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Abstract

Background Liver and lungs are the two most frequent sites of metastatic spread of colorectal cancer (CRC).
Complete resection of liver and/or lung metastases is the only chance of cure, and several studies have reported an
improved survival after an aggressive treatment. Nevertheless, CRC liver metastases (CLM) have been recognized as
a pejorative factor for patients undergoing pulmonary metastasectomy. We report our experience with patients
successively operated on for CRC hepatic and pulmonary metastasis (CPM) and seek to identify prognostic factors.
Methods All consecutive patients who had resection of CPM and CLM between 2001 and 2014 were enrolled in the
study. Clinicopathological and survival data were retrospectively analysed.

Results Forty-six patients underwent resections of both CLM and CPM. Hepatic resection preceded pulmonary
resection in most cases (91.3%). The median intervals between the resection of the primary tumour and the hepatic
recurrence and between hepatic and pulmonary recurrences were 12 months [0-72] and 21.5 months [1-84],
respectively. The mortality rate following CPM resection was 4.3%. After a median follow-up of 41.5 months
[0-126], 35 patients recurred of whom 14 (40%) and 11(31.4%) could benefit from repeated resection of recurrent
CLM and CPM, respectively. The median and 5-year overall survivals (OS) were 53 months and 49%, respectively.
No prognostic factor was identified.

Conclusion An aggressive management of CLM and CPM, including repeated resections, may provide a long-term
survival comparable to survival of patients with unique metastasectomy. The absence of prognostic factor may reflect
the highly selected pattern of the eligible patients.
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Abbreviations

CRC Colorectal cancer

CLM Colorectal liver metastases

CPM Colorectal pulmonary metastases

oS Overall survival

CEA Carcinoma embryonic antigen

CA 199 Carbohydrate antigen 19-9

"EDG-PET  '®F-fluorodeoxyglucose positron emission
tomography

FOLFOX Folinic acid—fluorouracil-oxaliplatin

FOLFIRI Folinic acid—fluorouracil-irinotecan

NR Not reached

Introduction

Colorectal cancer (CRC) remains the third leading cause of
cancer-related mortality in industrial countries, though
improvements in chemotherapy and surgical techniques as
well as multidisciplinary approaches have radically chan-
ged its long-term survival. After curative resection of the
primary tumour, metastatic spread occurs in half of patients
[1] with liver as the first site of recurrence [2]. Surgical
resection is the cornerstone of treatment for CRC liver
metastases (CLM), while achieved improvements in
chemotherapy have led to consider surgery with perioper-
ative FOLFOX-based treatment as the gold standard [3-5].
This strategy provides good results with 5-year survival
rates ranging from 39.3 to 57.3% [3, 6]. However, even
after multimodal therapy, relapse occurs in 60% within the
2 years following CLM resection [7]. Lung is the second
site of recurrence, and pulmonary resection is widely
accepted for metastatic spread [8]. In previous series of
resected CRC pulmonary metastases (CPM), history of
CLM has been considered as a factor of poor prognosis [9]
with an increased risk of pulmonary recurrence [10] and a
decreased survival [11] when compared to patients oper-
ated on for isolated CPM. Nonetheless, survival rates, as
high as 50% at 5 years after hepatic and pulmonary
resection [12], have been reported in selected patients. In
case of hepatic recurrence, repeated CLM resection is
considered as an effective treatment with an 5-year overall
survival up to 73% [13-15]. In the same way, repeated
CPM resections have been reported as providing survival
consistent with the initial pulmonary metastasectomy
[16—-18]. The results of successive CLM and/or CPM
resections remain unclear, as well as those of iterative liver
and/or lung resections for recurrent metastatic disease. In
this context, we report our institutional experience in the
management of patients presenting both CLM and CPM,
and particularly those with repeated metastasectomy.
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Materials and methods

