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VATS anatomical resection (lobectomy or segmentectomy) for
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Abstract: Metastasectomy is steadily gaining place in the arsenal of treatments of patients suffering
from lung metastasis of colorectal carcinoma (CRC). Meanwhile thoracotomy has been the gold standard
approach during years for lung metastasectomy of CRC, the use of video-assisted thoracic surgery (VATS) in
this field is currently thriving. Indeed, in addition of known advantages of minimally-invasive surgery, VATS
has shown equivalent oncologic outcomes in comparison to open techniques. Otherwise, several questions in
the management of these particular patients remained unsolved. In particular, only few studies have explored
the role of anatomical resections (i.e., segmentectomy/lobectomy/pneumonectomy) compared to wedge
resections. Despite their low level of evidence, these studies highlight interesting preliminary results, in
particular a survival advantage of anatomical resections over non-anatomical. Most recent works have even
suggested a potential role of molecular markers to select candidates who would benefit from an anatomical

resection.
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Lungs are very common sites of metastasis for a large variety
of solid tumors (1). This may be partially explained by the
fact that both lungs receive the blood from the whole body,
and may serve as a filter for cancer cells, allowing them to
proliferate in lung parenchyma. In daily practice, metastasis
from colorectal cancer (CRC) is the most frequent situation
encountered by thoracic surgeons, explaining the high
number of publications on this topic. Even though there is
so far no high level of evidence supporting the superiority
of lung metastasectomy of CRC over a simple follow-up (2),
the very large majority of surgical teams have included
lung metastasectomy in the arsenal of treatment that
can be offered to patients in a curative intent. Indeed, in
highly selected population of patients, data published on
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survivals following lung metastasectomy are longer than
those offered by conventional systemic treatments and most
recent targeted therapies (3).

Because surgery can be morbid and always alters the
respiratory function, several risk factors of poor outcomes
after surgery have been identified by meta-analysis (4).
These factors may help the clinicians to properly define
patients who would benefit from surgery in case of lung
metastasis. Hence, more than 1 lung metastasis, a short
disease-free interval, a thoracic lymph node involvement,
history of extra-thoracic metastasis and a high pre-operative
level of carcinoembryonic antigen (CEA) have been
identified in CRC as risk factors of worse survival after
surgery. Since they are reflections of an aggressive disease,
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Figure 1 VATS left upper lobe segmentectomy for metastasis (10).
Available online: http://www.asvide.com/watch/32936

even though they were highlighted following studies on
CRC, it seems reasonable to think that they could be
applied to other solid tumors (excluding pre-operative
CEA). Otherwise, more recently, the increase in molecular
techniques have led to a better understanding of molecular
alterations of cancer, allowing clinicians to better define
prognosis of patients and offer more adapted treatment.
Here again, in the field of lung metastasis, CRC have been
the most studied. Hence, one molecular alteration has been
extensively studied: the V-Ki-ras2 Kirsten rat sarcoma viral
oncogene homolog mutation (KRAS) (5,6). Even though
their places are not well defined in the decision making
before surgery and deserve further studies, KRAS and
other molecular alterations seem to be very interesting
and promising biomarkers, defining different subgroups of
patients.

For decades, open thoracotomy has been the gold
standard for surgery of lung metastasis, based on 2 major
arguments to support this approach: (I) the whole lung
can be palpate by surgeons during a thoracotomy, looking
for unseen nodules at the pre-operative imaging, (II) free
margins were more easily obtained by an open technique.
However, it has been shown by previous authors that more
than 40% of nodules measuring less than 5 mm are benign (7),
questioning whether palpation of the lung may lead to an
over-resection of healthy parenchyma. More, it seems that
there is no survival difference between video-assisted thoracic
surgery (VATS) and thoracotomy, leading to hypothesize that
those small “missed” nodules might not impact survival (8).
Finally, current recommendations of free margins, between
0.5 and 1 cm, are easily attainable by VATS. On the other
hand, VATS resection has shown a lot of benefits compared
to open thoracotomy, in particular: less pleural adhesions
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making re-surgery easier, less post-operative pain, faster
recovery and better compliance to adjuvant chemotherapy (9).
All of these making VATS an acceptable approach for lung
metastasectomy of CRC (Figure ).

