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Chapter 1

General introduction

1. GeneraL intrODuCtiOn

Cancer metastases are the spreading of tumor cells beyond the primary organ to
distant sites of the body, where they form new tumor “colonies” with the potential
of growing and further diffuse independently of the primary tumor. the presence of
metastases in a subject with cancer is usually a sign of poor prognosis: indeed,
metastases are responsible for nearly 90% of deaths1. Lung is one of the preferred
sites of metastases from several different tumors2. although surgery is generally not
indicated for patients with a metastatic state, there are some circumstances where
surgical metastasectomy is effective in prolonging survival or even eradicating the
disease3. however, despite the fact that pulmonary metastasectomy (pM) is currently one of the most performed operations in thoracic surgery centers across europe3,
the debate is still widely open.

Origin of metastases
the process of metastases formation is the most poorly understood part of cancer pathogenesis1. the development of these distant tumor colonies requires several
intermediate steps: tumor cells must invade the vascular system (intravasation) and
abandon the primary site, escape the immune system defenses, nest in a distant organ, invade its basement membrane through a process named extravasation, survive
and proliferate in the new environment5. Only a small proportion of neoplastic cells
succeed over these phases, as it has been estimated that only 0.01% of circulating tumor cells is eventually responsible for the formation of secondary deposits6. While
the various steps of the metastatic process are widely accepted, little is known about
the mechanism by which metastatic cells originate from a core of non-metastatic
cancer cells within the primary tumor7. however, several theories regarding this first
step of the complex stairway of the metastatic cascade have been proposed.
a few in vitro experiments suggested that metastases may arise from normal epithelial cells or epithelial stem cells that undergo an epithelial-to-mesenchymal transition (eMt) through a stepwise accumulation of genetic mutations. During this
process, the tumor cells lose their cell-cell and cell-matrix adhesions, favoring their
delivery into the blood stream (Figure 1)8.
however, controversy remain as to whether this phenomenon may actually occur in natural conditions, considering the low frequency of detection of mesenchymal-like cells in metastatic deposits in human models.
9
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FIGURE 1. Epithelial-to-Mesenchimal Transition (EMT) in the Pathogenesis of Metastases. Normal epithelium with an intact basement membrane can proliferate giving rise to adenoma/dysplasia. Further epigenetic
changes and genetic alterations may lead to carcinoma in situ. Further grow and dissemination may be favored by
EMT and intravasation of cancer cells. At secondary sites tumor cells can extravasate and remain solitary or form
macrometastasis through an inverse process, Mesenchymal-to-Epithelial Transition (MET). reprinted with permission from thiery et al 8.

By contrast, according to several investigators, metastatic cells may originate
from tissue stem cells9, 10, a population of histological units in a semi-undifferentiated state that can replace damaged tissue components. it is well recognized that stem
cells have the ability to migrate and proliferate, a property shared with metastatic
cells7. nonetheless, cancer cells and tissue stem cells share several genetic and biological aspects11. although, based on these observations, it would sound reasonable
to consider these elements as possible progenitors of the metastatic colonies, uncertainty remains, as many tumors with stem cells features do not develop systemic
metastases7.
Contextually, recent insights on the connections between immune system cells
and the evolution of cancer elicited great interest. the microenvironment of most
tumors is often infiltrated with inflammatory cells that are known to exert a pro-tumoral function12. Macrophages are recruited from neutrophils at the tumor level,
and their interaction may promote inflammation, neoangiogenesis, remodeling of
extracellular matrix and inhibition of antitumor surveillance, thus favoring the
metastatic cascade (Figure 2)7. While the detrimental role of tumor-associated
Macrophages (taM) is well established, a few authors have highlighted how some
10
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FIGURE 2. Role of Tumor-associated Macrophages (TAM) on tumor progression. 1, invasion: TAM secrete a variety of proteases to breakdown the basement membrane. 2, angiogenesis: macrophages cooperate with tumor cells
to induce a vascular supply for the area by up regulating several angiogenic growth factors and enzymes. 3, immunosuppression: Macrophages in hypoxic areas secrete factors that suppress the antitumor functions of immune
effectors within the tumor. 4, metastasis: A subpopulation of TAM associated with tumor vessels secretes factors
like epidermal growth factor (EGF) to guide tumor cells in the stroma toward blood vessels where they then escape
into the circulation. reprinted with permission from Lewis et al 13.

metastatic cancers contain neoplastic cells with macrophage properties14. this led
the same authors to hypothesize that metastatic cells may derive from the fusion between tumor cells and macrophages or other cells of the myeloid line7.
While current research is still elucidating our concepts regarding the mechanisms
of formation of metastatic cells, other investigators focused on the modalities of how
cancer cells infiltrate the distant organs to form clinically detectable metastases.

Homing
several hypotheses on the mechanism through which metastatic cells nest in target organs have been proposed: rudolph Virchow theorized that metastases originate from tumor cell emboli that arrest in the vasculature in a mechanistic fashion15,
11
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albeit this explanation would only justify a random distribution of nodules throughout the body. nonetheless, it would be in contrast with the frequently observed organ specific involvement of metastasis from several different tumor5. indeed, contrary to Virchow’s theory, some organs, such as brain, adrenals and bones, are more
frequently affected by metastases regardless of the relatively lower blood supply
compared with other organs, for instance heart, kidneys and spleen16. Conversely,
basing his considerations on the autoptic analysis of 735 cases of advanced breast
cancer patients, in 1889 steven paget proposed the “seed and soil” theory, according
to which development of metastases requires an integration between tumor cells
(seed) and any organ that offers a proper environment (soil) for the development of
the new tumor colonies17. in recent years growing attention has been paid to this
latter component: the hypothesis that the entrance of neoplastic cells into the blood
stream is not sufficient to guarantee the development of metastases and that tumor
cells require a supportive specialized medium to thrive dates to the early 1980’s18.
this phenomenon is supported by the experience of tarin and colleagues, who witnessed the absence of clinically relevant distant metastases in patients with advanced
cancer undergoing peritoneo-venous shunt to palliate neoplastic ascites and postulated that other factors might be involved in the process to promote the formation
of macrometastasis19. the term “metastatic niche” was used to indicate a microenvironment, composed of tissue stem cells, vascular structures, metabolites and soluble
factors embedded with the extracellular matrix network, where the neoplastic cells
are supported to live and proliferate16. under these conditions the tumor cells are
capable of avoiding the aggression of the immune system and receive the required
nourishment which would lead to the formation of macrometastasis.
according to several studies with murine models, the constitution of such favorable environments preempts the colonization from metastatic cells: the primary tumor releases soluble factors that exert their activity recruiting bone marrow-derived
hematopoietic progenitor cells expressing vascular endothelial growth factor receptor
1 (VeGFr1)20. these cells showed the ability to constitute clusters of cells in tumorspecific distant sites, before the arrival of tumor cells. at this site the recruited
myeloid progenitors upregulate the expression of fibronectin in resident fibroblasts,
creating an attractive environment for incoming metastatic cells. this preconstituted
microenvironment where cancer cells can safely dock is named “premetastatic niche”,
which represents an important focus of research in recent years. indeed, identifying
the main molecular or cellular components responsible for the formation of such
niches might offer a potential target to arrest the metastatic process (Figure 3).
the postulate that the target organ plays a fundamental role in favoring the evolution of secondary tumor colonies derives from the observation, in clinical settings,
that few organs (bone marrow, lungs, liver and brain) represent the most common
12
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FIGURE 3. Formation of a premetastatic niche. BDHC: bone marrow-derived hematopoietic cells; TAM, tumor-

associated macrophages; TDSF, tumor-derived soluble factors. reprinted with permission from akhtar et al 16.

sites of metastases21, which would imply that the metastatic cells require a proper
environment to settle down and proliferate. nonetheless, many cancer types express
a peculiar organ-specificity for hematogenous spread: prostate cancer metastasize almost uniquely to the bones22, whereas lung and liver represent the main sites of distant recurrence for colorectal cancer (CrC)23. a few purely anatomic factors undoubtedly enhance a certain tropism of metastases for specific organs: in CrC the
mesenteric-portal system makes the liver the preferential site of metastases from primary tumors located within the higher rectum, while tumors of the mid or distant
rectum preferably enter the hemorrhoidal vein, which drain in the inferior vena cava, favoring the development of lung metastases24. in addition, the histological
structure of certain organs may facilitate the invasion of tumor cells: the fenestrated
endothelium of bone marrow sinusoids, which normally enables the traffic of
hematopoietic cells, allows an easier extravasation of circulating tumor cells. a similar effect may be observed in hepatic sinusoids, whereas in the lung, the presence of
a well-lined endothelium with a rich basement membrane represents an obstacle
that cannot be overcome by circulating tumor cells, unless expressing mediators of
trans-endothelial migration25. indeed, many studies demonstrated that the extravasation step is not a simple passive process that relies on anatomic determinants: liver
and lung endothelial cells have a higher expression of adhesion molecules on their
surface, facilitating the arrest of tumor cells at this sites23. additionally, ultrastruc13
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tural investigations on murine models showed that, following cellular adhesions, liver and lung endothelial cells have the ability of migrating onto the tumor cells surface, thus favoring their extravasation and deep invasion26.
although these observations arise almost exclusively from studies on animal
models or in vitro, they contribute to strengthen the hypothesis that homing of
metastases do not obey to a merely mechanistic process, but it rather derives from
the contribution of several factors at different levels.
tumor cells invading a distant organ may remain in a quiescent phase for a variable time interval before maturing and expressing an overt aggressive behavior, a phenomenon named latency27. experiences from clinical practice demonstrated how
some aggressive types of cancer, such as pancreatic and lung adenocarcinomas, are
usually characterized by rapid development of metastases in many organs28, 29, while
other histotypes, such as hormone-dependent breast cancer or prostate cancer
metastases may reveal themselves several years after radical treatment of the primary
tumor30, 31. this suggests that, for certain histotypes with a more indolent course,
after distant organ invasion tumor cells are not immediately capable of overtaking
the hosting tissue and a further modification in cancer cells or the surrounding microenvironment is required to allow metastatic cores to overtly colonize the organ
tissue and be clinically detectable21. indeed, breast cancer metastases may materialize several years following the radical treatment of the primary tumor30. Based on
animal studies, it has been proposed that, following nesting in distant organs, tumor
cells enter a state of temporary “dormancy” by exiting the proliferative cell cycle21.
animal studies demonstrated that this quiescent state can be reverted, and tumor
cells resume their proliferative activity, by changing the microenvironmental conditions where they are housed32. however, the determinants which can awaken tumor
cells from their dormancy state are still largely unknown, and in clinical settings
time to recurrence in cancer patients remains unpredictable.
Latency has an important effect on the clinical outcomes of patients with metastases: in clinical oncology, the time interval between definitive treatment of the primary tumor and appearance of metastases is defined as disease-free interval (DFi)
and is used as an indicator of the aggressivity of a tumor. indeed, length of DFi significantly correlates with survival and freedom from further recurrence after resection of pulmonary metastases in many clinical series3, 33, 34.

Staging
the first step after diagnosis of a tumor is assessing the burden of disease and
the possible involvement of other organs, in a process known as “staging”. in con14
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sideration of the therapeutic and prognostic implications, staging is of paramount
importance for almost all kinds of solid tumors: localized tumors in early stages may
be successfully cured with surgical resection, which has the potential of eradicating
the disease and providing long survivals; by contrast, in case of widespread metastatic disease, surgery do not add any survival advantage and patients are usually referred to systemic chemotherapy and/or radiotherapy.

Oligometastatic disease
the tnM staging system first proposed by Denoix in 194635 is the most employed staging system as it is exceptionally useful for clinicians to stratify patients
from a prognostic point of view and apply the most appropriate treatment.
nonetheless, the tnM system also bears some limitations: a patient with a solid
tumor and distant metastasis is labelled as metastatic, regardless of the number of
metastasis and number of organs involved36. By contrast, the experience matured
during the past century suggested that subjects with a metastatic tumor may still
benefit from surgery, provided that a few conditions are respected. an intermediate
metastatic state, where surgical resection or other forms of ablation have the potential of eradicating all visible deposits, has, therefore, assumed the definition of
“oligometastatic disease”.
the term “oligometastases” was first proposed in 1995 by hellman and Weichselbaum, to define a pattern with few metastatic sites – usually no more than five –
in a limited number of organs37. nonetheless, considering that the vast majority of
series are derived from populations of patients undergoing surgical resection, stereotactic body radiotherapy (sBrt) or other ablative treatments, implicit criteria are
that all localizations of disease can potentially be resected/ablated with a radical purpose and the primary tumor has been resected with no signs of local recurrent disease37. the original definition by hellman and Weichselbaum was quite vague with
regard to the number of metastatic deposits and organs involved, as the main purpose was to describe a condition wherein resection or ablation of the secondary nodules may arrest the tumoral cascade and prevent further progression37. in this view,
the oligometastatic state was seen as a temporal step preceding a more widespread
tumor diffusion. sixteen years later the same authors, in view of the advancements
in the knowledge of metastasis pathogenesis, revisited their definition, proposing
that oligometastases represent a well-distinct clinical entity from a polimetastatic
state due to different genes expression that influence the biological behavior of tumor cells36. While it has to be clarified whether oligometastases represent a transitional state that, following further genetic mutation accumulation, can evolve to a
more aggressive metastatic disease, this hypothesis is of paramount importance: ide15
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ally, a precise discerning between the two different conditions, based upon the identification of relevant biomarkers, might address local aggressive treatment only in
patients with a true oligometastatic disease which may benefit the most from such
therapies, and avoid unnecessary invasive treatments to subjects with a cancer that
did not express yet its full aggressive potential.
More recently, based on the different pattern of evolution that the disease may
have in response to systemic or integrated treatments, it has been proposed to split
the definition oligometastases into a multitude of conditions with different prognostic and therapeutic implications (Figure 4)38.

FIGURE 4. Illustration of the oligometastatic disease classification system. (a) De-novo oligometastatic disease.

(B) Induced oligometastatic disease. (C) Repeat oligometastatic disease. reprinted with permission from Guckenberger et al 38.

indeed, from a biological point of view, consistent differences can be identified between nodules that evolve ab initio with an oligometastatic fashion, and an
induced oligometastatic state, where cancers with an overt aggressive behavior and
a polimetastatic pattern regress to a limited number of deposits as a consequence
of systemic treatments. in this latter case tumor cells preserve their gene-driven
progressive attitude and, therefore, surgical or ablative treatments might be questionable.
16
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Historical notes
historically, the first description of a resection of a pulmonary metastasis dates
back to 1931, when tudor edwards described a sublobar lung resection for a metastasis from leg osteosarcoma that was excised six years earlier, with the patient still
alive three years ensuing the lung resection39. shortly after, Barney and Churchill
described a successful sequential operation of nephrectomy for a kidney cancer followed by lung lobectomy 15 months later for a large metastasis40. Following the
surgeries, the patient was alive with no evidence of disease at five years follow-up.
although for the first half of the last century the evidence of effectiveness of resection of lung metastases with curative intent was based upon low grade evidence
scientific papers, the experience derived from clinical practice suggested that pulmonary metastasectomy (pM) might be considered among the curative treatments.
the first publication regarding a series of 24 patients undergoing resection of pulmonary metastases dates to 194641 while the largest series of that period was published by thomford from the Mayo Clinic in 196542.
in 1971 the Memorial sloan-Kettering Cancer Center (MsKCC) in new York,
usa, published the results of a retrospective series of 22 patients included in a program of systematic lung resections for metastases from osteogenic sarcoma43: the first
case dated back to in 1940, and surgery was initially offered in very selected cases,
with long DFi and number of metastases limited to 1-3 within the same lung.
however, it was not until 1965 that the MsKCC started an aggressive surgical program for patients with lung metastases from osteosarcoma. the protocol was based
on the observation that 80% patients that underwent amputation for bone sarcoma
developed lung metastases within two years and died of progressive disease in few
months, due to the lack of response to standard chemotherapy43. in the view of a
“salvage surgery”, indications were broadened, and every patient was considered for
surgery, provided that the primary tumor had already been radically resected, metastases were not present at time of amputation and primary tumor involved a long
bone. patients were, thereafter, included in a close follow-up program and repeated
thoracotomies were performed to eradicate any residual disease. under this strict
protocol, a consistent improvement of survival at three years was observed, increasing from 5% to 45%, and the observation of several patients with no evidence of
disease (neD) after many years of follow-up led to postulate that, in selected cases,
a surgical treatment with curative purpose might be proposed even in the setting of
metastatic disease.
however, it was only after the mid 70’s, with the introduction and refinement of
radiological tomographic techniques, such as Computed tomography (Ct), that
pulmonary metastasectomy started to gain momentum.
17
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the increased sensitivity of the Ct scan compared with standard chest X-ray investigation allowed to identify metastases, monitor their evolution and refine indications and techniques for surgical resection (Figure 5)45. Furthermore, the use of

FIGURE 5. Chest CT scan showing bilateral well-circumscribed lung metastases. reprinted with per-

mission from Caminati et al 44.

Ct scan in follow-up protocols for patients with a history of cancer resulted in an
increased sensitivity in identifying pulmonary nodules in an early phase, and thus
increased the referral of patients for surgical resection. the rising international experience in the context of pM offered an interesting insight on cancer biology and
provided information to define the clinical factors that were associated with a better
prognostic outcome. in 1991, the international registry of Lung Metastases was established and, relying on its data, in 1997, pastorino and colleagues published a retrospective analysis on a series of 5206 patients submitted to pM for metastases from
several different cancer types3. this research represented a milestone in the context
of pM, due to the large sample size and its meaningful findings, and it served as a
caliber to refine surgical indications and inclusion criteria. the study identified
number of metastases (solitary vs multiple), length of DFi and completeness of surgical resection as the main factors affecting survival. these results were later confirmed by other investigations33, 34, 46. While number of metastases and DFi are indirect indicators of a more indolent disease behavior, the evidence that an incomplete resection is associated with a worse prognosis implies that pM may interrupt
or delay the metastatic cascade, provided that all secondary foci are excised.
along with these important factors, the growing magnitude of scientific papers
reporting results on the practice of pM indicated other predictive factors. several articles specified that patients with intrathoracic lymph node metastasis discovered at
thoracotomy had shorter survival47, 48. it is yet to be clarified as to whether cases
where tumor cells are capable of spreading through the lymphatic route still deserve
the definition of oligometastatic disease. however, based on these results, lym18
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phadenectomy during pM is generally recommended for prognostic stratification
and identification of subjects who may benefit the most from integrated systemic
treatments49. Furthermore, preoperative serum markers levels proved clinical relevance, as carcinoembryonic antigen (Cea) is a glycoprotein that is largely used as a
tumor markers for follow-up in patients with cancers of the gastrointestinal tract50.
in many series of patients receiving pM for metastases from CrC, the levels of Cea
before metastasectomy showed an inverse correlation with survival51, 52. Furthermore, the prognostic function of several markers of inflammation has been demonstrated, supporting the hypothesis of the strong relationships between cancer, inflammation and the immune system. in a recent retrospective analysis on a series of
subjects undergoing pM for metastases from various types of primary tumors, the
prognosis was influenced by the preoperative values of C-reactive protein (Crp),
the most used serum marker of systemic inflammation53. additionally, several investigations hinted that the balance between various circulating cellular components of
the immune system can affect the prognosis of patients with different cancer conditions. indeed, the various characters of the immune system seem to respectively favor or hamper the evolution of cancer in the tumor microenvironment: while the
presence of lymphocytes in the tumor stroma (tumor-infiltrating lymphocytes tiLs) is associated with a better prognosis in many cancer types54, 55, tumor-associated macrophages and polymorphonuclear leukocytes demonstrated to negatively
impact the evolution of disease (Figure 6)56-58.

FIGURE 6. Different immune cells infiltrate in breast cancer sections. a: Poorly differentiated invasive ductal
carcinoma, showing a dense inflammatory infiltrate (lymphocyte predominant breast cancer). B: Well differentiated invasive ductal carcinoma, showing low TILs levels. reprinted with permission from pruneri et al 59.

the density of such immune components in the tumor microenvironment is
well mirrored by the values of the same cells in the blood60. accordingly, many investigations assessed the prognostic role of the level of circulating immune cells in
19
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patients affected by cancer. in a series of polimetastatic CrC patients receiving palliative chemotherapy, the ratio between the absolute values of neutrophils and lymphocytes (nLr) in peripheral blood sample significantly correlated with survival,
and the authors described how a chemotherapy-induced normalization of this parameter resulted in survival improvement61. Cetin and coauthors described similar results in a multicentric series of patients receiving chemotherapy for metastatic renal
cell cancer62. in another study assessing the impact of nLr on tumor progression in
patients undergoing curative resection of CrC, Ding found a negative effect of high
nLr on recurrence-free survival (rFs)63.
several other investigators aimed to assess the relationship between cancer and
body composition. indeed, cancer is well-known to induce a catabolic state, which
ultimately leads to weight loss. a simple but effective marker of the nutritional status is the body mass index (BMi), defined as the ratio between weight and height
squared. Despite being a quite imprecise proxy of the body composition, BMi revealed to be a significant prognostic factor in several cancer scenarios, in what is
known as the “obesity paradox”. Obese patients detain an increased risk of several
types of malignant epithelial tumors; however, their prognosis is more favorable
compared with normal or low-weight patients64. although the evidence is still
scarce, this phenomenon has been confirmed even in the setting of oligometastatic
disease65. to further deepen the investigations on the peculiar relationships between
cancer and nutritional status, some authors analyzed the role of the muscle component in patients with cancer. indeed, many subjects with a tumor experience a depletion of muscle mass during the course of disease. Muscle mass depletion, known
as “sarcopenia”, has a multifactorial cause. While tumors involving organs of the
gastrointestinal tract may cause sarcopenia due to impaired absorption of nutrients,
in other forms of cancer the loss of skeletal muscle mass is due to a tumor-driven
imbalance of systemic cytokines66. Generally, sarcopenia is expression of an aggressive tumor with an increased predisposition to systemic progression and resistance
to chemotherapeutic regimens67. although to date no study assessed the role of sarcopenia in the setting of oligometastatic disease, it would be of great interest to evaluate its potential in discerning “true” oligometastatic patients who may benefit the
most from surgical resection.