The Ethical Committee of the French Society of Thoracic
and Cardio-Vascular Surgery approved the study and
waived the need of individual consent. We retrospectively
reviewed medical data of all patients who underwent both
pulmonary and hepatic resections for CRC metastases
between 2001 and 2014 in the Department of Thoracic
Surgery and the Department of Digestive Surgery and
Transplantation, Lille University Hospitals, France. Crite-
ria for including patients were: a previous curative treat-
ment of the primary tumour, possibility of macroscopically
complete resection of all metastatic sites and sufficient
hepatic and pulmonary functions. Hepatic resections were
performed as previously reported [19] through midline or
right subcostal laparotomy. Pulmonary resections were
performed through thoracotomy allowing parenchymal
palpation; lung-sparing wedge resection was performed
with hilar and mediastinal lymphadenectomy [20] when-
ever possible; otherwise, a more extended resection was
carried out. For patients with bilateral CPM, resections
were sequentially performed with a 1-month interval. As a
rule, CLM were resected before CPM with the exception of
borderline resectable CPM. Pre-operative examinations
included chest thin-slice computed tomography (CT), brain
CT or magnetic resonance imaging (MRI), an '*F-fluo-
rodeoxyglucose positron emission tomography ('*FDG-
PET) when available, fiberoptic bronchoscopy and pul-
monary function test. Administration of perioperative
chemotherapy was decided in a multidisciplinary staff
meeting, by taking account of the patient’s history and
histopathological data. During follow-up, patients were
monitored by the referring surgeon and/or oncologist with
a physical examination, liver biochemistry assays, carci-
noembryogenic antigen (CEA)/carbohydrate antigen 19-9
(CA 19-9) assays and CT of the thorax and the abdomen
every 3—6 months. The goal of this follow-up was to allow
early detection of recurrence in order to offer repeated
resection where possible.

The primary endpoint of this study was the overall
survival (OS) defined as the interval from the first lung
resection to the date of last follow-up or death. Secondary
endpoints were the recurrence patterns and treatments, and
prognostic factors.

Continuous variables were expressed as median [range]
and categorical data as percentages. Estimates of OS were
calculated using the Kaplan—-Meier method with log-rank
test for comparisons. Statistical significance was set to
p < 5%. IBM SPSS (Armonk, New York, USA) v.17 was
used for statistical analyses.
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Results

From January 2001 to January 2014, among the 109
patients who underwent CPM resection in our institution,
46 patients (42.2%) with history of CLM were included in
this study. Patient’s characteristics are summarized in
Table 1. There were 23 males (50%). The median age at
the time of the first pulmonary resection was 60 years
[37-79]. Primary tumour arose from colon in 36 patients
(78.3%) and from rectum in the remaining patients. Mostly,
the primary tumour was staged T3 in 33 patients (71.7%),
with lymph node involvement in 26 patients (56.6%) and
synchronous distant metastasis in 21 (45.9%). Synchronous
metastases involved the liver in all cases and the lung in
one case. CLM resection was carried out before colonic
resection in only one patient as a reverse strategy [21]. In
the remaining patients, the hepatic resection was performed
after colorectal surgery in 37 (80.4%) or during the same
procedure in eight (17.4%). Regarding metastases man-
agement, CLM resection was performed before CPM in 42
patients (91.3%), while in four (8.7%) CPM were resected
first as occurring before CLM. Median interval between
CRC and CLM resections, CLM—CPM resection and CRC—

Table 1 Clinicopathological characteristics of the 46 CRC patients

Nb %

Sex

Male 23 50.0

Female 23 50.0
Age 60 £ 11 years
Primary tumour

Colon 36 78.3

Rectum 10 21.7
T Stage

1 1 22

2 10 21.7

3 33 71.7

4 2 44
N Stage

0 20 434

1 17 37.0

2 8 17.4

3 1 22
M Stage

M- 25 54.3

M+ 21 459
Perioperative treatment

Yes 30 65.2

No 16 34.8

CPM resections were 12 months [0; 72], 21.5 months [1;
64] and 36 [2; 98], respectively.

Hepatic procedures

The median interval between the resections of the primary
tumour and the CLM was 12 months [0-72]. In the 46
patients, a total of 70 CLM was initially treated, corre-
sponding to a median of 1 CLM per patient [1-5]. The
median size of the resected CLM was 2.5 cm [0.5-11]. The
most frequent resection was metastasectomy and was per-
formed in 17 cases (34%). Data on the first CLM resection
are summarized in Table 2. Data were missing for 11
patients (23.9%) who had undergone hepatic surgery in
other centres. Post-operative complications occurred in five
patients (10.9%), including lymphorrhea in two and
abdominal haematoma, acute respiratory distress syndrome
and hepatic failure in one patient each. There was no post-
operative death. All but one resection were microscopically
complete (RO resection rate of 97.8%), and 42 patients
(91.3%) had perioperative chemotherapy (Table 3).

