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Management of pulmonary metastases: a narrative review on the
oncologist’s perspective
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Background and Objective: In a large proportion of patients affected by solid tumors, metastatic disease
is identified at diagnosis; alternatively, cancer patients might develop metastases during their follow up after
treatment of the primary tumor. Among distant metastases, pulmonary lesions are particularly relevant, as
they are frequent in many solid malignancies. While the management of disseminated tumors relies mainly
on systemic treatments with palliative intent, the interest in local treatments of single or limited pulmonary
metastases (oligometastatic disease) has developed throughout years, either with curative intent or with the
intent of prolonging survival. In spite of this growing interest, published scientific data on the oligometastatic
setting are relatively limited, and randomized trials are particularly scarce; hence, the available evidence
mostly relies on retrospective patient series. The aim of this review is to summarize the currently available
data on the management of pulmonary metastases, with specific reference to oligometastases from the
oncologist’s point of view.

Methods: We evaluated the evidence supporting local approaches to pulmonary metastases, including
surgery and radiation therapy, either alone or in combination to systemic treatments. In this context, we
included a specific focus on colo-rectal cancer, as this was the first tumor in which regional approaches for
pulmonary oligometastases were developed; furthermore, colo-rectal cancer provides an optimal model
for describing the physiopathology leading to the development of pulmonary metastases and the local
approaches to pulmonary metastases. In order to evaluate the most up-to-date information, we evaluated the
available literature in English language published on PubMed between 2000 and 2021, identified during an
informal search, and we assessed the most relevant international oncology meetings in the same time span to
support our expert opinion.

Key Content and Findings: The content of this narrative review includes data on epidemiology and
physiopathology of pulmonary metastases, as well as the most solid available evidence on loco-regional and
integrated approaches to pulmonary oligometastases.

Conclusions: Based on the available evidence, the local management of pulmonary metastases, when
feasible depending on limited size and number, controlled primary tumor, and absence of other metastatic
lesions, appears to have a positive impact on patients’ prognosis, although the robustness of these data is
limited by the general lack of prospective trials. Results from studies designed to assess the effectiveness of
combined local and systemic treatments, especially in the era of biological agents and cancer immunotherapy,

albeit difficult to conduct, are warranted.
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Introduction

Malignant neoplasms are acknowledged to spread from
their primary site, with frequency varying according to
each specific tumor. Since tools for early diagnosis of most
tumors are still limited, it is common to detect cancers at
advanced stage, when metastatic lesions are observed, with
severe impact on management options and prognosis (1).
Among distant metastases, pulmonary lesions represent a
relevant sub-group, as they are often associated with poor
prognosis and usually modify the oncologic strategy, often
forcing clinicians to shift from the proposal of radical
treatment to palliative approaches; however, pulmonary
metastases can still occasionally be managed with local
treatments, especially when they are limited in terms of
number and size. While the management of pulmonary
metastases with local treatments appears appealing, it must
be considered that this approach is still uncommon; for
instance, fewer than one in 30 patients who have had a colo-
rectal resection subsequently underwent lung resection as
it has been observed in big data analyses (2,3). Throughout
the last years, a growing interest in the use of local
ablative treatments has developed for the management of
pulmonary lesions, especially in the case of oligometastatic
patients; despite the increasing use of local treatments for
the management of patients with advanced tumors, strong
available evidence is still relatively limited.

The aim of this narrative review is to provide the
oncologist’s perspective on the management of pulmonary
metastases from solid tumors based on their epidemiology,
physiopathology, and therapeutic options, with particular
reference to pulmonary lesions detected as oligometastases
and occurrence of pulmonary oligoprogression of metastatic
cancer. We present the following article in accordance with
the Narrative Review reporting checklist (available at https://
asj.amegroups.com/article/view/10.21037/asj-21-81/rc).

Methods

To support our perspective, we evaluated the available
literature in English language published on PubMed,
PMC and NLM databases between 2000 and 2021, and we

assessed the most relevant international oncology meetings
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in the same time span. The research keyword combinations
included “lung metastasis” or “pulmonary metastasis”,
which were combined with either “oligometastasis”,

143

or “oligoprogression”, and with either “surgery” or
“radiotherapy”. While selecting the suitable literature, we
prioritized peer-reviewed, full papers describing meta-
analyses and randomized clinical trials, when available.
Notably, since colo-rectal cancer represents one of the first
solid tumors for which regional approaches to pulmonary
metastases were applied, a significant proportion of the
collected literature is based on this tumor. Furthermore,
the mechanism of metastatization from colo-rectal cancer
has been widely studied, and hence provides a good
physio-pathological model. Our initial literature search
resulted in over 120 indexed full papers, among which we
selected the articles which appeared to be more suitable for
our subject. The search strategy has been summarized in

Table 1 and Table S1.

Epidemiology

Lungs represent one of the most common sites of
metastases from cancer, and it has been observed that
20-45% of malignant tumors eventually develop pulmonary
metastases (4). Common tumors that metastasize to the
lung include breast cancer, prostate cancer, colon cancer,
sarcoma, bladder cancer, neuroblastoma, Wilm’s tumor,
as well as primary lung cancer; however, virtually any
solid tumor can spread to the lungs occasionally, diagnosis
of metastatic cancer can be done by finding pulmonary
metastases in absence of a clearly identifiable primary
lesion [as cancer of unknown primary (CUP)]. Notably, it
has been observed that up to 50% of patients who die for
a malignancy develop pulmonary metastases, as reported
in autoptic series (5,6); however, only 15-20% of patients
develop symptoms associated with lung metastases (7).
Interestingly, the histologic nature of lung nodules
observed in a population of 228 patients with non-
pulmonary primary cancer who underwent pulmonary
biopsy was the following: colo-rectal cancer, 25.8%; head
and neck cancer, 19.4%; genitourinary cancer (kidney,
ureter, prostate, testes), 14.7%; gastrointestinal non-colo-
rectal cancer, 10.9%; breast cancer, 10.5%; melanoma,
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ltems Specification

