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Abstract

Background Resection of isolated hepatic or pulmonary
metastases from colorectal cancer is widely accepted and
associated with a 5-year survival rate of 25-40%. The value
of aggressive surgical management in patients with both
hepatic and pulmonary metastases still remains a contro-
versial area.

Materials and methods A retrospective review of 1,497
patients with colorectal carcinoma (CRC) was analysed. Of
73 patients identified with resection of CRC and, at some
point in time, both liver and lung metastases, 17 patients
underwent metastasectomy (resection group). The remain-
ing 56 patients comprised the non-resection group. Primary
tumour, hepatic and pulmonary metastases of all patients
were surgically treated in our department of surgery, and
the results are that of a single institution.

Results The resection group had a 3-year survival of 77%, a
5-year survival of 55% and a 10-year survival of 18%;
median survival was 98 months. The longest overall
survival was 136 months; six patients are still alive. In the
resection group, overall survival was significantly higher
than in the non-resection group (p<0.01). Independent from
the chronology of metastasectomy, S5-year survival was
55% with respect to the primary resection, 28% with
respect to the first metastasectomy and 14% with respect to
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the second metastasectomy. A disease-free interval
(>18 months), stage III (UICC) and age (<70 years) were
found to be significant prognostic factors for overall
survival.

Conclusion Our report strongly supports aggressive surgi-
cal therapy in patients with both hepatic and pulmonary
metastases from CRC. Overall survival for surgically
treated selected patients with both hepatic and pulmonary
metastases from CRC is comparable to hepatic or pulmo-
nary metastasectomy. Simultaneous metastases tend to have
a poorer outcome than metachronous metastases.
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Introduction

Second to lung cancer in men and breast cancer in women,
colorectal carcinoma (CRC) has increased in incidence over
the past 20 years. About half of the patients undergoing
radical resection of CRC will develop metastatic disease [1,
2], mostly to the liver (33%) and the lungs (22%) [3]. The
overall 5-year survival rate of potentially radical resected
CRC has been estimated to 71% [4]. Patients with untreated
metastatic CRC have a poor outcome with a S-year
probability of survival of <5% [5]. Conventional manage-
ment of metastatic CRC has been directed at palliation. But
chemotherapy-based treatment regime seldom produced
long-term survival in these patients. These disappointing
results have led to the general acceptance of surgical
treatment of patients with metastatic disease to the liver or
to the lung. Nowadays, resection of hepatic metastases has
become an effective treatment with a reported 5-year
survival of 39% [6]. Likewise, the resection of lung
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metastases has a 5-year probability of survival ranging from
21% to 43% [7-9]. The discouraging results of chemother-
apy along with the encouraging survival rates in resected
patients have led to the attempts to expand the indication
for surgical treatment of metastatic CRC in patients with
metastases both to the liver and to the lung. Several reports
from other institutions showed a survival rate of these
highly selected patients similar to patients who underwent
surgical resection of metastases confined only to the lung
[10-12]. However, the results are limited by a small
number of patients.

We reviewed the characteristics of our patients with
radical (RO) resection in an attempt to evaluate the efficacy
of resection of both hepatic and pulmonary metastases.

Materials and methods

A retrospective single-centre data analysis of all patients with
RO resected hepatic and pulmonary metastases of colorectal
cancer was performed. The study period ranged from January
1990 to February 2008. All patients with radical (R0) resected
CRC and synchronous or metachronous hepatic and pulmo-
nary metastases were included. Selection criteria for resection
of the metastatic lesion were a controlled primary tumour and
controlled or controllable lesions.

Preoperative staging included coloscopy with histopath-
ological biopsy, endoscopic ultrasound and CT scan of
abdomen and chest. Postoperative staging of CRC was
classified according to the UICC (Union internationale
contre le cancer) guidelines [13]. Surgical data and his-
topathological findings were evaluated retrospectively.
Follow-up data were obtained through a standardised
surveillance programme for colorectal cancer including
coloscopy, liver ultrasonography, chest radiography and
determination of carcinoembryonic antigen (CEA) level. In
the case of a suspected lesion or elevated CEA level, further
diagnostic imaging (CT scan, PET) was added. Surgery was
indicated in all cases of newly detected pulmonary or
hepatic lesions.

By definition, metastases occurring within 3 months
after resection of the primary tumour were termed synchro-
nous metastases. In contrast, metastases that occurred after
a disease-free interval of more than 3 months after primary
resection were termed metachronous.

Liver resections were classified as solitary or multiple
wedge resections, lobectomy, segmentectomy or hemi-
hepatectomy. Additional hyperthermic or radiofrequency
ablation in combination with liver resection was also
assessed. Pulmonary resections were classified as wedge
resection, segmentectomy or laser ablation. Bilateral lung
metastases or recurrent lesions were not a contraindication.
The medical records of all patients with pulmonary and
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hepatic metastases of colorectal cancer were reviewed with
regards to age, sex, disease-free interval, mortality, mor-
bidity and survival. Postoperative mortality was defined as
any death that occurred within 30 days after either lung or
liver resection or during the same period of hospitalisation.