Pulmonary procedures

Median interval between the resections of the primary
tumour and CPM and between CLM and CPM resections
was 36 months [2-98] and 21.5 months [1-84], respec-
tively. A total of 91 CPM were initially resected, corre-
sponding to a median of 1.5 CPM per patient [1-4]. The
surgery was bilateral and sequentially performed in eight
patients (17.4%). Median CPM size was 1.6 cm [0.7-6.7].
The most frequent type of resection was metastasectomy
and was performed in 54 cases (76.1%). Data on the first
CPM resection are summarized in Table 2. In-hospital
mortality rate was 4.3%: one patient died from pyothorax
and septic shock and the other one from a Takotsubo car-
diomyopathy and multiorgan failure. Seven patients
(15.2%) experienced one or more post-operative compli-
cations including: atelectasis in two, atrial fibrillation in
two, pleural effusion, post-operative pneumonia and left
recurrent palsy in one each. On histopathological exami-
nation, the rate of CPM RO resection was 100%, and
mediastino-hilar lymph nodes were positive in five (10.9%)
patients. Perioperative chemotherapy was administered in
35 (76.1%) patients (Table 3).

Recurrence patterns and survival

During a median follow-up of 41.5 months [0-126], 35
(76.1%) patients developed relapse of disease within a
median delay of 13 months [4.2-21.7]. The two most fre-
quent sites of relapse were lung (N = 24; 68.6%) and liver
(N =22; 47.8%), followed by bones metastases,
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Table 2 Characteristics of the first CLM and CPM resection

CLM
Total of resected lesions
Median of lesion
Median size (cm)
Type of resection Metastasectomy

Right hepatectomy
Segmentectomy
Left hepatectomy
Left lobectomy
Missing data

RO resection

Perioperative chemotherapy

CPM
70 91
1 [1-5] 1.5 [1-4]
2.5 [0.5-11] 1.6 [0.7-6.7]
17 (34%) Metastasectomy 54 (76.1%)
12 (24%) Segmentectomy 4 (9.9%)
6 (12%) Lobectomy 10 (14%)
3 (6%)
1 (2%)
11 (23.9%)
45 (97.8%) 46 (100%)
42 (91.3%) 35 (76.1%)

Table 3 Perioperative chemotherapy regimens

Chemotherapy CLM (N = 42) CPM (N = 35)
FOLFOX 18 (42.8%) 16 (45.7%)
FOLFIRI 15 (35.7%) 11 (31.4%)
5-FU 7 (16.7%) 3 (8.6%)
Cetuximab—irinotecan 0 4 (11.4%)
Capecitabine 0 1 (2.9%)
Unknown regimen 2 (4.8%) 0
Bevacizumab added 15 (37.5%) 7 (20%)

CLM colorectal liver metastasis, CPM colorectal pulmonary metas-
tasis, FOLFOX folinic acid—fluorouracil-oxaliplatin, FOLFIRI folinic
acid—fluorouracil-irinotecan

abdominal lymph nodes, adrenal gland and brain
(N = three patients each; 6.5%), peritoneum (N = 2;
4.3%) and diffuse recurrence (N = 1; 2.2%). The meta-
static recurrence occurred simultaneously in the liver and
the lung in five patients (10.8%).

Among the 22 patients with recurrent metastasis isolated
to the liver, 14 patients (63.3%) could benefit from a
repeated CLM resection with curative intent including nine
(64.3%) metastasectomies and four (28.6%) right hepate-
ctomies (missing data for the last patient); subsequently,
six patients had a third hepatectomy and one a fourth. In
another patient, a fourth CLM recurrence was treated by
stereotactic radiotherapy. The second resection was
microscopically complete in 12 patients (RO rate of
85.7%). Perioperative chemotherapy was administered in
12 patients (85.7%) following the second hepatic resection
and in five and one patients after the third and fourth
resection, respectively. Patients in whom repeated CLM
resection could be performed tended to have a better
median OS (38 months, [18.5-57.5]) than patients without
re-resection (32 months, [11.8-52.2]). However, the dif-
ference was not significant (p = 0.478; Fig. 1).
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During follow-up, among the 24 patients with recurrent
metastasis isolated to the lung, 11 patients (45.8%)
underwent a second CPM resection followed by a third
resection in only one case. The second lung resection was
achieved by wedge in eight patients (72.7%), segmentec-
tomy, lobectomy and completion pneumonectomy in one
patient each (9.1%). Repeated resection was followed by
chemotherapy in 81.2% of patients (the only patient who
had a third CPM resection did not receive adjuvant
chemotherapy). The median OS was significantly longer in
patients with redo CPM resection (median OS not reached)
than that of patients who could not undergo repeated
resections (35 months, [23.3-46.7]); p = 0.008; Fig. 2).