Date of search
Databases and other sources searched

Search terms used

Study search was conducted in July 2021 and repeated during revision in October 2021
PubMed, PMC and NLM databases; international oncology meetings

The research keyword combinations included “lung metastasis” or “pulmonary metastasis”,

which were combined with either “oligometastasis”, or “oligoprogression”, and with either
“surgery” or “radiotherapy”. NCBI-PubMed search terms combination has been reported in
Supplementary Table as an example

Timeframe 2000-2021
Inclusion and exclusion criteria

Selection process

Studies and abstract in English language were included

The search and selection process was initially conducted independently by each author. A

Bottini searched and selected studies involving surgery; F Parisi searched and selected studies
involving radiotherapy; E Cella searched and selected data involving epidemiology and revised
the results of the search involving radiotherapy; G Sacco searched and selected data involving
physiopathology; C Genova revised the results of the search involving surgery, epidemiology
and physiopathology. All the authors revised and approved the final list of suitable studies

6.5%; gynecologic cancer (ovarian, endometrial, cervical),
6.1%; other primary sites (sarcoma, thyroid, squamous cell),
6.1% (8).

Physiopathology

The process of developing distant metastases is typically
connected to intravasation into venous capillaries starting
from the primary tumor. Hence, the venous drainage of
primary tumor is crucial to determine the “preferred” sites
of metastases dissemination. In first place, several homing
mechanisms based on molecules including the vascular
endothelial growth factor (VEGF), tumor necrosis factor
o (TNF-a), and transforming growth factor p (TNF-p)
within the pulmonary microenvironment might enhance
neoplastic invasion of pulmonary tissue; furthermore, cell
adhesion to pulmonary tissue is facilitated by intercellular
adhesion molecule 1 (ICAM-1). Additionally, tumor
cells that reach blood vessels might preferentially invade
pulmonary tissue due to their structure. Indeed, lungs
have a wide and complex vascularization, including a dense
capillary bed, which is designed to receive large amount of
blood for ensuring oxygen exchange; furthermore, lungs
include multiple membranes in which migrating neoplastic
cells might get entrapped and receive readily available
oxygen, as well as nutrients from both bronchial and
pulmonary vessels (7).
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Pulmonary metastases from colo-rectal cancer

Colo-rectal cancer is a well representative physiopathological
model for the development of pulmonary metastases,
due to a particular vascularization. The most frequent
initial metastatic site of colo-rectal cancer, accounting for
approximately 50% of patients, is represented by liver, and
this occurrence is largely due to the high proportion of blood
reaching the liver from colon through the portal vein system.
Lung is the second most common site of distant metastases
from colo-rectal cancer, and approximately 15% of patients
present with metastatic disease in lungs at diagnosis, due
to the rectal venous drainage, divided between portal and
systemic circulation (through hemorrhoidal vein plexus)
(9,10). This is one of the main factors determining the
greater frequency of lung metastases from rectum, compared
to colon. Interestingly, a metanalysis shows that the risk of
occurrence of lung metastases is higher in left colon cancers
[odds ratio (OR) 1.73, P<0.017] and rectal cancers (OR 2.80,
P<0.001) compared to right colon cancers (11).

In rectal cancer, the anatomical venous drainage reveals
even more crucial role, in order to determinate lung
metastases risk. Rectum is approximately 15 cm in length,
from the sacral promontory to the anal verge. Hence, the
organ can be divided in lower rectum, 0 to 5 cm above the
pectinate line; mid-rectum, 5.1 to 10 cm above the pectinate
line; and upper rectum, 10.1 to 15 cm above the pectinate
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line. Rectal venous plexus is responsible of venous drainage
of these three anatomical segments, and is composed by the
superior rectal vein, confluent into the inferior mesenteric
vein and then into the portal system, as well as the middle
and inferior rectal veins, which are confluent into the
common iliac vein, and then directly into the inferior vena
cava. Therefore, a lower rectal tumor can easily develop
metastases to the lungs, bypassing the portal system, thus
avoiding liver as first site of distant metastasis. Chiang et a/.
have previously demonstrated that middle and lower rectal
cancers present higher risk of developing lung metastases
than upper rectal cancers, respectively with a hazard ratio
(HR) equal to 1.76 and 3.18. This study demonstrates how
crucial is the role of the level of primary rectal cancer, in
distant metastases physiopathological process (especially
with regard to lung metastases). Data in terms of overall
survival (OS) and disease-free survival (DFS) appear
strongly connected to the level of rectal cancer:

Indeed, lower rectum cancer was characterized by
lower five-year OS and DFS rates (47.25% and 44.07%,
respectively) compared to mid rectum (63.46% and 60.22%,
respectively) and upper rectum (73.91% and 71.87%,
respectively) (12).

Clinical presentation and diagnosis

Pulmonary metastases are usually asymptomatic and hence
identified at imaging during staging or follow-up; however,
they can occasionally present localized symptoms like cough,
dyspnea, or even hemoptysis, which occurs rarely (13).

To evaluate pulmonary metastases, computerized
tomography (CT) is an essential method of imaging and
it can aid to differentiate non-malignant nodules from
malignant lesions. Regular shape, central calcification,
and adipose density are more typical of a non-malignant
lesion. The sensitivity and specificity of radiologic
imaging represent a relevant issue for the management of
pulmonary metastases, especially when solitary nodules
are identified, and the malignity of these nodules needs
to be determined. In a multicenter study enrolling 356
participants, the sensitivity and specificity of contrast-
enhanced CT scan were 98% and 58%, respectively (14); in
this context, dual time positron emission tomography with
fluorodeoxyglucose achieved lower sensitivity (85%), while
specificity was 77% (15).

Notably, CT scans might also fail to identify some
small pulmonary lesions in case of multiple metastases,
hence leading to underestimating the number of lesions. In
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these cases, intraoperative ultrasound (IU) and bimanual
palpation by thoracic surgeon can locate pulmonary nodules
with high degree of accuracy, although the use of IU might
be limited by the presence of air in the lung parenchyma
16,17).