Alternative ablative treatments
surgical treatment is usually reserved to patients with good general conditions
and with expected good post-op quality of life. in fact, lung resection requires that
baseline pulmonary function is permissive in tolerating the loss of lung tissue and
20
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one-lung ventilation during the surgical procedure. nonetheless, good general conditions are essential for guaranteeing the patient to overcome the early post-operative course. On the other hand, some patients may be strived by the long course of
debilitating anti-cancer treatments68, and, albeit technically resectable, their poor
performance status (ps) contraindicates surgical resection. in these cases, patient
can be considered for less invasive ablative treatments which do not necessitate general anesthesia or long post-procedural recovery time. Cryoablation, microwave and
radiofrequency ablation (rFa) are local ablative techniques which deliver an ablative thermal energy through a probe inserted at the center of the target nodule69, 70.
these techniques demonstrated fair effectiveness on local control of disease, and adverse events are mostly of limited impact, despite being quite frequent70. however,
the efficacy may be reduced for nodules in close proximity to large pulmonary vessels due to a thermal washout effect71. While these approaches still require the insertion of a trans-parietal probe to deliver the employed form of energy, which accounts for a still considerable incidence of complications, other techniques are capable of “burning” the target nodules delivering energy from an external source.
stereotactic body radiotherapy (sBrt) is a relatively recent technique that employs
a hypofractionated delivery of high dose radiations on a limited area, with relative
sparing of the surrounding healthy tissue72. this technology sinks its roots in 1947,
when the swedish neurosurgeon Lars Leksell, acknowledged that much of the morbidity and mortality associated with neurosurgery at that time was a consequence of
invasive procedures, started his pioneering experience combining a source of radiation delivery with an arc-centered stereotactic apparatus, with the result of producing a lesion within the brain preserving the delicate surrounding tissue73. the low
rate of adverse events of this procedure compared to standard neurosurgery, combined with the advancements in clinical imaging and computing, led to a progressive refinement and increasing application of this technique.
sBrt has low incidence and severity of side effects, can be performed in an outpatient setting and has a good rate of local control with less aesthetic consequences (Figure 7)74. not surprisingly, it is the most employed alternative to surgery in the treatment of pulmonary oligometastases. nonetheless, sBrt has the advantage of offering
an alternative to surgery when extensive resections are required for deep nodules (Figure 8)75. Furthermore, a recent current of research supports the hypothesis that tumor irradiation may promote the release of highly immunogenic tumor antigens from
dying tumor cells, enhancing the host immune surveillance through a process of in
situ vaccination, that may hamper the proliferation of further metastatic cells76.
even though techniques and regimens of irradiation are constantly refining and
the use of sBrt is increasing, it is currently reserved for oligometastatic patients
who are unfit or unwilling to undergo a surgical resection.
21
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FIGURE 7. Stereotactic Body Radiation Therapy.

FIGURE 8. Stereotactic ablative body radiotherapy (SABR) for a single metastatic lung tumor. The right figure
shows the beam configuration of SBRT in which radiation is distributed in many diverse directions and the left
figure shows the distributions of high-dose radiation confined to the tumor on axial, sagittal, and coronal images.
reprinted with permission from Choi and Cho77.

While the different roles of pM and sBrt in the context of lung metastases are
not yet fully defined, the effectiveness of local ablative treatments for a metastatic
22
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cancer have repeatedly been questioned. tom treasure first claimed that the practice
of pulmonary metastasectomy relied entirely on follow up studies which implicitly
possess a multitude of biases78: pM is performed with the assumption that metastases, if not resected, would progress and inevitably lead to death79. Conversely,
there have been reported several cases of metastatic patients who are alive at five
years with no active treatment, indicating that long survival rates might be due to an
innate indolent behavior of certain tumors, rather than the resection of metastases.
nonetheless, the survival advantage reported in many retrospective series is generally proclaimed in comparison with metastatic patients who may have a heavier burden of disease or tumors with different biological characteristics, whereas a proper
randomized controlled trial (rCt) to assess the effectiveness of pM has never been
performed78. Furthermore, in the majority of the articles describing the outcomes of
pM, the authors state that the populations of patients are composed of carefully selected subjects, which might further reduce the reliability of results. When a treatment is applied on a highly selected sample, the positive outcome may be a result of
selection rather than the effectiveness of the treatment80. these premises were essentials to promote the pulMiCC trial, the first rCt comparing pM with active surveillance in patients with CrC oligometastases79. the study was a multicentric double arm noninferiority trial, and the primary outcome was survival at five years from
randomization. the study did not succeed in achieving the ambitious predetermined recruitment goal of 500 patients, and analysis was therefore limited to 93 patients who were randomized to surgery or no intervention. this accounts for the inconclusive results of the trial with respect to the main intended outcome; however,
the authors underlined how the survival rate at five years for untreated patients was
higher than expected, and the non-significant difference in survival between the two
arms was, therefore, not attributable to resection of metastases79. however, it has to
be mentioned that, albeit the sample size was inadequate to draw firm conclusions,
the difference in five years Os between the two groups (pM 38% vs control group
29%) nearly reached the predetermined 10% non-inferiority threshold of the
study81. presumably, the ambiguous result of this trial will not change the attitude
of surgeons to resect metastases with a curative purpose, at least in the short term.
in the rising era of precision oncology, things will presumably change over time.
since the characterization of genes and proteins expressed by the tumor cells is essential to identify potential targets for highly effective new generation drugs, we will
probably observe an increasing need for tumor tissue harvesting. While bronchoscopy and transcutaneous Ct-guided lung biopsy remain the mainstay for nodules characterization, in view of their low invasiveness, surgical resection offer the
advantage of providing more tumor tissue for thorough histological analysis. On the
other hand, the increasing employment of minimally invasive techniques and the
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recent introduction of surgical approaches that do not require general anesthesia
and orotracheal intubation will likely preserve the crucial role of surgery in the context of oligometastatic disease.

Aims and description of this thesis
the present work describes the different aspects of the role of surgery in the
context of lung oligometastatic disease. in the first part of the present work an
overview on the results of ablative treatments for lung oligometastases is offered.
Chapter 2 presents the results on the comparison between surgery and sBrt for the
treatment of lung metastases based on a systematic review of the available literature.
the second part of this thesis concentrates on the aspects that potentially configure a true oligometastatic state, with a particular insight on the connections between cancer, inflammation and nutritional status. Chapter 3 analyzes the role of
lymphadenectomy performed during pM for metastases from various cancer types
and the impact of nodal involvement on patients’ outcome. this article stimulated a
discussion with other researchers that is described in Chapter 4. Chapter 5 demonstrates how obesity has a positive influence on the prognosis of patients with operated lung oligometastases, in the paradoxical relationship between nutritional status
and cancer behavior. Chapter 6 focuses on the peculiar and not fully elucidated relationship between inflammation and cancer, depicting that a proinflammatory state
may play a detrimental role on neoplastic progression. Chapter 7 highlights that low
muscle mass is not an indicator of tumor aggressiveness in patients with an
oligometastatic state, in contrast with what has been previously described in the setting of polimetastatic disease and offers a starting point for future investigations on
the balance between cancer metastases and the host nutritional status.
eventually, Chapter 8 describes the study protocol of a prospective trial on the
comparison between lung intraoperative ultrasonography by Vats and manual palpation by thoracotomy in identifying lung nodules during pulmonary metastasectomy.
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Surgery versus stereotactic radiotherapy
for treatment of pulmonary metastases.
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Abstract
It is not clear as to which is the best treatment among surgery and stereotactic
radiotherapy (SBRT) for lung oligometastases. A systematic review of literature with
a priori selection criteria was conducted on articles on the treatment of pulmonary
metastases with surgery or SBRT. Only original articles with a population of patients of more than 50 were selected. After final selection, 61 articles on surgical
treatment and 18 on SBRT were included. No difference was encountered in shortterm survival between pulmonary metastasectomy and SBRT. In the long-term
surgery seems to guarantee better survival rates. Mortality and morbidity after treatment are 0-4.7% and 0-23% for surgery, and 0-2% and 4-31% for SBRT. Surgical
metastasectomy remains the treatment of choice for pulmonary oligometastases.

Lay abstract
Patients with metastatic cancer with a limited number of deposits may benefit
from surgical removal or irradiation of tumor nodules in addiction to chemotherapy. Surgical resection has been demonstrated to improve survival and, in some cases,
can be curative. Stereotactic radiotherapy is emerging as a less invasive alternative to
surgery, but settings and implications of the two treatments are profoundly different. The two techniques show similar results in the short-term, with lower complications rates for radiotherapy, while in the long-term surgery seems to guarantee
higher survival rates.

2. SURGERY VERSUS STEREOTACTIC RADIOTHERAPY

Introduction
Standard treatment for metastatic disease has historically been systemic
chemotherapy, usually with only limited benefit on survival1. Evidence drawn from
retrospective series have documented how patients with a limited pattern of disease
demonstrate improved long-term outcomes when submitted to local aggressive
treatments2. While complete surgical excision has always been acknowledged as the
upfront treatment for this condition3, in more recent years other techniques have
been introduced, such as stereotactic radiotherapy (SBRT), which is a hypofractionated, high-dose delivery of radiation on a target tumor. This seems to guarantee
comparable results with surgery in many retrospective series in terms of control of
disease4-6, with the advantage of lower invasiveness and postprocedural complications. To our knowledge, there is no prospective trial or systematic review to date
comparing the effectiveness and safety of the two treatment modalities. Therefore,
we reviewed both retrospective and prospective case series, which assessed the efficacy of pulmonary metastasectomy or SBRT in patients with an oligometastatic state
in terms of prognostic outcomes, control of disease and safety of treatment.

Materials and methods
Search strategy
A literature search was conducted in accordance with the Preferred Reporting
Items for Systematic Review and Metanalyses (PRISMA)7. An unrestricted literature search was performed using PubMed, EMBASE, Web of Science and Google
Scholar Databases, as well as congress proceedings from major Thoracic and Cardiothoracic society meetings. Search terms were: ‘lung metastases’ ‘surgery’ OR
‘stereotactic radiotherapy.’ The search strategy was decided by two authors (FL and
WG) and approved by another reviewer (SG). The literature was limited to articles
published in English. References of original articles were reviewed manually and
cross-checked for other relevant reports.
Selection criteria and quality assessment
The literature research was conducted by previously defining a searching strategy using the PICOS method8. Initial selection criteria for study inclusion were:
• Type of study: original articles, no review or safety/feasibility studies;
• Primary tumor: no restrictions;
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•
•
•
•

Type of metastases: only pulmonary;
Treatment modality: surgery or SBRT;
Population >50;
Adequate information regarding prognostic results, adverse events or both.

Since the first description of the oligometastatic state dates back to 1995, we included only articles published since 1995. Last search was run on 15th January
2018. Two authors (FL and WG) selected the study for inclusion, extracted studies,
as well as patient information and outcomes. Two reviewers (JGM and UL) independently assessed eligibility of the studies and risk of bias. Studies assessing the efficacy of radiofrequency ablation were excluded since we decided to concentrate on
the comparison between surgery and SBRT. If case sample size and/or treatment results have not been clearly reported in the abstract, articles were assessed via full text
analysis for final inclusion in the review. In case of disagreement, consensus between
reviewers was obtained through conjunct review and discussion throughout all the
selection process. We tried to contact one author to gather some information regarding results reported in his article9, but we did not succeed in doing so. Data
were placed into a collection sheet and information included: characteristics of populations of patients (median age, sex ratio), inclusion/exclusion criteria of patients
in the relative studies and basic disease (primary tumor, number of pulmonary lesions, diameter of lung deposits); interventions (surgery, SBRT or both) and treatment modalities (for surgery: surgical approach, kind of resection and postresectional status; for SBRT: radiation doses, number of fractions of treatment delivery);
length of follow-up; outcomes of treatments (survival, rates of recurrence, progression-free survival [PFS], local control [LC], mortality, adverse events and surgical
complications). Articles were reviewed for risk of reporting biases or evident errors.
Since both treatment modalities deal with a neoplastic condition the main outcome
of interest was survival and incidence of recurrence. Where available we also collected data on the tolerability and safety of both treatments, in the sense of incidence
of adverse events, complications and mortality within the first 30 days. Given the
wide heterogeneity of reporting clinical information across the different studies, we
processed some data in order to get them aligned and comparable: gender prevalence has been modified into male/female number; age has been reported as it was
originally as median and interquartile range, median and overall range or mean ±
standard deviation; primary tumor histology, type of treatment (approach, kind of
resection and postresection status for surgery and dose of radiation and number of
frames for SBRT), outcomes, morbidity, mortality and complications have been
translated, where necessary, into percentages instead of absolute values.
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Results
Study selection
Article selection process is reported in the diagram in Figure 1. The first search
on electronic databases, after exclusion of duplicates, led to 4746 results. The first

FIGURE 1. Flowchart of articles selection process. RFA: Radiofrequency ablation; SBRT: Stereotactc Radio-

therapy.
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screening led to 685 abstracts, which were further scrutinized: 145 original works
were selected based on language (only English), sample size (>50 patients), pattern
of disease (oligometastatic) and treatment performed with curative intent (SBRT
and surgery, no radiofrequency ablation, cryoablation or other local treatments);
safety or feasibility studies on new techniques were also excluded. If a manuscript
reported on comparative results between surgical metastasectomy and SBRT, but
only one of the two populations of study was greater than 50 patients, data were collected only on the arm of treatment meeting the minimal requirements on sample
size. Last selection step was performed on full text analysis. One study was identified after checking references lists and included in the review. After final selection, a
total of 79 studies were included and, of these, 61 were reports on surgical case series
and 18 reported on the results of SBRT.
Bias
The majority of surgical studies (50.8%) do not report the size of resected lesions, which is a well-known prognostic factor and an important information regarding the burden of disease. Moreover, a few included articles reported the number of metastases ranging over five, which is the original up limit for the definition
of an oligometastatic state. Conversely, a minority of studies reported information
regarding a history of previous local ablative treatments for oligometastases or the
synchronous/metachronous development of metastases. Considering the relevant
impact of these aspects on the patients’ prognosis10, this undoubtedly represents a
huge limitation of the analysis. We observed how a relevant proportion of publications on surgical series report percentages of incomplete resections ranging between
3 and 21.3%: this represents evidence of involved margins of resection in most cases, but some studies reported percentages of macroscopic residual disease. Including
this subset of patients in survival analysis may have a considerable impact on survival rates of the whole population, considering the known detrimental effect of incomplete resection on prognosis11. None of the included studies on SBRT reported
that a histological confirmation of the metastatic nature of nodules was carried out
before or after treatment. This might suggest that a proportion of the irradiated
nodules were not neoplastic, which has potential impact on the survival and recurrence analyses. Although a statistical analysis on the difference of populations’ age
between surgical and SBRT series could not be performed, median/mean age tend
to be higher in SBRT studies. This point should be considered when comparing results of both treatments, since populations might be different in terms of baseline
conditions, with relevant effects on outcomes.
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Patient population & tumor characteristics
Surgery
Results concerning study populations and the characteristics of tumors in surgical
series are reported in Table 1. Among the 68 manuscripts on surgical series, only one
was a prospective observational study, whereas the others were all retrospective. Some
works report how their data were derived from prospectively maintained databases,
but none of them clearly reported a prospective protocol for their study. Population
size ranged between 50 and 5206, with a median sample size of 114 patients (interquartile range [IQR]: 78-202). Apart from few articles reporting outcomes on the
treatment of patients with metastases from sarcoma – where subjects were usually
younger – mean or median values ranged uniformly between 48 and 66 years. With
the obvious exception of the series of patients treated for metastases from breast cancer, the majority of works reported a marked prevalence of males in their populations.
The larger proportion of studies pertained to populations of patients with metastases
from colorectal cancer only (24 articles) or various primary tumor origin (19 articles).
Seven articles illustrated results of patients treated for metastases from primary sarcoma. The large majority of articles (95.1%) report number of metastases, but the way
this information is detailed vary quite extensively across studies: number of pulmonary deposits is referred as mean/patient, total number, single versus multiple or
stratified per number with relative percentages/absolute numbers. The same observation can be made regarding size of pulmonary metastases, but in this case the information is provided in less than half of the manuscripts. A quite high conformity has
been found in reported inclusion criteria. However, in 14 articles (20.6%) no reference was made to criteria for enrolling patients in the studies12-25.
SBRT
Information regarding the study population and tumor characteristics of SBRT
series are reported in Table 2. With the exception of one prospective study, all included papers regarding the results of SBRT were retrospective case series. Median sample population was 66 patients (IQR: 61-96, range: 50-700). Age has usually been
reported as median or mean and range, whereas in three articles it has been stratified
as 60 years the cutoff for subdivision. Only in one article median age was <60 years26,
whereas most populations’ median/mean age ranged between 65-71. Male sex was
prevalent in the majority of articles (88.9%) with a male/female ratio ranging between 0.93-6.12. Regarding tumor characteristics, 77.8% of articles included patients with pulmonary metastases arising from various primary tumors. Three articles
(16.7%) were focused on results of irradiated metastases from colorectal cancer and
only one on the recurrence of lung tumors. The number of lung deposits has been
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presented as absolute numbers, mean/patient or stratified with relative number/percentages. Tumor size has been variously described as diameter or volume, this latter
both as gross tumor volume (GTV) or planning tumor volume (PTV). In 22.2% of
papers tumor size has been reported as stratified in classes, in a quite heterogeneous
way across studies. Patients’ inclusion criteria was reported in 83.3% of articles,
72.2% also described definition criteria for an oligometastatic state and, in most of
the publications, the maximum size of metastases accepted for irradiation <50 mm.
Treatment
Surgery
The description of surgical approaches and length of follow-up are presented in
Table 3. A common attitude was determined regarding surgical approach and extent
of resection. The most common surgical approach reported was thoracotomy. Interestingly, a positive trend has been found in more recent publications in the reported
percentages of resection performed via thoracoscopy (VATS). Bilateral localizations of
disease have been treated with different approaches: staged thoracotomies within a
short interval of time represent the main proportion, while other approaches such as
median sternotomy, synchronous bilateral thoracotomy, hand-assisted procedures
and clamshell incision have been described in several papers. A large proportion of authors favored a lung-sparing resection, atypical resection, which was also the most frequent intervention performed. Wedge resections were reported as almost the totality
of procedure performed in one paper employing a substernal hand-assisted approach,
whereas they represent only 11% of resections performed in a series of patients with
metastases from breast cancer. Apart from these cases, in many publications atypical
resections have been employed in approximately 60-70% of surgical procedures. Extensive resections represent a minor proportion in the majority of works, but pneumonectomies constitute up to 19.5% of resections performed in some series. Several
studies mention percentages of patients where residual disease could be assumed (microscopic, R1) or evident (macroscopic, R2) after metastasectomy. A R0 resection was
achieved in >90% of cases in most articles, but rates of incomplete resection and even
macroscopic residual disease could reach 20% in several reports18.
There was wide heterogeneity in reporting follow-up time with 15 authors
(24.6%) not mentioning it at all. Median follow-up was greater than 2 years in
67.2% and greater than 4 years in 18% of included articles.
SBRT
The description of treatments and length of follow-up is reported in Table 4. A
wide range of treatment regimens were found within and across studies, in terms of
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TABLE 3. Surgery: Treatment and Follow-up
Study
Fourquier et al. 13
Robert et al. 27
Pastorino et al. 11
Van der Veen et al. 14
Abecasis et al. 28
Kolodziejski et al. 29
Leo et al. 30
Friedel et al. 31
Piltz et al. 32
Planchard et al. 33
Monteiro et al. 34
Vogelsang et al. 35
Shiono et al. 36
Casali et al. 37
Furak et al. 38
Harting et al. 39
Rena et al. 40
Assouad et al. 16
Melloni et al. 17
Veronesi et al. 41
Dahabre et al. 9
Smith et al. 18
Yoshimoto et al. 42
Winter et al. 43
Lin et al. 44
Rama et al. 45
Takakura et al. 46
Borasio et al. 47
Riquet et al. 48
Sardenberg et al. 49
Tacconi et al. 50
Casiraghi et al. 51
Long et al. 52
Stephens et al. 53
Zabaleta et al. 54
Blackmon et al. 19
Chua et al. 55
Goonerante et al. 20
Hirosawa et al. 56
Mizuno et al. 21
Lo Faso et al. 57
Poletti et al. 58
Cho et al. 59
Renaud et al. 60
Renaud et al. 61
Zampino et al. 62
Booth et al. 63
Hou et al. 22
Seebacher et al. 64
Guerrera et al. 65
Filippi et al. 66
Franzke et al. 67
Girelli et al. 68
Okiror et al. 69
Guerrini et al. 70
Gafencu et al. 23
Kim et al. 24
Shiomi et al. 71
Sun et al. 72
Shiono et al. 15
Lodeweges et al. 25