Owing to the risk of lung recurrence, it is usually
recommended to perform lung parenchyma-sparing
surgery, particularly non-anatomical resections (i.e., wedge
resections). Indeed, previous publications have shown
that non-anatomical resections can lead to long term
survival, and repeated resections can be safely performed
and are associated with long survival if a RO resection
can be obtained (11,12). However, repeated thoracic
procedures increase the post-operative morbidity, and
disease recurrence and progression can always lead to the
death of the patient. So far, there are no robust evidence
in the published literature supporting the realization of
wedge resection in case of lung metastasectomy. This
attitude is based on the speculation that once in the general
circulation, small foci of tumors may be stopped at the
very end of the lung blood vessels because of their size,
allowing cancer cells to proliferate there. This has been
used by authors to explain the higher observed frequency
in daily practice of rectal cancer metastasis to the lung,
compared to colon cancer. Indeed, the venous drainage of
the upper two-thirds of the rectum is directly performed
by the inferior vena cava, making lung the first “filter” for
cancer cells, meanwhile the venous drainage of the colon
and the lower third of the rectum is performed by the portal
system, making the liver in this case the first “filter” (13).
Nevertheless, in this “mechanistic theory”, because tumor
cells are stopped at the very end of the vessels, it has been
hypothesized that wedge resections, removing the tumor,
the surrounding parenchyma with free margins, and the end
of the vessel might be sufficient to obtain a RO resection.
However, this technique has led to a non-insignificant
number of recurrences, leading authors to question the
place of anatomical resections in this indication.