In some cases, particular radiologic patterns of a
pulmonary metastasis can suggest the primary tumor it
originates from. For instance, calcification can typically
occur in a metastatic sarcoma, while pneumothorax is more
typical of osteosarcoma and air-space consolidation is often
seen in gastrointestinal tumor (18). However, while imaging
can assist the characterization of pulmonary metastases,
when diagnosis of certainty is mandatory, trans-thoracic or
bronchoscopy with biopsy is required.

Oligometastatic disease and therapeutic
approaches to pulmonary metastases

The management of metastatic tumors with pulmonary
metastases is usually determined by the primary tumor and
typically involves systemic treatments with palliative intent,
with varying regimens and results based on the sensitivity to
antineoplastic treatments of the involved malignancy.

However, the opportunity to treat metastatic cancer with
radical approaches, provided that the number of lesions is
limited, should not be underestimate. For instance, a meta-
analysis comprising 49 studies with over 2,000 patients
affected by advanced non-small cell lung cancer (NSCLC)
with a maximum of five metastatic lesions reported a median
OS of 19 months and 5-year OS rate of 23.3%, which was
significantly higher than survival data for advanced NSCLC
patients with more than five lesions (19). In another meta-
analysis, 757 patients with controlled primary NSCLC and
ablative treatment to five or less metastatic sites achieved a
median OS of 26 months and a 5-year OS of 29.4% (20).
Hence, the identification of patients whose cancer, albeit
metastatic, can be managed with local approaches might
translate into a non-negligible survival advantage.

The first definition of oligometastatic disease has been
proposed by Hellman and Weichselbaum in 1995 to identify
a status between locally confined disease and systemically
metastatic disease (21). However, the initially proposed
definition includes two different clinical conditions: on one
side an initial metastatic disease, on the other side a residual
disease, following systemic therapy, due to drug-resistant
cells. The above-mentioned situations, while similar for
radiologic features, can receive different treatments. Until
2001, the ‘oligometastatic’ word has been seldom used
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in medical literature, often associated with a situation
involving few enough lesions for radical treatments (22).
With a wider diffusion and availability of stereotaxic
radiotherapy techniques, this word returned to be used by
radiation oncologists (23). Neither statistic nor biological
basis allow to provide a solid definition for oligometastatic
disease (24).

More recently, a new characterization and classification
of oligometastatic disease has been suggested, where this
term assumes its original meaning as proposed by Hellman,
but with distinction between two categories: repeat
oligometastatic disease (previous history of metastatic
disease) and de-novo oligometastatic disease; furthermore,
the latter was subsequently divided into synchronous
and metachronous oligometastatic disease. Finally,
additional definitions were oligorecurrence (diagnosis of
oligometastatic disease during treatment-free interval),
oligoprogression (diagnosis of oligometastatic disease
during treatment), and oligopersistence (oligometastatic
lesion not progressing on current imaging) (25).

The global inconsistency of definition for oligometastatic
disease throughout the years has resulted in controversial
results across clinical studies. Furthermore, different
outcomes have been selected, including curative intent,
prolongation of survival, or palliation of symptomatic
or potentially dangerous lesions, thus increasing the
heterogeneity of settings for loco-regional treatment of
pulmonary metastases (26).

Surgical treatment of pulmonary metastases

The surgical management of pulmonary metastases might
be performed in the pursuit of radical treatment, disease
prolongation, or symptom palliation. Notably, the available
data on pulmonary metastasectomy are relatively limited
due to the lack of randomized clinical trials designed to
evaluate OS advantage. The most relevant studies involving
the surgical management of pulmonary metastases have
been reported in Table 2.

The need of radicality determines surgery extension; for
lung metastases, sub-lobar wedge excisions are preferred
as most of these are hematogenous metastases in contrast
to early primary lung cancer <2 c¢m, for which anatomical
segmentectomies are indicated. Additionally, for the
management of pulmonary metastases, in contrast with
primary lung cancer, lobectomy is not required for oncologic
reasons, although anatomical reasons (such as the size or
number of lesions) might make it necessary. Furthermore, a
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mini-invasive approach compared to open surgery consents
a faster after-surgery recovery and a lower impact on quality
of life. By contrast, pneumonectomy is rarely considered
a suitable approach, especially considering a population
consisting of metastatic patients; however, selected cases
identified by a multidisciplinary team on an individual basis
might still be considered for pneumonectomy (26).

In order to consider a patient eligible for pulmonary
metastasectomy, the following criteria have been suggested:
(D) the patient is fit for surgery; (II) the primary tumor has
been resected or is under control; (IIT) no extra-thoracic
metastases are present or, if present, they can be treated
with radical intent; (IV) the thoracic surgeon is able to
perform a macroscopic complete resection; (V) an adequate
residual pulmonary function is expected after surgery; (VI)
no other treatments with reduced morbidity and similar
benefits are available (27).

While pulmonary metastases from any solid tumor
might virtually benefit from radical surgery, colo-rectal
cancer deserves a particular mention, due to the relative
frequency of pulmonary metastases and the experience
developed in their management compared to other solid
malignancies. Indeed, approximately 70% of patient
affected by colo-rectal cancer will develop metastases,
including 5-15% of patients who will develop lung
metastases. Notably, metastatic colo-rectal cancer has a
dismal prognosis with a 5-year survival rate equal to 14%,
compared to a 5-year survival rate of 70-90% for patients
affected by localized disease (28). It has been suggested
that the lung metastases resection gives more survival
chance than chemotherapy alone, anyway surgery’s role
remains disputable, due to the lack of data available from
randomized studies (29,30).