Resection
W56%; S: 6%; L:34%; SL: 2%; P: 10%
W: 66%; S: 5%; L: 24%; P: 5%
W: 66.7%; S: 8.6%; L: 21.3%; P: 2.5%
W: 94.9%; L: 5.1%
W: 55.5%; S: 2.0%; L: 32.9%; B: 7.6%; P: 2.0%
W: 33%; S: 13%; L: 28%; P: 19.5%; ETh: 6.5%
P: 4.5%; L: 26.8%; W/S: 68.7%
W: 61.2%; S: 12.0%; L: 24.4%; P: 1.3% ; ns: 1.1%
W: 78.6%; S: 6%; L: 12.6%; B: 3.8%
W/S: 74%; L: 20%; C: 6%
W: 70.4%; L: 28.6%; P: 1%
An: 29.8%; W: 70.2%
W: 49.5%; S:19.5%; L: 28.8%; B: 1.1%; P: 1.1%
W: 69%; L: 28%; B: 3%
W: 54%; L: 42%; P: 4%
ns
W: 62.5%; S: 5.6%; L: 23.8%; C: 4.5%; B: 1.6%; P:1.9%
W: 56.6%; L: 20.5%; S: 13.2%; C: 6.0%; P: 3.6%
W: 69.3%; L: 29.5%; P: 1.2%
W: 40.3%; S: 21.6%; L: 35.2%; P: 2.9%
W/S: 45%; L: 41%; B 7%; P: 7%
W: 78.7%; L: 18.1%; P: 3.2%
W: 11.1%; S: 12.2%; L: 75.6%; P: 1.1%
W: 77.8%; S: 12.3%; L: 6.2%; P: 1.2%; B: 2.5%
W: 58.7%; L: 41.3%
W: 78%; L: 17%; O: 5%
W/S: 50%; L: 50%
W: 70.8%; S: 9.5%; L: 19%; B: 0.7%
W/S: 56%; L: 36.3%; P: 7.7%
W/S: 81.8%; L: 15.6%; Bio: 2.6%
W
Tu: 20.8%; W: 39.2%; S:11.8%; L/B: 27%; P: 1.2%
W: 99.5%; L: 0.5%
W/S: 85%; L/P: 15%
W: 47.5%; L: 37.6%; B: 1.0%; P: 5.0%; C: 5.0%
W: 72.5%; S: 12.2%; L: 15.3%
W/S: 51%; O: 49%
W: 54.1%; L: 42.4%; C: 7.4%; P:2.1%
W: 42.3%; S: 38.3%; L: 32.4%
W:84%; S: 9%; L: 7%
W: 64.1%; S: 10.4%; L: 25%; P 0.5%
W/S: 51.3%; Tu: 29.9%; L/B: 15.6%; P 3.2%
W: 77.3%; S: 5.9%; L: 15.6%; P: 0.8%
W/S: 71%; L: 22%; P: 7%
W: 79.5%; L: 18%; P: 2.5%
W: 60.3%; S: 13.6%; L: 26.1%
L: 40%; S:56%; P: 4%
VATS: L: 33.3%: W: 66.7%\
Open: L: 36.8%; W: 63.2%
W/S/La: 94.5%; L: 5.5%
W: 68.1%; S: 8.5%; L: 20.2%; P: 0.5%; C: 2.9%
ns
La: 55.6%; W: 34.8%; S: 5.1%; L: 4.5%
ns
ns
L: 23%; W/S: 77%
W/La: 85.1%; S: 4.9%; L:10.1%
W: 81.4%; S: 8.5%; L: 7.0%; C: 3.1%
W: 76%; S/L: 24%
W: 66.9%; S: 3.2%; L: 29.9%
W: 82.3%; S: 17.7%
ns

Approach
Th: 64%; S: 12%; BTh: 8%; STh: 14%
Th: 68.8%; TL: 5.1%; St: 17.4%; STh: 8.7%
Th: 59.7%; BTh: 11%; St: 27.2%; V:1.7%
St
Th: 91.5%; STh: 6.3%; Cl: 1.1%; V: 1.1%
Th: 99%; St: 1%
U: 79.4%; Bi: 20.6%
Th: 75.4%; St: 20.4%; V: 3.6%; ns: 0.6%
ns
Th: 92%; BTh: 8%
ns
ns
ns
ns
U: 90%; Bi: 10%
U: 58.6%; Bi 41.4%
Th: 95.5%; St: 1.5%; Cl: 0.5%; STh: 2.5%
U: 79.1%; Bi: 20.9%
Th: 93.2%; St/STh: 6.8%
Th
ns
ns
ns
ns
ns
Th: 84%; BTh: 15%; St: 1%
ns
Th: 85.4%; St: 11.7%; BTh: 0.7%; V: 2.2%
ns
ns
HAV
Th: 68.8%; STh 26.3%; St: 2%; HCl 0.2%; O: 0.4%
HAV
ns
Th: 91.2%; V: 6.5%; O: 2.0%
V: 16.2%; St/Cl: 8.7%; Th: 73.4%; O: 1.7%
U: 94%; Bi: 6%
ns
U: 87.6%; Bi: 22.4%
V: 59%; Th: 41%
V
ns
Th/St: 76.1%; V: 23.8%
ns
Th
ns
ns
V: 50%; Th: 50%
Th
Th: 80.9%; St: 18.1%; BTh: 1.0%
ns
Th: 74.5%; V: 25.5%
ns
V: 73%; Th: 27%
V
U:70.0%; Bi:29.9%
ns
ns
V
ns
ns

R0
ns
90%
88%
82.1%
ns
ns
ns
84%
ns
ns
ns
100%
ns
Ns
ns
64.7%
83.6%
Ns
Ns
ns
91.2%
78.7%
ns
ns
ns
ns
ns
ns
ns
ns
ns
85.2%
ns
ns
ns
ns
80%
ns
100%
92%
97%
ns
ns
ns
ns
89.4%
ns
VATS: 98.2%
Open: 100%
ns
92%
ns
99%
83.5%
ns
ns
ns
ns
100%
ns
100%
ns

Follow-up (mo)
42° (1-200)
38* (0-161)
46°
22* (1-132)
22* (1-146)
ns
ns
34° (0-240)
ns
112.8° (2-264)
40.8° ( 3-162)
33* (4-116)
32* (1-110)
ns
ns
34.8* (9-241)
25* (1-218)
ns
20* (4-154)
31° (2-82)
ns
minimum 60
79.2*
ns
37.3* (12-122)
ns
30* (4-126)
36.2* (4.6-126)
46* (2-256)
36.7* (10-138)
65° (8-72)
34°
27.4 (1-74)
27.0°
43* (0-130)
37.2*
20* (0-255)
30* (IQR 16-46)
74* (1-188)
ns
38°
ns
45.5* (23.0-94.2)
33* (IQR: 42.5)
ns
48* (3.6-172.8)
ns
45*
60
45* (IQR, 30-69)
ns
23.8* (2-66)
52*
31* (1-60)
40°
ns
46.4° (9-111)
51
37* (2-138)
64.8*
7.6 years (5.8-9.8)

Follow-up values expressed in months as mean/median (range). °mean; *median. Abbreviations: An: anatomical resection, B: bilobectomy, Bi:bilateral, Bio: biopsy, BTh: simultaneous bilateral thoracotomy, C: combined resection, Cl: clamshell, Eth: exploratory thoracotomy, HAV: substernal hand-assisted thoracoscopic approach, HCl: hemiclamshell, L: lobectomy, La: laser resection, O: other, P: pneumonectomy, R0: No Residual Disease, S: segmentectomy, SL: sleeve lobectomy, St: median sternotomy, STh:
staged thoracotomy, Th: thoracotomy, TL: thoracolaparotomy, Tu: tumorectomy, U: unilateral, V: Video-Assisted Thoracic Surgery, W: wedge resection, ns: not stated.
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TABLE 4. SBRT: Treatment and Follow-up
Study
Hof et al. 6
Ricardi et al. 73
Zhang et al. 26
Oh et al. 74
Filippi et al. 5
Osti et al. 75
Siva et al. 76
Aoki et al. 77
Binkley et al. 78
Jung et al. 9
De Rose et al. 80
Kinj et al. 81
Helou et al. 82
Rieber et al. 4
Yamashita et al. 83
Franceschini et al. 84
Ricco et al. 85
Qiu et al. 86

BED10
ns
ns
79.2-132
100-150
94-138
76-120
ns
100 (85.5-120)
85 (50.4-151.2)
ns
ns
ns
ns
84.4 (22.5-180)
105.6 (75.0-134.4)
ns
100 (IQR 81-136)
ns

Total Dose (Gy)
12-30
26-45
36-60
50-60
26
23-30
(18-50)
50 (45-60)
25 (18-50)
40-60
48-60
50-75
48-52
12.5 (3-33)
ns
30-60
50 (IQR 48-54)
40-60

Fractions
1
1-3
3-5
4-5
1
1
1-5
5 (5-9)
ns
3-4
3-8
3-5
4-5
3 (1-13)
ns
1-8
3 (IQR 3-5)
5-11

Follow-up (mo)
14* (1.5-82)
20.4* (3-77.4)
24.7* (2.9-114.4)
21* (3-107)
24*
15* (3-45)
25*
31.7* (4.3-130)
22* (3-68)
42.8* (11.0-104.1)
28.1* (5.4-104.5)
33* (4-85)
22* (IQR 14-33)
14.3* (0-131.9)
21* (1-119)
24.2° (2.2-115.5)
13* (IQR 6-26)
6.4*

Values expressed as number (fractions) or median (range) or range. °mean; *median. Follow-up values expressed as months. Abbreviations: BED10: biological effective dose, fr: fractions, GTV: gross tumor volume, Gy: Gray, PTV: planning tumor volume, ns: not stated.

prescribed doses of radiation and fractions of delivery. Several papers report percentage of isodose delivered at isocenter and PTV and biologically effective doses
(BED10). All papers reported follow-up period, usually expressed as median and
range. Median follow-up time was higher than 2 years in 44.4% of included articles,
however, none of them reported a follow-up time of >4 years.
Outcomes and complications
Surgery
A description of the prognostic outcomes of surgical treatments and post-operative complications is reported in Table 5. Prognostic outcomes were variously described across studies: a survival analysis has been performed in the vast majority of
articles, but intervals for assessing survivors’ prevalence ranged widely between
short-term (1- and 2- years) and long-term lapses (5- and 10- years). Rates of survival at 1, 5 and 10 years ranged between 88-96%, 15-76% and 11-41%, respectively. Recurrence and progression-free survival (PFS) was reported in a minor proportion of manuscripts (24.6%). PFS rates at 1 and 5 years were 45-87% and 564% respectively. Post-operative mortality was reported in 73.8% of studies, ranging between 0-4.7%. In nearly half of the included studies a clear mention of the
prevalence of complications was not found or could not be derived from presented
data. Where reported, overall complication rates ranged between 0-23%. A description or a list of such complications has been found in 59% of papers.
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TABLE 5. Surgery: Outcomes and Complications
Study
Fourquier et al. 13
Robert et al. 27
Pastorino et al. 11
Van der Veen et al. 14
Abecasis et al. 28
Kolodziejski et al. 29
Leo et al. 30
Friedel et al. 31
Piltz et al. 32
Planchard et al. 33
Monteiro et al. 34
Vogelsang et al. 35
Shiono et al. 36
Casali et al. 37
Furak et al. 38
Harting et al. 39
Rena et al. 40
Assouad et al. 16
Melloni et al. 17
Veronesi et al. 41
Dahabre et al. 9
Smith et al. 18
Yoshimoto et al. 42
Winter et al. 43
Lin et al. 44
Rama et al. 45
Takakura et al. 46
Borasio et al. 47
Riquet et al. 48
Sardenberg et al. 49
Tacconi et al. 50
Casiraghi et al. 51
Long et al. 52
Stephens et al. 53
Zabaleta et al. 54
Blackmon et al. 19
Chua et al. 55
Goonerante et al. 20
Hirosawa et al. 56
Mizuno et al. 21
Lo Faso et al. 57
Poletti et al. 58
Cho et al. 59
Renaud et al. 60
Renaud et al. 61
Zampino et al. 62
Booth et al. 63
Hou et al. 22
Seebacher et al. 64
Guerrera et al. 65
Filippi et al. 66
Franzke et al. 67
Girelli et al. 68
Okiror et al. 69
Guerrini et al. 70
Gafencu et al. 23
Kim et al. 24
Shiomi et al. 71
Sun et al. 72
Shiono et al. 15
Lodeweges et al. 25

OS
5 yrs: 44%
2 yrs: 69%; 5 yrs: 48%; 10 yrs: 35%
5 yrs: 36%; 10 yrs: 26%; 15 yrs: 22%
5 yrs: 38%
5yrs: 29.2%
5yrs: 58%; 10 yrs: 38%
5 yrs: 22%; 10 yrs: 16%
5 yrs: 35%; 10 yrs: 20%; 15 yrs: 18%
ns
3 yrs: 58%; 5 yrs: 45%; 10 yrs: 30%
5 yrs: 47.4%; 10 yrs: 37.7%
1 yr: 90%; 3 yrs: 47%
5 yrs: 61.4%
5 yrs: 36%
5 yrs: 33.6%
3 yrs: 46.2%; 5 yrs: 29%
5 yrs: 37%; 10 yrs: 15.8%
5 yrs: 34.4%
3 yrs: 50%; 5 yrs: 42%; 10 yrs: 30%
5 yrs: 60%
5 yrs: 32.69%
5 yrs: 15%
5 yrs: 54%; 10 yrs: 40%; 20 yrs: 25%
5 yrs: 20.9%
5 yrs: 43.9%; 10 yrs: 19.5%
3 yrs: 61%; 5 yrs: 48%; 10 yrs: 11%
3 yrs: 64.9%; 5 yrs: 48.2%
5 yrs: 55.4%; 10 yrs: 30.8%
5 yrs: 41%; 10 yrs: 27%
5 yrs: 34.7%
3 yrs: 57.9%; 5 yrs: 38.4%
2 yrs: 74%; 5 yrs: 46%
3 yrs: 59.8%; 5 yrs: 47.2%
ns
3 yrs: 70.2%; 5 yrs: 54.3%
5 yrs: 55.4%
3 yrs: 41%; 5 yrs: 34%
5 yrs: 40%
2 yrs: 76.6%; 5 yrs: 46.7%
ns
ns
1 yr: 96%; 3 yrs: 77%; 5 yrs: 56%; 10 yrs: 39%
5 yrs: 55.6%
ns
1 yr: 88%; 2 yrs: 72%; 3 yrs: 66%; 5 yrs: 58%
5 yrs: 43%
5 yrs: 40%; 10 yrs: 27%
5 yrs: VATS :50%; Open: 46%
5 yrs: 27.9%
2 yrs: 80%; 5 yrs: 53%
1 yr: 96%; 2 yrs: 82%
1 yr: 88.2%; 3 yrs: 71.4%; 5 yrs: 69.3%
5 yrs: 66.8%; 10 yrs: 40.5%
ns
1 yr:88.2%; 3 yrs:71.4%; 5 yrs:60.6%; 10 yrs:41.3%
ns
5 yrs: 62.9%
5 yrs: 76%
5 yrs: 71.3%
5 yrs: 70.5%
5 yrs: 41%

PFS
5 yrs; 25%
ns
ns
ns
ns
ns
ns
ns
ns
1 yr: 87%; 3 yrs: 48%
5 yrs: 33.9%; 10 yrs: 19.1%
ns
ns
5 yrs: 26%
ns
ns
5 yrs: 28%; 10 yrs: 13%
ns
ns
ns
ns
5 yrs: 5%
ns
ns
5 yrs: 19.5%
ns
ns
ns
ns
ns
3 yrs: 53.5%; 5 yrs: 40.9%
ns
ns
ns
ns
ns
1 yr: 45%; 3 yrs: 25%
ns
ns
ns
ns
ns
5 yrs: 64.1%
ns
ns
ns
ns
ns
ns
2 yrs: 54%; 5 yrs: 33%
ns
ns
ns
ns
ns
ns
3 yrs: 50.7%
5 yrs: 41%
ns
5 yrs: 38.2%
1 yr: 56%

Median survival
25
ns
35
ns
ns
58
17
35
61
50.4 (2-252)
ns
ns
ns
ns
ns
ns
ns
35
37
ns
42
16
75.6
19.4
ns
ns
ns
28.8 (6-99.3)
45
36.7
ns
ns
40
24.1
72 (0-129)
70.1
23
ns
ns
50
ns
ns
ns
ns
94
50.4
ns
ns
ns
ns
ns
51.0 (46.9-55.1)
90.9
25.5 (1-60)
ns
ns
ns
ns
ns
ns
ns

Mortality
2%
1.8%
1%
0%
4.7%
2.1%
ns
ns
0.95%
0.8%
0
0%
0%
ns
0
ns
0.9%
0
ns
ns
0
3.7%
1.1%
4.4%
0%
0%
ns
0
0
0%
0%
0
0
ns
2%
0
1%
0%
0
ns
0
1.9%
ns
2%
ns
0%
0.9%
0%
0.3%
0.5%
1 (0,7%)
0
ns
0%
0%
0
ns
ns
ns
0%
ns

Morbidity
6%
ns
ns
15.3%
21.2%
9.6%
ns
ns
10.7%
ns
11.5%
3%
ns
ns
ns
11.8%
7.9%
15.4%
ns
ns
0
ns
ns
7.4%
0%
8%
ns
13.1%
14.5%
9.1%
2.3%
13.8%
3.6%
ns
8.3%
1.7%
ns
14%
ns
7.6%
Major 2.4%
22.1%
ns
ns
ns
ns
ns
VATS:19%; open 23%
5.7%
2%
0%
11.5%
ns
ns
ns
2.75%
ns
ns
ns
6.5%
ns

Survival values expressed as months (range). Abbreviations: OS: Overall Survival, PFS: Progression-Free Survival, VATS: Video-Assisted Thoracic Surgery, ns: not stated.
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SBRT
Outcomes of treatment were reported in an extensive manner in most papers
(Table 6). Authors report rates of overall survival (OS) or recurrence-free survival
(RFS) in almost all articles, with the majority of them (88.9%) mentioning percentages of local control (LC), reported as rates of local control and progression, local
failure-free survival or local response. Intervals for assessing survival and tumor proTABLE 6. SBRT: Outcomes and Complications
Study
Hof et al. 6

OS
1 yr: 78.4%; 2 yrs: 65.1%; 3 yrs: 47.8%

PFS
ns

Ricardi et al. 73
Zhang et al. 26

2yrs: 66.5%
1 yr: 78.9%; 3 yrs: 40.8%; 5 yrs 25.2%

2 yrs: 32.4%
ns

Oh et al. 74
Filippi et al. 5
Osti et al. 75
Siva et al. 76
Aoki et al. 77
Binkley et al. 78
Jung et al. 79
De Rose et al. 80
Kinj et al. 81
Helou et al. 82
Rieber et al. 4
Yamashita et al. 83
Franceschini et al. 84

2 yrs: 59.7%; 5 yrs: 56.2%
1 yr: 85.1%; 2 yrs: 70.5%
1 yr: 76.4%; 2 yrs: 31.2%
1 yr: 93%; 2 yrs: 71%
3 yrs: 76%
1 yr: 93.7%; 2 yrs: 74.6%
3 yrs: 64%
1 yr:94.5%; 2 yrs:74.6%; 3 yrs:64.3%; 5 yrs:22.1%
1 yr: 83.8%,; 2 yrs: 69.3%; 5 yrs: 58.3%
ns
1 yr: 75.1%; 2 yrs: 54.4%
3 yrs: 53.2%
ns

ns
1 yr: 72%; 2 yrs: 55.4%
1 yr: 53.9%; 2 yrs: 22%
ns
3yrs: 53.7%
ns
3 yrs: 24%
ns
1 yr: 29.2%; 2 yrs: 14.6%
ns
ns
3 yrs: 32.2%
1 yr:84%; 2 yrs:57.7%; 3 yrs:47%

Ricco et al. 85

1 yr: 74.1%; 3 yrs: 33.3%; 5 yrs: 21.8%

ns

Qiu et al. 86

1 yr: 77.8%; 2 yrs: 42.8%

1 yr: 23.5%;2 yrs: 10.1%

LC
1 yr:88.6%; 2 yrs:73.7%;
3 yrs:63.1%
ns
1 yr:96.6%; 3 yrs:89.4%;
5 yrs:89.4%
ns
1 yr: 93.4%; 2 yrs: 88.1%
1 yr: 89.1% ; 2 yrs: 82.1%
ns
3 yrs: 90%
1 yr: 91.3%; 2 yr: 83.8%
1 yr: 88.7%; 3 yrs: 70.6%
ns
1 yr: 79.8%; 2 yrs: 78.2%
1 yr: 95.6%; 2 yrs: 84.8%
1 yr: 90.9%; 2 yrs: 81.2%
3 yrs: 74.2%
1 yr: 91%; 2 yrs: 84.9%;
3 yrs: 82%
1 yr:80.4%; 3 yrs:58.9%;
5 yrs:46.2%
1 yr: 56.6%; 2 yrs: 30.9%

