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Pulmonary laser-assisted metastasectomy is associated with
prolonged survival in patients with colorectal cancer
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Background: Pulmonary metastases develop in 10-15% of patients with colorectal cancer. Surgical
metastasectomy currently provides the only hope for a cure for these patients. The aim of this study was to
analyze the expanding role of pulmonary metastasectomy in the context of laser-assisted surgery (LAS) vs.
non-laser-assisted surgery (NLAS).

Methods: We performed a single-center retrospective analysis of 204 patients who underwent curative
pulmonary metastasectomy for colorectal cancer between 01/2005 and 12/2016. The main endpoint was
survival. The Kaplan-Meier method was applied for statistical analysis and survival rates were compared with
the log rank test.

Results: Median follow-up was 53 months. A total of 267 metastases were resected in 154 operations in the
NLAS group (median: 1) vs. 438 metastases in 122 operations in the LAS group (median: 5; P<0.0001). The
interval between treatment of the primary tumor and the first pulmonary metastasectomy was significantly
shorter in the LAS group (19 vs. 32 months; P=0.008). Anatomical resections were significantly reduced using
LAS, 8% vs. 23% respectively. Despite more negative predictors in the LAS group, there was no statistically
significant difference in overall disease-specific 5-year survival (70% LAS vs. 58% NLAS; P=0.18).
Conclusions: Survival after pulmonary metastasectomy has previously been shown to correlate with a low
number of metastases and a longer disease-free interval. However, with the tissue-saving LAS technique
complete resectability can be achieved in patients with more metastases and long-term survival is possible for
selected patients.
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Introduction and immune therapy, complete surgical resection still
About half of the patients with colorectal cancer develop remains the only hope for long-term survival for these
distant metastases over time, with the liver being the most patients (1). Numerous retrospective analyses have been
common Site’ followed by the lungs. Despite rapid progress conducted since the hallmark study of the International
being made regarding the effectiveness of chemotherapy Registry of Lung Metastases, which demonstrated that
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pulmonary metastasectomy can potentially be a curative
treatment (2). To date pulmonary metastasectomy for
colorectal cancer is performed with curative intent in many
institutions, yet clinical practice varies widely due to the
lack of randomized data (3). According to a meta-analysis
published in 2013, the 5-year survival for patients with
completely resected pulmonary metastases from colorectal
cancer ranges from 27-68% (4). Several factors have been
found to associate with prolonged disease-free survival,
such as primary tumor histopathology, the number, size
and site of metastases as well as a long progression-free
interval between successful treatment of the primary cancer
and pulmonary metastasectomy (4). However, randomized
controlled trials that help to select the patients who are
most likely to benefit from surgery are still lacking.

About half of the patients presented with a history
of curatively treated liver metastases. So far, there have
been few studies analyzing the outcome of patients after
metastasectomy of both liver and pulmonary metastases
originating from colorectal cancer. Long-term disease-
specific survival of more than 10 years has been described
in a small number of patients, making a generally more
aggressive surgical management of metastases an option for
selected patients, especially since morbidity and mortality
are very low in experienced centers (5).

Laser-assisted pulmonary metastasectomy is an
increasingly popular, safe and lung parenchyma saving
technique (6-9). More metastases can potentially be
resected per patient and a better local control has also been
reported (7,9). The aim of this study was to evaluate if the
technique of laser-assisted surgery (LAS) makes pulmonary
metastasectomy a more accessible option for selected
patients with colorectal cancer and to analyze the impact a
history of curatively treated liver metastases might have.

Methods
Patients

We performed a retrospective analysis of the database of
medical records at the Department of Thoracic Surgery,
Medical Center — University of Freiburg, a tertiary care
cancer center. A total of 204 patients were identified
(135 males and 69 females) who underwent pulmonary
metastasectomy for colorectal cancer with curative intent
from 01/2005 to 12/2016. All patients underwent surgical
therapy of the primary tumor. Patients presenting with
metastases to other organs except curatively treated liver
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metastases were excluded, as well as patients with malignant
pleural effusion or a known second malignancy at the time
of metastasectomy.

Prior to metastasectomy all patients underwent analysis
of the pulmonary function to be compatible with the
intended procedure. Anterolateral thoracotomy or video-
assisted thoracoscopy (VATS) were used for the resection
of the metastases. Some patients underwent more than one
surgery for each side in case of recurrent metastases. Staged
thoracotomy was done in case of bilateral metastases. LAS
was performed using a Nd:YAG (neodymium-doped yttrium
aluminum garnet; Nd:Y;ALO,,) laser (1,320 nm; LIMAX,
KLS Martin GmbH & Co. KG, Tuttlingen, Germany).

