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The lung is a common site of metastases, originating from
several extrapulmonary malignancies, including epithelial
carcinomas and sarcomas. Prevalence depends on primary
tumour site, which is generally colorectal cancer (CRC),
breast cancer (BC) and genitourinary malignancies (1).

The presence of lung metastasis (LM) indicates an
advanced disease (stage IV), with a 5-year survival rate of
less than 5% for untreated patients (2).

The excision of pulmonary metastases has been
initially applied in selected patients with single metastasis
or long disease-free interval (DFI), with curative intent.
Two decades ago, analyzing the International Registry
of Lung Metastases (IRLM), Pastorino and Colleagues
found 5,206 patients, who underwent pulmonary
metastasectomy (PM) for LM from several malignancies
(carcinomas, sarcomas, melanomas). The reported
overall survival (OS) at 5 and 10 years was 36% and 26%,
respectively (3). Similarly, Chudgar et 4/., reviewing a
database of 539 patients undergoing PM for soft tissue
sarcomas, reported a 5-year OS of 34% (4).

Based upon registry data and follow-up studies, and
despite the absence of randomized trials, PM has become
a well-established and accepted practice that reaches the
15% of all lung resections (5). However, no guidelines
are available to define the resectability of LM from
extrapulmonary malignancies, with the exception of CRC
from the National Comprehensive Cancer Network
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(NCCN) (6). Although only retrospective and observational
studies are so far available, most surgeons would accept
some general criteria for resection of LM, as summarized
in Table 1 (7,8). These criteria are similar to those originally
described 60 years ago by Ehrenhaft, extended by recent
technical advances (9). Anyway, the most important and
widely accepted requisite is the completeness of resection,
which is associated with better outcome. Pastorino et 4.
reported a 5-year survival rate of 36% for patients, in whom
a complete resection was achieved, compared to 13% in
case of incomplete resections (3).

The role of surgical margin has been studied in
several malignancies, to find a uniform criterion, with
the intent of reducing recurrence, improving patient
survival, and preserving organ function. The latter is a
crucial issue, particularly for the lung parenchyma, when
multiple resections are needed or in case of repeated
metastasectomies for relapse. Pulmonary resections
inevitably affect lung function, and adjuvant therapies may
further deteriorate it. No significant changes in quality of
life (QoL) have been found after metastasectomies, even
if deterioration in physical function after 3—6 months has
been reported (10). Thus, an optimal management of
surgical resection, and a balance between safety margins and
parenchymal preservation are crucial in such patients.

Several studies on primary lung tumours confirmed
that increasing the resection margin distance, in case of
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Table 1 Accepted criteria for resection of pulmonary metastases (7,8)

The patient is fit for surgery and has an adequate cardiopulmonary reserve to tolerate resection
The primary malignancy is controlled or controllable

There is no evidence of extrathoracic metastases that are not controlled or controllable

The pulmonary metastases are completely resectable with adequate remaining pulmonary reserve

There is no alternative medical treatment with lower morbidity

Table 2 Frequency of main growth features of the metastases in various primitive tumours [Modified from Welter et 4l. (14)]

Histology Pleural invasion (%) L1 (%) V1 (%) Interstitial growth (%) ASFC (%) Pseudo-capsule (%) Smooth surface (%)
CRC 9.5 18.9 4.2 67.4 38.9 1.1 24.2
Sarcoma 31.2 35 3.5 421 21 4.3 42.6
Epithelial 20.4 18.5 11.2 50.9 29.6 111 37

Renal cell 30 18 14 52 4 14 44
Melanoma 0 27.8 11.1 55.6 5.6 0 44.4

CRC, colorectal cancer; L1, spread through lymphatic vessels; V1, spread through blood vessels; ASFC, aerogenous spread of floating

cancer cell clusters.

a sub-lobar resection for an early non-small cell lung
cancer (NSCLC), a significant decrease of the risk of local
recurrence can be achieved (11). Very recently, Wolf ez al.
reported also longer OS in case of margin distance greater
than 11 mm, after wedge resection for stage I NSCLC (12).
Differently from early-stage NSCLC, in metastatic
disease a wedge resection is preferable, particularly for
peripheral lesions, and to preserve parenchyma in case
further metastasectomies are needed. Rusch ez 4/. suggested
a margin of 0.5-1 cm in all directions, in case of wedge
resection or enucleation of the metastasis (13). A lobectomy
may be reasonable also for LM, in case of hilar metastases
or when multiple lesions are located in the same lobe (2).
However, the heterogeneity of patients with LM included
in the studies makes the comparison of the results difficult.

Welter et al. proposed an intriguing investigation on the
dilemma of achieving a safe surgical margin, ensuring at
the same time an adequate parenchymal preservation (14).
Based on the hypothesis that the size and the biology of the
tumour determine its invasiveness and ultimately the risk
of recurrence, their analysis has shown crucial differences
in growth patterns between various histologies. To the best
of our knowledge, this is the first study that relates growth
patterns of different histologies and the need of adequate
tumour-lung interface.

"The analysis of 412 specimens, obtained from 183 patients
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with LM from different primitive malignancies (CRC,
epithelial, sarcoma, renal cell and melanoma), revealed
several growth patterns, variously associated in the different
histologies. Main characteristics and frequencies of the
microscopical findings are summarized in 7able 2.

