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Since the first report of pulmonary metastasectomy for
colorectal cancer (CRC) by Blalock in 1946, many surgical
adjustments have been suggested (1). Over the past years,
growing evidence has shown that a subset of patients with
pulmonary metastases (PMs) may benefit from a curative
resection, provided some strict criteria are met (2,3). These
included that all PMs are technically resectable; the patient
can tolerate pulmonary resection; the primary tumor site
is controlled; and no extra-thoracic lesion is detectable.
Several retrospective studies have suggested an increased
survival for patients who underwent complete resection
of lung metastases in comparison to retrospective series
of patients who did not benefit from surgery (4). Thus,
surgical resection of PMs is nowadays widely offered to this
group of patients, although the prospective randomized trial
comparing pulmonary metastasectomy with chemotherapy
or observation alone is currently ongoing and should
provide a definitive answer (5).

The main goal of the surgical resection has traditionally
been to obtain histological confirmation of metastatic
disease while performing a complete resection of all
detectable lesions to increase the patient’s chance to survive
and be cured. Recently, the development of personalized
oncology has also redefined the role of surgery as a provider
of metastatic tissue that can be analyzed and for which
biomarker shifts or resistance patterns can be found. This
ultimately can help tailor the treatment regimens such as
targeted therapy or immunotherapy and offer better patient
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outcome (6). These patients are generally discussed in a
multidisciplinary board? For best surgical and oncological
management decision making.

Extension of the resection

The complete resection of all metastatic lesions has
been described as the single most convincing prognostic
factor of survival for patients with PMs (7). Based on the
International Registry of Lung Metastases that includes 5,206
patients treated for PMs from various centers, complete
resection could be achieved in 88% of patients, with 5-year
survival rates at 36% in patients with complete resection
compared to 13% in patients with incomplete resection (8).
Similar results reported by other groups supported the
idea that pulmonary metastasectomy offered a survival
advantage when complete resection was achievable (9).
This is especially convincing since these results collate reports
from different clinics with different surgical approaches.
Furthermore, the type of primary tumor was considered as
an important prognostic factor with better survival in CRC
than melanoma. Finally, surgical decision making is also
based on the reports from several studies in CRC for example
where four important prognostic factors of poorer survival
where identified including (I) short disease-free interval
between colonic tumor and lung metastasis occurrence; (II)
elevated pre-thoracotomy carcinoma embryonic antigen

(CEA) level; (ITI) metastatic hilar or mediastinal lymph node
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involvement; (IV) multiple PMs (10).

PMs may have various origins, histological characteristics,
local growth properties and size. The surgeon must also
decide how to adjust the resection method and surgical
technique to the type of PM. Furthermore, modern surgical
techniques [video-assisted thoracoscopic surgery (VATS)
approach, laser resection] offer new approaches to achieve
resection with a proper safety margin.

In their recent study, Welter et a/., have studied the
outcome of surgically managed PM patients according to their
histology and invasive patters in the parenchyma (11). They
found that PMs have local growth patterns that are associated
with their histology. For example, PMs from sarcoma were
associated with pleural infiltration but low incidence of
lymphangitic spread and tended to grow along connective
tissue borders. CRC metastases showed the highest rate
of interstitial spread and the highest rate of aerogenous
spread of floating cancer cell clusters. Melanoma metastases
showed no pleural invasion, but an increased probability
of perivascular growth and high incidence of lymphangitic
spread. Renal carcinoma metastasis demonstrated mostly
lymphangitic spread. In addition, the authors identify
that aggressive patterns of growth were significantly
associated with increased PM size. For example, local
intrapulmonary recurrence was significantly more common
in case of interstitial growth and pleural penetration as well
as with metastasis of >5 mm and safety margins <7 mm.
The authors recommend to linearly increase resection
margins with increasing size of PMs; to resect CRC and
epithelial PMs with a large circular resection margin; to
use broad lateral margins and non-anatomical resection for
sarcoma PMs; to use anatomical resections to remove PMs,
lymphangitis and intrapulmonary lymph nodes in case of
renal cell carcinoma PMs.

These results are of high interest in the context of
achieving a complete resection of all PMs. Most of the
PMs are generally located at the periphery of the lung and
easily accessible to non-anatomical resections (considered
the standard technique) (12). In this situation, wedge
resection is generally performed using standard stapler,
which gives clear surgical margins and efficient aerostasis.
The drawback of the stapler technique is that more healthy
lung tissue is sacrificed, especially when the metastasis lie
farther towards the lung’s center. Both the laser and the
monopolar cutter allow removal of lung metastases by
sparing as much healthy lung parenchyma as possible. In
CRC patients, conflicting results have been reported for
this type of resection: some authors report better prognosis
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in patients undergoing wedge resection than in those
treated with anatomical resection (13). However Lin et 4/.
reported better survival for patients undergoing major
resection in CRC (14). Recently, the Spanish Group for
Surgery of Lung Metastases from Colorectal Carcinoma
(GECMP-CCR) reported results on 104 patients with
CRC PMs treated with major anatomical resection and 418
(80.1%) with lesser resections (15). The overall DSS and
DFS were 55 and 28.3 months in favor of major resection.
These results suggest that anatomical resection is more
likely to eliminate the spread of hidden hematogenous/
lymphogenous metastasis of CRC in the same lobe and
hilar lymph nodes. Shiono er 4/. have shown that the
morphological features of aerogenous spread with floating
cancer cell clusters and vascular invasion at the metastatic
site are prognostic factors for CRC patients who have
undergone pulmonary metastasectomy (16). In the light of
these results, anatomical resection could be proposed in case
of large, central metastatic lesions of CRC origin. However,
for peripheral lesions, anatomic resection does not appear
reasonable. Larger wedge safety margins could however be
suggested in these cases.