Statistics

Statistical analysis was performed with SPSS 17.0 (SPSS
Inc., Chicago, IL, USA). The significance of relations
between patient groups and pathological parameters were
analysed using Pearson’s chi-square or Fisher’s exact test.
Survival analysis was performed using Kaplan—-Meier [14]
(for univariate analysis) and Cox regression model (multi-
variable model) with the date of the primary tumour
resection as the starting point. Survival curves were
compared using the log-rank test. A two-sided p < 0.05
was considered significant.

Results

Between January 1990 and February 2008, a total of 1,497
patients underwent radical (RO) surgical resection of
colorectal cancer at the Department of Surgery, University
of Schleswig-Holstein, Campus Luebeck. Among these,
177 patients developed metastases confined to the liver (39
synchronous, 138 metachronous), and 68 patients had
undergone resection of pulmonary metastases (three syn-
chronous, 65 metachronous).

Seventy-three patients developed both hepatic and pulmo-
nary metastases (17 synchronous, 56 metachronous). Forty-
five patients were surgically treated (RO) in the first place. The
remaining 27 patients were not surgically treated due to the
following reasons: Seven patients had a diffuse metastatic
spread of both liver and lung, three had multiple lesions in the
liver (one with an additional carcinoma of the colon, ten local
recurrences combined with metastases to the liver or the lung
and seven patients with simultaneous metastatic occurrence in
liver, lung and a third localisation (bone, brain, lymph nodes).
These patients were treated by chemotherapy (CTX), radio-
therapy (RTX), immunotherapy (ITX) or a combination. They
had no surgical treatment at all.

When the tumour occurred in a further, second location,
only 17 of these 45 patients could receive radical surgical
treatment, whilst in the remaining 28 patients, a non-
surgical treatment (radiotherapy, chemotherapy, immuno-
therapy or any combination) was performed due to reduced
general condition or multiloculary recurrence.

Of the highly selected group of patients with both
hepato-pulmonary metastases, only a small number of 17
patients with both RO resected metastases of CRC were
identified in our retrospective study (Fig. 1).
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Fig. 1 Workflow description of
all patients with RO resected
metastases of CRC (n = 17)
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Nine of 73 patients had received neoadjuvant treatment
(seven patients with combined chemo-radiotherapy, two
patients only radiotherapy). Average overall survival (OS)
in this group was 56.2 months (SD + 11.4), median
46.8 months. Two patients were still alive at the end of
the study (range 23.1-133.3 months). Adjuvant treatment
after colorectal resection was performed in 50 of 73 patients
(68.3%). There was no significant improvement of overall
survival in patients with adjuvant chemotherapy versus
patients with adjuvant chemo-radiotherapy (Table 1).

Fifty-one out of 73 patients underwent adjuvant treat-
ment after metastasectomy (29 chemotherapy, two radio-
therapy, 20 chemo-radiotherapy). Adjuvant therapy after
first metastasectomy was not observed to improve long-
time survival. Additional resection for recurrent disease was
performed in two patients; both patients are alive with no
evidence of disease (Table 2).

The RO resection group had a better outcome than the
non-resection/one-time resection group (n=56) with a
median survival of 97.8 versus 35.3 months. The difference
in survival was found to be significant (p=0.009; Fig. 2).

There were 11 men and six women, with a mean age of
58 years (range 42—72 years) at the time of primary tumour
resection. The primary site of the tumour was the colon in
nine patients and the rectum in eight patients. All patients
had initial RO colorectal resection. In 15 patients, the
tumour was resected by laparotomy; in two patients, a
laparoscopic-assisted resection was performed (Sigma,
Coecum).

On initial presentation, three patients had UICC classi-
fication stage I disease (18%), two patients stage 11 (12%),
four patients stage III (23%) and eight patients stage IV
(47%). Three patients received a neoadjuvant radiochemo-
therapy before their initial colorectal resection (rectal cancer

Table 1 Overall survival: adjuvant treatment after primary resection (n=73)

Number  Percentage  Mean survival [+ (£SD) (months)  Median survival (=SD) (months)  Significance (log rank)
CTX 28 383 56.1 £ 7.4 432 +9.8 0.27
RTX 1 1.4 80.8 £ 0.0 - -
RCTX 21 28.8 419 +4.4 354 +9.0 0.9
CTX versus RCTX 0.18
No Therapy 23 31.7 462 +73 415+28
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Table 2 Overall survival: adjuvant treatment after metastasectomy (n=73)