Kadota et al. found an aggressive pattern of lung
adenocarcinoma, characterized by “spread through air
spaces” (STAS), and associated with increased local
recurrence after limited resections (15). An accurate analysis
of the specimens is crucial, to avoid a false-negative diagnosis
of free margin, if this specific pattern is not recognized by
the pathologist. Currently, a margin distance lower than 1
cm and the presence of STAS are considered risk factors for
local recurrence, in case of sub-lobar resections for early
NSCLC (16). The same pattern was found also in
metastases with smooth surface, from primitive renal cell
cancer (RCC), previously considered a less aggressive
characteristic of the metastasis. Welter and Colleagues
found a similar pattern of tumour diffusion, called
aerogenous spread of floating cancer cell clusters (ASFC),
frequently associated with CRC metastases (38.9%).
Interestingly, this pattern and tumour cells were present up
to 7 mm from the metastasis, and confirmed the aggressive
characteristic of this microscopical feature (14). The novelty
of the study consists in the correlation between the growth
pattern of the metastases and the safety margin of resection.
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In their series, Welter et 4/. found that 58% of LM had at
least one pattern of aggressive diffusion, which needs an
adequate distance between the nodule and the margin of
resection. Thus, for metastases from CRC and epithelial
tumours, which were found to exhibit ASFC, a margin
greater than 7 mm is recommended. Furthermore, a linear
correlation between the size of the lesion and the risk of
aggressive growth pattern was found, confirming the need
of a wider surgical margin for larger LM (14).

Differently, sarcoma metastases were found to exhibit
“pleural infiltration” (infiltration of all visceral pleural
layers), which increased the risk of local recurrence,
together with a size of the lesion greater than 5 mm (17).
Similarly, the presence of “Interstitial growth” pattern,
defined as a diffuse spread of the sarcoma cells into the
alveolar septae, was found to affect OS (18). The incidence
of lymphangitic spread is very low in sarcoma metastases,
and the presence of pseudo-capsule is rare (14,17).
Sarcomas frequently and often exclusively metastatize to
the lung. Thus, PM is an effective treatment of patients
with sarcomas, and also patients with multiple lesions
and repeated metastasectomies exhibited significant
survival rates (17). Chudgar et a/. reported a median OS of
33.2 months after PM, with 34% of patients alive at 5-years,
whereas other Authors found 5-year survival rates up to
44.7% (4,18). Consequently, broad lateral margins and
non-anatomical resections are recommended for LM from
sarcoma (14).

The metastases from RCC were frequently associated
with all aggressive growth patterns, and larger anatomical
resection, together with intrapulmonary lymph nodes, may
be needed (14). Hofmann ez 4/. reported a median survival
of 39.2 months, and a 5-years survival rate of 33.4% (19).
Metachronous disease with long DFI, small size and up to 6
metastases are reported as good prognostic factors for PM
with curative intent (19,20).

Melanoma nodules typically grow around vessels in
the lung, but the aggressive behaviour and the tendency
of diffusion to other sites explain the reported poor
survival (14,21). A 5-years survival rate of 4% was found in
945 patients with LM from melanoma, whereas data from
IRLM showed a median survival of 17 months, and an OS
of 18% at 5 years (3,22). Furthermore, reported OS was
22% at 5 years and 16% at 10 years, if a complete resection
was achieved, whereas no patient with incomplete resection
was alive at 5 years. Similar to other histologies, patients
with a DFT greater than 36 months and a reduced number
of metastases showed a better OS. Four or more metastases
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were associated with a S-year survival rate of 8% (21).
Notably, all these findings were obtained prior to the use
of the new immune checkpoint inhibitors for metastatic
melanoma.

Several retrospective studies focused on the role of
surgery in LM originating also from other histologies, and
reported similar indications and prognostic factors.

The technique of resection of the metastases was found
to influence the distance of the surgical margin. Resection
with staples was preferred for anatomical resections, and
showed the greater distance between tumour and surgical
line (6.3+5.8 mm). Laser resection was related with the
minor distance from the tumour (1.7+1.7 mm), and was used
for multiple lesions and when parenchymal preservation
was mandatory. However, no correlation between the type
of device and the rate of local recurrence was found (14).

Although the heterogeneity of selection criteria and
differences in variables analyzed, completeness of resection
is considered the prerequisite of metastasectomy (2,3).
Furthermore, DFI, number of metastases, size of the
largest metastasis, and lymph node involvement were
commonly reported as prognostic factors (2). Some other
characteristics, such as preoperative CEA for CRC and
hormone receptor status in BC, are considered in specific
primary tumours.

Undoubtedly, multiple factors affect the outcome of
patients after PM, and the presence of one or more poor
prognostic factors may influence, but not necessarily
contraindicate PM (23). Furthermore, there is a growing
interest on the biology of the tumour and on the patterns of
diffusion of the metastatic cells.

We have previously shown that the site of the primitive
cancer (colorectal vs. non-colorectal) does not affect
prognosis and survival (1). This preliminary report may
correlate with the findings of Welter et 4/, suggesting a
crucial role for growth patterns at a molecular level, rather
than at a macroscopical one. The prognosis may be related
to the pattern of microscopic growth, characteristic of each
single histologic subtype, instead of a rough distinction
between CRC and non-CRC malignancies. Unfortunately,
the analysis for some subtypes of histology, with low
prevalence, is difficult and not definitive, as correctly and
clearly stated by Welter and Colleagues.

A 5-year OS rate up to 40% has been reported for
patients who underwent PM, but most of the studies
are retrospective analysis and include a heterogeneous
population with different histologies and findings (lymph
node status and adjuvant therapies) (7). Furthermore,
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the results of these studies may be affected by a selection
bias, because only patients with favourable characteristics
are included, or even a lead time bias, due to an earlier
detection and a factitious longer recorded survival (24). The
results from the ongoing Pulmonary Metastasectomy in
Colorectal Cancer Trial (PulMiCC), will clarify the natural
history of LM and the role of surgery, at least in CRC (25).
However, the pivotal study of Welter et 4/. should drive
the future research on growth patterns in studies with an
adequate sample size, and justify the surgical treatment of
patients with LM, based on the biological nature of the
individual tumour (24).
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