Definitions

Data were provided by the registry of the CCCF
(Comprehensive Cancer Center Freiburg) and obtained
by going through hospital records. We separated disease-
specific death from death related to other causes, when
clearly stated in the records. Sometimes the line between
disease-related death and death related to other causes is
blurred and a decision for one group or the other always
implies a certain bias, no matter how carefully it is done.
Survival was defined as the interval between pulmonary
metastasectomy and the last follow-up or event. Resection
status was defined as RO if the metastases were completely
removed, R1 in case of incomplete removal and categorized
as R2 in case patients decided against contralateral surgery.

The extent of mediastinal lymphadenectomy concurrent
with metastasectomy varies greatly since it was the
individual decision of the surgeon. Chemotherapy within
8 weeks before or after metastasectomy was counted
as adjuvant treatment. Perioperative complications
were defined as complications arising within 30 days of
pulmonary metastasectomy. All patients underwent regular
clinical follow-ups, including computed tomography of the
chest and abdomen as well as blood tests. Individual consent
for the study was obtained from all patients. The study was
approved by the Medical Center — University of Freiburg’s
local ethics committee and it is registered at the German
Registry for Clinical Trials under the trial registration
number 00011900.

Statistical analysis

Survival was estimated using the Kaplan-Meier method (10).
For comparison of survival curves the log rank test was used.
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Table 1 Basic patient characteristics

Variable (total n=204) LA?\I ([rl/:o]ﬁ)' NLAi ([:/j; 27),
Sex
Male 47 [61] 86 [68]
Female 30 [39] 41 [32]
TNM stage of primary tumor*
T1-2 7[10] 19 [17]
T3-4 61 [90] 96 [83]
NO 24 [35] 52 [45]
MO 37 [54] 68 [59]
Histology of the primary tumor
Rectum 41 [53] 54 [43]
Colon 36 [47] 73 [57]
Liver metastases 37 [48] 53 [42]

Median age at surgery
of the primary (years)

60 (range, 32-77) 62 (range, 37-84)

Median age at
metastasectomy (years)

63 (range, 33-81) 66 (range, 39-88)

Perioperative chemotherapy 17 [22] 13 [10]
Pulmonary metastases
Singular metastasis 6 [8] 78 [61]
Bilateral spread 46 [60] 20 [16]

Median number resected 5 (range, 1-20) 1 (range, 1-22)

per surgery
RO-resection 71192] 123 [97]
Re-metastasectomy 3 [4] 10 [8]
Lymphadenectomy (LAD) 73 [95]* 102 [80]**
Patients with positive lymph 11 [14] 9[7]
nodes

Median length of hospital 9 8
stay (days)

*, information regarding the TNM status of the primary tumor was
available for 68 patients in the LAS group and for 115 patients
in the NLAS group. **, the extent of LAD was decided by the
individual surgeon and might vary. LAD, lymphadenectomy;
LAS, laser-assisted surgery; NLAS, non-laser-assisted surgery.

Multivariate analysis using the Cox proportional hazards
regression model was carried out after prognostic factors
were identified in univariate analysis. Mann-Whitney test
was used as appropriate. The threshold level for statistical
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significance for all analyses was a P value <0.05. All
statistical analysis was conducted using GraphPadPrism
(Version 7, GraphPad Software Inc., La Jolla, CA, USA)
and SPSS software (Version 23, IBM Corporation, New
York, NY, USA).