Number  Percentage = Mean survival [+ (£SD) (months) =~ Median survival (=SD) (months)  Significance (log rank)
CTX (curative) 33 452 563 +5.6 51.5+53 0.98
CTX (palliative) 26 35.6 39.5+5.5 277+ 1.8 0.2
RTX 2 2.7 26.5+3.6 229 0.01
RCTX 2 2.7 59.0 £ 16.7 354 0.51
Immunotherapy 2 2.7 63.4 +£21.5 41.9 0.75
No therapy 8 11.0 58.5+13.9 479 £6.4

stages 1II and IV). Ten patients (59%) had adjuvant 5-FU-
based chemotherapy after resection. Adjuvant chemothera-
py after colorectal resection was given in seven of our
patients (41%). All of them received additional chemother-
apy after resection of the first metastases. Two patients with
stage II rectal cancer were given neoadjuvant radiochemo-
therapy; one of them received additional chemotherapy
after resection of the primary tumour and after the resection
of the metastases as well (Table 3). The overall survival in
this patient was only 32 months. No patient had an
intraabdominal recurrence. All patients showed a normal
colonic endoscopic examination before liver or lung
surgery.

Eight patients had synchronous metastases (six liver, two
lung) and were all resected within 3 months after primary
resection; nine patients developed metachronous metastases.

Median age at the time of liver resection was 74 years
(range 46-78 years), and median time from colorectal
resection to liver metastases was 1 year (range 0—6 years).
There were 14 segmentectomies, four hepatectomies, two
liver wedge resections and three additional hyperthermic
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0,21

0,0
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0 24 48 72 96 120 144 168 192

Time (months)
Fig. 2 Survival of patients with resected liver and lung metastases

(dotted line) versus the non-surgical group (solid line)
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ablations performed. The average number of liver metasta-
ses per resection was 2.5 (range 1-10).

Median time at the age of lung resection was 59 years
(range 42-74 years). Median time from colorectal resection
to lung metastases was 2.5 years (range 0-6.8 years). Two
patients underwent repeat pulmonary resections for recur-
rent disease.

Fifteen patients underwent thoracotomy for resection of
metastases; two patients were resected by thoracoscopy. One
segmentectomy, 22 wedge resections and 39 laser resections
were performed. The average number of lung metastases per
resection was 4.6 (range 1-20; Table 4). After initial
metastasectomy, the lung was the site of recurrence (n=8/
72.7%), followed by the liver (n=3/27.3%).

No postoperative mortality was observed. Follow-up was
complete in all patients and ranged from 21 to 136 months,
with a median of 54 months. Mean disease-free interval
(DFI) after resection of primary tumour was 14.1 months
(range 0-72, median 10.8 months). DFI after first meta-
stasectomy was 19.4 months (range 1.3-44.1, median
19.2 months). There was a significant impact of DFI on
OS. A disease-free interval longer than 18 months was
associated with an OS of 68.2 months (standard error 7.9,
95% confidence interval),whilst patients with a DFI <
18 months after colorectal resection had an OS of 39.3
Monaten (SD 3.6, 95% CI; p=0.001, log rank; Fig. 3). We
also analysed patient survival according to tumour stage
(UICC) as determined during surgery for CRC: Patients
with stage I disease had a median survival of 98 months,
stage II 33 months, stage III 62 months and 59 months in
stage IV. Median survival in patients with primary CRC
grades 1, 2 and 3 was 62, 47 and 98 months, respectively.

Overall, 3-, 5- and 10-year survival after primary resection
for patients with both hepatic and pulmonary metastases
(resection group) was 77%, 55% and 18%; median survival
was 98 months (Table 5 and Fig. 4). Median OS of patients
with RO resected lung metastases of CRC was 59 months;
patients with resected hepatic lesions had a median OS of
47 months. Median survival after first metastatic resection
was 47.7 months (range 10.0-117.4 months); median
survival after second metastatic resection was 16.3 months
(range 2.0-94.5 months; Table 6).
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Table 3 Neoadjuvant/adjuvant treatment regime in 17 patients with RO resected colorectal liver and lung metastases

Primary resection

Year Neoadjuvant Tx Adjuvant Tx Tx after 1. Met. Tx after 2. Met.

1990 - 5-FU/Leucovorin Liver perfusion (Mitomycin C) FOLFOX

1994 - 5-FU/Leucovorin R thoracic vertebrae Tomodex

1995 - - mc Antibody Cap.