Interestingly, the only randomized study comparing lung
metastasectomy with continuous monitoring in colo-rectal
cancer (PulMicc trial) was suspended due to slow patient
enrolment, thus limiting the available information; however,
among the 65 initially enrolled patients, 5-year OS was
38% in the metastasectomy arm and 29% in the control
arm (31). At the updated analysis with 93 patients, the
observed median OS was 3.5 years for patients undergoing
metastasectomy and 3.8 years for controls (unadjusted
HR =0.93; 95% CI: 0.56-1.56), hence reporting longer
survival than what has been previously suggested with
observation alone (29). Notably, in a health utility analysis
of the PulMicc trial, quality of life assessed with EQ-5D-
3L questionnaire was not improved in the group of patients
randomized to metastasectomy compared to controls (32).
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Table 2 Relevant studies involving the use of surgery for pulmonary metastases
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Study Design Patient population Main findings

Milosevic Randomized, controlled, non-inferiority trial 93 patients with CRC mOS: 3.5 years (metastasectomy) vs.
etal., 2020 (pulmonary metastasectomy vs. control) 3.8 years (control)

Treasure Randomized, controlled trial comparing 65 patients with CRC The study was prematurely closed due to
etal., 2019 active monitoring with or without pulmonary poor enrolment

Pfannschmidt
et al., 2006

Kudelin
etal., 2013

Hamaji

etal., 2012

Winter
etal., 2010

Londero
etal., 2019

Meacci
etal., 2017

Prochazkova
etal., 2019

metastasectomy

Retrospective analysis evaluating the
prognostic role of LNI identified during
pulmonary metastasectomy

Retrospective analysis evaluating the
incidence and prognosis of mediastinal
LNI during metastasectomy

Retrospective analysis evaluating the
prognostic role of LNI identified during
pulmonary metastasectomy

Retrospective analysis evaluating the
prognostic role of LNI identified during
pulmonary metastasectomy and predictive
value of computerized tomography for
detecting LNI

Retrospective analysis evaluating the
prognostic role of LNI identified during
pulmonary metastasectomy

Retrospective analysis evaluating the
outcomes of patients undergoing
pulmonary metastasectomy

Retrospective analysis evaluating the
outcomes of patients undergoing
pulmonary metastasectomy

245 patients with CRC,
sarcoma, or RCC

116 patients with RCC

518 patients with CRC

110 patients with RCC

181 patients with solid
tumors

27 patients with RCC

77 patients with RCC

HR for death within 5 years
(metastasectomy vs. control) =0.82

mOS without lymph nodal involvement:
63.9 months

mOS with N1 lymph nodal involvement:
32.7 months

mOS with N2 lymph nodal involvement:
20.6 months

Pulmonary metastasectomy and lymph
node dissection are feasible

The presence of LNI and type of resection
did not affect survival

Negative prognostic role of mediastinal LNI
(P=0.047 in univariate and 0.0028 in
multivariate analysis)

LNI was associated with significantly
shorter mOS (19 vs. 102 months, P<0.001)

Sensitivity of computerized tomography
for detecting LNI: 84% (mediastinal lymph
nodes: 90%; hilar lymph nodes: 69%)

Specificity of computerized tomography for
detecting LNI: 97%

No difference in 5-year OS between
lymphadenectomy and no
lymphadenectomy (P=0.87)

Trend towards improved 5-year RFS
favoring lymphadenectomy (P=0.07)

No increased recurrence with LNI (P=0.21)
5-year OS =75%; 10-year OS =59%

Dimension of pulmonary metastases
(=2 cm) and DFI (<3 years) were negative
prognostic factors

5-year OS =44.9%

Size of pulmonary metastases was a
negative prognostic factor

Table 2 (continued)
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Table 2 (continued)
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Study Design Patient population Main findings
Zhao Metanalysis evaluating 1,447 patients with RCC 1-year OS =84%; 3-year OS =59%; 5-year
etal., 2017 (16 studies) OS =43%; 10-year OS =20%

prognostic factors for pulmonary
metastasectomy

Incomplete metastasectomy, size and
number of metastases, LNI of metastases,
synchronous metastases, and short DFI
were negative prognostic factors

Reference can be found in the text. CRC, colo-rectal cancer; DFI, disease-free interval; LNI, lymph nodal invasion; m, median; OS, overall

survival; RCC, renal cell carcinoma; RFS, recurrence-free survival.

Furthermore, the analysis of subsequent treatments after
metastasectomy in the population of PulMicc trial suggests
that repeated metastasectomies were associated with
increased risk of death, while no reduction in terms of use
of systemic chemotherapy was observed (24).

Another relevant issue, when addressing surgical
treatment of pulmonary metastases, is represented by
thoracic lymph nodes; indeed, hilar and mediastinal lymph
nodal involvement can be observed in presence of pulmonary
metastases and is often considered as negative prognostic
factor (33,34). Currently, thoracic lymph node dissection
during pulmonary metastasectomy is considered feasible
and generally associated with low morbidity and mortality,
as reported by Kudelin e /. in a cohort of patients treated
with pulmonary metastasectomy and lymph node dissection
for oligometastatic renal cell carcinoma (35). However, to
date, lymph node dissection is not considered a mandatory
procedure during pulmonary metastasectomy (36),
in contrast with the approach to primary lung cancer. In
2012, Hamaji and colleagues retrospectively studied the
outcomes of 518 patients with colo-rectal cancer who
underwent pulmonary metastasectomy, including 199
patients who did not undergo lymph node dissection, 279
patients who underwent lymph node dissection without
evidence of lymph nodal disease, and 40 patients who
underwent lymph node dissection, in which at least one
metastatic lymph node was observed. The presence of
lymph nodal metastases was an independent prognostic
factor (P=0.047), and 5-year OS rate was 48% in patients
with negative lymph nodes and 21% in patients with
metastatic lymph nodes. No survival differences between
N1 level node metastasis and N2 level node metastasis, or
between single-station and multi-station metastasis (37).
Similarly, Winter and colleagues evaluated a cohort of
patients affected by renal cell carcinoma who underwent

© AME Surgical Journal. All rights reserved.

pulmonary metastasectomy with or without thoracic lymph
nodal dissection. Among the patients who underwent lymph
nodal dissection, the presence of lymph nodal metastases was
associated with shorter survival (19 vs. 102 months; P<0.001);
furthermore, a trend towards improved survival was observed
among those patients who underwent metastasectomy plus
lymphadenectomy compared to patients who underwent only
metastasectomy (P=0.068) (38).

