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Abstract

Background Colorectal cancer (CRC) leads to metastatic disease in approximately 30% of patients. In patients with newly
diagnosed CRC with both liver and lung metastases, curative resection is rarely possible. The aim of this study is to evaluate
the overall (OS) and relapse-free survival (RFS) rates of these patients after resection with curative intent.

Methods This study is a retrospective analysis of colorectal cancer patients (n=8, median age 54.3 years) with simultaneous liver
and lung metastasis undergoing resection with curative intent between May 1st, 2002, to December 31st, 2016, at our institution.
Results Colon was the primary tumour site in 2 patients and rectum in 6 patients. The median number of liver and lung metastases
was 3 and 2, respectively. Patients received various treatment sequences individualized on tumour disease burden. RO resection
was achieved after all but one procedure. Two severe Clavien-Dindo grade I1Ib complications were present. Median hospital stay
was 9 (3—24) days per procedure. Tumour relapse was observed in all patients with median RFS of 9 (3—28) months and median
OS of 40 (17-52) months. In 4 cases, where repeated resection of recurrent metastases (3 liver and 1 lung) was possible, the
median OS was 43 months.

Conclusion Our data suggests that patients seem to benefit from resection with curative intent, with tendency to prolonged OS
and with acceptable complication rate. Tumour recurrence occurred in all patients. Repeated resection was beneficial and led to
further prolonged OS.
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Introduction months after detection of the primary CRC. However, resec-

tion of solitary liver or lung metastases promises a survival

Colorectal cancer (CRC) leads to metastatic disease in approx-
imately 30% of patients. The liver and lung are the most fre-
quent sites of metastatic spread in these patients [1, 2]. CRC
with synchronous metastasis has an unfavourable prognosis,
and the overall survival (OS) is reduced in comparison to
metachronous metastases (5-year OS of 39% vs 48%) [3].
Moreover is the definition of “synchronous” broadly used
for metastases detected in different period reaching up to 12
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benefit, and resection should be considered in these patients
[3-6].

Up to 42% of patients with liver metastases also develop
lung metastases. In patients with metachronous liver and lung
metastases, resection of metastases is a well-established strat-
egy leading to prolonged survival or even potential cure in
some cases [7]. However, the increased number of metastases
as well as the sites of the metastatic spread means more sys-
temic disease and decreases the chance for curative resection
while also leading to a worse overall prognosis [3, 4, 8].

Despite substantial improvement of oncological therapy
through recent years, the combination of oncological therapy
with radical surgical treatment remains the only potentially
curative strategy [9]. The presence of a newly diagnosed
CRC with simultaneous liver and lung metastases which
would be possibly radical resectable is rare and the data are
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scarce [7, 9—12]. Therefore, the aim of this study is to evaluate
the overall and relapse-free survival rates of patients after re-
section of truly simultaneously detected hepatic and pulmo-
nary metastases synchronous with primary CRC with curative
intent at our centre.

Patients and Methods
Study Cohort

This study is a retrospective analysis from our prospectively
maintained lung and liver operation database. The data from
all patients undergoing lung resection for colorectal cancer
metastases between May 1st, 2002, to December 31st, 2016,
at the surgical department of Paracelsus Medical University in
Salzburg, Austria, were reviewed. We then identified the pa-
tients who had also undergone resection of hepatic metastases.
The subgroup of patients with simultaneous liver and lung
metastases synchronous with primary tumour was evaluated.
The study was performed according to the criteria of the ethics
committee of the state of Salzburg.

Indication for Resection

During the preoperative investigation, an endoscopic diagnos-
tic procedure with biopsy and histological verification of the
primary tumour as well as a computed tomography of the
thorax, abdomen, and pelvis was performed. PET scan was
not standardly used for diagnosis. The levels of the tumour
marker carcinoembryonic antigen (CEA) were tested in blood
samples.

The indication for resection was made on an individual
basis and depended on the likelihood to achieve RO resection
for the primary tumour and all metastases, sufficient liver
remnant volume after the liver resection, and sufficient
cardio-pulmonary function for the planned Iung resection.

Patients with non-curative resection of the primary tumour
or liver as well as lung metastases or any diagnosis of other
than liver and lung site metastases were excluded from
analysis.

The surgical resection of the primary site was performed
using standard oncological principles of colorectal surgery.
Additionally, metastasectomy with the intention of RO resec-
tion was performed.

Definition

Synchronous metastases were defined as lesions detected at
the same time or before the diagnosis of primary colorectal
cancer [3]. A metachronous metastasis was defined as metas-
tases detected thereafter. Simultaneous metastases were
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designated as lesions detected at the same time or within 3
months of each other.