1997 - mc Antibody 5-FU mc Antibody

2000 - 5-FU (POON) (intolerance) (complication)

2001 - FOLFIRI FOLFIRI R/FOLFOX 4

2002 - - - FOLFOX 4

2002 - 5-FU (Ardalan) Cap. Cap./Oxaliplatin

2002 R/5-FU - Tx refused by patient Tx refused by patient
2003 - - FOLFIRI/Bevacizumab FUFOX/Bevacizumab
2003 R/5-FU 5-FU FOLFOX 4 FOLFOX 4

2003 - R/FOLFOX 5-FU/IT/Cetuximab Erbitux/Oxaliplatin/Cap.
2004 - FOLFOX 6 FOLFIRI FOLFIRI/Cetuximab
2004 - R/5-FU 5-FU/Oxaliplatin Bevacizumab

2006 - FOLFIRI/Bevacizumab - FOLFOX/Cetuximab
2006 - 5-FU/IT/ Bevacizumab - FOLFOX/Cetuximab
2006 R/5-FU FOLFOX Cap. FOLFIRI/Bevacizumab

Tx treatment, R radiotherapy, 5-FU 5-fluoruracil, Cap. capecitabine, /7 irinotecan, FOLFOX 5-fluoruracil, oxaliplatin, leucovorin, FOLFIRI 5-
fluoruracil, leucovorin, irinotecan, mc Antibody 17-1A monoclonal antibody (Panorex®)

There was no difference in OS for patients with
synchronous versus metachronous liver and lung metastases
(p=0.6).

Risk analysis was performed using univariate analysis
(chi-square). Table 7 shows survival rates as a function of
age, DFI, gender, nodal status, grading and stage of disease:
In our data, stage of disease, age and DFI were significant
prognostic factors. Multivariate analysis (Cox regression)
for >18 months DFI, stage of disease (III/UICC) and age

(<70 years) was performed: All of them were found to be
independent prognostic factors for an improved overall

survival (Table 8).

Discussion

Surgical treatment of hepatic metastases of CRC has been
reported with a 5-year survival from 30% to 39% [4, 6, 15,

Table 4 Mode of resection of
liver and lung metastases

Mode of resection (n) Total number of resected metastases ()
First metastasectomy
Lung Wedge resection
Liver Wedge resection 1 2
Segmentectomy 10 15
Hemihepatectomy 6 6
Thermal ablation 2 2
Radiofrequency ablation 2 2
Second metastasectomy
Lung Wedge resection 10 28
Laser resection 2 21
Segmentectomy 3 11
Lobectomy 1 5
Liver Hemihepatectomy 1 10
Segmentectomy 2 3
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16], whilst the reported 5-year survival in patients with
pulmonary metastasectomy from CRC ranges from 30% to
60% [7-9, 17-20]. In our series, the results of patients with
both resection of hepatic and pulmonary metastases were in
that range (55%). Yano et al. reported a 5-year survival of
68.6% in seven patients with both hepatic and pulmonary
resection, which underlines the necessity of an aggressive
surgical approach in these patients [21]. Other authors
reported similar results [10—12, 22-25]. Our results with a
median survival of 98 months and a 5-year survival of 55%
confirm this approach. The apparently improved survival
rates for patients with resected hepatic and pulmonary
metastases compared to either isolated hepatic or pulmo-
nary metastases are presumably caused by a strict selection
of patients and a small number of patients. Multiloculary
metastatic disease provides no benefit of survival by nature.
Many patients decline metastasectomy following the initial

Table 5 Survival rates after primary resection

resected liver metastases; dashed line, resected lung metastases; dotted
line, RO resected both liver and lung metastases

cancer resection for personal reasons. Furthermore, the
metastasectomy cannot be offered to a number of patients
due to reduced general condition. In our opinion, a
lowering of selection criteria will most likely lead to an
increase of resections and an assimilation of the survival
rates for patients with isolated liver or lung metastases and
patients with both liver and lung metastases. Surgical
metastasectomy should always be performed if the primary
tumour is under control and if the patient has the prospect
of complete resection, even in case of a multilocular clinical
manifestation. The presence of a systemic spread of disease
such as peritoneal carcinosis, pleural carcinosis, hepatic or
celiac metastatic lymph nodes is still a contraindication to
surgical metastasectomy, whilst the presence of even
multiple lung or liver metastases is not a contradiction to
surgical treatment. Patients with a solitary metachronous
metastases show a benefit in survival [26]. But also
simultaneous metastases do not preclude patients from a

3years (%)

Syears (%) 10years (%) Overall survival median (months)

Colorectal cancer 1,252 85
Pulmonary metastases 68 78
Hepatic metastases 177 63
Total 1,497
Both liver and lung 73