Results

We included 204 patients (135 males and 69 females)
who underwent pulmonary metastasectomy for colorectal
cancer with curative intent at our institution from January
2005 to December 2016 (Table 1). Overall 5-year disease-
specific survival was 62%. Seventy-seven (38%) patients
underwent LAS while in 127 (62%) cases other techniques
were used. One hundred and thirteen (55%) patients
were alive at the time of analysis, 65 (51%) in the NLAS
group and 48 (62%) in the LAS group (Figure I1). The
median follow-up was 53 months (95% CI: 47-60 months).
RO-resection was achieved in 123 (97%) patients of
the NLAS group and in 71 (92%) patients in the LAS
group. There was a median interval of 32 months (range,
-4 months to 136 months) in the NLAS group and
19 months (range, 1-136 months) in the LAS group
between surgery of the primary tumor and pulmonary
metastasectomy (P=0.008). A total of 267 metastases were
resected in 154 operations in the NLAS group (median: 1),
compared to a total of 438 metastases in 122 operations
in the LAS group (median: 5; P<0.0001) (Figure 2). The
median age at the time of surgery for colorectal cancer
was 62 years (range, 34-84 years) in the NLAS group and
60 years (range, 32-77 years) in the LAS group, the median
age at the time of pulmonary metastasectomy was 66 years
(range, 39-88 years) in the NLAS group and 63 years
(range, 33-81 years) in the LAS group. Seventeen (22%)
patients in the LAS group and 13 (10%) in the NLAS group
underwent adjuvant chemotherapy. Despite more negative
predictors in the LAS group, overall disease-specific 5-year
survival was 70% in the LAS group vs. 58% in the NLAS
group (P=0.18) (Tuble 2).

All patients in the LAS group and the majority of the
patients in the NLAS group (81%) underwent thoracotomy.
Three (4%) patients in the LAS group and 10 (8%)
patients in the NLAS group respectively underwent re-
thoracotomy for recurrence of pulmonary metastases.
Staged thoracotomy for bilateral metastasis was performed
in 46 (60%) patients in the LAS group and in 20 (16%) in
the NLAS group. Anatomical resections were performed in
29 (23%) patients in the NLAS group and in only 6 (8%)
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Figure 1 Metastases data. (A) Number of metastases. Median NLAS group: 1, median LAS group: 5 (P<0.0001). (B) Time until
metastasectomy after RO-resection. Median NLAS group: 32 months, median LAS group: 19 months (P=0.008). LAS, laser-assisted surgery;

NLAS, non-laser-assisted surgery. **, P<0.01; ***, P<0.001.
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Figure 2 Overall and disease-specific survival. (A) Overall survival, 5-year survival NLAS group 49% and 51% LAS group, median survival
58 months (95% CI: 51-65) and 65 months (95% CI: 57-76) respectively. (B) Disease-specific survival, 5-year survival: 58% NLAS group
and 70% LAS group (P=0.18). Median not reached in both groups. LAS, laser-assisted surgery; NLAS, non-laser-assisted surgery.

cases in the LAS group. Overall perioperative mortality was
0%. There was a similar pattern of minor complications
associated with surgery with the exception of pneumonia,
which in our cohort occurred in 8% of the patients in the
LAS group, compared to 3% in the NLAS group (7able 3).
Concurrent mediastinal lymphadenectomy was performed
to a varying degree in the majority of patients. As previously
shown in several studies, independent of the surgical
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method used for metastasectomy, we found the presence of
lymph node metastases to associate with decreased disease-
specific 5-year survival (35% vs. 71%; P=0.001).

Patients with metastases originating from either rectal
or colonic cancer were equally distributed in both groups.
Overall disease-specific survival was not dependent on sex
(P=0.79) or the histology of the primary tumor (P=0.98).
Thirty-seven (48%) patients in the LAS group and 53 (42%)
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Table 2 Predictors of disease-specific survival
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Variable (n=204) N [%] Univariate HR (95% Cl) P value
LAS 77 [38] 0.67 (0.40-1.15) 0.180
Gender (female) 70 [34] 0.93 (0.54-1.58) 0.790
Tumor histology (colon) 113 [55] 0.99 (0.60-1.65) 0.980
Colon + PUL vs. colon + PUL + HEP 50 [44] vs. 63 [56] 0.33 (0.17-0.64) 0.013
Rectum + PUL vs. rectum + PUL + HEP 64 [70] vs. 27 [30] 1.2 (0.52-2.90) 0.650
Single metastasis 84 [41] 0.75 (0.45-1.25) 0.270
5+ metastases 52 [25] 1.33 (0.70-2.50) 0.340
Liver metastases 90 [44] 1.63 (0.97-2.70) 0.057
Adj. chemotherapy 30 [15] 0.75 (0.35-1.60) 0.500
Lymph node metastases 20[10] 0.8 (0.34-1.90) 0.600

Adj., adjuvant; Cl, confidence interval; HEP, hepatic metastases; HR, hazard ratio; LAS, laser-assisted surgery; PUL, pulmonary

metastases.

in the NLAS group had a history of curatively treated liver
metastases. There was no statistically significant difference
in overall disease-specific survival in both groups (P=0.057).
However, looking specifically at patients with pulmonary
metastases originating from colonic cancer, we found they
had a 5-year disease-specific survival of 88% compared to
the respective patients with an additional history of liver
metastases (5-year disease-specific survival 51%; P=0.013).
There was no significant difference in overall disease-
specific survival in patients with pulmonary metastases
originating from rectal cancer with vs. without a history of
liver metastases (5-year disease-specific survival was 57% wvs.