Relapse-free survival (RFS) was defined as the time after
resection of all tumour sites to any new occurrence of the same
cancer. The cancer-specific survival was defined as the time
until death caused by the same cancer. Overall survival (OS)
was defined as the period from the first tumour diagnosis to
the patient’s death, irrespective of cause [13].

Follow-Up

The postoperative follow-up of the patients was performed
according to current guidelines for management of colorectal
cancer as follows: during the first 2 postoperative years, pa-
tients underwent clinical examination, computed tomography
of chest and abdomen, and CEA testing every 3 months and,
after that, every half a year until 5 years postoperatively. Data
regarding tumour recurrence and survival were retrieved from
FileMaker Pro database (FileMaker Inc., Santa Clara, CA,
USA). For the further processing were data pseudo
anonymised and saved in Microsoft Excel (Microsoft Inc.,
Redmond, WA, USA).

Statistical Analysis

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS) computer program
(SPSS Inc., Chicago, IL, USA). Data are presented as median,
range, minimum, maximum, or percentage. Prognosis was
calculated including all types of mortality beginning at the
date of diagnosis. Kaplan-Meier plots were used to describe
survival distribution. Data are presented as median values
(minimum-maximum). The statistical analysis of overall sur-
vival (OS) and relapse-free survival (RFS) was estimated as a
percentage.

Results

During the study period, 171 colorectal cancer patients had
undergone surgery for liver metastases, 64 resection for lung
metastases, and 19 for liver and lung metastases. In 8§ patients,
liver and lung metastases were diagnosed simultaneously and
synchronously with a primary tumour. The median age of
these patients at diagnosis was 54.3 years (5 female and 3
male). Demographic data and results are presented in
Table 1. Decision of treatment and resection strategy was
made on individual basis by possible RO resection of all me-
tastases in biologically fit patients in interdisciplinary agree-
ment in our weekly tumour board. The sequence of resections
is shown in Graph 1.
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Graph 1 Flow diagram of the
sequence of resections

first surgery

second surgery

third surgery

Primary Tumour

The primary tumour was in the colon in 2 patients and in the
rectum in 6 patients. The resection of primary tumour was
performed as the first line in 1 patient. Simultaneous colorectal
and liver resections were performed in 4 patients, and in 3
patients, the primary resection was performed after
metastasectomy. A radical resection with lymphadenectomy
according to standard oncological principles of colorectal sur-
gery was performed in all patients. The histological analyses
revealed adenocarcinoma in 7 cases and goblet cell carcinoma
in 1 patient. KRAS analysis was performed in 5 patients, and
mutation was detected in 3 cases (one KRAS exon 2 and two
KRAS codon 12/13 mutations) and MSI analysis in 2 cases
(one MSI high, one MSS). HNPCC was not present in our
cohort. Median hospital stay was 11 (6-20) days. There was
no 30-day mortality. There was one grade IlIb morbidity ac-
cording to Clavien-Dindo scoring in patient who developed
anastomosis insufficiency.

Liver Resection

The primary resection was the first surgical step in one patient,
with subsequent liver metastasectomy performed after 13
months. The liver metastases were resected as a liver first
concept in 3 patients with advanced liver findings and the risk
of becoming not resectable. The time span between liver
metastasectomy and primary resection were 2, 3 and 3
months. Simultaneous colorectal and liver resections were
performed in 4 patients. An atypical resection was performed
in 5 patients, and segmentectomy was performed in 2 patients.
One hemihepatectomy with subsequent atypical resection was
performed as a staged resection. There was additional ablative
therapy performed in 2 patients with atypical resection. The
median number of metastases was 3 (min 1, max 20). There
were simultaneous liver and lung resections performed in 1
patient. RO resection was achieved in all patients. Median
hospital stay was 9 (6-24) days. There was no 30-day mortal-
ity. There was one grade IIla morbidity according to Clavien-
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Dindo scoring in a patient who developed biliary leak and was
percutaneously drained.

Lung Resection

One lung resection was performed as the primary surgical
therapy as well as diagnostic approach for neoadjuvant treat-
ment with subsequent simultaneous colorectal and liver resec-
tion after 3 months. One simultaneous liver and lung resection
was performed 13 months after resection of the rectum. The
time periods between the liver and lung metastasectomy were
1,2, 2,4, 10 and 25 months. All patients were treated with
either a wedge or segment resection. Video-assisted
thoracoscopic resection (VATS) was performed in 4 patients.
The median number of metastases was 2 (min 1, max 3), and
there was bilateral disease present in 2 patients. R0 resection
was achieved in all but one patient. Median hospital stay was 5
(3—11) days. There was no 30-day mortality. There was grade
[Ib morbidity according to Clavien-Dindo scoring in 1 patient
with postoperative bleeding that required intervention.