Surgical treatment (R0) 17 77
Non-surgical/partly surgical treatment 56 48

77 77 155
50 26 59
40 17 47
55 18 98
19 2 35
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Table 6 Survival of patients

undergoing hepatic and pulmo- Patient no. Survival (months)
nary resection for colorectal
metastases Primary tumour resection First metastasectomy Second metastasectomy Status
1 34 16 13 DOD
2 60 49 30 AWD
3? 98 98 54 DOD
4 22 10 2 DOD
5 98 26 16 DOD
6° 59 59 28 AWD
7° 54 54 50 AWD
8 32 15 6 DOD
9 136 117 95 AWD
10° 48 48 15 DOD
DOD dead of disease, AWD 11° 41 41 5 NED
e MO : 2
ac: . . 13 29 18 NED
Simultaneous resection of pri-
mary tumour and pulmonary 14 21 13 10 NED
metastases 15 21 17 10 NED
® Simultaneous resection of pri- 16 62 17 7 AWD
mary tumour and hepatic 17 28 20 19 DOD
metastases
Table 7 Risk factors for overall survival in patients with colorectal liver and lung metastases (n=73)
Predictors for overall survival with reference to primary resection (univariate analysis)
Number Mean interval = SD Median interval (months) £ SD p value
Age <65 years 46 58.7 £ 6.1 515 5.1
>65 years 27 37.1 +34 33.1+£3.1 0.06
<70 years 55 56.7 +5.5 477 £ 6.6
>70 years 18 343 +3.6 30.1 +£6.7 0.02
<75 years 66 52.8 £ 4.7 433 +£6.5
>75 years 7 33.1+5.1 33.1 +8.7 0.032
Gender Male 53.7+5.5 432 +72
Female 449 £ 5.6 41.5+54 0.29
DFI <18 months 48 39.5+3.5 339+24
>18 months 25 682+ 7.9 62.1 £11.1 0.001
<24 months 60 442 +£42 353 +4.7
>24 months 13 76.1 +10.5 67.5 £ 8.4 0.01
Nodal status Positive 48 48.6 +4.7 54.5 £ 8.6
Negative 25 433 +8.5 415+28 0.618
Grading G2 497 +52 415+7.1 0.8
G3 533+73 433 £ 11.1 0.7
Dukes A 6 67.3 +19.4 383 +7.8 0.252
B 17 444 £45 41.5+6.0 0.638
C 34 46.8 £5.7 354 +£6.7 0.362
D 16 54.7 + 8.9 51.5+13.8 0.525
T-stage 1 2 224+64 16.0 0.006
2 10 629 +18.1 72.8 £15.4 0.063
3 53 494 £ 4.7 419 £ 6.6 0.603
4 8 39.5+8.1 319+24 0.274
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Table 8 Risk factors for overall
survival in patients with colo-

Predictors for overall survival with reference to primary resection (multivariate analysis)

rectal liver and lung metastases

(n=73) 95% CI Mean interval (months) + SD p value
DFI >18 months 02.1-0.69 39.3+£3.5 0.001
T-stage T2 0.02-0.38 72.8 +15.4 0.05
Age <70 years 1.5-5.5 56.7 5.5 0.001

DFI disease-free interval, 72 Stage 111 (Dukes C) 0.2-0.68 46.8 £5.7 0.001

stage IIl: TNM classification of ~ pge <75 years 1.62-7.85 528 £ 4.7 0.062

malignant tumours [13]

possible curative resection, and the survival rates in patients
with simultaneous metastases are reported with an equal
morbidity and outcome as in patients with metachronous
metastases [27, 28]. Bilateral or multiple pulmonary
metastases or bilateral hepatic lesions are generally accept-
ed for surgical resection when curative resection is possible.
Kobayashi et al. reported a significant difference in the
cumulative survival for patients with a solitary pulmonary
metastasis versus multiple metastases, whereas the number
or resected hepatic lesions did not seem to influence
outcome [29].

In the current study, patients with @ DFI of more than
18 months had a significant impact on OS versus patients
with a DFI < 18 months. Sato and colleagues reported
similar results in patients with isolated liver metastases of
CRC. A prolonged DFI was one of the most important
factors for OS [30, 31]. Other prognostic variables such as
CEA level or number of lesions are also known to affect
survival, but none of them is generally accepted to be an
absolute contraindication for surgical resection. Headrick et
al. [32] reported the presence of lymph node metastases
within the chest as one possible contraindication. They
identified four patients in their series with positive thoracic
lymph nodes who demonstrated a short DFI and a limited
survival. These results were trend-setting but not statisti-
cally significant.