60%; P=0.65) (Figure 3).

Discussion

Pulmonary metastasectomy is an established treatment
option with low morbidity and mortality for patients with
colorectal cancer and limited liver and/or pulmonary
metastases and can potentially lead to a prolonged disease
specific survival (4,5,11).

The major limitation of this study is that there might
be selection bias due to its retrospective nature and the
overall comparatively low number of patients, especially if
subgroups are formed. However, some limited statistical
analysis could be done.

The majority of patients underwent thoracotomy in
order to bimanually palpate the lungs for nodules that were
not detectable in the chest CT scan. A minimally invasive
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approach was chosen for only 29 (19%) lesions in case of
a solitary metastasis in the periphery of the lung. Equal
survival could previously be shown after VATS surgery
compared to thoracotomy in several cases (12), yet extent
and technique of surgery required for detecting all nodules
remain avidly discussed (12-16). A combined approach
using a minithoracotomy that allows thorough palpation of
the lung and performing the resections under video-assisted
thoracoscopic control has also been proposed (17). However
randomized controlled trials are still lacking.

More patients in the LAS group presented with bilateral
spread of metastases compared to the NLAS group, which
is usually associated with reduced overall disease-specific
survival (18). Interestingly, there was no statistically
significant advantage in survival for patients with only a
singular lung metastasis in our cohort (Figure SI).

The laser allows a very precise dissection and coagulation
of the lung tissue surrounding the lung metastases and
functional lung parenchyma can be preserved to the greatest
possible extent (17), however sometimes an anatomical
resection cannot be avoided. It could be shown that the
laser causes significantly less tissue damage compared to
the monopolar cutter (19) Hence, a major benefit of the
tissue-saving LAS technique is that the need for anatomical
resections was significantly reduced and, it is possible to
be less restrictive when it comes to surgical removal of
bilateral bigger and more centrally located pulmonary
metastases, provided the lung function of the patient allows
it (20,21). All of the resected tumors in the LAS group
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Table 3 Surgical technique and perioperative complications

LAS, N [%] NLAS, N [%]

Variable

Surgical technique, 276 operations (NLAS =154, LAS =122)

Thoracotomy 122 [100] 125 [81]
VATS 0[] 29 [19]
Pneumonectomy 0[0] 2]
Lobectomy 1] 11 (7]
Segmentectomy 5 [4] 16 [10]
Wedge resection 116 [95] 125 [81]
Total number of metastases 438 267

resected

Perioperative complications, 204 patients (NLAS =127, LAS =77)

Transient atrial fibrillations 5 [6] 5 [4]
Pneumonia 6 [8] 4 [3]
Chest tube >7 days 2 [3] 4 [3]
Empyema 1[1] 2[2]
Surgical revision 3[4] 4 [3]
Death 01[0] 01[0]
None 60 [78] 108 [85]

If more than one complication occurred in one patient they
are listed separately. A total of more than 100% is therefore
possible. LAS, laser-assisted surgery; NLAS, non-laser-assisted
surgery; VATS, video-assisted thoracoscopy.

were sent to pathology for examination, however, for the
few very small ones that were merely evaporated we had to
assume that the tumor was also a metastasis. Evaporation
was always done with a sufficient margin to make sure the
nodule was macroscopically completely removed. Naturally,
the possibility of remaining tumor cells, although highly
unlikely, could not be fully excluded.

Our cohort contained an about equal number of
patients with metastases arising from rectal cancer as well
as colonic cancer. Though in most cases they are referred
to as colorectal cancer, the two entities are, in fact, quite
different (22).