The study from Ginsberg and colleagues, published in
1995, showing a higher rate of locoregional recurrence
and death after wedge resection, has led to the adoption
of anatomical resection in the field of primary lung cancer
by the community of thoracic surgeons (14). Despite no
anatomical and/or in vive studies, it has been hypothesized
that wedge resections may lead to leave in place cancer cells
in the zone of drainage of the pulmonary segment/lobe.
Because anatomical resections, such as segmentectomy
and lobectomy, are usually reserved in case of large and/
or centrally located lesions not accessible to a wedge, or
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multiple lesions in the same segment/lobe, few studies are
available in the field of lung metastasectomy, and again, are
mainly available from lung metastasis of CRC. Recently,
Shiono et al., considering 553 patients (98 undergoing
segmentectomy), found a better 5-year recurrence free
survival (48.8% wvs. 36%) and 5-year OS (80.1% wvs.
68.5%) in cases of segmentectomy (15). They concluded
that segmentectomy was a positive prognostic factor for
recurrence using multivariate analysis (HR: 0.63; 95% CI,
0.44-0.87; P=0.005) but failed to find a significant difference
in OS, although the difference did approach significance
(HR: 0.65; 95% CI, 0.38-1.05, P=0.08). In line with these
results, Hernandez ez al. published a prospective multicenter
study (GECMP-CCR) on 522 patients, and although the
study focused on lobectomies and pneumonectomies,
it also demonstrated better disease-specific survival and
DFS in cases of major ARs compared to lesser resections,
particularly wedge resections (16). These better results for
AR could be indirectly related to the lymphadenectomy
performed, particularly in stations 11 to 14, leading to
a more accurate lymph node staging, and adaptation of
adjuvant treatment. Indeed, lymph node involvement
associated to lung metastasis has been shown to reach up
to 50% (17). Based on a previous work published on liver
metastasis, our group hypothesized that chemotactism to
the lungs of CRC cells harboring KRAS mutations may lead
to different modes of dissemination compared with wild
type (WT) CRC cells, in particular with the persistence
of small foci of cancer cells in vascular structures (18). We
hence demonstrated in a multi-institutional international
study that in KRAS mutated patients non anatomical
resections were associated, in multivariate analysis, with
both worse overall survival (HR: 6.524, 2.312-18.505,
P<0.0001) and time to pulmonary recurrence (HR: 5.273,
1.731-16.064, P=0.003), meanwhile type of resection did
not significantly affect outcomes of WT patients. More,
we observed that resection-margin recurrence rate was
not impacted by the type of procedure in WT' patients
(17.6% in case of segmentectomy vs. 19% in case of
wedge (P=0.97), while it was significantly higher in case
of wedge resection in KRAS mutated patients (54.2% uvs.
4.8%, P=0.001) (19). Our observations support that the
“mechanistic” theory of metastatic spread might at least
partially explain lung metastasis of CRC, particularly in
W patients. More recently, the increased knowledge of
the molecular alterations of cancer cells brought Stephen
Paget “seed and soil” theory up to date, in which the cancer
cell (the seed) needs an appropriate environment (the soil)
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to proliferate. Hence, although the molecular mechanisms
are not yet fully understood, it is now largely believed that
CRC harboring KRAS mutations have high tropism for
the lung (20). Nevertheless, there are not enough data in
the literature to reach firm conclusions on the presence
of microscopic foci of cancer cells in the lung vasculature
to explain the benefit of AR in KRAS patients. However,
Urosevic et al., using CRC cell lines harboring the KRAS
G12V mutation, concluded that the downregulation of
p38 MAPK signaling results in the increased expression of
the cytokine parathyroid hormone-like hormone, which
contributes to CRC cell extravasation to the lung by
inducing caspase-independent death in endothelial cells of
the lung vasculature, thereby increasing lung endothelial
permeability (21). However, these data were reported for
KRAS G12V mutations, but it is known that activated
downstream signaling differs according to the amino-acid
substitution. Hence, both KRAS G12C and G12V mutations
exhibited activated Ral signaling and decreased growth
factor-dependent Akt activation, whereas the G12D mutation
exhibited activated PI3K and MEK signaling (22). One can
therefore speculate that the mode of dissemination to the
lung may vary depending on the amino-acid substitution
and that the benefit of AR may also vary. Unfortunately,
because of the small sample size of our cohort, we were
not able to perform statistical analyses according to amino
acid substitution. However, the central role of neutrophils
in the metastatic process is emerging (23). In particular, it
has been reported that neutrophils can induce cancer cell
extravasation via the secretion of interleukin-1b and matrix
metalloproteinases (24). Recent data have also highlighted the
relationship between cancer cells harboring KRAS mutations
and neutrophils. Indeed, in multiple mouse models of KRAS-
driven lung cancer, it has been shown that KRAS signaling is
responsible for the direct upregulation of neutrophil-related
cytokines such as GM-CSF and CXCLS, thereby increasing
the number of neutrophils in circulation and favoring
NETosis (25). Furthermore, in chemical-induced colon
and skin cancer models, the depletion of neutrophils or
inhibition of CXCR?2 signaling reduced the number of lung
tumors in KRAS mutant tumors models, showing the partial
dependence of KRAS tumors on neutrophils to develop
metastasis (26). Considering these observations, one can
hypothesize that foci of cancer cells may persist along the
anatomic vascular structures of the lung in KRAS mutant
CRC, thus explaining the benefit of AR in KRAS patients.
In conclusion, meanwhile VATS has largely shown its
feasibility and safety, there are so far no enough data in
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the literature to clearly evaluate the place of anatomical
resections in the management of lung metastasis of solid
tumors, which were for the very large majority of data
obtained on CRC cells. However, the preliminary data
are very interesting and are in favor of different mode of
disseminations of cancers cells according to mutational
status, leading to the necessity of practicing different type
of resections. Hence, it seems that anatomical resections
should not be only limited to centrally located and/or
multiple lesions in the same anatomical region. Molecular
markers might help surgeons in the future in the decision-
making before surgery, not only to select good candidates
for surgery, but also to decide which kind of procedure
should be performed. However, due to the very large
molecular heterogeneity between different solid tumors and
among CRC cells, further studies are necessary to conclude
and elaborate recommendations.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the editorial office, Fournal of Visualized Surgery for
the series “Advancement in the Surgical Treatment of
Pulmonary Metastasis”. The article has undergone external

peer review.