The surgical approach was also discussed with regards to
affecting survival. For primary tumour resection, we
performed a standard laparotomy in 15 patients; in two
patients, we performed a laparoscopic-assisted colectomy.
The method of resection of hepatic and pulmonary
metastases in our patients did not influence the outcome.
We used an anterolateral thoracotomy as the standard
approach in most of our patients. In those patients with a
single pulmonary lesion, we used video-assisted thoraco-
scopic surgery. One patient with multiple lesions (n=20)
was treated with laser ablation at the time of thoracotomy.
The standard approach for hepatic metastases was a median
laparotomy in all patients. The surgical approach did not
appear to influence patient outcome. Other authors have
reported similar results [33, 34].
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For patients with stage III colon cancer, adjuvant
chemotherapy is widely accepted, whereas in stage II
disease, no significant benefit is reported [35, 36]. Adjuvant
chemo-radiotherapy for rectal cancer is indicated in stage II
or stage IIl and in patients where radical (R0O) resection
could not have been reached [37]. Whilst the value of
adjuvant therapy of CRC after initial resection is clear, the
value of adjuvant therapy after metastasectomy of CRC is
not clarified at all. In four international studies, recruiting
more than 3,300 patients with resected hepatic metastases
of CRC, no significant benefit of an adjuvant therapy after
metastasectomy could be detected. The 5-year survival rate
after resection of hepatic metastases of CRC was 28-39%
irrespective of any adjuvant therapy [38, 39]. In the world
literature, there is no evidence of a prolonged survival for
adjuvant chemotherapy following pulmonary metastasec-
tomy of CRC [40]. Adjuvant chemotherapy after lung
resection is therefore not recommended as a standardised
therapy should only take place within controlled studies.
Patients treated with adjuvant chemotherapy both after
primary resection and metastasectomy had a mean survival
of 76.6 months, whilst patients without adjuvant therapy
achieved a mean survival of 58.7 months. In our series, the
OS for patients with adjuvant chemotherapy after meta-
stasectomy was not significantly improved. Besides, a
substantial comparison of the (neo)-adjuvant therapy is
neither possible nor meaningful due to the long investiga-
tion period (18 years). New chemotherapeutic substances,
changing application doses, modified therapy patterns or
combination therapies do not permit a comparative conclu-
sion. Repeated metastasectomy for recurrent hepatic or
pulmonary metastases has been carried out with no increase
in either morbidity or mortality. Repeat metastasectomy by
laparotomy or thoracotomy will be offered to any selected
patient who can tolerate further resection.

Due to its nature, this retrospective study cannot provide
evidence for an advantage of surgical treatment over non-
surgical treatment in multiloculary metastatic colorectal
cancer. Furthermore, the patient population is limited by
high selection. However, the excellent survival rates for
selected patients achieved by aggressive surgical therapy
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adduce empirical evidence bearing comparison with non-
surgical treatment. But a prospective study comparing
surgical treatment of metastatic CRC versus non-surgical
treatment is ethically not feasible since—according to
oncological guidelines—all patients with resectable liver
or lung metastases of CRC (as the first metastases)
should be resected. Lung or liver resection is still the
only curative treatment for selected patients with meta-
static CRC. The long-term survival in our selected group
of patients with both resected liver and lung metastases
from CRC is comparable to solitary liver or lung
metastases. From a surgical point of view, every attempt
must be made to increase the availability of any liver or lung
resection [41].

Today, the treatment of metastatic colorectal cancer
should be performed in a multidisciplinary way, including
surgeons, medical oncologists and radiotherapists.

Surgical treatment of even multiple hepatic and pulmo-
nary metastases of colorectal cancer results in significantly
increased survival time compared with patients without a
surgical approach. In association with new effective
chemotherapies, including immunoglobulin monoclonal
antibodies, even long-term survival can be achieved.

Conclusion

Patients with synchronous or metachronous hepatic and
pulmonary metastases of colorectal carcinoma should always
be considered for a possible surgical resection as it offers a
valid therapeutic opportunity with excellent survival rates.
An aggressive surgical approach in a specialised centre is
safe with low morbidity and low mortality and offers an
excellent chance for long-term survival. Overall survival for
surgically treated selected patients with both hepatic and
pulmonary metastases from CRC is comparable to hepatic or
pulmonary metastasectomy.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.

References

1. August DA, Ottow RT, Sugarbaker PH (1984) Clinical perspec-
tives on human colorectal cancer metastases. Cancer Metastasis
Rev 3:303-324

2. McCormack PM, Attiyeh FF (1979) Resected pulmonary metas-
tases from colorectal cancer. Dis Colon Rectum 22:553-556

3. Galandiuk S, Wieand HS, Moertel CG, Cha SS, Fitzgibbons RJ,
Pemberton JH et al (1992) Patterns of recurrence after curative

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

resection of carcinoma of the colon and rectum. Surg Gynecol
Obstet 174:27-32

. Lehnert T, Knaebel HP, Duck M, Bulzebruck H, Herfarth C

(1999) Sequential hepatic and pulmonary resections for metastas-
tic colorectal cancer. Br J Surg 86(2):241-243

. Poon MA, O’Connel MJ, Moertel CG, Wieand HS, Cullinan SA,

Lk E et al (1989) Biochemical modulation of fluororuracil:
evidence of significant improvement of survival and quality of
life in patients with advanced colorectal carcinoma. J Clin Oncol
7:1407-1414