Mortality Morbidity
0%
ns
0%
0%

4.92%
ns

2%
0%
0%
0%
0%
0%
0%
0%
0%
ns
0.2%
0%
0%

ns
ns
ns
31%
5%
ns
4%
ns
ns
8.3%
ns
ns
ns

ns

ns

ns

ns

Abbreviations: LC: Local Control, OS: Overall Survival, PFS: Progression-Free Survival, ns: not stated.

gression were definitely shorter in SBRT papers: only five of the included articles
(31.2%) reported percentages of local control and survival at 5 years. Rates of OS at
1, 2 and 5 years ranged between 74-94.5%, 31.2-74.6% and 21.8-58.3%, respectively. PFS at 1 and 2 years was 23.5-72% and 10-57% respectively. Mortality rates
have been reported in 83.3% of publications and in 72.2% of series no patients died
as a consequence of ablative treatment. Post-treatment mortality ranged between
0-2%. Overall rates of adverse events were described in 27.8% of papers, whereas a
detailed description of them, often with relative percentages or absolute numbers,
could be encountered more frequently. Adverse events were almost always reported
using the Common Terminology Criteria for Adverse Events (CTCAE)87 and their
incidence ranged between 4-31%. In the majority of articles that reported adverse
events were Grade 1-Grade 2 toxicity, without the need for further treatments or
minor measures only.
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Discussion
Surgical excision of pulmonary oligometastases seems to guarantee improved
outcomes in terms of survival, and it is currently the first-choice treatment for this
condition88. In contrast, SBRT has traditionally been reserved for patients unsuitable for surgical treatment. Nonetheless, recent improvements in technology and
more precise protocols are broadening SBRT current indications89. It has been proposed that SBRT might induce not only tumor cell death, but also a tumor-specific
response of the host immune system, inactivation of remnant micrometastasis and
improved control of disease, in what is known as “abscopal effect”90. Consequently,
some authors evaluated SBRT as an effective and less invasive alternative to surgery
for patients with lung oligometastases75.
The aim of this study was to report the current evidence on these two approaches for treatment of pulmonary metastases and compare them in terms of effectiveness and safety.
The main findings of our study can be summarized as follows:
1) We failed to demonstrate any substantial difference between surgery and SBRT
in terms of short-term survival results.
2) Data on long-term outcomes suggest an advantage for surgery in terms of survival.
3) The incidence of adverse events was overall similar in the reported articles, although in the radiotherapy articles an overestimation of adverse events has been
observed.
In the selected studies, OS at 1 year was 71-96% in surgical series and 7494.5% after radiation therapy. A recent retrospective study comparing the two treatments for metastases from colorectal cancer demonstrated similar rates of survival in
the short term, without significant differences in the two groups66. These figures are
expression of a good outcome after resection/irradiation in the short term, but it is
not clear whether this is a consequence of local ablative treatments or part of the
natural history of the disease91. Patients with an oligometastatic state are a particular
subset of subjects with favorable prognostic factors91 and, therefore, short term survival is probably not the best parameter to establish the comparative effectiveness of
these two treatments. A more appropriate indicator of therapeutic efficacy in the
short term might be the PFS. In the present review PFS was slightly higher in the
surgical studies. In a recent retrospective study comparing surgery and SBRT for
lung metastases Filippi et al. demonstrated a worse outcome in terms of PFS and local progression among patients in the SBRT group66. Since in the context of
metastatic disease the main goal of treatment is not cure but delaying progression
and prolonging survival92, the most important point is performing a procedure that
48

2. SURGERY VERSUS STEREOTACTIC RADIOTHERAPY

eliminates any possible source of further metastatic spread. The presence of residual
tumor has been demonstrated to be the main negative prognostic factor in many
large surgical studies, some of them published in the late 90’s11. While surgical excision with evaluation of resection margins allows an immediate feedback of completeness of resection, the efficacy of SBRT is defined with the concept of LC and it
can only be assessed at follow-up investigations. The primary goal of SBRT for the
treatment of oligometastases is to achieve an excellent rate of LC75. Although the R
parameter refers to the degree of completeness of surgical resection and LC is a late
measure of effectiveness of SBRT treatment, there is an evident analogy between the
two factors in terms of potential eradication of disease. In the reported studies,
slightly better rates of complete resection in the surgical series have been described
when compared with LC at 1 year. This may have a significant impact on recurrence
and PFS and therefore, on long-term prognosis.
Only a minority of reports on SBRT have a follow-up time long enough to describe long-term outcomes data, but from the included studies OS at 5 years tends
to be higher in the surgical series. However, these results should be interpreted with
caution, since SBRT is currently still reserved for patients unfit or unwilling to undergo a surgical treatment and this might have a considerable impact on the baseline
conditions and survival rates of SBRT series populations. In SBRT studies the best
outcomes seem to be reached with high doses of radiation: in the study from Kinj et
al.81, five-years OS reached 58.3% and in the series of Oh et al., this was 56%74.
This confirms that high doses of radiation conveyed to the target nodule, expressed
as biological effective dose (BED10), result in better ablative power and control of
disease92. However, the effectiveness of SBRT seems to depend not only on the irradiation protocols but also on the pattern of development of the oligometastatic
state: in a recent large Japanese nationwide series, patients with a metachronous
oligometastatic state demonstrated higher OS rates compared with those with synchronous oligometastasis10. Nonetheless, increasing attention is being paid toward
the evolution of the pattern of disease in response to systemic therapy or previous
local ablative treatments and future investigations will likely address the role of repeat-oligometastasis, the differences between a genuine or a chemotherapy-induced
oligometastatic state and their impact on the prognosis of patients93. Moreover, the
rapid evolution of systemic treatments and the introduction of molecular-targeted
therapies might change the role of local aggressive treatments in this setting94. In the
surgical series from Smith et al., the authors report a low survival rate of 15% at 5
years and in the same study, complete resection resulted the most relevant factor affecting survival18. In this study the prevalence of R0 resections was low (78%), confirming the importance of a complete eradication of tumor deposits during surgical
treatment. Apart from this exceptions, 5-years OS is usually greater in surgical studies
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and can be as high as 76%. Moreover, several surgical series describe rates of survival
at 10 years reaching 40%29, 34, 42, 58, 70, suggesting that a stabilization or eradication
of disease can be obtained in some cases. Complications and adverse events were reported with similar percentages between surgical and SBRT series, but this is probably the result of a reporting bias: there is an overestimation of adverse events after
SBRT, due to reporting of complications that do not require any further therapeutic
measure. There are consistent differences between surgical excision of metastases
and other ablative techniques: excision of lung nodules allows availability of tissue
for confirmation of the metastatic nature of nodules, assessment of resection margin
for complete resection and pathological study for existing or future targeted therapies95. SBRT is an ablative technique that does not allow tissue harvesting for confirmation of diagnosis. Thus, one may wonder whether all sites of irradiation effectively correspond to metastatic deposits. Indication for irradiation is usually given at
multidisciplinary tumor boards, based on patients’ past medical history, radiological
features of the nodules and dimensional evolution. Nevertheless, even with high levels of suspicion, some benign nodules may mimic tumor features in radiological examinations. Indeed, several surgical investigations report how some excised nodules
did not confirm their metastatic nature at histopathological analysis63, 96. Therefore,
including patients with benign nodules treated with SBRT might overestimate the
survival benefits in the whole population. Another element of concern could be that
treating patients with SBRT means not having any information regarding the R0 status after treatment or possible nodal involvement. Moreover, a suboptimal sensitivity
of preoperative imaging techniques (CT, CT-PET) has been demonstrated97 and unexpected further lung nodules at thoracotomy are not an uncommon finding96, 97.
For SBRT, this might implicate that radiation is not delivered on a potential source
of further tumor dissemination. Finally, our investigation demonstrated that surgical
series provide information based on larger populations and with longer follow-up
times. This makes, in our opinion, results coming from surgical reports more reliable.
As long as greater experience will mature in the use of SBRT and more solid evidence
will emerge from large series, we still recommend surgery as the main therapeutic option for oligometastatic disease of the lung. A prospective randomized protocol comparing the two techniques is required to confirm our conclusions.

Limitations
There are several limitations in this study. The low number of articles directly
comparing the two therapeutic options lead the authors to include series dealing
with one of the two treatments only. Nonetheless, most of the articles reported incomplete information on outcomes and baseline conditions of patients and this
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may have reduced the reliability of results. The net prevalence of retrospective studies and the presence of bias within and across them may have limited the accuracy of
reported evidence. Including studies with metastases from several primary tumors
may have limited the significance of the outcome results, but this was determined
by the fact that most SBRT series deal with metastases arising from multiple histology. SBRT is usually reserved to patients excluded from surgical indication due to
anatomical considerations or general conditions: this may have an impact on prognostic outcomes. SBRT articles described adverse events in a more accurate manner, reporting even low-grade events where there was no need for any intervention:
this undoubtedly overestimated the overall reported incidence of complications
compared with surgical series. Nonetheless many surgical articles did not report the
R category, which is an aspect of main importance when dealing with a therapeutic
resection for a neoplastic state.

Conclusion
Surgical resection of pulmonary oligometastases is a safe and effective practice and
allows a good control of disease and prolongation of life, in cases where a complete resection can be achieved. SBRT is an attractive option with lower invasiveness and side
effects, but long-term follow-up data are still limited. Nonetheless, the heterogeneity
of therapy protocols in SBRT and the intrinsic differences between the two treatments
do not allow to draw a conclusion on the superiority of one option over the other.

Future perspectives
The recent technological evolution led to a better understanding of the tumors’
behavior and the introduction of new molecules changed the view of metastatic disease from being a condition of negative outcome to a stage where the tumor can be
stabilized or eradicated. This draws interesting perspectives:
• What will be the role of local treatments in the context of an ‘induced oligometastatic state’ after systemic therapy regimens administered on patients with an
overt polimetastatic disease?
• In this setting, it would be of great interest to assess the new roles of the different ablative techniques during the evolution of disease;
• Nonetheless, a Phase III trial with long follow-up times and strict inclusion criteria would be recommended to compare the effectiveness of the different aggressive local treatments in the context of oligometastatic disease.
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Abstract
Background and objectives: Lymphadenectomy during pulmonary metastasectomy (PM) is widely carried out. We assessed the potential benefit on patient survival and tumor recurrence of this practice.
Methods: One-hundred-eight-one patients undergoing a first PM were studied.
eighty-six patients (47.5%) underwent lymphadenectomy (L+ group) whereas 95
(52.5%) did not undergo nodal harvesting (L- group). Main outcomes were overall
(OS) and disease-free survival (DFS). Median follow-up was 25 months (IQr 13-49).
Results: At follow-up 84 patients (46.4%) died, whereas 97 (53.6%) were still
alive with recurrence in 78 patients (43%). There was no difference in 5-year survival (L+ 30.0% vs. L- 43.2%, p=0.87) or in 5-year cumulative incidence of recurrence (L+ 63.2% vs. L- 80%, p=0.07) between the two groups. Multivariable analysis indicated that DFI <29 months (p <0.001) and lung comorbidities (p=0.003)
were significant predictors of death. Metastases from non-small cell lung cancer
(NSCLC) increased the risk of lung comorbidities by a factor of 19.8, whereas the
risk of DFI <29 months was increased nearly 11-fold. Competing risk regression
identified multiple metastases (p=0.004), head/neck primary tumor (p=0.009) and
age <67 years (p=0.024) as independent risk factors for recurrence.
Conclusion: Associated lymphadenectomy showed not to give any additional
advantage in terms of survival and recurrence after PM.

3. LyMPhADeNeCTOMy DUrING PULMONAry MeTASTASeCTOMy

Introduction
Oligometastatic disease was first defined by hellman and Weichselbaum in
19951 and indicates that patients are at an intermediate state between a limited primary tumor and a poly-metastatic disease2. Pulmonary metastasectomy (PM) has
become an acknowledged therapeutic option in the context of this disease3-5. Previous series have identified several factors affecting survival3, 6, 7 but, in the recent
years, the attention has been increasingly focused on the role of intrathoracic lymph
nodes status during PM8-12. however, whereas it is widely accepted that systematic
nodal dissection during surgery aids in prognostic stratification and identification of
those patients with a higher risk of disease progression9, 11, 12 little is still known as to
whether performing lymph nodes dissection during PM could influence patient
survival as well as tumor recurrence12.
Therefore, the aim of our study was to investigate whether associated lymphadenectomy may affect mid-term survival and tumor recurrence in patients undergoing PM. Furthermore, we aimed to identify predicting factor of these longterm outcomes.

Materials and methods
This paper was structured according to the Strenghtening the reporting of Observational Studies in epidemiology (STrOBe) statement13.
The approval was waived by ethical Committee due to the retrospective analysis
of the study according to National Laws regulating observational retrospective studies (Italian law nr. 11960, released on 13/07/2004). however, written consent for
use of clinical data for scientific purpose was obtained from all patients.
Patient population
Clinical records from patients undergoing lung metastasectomy with curative
intent between January 2005 and December 2017 in a single Institution (Santa
Maria Della Misericordia University hospital, Udine, Italy) were reviewed. The
population was divided into two groups: (a) Subjects undergoing associated lymphadenectomy and lymph node biopsy (L+) and (b) Patients who did not undergo
lymphadenectomy (L−). Patients characteristics are reported in Table 1. One hundred eighty‐one patients underwent the first PM with a total of 260 lung nodules
excised, accounting for a median number of metastases per patient of 1.43 (range,
1‐7). eighty‐six patients (47.5%) belonged to the L+ group, whereas 95 (52.5%)
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TABLE 1. Patients and Tumor’s Characteristics
Population

All
181 (100)

L95 (52.5)

L+
86 (47.5)

p

Gender
- Male
- Female

105 (58)
76 (42)

47 (49.5)
48 (50.5)

58 (67.4)
28 (32.6)

0.01

Age at Surgery

66 (IQr 58-70)

65 (IQr 55-69)

67 (IQr 59-73)

0.04

ASA
2
3
Comorbidities
Coronaropathy
Arrhythmia
hypertension
Other Cancers
Lung Disease
Diabetes
Chronic renal Failure
Liver Disease
Other

117 (64.6)
64 ( 35.3)

64 (67.4)
31 (32.6)

53 (61.7)
33 (38.4)

0.41

14 (7.8)
13 (7.2)
70 (38.7)
39 (21.5)
25 (13.8)
17 (9.3)
4 (2.2)
8 (4.4)
40 (22.1)

5 (5.3)
7 (7.4)
32 (33.7)
16 (16.8)
16 (16.8)
9 (9.5)
2 (2.11)
6 (6.3)
18 (18.9)

9 (10.5)
6 (7)
38 (44.2)
23 (26.7)
23 (26.7)
8 (9.3)
2 (2.33)
2 (2.33)
22 (25.6)

0.19
0.91
0.14
0.10
0.21
0.96
0.91
0.19
0.28

Primary Tumor
Colorectal
Gynecological
Melanoma
Breast
head/Neck
NSCLC
Kidney
Sarcoma
Other
Thyroid
Parathyroid
Cholangiocarcinoma
Pancreas
Liver
Bladder
Small Bowel
Thoracic Neurofibroma

76 (42)
5 (2.8)
12 (6.6)
7 (3.9)
8 (4.4)
15 (8.3)
25 (13.8)
18 (9.9)
15 (8.3)
3 (2.2)
3 (1.6)
2 (1.1)
2 (1.1)
2 (1.1)
1 (0.5)
1 (0.5)
1 (0.5)

34 (35.8)
1 (1.1)
7 (7.4)
2 (2.1)
3 (3.2)
13 (13.7)
12 (12.6)
12 (12.6)
11 (11.6)
3 (3.2)
2 (2.1)
2 (2.1)
1 (1.1)
1 (1.1)
1 (1.1)
0
1 (1.1)

42 (48.8)
4 (4.6)
5 (5.8)
5 (5.8)
5 (5.8)
2 (2.3)
13 (15.1)
6 (7.0)
4 (4.6)
0
1 (1.2)
0
1 (1.2)
1 (1.2)
0
1 (1.2)
0

0.07
0.14
0.67
0.19
0.38
0.005
0.62
0.20
0.09

RT/CHT
Neoadjuvant
Adjuvant

25 (13.8)
116 (64.1)

13 (13.7)
58 (61.1)

12 (13.9)
58 (67.4)

0.95
0.37

Number of Lesions
1
2
3
4
5
6
7

136 (75.1)
30 (16.6)
6 (3.3)
2 (1.1)
5 (2.8)
1 (0.5)
1 (0.5)

70 (73.7)
15 (15.8)
4 (4.2)
0
4 (4.2)
1 (1.1)
1 (1.1)

66 (76.7)
15 (17.4)
2 (2.33)
2 (2.33)
1 (1.2)
0
0

0.40

DFI

29 (IQr 16-54.5)

29 (IQr 14-57)

29 (IQr 17-40)

0.89

Note: Values are expressed as n (%) or median (interquartile range). Abbreviations: ASA: American Society of Anesthesiologist score, NSCLC: Non-Small Cell Lung Cancer, rT: radiotherapy, ChT: Chemotherapy, DFI: Disease-free Interval.
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were in the L− group. Lung comorbidities were mainly represented by chronic obstructive pulmonary disease (COPD). Twenty‐four patients were affected by
(COPD) and one by interstitial lung disease.
A thoracic and abdominal computed tomography (CT) scan was performed preoperatively to evaluate the operability of lung lesions and to identify extra‐thoracic
localizations of disease. When a CT scan showed enlargement of intrathoracic lymph
nodes, a positron emission tomography (PeT) scan was performed to assess metabolic activity at this site. In case of suspicious nodal uptake, a preoperative invasive mediastinal staging was carried out and patients with histologically proven nodal involvement were excluded from surgery. Fifty‐one patients had a PeT scan done preoperatively and three had evidence of positive mediastinal nodal uptake. Two were
investigated with cervical mediastinoscopy and one with endobronchial ultrasound.
The follow‐up after the treatment of the primary tumor included outpatient visit, thoracic and abdominal CT scan and blood test every 3 months for the first 2
year and every 6 months thereafter.
Main outcomes and definitions
Main outcomes were survival and freedom from the first recurrence of metastasis after surgery (disease‐free survival [DFS]).
Disease‐free interval (DFI) was defined as the time lapse between resection of
the primary tumor and first diagnosis of pulmonary metastases whereas DFS was
the period after PM without evidence of tumor re‐recurrence.
Neoadjuvant treatment was defined as the administration of chemotherapy or
irradiation of a tumor before definitive surgical treatment, in this case, referred to
the primary neoplasm, whereas an adjuvant treatment was a systemic treatment administered after surgical resection.
Tumorectomy was defined as the removal of a nodule along with minimal surrounding normal pulmonary tissues. An “open approach” was a surgical procedure
through thoracotomy or sternotomy.
Surgical indications
Indications for surgery were: (a) Controlled primary tumor; (b) Absence of extra‐thoracic disease or extra‐thoracic localizations judged amenable to local therapies. (c) Lung disease considered suitable for complete resection. (d) Absent proven
intrathoracic lymph nodes involvement. (e) Predicted postoperative forced expiratory volume in 1 second and diffusing capacity of the lung for carbon monoxide more
than 40%15, 16.
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Bilateral metastases or number of nodules were not considered as exclusion criteria. Patients with evident macroscopic residual disease or where resection had been
performed only for the diagnostic purpose were excluded from the analysis. Similarly, patients whose excised nodules did not confirm their metastatic nature were excluded. Finally, we included only patients who had not previously undergone previous PM or other ablative treatment for the same disease.
Surgery
Details on surgical procedures are reported in Table 2.
TABLE 2. Operative Approach and Kind of Resection
Population

All
181 (100)

L95 (52.5)

L+
86 (47.5)

p

Resection
Tumorectomy
Wedge resection
Segmentectomy
Lobectomy
Bilobectomy
Pneumonectomy

5 (2.8)
112 (61.9)
12 (6.6)
58 (32)
1 (0.5)
0 0

4 (4.2)
83 (87.4)
6 (6.3)
3 (3.2)
0
0

1 (1.2)
29 (33.7)
6 (7)
55 (64)
1 (1.2)

0.21
<0.0001
0.85
<0.0001
0.29

Approach
VATS
Open

85 (47)
100 (55.2)

55 (57.9)
42 (44.2)

30 (34.9)
58 (67.4)

0.002
0.0017

Post-Resectional Status
r0
r+

174 (96.1)
7 (3.9)

88 (92.6)
7 (7.4)

86 (100)
0

0.01

Note: Values are expressed as n (%). Abbreviations: VATS: Video-Assisted Thoracic Surgery, r0: No residual Disease,
r+: Presence of residual Disease.