Tumour Relapse

There was tumour relapse diagnosed in all 8 patients. The site
of the relapse was in the liver in 8 cases and in the lung in 6
cases. Peritoneum, lymph nodes, bones, and cerebral regions
were all sites of lesions in 1 patient. There were multiple sites
affected in 6 patients.

In cases with resectable relapse of the metastases of the
liver or lung, a re-resection was performed, and this occurred
in 3 and 1 patients, respectively. The time intervals from the
last resection to re-resection were 12, 14, 19, and 21 months.
The surgery achieved RO status in all of these patients.

Chemotherapy

The patients received various protocols of systemic therapy,
and the treatment was performed at the oncological depart-
ment. Neoadjuvant therapy was performed in 6 patients with
3 to 11 cycles of various schemes (FOLFOX + bevacizumab,
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Xelox + bevacizumab). Adjuvant therapy after the first resec-
tion was performed in all patients (oxaliplatin + Xeloda,
FOLFOX + bevacizumab, FOLFIRI, Xeloda, Xeloda +
irinotecan + bevacizumab, irinotecan + aflibercept,
FOLFIRINOX + bevacizumab, FOLFIRI + panitumumab).
Adjuvant therapy was also performed in 6 patients after the
second resection (Xeloda + bevacizumab, FOLFOX +
bevacizumab (2x), XELOX + bevacizumab, capecitabine,
capecitabine + oxaliplatin). After the relapse diagnosis, palli-
ative therapy was given in 6 patients with suitable perfor-
mance status.

Overall, Cancer-Specific, and Relapse-Free Survival

There was tumour relapse during the study period in all 8 of
the patients, and the median relapse-free survival was 9
months (min 3, max 28 months) after the last resection of all
primary diagnosed metastases.

There were six patient deaths during the study period after
17, 26, 35, 38, 42, and 44 months. The cause of death was
tumour relapse in all patients. Two patients were alive, with
tumour relapse 50 and 52 months after diagnosis. The median
cancer-specific and overall survival was 40 months (min 17,
max 52 months) (Graph 2). In 4 cases with re-resection of the
metastases of the liver or lung, the median overall survival
was 43 months (min 38, max 50 months) compared to 31
months (min 17, max 52 months) in the not repeatedly resect-
able group. The 1-year and 3-year relapse-free survival was
25% and 0%, and the overall survival was 100% and 63%,
respectively.

Graph 2 Opverall survival of
patients with simultaneous liver

Discussion

Published data are inconsistent for cases of simultaneous liver
and lung metastases synchronous with primary colorectal can-
cer, and most reports present subgroup analyses of various
studies with insufficient data for OS and relapse-free survival.
There is currently no analysis focused only on these patients.
Moreover, a definition of synchronous and simultaneous me-
tastases varies considerably, and studies may consider as such
metastases diagnosed in the time period of 0—12 months after
the primary tumour or of each other, respectively [3, 4, 7,
10—-12]. This variability can logically lead to discrepancies in
patient survival. Defining a synchronous metastasis as occur-
ring 12 months after detection of the primary tumour leads to
false positive prognosis predictions and influences the treat-
ment strategy. Therefore, we follow the suggestion presented
in multidisciplinary international consensus in year 2015 [3]
to managing of synchronous liver metastases from colorectal
cancer. This work suggests that synchronous metastases from
colorectal cancer should be considered only if detected at the
same time or before the diagnosis of the primary tumour.
Synchronous metastases, in comparison to metachronous
ones, show difference in mutational pattern and clinical char-
acteristics with inferior overall survival; thus, this definition
better corresponds with the severity and prognosis of the dis-
ease [14-17].

In the case of simultaneous liver and lung metastases, anal-
yses of the LiverMetSurvey registry [10] showed that patients
who underwent resection of all metastases had similar overall
survival in comparison to those who had undergone removal

overall survival
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of isolated liver metastases. Data from 149 patients with si-
multaneous liver and lung metastases of colorectal cancer
were analysed. The adjusted 5-year OS and RFS were similar
to a group of 9185 patients with resected isolated liver metas-
tases (5-year OS of 51.5% vs 44.5% and RFS of 31.0% vs
12.9% in liver and in liver and lung metastases group, respec-
tively). The benefit of incomplete resection was questioned in
the study of a group from MD Anderson Cancer Center in
Houston [18]. They demonstrated in 203 patients with simul-
taneous liver and lung CRC metastases, that OS was better
after solely liver resection than those for the patients treated
with chemotherapy only (3-year OS of 42.9% vs 14.1%).
Additional lung resection was associated with further survival
benefit (3-year OS 68.9% vs 42.9%). Therefore the authors
concluded that the complete resection of all metastasis is the
primary goal of treatment in stage [V CRC.