. Scheele J, Altendorf-Hofmann A (1999) Resection of colorectal

liver metatases. Langenbecks Arch Surg 384(4):313-327

. Girard P, Ducreux M, Baldeyrou P, Rougier P, Le Chevalier T,

Bougaran J, Lasser P, Gayet B, Ruffi¢ P, Grunenwald D (1996)
Surgery for lung metastases from colorectal cancer: analysis of
prognostic factors. J Clin Oncol 14(7):2047-2053

. McAfee MK, Allen MS, Trastek VF, Ilstrup DM, Deschamps C,

Pairolero PC (1992) Colorectal lung metastases: results of surgical
excision. Ann Thorac Surg 53:780-786

. Nordlinger B, Quilichini MA, Parc R, Hannoun L, Delva E,

Huguet C (1987) Hepatic resection for colorectal liver metastases:
influence on survival of preoperative factors and surgery for
recurrences in 80 patients. Ann Surg 205:256-263

Yano TY, Hara N, Ichinose Y, Yokohama H, Miura T, Ohta M
(1993) Results of pulmonary resection of metastatic colorectal
cancer and its application. J Thorac Cardiovasc Surg 106:875-879
Gough DB, Donohue JH, Trastek VA, Nagorney DM (1994)
Resection for hepatic and pulmonary metastases in patients with
colorectal cancer. Br J Surg 81:94-96

Minnard E, Fong Y, Weigel T, Fortner J, Blumgart L, Burt M
(1996) Surgical resection for hepatic and pulmonary colorectal
metastases. Surg Oncol 15:552

Hermanek P, Sobin LH (eds) (1992) UICC TNM classification of
malignant tumors, 4th edn, 2nd revision. Springer, Berlin

Kaplan EL, Meier P (1958) Nonparametric estimation from
incomplete observations. ] Am Stat Assoc 53:457-481

Bramhall SR, Gur U, Coldham C, Gunson BK, Mayer AD,
McMaster P, Candinas D, Buckels JA, Mirza DF (2003) Liver
resection for colorectal metastases. Ann R Coll Surg Engl 85
(5):334-339

Scheele J, Stangl R, Altendorf-Hofmann A, Paul M (1995)
Resection of colorectal liver metastases. World J Surg 19:59-71
Inoue M, Ohta M, Iuchi K, Matsamura A, Ideguchi K, Yasumitsu
T, Nakagawa K, Fukuhara K, Maeda H, Takeda S, Minami M,
Ohno Y, Matsuda H, Thoracic Surgery Study Group of Osaka
University (2004) Benefits of surgery for patients with pulmonary
metastases from colorectal carcinoma. Ann Thorac Surg 78
(1):238-244

Saito Y, Omiya H, Kohno K, Kobayashi T, Itoi K, Teramachi M,
Sasaki M, Suzuki H, Takao H, Nakade M (2002) Pulmonary
metastasectomy for 165 patients with colorectal carcinoma: a
prognostic assessment. J Thorac Cardiovasc Surg 124(5):1007-1013
Pfannschmidt J, Muley T, Hoffmann H, Dienemann H (2003)
Prognostic factors and survival after complete resection of
pulmonary metastases from colorectal carcinoma: experiences in
167 patients. J Thorac Cardiovasc Surg 126(3):732-739
Pfannschmidt J, Dienemann H, Hoffmann H (2007) Surgical
resection of pulmonary metastases from colorectal cancer: a
systemic review of published series. Ann Thorac Surg 84
(1):324-338

Avital I, DeMatteo R (2006) Combined resection of liver and lung
metastases for colorectal cancer. Thorac Surg Clin 16(2):145-155
Ambiru S, Miyazaki M, Ito H, Nakagawa K, Shimizu H, Kato A,
Nakamura S, Omoto H, Nakajima N (1998) Resection of hepatic
and pulmonary metastases in patients with colorectal carcinoma.
Cancer 82(2):274-278

@ Springer



1138

Langenbecks Arch Surg (2010) 395:1129-1138

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Hamy A, Baron O, Bennouna J, Roussel JC, Paineau J,
Douillard JY (2001) Resection of hepatic and pulmonary
metastases in patients with colorectal cancer. Am J Clin Oncol
24(6):607-609

Mineo TC, Ambrogi V, Tonini G, Bollero P, Roselli M, Mineo D,
Nofroni I (2003) Longterm results after resection of simultaneous
and sequential lung and liver metastases from colorectal carcino-
ma. J Am Coll Surg 197(3):386-391

Regnard JF, Grunenwald D, Spaggiari L, Girard P, Elias D,
Ducreux M, Baldeyrou P, Levasseur P (1998) Surgical treatment
of hepatic and pulmonary metastases from colorectal cancers. Ann
Thorac Surg 66(1):214-218