Surgery was performed both by video‐assisted thoracic surgery (VATS) or standard thoracotomy based on anatomical considerations and surgeon’s preferences.
The extent of resection was minimal enough to guarantee complete excision with
negative margins, in view of a lung‐sparing surgery. Therefore, single peripheral lesions were generally treated with wedge resections or segmentectomies, whereas
larger or central nodules or multiple lesions located to the same lobe required major
lung resections to be executed. Bilateral metastases were approached with
staged/synchronous bilateral thoracotomy/VATS or median sternotomy.
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Lymphadenectomy has been performed both as nodal sampling and lobe‐specific lymph node dissection. In detail, 62.8% of patients underwent both N1 and N2
nodal harvesting, 30.2% only N1 lymph nodes biopsy and 7% only N2. 41.9% of
patients were submitted to a lobe‐specific nodal dissection (with excision of at least
two N1 and two N2 nodal stations), whereas 58.1% underwent a nodal sampling
with a median number of stations explored of 2 (IQr, 2‐3; range, 1‐5). Nodal sampling was defined as picking of a limited number of lymph nodes at specific
N1‐N2 nodal stations, whereas a lobe‐specific node dissection is defined as the complete removal of all visible lymph nodes and surrounding fat tissue at level of the hylo‐mediastinal stations specific for the lobe where the resection has been performed,
as defined by previous articles17.
In the L+ group, the lymph node specimens were histologically analyzed and
categorized according to the International System for the staging of Lung Cancer18.
Statistical analysis
The normality of distribution was assessed using the Kolmogorov‐Smirnov test.
Continuous data were summarized as mean and standard deviation or median and
25th to 75th percentiles in case of non‐normal distributions. Categorical variables
were reported as counts and percentages. Comparisons were carried out using Fisher’s
exact test and McNemar test where appropriate.
The Kaplan‐Meier method and log‐rank test were used for survival analysis. A
Cox regression model was used to estimate predictors of death. The proportional
hazard assumption was confirmed by use of Schoenfeld residuals. Cumulative incidence curves were used to graphically depict tumor recurrence and statistical significance was tested with the Gray test. A competing risk analysis was used to avoid
overestimation of the incidence of recurrence.
Cut‐offs were determined by receiver operating characteristic (rOC) curves
analysis as the optimal threshold for predicting death and tumor recurrence. We validated the results using the bootstrap method (1000 iterations). Subgroup analyses
were performed testing for interactions by entering interaction terms between each
subgroup and main predictors, with an interaction p <0.10 considered statistically
significant. Furthermore, the effect of the main predictors in each subgroup was
tested at multivariable analysis.
r, release 3.2.3 (r Foundation for Statistical Computing, Wien, Austria) software and “survival”, “cmprsk” and “forestplot” packages were utilized. Significance
for hypothesis testing was set at the 0.05 two‐tailed level.
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Results
Main outcomes
Overall, 20 patients had bilateral resections. Seventeen patients (9.4%) were discovered with synchronous metastases at the time of diagnosis of their primary tumor and underwent pre or postoperative chemotherapy. Among the remainder 164
patients who developed metachronous metastases, 83 (50.6%) received a systemic
treatment before or after PM. Administration of systemic treatment was established
by medical oncologists, based on patients’ and tumor features.
early results and postoperative complications are reported in Table 3. At median
follow‐up (100% complete) of 25 months (IQr 13‐49 months, range 1‐155), 84
TABLE 3. Complications and Survival
Population
Complications
Total
haemorrhage
Persistent Air-leak
Arrhythmia
ArDS
Pneumonia
Other

All
181 (100)

L95 (52.5)

L+
86 (47.5)

p

27 (14.9)
4 (2.2)
8 (4.4)
5 (2.8)
2 (1.1)
9 (5.0)
12 (6.6)

10 (10.5)
2 (2.1)
2 (2.1)
0
0
3 (3.2)
4 (4.2)

17 (19.8)
2 (2.3)
7 (8.1)
5 (5.81)
2 (2.3)
6 (7)
8 (9.3)

0.08
0.92
0.02
0.017
0.13
0.23
0.17

43.2%
20%

38.9%
33.1%

0.73
0.61

60 Months-OS
60 Months-DFS

Note: Values are expressed as n (%) or median (interquartile range). Abbreviations: ArDS: Acute respiratory Distress
Syndrome OS: Overall Survival DFS: Disease-Free Survival.

patients (46.4%) died, whereas 97 (53.6%) were still alive. Cancer progression was
the cause of death in 67 patients (79.8%) whereas 17 (20.2%) died from other causes.
Median survival was 24.5 months (IQr, 13‐49) in the L+ group and 25 months
(IQr, 13‐48 months) in the L− group (p=0.98). Median DFS was 11 months (IQr,
5‐29 months) in both groups (p =0.79). Overall five‐year survival (Figure 1A) was
41.2% and there was no difference in survival between the two groups (Figure 1B; p=
0.87). Without considering patients with NSCLC, 5‐year survival was still comparable (39.7% [28.2‐54.8] vs 43.8% [31.7‐60.6] in L+ and L−, respectively, p >0.9).
recurrence of metastasis occurred in 78 (43%) patients (Table 4) localized pulmonary recurrence was encountered in 34 (43.6%) patients, whereas 44 (56.4%)
patients developed lung and extra‐pulmonary (n=18) or isolated extra‐pulmonary
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FIGURE 1. A. Actuarial survival in the whole
population. B. Overall survival by Groups
(Lymphadenectomy, L+ and no- lymphadenectomy, L-).

(n=26) metastases. Treatment of recurrent metastases included further surgical excision or radiotherapy (rT) for limited disease or systemic therapies for widespread
tumor diffusion or patients unfit or unwilling to undergo surgical treatment. Of
note, 64.7% of patients who had limited lung recurrence were submitted for further
surgical resection, whereas systemic treatment has been proposed for 61.1% of patients with the concomitant extra‐pulmonary disease.
Overall, 5‐years cumulative incidence of recurrence (Figure 2A) was 72.5%
(0.15% variance) and there was no statistically significant difference between groups
(Figure 2B; 80.0% [0.23% variance] vs 63.2% [0.37% variance], in L− and L+, re69
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TABLE 4. Pattern of Recurrence and Treatment

Surgery
radiotherapy
Chemotherapy
No treatment
Other local treatmenta

All
(n=78)

Lung
(n=34, 43.6)

Lung+extra pulmonary
(n=18, 23.1)

Extra pulmonary only
(n=26, 33.3)

34 (44.1)
7 (9.1)
29 (37.7)
6 (7.8)
1 (1.3)

22 (64.7)
1 (2.9)
10 (29.4)
1 (2.9)
0

3 (16.7)
1 (5.5)
11 (61.1)
2 (11.1)
0

9 (34.6)
5 (19.2)
8 (30.8)
3 (11.5)
1 (3.8)

Note: Values are expressed as n (%). aTransarterial liver chemoembolization (TACe).

FIGURE 2. A. Cumulative incidence of recurrence in the whole population. B. Cumulative
incidence of recurrence by Groups (lymphadenectomy, L+ and no- lymphadenectomy, L-).
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spectively p=0.073). Corrected by NSCLC, these figures were 62.8% (0.38%) vs
80.8% (0.29%) in L+ and L−, respectively, p =0.06.
Predictors of outcome
Multivariable analysis indicated that DFI (p <0.001) and lung comorbidities
(p =0.003) were significant predictors of death (Figure 3A). Using a rOC curve the
DFI cut-off was less than 29 months (AUC 0.71 [0.62‐0.79]). At competing risk regression (Figure 3B), multiple metastases (p =0.004), head/neck primary tumor
(p=0.009) and younger age (p=0.024) were identified as independent risk factors for
recurrence. At rOC curve the age cutoff was less than 67 years (AUC 0.73
[0.65‐0.82]). Pathological lymph node involvement did not result in a significant
predictor of recurrence (p=0.21).

FIGURE 3. A. Predictors of death at Cox regression. B. Predictors of recurrence at competing-risk analysis. Abbreviations: hr, hazard ratio; Shr, Sub-hazard ratio; CI, Confidence Interval.
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We found a significant interaction for death between lung comorbidities and
NSCLC (p=0.025) and DFI less than 29 (p=0.014). At sub‐analysis, for death (Figure 4) NSCLC increased by 19.8 times the risk of lung comorbidities and 10.7
times the risk of DFI less than 29 months.

FIGURE 4. Sub-Analysis for Death. A. Interaction between lung co-morbidities and potential influencing factors. B. Interaction between disease-free survival (DFS) and potential influencing factors. Abbreviations: hr,
hazard risk; CI, Confidence interval.

Any significant interaction was also found for recurrence and sub‐analysis. In
addition, Figure 5 shows that the risk of recurrence was lower when potential interacting variables were added. Therefore, since adding the co‐factors hazard risk did
not increase, a number of metastases more than 2, head‐neck tumor and age less
than 67 were independent factors of recurrence.

Comment
The present study was undertaken to investigate whether associated lymphadenectomy could influence the mid-term survival and tumor recurrence in patients undergoing pulmonary metastasectomy (PM).
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FIGURE 5. Sub-Analysis for Recurrence A. Interaction between multiple metastasis and potential influencing
factors. B. Interaction between head/neck tumor and potential influencing factors. C. Interaction between Age
and potential influencing factors. Abbreviations: Shr, Sub-hazard ratio; CI, Confidence Interval.

The main finding of our study is the absence of any significant difference neither in mid-term survival nor recurrence between patients who underwent associated lymphadenectomy or not. however, although not statistically significant, a trend
towards a lower re-recurrence risk (80.0% vs 63.2%, p=0.073) was observed in the
L+ group. The lack of benefits of lymphadenectomy has already been reported by
other groups12 . In addition, stereotactic radiotherapy (SBrT) is gaining increasing
popularity and some trials are ongoing comparing outcomes between surgery an
73

FrANCeSCO LONDerO

SBrT19. If the results will confirm a non-inferiority of SBrT over surgery, the former might become an attractive option for this patients due to its lower invasiveness
and reduced overall risks20. however, it must be considered that, although the reported incidence of involved lymph nodes is not high, the CT scan has a high incidence of false-negative and the positive predictive value of PeT in detecting lymph
node involvement is low21, thus rendering histological confirmation necessary, even
if the patient is offered a non-surgical approach.
In our practice we do not routinely use PeT scan in the preoperative work-up of
patients who are candidates to lung metastasectomy, unless an intrathoracic nodal involvement is suspected based on CT scan images. In accordance with our practice,
recent investigations showed how number of metastases was correctly identified both
by CT and PeT scan in only about 60% of cases. Agreement between clinical and
pathological nodal involvement is quite low for both techniques, however with a little advantage for PeT scan21. Therefore, given the impact of nodal involvement on
the prognosis of these patients we usually prefer to reserve this investigation and delay surgical treatment only for patients with high suspicion of more advanced disease.
Lymph node involvement is generally considered as the invasion of tumor cells
into local lymphatic vessels9 and a positive nodal status indicates a marked aggressive behavior of some tumors with an increased propensity to spread to lympho-vascular structures9, 12 resulting in a higher trend to further metastatic recurrence and
shorter overall survival. Lymphadenectomy has therefore been advocated to allow a
more accurate prognostic stratification as well as a more accurate evaluation of the
patients for potential adjuvant treatments11.
Promoters of lymphadenectomy base their conviction on the following postulates:
1) The identification of metastatically involved lymph nodes undoubtedly carries a
worse prognosis22.
2) Mediastinal lymphadenectomy has a recognized low mortality and morbidity23.
3) In case of metastatic lymphnodes, lymphadenectomy might increase the chance
of removing all tumor deposits and a potential source of further spreading9.
In our series and in accordance with what has been reported by the International
registry3, only 6.9% of patients who underwent lymphadenectomy had histologically-proven lymph nodal involvement although other authors have described this
figure to range between 5 and 32%3, 8, 12, 21, 24, 25. We might hypothesize that the
low prevalence of nodal metastases might be due to our close follow-up protocol
and the consequent early referral of patients and to the strict preoperative workup to
select candidates for surgical treatment.
Another finding of our analysis, in accordance with large retrospective studies7, 26, is that a short interval between primary tumor resection and development
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of metastases (disease free interval, DFI <29 months) had significant impact on survival with a 5% risk reduction per 1-month DFI increase. In addition, we found also that the presence of lung comorbidities was associated with a 2.9-fold rise of the
risk of death. In our series lung disease were mainly represented by obstructive pulmonary disease (24/25, 96%). We might assume that patients with lung comorbidities, and mainly those who already underwent a major lung resection for their primary tumor, may be compromised from a functional point of view to safely undergo any further surgical treatment, and therefore less effective systemic treatments
might have been undertaken under these circumstances. This observation, from our
point of view, confirms the current indication for a lung-sparing resection for pulmonary metastases, resulting in adequate postoperative pulmonary function which
reflects in good post-operative quality of life, both main pre-requisites when a surgical treatment option is offered to this subset of patients27, 28. Therefore, wedge resection might be advisable when both anatomical conditions and tumor extension allow a limited pulmonary resection28.
Interestingly, whereas primary NSCLC alone was not an independent risk factor
for death and neither survival (p >0.9) nor recurrence (p=0.06) were different between the two groups even corrected by this factor, NSCLC increased the risk of
death by about 20 times when associated with lung disease and by >10 times if associated to DFI <29 months. Whether this subset of patients is representative of a particularly aggressive lung cancer histotype is unknown and, however, beyond the
scope of this investigation. however, in case of patients with short DFI and /or lung
comorbidities, when concomitant signs of potential NSCLC aggressiveness are present, such as the spreading of tumor cells through the bronchial tree29, both indication and surgical resection extension might be questionable. Indeed, aerogenous tumor spread is an acknowledged negative prognostic factor gaining increasing attention in recent years30. Under these circumstances, we believe that indication for
surgery should be carefully discussed by a multidisciplinary team and tailored to the
individual patient. Unfortunately, we currently have no information to perform an
analysis on this subset of patients, but this will be subject of further research.
Finally, multivariable analysis revealed three independent predictors of tumor
recurrence:
a) Multiple metastases increased >28% the risk of developing a further recurrence
after surgery and this represent something new since, whereas there was already
evidence of its influence on survival3, 25, 31, its impact on recurrence had never
specifically investigated before.
b) Metastases arising from tumors of the head and neck district were significantly
associated with 3.3-time higher risk of recurrence. Also, this is a new finding
since this factor was explored only in small series with short follow and however
only in relation to survival32, 33.
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c) Patients aged less than 67 years had a significant higher risk of tumor recurrence
and this risk lowered by 2% per year increase. This is in contrast with the trend
of results in literature33, 34 and it could be justified by the supposed tendency of
tumor cells to be more indolent in older hosts although this has only been
demonstrated in murine experimental studies35 and still not been confirmed in
human clinical investigations36.

Limitations
This study has some limitations: first, the retrospective design and the relatively
small number of patients impose some caution in interpreting our results.
Furthermore, the study does not compare patients with pathologic lymph node
involvement in the setting of metastasectomy and this might have introduced a bias
to the study design. Nonetheless, this was beyond the principal aim of the study
mainly focused on surgical lymphadenectomy that could help surgeons in referring
patients for potential adjuvant treatments.
Moreover, pathologists from our institution do not routinely count the number
of lymphnodes, therefore the median number of lymphnodes excised cannot be defined.
Additionally, the small number within histotype-subgroups did not allow us to
carry out an analysis by tumor type. We are collecting data for an ongoing research
that will be focused on this subject. however, many previous publications reported
on pulmonary metastases arising from different primitive tumors3, 37-40, and survival
estimates do not differ consistently between populations with single or multiple histotypes of origin41-45.

Conclusion
In our experience, associated lymphadenectomy did not give any additional advantage in terms of survival and recurrence after metastasectomy and it was not a
predictive factor of these main outcomes. Larger cohort prospective studies are necessary to confirm our findings and to define the true prognostic impact of lymphadenectomy during PM.
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Synopsis
Lymphadenectomy during pulmonary metastasectomy is widely performed to
stage patients and identify those at higher risk of disease progression. We assessed
major prognostic outcomes of patients who underwent lymphadenectomy or not
during pulmonary metastasectomy. No differences in overall survival and rates of recurrence were found between the two groups.
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4. NeCeSSIty aNd FeaSIbILIty

to the editor,
We read with great interest the article titled “Lymphadenectomy during pulmonary metastasectomy: Impact on survival and recurrence” from Londero et al.1.
We encounter some questions and would like to make some comments.
Londero et al. analyzed 181 patients undergoing first pulmonary metastasectomy (pM) from 2005 to 2017 and suggested that associated lymphadenectomy
showed not to give any additional advantage in terms of survival and recurrence after pM. however, they did not offer related statistics in the article about lymphadenectomy we are interested in. We think there might be a key role for lymphadenectomy during pM.
recently, we published an original article2 about the pulmonary metastatic tumor in a Chinese journal. a consecutive series of 171 patients undergoing pM in recent 3-4 years showed 3-year overall survival (OS) and 3-year progression-free survival (pFS) after pM were about 86.5% and 66.5%, respectively. Multivariate Cox
regression analysis showed that age (>51 years) (hazard ratio [hr] =4.36; 95% confidence interval [CI]: 1.137-16.723; p=0.032) and a number of lymph nodes harvested (>10) (hr=0.122; 95% CI: 0.033-0.455; p=0.002) were independent risk
factors on pFS after pM. We believed that lymphadenectomy during pM, especially
when the number of lymph nodes harvested was more than 10, could show superior
pFS, which had the potential OS advantage. Nevertheless, there is little chance for
choriocarcinoma to have thoracic lymph nodes metastasis according to our experiences, which is not necessary to have lymphadenectomy. as the Society of thoracic Surgeons expert consensus suggested3, lymph node sampling/dissection concomitant with pM should be considered, because pulmonary metastasis accompanied by mediastinal LN metastasis predicts poor survival. Consequently, we think it
is necessary to perform lymphadenectomy during pM for most pulmonary metastatic tumors, which might also have the potential survival advantage.
On the other hand, it is feasible to perform a lymphadenectomy. there were no
serious complications during the perioperative period in our previous report2. recently, a report4 from the european Society of thoracic Surgeon databases revealed
the short-term outcomes of pM, in which lymph nodes dissection was carried out in
58% of enrolled cases. In our study2, 96.5% patients underwent video-assisted thoracic surgery (VatS), while there were no more than 50% patients undergoing
VatS in the cohort as described by Londero et al.1, which may be because that their
years of surgery came earlier than our patients. and as report4 suggested, when com85
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pared with open surgery, the VatS group had significant advantages of lower morbidity rate, lower mortality rate, fewer cardiopulmonary complications, and shorter
duration of stay. therefore, we think it is feasible to perform lymphadenectomy
during pM, especially when VatS has become a routine operation.
however, our retrospective study has certain limitations with a short follow-up
time. We would appreciate any answer from the authors. Finally, we thank Londero
and colleagues for their profound article.
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We thank dr. Guo and colleagues for their interest in our research and their engaging insight on an interesting topic. dr. Guo highlighted how in a recent publication of his group a high number of lymphnodes harvested during pulmonary metastasectomy (pM) was a significant predictor of longer progression-free survival
(pFS). even though we were not able to read the full article, we congratulate with
the authors for their research. We agree that the comparison between our investigations raises some interesting points of discussion. In accordance with what has been
described by dr. Guo, our investigation showed a trend towards a lower recurrence
of disease in the group of patients where lymphadenectomy was carried out (5 yearspFS 80% vs 63.2%), although the difference did not reach statistical significance
(p=0.073)1. however, there are some evident differences between our two studies:
the number of resected lymphnodes, that turned out as a significant independent
predictor of pFS in dr. Guo’s study, is a parameter that unfortunately we could not
analyze in our retrospective series, as reported in the manuscript. Nonetheless, in
our population we compared patients who underwent lymphadenectomy with others that did not have any lymph node harvested, and the two groups had comparable sizes. We do not know the proportion of patients who underwent associated
lymphadenectomy during pM in dr. Guo’s series: if this is significantly dissimilar
from ours, the differences in our respective conclusions might be justified by a difference in the populations of study. Nonetheless, as dr. Guo underlined, there is a
notable difference in the proportion of patients whose pM was performed through a
minimally invasive approach in our respective studies, and this may have affected
the results.
In our series we observed a slightly higher incidence of persistent air-leak and arrhythmias in the lymphadenectomy group, but the result might be biased by the
higher proportion of lobar resections in this group. We agree that lymphadenectomy itself does not necessarily expose patients to an increased risk of complications,
and that it may help to stratify patients from a prognostic point of view and offer an
indication for post-operative adjuvant treatments2. however, in our opinion the
presence of lymph nodes metastasis is a marker of a disease behavior that goes beyond the definition of “oligometastatic”. In this perspective, lymphadenectomy
does not confer a real benefit in terms of prognostic outcomes. therefore, we believe
that patients should be accurately staged, and, in consideration of the well-known
detrimental effect of nodal metastases in patients with pulmonary metastasis, patients should be offered a surgical option once the presence of nodal involvement
89
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has been ruled out. Lastly, we acknowledge that the design of our study should pose
some caution in interpreting the results, and an accurate prospective study assessing
the impact of lymphadenectomy during pM would be of great value to define the
real effect of this practice on oncological outcomes.
We thank again dr. Guo and colleagues for their interesting considerations.
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Abstract
Obesity correlates with better outcomes in many neoplastic conditions. Aim of
the study was to assess its role on the prognosis and morbidity of patients submitted
to resection of lung oligometastases from colorectal cancer. Seventy-six patients undergoing a first pulmonary metastasectomy were retrospectively included in the
study. Seventeen (22.3%) were obese (BMI >30 kg/m2). Assessed outcomes were
overall survival, time to recurrence and incidence of post-operative complications.
Median follow-up was 33 months (IQr 16-53). At follow-up 37 patients (48.6%)
died, whereas 39 (51.4%) were alive. A significant difference was found in 5-years
overall survival (obese 66.6% vs non-obese 33.6%, p=0.03). At competing risk
analysis cumulative incidence of recurrence was not different between the two
groups. At multivariate analysis number of metastasis, (p=0.028) post-operative
pneumonia (p=0.042) and DFS (p=0.007) were significant predictor of death. At
competing risk regression no independent risk factor for recurrence has been identified. Complications rate was not different between the two groups (17.6% vs
13.6%, p=0.70). Obesity is a positive prognostic factor for survival after pulmonary
metastasectomy for colorectal cancer. Overweight patients do not experience more
post-operative complications. Our results need to be confirmed by large multicenter
studies.