Surgical approach

VATS in combination with pre-operative thin slice CT
imaging is gaining progressive interest for pulmonary
metastasectomy. Some of the advantages of the VATS
approach are decreased post-operative pain, smaller
incisions, better visualization of the pleural cavity less
surgical morbidity, decreased length of hospitalization,
fewer adhesion in cases of redo metastasectomy, shorter
interval between surgery and adjuvant therapy with better
treatment compliance (17). In addition, most PMs are
generally located in the periphery of the lung, and can be
easily resected by VATS (18). However, these advantages
conflict with the inability to practice a bimanual palpation
of the entire lung with the risk of missing detectable lesions
not visible on pre-operative radiological exams.

Marron er al. reported the agreement between computed
tomography and pathologic nodule counts in CRC
PMs (19). They focused on patients who underwent
thoracotomy and bimanual palpation. Solitary nodules were
present in 73% of patients with radiological and pathological
agreement of 95%, suggesting that the VAT'S approach was
suitable for this group of patients. In spite of the absence of
prospective randomized studies comparing thoracoscopic
approach to open bimanual thoracotomy, several surgical
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series have demonstrated comparable survival between the
two approaches for patients with less than 3 lesions (17).
We recently published a consecutive series of 77 patients
undergoing VAT'S metastasectomy (20). Complete resection
was obtained in all patients by wedge in 93% or anatomical
resection in 7%. Overall survival (54% at 5 years) and
pulmonary recurrence rate (30%) were comparable to those
reported from traditional open surgical series. Interestingly,
recurrent disease in the operated lung was not frequent
(10%) and could be resected by a redo VATS procedure
in the majority of patients. Thus, a less invasive approach
seems superior to the traditional open approach in patients
with solitary metastasis.

Mediastinal lymph node dissection

During pulmonary metastasectomy, a positive lymph node
involvement affects survival. However, the real impact
of systematic lymph node dissection during pulmonary
metastasectomy has not been demonstrated. The incidence
of mediastinal LN metastases with PMs has been reported
to be between 12% and 32% among various tumor types.
The study of Welter et al. emphasizes the role of lymph
node dissection during lung metastasectomy, particularly in
case of CRC or renal carcinoma as they present significantly
more lymphangitic spread (11). Hamaji ez a/. reported on
518 patients operated for lung metastasectomy of CRC.
Median survivals for the no lymph node dissection group,
negative lymph node group, and positive lymph node
group were 52, 58.5, and 34 months, respectively (21). In
the Spanish prospective registry of CRC PM, lymph node
dissection was realized in 48% of patients with 10% of
lymph node involvement (22). The 5-year survival was best
for patients with negative lymph node invasion, worst for
those with positive lymph node invasion, and in-between
for those with unknown lymph node status because they
were not resected. These results suggest the important role
of lymph node assessment during CRC metastasectomy for
prognosis and possibly for increased survival rate. Seebacher
et al. reported recently 256 procedure of pulmonary
metastasectomy with lymph node sampling or complete
dissection (23). Interestingly, unexpected LN involvement
was found in 35% of patients with breast cancer, in 9.2%
with CRC, and in 20.8% with renal cell carcinoma.
In addition, they did not find statistical difference on
S-year survival between LN sampling vs. radical removal.
Metastatic lymph node involvement in renal cancer has been
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reported in up to 46% of patients. Recently, Kudelin et .
reported a median OS of 72 months for pNO patients, 51
months for pN1 and 36 months for pN2 patients without
significant difference (P=0.2) (24). Central localization of
PMs may also be associated with increase rate of lymph
node involvement. Although survival benefit after lymph
node dissection is unclear, most authors consider that
complete mediastinal lymphadenectomy or sampling should
be recommended during pulmonary metastasectomy to
achieve accurate staging and guide additional chemotherapy.

Perspective

The paper from Welter et al. offers a new view on the
management of PMs by surgery. To our mind, it first
emphasizes the need to discuss the management of PMs on
an individual basis in an interdisciplinary context, in order
to offer the best possible oncological and surgical approach.
This paper also reinforces the notion of personalization of
surgery that should be tailored to the tumor type in terms of
technique (VATS vs. thoracotomy) and resection extension
(wedge vs. anatomical resection; size of safety margin;
lymph node dissection and localization). These various
elements are also correlated to the histological profile of the
primary tumor offering a useful, albeit rough, framework
for initial decision-making: VATS for solitary metastasis,
wedge resection and larger safety margin with lymph
node dissection for PMs with a renal or colorectal origin;
thoracotomy for multiple PMs, especially if their origin is a
sarcoma; anatomical resection and lymph node dissection for
large, central PMs. Of course, such a framework is tentative
at best and needs to be supported by more studies, but the
trend towards more evidence-based personalized surgery
will without a doubt highly benefit patients. A specific
TNM classification for PMs could be an adjunct to better
characterize the profile of the metastatic patients and simplify
the decision algorithm (25). In both instances, this promises
exciting improvements in surgical management of PMs.
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