
also multivariate analyses, the prethoracotomy CEA
level in this disease was the most important prognostic
factor, supporting the results previously reported by
several investigators.”*** Experimentally, CEA may
functionally participate in intercellular recognition
and attachment with regard to potential promotion of
metastatic spread of malignant cells, suggesting that
CEA itself is strongly associated with the grade of tu-
mor malignancy.” Clinically, it has been well noted
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that patients with various kinds of malignant tumors
have poor prognosis, in surgical as well as non-surgical
conditions, when the serum CEA level was elevated.
Thus, it may be important to examine the postthora-
cotomy recurrent pattern of this disease.

The patients with high prethoracotomy serum CEA
levels showed more frequent postthoracotomy extra-
thoracic recurrence, especially in the brain. The metas-
tases in this site are usually serious in terms of quality
of life (QOL), and easily result in critical conditions.
Therefore, the prognostic significance of the prethora-
cotomy serum CEA level might be closely associated
with such unfavorable recurrent events. Thus, a high
prethoracotomy serum CEA level in patients is poten-
tially associated with a more systemic or extrathoracic
spread of colorectal cancer disease. Considering these
results, a careful prethoracotomy systemic survey and
postthoracotomy follow-up for extrathoracic, metas-
tases, especially brain metastases, may be required in
patients with high serum CEA level, and an appropriate
combined therapeutic modality should be also consid-
ered.

Among the patients in the present series, the rate of
patients with elevated prethoracotomy serum CEA lev-
els was 45%, including 23 patients (23%) with border-
line levels and 22 (22%) with high levels. In the other
reports, this rate varied from 40% to 55%,"”*** almost
similar to that in our series. Nevertheless, the 5-year-
survival rates in these reports were 24% to 48%, lower
than our surgical results. We initially hypothesized
that the 5-year-survival rate depends on the percent-
age of patients with elevated prethoracotomy serum
CEA level to the total patients, but the data did not
support this hypothesis. This discrepancy could not be
clearly explained, but might be due to the difference
in patients’ backgrounds among surgical centers. In
any case, it was commonly accepted that patients with
elevated prethoracotomy serum CEA levels showed a
poor prognosis among these reports.

We conclude that the prethoracotomy serum CEA
level in patients with pulmonary metastases from
colorectal cancer is the most important prognostic
marker when planning the surgical strategy in such pa-
tients. Patients with elevated serum CEA level should
undergo a careful prethoracotomy systemic survey and
postthoracotomy follow-up for extrathoracic, metasta-
ses, in particular brain metastases, and an appropriate
combined therapeutic modality should be considered.

This study was supported in part by grants-in-aid 10
—11 for cancer research from the Ministry of Health, La-
bour and Welfare, Tokyo, Japan.
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