5. rOLe OF OBeSITy ON eArLy AND LONG-TerM OUTCOMeS

Introduction
The prevalence of overweight and obesity in europe is constantly rising in the
last decades1. even though higher values of Body Mass Index (BMI) seem to be associated with an increased risk of developing cancer in several organs2, many articles
report improved survival rates in overweight patients with a neoplastic condition3,
in what has been described as “the obesity paradox”4. Nonetheless, evidence is controversial, and a recent pooled analysis confirmed high BMI to be a positive prognostic factor only in male sex5. The experience in the context of lung oligometastases seems to remark a potential protective effect of obesity over cancer progression
but evidence is still limited6. On the other hand, the impact of obesity on the incidence of post-operative complications in this subgroup of patients has never been
specifically investigated. The objective of this study was to assess BMI as a potential
prognostic factor and a predictive factor of early post-operative outcome in a population of patients undergoing pulmonary metastasectomy for oligometastases from
colorectal cancer.

Materials and methods
This paper was structured according to the Strengthening the reporting of Observational Studies in epidemiology (STrOBe) statement7.
Approval of the study was waived by the ethical Committee due to the retrospective nature of its design, according to National Laws regulating observational
retrospective studies (Italian law nr. 11960, released on 13/07/2004). however, patients gave their written informed consent for the treatment of their data for scientific purposes.
Patient population
We retrospectively reviewed all clinical records from patients who underwent
lung metastasectomy with curative intent for metastases from colorectal cancer
(CrC) between January 2005 and December 2017 in a single center (S. Maria della
Misericordia University hospital, Udine, Italy). Incusion criteria for the study were:
1) previous complete excision of the primary tumor and without other localizations
of disease - or extrathoracic deposits amenable of local aggressive treatments;
2) no history of previous excision of lung metastases;
3) no macroscopic residual disease following metastasectomy;
4) confirmation of the metastatic nature of excised nodules at histology report.
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Patients were divided into two groups: patients with a BMI >30 kg/m2 or
greater (obese) and patients with a BMI <30 kg/m2 (non-obese) according to the definitions of the World health Organization (WhO)8. Biometric parameters were
measured at admission, the day before the planned metastasectomy. During the
time interval 76 patients underwent pulmonary resection with curative intent for
oligometastases from CrC. Patients’ characteristics are reported in Table 1. The priTAble 1. Patients and Tumor’s Characteristics
Population

All
76 (100)

bMI ≥30
17 (22.3)

bMI <30
59 (77.7)

p

Gender: Male

49 (64.5)

12 (70.6)

37 (62.7)

0.77

Age at Surgery

67 (IQr 62-70)

65 (IQr 59-68)

69 (IQr 62-73)

0.10

ASA
2
3

48 (63.2)
28 (36.8)

9 (52.99)
8 (47.1)

39 (66.1)
20 (33.9)

0.39

Comorbidities
Coronaropathy
Arrhythmia
hypertension
Other Cancers
Lung Disease
Diabetes
Chronic renal Failure
Liver Disease
Other

6 (7.9)
7 (9.2)
26 (34.2)
11 (14.5)
5 (6.6)
5 (6.6)
1 (1.3)
5 (6.6)
18 (23.7)

1 (5.9)
2 (11.7)
11 (64.7)
2 (11.8)
1 (5.9)
4 (23.5)
0
1 (5.9)
7 (41.2)

5 (8.5)
5 (8.5)
15 (25.4)
9 (15.2)
4 (6.8)
1 (1.7)
1 (1.7)
4 (6.8)
11 (18.6)

>0.99
0.64
0.004
>0.99
>0.99
0.008
>0.99
>0.99
0.10

Primary Tumor Stage
0
1
2
3
4

1 (1.3)
9 (11.8)
20 (26.3)
42 (55.2)
4 (5.3)

0
3 (17.6)
4 (23.5)
10 (58.8)
0

1 (1.7)
6 (10.2)
16 (27.1)
32 (54.2)
4 (6.8)

0.76

RT/CHT
Neoadjuvant
Adjuvant

20 (26.3)
65 (85.5)

2 (11.8)
12 (70.6)

18 (30.5)
53 (89.8)

0.20
0.06

Number of Lesions
1
2
3
4
5
6

61 (80.3)
11(14.5)
2 (2.6)
1 (1.3)
0
1 (1.3)

10 (58.8)
5 (29.4)
2 (11.8)
0
0
0

51 (86.4)
6 (10.2)
0
1 (1.7)
0
1 (1.7)

0.013

Bilateral nodules

7 (9.2)

1 (5.9)

6 (10.2)

>0.99

DFI

29 (IQr 17.5-45)

19 (IQr 12-38)

31 (IQr 18-45)

0.23

Values are expressed as n (%) or median (interquartile range). Abbreviations: ASA: American Society of Anesthesiologist Score, ChT: Chemotherapy, DFI: Disease-free Interval, rT: radiotherapy.
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mary outcomes we investigated on were overall survival (OS) and disease-free survival (DFS). OS was defined as the time interval between metastasectomy and death
or censored event, whereas DFS was defined as the time interval between metastasectomy and tumor recurrence or censored event. The secondary outcome assessed
was incidence of post-operative complications.
Indication for surgery was offered on the base of oncological and functional aspects: 1) pulmonary oligometastases had to be considered suitable for complete resection; 2) predicted post-operative forced expiratory volume in the first second
(ppo-FeV1) and diffusion lung capacity for carbon monoxide (ppo-DLCO) had to
be >40%; 3) patients were expected to recover with a good quality of life
Surgery
Details on surgical procedure are reported in Table 2. Both open and minimally
invasive approaches have been employed. Sub-lobar resections were usually performed for small peripheral nodules whereas anatomical major resections were reTAble 2. Operative Approach and Kind of Resection
Population

All
76 (100)

bMI ≥30
17 (22.3)

bMI <30
59 (77.7)

p

Resection
Tumorectomy
Wedge resection
Segmentectomy
Lobectomy
Segmentectomy + Wedge
Lobectomy + Wedge

1 (1.3)
38 (50)
3 (3.9)
22 (40.8)
1 (1.3)
2 (2.6)

0
6 (35.3)
1 (5.9)
9 (52.9)
0
1 (5.9)

1 (1.7)
32 (54.2)
2 (3.4)
22 (37.3)
1 (1.7)
1 (1.7)

>0.99
0.27
0.54
0.27
>0.99
0.40

Approach
VATS

35 (46.1)

5 (29.4)

30 (50.8)

0.16

Post-Resectional Status
r0
r+

74 (97.7)
2 (2.6)

17 (100)
0

57 (96.6)
2 (3.4)

>0.99

Values are expressed as n (%). Abbreviations: r0: No residual Disease, r+: Presence of residual Disease, VATS:
Video-Assisted Thoracic Surgery.

quired for large or central lesions or multiple nodules confined to one lobe. Bilateral
deposits were approached with bilateral synchronous or staged procedures, being
the first procedure used as the starting point for survival analysis.
We collected data on pre-operative patients’ features (age, gender, American Society of Anesthesiology [ASA] class, comorbidities), oncologic aspects (disease-free
interval [DFI], primary tumor stage, adjuvant/neoadjuvant treatment, number of
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pulmonary metastases), surgical modalities (approach, kind of resection), and outcomes (length of follow-up, pattern of recurrence and survival, post-operative complications). DFI was defined as the time interval between treatment of the primary
tumor and discovery of metastases.
Statistical analysis
The normality of distribution was assessed using the Kolmogorov-Smirnov test.
Continuous data were summarized as mean and standard deviation or median and
twenty-fifth to seventy-fifth percentiles in case of non-normal distributions. Categorical variables were reported as counts and percentages. Comparisons were carried
out using Fisher’s exact test and McNemar test where appropriate.
The Kaplan-Meier method and log-rank test were used for survival analysis. A
Cox regression model was used to estimate predictors of death. The proportional
hazard assumption was confirmed by use of Schoenfeld residuals. Cumulative incidence curves were used to graphically depict tumor recurrence and statistical significance was tested with the Gray test. A competing risk analysis was used to avoid
overestimation of the incidence of recurrence. Cut-offs were determined by receiver
operating characteristic (rOC) curves analysis as the optimal threshold for predicting
death and tumor recurrence. We validated the results using the bootstrap method
(1000 iterations). Furthermore, the effect of main predictors was tested at multivariable analysis. r, release 3.2.3 (r Foundation for Statistical Computing, Wien,
Austria) software and “survival” and “cmprsk” packages were utilized. Significance
for hypothesis testing was set at the 0.05 two-tailed level.

Results
Main outcomes
Overall 7 patients (9.2%) had bilateral resections, without any significant difference between the two groups (p >0.99, Table 1). Synchronous metastases were detected in 9.2% of patients with no difference between obese and non-obese patients.
early and long-term results are reported in Table 3.
At median follow-up (100% complete) of 33 months (IQr 16-53 months,
range 1-155), 37 patients (48.6%) died, whereas 39 (51.4%) were still alive. A significant difference in overall survival (OS) at 5 years has been encountered between
obese and non-obese patients (66.7% [46.6-95.3] vs 33.6%, [21.3-53.1] p=0.03,
Figure 1). Cumulative incidence of recurrence at 5 years was not significantly differ96
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TAble 3. Complications and Survival
Population

All
76 (100)

bMI ≥30
17 (22.3)

bMI <30
59 (77.7)

p

Length of stay

6 (4-11)

7 (5-14)

6 (4-11)

0.14

Complications
Total
haemorrhage
Persistent Air-leak
Arrhythmia
ArDS
Pneumonia
Other

11 (14.5)
3 (3.9)
4 (5.6)
3 (3.9)
1 (1.32)
5 (6.6)
4 (5.6)

3 (17.6)
2 (11.8)
0
1 (5.9)
0
1 (5.9)
1 (5.9)

8 (13.6)
1 (1.7)
4 (6.8)
2 (3.4)
1 (1.7)
4 (6.8)
3 (5.1)

0.70
0.12
0.57
0.53
>0.99
>0.99
>0.99

66.7%
36.2%

33.6%
21.5%

0.03
0.75

Survival and recurrence
5 years-OS
5 years-DFS

Values are expressed as n (%) or median (interquartile range). Abbreviations: ArDS: Acute respiratory Distress Syndrome, CSS: Cancer-Specific Survival DFS: Disease-Free Survival, OS: Overall Survival.

FIguRe 1. A. Overall survival for the whole population. B. Overall survival by groups (obese, BMI >30 and
non-obese, BMI <30).

ent between the two groups (obese 62.2% [59.2-65.2] vs non-obese 73.8% [72.375.4], p=0.76, Figure 2).
In the whole population 14.5% of patients experienced adverse events after
surgery and no difference was encountered in the incidence of post-operative complications between obese and non-obese patients.
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FIguRe 2. A. Cumulative incidence of recurrence for the whole population. B. Cumulative incidence of recurrence by groups (obese, BMI >30 and non-obese, BMI <30).

Predictors of outcome
At multivariate analysis obesity (p=0.031), number of metastases, (p=0.028)
post-operative pneumonia (p=0.042) and DFS (p=0.007) resulted significant predictors of death.
Using a rOC curve the DFS cut-off was 31.5 months (AUC 0.44 [0.35-0.53])
and the number of metastases’ cut-off was 1.5 (AUC 0.60 [0.47-0.73]). At competing risk regression no independent risk factor for recurrence has been identified.

Discussion
The definition of “obesity paradox” dates to 2002 and was initially described in
the context of cardiovascular disease9. Since then, several articles focused on this issue in the field of oncology, highlighting a more indolent course of disease in overweight patients3, 5, 10, 11. This is consistent with the main finding of our study, the
significant difference in overall survival at 5 years between the two groups after pulmonary metastasectomy, with an almost double rate of survivors among obese patients. Obesity was also found to be an independent risk factor for death at multivariate analysis. Our results are in accordance with the only other article assessing
the role of obesity and overweight on survival after pulmonary metastasectomy6: the
Authors analyzed a population of patients submitted to resection of oligometastases
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from several primary tumors and found a difference both in OS and DFI, suggesting that obesity induces a slower progression of neoplastic disease after resection of
the primary tumor6. Quite interestingly, their results were not affected by the lower
percentage of radical resections in the group of obese patients6. These results are in
line with a recent large retrospective study on patients with metastatic cancer treated
with radiotherapy, where Tsang and colleagues found overweight and obesity to be
independent predictors of better OS3.
BMI is certainly not the best proxy to express the nutritional status of patients:
it does not discriminate the skeletal muscle composition and the adiposity of the
body and does not take into account the variations that may occur during the natural history of disease12. however, it is easily measurable and showed a good correlation with morbidity and mortality12. Patients with advanced cancer usually experience weight loss that is mainly expression of skeletal muscle consumption, a condition known as “sarcopenia”4. recently, several authors focused their attention on
the role of body composition, measured by impedance analysis13 or retrospective review of cross-sectional images4, highlighting the detrimental role of sarcopenia in
the clinical course of neoplastic patients.
While many publications contributed to understand the relationship between
obesity and increased risk of cancer14, the biological mechanisms behind the paradoxical relationship between body mass and outcome of many neoplastic conditions
are still not fully understood15. A possible explanation of this phenomenon has been
identified at a molecular level in the microenvironment of cytokines expressed by
the body: interleukin-6 (IL-6) is a proinflammatory cytokine that showed to induce
both weight loss and tumor progression16, 17 and is usually found overexpressed in
patients with advanced cancer16. Other studies highlighted the prognostic role of
serum leptin and adiponectin in patients with lung cancer18, 19. The retrospective
design of our study did not allow us to perform a precise body mass composition assessment or a measurement of circulating cytokines, but this will be objective of future research.
Another important finding in our study is that number of metastasis, development of post-operative pneumonia and DFS resulted independent predictor of
death. Presence of multiple metastases has been demonstrated to be a risk factor for
worse prognosis in several previous experiences20-22. The importance of the number
of nodules has nonetheless been described in a systematic review of literature on the
results of surgical resection of pulmonary metastases from colorectal cancer where
presence of multiple nodules has been identified as one of the most significant risk
factors for death23. Therefore, our opinion is that patients presenting with multiple
lung metastases from CrC should carefully be considered for resection, notably
when other negative prognostic factors coexist.
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In our experience development of post-operative pneumonia showed to be an
independent negative prognostic factor for survival. Development of post-operative
complications has already demonstrated to correlate with a worse prognosis in a series of patients undergoing resection of pulmonary metastases from head and neck
district tumors24. This finding has been confirmed in a large series of patients undergoing resection of primary colorectal cancer25, suggesting a close relationship between inflammation and cancer promotion. The biological basis behind this phenomenon remain uncertain, but it has been theorized that an “innate immune system distraction” mechanism26 might have a relevant role: the immune system of patients developing an infectious post-operative complication, that normally plays a
key role in cancer surveillance and inhibition, may be diverted to the healing of the
affected site, therefore allowing uninhibited tumor cells progression26, 27. This evidence might lead clinicians to pose a surgical indication only in patients with a low
risk of post-operative morbidity: in our study the duration of in-hospital stay and
the incidence of post-operative averse events were not significantly different between the two groups, although patients with a BMI >30 kg/m2 had a significant
higher prevalence of diabetes and hypertension, that might have predisposed them
to an increased risk of post-operative complications such as cardiovascular events
and infections. To our knowledge this is the first study to date assessing the impact
of obesity on the incidence of post-operative complications after pulmonary metastasectomy. In a large series of patients submitted to surgical resection of liver metastases from CrC the Authors described an increased incidence of adverse events after
surgery in overweight patients, mainly due to pulmonary complications28. In contrast with this evidence, in a large prospective study on patients undergoing general
surgery intervention, obesity was found to determine a mild increased risk of
wound infection only, whereas incidence of major events did not differ from normal
weight patients29. Increased body weight has an important impact on the respiratory physiology: dynamic lung volumes are reduced30 and atelectasis persists longer in
morbidly obese patients31, thus leading to a potential increased risk of pulmonary
complications32. This effect has been confirmed in a surgical series of patients submitted to lung resection for several conditions: obese patients developed a higher increase of alveolar-arterial oxygen difference and hypoxia33 even though clinically relevant consequences did not occur more frequently among obese patients. The experience derived from subjects undergoing lung resection for primary lung cancer
shows conflicting results: Dhakal and colleagues reported no difference in the incidence of post-operative adverse events after anatomical lung resection between
obese and normal weight patients34, and Smith and colleagues demonstrated a
slightly higher incidence of respiratory complications in obese patients, thus without reaching statistical significance35. however, a protective effect of obesity on
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post-operative morbidity and early mortality has been confirmed in a recent metaanalysis on patients receiving lung cancer surgery35. BMI seems to play a more relevant role in case of extensive surgical resection: Petrella and colleagues showed how a
BMI >25 kg/m2 is a significant risk factor for development of post-operative complications after pneumonectomy for lung cancer37.
Therefore, apart for patients proposed for extensive pulmonary resections, obesity may not be seen as a contraindication for surgery or a risk factor for adverse
events in the post-operative phase.

Conclusions
Obese patients undergoing pulmonary metastasectomy with radical intent have
a better overall survival compared to normal weight and underweight patients. Incidence of post-operative complications is not more frequent in obese patients. Further research is necessary to confirm our results and identify more accurate prognostic indicators.

limitations
This study has some limitations. The retrospective design of the study might carry
several biases and the use of BMI as an indicator of body mass instead of a precise body
composition may have underestimated the role of more precise indicators such as
skeletal muscle mass. Nonetheless, this study did not take into consideration the variation of weight that patients may have been subjected to during the course of disease.
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Abstract
Aim of this study was to assess the prognostic value of preoperative Neutrophilto-Lymphocyte Ratio (NLR) and C-reactive protein (CRP) levels in patients undergoing resection of pulmonary oligometastases. A retrospective analysis on 141 patients undergoing a first pulmonary metastasectomy in a single center was carried
out. Patients were subdivided into two groups according to their NLR ratio and
CRP level. Main outcomes were survival and time to recurrence. At completion of
follow-up 74 patients were still alive (52.5%). Subdividing patients according to
their NLR yielded a significant difference in 5-year PFS (NLR <4: 32% vs NLR ≥4:
18%, p=0.01). Patients with preoperative CRP <5 mg/L demonstrated higher values of 5-year OS (57% vs 34%, p=0.006), 5-year CSS (60% vs 34%, p=0.006) and
5-year PFS (35% vs 22%, p=0.04). At multivariate analysis, level of neutrophils
(p=0.009) and lung comorbidities (p=0.021) were independent predictors of death,
whereas preoperative CRP (p=0.002), multiple metastases (p=0.003) and presence
of lung comorbidities (p=0.001) were independent predictors of recurrence. NLR
and CRP are important predictors of prognostic outcome in patients undergoing
pulmonary metastasectomy.
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Introduction
Cancer is one of the leading causes of death worldwide. Although in some circumstances the tumor can be resected with a radical purpose, patients may develop
tumor recurrence and progression, with distant metastases which eventually lead the
patient to death. In a minority of cases such patients present with a “oligometastatic
state”, defined as the presence of 5 deposits or less in no more than two distant organs1. In patients with pulmonary oligometastases surgical metastasectomy is widely
recognized as a valid therapeutic option2. Although this practice is carried out with
the aim of prolonging survival or even being curative, most patients still develop
systemic progression until death3. Several clinical features have previously been
identified as prognostic factors, serving as a tool for selecting patients with better
prognostic characteristics3. In the last two decades increasing attention has been
paid to the role of the immune system and the inflammatory state of cancer patients
on the evolution of disease4. Within the complex network of inflammatory cells and
cytokines in the tumor stroma, lymphocytes seem to play an important role in tumor control4, while neutrophils may promote tumor growth and dissemination5.
Indeed, the neutrophil-to-lymphocyte ratio (NLR) is an expression of the immunological balance of the host and has been shown to have a high prognostic value in
many different cancer conditions6. In the context of oligometastatic lung disease,
patients with higher neutrophil levels were found to have a worse outcome after radical resection7, 8. however, the level of circulating leucocytes is not the only parameter that demonstrates a prognostic value in cancer patients: C-reactive protein
(CRP) is an acute phase protein produced by the liver in response to activation of
macrophages and T-lymphocytes during local and systemic inflammation. It has
been emphasized that raised levels of CRP inversely correlate with survival in cancer
patients and increase the risk of developing cancer in the overall population9. however, there is paucity of evidence regarding the influence of these two parameters
on pulmonary oligometastases. The aim of the present study is to assess the role of
NLR and CRP on the prognosis of patients with lung oligometastases from several
primary tumors.