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at http://dx.doi.
org/10.21037/jovs.2019.08.04). The series “Advancement
in the Surgical Treatment of Pulmonary Metastasis” was
commissioned by the editorial office without any funding
or sponsorship. MG served as the unpaid Guest Editor of
the series. PEF serves as an unpaid editorial board member
of Fournal of Visualized Surgery from Jun 2019 to May 2021.
"The authors have no other conflicts of interest to declare.

Ethical Statement: The authors are accountable for all as-
pects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropri-
ately investigated and resolved.

Open Access Starement: This is an Open Access article

distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International

© Journal of Visualized Surgery. All rights reserved.

Journal of Visualized Surgery, 2019

License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. QiuM, Hu], Yang D, et al. Pattern of distant metastases
in colorectal cancer: a SEER based study. Oncotarget
2015;6:38658-66.

2. 'Treasure T, Brew-Graves C, Fallowfield L, et al. The
need to determine whether lung metastasectomy
improves survival in advanced colorectal cancer. BM]
2014;348:g4085.

3. Yokoyama S, Mitsuoka M, Kinugasa T, et al. Survival
after initial lung metastasectomy for metastatic colorectal
cancer in the modern chemotherapeutic era. BMC Surg
2017;17:54.

4. Zabaleta ], lida T, Falcoz PE, et al. Individual data
meta-analysis for the study of survival after pulmonary
metastasectomy in colorectal cancer patients: A history of
resected liver metastases worsens the prognosis. Eur J Surg
Oncol 2018;44:1006-12.

5. Renaud S, Romain B, Falcoz PE, et al. KRAS and
BRAF mutations are prognostic biomarkers in patients
undergoing lung metastasectomy of colorectal cancer. Br J
Cancer 2015;112:720-8.

6. Renaud S, Schaeffer M, Falcoz PE, et al. Perioperative
bevacizumab improves survival following lung
metastasectomy for colorectal cancer in patients harbouring
v-Ki-ras2 Kirsten rat sarcoma viral oncogene homologue
exon 2 codon 12 mutationsdagger. Eur ] Cardiothorac
Surg 2017;51:255-62.

7. Nakajima J, Murakawa T, Fukami T, et al. Is finger
palpation at operation indispensable for pulmonary
metastasectomy in colorectal cancer? Ann Thorac Surg
2007;84:1680-4.

8.  Onaitis MW, Petersen RP, Haney JC, et al. Prognostic
factors for recurrence after pulmonary resection
of colorectal cancer metastases. Ann Thorac Surg
2009;87:1684-8.

9. Servais E, Swanson S]. Thoracoscopic Management of
Pulmonary Metastases. Thorac Surg Clin 2016;26:91-7.

10. Renaud S, Gonzalez M, Falcoz PE. VATS left upper
lobe segmentectomy for metastasis. Asvide 2019;6:251.
Available online: http://www.asvide.com/watch/32936

7 Vis Surg 2019;5:76 | http://dx.doi.org/10.21037/jovs.2019.08.04


http://dx.doi.org/10.21037/jovs.2019.08.04
http://dx.doi.org/10.21037/jovs.2019.08.04

Journal of Visualized Surgery, 2019

11.

12.

13.

14.

15.

16.

17.

18.

Hishida T, Tsuboi M, Okumura T; et al. Does Repeated
Lung Resection Provide Long-Term Survival for
Recurrent Pulmonary Metastases of Colorectal Cancer?
Results of a Retrospective Japanese Multicenter Study.
Ann Thorac Surg 2017;103:399-405.