Encompassing altogether 74 patients, a paper published in
2015 [10] represents so far also the largest series with treat-
ment of simultaneous liver and lung metastases synchronous
with the primary tumour. The data are presented as a subgroup
of aforementioned 149 patients with simultaneous liver and
lung metastases. However, the authors defined synchronous
metastases as those diagnosed up to 12 months after detection
of the primary tumour. The synchronicity of the metastases
was a significant factor affecting overall survival. Detailed
analysis of the subgroup of patients with simultaneous and
synchronous metastases is not presented in the paper. In the
whole group with simultaneous metastases, the 5-year OS was
44.5%, and disease-free survival was 12.9%. This seems
slightly superior to the results obtained in our series (3-year
OS 63% and disease-free survival 0%). We assume that the
metachronous metastases present at least in part of these pa-
tients have a positive influence on OS.

Another bigger group [11] analyses data of 56 patients with
synchronous metastases in the liver or lung present at the time
of resection of the primary tumour. There were 12 patients
with simultaneous liver and lung metastases. The OS is given
only for the whole group. The reported median OS was 3.5
years, which is obviously closer to our results, with an OS of
3.3 years. Similar result are presented [17] with OS of 2.8
years in 109 patients with synchronous liver metastasis after
liver resection. This finding indicates that there is a larger
negative prognostic importance for synchronicity of the me-
tastases and the primary tumour with respect to OS than si-
multaneously detected liver and lung metastases.

Colorectal cancer diagnosed at the stage of distant spread
has a 5-year OS of 4.5 to 14% and median OS of 9 months (8
to 10 months) for patients with isolate liver metastases not
subjected to liver surgery [18-21]. New oncological therapy
regimes combining chemotherapeutics and targeted therapy
promise increased OS. A study published in 2014 [22] exam-
ined 592 patients with histologically confirmed metastatic co-
lorectal cancer treated with FOLFIRI and cetuximab or
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bevacizumab. The median overall survival was 28.7 and
25.0 months, respectively. On the other hand, surgical inter-
ventions are becoming safer due to advances in operative
techniques and the development of intensive care treatment.
In our group of patients with multiple surgeries, we identified
two severe Clavien-Dindo grade IIIb complications.
Indications for resection were based on a multidisciplinary
consent. If liver resection first, lung resection first, or primary
tumour resection first was an individual decision based on
many differing factors but dominantly on symptoms of prima-
ry tumour and/or risk of becoming not resectable by progres-
sion of metastasis. The single case of a lung first concept in
our study was a patient with lung and liver metastases who
needed surgical resection of lung metastases to be able to take
part in a study with a neoadjuvant chemotherapy concept.

Although multiple resections were necessary to achieve RO
status, median overall survival of 40 months is a clear benefit
in comparison to oncological therapy by not resected lesion.
We consider median hospital stay of 9 days (3—24 days) per
procedure to be appropriate for advanced disease and proce-
dure. However, to evaluate patient’s burden and quality of life
(QoL) after multiple procedures, the QoL questionnaire would
be required.

The metastatic spread in multiple organs has a significant
influence on survival rates. Multiple predictors of the survival
rate after metastasectomy have been suggested in a number of
studies [4, 7, 8, 10, 23-25]. Published data from 2011 [26]
examined a cohort of 186 patients with liver and concomitant
extrahepatic metastases and found that there were no 5-year
survivors if more than one extra hepatic site was present com-
pared with a 5-year OS of 31% in cases with single extra
hepatic site metastases. Moreover, in cases of isolated con-
comitant lung metastases, patients showed significantly better
OS than the patients with other isolated metastatic sites.
Additionally, in the case of recurrence of extrahepatic disease,
the patients with repeated resection showed similar OS rates to
those without disease recurrence after complete resection. In
our group of 4 patients with repeated resection, 3 patients died,
with a median survival of 43 months in comparison to 31
months in those 4 patients where a repeated resection was
not possible.

The main limitation of our study is the relatively small
patient cohort and the absence of a control group. Although
our results show a tendency to recurrence and prolonged OS,
the analysis of a larger study group of patients would be very
valuable for improving survival prediction and treatment
planning.

Conclusion

Our data regarding surgical resection for simultaneous lung
and liver metastases synchronous with primary colorectal
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cancer are well in line with other published surgical series.
Patients seem to have benefit from curative resection, with
tendency to prolonged overall survival. The patients fit for
surgery, with possibility of RO resection of all tumours should
be offered this option and should be considered for the resec-
tion. Together with systemic therapy offers surgery further
overall survival benefit. It appears to be obvious in compari-
son to published data of the oncological therapy. However,
tumour recurrence occurred in all patients. Repeated resection
was beneficial and led to further prolonged overall survival.
Nevertheless, surgical intervention should be critically consid-
ered on an individual basis by the multidisciplinary tumour
board.
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