Materials and methods
This paper was structured according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement10. Approval of the study
was waived by the Ethical Committee due to the retrospective nature of its design,
according to National Laws regulating observational retrospective studies (Italian
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law nr. 11960, released on 13/07/2004). however, patients gave their written informed consent for the treatment of their data for scientific purposes.
Patient population
We performed a retrospective revision of all clinical records of patients who underwent lung metastasectomy with curative intent between January 2008 and December 2017 in a single center (S. Maria della Misericordia University hospital,
Udine, Italy). The following indications for surgery were given at our local multidisciplinary meeting involving medical oncologists, radiologists, radiation oncologists
and thoracic surgeons. Pulmonary metastases had to be considered suitable for complete resection and patients were expected to recover with good quality of life. Predicted postoperative forced expiratory volume in the first second (ppo-FEv1) and
diffusion lung capacity for carbon monoxide (ppo-DLCO) >40% were essential preconditions for surgery. hylo-mediastinal nodal involvement must have been ruled
out by preoperative radiological examination and, in case of suspected nodal involvement, a biopsy through endobronchial ultrasound (EBUS) or video mediastinoscopy had to be performed.
Inclusion criteria for the study were: 1) complete resection of primary tumor, 2)
no other localizations of disease or extra-thoracic deposits amenable to local aggressive
treatments, 3) histological confirmation of the metastatic nature of resected nodules,
4) no macroscopic residual disease, 5) no history of previous pulmonary metastasectomy for the same disease, 6) availability of preoperative blood sample test results, 7)
no history of recent acute infections or inflammatory conditions within one month
before surgery, and 8) no other active cancer. Bilateral or multiple metastases were not
considered to be exclusion criteria. Both open and minimally invasive techniques
(video-assisted thoracic surgery - vATS) were employed to remove lung deposits.
Preoperatively, we collected data on patient features (age, gender, American Society of Anesthesiology (ASA) class, comorbidities, blood sample test analysis), oncologic aspects (disease-free interval (DFI), adjuvant/neoadjuvant treatment, number and size of pulmonary metastases), surgical modalities (approach, kind of resection), and outcomes (pattern of recurrence and survival, postoperative complications).
Inflammation markers
Biochemistry analyses were performed on samples of peripheral blood obtained
within one week before pulmonary metastasectomy. Blood samples were analyzed at
the same institutional laboratory.
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We collected data on blood cell values from peripheral blood sample tests and
calculated the NLR by dividing the absolute number of neutrophils by the absolute
number of lymphocytes. Patients were initially divided into two groups according to
a NLR cut-off of 4, as described in a previous large meta-analysis6.
We also collected data on preoperative CRP and albumin, but this latter was
available in only a minority of patients and therefore the modified Glasgow prognostic score (mGPS), previously described in other studies11, could not be calculated. We thus investigated only the role of CRP as a prognostic indicator. To assess the
prognostic value of CRP, we used a cut-off value of 5 mg/L, which is also used in the
mGPS, to subdivide the population into two groups.
The primary outcomes we investigated were overall survival (OS) and progression-free survival (PFS). OS was defined as the time interval between metastasectomy and death or censored event and PFS was defined as the time interval between
metastasectomy and tumor recurrence or censored event. Disease-free interval
(DFI) was defined as the time interval between treatment of the primary tumor and
development of metastases.
Statistical analysis
Normality of distribution was assessed using the kolmogorov-Smirnov test.
Continuous data were summarized as mean and standard deviation for normal distributions and as median and 25th to 75th percentiles for non-normal distributions.
Categorical variables were reported as frequencies and percentages. Comparisons
were carried out using Fisher’s exact test and the McNemar test when appropriate.
The kaplan-Meier method and log-rank test were used for survival analysis. The
Cox regression model was used to estimate predictors of death. variables with a pvalue<0.05 at univariate analysis were tested at multivariable analysis. The proportional hazard assumption was verified using Schoenfeld residuals. Cumulative incidence curves were used to graphically depict tumor recurrence, and statistical significance was tested with the Gray test. A competing risk analysis was used to avoid
overestimation of the incidence of recurrence. Receiver operating characteristic
(ROC) curve analysis was used to determine the optimal threshold for predicting
death and tumor recurrence. We validated the results using the bootstrap method
(1000 iterations). R, release 3.2.3 (R Foundation for Statistical Computing, vienna,
Austria) software, and “survival”, and “cmprsk” packages were used. Significance for
hypothesis testing was set at the 0.05 two-tailed level.
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Results
Median follow-up time was 35 months (IQR 23-59) and no patient was lost at
follow-up. During this time interval, 207 patients underwent pulmonary metastasectomy with radical intent. Fourteen patients were excluded since they had a repeated metastasectomy, 10 were excluded from the study since they had experienced
a preoperative inflammatory status, and 42 did not have a complete blood cell
count available shortly before the intervention. Finally, 141 patients were included
and represented the study population. Preoperative characteristics of patients are reported in Table 1.
TAble 1. Patient and Tumor Characteristics
Population

All
141 (100)

NlR <4
121 (85.8)

NlR ≥4
20 (14.2)

p

CRP <5
90 (63.8)

CRP ≥5
51 (36.2)

p

Gender: Male

80 (56.7)

68 (56.2)

12 (60)

0.81

42 (46.7)

38 (74.5)

0.002

Age at Surgery

66 (IQR 59-71)

67 (IQR 59-70)

64.5 (IQR 59-73)

>0.99

67 (IQR 59-72)

64 (IQR 59-69)

0.26

ASA
2
3

94 (66.7)
47 (32.9)

82 (67.8)
39 (32.2)

12 (60)
8 (40)

0.60

61 (67.8)
29 (32.2)

33 (64.7)
18 (35.3)

0.71

Comorbidities
Coronaropathy
Arrhythmia
hypertension
Previous Cancer
Lung Disease
Diabetes
Chronic Renal Failure
Liver Disease
Other

9 (6.3)
8 (5.7)
52 (36.9)
34 (24.1)
17 (12.1)
14 (9.9)
3 (2.1)
6 (4.3)
31 (22.0)

8 (6.6)
7 (5.8)
43 (35.5)
28 (23.1)
15 (12.4)
11 (9.1)
2 (1.6)
6 (4.9)
27 (22)

1 (5)
1 (5)
9 (45)
6 (30)
2 (10)
3 (15)
1 (5)
0
4 (20)

>0.99
>0.99
0.45
0.57
>0.99
0.42
0.37
0.59
>0.99

6 (6.7)
3 (3.3)
29 (32.2)
17 (18.9)
10 (11.1)
6 (6.7)
2 (2.2)
4 (4.4)
20 (22.2)

3 (5.9)
5 (9.8)
23 (45.1)
17 (33.3)
7 (13.7)
8 (15.7)
1 (2)
2 (3.9)
11 (21.6)

>0.99
0.14
0.15
0.07
0.78
0.14
>0.99
>0.99
>0.99

Primary tumor
Colon-rectum
Melanoma
Uterus
Breast
head-neck
NSCLC
kidney
Sarcoma
Other

57 (40.4)
12 (8.5)
4 (2.8)
6 (4.3)
6 (4.3)
12 (8.5)
16 (11.3)
14 (9.9)
14 (9.9)

51 (42.5)
12 (9.9)
3 (2.5)
4 (3.3)
6 (4.9)
9 (7.4)
14 (11.6)
10 (8.3)
12 (9.9)

6 (30)
0
1 (5)
2 (10)
0
3 (15)
2 (10)
4 (20)
2 (10)

0.33
0.21
0.46
0.20
0.59
0.37
>0.99
0.11
>0.99

36 (40)
6 (6.7)
4 (4.4)
5 (5.6)
4 (4.4)
5 (5.6)
11 (12.2)
10 (11.1)
9 (10)

21 (41.2)
6 (11.8)
0
1 (2)
2 (3.9)
7 (13.7)
5 (9.8)
4 (7.8)
5 (9.8)

>0.99
0.35
0.30
0.41
>0.99
0.12
0.78
0.77
>0.99

RT/CHT
Neoadjuvant
Adjuvant
Metastases
Synchronous
Size (mm)

21 (14.9)
88 (62.4)

20 (16.5)
77 (63.6)

1 (5)
11 (55)

0.30
0.47

13 (14.4)
62 (68.9)

8 (15.7)
26 (51)

>0.99
0.05

14 (9.9)
14 (IQR 10-25)

14 (11.6)
13 (IQR 10-25)

0
16 (IQR 10-30)

0.22
0.24

11 (12.2)
13 (IQR 10-25)

3 (5.9)
16 (IQR 10-30)

0.38
0.24

Number of Lesions
1
2
≥3

105 (74.5)
24 (17)
12 (8.5)

69 (76.7)
12 (13.3)
9 (10)

36 (70.6)
12 (23.5)
3 (5.9)

0.65

69 (76.7)
12 (13.3)
9 (10)

36 (70.6)
12 (23.5)
3 (5.9)

0.65

Bilateral nodules

16 (11.3)

11 (9.1)

5 (25)

0.053

11 (12.2)

5 (9.8)

0.79

DFI (months)

30 (IQR 17-56)

29 (IQR 16-49)

46 (IQR 22-121)

0.07

32.5 (IQR 18-61)

23 (IQR 14-49)

0.24

values are expressed as n (%) or median (interquartile range). Abbreviations: ASA: American Society of Anesthesiologist Score, ChT: Chemotherapy, DFI: Disease-free Interval, RT: Radiotherapy.
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When subdivided according to their NLR level, the two groups were comparable regarding baseline conditions, primary tumor origin, previous treatments
(neoadjuvant or adjuvant treatments following resection of primary tumor), DFI
and metastasis characteristics (size, number, synchronous/metachronous occurrence), whereas we observed a higher percentage of male patients in the CRP>5
group, when patients where compared according to this parameter. Lung comorbidities were mainly represented by chronic obstructive pulmonary disease (COPD,
16/17 patients, 94.1%) and in one case by interstitial lung disease (5.9%). Information regarding the operative procedure is detailed in Table 2. The only significant
TAble 2. Operative Approach and Kind of Resection
Population
Resection
Tumorectomy
Wedge Resection
Segmentectomy
Lobectomy/bilobectomy
Approach
vATS
Time of surgery (min)
Post-Resection Status
R0

All 141
(100)

NlR <4
121 (85.8)

NlR ≥4
20 (14.2)

p

CRP <5
90 (63.8)

CRP ≥5
51 (36.2)

p

3 (2.1)
88 (62.4)
10 (7.1)
40 (28.4)

3 (2.5)
76 (62.8)
9 (7.4)
33 (27.3)

0
12 (60)
1 (5)
7 (35)

>0.99
0.46
>0.99
0.79

1 (1.1)
65 (72.2)
6 (6.7)
20 (22.2)

2 (3.9)
28 (54.9)
4 (7.8)
20 (39.2)

0.29
0.04
>0.99
0.03

78 (55.3)

72 (59.5)

6 (30)

0.016

57 (63.3)

21 (41.2)

0.01

125
(IQR 85-190)

120
(IQR 80-190)

142
(IQR 117.5-182.5)

0.20

120
(IQR 80-170)

140
(IQR 95-205)

0.21

135 (95.7)

115 (95.1)

20 (100)

0.59

86 (95.6)

49 (96.1)

>0.99

values are expressed as n (%) or median (interquartile range). Abbreviations: vATS: video-Assisted Thoracic Surgery, R0: No Microscopic Residual
Disease.

difference between the two groups was a higher percentage of procedures performed
through a minimally invasive approach in the NLR <4 group (59.5% vs 30%,
p=0.016) and in the CRP <5 group, and in this latter we also observed a lower percentage of anatomic resection. No difference was found in the incidence of postoperative complications and length of stay between the two groups both stratified by
NLR and CRP (Table 3). The 30-day mortality was 0%.
NLR
At completion of follow-up, 67 patients (47.5%) died, and 74 were still alive
(52.5%). Median survival time was 69 months (95% CI 45-93) in the NLR <4
group and 47 months (95% CI 28-65) in the NLR ≥4 group (p >0.05). Survival
analysis showed no significant difference in 5-year OS (NLR <4: 50% vs NLR ≥4:
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TAble 3. Postoperative Outcomes
Population

All 141
(100)

NlR <4
121 (85.8)

NlR ≥4
20 (14.2)

p

CRP <5
90 (63.8)

CRP ≥5
51 (36.2)

p

Length of stay (days)

5 (IQR 3-7)

5 (IQR 3-7)

5.5 (IQR 4-8)

0.19

5 (IQR 3-8)

5 (IQR 4-7)

0.57

Complications
Total
haemorrhage
Persistent Air-leak
Arrhythmia
ARDS
Pneumonia
Other

17 (12.6)
2 (1.4)
6 (4.3)
3 (2.1)
1 (0.7)
4 (2.8)
7 (4.9)

13 (10.7)
2 (1.6)
5 (4.1)
1 (0.8)
0
3 (2.5)
6 (5)

4 (20)
0
1 (5)
2 (10)
1 (5)
1 (5)
1 (5)

0.26
>0.99
>0.99
0.053
0.14
0.46
>0.99

9 (10)
2 (2.2)
4 (4.4)
2 (2.2)
0
2 (2.2)
3 (3.3)

8 (15.7)
0
2 (3.9)
1 (2)
1 (2)
2 (3.9)
4 (7.8)

0.42
0.53
>0.99
>0.99
0.36
0.62
0.25

values are expressed as n (%) or median (interquartile range). Abbreviations: ARDS: Acute Respiratory Distress Syndrome.

37%, p=0.9, Figure 1A). however, there was a significant difference in 5-year PFS
(NLR <4: 32% vs NLR ≥4: 18%, p=0.01, Figure 1B).

FIguRe 1. A. Overall survival by NLR groups. B. Cumulative incidence of recurrence by NLR groups.

CRP
Patients with preoperative CRP <5 mg/L had better outcomes compared to those
with higher values in terms of 5-year OS (57% vs 34%, p=0.006, Figure 2A), and
5-year PFS (35% vs 22%, p=0.04, Figure 2B).
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FIguRe 2. A. Overall survival by CRP groups. B. Cumulative incidence of recurrence by CRP groups.

Predictors of outcome
At multivariate analysis, level of preoperatory neutrophils (p=0.009) and presence of lung comorbidities (p=0.021) turned out to be independent predictors of
death. Using ROC curve analysis, the optimal cut-off for level of neutrophils was
3640/mmc (AUC 0.697 [0.60‐0.79]).
At competing risk regression analysis, levels of preoperative CRP (p=0.002),
multiple metastases (p=0.003) and presence of lung comorbidities (p=0.001) were
independent predictors of recurrence. The optimal threshold of CRP at ROC curve
analysis was 3.7 mg/L (AUC 0.674 [0.57‐0.77]).

Discussion
In the last 20 years, increasing interest has been directed towards the complexity
of the tumor microenvironment and the fundamental role of immune cells in regulating tumor cell growth and dissemination4. Apparently, neutrophils play a key role
in this setting: the interaction between tumor cells and granulocytes stimulate the
release of neutrophil extracellular traps (NET), a complex of web-like projections
extending within the extracellular matrix (ECM)12. These protuberances are composed of nuclear DNA enriched in antimicrobial peptides that have shown good effectiveness in neutralizing pathogens both in vitro and in vivo5. however, although
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the pathogenic mechanism is not yet clearly understood, NET demonstrated a
detrimental effect in a cancer microenvironment. This is likely due to the effect of
peptides released from neutrophils in response to their contact with tumor cells:
matrix metalloproteinases 9 (MMP-9), cathepsin-G, and neutrophils elastase (NE)
have all been shown to promote degradation of the ECM, angiogenesis, vascular invasion and development of metastases13-15.
A low NLR is associated with a more pronounced lymphocytic infiltrate at the
margins of the tumor and with a better prognosis in patients with colorectal cancer16. This seems to confirm the correlation between level of circulating leucocytes
and level of their presence at tumor sites, remarking the importance of assessing the
level of blood cells as a proxy of their activity in the tumor microenvironment. Even
though we did not assess the density of tumor-associated neutrophils (TAN) this
parameter may indirectly be mirrored by the level of circulating cells16, and the lower PFS observed in patients with higher levels of circulating neutrophils found in
the present study further supports the hypothesis of the pro-tumorigenic effect of
granulocytes in the metastasis microenvironment.
Several studies describe a detrimental effect of high NLR on survival in many
cancer conditions: in a series of polymetastatic colorectal cancer (CRC) patients receiving palliative chemotherapy, NLR significantly correlated with OS, and the authors described how chemotherapy-induced normalization of this parameter resulted in survival improvement17. Cetin et al. described similar results in a multicentric
series of patients receiving chemotherapy for metastatic renal cell cancer18. In another
study assessing the impact of NLR on tumor progression in patients undergoing curative resection of CRC, Ding et al. found a negative effect of high NLR on recurrence-free survival (RFS)19.
Even though our study found different rates of recurrence between patients with
higher or lower values of NLR, we did not identify a significant difference in OS between the two groups. This finding might indicate a less pronounced effect of inflammation on the course of disease in the setting of oligometastatic cancers, as the
prognostic role of NLR seems prominent in overt metastatic states6. Considering
the well-known slow-progressing course of oligometastatic disease, another possible
explanation of these results might be that the final effects of the observed increased
rate of recurrence in patients with high NLR may be seen only with longer followup times. however, we observed that a value of preoperative neutrophils greater
than 3640/mmc was a significant risk factor for death.
Conversely, our study demonstrated significantly different rates of recurrence
and survival when patients were stratified according to their CRP levels. Furthermore, CRP turned out to be an independent risk factor for recurrence. Our results
conform to those of Pastorino et al. in documenting how the prognosis of patients
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undergoing resection of pulmonary metastases from various primary tumors is
deeply influenced by values of CRP, measured preoperatively and three days after intervention20.
CRP is the prototypical acute phase protein in humans, produced by the liver in
response to interleukin 6 (IL-6) and interleukin 1ß (IL-1ß), which are mainly released in inflammatory sites by immune and endothelial cells21. It is an evolutionary
conserved protein, since it has been found in all the studied species, from arthropods
to humans22. In humans, CRP mediates several mechanisms of host defense from
bacterial infection through complement activation, regulation of phagocytosis, and
the binding of various antigens on the cell membranes21. CRP should therefore be
considered not only a simple indicator of inflammation, but also a powerful weapon
of the immune system. This is further confirmed by the observation that CRP shows
a significant interaction with neutrophils: CRP is converted in its monomeric form
(mCRP) in the inflammatory microenvironment, where it acts as a strong recruiter
of granulocytes and inhibitor of apoptosis23, eventually leading to further tissue damage and promotion of tumor growth. This mechanism not only confirms the role
of both CRP and neutrophils in reducing the host’s tumor control, but also highlights the relevant effect of their interaction in promoting cancer progression.
In several previous studies, CRP has been used as a prognostic marker in a surrogated form, known as the modified Glasgow prognostic score (mGPS)24. This score,
based on the values of preoperative CRP and albumin, was found to have a high
prognostic value in many cancer conditions24. In our study, the mGPS could not be
calculated due to the low percentage (31%) of patients with available preoperative
albumin data. however, in the setting of oligometastatic disease, CRP seems to play
a predominant role in predicting long-term survival and progressive disease25.
Our investigation found that among patients undergoing surgical excision of
pulmonary oligometastases the presence of lung comorbidities is an independent
risk factor for earlier recurrence and death by any cause. In our study population,
baseline lung diseases were mainly represented by COPD (94.1%). This result is coherent with the main findings of our study. COPD is a chronic inflammatory disease, which causes a rise in systemic inflammation markers, including CRP26.
Nonetheless, one of the pathogenetic mechanisms leading to chronic lung inflammation is the imbalance between oxidative stress and antioxidant action27: granulocytes play a major role in this context, since in patients with COPD exacerbation,
sputum neutrophils show a markedly increased production of reactive oxygen
species (ROS)28. This, in our opinion, further confirms the strong relationship between local inflammation and cancer promotion even in the setting of pulmonary
oligometastases and changes the perspective of inflammation from a simple cancer
side effect to a major driver of tumor behavior.
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Finally, our study highlighted how the presence of multiple metastases is a significant risk factor for further tumor recurrence. Our results are in accordance with those
reported in two previous series of patients with lung metastases from CRC29-30. Several other studies described the presence of multiple metastases as a relevant risk
factor for overall survival but its relevance in predicting tumor recurrence was not
investigated3, 31, 32. Surgery in the case of multiple lung nodules is still an issue of
large debate. The original definition of oligometastatic disease is based on a maximum number of five metastases in no more than two distant organs. however, the
cut-off to distinguish an oligometastatic from a polymetastatic state has been chosen
arbitrarily and based solely on the concept that, with few deposits, a radical resection could be achieved. If on one hand it is still considered reasonable to perform a
surgical resection with radical intent in case of multiple metastases, on the other
hand it should in our opinion be considered carefully in case other significant risk
factors coexist. Evaluation of preoperative inflammatory markers may be strategic in
this setting to discriminate patients who would benefit the most from an aggressive
local treatment or wherein perioperative anti-inflammatory treatments could improve the systemic inflammatory pattern and potentially reduce the capability of tumor cells to further disseminate. To date, no study has investigated the application
of these therapeutic regimens and their effectiveness in patients undergoing resection of lung metastases with radical intent. however, this will be the subject of our
future research.