Park JS, Kim HK, Choi YS, et al. Outcomes after repeated
resection for recurrent pulmonary metastases from
colorectal cancer. Ann Oncol 2010;21:1285-9.

Riihimaki M, Hemminki A, Sundquist J, et al. Patterns

of metastasis in colon and rectal cancer. Sci Rep
2016;6:29765.

Ginsberg RJ, Rubinstein LV. Randomized trial of
lobectomy versus limited resection for T'1 NO non-small
cell lung cancer. Lung Cancer Study Group. Ann Thorac
Surg 1995;60:615-22; discussion 622-3.

Shiono S, Okumura T, Boku N, et al. Outcomes of
segmentectomy and wedge resection for pulmonary
metastases from colorectal cancer. Eur J Cardiothorac
Surg 2017;51:504-10.

Hernandez J, Molins L, Fibla JJ, et al. Role of major
resection in pulmonary metastasectomy for colorectal
cancer in the Spanish prospective multicenter study
(GECMP-CCR). Ann Oncol 2016;27:850-5.

Renaud S, Alifano M, Falcoz PE, et al. Does nodal

status influence survival? Results of a 19-year systematic
lymphadenectomy experience during lung metastasectomy
of colorectal cancer. Interact Cardiovasc Thorac Surg
2014;18:482-7.

Margonis GA, Buettner S, Andreatos N, et al. Anatomical
Resections Improve Disease-free Survival in Patients With
KRAS-mutated Colorectal Liver Metastases. Ann Surg

doi: 10.21037/jovs.2019.08.04
Cite this article as: Renaud S, Gonzalez M, Falcoz PE.

VATS anatomical resection (lobectomy or segmentectomy) for

pulmonary metastasis. ] Vis Surg 2019;5:76.

© Journal of Visualized Surgery. All rights reserved.

19.

20.

21.

22.

23.

24.

25.

26.

Page 5 of 5

2017;266:641-9.

Renaud S, Seitlinger J, Lawati YA, et al. Anatomical
Resections Improve Survival Following Lung
Metastasectomy of Colorectal Cancer Harboring KRAS
Mutations. Ann Surg 2018. [Epub ahead of print]

Schluter K, Gassmann P, Enns A, et al. Organ-specific
metastatic tumor cell adhesion and extravasation of colon
carcinoma cells with different metastatic potential. Am ]
Pathol 2006;169:1064-73.

Urosevic J, Garcia-Albeniz X, Planet E, et al. Colon cancer
cells colonize the lung from established liver metastases
through p38 MAPK signalling and PTHLH. Nat Cell Biol
2014;16:685-94.

Thle N'T, Byers LA, Kim ES, et al. Effect of KRAS
oncogene substitutions on protein behavior: implications
for signaling and clinical outcome. J Natl Cancer Inst
2012;104:228-39.

Coffelt SB, Wellenstein MD, de Visser KE. Neutrophils in
cancer: neutral no more. Nat Rev Cancer 2016;16:431-46.
Spiegel A, Brooks MW, Houshyar S, et al. Neutrophils
Suppress Intraluminal NK Cell-Mediated Tumor Cell
Clearance and Enhance Extravasation of Disseminated
Carcinoma Cells. Cancer Discov 2016;6:630-49.
Delgado-Rizo V, Martinez-Guzman MA, Iniguez-
Gutierrez L, et al. Neutrophil Extracellular Traps and

Its Implications in Inflammation: An Overview. Front
Immunol 2017;8:81.

Chang SH, Mirabolfathinejad SG, Katta H, et al. T helper
17 cells play a critical pathogenic role in lung cancer. Proc
Natl Acad Sci U S A 2014;111:5664-9.

7 Vis Surg 2019;5:76 | http://dx.doi.org/10.21037/jovs.2019.08.04