Finally, Londero and colleagues evaluated the impact of
lymph nodal dissection during pulmonary metastasectomy
in a population of 181 patients who were treated with
pulmonary metastasectomy for different solid tumors,
with or without lymphadenectomy. No difference in
terms of 5-year OS was observed between patients
receiving lymphadenectomy and patients not receiving
lymphadenectomy (P=0.87), while a trend towards improved
S-year cumulative incidence of recurrence was reported
(P=0.07), favoring lymph nodal dissection. Surprisingly,
pathological lymph node involvement did not result in a
significant predictor of recurrence (P=0.21) (39).

Radiation treatment of pulmonary metastases

For patients unfit for surgery or who refuse it, stereotactic
ablative radiotherapy (SABR) is a good option for
oligometastases management, particularly for single lung
metastases (23). The most relevant studies involving
stereotactic radiotherapy in the management of pulmonary
metastases have been summarized in Table 3.

SABR is a method of external radiotherapy focusing a
high dose of radiation to an extracranial target lesion in one
[defined as stereotactic radiosurgery (SRS)] or few fractions
of treatment [defined as stereotactic body radiotherapy
(SBRT)], sparing normal tissues (40-42). High doses of
focused radiation induce cell death by complex mechanisms,
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Table 3 Disease control rate results of stereotactic body radiotherapy on pulmonary metastases
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Study Design Patient population Main findings
Wulf Prospective study evaluating dose 41 patients with pulmonary Local control rate =80%
/., 2004 lati i t tacti tast:
etal., 200 esc.a ation usmg stereotactic metastases 1-year OS =85%
radiotherapy to increase local tumor
control 2-year OS =33%
Rusthoven Prospective phase I/l trial evaluating 38 patients with pulmonary Incidence of grade =3 toxicity: 8%
et al., 2009 SBRT for the treatment of patients with a metastases
. 1-year local control rate =100%
maximum of 3 pulmonary metastases
2-year local control rate =96%
Brown Retrospective analysis evaluating 35 patients with Local control rate =71% (25 CR, 16 PR, 7 SD)
et al., 2008 ima'ge-guided robotic stereotaf:tic histologically-proven Only one patient experienced grade =3
radiosurgery for pulmonary lesion pulmonary metastases L
pulmonary toxicity
Yoon Prospective study evaluating the 38 patients with primary ORR =82%
et al., 2006 outcomes of patients treated with lung cancer and 53 patients
1- local PFS rate =909
SBRT using a stereotactic body frame with metastatic lung lesions year local PFS rate =90%
2-year local PFS rate =81%
Okunieff Prospective study evaluating the 50 patients with pulmonary Local control rate =83%
et al., 2006 outcomes of patients treated with metastases L
SBRT either treated with curative intent mOS =23.4 months (curative intent)
(maximum 5 lesions) or palliative 1-year PFS =25% (curative intent)
intent lesi
intent (>5 lesions) 2-year PFS =16% (curative intent)
Owen Prospective study evaluating the 63 patients with SBRT-specific OS =35.7 months
etal.,, 2015 outcpmes of patients treated with. metasynchronous and SBRT-specific PFS =10.7 months
multiple courses of SBRT for multiple synchronous lung nodules
and recurrent pulmonary nodules Acute toxicity (mostly grade 1-2 fatigue) =51%
Only one patient experienced grade >3
pulmonary toxicity
Navarria Prospective study evaluating the 76 patients with pulmonary 1-year local control =95%
etal., 2014 outcomes of patients treated with oligometastases (and
. . 2-year local control =89%
SBRT for pulmonary oligometastases controlled primary tumor)
3-year local control =89%
1-year OS =84.1%
2-year OS =73%
3-year OS =73%
Palma Phase Il, randomized controlled trial 99 patients with 1-5 mOS =50 vs. 28 months (P=0.006)
etal., 2020 evaluating SABR plus SOC vs. pulmonary metastases (and

palliative SOC treatments

controlled primary tumor)

5-year OS =42.3% vs. 17.7% (P=0.006)
5-year PFS =17.3% vs. 0% (P=0.001)

Overall long-term lesional control rate =63%

vs. 46% (P=0.039)

CR, complete response; m, median; OS, overall survival; PFS, progression-free survival; PR, partial response; SABR, stereotactic ablative

radiotherapy; SBRT, stereotactic body radiotherapy; SD, stable disease; SOC, standard of care.
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including damage to the DNA and endothelium with
microcirculation dysfunction.

Throughout the years, SABR has been used for the
radical treatment of single lung lesions in early stage
NSCLC, based on data from phase II studies which showed
high rates of local disease control with SABR in patients
not fit for radical lung resection with stage I NSCLC
(43-48); these benefits are comparable to surgery and result
in increased OS compared with conventional radiotherapy
(49-51), with acceptable toxicity in patients with pulmonary
comorbidities and reduced pulmonary function, including
elderly patients (52,53).

Subsequently, the use of stereotactic radiotherapy has
also extended to the treatment of lung metastases, alone or
in association with systemic therapy. Several retrospective
and prospective trials shown a 1-year local control rate up
to 95% in oligometastatic disease treated with radiotherapy
(46,54-59). Emerging relevance of this approach was
observed especially in treatment of lung metastases from
colo-rectal cancer. More specifically, in a study including
65 patients treated with SBRT for lung metastases, while
median PFS was 5.7 months, median OS was reasonably
long (20.3 months); in this study, negative prognostic
factors were the presence of extra-pulmonary and extra-
hepatic lesions at stage IV diagnosis or at SBRT (60).

In a randomized, phase II trial (SABR-COMET),
99 patients with a controlled primary malignancy and up
to 5 metastases, of which 43% had lung lesions, potentially
treatable with SABR were randomized (1:2) to palliative
standard of care (SOC) alone or SOC plus SABR; in this
trial, SOC-SABR was associated with increased 5-year
OS rate over SOC alone (42.3% wvs. 17.7%; P=0.006) with
no detrimental effect on quality of life or novel emerging
toxicities. Further, a significant difference was shown
in lesion control rate after SABR, according to site of
metastasis, which reached 51% for lung lesions (61).