Robinson BJ, Rice TW, Strong SA, Rybicki LA, Blackstone EH
(1999) Is resection of pulmonary and hepatic metastases
warranted in patients with colorectal cancer? J Thorac Cardiovasc
Surg 117(1):66-75

Shah SA, Haddad R, Al-Sukhni W, Kim RD, Greig PD, Grant
DR, Taylor BR, Langer B, Gallinger S, Wei AC (2006) Surgical
resection of hepatic and pulmonary metastases from colorectal
carcinoma. J Am Coll Surg 202(3):468-475

Vogt P, Raab R, Ringe B, Pichlmayr R (1991) Resection of
synchronous liver metastases from colorectal cancer. World J Surg
15(1):62-7

Kobayashi K, Kawamura M, Ishihara T (1999) Surgical treatment
for both pulmonary and hepatic metastases from colorectal cancer.
J Thorac Cardiovasc Surg 118(6):1090-1096

Sato T, Konishi K, Yabushita K, Nojima N, Kimura H, Meada K,
Tsuji M, Miwa A (1998) The time interval between primary
colorectal carcinoma resection to occurrence of liver metastases is
the most important factor for hepatic resection. Analysis of total
course following primary resection of colorectal cancer. Int Surg
83(4):340-342

Yedibela S, Klein P, Feuchter K, Hoffmann M, Meyer T,
Papadopoulos T, Gohl J, Hohenberger W (2006) Surgical
management of pulmonary metastases from colorectal cancer in
153 patients. Ann Surg Oncol 13(11):1538-1544

Headrick JR, Miller DL, Nagorney DM, Allen MS, Deschamps C,
Trastek VF, Pairolero PC (2001) Surgical treatment of hepatic and
pulmonary metastases from colon cancer. Ann Thorac Surg 71
3):975

@ Springer

33.

34.

35.

36.

37.

38.

39.

40.

41.

Reddy RH, Kumar B, Shah R, Mirsadrace S, Papagiannopoulos
K, Lodge P, Thorpe JA (2004) Staged pulmonary and hepatic
metastasectomy in colorectal cancer—is it worth it? Eur J
Cardiothorac Surg 25(2):151-154

Ike H, Shimada H, Togo S, Yamaguchi S, Ichikawa Y, Tanaka K
(2002) Sequential resection of lung metastases following partial
hepatectomy for colorectal cancer. Br J Surg 89(9):1164-1168
Benson AB 3 rd, Schrag D, Somerfield MR, Cohen AM, Figueredo
AT, Flynn PJ, Krzyzanowska MK, Maroun J, McAllister P, Van
Cutsem E, Brouwers M, Charette M, Haller DG (2004) American
Society of Clinical Oncology recommendations on adjuvant
chemotherapy for stage II colon cancer. J Clin Oncol 22
(16):3408-3419

O’Connell MJ, Mailliard JA, Kahn MJ, Macdonald JS, Haller DG,
Mayer RJ, Wieand HS (1997) Controlled trial of flourouracil and
low-dose leucovorin given for 6 months as postoperative adjuvant
therapy for colon cancer. J Clin Oncol 15(1):246-250

Kim BITK et al. (2007) Randomized trial of postoperative adjuvant
therapy in stage II and III rectal cancer to define the optimal
sequence of chemotherapy and radiotherapy: a final report. ASCO
Annual Meeting Proceedings. J Clin Oncol 25(no. 18S):4050
Fong Y, Fortner J, Sun RL, Brennan MF, Blumgart LH (1999)
Clinical score for predicting recurrence after hepatic resection for
metastatic colorectal cancer: analysis of 1001 consecutive cases.
Ann Surg 230(3):309-318, discussion 318-321

Kato T, Yasui K, Hirai T, Kanemitsu Y, Mori T, Sugihara K,
Mochizuki H, Yamamoto J (2003) Therapeutic results for hepatic
metastasis of colorectal cancer with special reference to
effectiveness of hepatectomy: analysis of prognostic factors for
763 cases recorded at 18 institutions. Dis Colon Rectum 46(10
Suppl):S22-S31

Rau B, Kandioler D, Stamatis G (2008) Chirurgische Onkologie:
Strategien und Standards fiir die Praxis (edited by Gnant M,
Schlag PM). Springer, Berlin

Poston GJ, Adam R, Alberts S, Curley S, Figueras J, Haller D,
Kunstlinger F, Mentha G, Nordlinger B, Patt Y, Primrose J, Roh
M, Rougier P, Ruers T, Schmoll HJ, Valls C, Vauthey NJ, Cornelis
M, Kahan JP (2005) Oncosurg: a strategy for improving
respectability with curative intent in metastatic colorectal cancer.
J Clin Oncol 23(28):7125-7134



	Sequential surgical resection of hepatic and pulmonary metastases from colorectal cancer
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Statistics

	Results
	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