The initial standard treatment options differ and the
pattern of metastases has been shown to be predominantly
abdominal in case of colonic cancer (liver) and tends to be
more extra-abdominal in case of rectal cancer (lung and
bone) (23). In our study, there was no statistically significant
difference in overall disease-specific survival for patients
with metastases originating from rectal compared to colonic
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cancer. However, we found patients with colonic cancer
and pulmonary metastases but without a history of liver
(or any other) metastases, to have an exceptionally good
S-year survival rate of 88% compared to 51% for patients
presenting with a history of liver metastases in our study.
Interestingly, the presence of additional liver metastases
caused no difference in disease-specific survival for patients
with metastases originating from rectal cancer. Metastatic
spread to more than one organ often results in reluctance
regarding metastasectomy since it may very well represent
disseminated disease (5). However, our data support a
role of surgery for selected patients in the setting of a
multimodal oligometastatic treatment model, as long as
there is a local treatment option with curative intent for
each site.

In total, 22% of the patients in the LAS group and 10% in
the NLAS group underwent chemotherapy within 8 weeks
before or after the resection of pulmonary metastases.
While definite guidelines are still lacking, it could
previously be shown that about 75% of the patients relapse
after metastasectomy and that adjuvant chemotherapy can
potentially prolong the disease-free interval (1,24). There
was no statistically significant difference in overall disease-
specific survival for patients with and without chemotherapy
in our cohort, however, due to the small number of patients
and slightly varying therapy regimes and time points, it is
not possible to come to a conclusion regarding the benefit
of adjuvant systemic treatment in this context. To further
elucidate the role of chemotherapy in the context of
pulmonary metastasectomy, prospective randomized trials
are needed.

It could be demonstrated in numerous analyses that
positive lymphatic nodes are associated with a decrease
in long-term survival (3,4,18,25). In out small cohort, the
reduction in disease-specific survival was not statistically
significant for patients with positive lymph nodes, but
again, due to the small number of patients and the varying
individual surgical approach a valid conclusion regarding its
benefit cannot be made based on our data. In fact, in many
European institutions the extent of lymph node removal
has not been standardized yet (3), whereas the benefit of
an assessment of the lymphatic nodes in order to evaluate
the indication for additional chemotherapy has been widely
acknowledged (26).

Long-term disease-specific survival has previously
been shown to be associated with a longer progression-
free interval and a singular metastasis in numerous

studies (6,18,27).
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Figure 3 Influence of the primary tumor entity and the presence of additional liver metastases. (A) Colonic vs. rectal cancer as primary

tumor entity. Five-year diseases specific survival for patients with metastases originating from colonic cancer =64% and 57% for rectal

cancer respectively (P=0.98). Median not yet reached in both groups. (B) Influence of the presence of liver metastases, 5-year diseases specific

survival 53% (PUL + HEP), median 65 months, vs. 69% (PUL) and median not yet reached respectively. (C) Patients with colonic cancer

as primary tumor entity with additional liver metastases. Five-year diseases specific survival 51% (PUL + HEP), median 63 months vs. 88%

(PUL) with median not yet reached respectively. (D) Patients with rectal cancer as primary tumor entity with additional liver metastases,

5-year diseases specific survival 57% (PUL + HEP) vs. 60% (PUL), median not yet reached in both groups. HEP, hepatic metastases; LAS,

Laser-assisted surgery; NLAS, non-laser-assisted surgery; PUL, pulmonary metastases. **, P<0.05.

We found in our retrospective analysis that, provided
complete resectability, long-term disease-specific survival
is possible for selected patients with a larger number of
metastases, bilateral spread and overall faster progressing
tumors, as indicated by a shorter diseases-free interval.
This also seems to hold true for patients with a history of
curatively treated liver metastases.

Thus we conclude that laser-assisted resection allows
complete removal of a larger number of bilateral and even

© Journal of Thoracic Disease. All rights reserved.

centrally located pulmonary metastases with relatively
few side effects, considered the lung function and overall
condition of the patient allow it. Overall disease-specific
survival appears to be comparable to patients with less and
later occurring metastases, making this an option available
to a broader range of patients.

Larger and possibly prospective trials are needed to
further corroborate those findings and further define the role
of pulmonary metastasectomy in the multimodal therapy.
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Figure S1 Influence of the number of metastases. (A) Disease-specific survival of patients with one metastasis compared to patients with
more than one metastasis at the time of metastasectomy. Five-year survival “1 metastasis group” 65% and 59% for more metastases
respectively (P=0.27). Median not yet reached in both groups. (B) Disease-specific survival of patients with more than five metastases at the
time of metastasectomy. Five-year survival 1-4 metastases: 64% vs. 50% with more than 5 metastases (P=0.34). Median not yet reached for

patients with 1-4 metastases and median survival 67 months for patients with more than 5 metastases.