The feasibility of SABR was also investigated for recurrent
lung nodules (synchronous or metachronous) emerging in
patients who had received prior mediastinum or chest high
external dose radiation to mediastinum or chest. In a review,
the results of 7 studies involving re-irradiation (with SBRT)
of thoracic recurrencies from lung cancer, with a total of
140 patients, were summarized; globally, re-irradiation with
a median dose of 40-80 Gy was well tolerated, with local
control accounting for 65-92% (62).

Owen et al. showed local disease-control rate of 99%
at 24 months in a population of 63 patients treated with
multiple courses of SABR for a total of 128 metachronous
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or synchronous lung metastases from different tumors, with
a high proportion of lung cancers; 18 out of 63 patients had
previously received chest radiation. Median PFS and OS
were 10.7 and 35.7 months. Notably, the treatment was well
tolerated: in particular, most common early and delayed
symptoms were grade 1 or 2 fatigue and dyspnea, while only
three patients developed high grade dyspnea, none of whom
had previously received chest radiotherapy (63).

Notably, the risk of relapse in patients treated with
stereotactic radiotherapy on single or multiple secondary
lesions appears to be related to the dose of radiation received;
indeed, several studies addressed the efficacy of different
models of fractionation and dose of SABR, according to
volume, size, number of target lesions and original primary
tumor (55,64). In a systematic review by Siva et 4/., no
statistically significant difference emerged between single and
multifractionated SABR for lung metastases, either in terms
of toxicity or efficacy (65). Moreover, based on data from
retrospective studies and randomized trials on treatment
of early-stage lung cancer, the ablative effect of stereotactic
radiotherapy is achieved at more than 90% of cases with
effective biological dose (BED) greater than 100 Gy,
irrespective of fractionation approaches (66,67).

With regard to comparisons between surgery and
radiotherapy for pulmonary metastases, the currently
available evidence is mostly based on retrospective data. In a
retrospective study including 170 patients with oligometastatic
colo-rectal cancer, of which 142 underwent pulmonary
metastasectomy and 28 SBRT on pulmonary lesions, 1-year
OS rate and 2-year OS rate were similar between surgery and
radiation therapy (96% vs. 89% and 82% wvs. 77%, respectively;
P=0.134) (68). In a systematic review of literature conducted
by Londero ez al. including 61 studies on surgery and 18
studies on SBRT; no significant difference between surgery
and SBRT for treatment of lung metastases was reported in
terms of short-term survival; more specifically, 1-year OS was
71-96% with surgery and 74-94.5% with SBRT. With regard
to long-term survival, surgery appears to achieve greater
benefit compared to radiotherapy, although the authors state
that only few reported articles included prolonged follow-up
and that this observation might be limited due to the tendency
to use SBRT in patients excluded from surgery due to poor
performance status or patient’s refusal, possibly with an impact
on outcomes (69).

Other local approaches to pulmonary metastases

While surgery and SBRT represent the main local
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therapeutic approaches to pulmonary metastases, other
techniques designed to treat these lesions with radical intent
are gaining increasing relevance.

One of these approaches is radiofrequency ablation
(RFA), which destroys cancer cells by applying thermal
energy under imaging guidance; compared to other organs,
the lung is more sensitive to radiofrequency (70). In a
study including 566 patients with lung metastases from
different primary tumors, treatment with RFA achieved
3-year OS equal to 67.7% and 3-year PFS equal to 16.4%.
Fifty-three percent of the enrolled patients had a single
metastasis and only 4% had more than 5 lesions; in 75%
of case metastases were bilateral and most of lesions (68%)
were 2-3 cm, with overall median diameter of 15 mm.
Among patients affected by colo-rectal cancer (34%), the
size of single metastases >2 cm (HR =2.10, P=0.0027),
the number of secondary lesions >3 (HR =1.86, P=0.011)
were significantly associated with worse survival. Notably,
RFA was successfully repeated on 136 patients, after local
failure of the original RFA or for disease progression
in other sites, up to four times (71). Several additional
retrospective studies on the efficacy of RFA, especially on
metastases from colo-rectal cancer, demonstrated favorable
local control disease and safety profile, especially in case of
small lesions (72,73). These data support the role of RFA as
a feasible alternative to surgery or SBRT.

Another local procedure with encouraging, albeit limited
data, is cryoablation; this approach is based on application,
under general anesthesia or conscious sedation, of several
freeze-thaw cycles to the target tissue, guided by CT
imaging (74). In the ECLIPSE trial, de Baere and colleagues
evaluated the feasibility and the safety of cryoablation in a
population of 40 patients with lung metastases from various
solid tumors, most of them (40%) being affected by colo-
rectal cancer. In 20% of cases, lung metastases were bilateral
and no larger than 3.5 cm; moreover, 18% of the enrolled
patients received systemic chemotherapy concurrently with
cryoablation or after the procedure, but none received
radiation therapy to target lesions after cryoablation. The
study population achieved 6-month disease control rate
(DCR) equal to 96.6% and 12-month DCR equal to 94.2%,
with preserved quality of life (75). The updated follow-up
of ECLIPSE showed a 5-year local tumor control rate equal
to 75%, while 5-year disease-specific survival rate and 5-year
OS rate were 55.3% and 46.7%, respectively (76).

Finally, albeit still experimental, the use of isolated
lung perfusion has been evaluated in a prospective, single-
arm phase II trial, in which 107 patients with pulmonary
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metastases from colo-rectal carcinoma, osteosarcoma, and
soft-tissue sarcoma underwent pulmonary metastasectomy
combined with isolated lung perfusion with melphalan
(45 mg) at 37 °C. The approach was well tolerated with low
morbidity and absence of long-term lung toxicity. With
regard to efficacy, 5-year DFS rate and pulmonary PFS rate
were 26% and 44% for colo-rectal carcinoma and 29% and
63% for sarcoma, respectively; 5-year OS was 57% for colo-
rectal carcinoma and 28% for sarcoma (77).

Combination of loco-regional and systemic treatments for
pulmonary metastases

While the management of patients with multiple metastatic
lesions is primarily based on palliative systemic treatments,
the benefit of systemic treatments in association with local
ablation of oligometastatic disease is far less defined.