Regarding other sites of recurrence(s), no patient could
benefit from curative intent surgery. Median and 5-year OS
after the first CPM resection were 53 months [19.9-86] and
49%, respectively (Fig. 3). After exclusion of the two post-
operative deaths, the median and 5-year OS increased to
73 months [34-112] and 51%, respectively. After the first
CLM resection, median and 5-year OS were 100 months
[79.2-120.8] and 63%, respectively. Expectedly, patients
with unresectable relapses experienced a significantly
lower survival than patients with resectable recurrences or
non-recurrent patients, with a median survival of
39 months [29.9-48.1] (p < 0.001). No other prognostic
factor was identified from the statistical analysis (Table 4),
although subjected to the low number of patients in sub-
groups. Survival rate was lower in patients with medi-
astino-hilar involvement, but with no statistical difference.

Discussion

About half of patients with resected CRC will experience
liver and/or lung relapse. Although the hypothetical num-
ber of CRC patients who will be concerned by bifocal
metastatic spread is significant, candidates to concomitant
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CLM and CPM resections are rare and effectiveness of
surgery in that context is not clearly established. Herein,
we reported our institutional experience with CPM and
CLM resections in the era of modern chemotherapy regi-
mens in order to analyse the survival benefit in this patient
population and to seek for selection criteria. Overall, we
found an appreciable 5-year OS of 49% following the CPM
resection, in association with the frequent possibility of
repeated CLM or CPM resection in patients with recurrent
metastasis isolated to the liver or lung (re-resection rates of
63.3 and 45.8%, respectively). We could not identify any
prognostic factor, suggesting the highly selected pattern of

the patients who could be offered concomitant CLM and
CPM resections. These results advocate proposing such
strategy in patients with a weakly aggressive metastatic
disease according to their natural history.

First of all, our study showed that patients with
resectable CLM and CPM had an appreciable long-term
survival with median and 5-year survival at 53 months and
49% following the CPM resection. Important to note is that
only a subset of CLM patients was eligible for resection of
CPM, as reflected by the relatively low number of CLM
(median of 1.5 per patient and <5 in all cases) observed in
the current series. Indeed, despite the prognostic value of
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Fig. 3 Overall survival after
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the CLM number, numerous CLM, e.g. above 10 or more,
are not considered as a contra-indication for hepatic
resection, provided that a complete RO resection can be
carried out. Contrasting with the current study population,
in our previous report on 273 CLM patients, the median
number of CLM was only slightly higher, at 2, but up to 17
CLM were resected, and more than 5 in 46 patients [19].
Similarly, number of resected CPM per patient was low
with a median of 1 (<4 in all cases). However, no limit
number of CPM has been defined and its low median
reflected high selected patients who were candidates to
CPM resections. This trend towards a low number of CPM
in patients in CLM history was confirmed by previous
studies [12, 22, 23].

Isolated repeated CLM [7] or CPM [24] resections are
well known and accepted for treatment of
resectable metastatic diffusion. However, this aggressive
approach remains controversial and PulMiCC trial [25]
should bring important responses in the future. Several
series [26—28] and meta-analysis [29, 30] of CPM resec-
tions have been published; however, only a few publica-
tions specifically reported patients presenting both CLM
and CPM [23, 31] and even more rarely patients with
repeated resections in the context of modern oncological
and surgical approach [32]. In contrast with early studies
[9, 10, 33], a recent meta-analysis [29] could not identify
CLM resections as a pejorative factor in patients operated
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on for CPM. Andres et al. [34] have demonstrated that
patients with isolated CLM versus concomitant CLM and
CPM resections provided similar 5-year OS rates. Our
results were consistent with these previous series showing
S5-year survival rates ranging from 39 to 61.3%
[9, 11, 33, 35].