In 2002, Downey et 4l. published the results of a phase
I trial including 23 patients with NSCLC and a solitary
synchronous metastatic site, who were treated with peri-
operative chemotherapy with mitomycin, vinblastine,
and cisplatin (three cycles before resection and two post-
operative cycles); according to the authors, the small patient
population did not achieve improved outcomes compared
to historical controls who underwent surgery alone (78).

More recently, in a study including 420 patients who
underwent pulmonary metastasectomy, of whom 151
(36%) received peri-operative chemotherapy (mostly
post-operative). While in the global population post-
operative chemotherapy was not associated with improved
OS (HR =0.93), an advantage was observed in the sub-
group of patients who had not previously received adjuvant
chemotherapy for colo-rectal cancer (HR =0.50) (79).
In another retrospective study, the outcomes of 100
patients who underwent pulmonary metastasectomy for
oligo-metastatic colo-rectal cancer were analyzed. In
this population, the use of adjuvant chemotherapy after
metastasectomy strongly affected OS compared to surgery
alone (HR =0.35; P=0.014) (80).

In 2019, Gomez and colleagues published the results of
a randomized, phase II study enrolling patients affected by
advanced NSCLC with three or fewer metastases and no
progression after at least 3 months after completion of first-
line induction chemotherapy. The enrolled patients were
randomized (1:1) to maintenance/observation (based on the
employed first-line) vs. local consolidative therapy to all active
disease sites; local treatments included surgery, radiation,
or a combination of both. The study was prematurely
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closed after the treatment of 49 patients, as an interim
analysis planned by the Data Safety Monitoring Committee
demonstrated a clinically relevant and statistically significant
advantage in terms of PFS (the primary endpoint) with local
consolidative therapy over maintenance/observation (11.9 vs.
3.9 months; P=0.0054) (81). At the updated follow-up time
of over 36 months, the PFS benefit was maintained (14.2 vs.
4.4 months; P=0.022), and the local consolidative therapy arm
achieved also a significant OS advantage over maintenance/
observation (41.2 vs. 17.0 months; P=0.017), thus supporting
the use of local approaches when disease control is achieved
by systemic chemotherapy in NSCLC (82).

Since novel systemic treatments, including targeted agents
and immune checkpoint inhibitors, have revolutionized
the management of multiple advanced neoplasms,
there is growing interest on combination approaches to
oligoprogressive disease with the aim of improving the effect
of these systemic treatments with local ablative procedures.
For instance, radiation appears to prolong the duration
of delivery of tyrosine kinase inhibitors (TKIs). More
specifically, in a study of ablative treatments in association
with TKIs for NSCLC, patients receiving crizotinib for
ALK-rearranged NSCLC (n=38) or erlotinib for EGFR-
mutant NSCLC (n=27) were treated with local ablative
treatments (either surgery or radiotherapy), resulting in
approximately 6 months of additional disease control (83).
In a single-arm, phase II study, 24 patients received erlotinib
and concurrent SBRT for oligoprogressive metastatic
NSCLC after a first-line based on platinum-derivates.
The combined treatment resulted in median PFS equal to
14.7 months and median OS equal to 20.4 months, which
were remarkably high compared to historical controls in
the same setting (84). A large area of research focuses on
radiotherapy-immunotherapy association, since preclinical
and clinical evidence reports pro-immunogenic impact on
tumor cells caused by high doses of radiotherapy. More
specifically, it has been observed that radiation on a specific
neoplastic lesion might stimulate the release tumor-related
antigens and pro-immunogenic factors, which ultimately
stimulate the activity of lymphocytes, enhancing the effect
of immune checkpoint inhibitors on other metastases distant
from the irradiated lesion (abscopal effect) (85). Several
studies designed to assess the clinical relevance of abscopal
effect are currently ongoing (86-89).

Discussion

The management of metastatic malignancies represents a
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daily challenge for medical oncologists. On one hand, the
detection of synchronous distant metastases might preclude
the option of curative treatments for the primary tumor,
even when it is technically resectable; on the other hand,
the development of metachronous metastases during follow-
up after surgery for the primary neoplasm dramatically
changes the perspective of a patient who was previously
considered as cured. In both situations, the occurrence of
distant metastases impacts the survival of each patient and
determines the subsequent treatments (1).

While in most cases metastatic disease can only be
treated with systemic palliative treatments, there are some
instances in which such lesions can be radically treated,
potentially making the patient free from detectable
disease despite advanced stage. Among distant metastases,
pulmonary lesions are especially relevant due to their
frequency in multiple solid malignancies and the possibility
to treat such lesions with loco-regional treatments. In this
context, colo-rectal cancer is an effective model for the
ablative treatment of distant metastases, with particular
reference to pulmonary lesions, as well as hepatic lesions;
however, the surgical or radiotherapeutic approach to
pulmonary metastases is gaining relevance in multiple solid
malignancies. The first issue when approaching pulmonary
metastases with loco-regional treatments is defining
“oligometastatic disease”; indeed, previous publications
have put different limits in terms of the maximum number
of “oligometastatic” pulmonary lesions (either three or
five lesions) (7), while other researchers have focused
on the pattern of presentation of oligometastases (25).
Despite inconsistencies among different clinical studies,
the limit of five lesions can be accepted for oligometastatic
state, provided that all the lesions can be radically treated.
Furthermore, it has been generally observed that the
number of resected pulmonary metastases was generally
associated with prognosis, suggesting that for patients
with numerous, albeit technically operable lesions, loco-
regional treatment might not be the best approach. A
similar observation has been done with regard to the size
of metastatic lesions; notably, the observation of worse
prognosis in presence of lesions with increased diameter
might be possibly more associated with the presence of
more circulating tumor cells or micrometastases, rather
than the technical difficulty to radically remove the known
lesions, as none of the studies showing the effect of the size
reported issues of incomplete metastasectomy (90,91).

With regard to the use of systemic therapy administered
in a peri-metastasectomy setting, the most robust data
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derive from retrospective data involving colo-rectal cancer,
although prospective clinical trials with small patient
populations have been published. In this context, while
the available evidence is not unequivocally consistent, it
appears that systemic chemotherapy might improve the
outcomes in terms of survival of treated patients, especially
when adjuvant chemotherapy for the primary cancer was
not previously administered (79); similarly, the use of
induction chemotherapy for advanced NSCLC followed by
local radical approaches in case of persistent disease control
translated into survival benefit (81,82). The occurrence
of synergy between systemic and local treatments
might be explained with the combination of removal of
macroscopic lesions and effect on microscopic disease,
which might be present in form of micro-metastases or
circulating tumor cells; indeed, the principle of adjuvant
chemotherapy lies in the clearance of microscopic disease
after the primary cancer is locally resected, and the same
principle is easily applicable to oligometastatic disease,
as in this case circulating tumor cells spreading from the
primary neoplasm are not only suspected (as is the case of
adjuvant therapy), but are demonstrated by the presence
of oligometastases in first place. Currently, available
data are mostly based on chemotherapy; however, novel
therapies such as targeted agents and immune checkpoint
inhibitors have become the cornerstone for the treatment
for various solid tumors and are also becoming increasingly
employed in the adjuvant and neoadjuvant setting; hence,
the magnitude of benefit achieved by novel antineoplastic
treatments after metastasectomy has yet to be fully
elucidated (92,93). Notably, some antineoplastic agents
exert an antiangiogenic action by inhibiting the VEGF
pathway, either as exclusive antineoplastic effect (e.g.,
bevacizumab), or as part of a multi-targeted action (e.g.,
sunitinib, nintedanib) (94,95); since the development of
metastases, and especially pulmonary lesions, is strongly
associated with neoangiogenesis (9), the use of such agents
in combination with loco-regional treatments might result
particularly effective.

In addition, a concept worth mentioning is represented
by oligoprogression, which should not be confounded with
oligometastatic disease; indeed, oligoprogressive disease
includes situations in which the tumor is not limited to a
single or few metastatic lesions, but the failure of the initial
systemic treatment is represented by a limited number of
sites, potentially suitable for loco-regional approaches (96).
Notably, this occurrence has been largely described in
oncogenic-driven tumors, such as EGFR-mutant NSCLC
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(83,97). The reason for this occurrence might lie in the
particular mechanisms of acquired resistance to targeted
agents, which is based on the development and selection
of clones with novel acquired genic alterations enabling
the neoplastic cells to survive targeted agents (96). In
this context, the development of new isolated lesions in a
disease which is otherwise under control during systemic
treatment creates a good opportunity for loco-regional
approaches including surgery and radiation therapy, as such
treatments might succeed in ablating a lesion characterized
by cell clones resistant to the systemic therapy, hence
potentially delaying the occurrence of actual, systemic
progression requiring the switch to a subsequent line of
therapy. Obviously, in contrast with oligometastatic disease,
the aim of loco-regional treatments in oligoprogressive
disease is not the potential cure, but rather prolongation of
progression-free survival or time to treatment failure. In this
setting, radiation therapy is gaining increasing relevance,
possibly due to the easier accessibility to metastatic patients
compared to surgery, as well as the opportunity to rapidly
resume systemic therapy, in contrast with surgery, which
may require a non-negligible withdrawal of systemic
treatments; furthermore, potential interactions with
systemic agents such as immune checkpoint inhibition and
radiation therapy have been observed, including abscopal
effect (85,96).

In conclusion, while the currently available evidence
involving the use of radical approaches (either surgery or
radiation therapy) is mostly based on retrospective data,
with limited meta-analyses and randomized trials, the
acquired knowledge suggests that oligometastatic disease
might be radically treated, provided that the primary
tumor is already controlled; this approach can result in
survival increase and eventually cure, although more
robust predictive factors are needed. Similarly, even in a
context of metastatic disease not amenable to cure, the
occurrence of oligoprogression can be treated with local
approaches (in this case, preferably radiation therapy).
Finally, while systemic antineoplastic treatments are
pivotal in metastatic disease and oligoprogressive disease,
their role in oligometastatic state is less defined, although
benefits in terms of survival have been observed in multiple
studies. The dramatic evolution of systemic treatments
observed in the advanced palliative setting might translate
into clinical benefit also in the oligometastatic setting,
eventually leading to an increase of potentially curable
patients in spite of the occurrence of pulmonary metastases.
The development of ad hoc clinical research, with specific
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regard to prospective studies designed to fully disclose the
interactions and synergies between systemic treatments
(and especially novel approaches such as immunotherapy
or targeted therapies) and local ablative treatments such
as surgery and radiation therapy even in advanced cancer
are warranted; however, we must take into account the
potential difficulties of designing controlled clinical trials
in which patients are randomized to receive ablative
treatments for oligometastases or systemic treatment
alone, due to accrual and ethical issues. In this context,
oligoprogressive disease is a more easily approachable
setting for prospective studies, which will eventually
provide pivotal insights on the combinations of systemic
and local approaches in advanced solid tumors with distant
metastases including pulmonary lesions.
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Supplementary

Table S1 Example of detailed search strategy for the purpose of this narrative review (NCBI-PubMed)

MeSH (Medical Subject Heading) combinations Details

Combination 1 “Lung” AND “Metastases” AND “Oligometastasis” AND “Radiotherapy”
Combination 2 “Lung” AND “Metastases” AND “Oligometastasis” AND “Surgery”
Combination 3 “Lung” AND “Metastases” AND “Oligoprogression” AND “Radiotherapy”
Combination 4 “Lung” AND “Metastases” AND “Oligoprogression” AND “Surgery”
Combination 5 “Pulmonary” AND “Metastases” AND “Oligometastasis” AND “Radiotherapy”
Combination 6 “Pulmonary” AND “Metastases” AND “Oligometastasis” AND “Surgery”
Combination 7 “Pulmonary” AND “Metastases” AND “Oligoprogression” AND “Radiotherapy”
Combination 8 “Pulmonary” AND “Metastases” AND “Oligoprogression” AND “Surgery”
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