Mediastino-hilar lymphadectomy was routinely per-
formed during CPM resection, and several studies
[20, 27, 28] demonstrated lymph node involvement had
adverse effects on survival. Although incidence of lymph
node involvement (10.9%) in our study was consistent with
previous publications, we did not identify this parameter as
prognostic factor. We can assume the small numbers of
patients explained this difference. Currently, there are no
data, supporting that lymphadenectomy is required during
CPM resection. However, lymphatic involvement can
suggest a more aggressive tumoral behaviour and medi-
astino-hilar lymphadectomy or sampling is recommended
[36] to achieve complete tumoral resection and argue
systemic treatments.

Additionally in our series, we specifically analysed the
pattern of metastatic recurrence(s) after a first CLM and
CPM resection and the possibility of iterative curative
intent treatment: 35 patients (76.1%) experienced lung and/
or liver relapse of whom 14 patients with recurrent CLM
(out of 22 patients, 63.3%) could have repeated metastatic
resections and 11 of 24 patients (45.8%) with recurrent
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Table 4 Overall survival stratified by studied variables

Nb % Median survival 5-year survival P

Sex
Male 23 50 53 [27-78.9] 43.3% [20.4-67.4] 0.734
Female 23 50 73[20.1-125.8] 51.8% [28.9-70.6]

Age
<60 years 20 43.5 45 [2.4-87.6] 49.4% [24.9-69.8] 0.882
>60 years 26 56.5 79 [32.3-125.7] 50.1% [26.8-69.5]

Primary tumour
Colon 36 78.3 73 [35.5-110.5] 52.6% [33.7-68.5] 0.868
Rectum 10 21.7 53 [18.8-87.2] 40.5% [10-70.1]

T stage primary tumour
T<2 11 23.9 NR 51.2% [19.8-76.7] 0.711
T>2 35 76.1 53 [16.4-89.6] 48.5% [28.9-65.6]

Synchronous CLM
Yes 20 56.5 73 [10.9-135.1] 44.8% [24-63.7] 0.696
No 26 43.5 47 [27.7-66.3] 57.2% [29.6-77.4]

First CPM size
<3 cm 41 89.1 44 [30.7-57.3] 40.5% [22.3-58.1] 0.741
>3 cm 5 10.9 73 [32.4-113.5] 60% [12.6-88.2]

Mediastino-hilar involvement
N-— 41 89.1 53 [19.4-86.6] 48.1% [29-64.9] 0.283
N+ 5 10.9 32 [14.9-49. 2] 30% [1.2-71.9]

Interval between CLM and CPM resections
<24 months 36 78.3 90 [38-NR] 51.7% [29.6-70.1] 0.568
>24 months 10 21.7 53 [23-NR] 47.3% [22.1-69]

NR not reached

CPM. To our knowledge, this study is among the first ones
that included a high rate of repeated resections of CLM
and/or CPM, resulting in a long-term survival comparable
to that observed after resection of isolated CPM or CLM. In
highly selected patients, redo resections can provide a good
OS with an acceptable mortality for both CLM [13-15] or
CPM [16-18] repeated resections. Few previous publica-
tions [31] similarly reported outcomes of repeated CPM
and CLM resections with good long-term survival rates
consistent with our results. In this subset of patients, a
favourable tumoral biology may explain relative good
results of surgery for such diffuse metastatic disease.
Accordingly, no prognostic factor could be identified in the
current series, suggesting that a natural selection has
occurred upstream, rubbing out the usual prognostic factors
such as TNM stage. Although the majority of these patients
will develop recurrence, a third or even fourth resection
should be proposed whenever possible. Moreover, in our
series, very long-term survival beyond 5 years after the
first CPM resection was observed in 12 patients (26.1%).
Repeated liver and lung resections of CRC metastases
could indeed provide prolonged survival that Chua et al.

[37] consider as “a curable chronic disease”. Our study had
several limitations: data were collected retrospectively, and
few patients have been included. However, data were
prospectively up dated and patients were closely followed.
Furthermore, this series is among the largest series pub-
lished to date with 46 patients [9-12, 33, 35, 38-40] and
more particularly a high rate of redo resection.

In conclusion, an aggressive management including
repeated resection of concomitant CLM and CPM may
provide an improved long-term survival, similar to that of
patients in whom unique metastasectomy was performed,
with an acceptable post-operative morbi-mortality rate. A
better knowledge in metastatic pathway mechanisms
[41-44] and patients selection may help to define pattern of
patients who could benefit from such aggressive treatment.
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