Conclusions
NLR and CRP are strong predictors of outcome in patients undergoing excision
of pulmonary oligometastases from various primary tumors. Routine assessment of
these parameters before posing a surgical indication may allow us to better stratify
patients in terms of prognostic outcome and identify those who might benefit from
perioperative systemic anti-inflammatory or targeted therapies, with potential considerable improvements in the overall outcome. More large-scale research is needed
on this topic, with the potential of changing the paradigm of metastatic disease
from an anteroom of inauspicious outcome to a curable disease through integration
of local and systemic treatment.
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VATS-US1: thoracoscopic ultrasonography
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during lung metastasectomy
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Abstract
Background: Open thoracotomy during pulmonary metastasectomy allows lung
palpation and may discover unexpected further nodules. We assess the validity of intraoperative lung ultrasonography via thoracoscopy in identifying lung nodules.
Methods: A first surgeon will perform a ultrasonographic investigation on the
deflated lung by thoracoscopy. A second surgeon will then perform a manual exploration of the organ by thoracotomy. Data on number and localization of nodules
will be matched and compared with final histology report. Sensitivity and specificity
will be assessed. Concordance will be assessed with Cohen K test. Calculated sample
size is 89 patients.
Discussion: This study might have an important role in shifting the surgical
practice towards a less invasive approach, with consequent benefits for the patient.

8. VATS-US1: THORACOSCOPIC ULTRASONOGRAPHY

Background
Pulmonary metastasectomy is a surgical practice that poses many aspects of debate: standard approach has historically been represented by open thoracotomy1,
but video-assisted thoracic surgery (VATS) became an appealing alternative due to
the lower surgical impact on the patient. Some authors blame the minimally invasive approach for pulmonary metastasectomy as less effective from an oncologic
point of view since lung palpation is hampered, leading to reduced ability to identify unexpected nodules and potential impairment of surgical radicality2-4.
Indeed, several papers demonstrated a suboptimal sensitivity of computed tomography (CT) and positron-emission tomography (PET) in detecting lung metastases2, 4 and discover of further unexpected nodules at thoracotomy are not an uncommon eventuality3.
A few authors demonstrated the utility of intraoperative lung ultrasound performed through a VATS approach (VATS-US) in identifying lung nodules5-7. However, the real effectiveness of this technique has never been prospectively compared
with the current gold standard represented by open thoracotomy and lung manual
exploration. Aim of our study is to assess the non-inferiority of VATS-US compared
with manual palpation to identify lung nodules during pulmonary metastasectomy.

Materials and methods
The study was approved by the local ethics committee of Friuli-Venezia-Giulia,
Italy (Protocol n. 30948, 11th September 2018).
Aim, design and setting
The study design is a monocentric non-inferiority diagnostic crossover trial,
based on the execution of VATS-US in patients undergoing pulmonary metastasectomy with radical intent. Aim of the study is to assess the non-inferiority of the ultrasonographic investigation on the lung parenchyma performed via a thoracoscopic
approach in identifying lung nodules compared with manual organ palpation by
thoracotomy.
Population
Only subjects who have signed a written informed consent form will be included in the study.
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Population will be represented by patients proposed for pulmonary metastasectomy with curative intent. Selection criteria for surgery are:
1) controlled primary tumor;
2) lung deposits considered to be radically removable based on pre-operative imaging investigations;
3) no extrathoracic localization, except for other metastases elsewhere considered
amenable of aggressive local treatments;
4) good performance status;
5) predicted post-operative forced expiratory volume (ppoFEV1) and diffusing capacity of the lung for carbon monoxide (ppoDLCO) >40%;
6) expected good post-operative quality of life.
Inclusion criteria for the study are:
– patient candidate to pulmonary metastasectomy with curative intent by mean of
both major anatomical or limited resection;
– age >18 years.
Exclusion criteria for the study are:
– patients with widespread metastatic disease where surgical resection is performed only for diagnostic purposes;
– history of previous intrapleural talc injection;
– any anatomical or pathological condition (eg. diffuse adhesions, severe emphysema) that may interfere with the execution of the ultrasonographic investigation;
– incomplete lung exclusion during surgical procedure.
Study design
After general anesthesia administration patients will be intubated with a double
lumen tube and positioned in a standard lateral decubitus. Thereby the target lung
will be excluded from ventilation and deflated. After creation of 2-3 thoracoscopic
ports the lung is explored under thoracoscopic vision with a laparoscopic ultrasound
probe (Esaote LP323, Esaote©, Genova, Italy) by a surgeon with experience on the
use of lung ultrasound. Data regarding number, size, depth and lobar localization of
nodules are registered on a data collection paper. The surgeon who performed the
investigation therefore leaves the operative room and another surgeon, blind to the
previous phase findings, performs an anterolateral thoracotomy and an accurate palpation of the lung. Suspicious nodules are therefore resected and sent for histology.
Data on number and localization of excised nodules are registered on a separate collection paper. Results from both phases are then compared and matched with histology report.
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Thoracotomy will be performed extending the length of the utility port. The
others 1-2 hole are eventually used for insertion of chest drainage tubes, that in our
institution are routinely positioned following any intervention within the pleural
space. Consequently, no adjunctive incision will be performed for the execution of
VATS-US compared with a standard thoracotomy approach. Only after nodules resection the two surgeons will compare their findings in order to make sure that any
nodule identified at VATS-US but not at thoracotomy has not been omitted. The
execution of the ultrasonographic investigation will require an appropriate lung deflation. Therefore, in some cases air aspiration from the target lung with a small
catheter inserted through the endobronchial tube will be required, as previously described in other studies7.
In order to guarantee patients’ safety, they will never be left unattended during
all phases of the intervention, and execution of any required urgent procedure for
rare intraoperative complications will never be delayed, including those that may interfere with the execution of the ultrasonographic exam. It has been calculated that
operative time will be extended of about 20-30 minutes to allow the execution of
VATS-US.
No extra procedure or drugs administration will be required for the study. Only
nodules that will be considered suspicious by the second surgeon during the thoracotomic phase or after discussion between the two operators will be excised, as expected in the standard practice.
We will collect data regarding patients’ features (age, biometric measurements,
preoperative lung function tests data, lung comorbidities), preoperative CT scan
findings (number, size and localization of lung nodules), ultrasonographic findings
(number, size, depth, localization and shape of lung nodules), number and localization of nodules excised at thoracotomy, histology report data (histological nature,
size, depth of lung nodules), time of surgery and of VATS-US, incidence of post-operative adverse events.
Statistical analysis
Continuous data will be summarized as mean and standard deviation or median
and twenty-fifth to seventy-fifth percentiles in case of non-normal distributions.
Categorical variables will be reported as counts and percentages. Comparisons will
be carried out using Fisher’s exact test and McNemar test where appropriate.
Since to date there is no true comparator with the gold standard represented by
manual palpation, no data are available on sensitivity of this method in identifying
lung nodules. Based on clinical practice this should be high, close to 98%. Assuming a minimal acceptable sensitivity of 92% for VATS-US we calculated a sample
size of 89 patients according to Castelloe and Watts8.
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Sensitivity and specificity of VATS-US will be calculated compared with manual
palpation. Concordance between the two methods will be assessed with Cohen K
test. STATA software (release 14 StataCorp LP, College Station, TX, USA) will be
utilized for analysis.

Discussion
Pulmonary metastasectomy with radical intent has become a common practice
worldwide, given the evidence of improved long-term outcomes in selected patients.
Despite surgical indication is offered in the context of metastatic disease, evidence
drawn from retrospective studies show that some patients may benefit from this
therapeutic option in terms of prolonging survival or even been cured. Radical resection of all metastatic sites is considered a key point of this practice since, in large
series, residual disease demonstrated to be the main factor affecting survival9.
Since its introduction in the early 1990s video-assisted thoracic surgery (VATS)
appeared as an attractive approach to thoracic disease of surgical interest, thanks to
lower invasiveness, improved pain control and patients’ earlier recovery10. Currently, most of the European centers perform pulmonary metastasectomy by thoracotomy, even though in a survey on current practice of pulmonary metastasectomy
VATS has been advocated as the preferred approach by almost 30% of responders11.
However, its application during pulmonary metastasectomy is controversial: several
studies demonstrated a suboptimal sensitivity of CT scan in identifying all metastatic nodules2 and not infrequently further nodules are found by manual lung palpation at thoracotomy3. Moreover, these nodules are often deep into the parenchyma,
thus not detectable unless an accurate palpation of the organ is carried out. VATS
bears the advantage of an optimal visual exploration of the pleural cavity and lung
surface, but accurate tactile exploration of the lung is undoubtedly impaired. Thus,
one may argue that VATS metastasectomy might leave behind unidentified lung deposits that may progress and sustain the tumor cascade, with potentially relevant
impact on long-term outcomes.
Transthoracic lung ultrasonography (US) is becoming a widely accepted technique for diagnosis and treatment of many conditions, such as pneumothorax,
pleural effusion, and lung consolidations12. However, its use is limited by the presence of air in the lungs, hampering deep exploration of the organ if a normally
aired parenchyma is present underneath the pleural surface. During lung surgery
the target lung is usually deflated, thus decreasing the air content in the bronchoalveolar space and making deeper sections of the lung explorable with a US
probe. Little but encouraging evidence is available on its application for identifica144
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tion of lung nodules5-7, 13. However, the real potential of VATS-US has never been
investigated compared with the current standard, represented by lung manual palpation by thoracotomy.
Since VATS approach demonstrated to determine less morbidity and earlier recovery after surgery compared with thoracotomy14, should our results confirm the
validity of VATS-US in identifying lung nodules, a shift towards a less invasive approach could be accepted without concerns regarding a lower oncologic radicality.
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Chapter 9

General discussion

9. GeNeral dISCuSSION

posing an indication for surgical resection in the setting of a metastatic cancer is
a debatable issue. In case of widespread disease, even if all deposits are potentially resectable from an anatomic point of view, it is widely accepted that surgical resection
or ablation do not add any benefit to the patients’ survival. Conversely, when cancer
recurs in a limited fashion, with few nodules in no more than two organs, and radiological investigations outline a slowly progressive disease, metastasectomy demonstrated to be curative in a percentage of cases that may reach 50%1.
however, as repeatedly claimed by prof. tom treasure, it should be remarked
that pulmonary metastasectomy (pM) relies on the results derived from relatively
small follow-up studies with a low level of evidence2, which carry along a multitude
of profound bias. On the other hand, the pulMiCC trial, the only prospective protocol that tried to shed light on the real advantages of this practice in the setting of
oligometastatic CrC, did not succeed in recruiting the intended large number of
patients, and results are substantially inconclusive3. Notwithstanding, some findings of this study should elicit a reflection: the authors concluded that survival at 5
years of patients with untreated pulmonary oligometastases is higher than expected
from previous comparisons with overtly metastatic patients. On the other hand, the
difference in 5-years OS between treated and untreated patients nearly reached the
predermined 10%, even though the result did not reach statistical significance. this
strengthens the postulate that the populations analyzed in previous surgical studies
are composed of patients with a particularly indolent disease, but on the other hand
suggest that local aggressive treatments may actually have a role in improving survival rates in this peculiar population. Indeed, it is still unclear as to which factors
determine a more indolent cancer behavior in those subjects who develop an oligometastatic condition instead of a widespread disease. Some genetic mutation that
may be identified in cancer cells undoubtedly contribute in driving a more aggressive behavior of metastases, but while different cancer histotypes generally exhibit
different pattern of evolution and biological aggressivity, many published surgical
series including patients with oligometastases from several different tumors describe
similar patterns of recurrence and survival regardless of the primary cancer, a phenomenon that insinuates that the balance between cancer and host might play a
more relevant role than the histotype itself in delineating the pattern of metastatic
distribution. Indeed, cancer may interact with the main systemic functions in different ways. For instance, the interactions between tumor cells and the immune system represent a large field of research in recent times: several experiences witnessed
how the inflammatory infiltrate in the tumor microenvironment (tMe) exhibit a
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pivotal role in predicting the evolution of disease: indeed, the presence of tumor-infiltrating lymphocytes (tIls) correlated with better outcomes in many series of patients undergoing resection of either primary or metastatic tumors4, whereas an infiltrate composed mainly by cells from the monocytic series (tumor-associated
macrophages - taM) or neutrophils granulocytes is usually predictive of cancer progression and impaired survival after resection5 (Figure 1).

FIGURE 1. TILs in the sections of metastatic tumors, using H&E staining, at 400× magnification. a: low level
of lymphocytic infiltration; b: high level of lymphocytic infiltration. Low level of TILs defined as ≤60% of tumor
nests infiltrated by lymphocytes. High level of TILs defined as >60% of tumor. repreinted from reference7.

While the presence of these immune components at the tumor level may be easily assessed with a simple haematoxilin and eosin staining of histologic sections and
immunohystochemistry investigation can depict specific lymphocytic subpopulations, previous investigations showed how their presence in the tMe is well-mirrored by the preoperative level of blood cells6.
In Chapter 6 we outlined how an imbalance of circulating immune cells, translated into an increased ratio between neutrophils and lymphocytes (neutrophils-tolymphocytes ratio - Nlr) from a peripheral blood sample collected before lung
metastasectomy, was associated with a higher rate of tumor recurrence. Moreover, in
our study a preoperative level of neutrophils >3600/mm3 was an independent risk
factor for death. Several other experiences corroborated our findings8-10, even
though our study was the first, to the best of our knowledge, to assess this phenomenon in the setting of oligometastatic disease. the importance of the delicate balance
between circulating immune cells on the prognosis of patients with a neoplastic
condition is further supported by the evidence that a chemotherapy-induced normalization of the Nlr in patients with metastatic cancer resulted in an improvement in OS10. albeit the precise mechanisms supporting the propensity of cancer to
promote an imbalance towards a certain arm of the immune system are still not ful152
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ly understood, it seems that a rich neutrophilic infiltrate in the tMe may sustain a
generalized inflammatory state which accounts for the systemic effects of cancer and
an impaired tumor surveillance (Figure 2).

FIGURE 2. Link between local and systemic inflammatory response. MdSC=myeloid-derived suppressor
cell. *Intracellular communication is mediated by secreted factors from proliferating tumor cells, necrosis, infiltrating immune cells, and stromal cells that regulate tumor progression. †Tumor-derived cytokines and growth
factors are secreted into the systemic circulation to mediate communication with distant sites: bone marrow, spleen
(myelopoiesis), liver (acute-phase proteins, coagulation, and complement factors), and other sites (metastasis).
reprinted with permission from reference11.

Indeed, it has been demonstrated how endothelial and immune cells at inflammatory sites release interleukin 6 (Il-6) and interleukin 1β (Il-1β), which in turn
stimulate the release of C-reactive protein (Crp) by the liver12. Crp is the prototypical acute phase protein in humans, and it mediates several mechanisms of host
defense from bacterial infection, through activation of the complement system, regulation of phagocytosis, and binding of various antigens to cell membranes12. In
addition, Crp show a strong interaction with neutrophils: in the inflammatory microenvironment, Crp is converted in its monomeric form, acting as a strong recruiter of granulocytes and inhibitor of apoptosis, leading to tissue damage and promotion of tumor growth13. In accordance with the hypothesis of the detrimental effect of tumor-driven systemic inflammation in cancer patients, in Chapter 6 we
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demonstrated how increased levels of preoperative Crp in patients undergoing resection of pulmonary metastases from several kind of tumors were associated with
an increased risk of recurrence and death. Our results confirm what has already been
described by pastorino and coworkers in a previous investigation on a similar population of patients14. Indeed, inflammation is currently recognized as one of the hallmarks of cancer, capable of both promoting and sustaining tumor progression11. a
tumor-driven inflammatory state may also translate into deep modifications of the
body composition, that shall be used as a mirror of cancer aggressivity: the release of
Il-6, apart for the abovementioned effects on Crp metabolism and cancer progression, is well-known to promote a catabolic state that conveys into body weight loss
and skeletal muscle tissue wasting15, 16. Consistent with this, in Chapter 5 we observed a significantly better prognosis among obese patients undergoing resection of
lung metastases from CrC, compared with normal or low-weight subjects, and, although an analysis of the inflammatory state of such patients was not performed in
our investigation, we may postulate that obese patients had a lower activation of inflammatory cytokines, which in turn is expression of a less pronounced tumor-induced systemic inflammation. however, the inference of our study was limited by
the fact that we did not perform an evaluation of the modifications in body weight
during the course of disease. therefore, we cannot draw any conclusions as to
whether a high body adiposity is responsible for a favorable pattern of systemic cytokines that protects against tumor-induced inflammation or, conversely, is a consequence of a naturally indolent cancer that does not induce cachexia or weight loss.
With the perspective of shedding light on the compositional body changes that occur in patients with a metastatic disease and define their prognostic role, in Chapter
7 we assessed the role of sarcopenia as a prognostic factor in patients with pulmonary metastases from renal cell cancer (rCC). previous experiences already outlined the importance of this parameter on the prognosis of patients with metastatic
rCC. however, our study was the first to investigate on the importance of sarcopenia in a population of patients with an oligometastatic state. due to the retrospective nature of the investigation, we could not perform a precise bioimpedenziometric analysis of the body composition, but several previous studies highlighted how a
good approximation of the body adiposity and muscularity can be provided by the
quantification of the cross-sectional area on radiological tomographic investigations
(Figure 3). Indeed, several papers demonstrated that a low muscularity, defined as
the cross-sectional muscle area calculated from follow-up Ct scans and normalized
by height squared, correlated with a worse survival in many cancer conditions17-19.
In our study we failed to demonstrate a prognostic significance of sarcopenia in
an oligometastatic setting, whereas a high BMI confirmed its positive prognostic
role. the underlying mechanisms of this apparently counter-intuitive finding are
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FIGURE 3. Differences in skeletal muscle representation.

still far from being understood and more research is needed on this topic. Keeping
in consideration all the limitations of our study, we might postulate that, in an early
phase of a metastatic disease, sarcopenia is anticipated by a wasting of non-muscular
constituents, such as adipose tissue, and that skeletal muscle consumption becomes
evident only when the disease exhibits an overt widespread pattern. Conversely, another possible interpretation of this phenomenon resides on the fact that high adiposity may provide patients with a pattern of systemic cytokines that maintain potential ancillary cancer foci in a dormant state or protects against further tumor seeding
or nesting in distant organs. this latter hypothesis is consistent with the large body
of evidence on the complex interplay between cancer, inflammation and nutritional
status: from this point of view the oligometastatic disease represents an invaluable
model and a unique source of information to understand cancer pathogenesis and,
in the era of precision medicine, identify possible targets of treatment that shall be
employed even in more manifest metastatic patterns.
In light of the evident connections between cancer and inflammation, one should
argue that performing a high-impact surgical procedure on this subset of patients
might be detrimental in favoring a disease progression. post-operative inflammation
may indeed divert the immune system vigilance towards an attempt of healing the affected sites, therefore favoring progression of unknown or untreated cancer foci. Indeed, it has been demonstrated that development of post-operative complications may
further favor this “immune system distraction” phenomenon20-22. this observation has
been confirmed also in our experience, as in Chapter 5, where we pointed out how development of post-operative pneumonia resulted a risk factor for cancer-related death.
therefore, from this point of view, there should be a preference towards low impact surgical procedures, as represented by minimally invasive surgery. Video-assisted thoracic Surgery (VatS) had a dramatic increase in popularity over the last 20
years, in light of its great effect in reducing post-operative pain, in-hospital stay and
respiratory impairment, compared to standard thoracotomy23. In addition, com155
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pared with more invasive approaches, VatS demonstrated to induce a lower release
of inflammatory cytokines24, which seems to have a positive effect also on long term
survival in lung cancer patients25. however, when VatS is employed in the setting
of metastatic disease, some concerns may arise: the small surgical ports do not allow
a thorough lung manual exploration, and several investigations demonstrated that
lung palpation by open thoracotomy may identify unexpected further metastases
that were not identified at preoperative radiological investigations, implying a suboptimal sensitivity of Ct scan or positron emission tomography (pet-Ct) in detecting small lung nodules26. Furthermore, eckardt and colleagues prospectively
compared VatS and open thoracotomy for the detection of lung nodules on a cohort of 37 patients: lung palpation by VatS allowed to identify 92% of the lung
nodules pointed out at tomographic investigations, and subsequent thoracotomy revealed the presence of additional 29 nodules, whose 21% were histology-proven unexpected metastases27. therefore, while the expected advantages of VatS in terms
of low surgical impact might intuitively be maximized in the context of oligometastatic disease, they may be negatively counterbalanced by leaving undiscovered tumor foci that can potentially evolve and further sustain the metastatic cascade. as a
consequence, even though the employment of the VatS approach increased in the
last decades, it did not reach broad application and many Centers still prefer to perform such interventions through a standard open approach, as revealed by a survey
among european thoracic surgeons in 200828. With the perspective of assessing the
feasibility of VatS without concerns regarding surgical radicality, in Chapter 8 we
described the protocol of an ongoing trial on the employment of intraoperative lung
ultrasound through a keyhole incision for the identification of lung nodules (Figure
4). the protocol aims to assess the sensitivity of VatS lung ultrasound and to consider its application in the context of pM.

FIGURE 4. Identification of lung nodules with ultrasonographic probe through a VATS approach.
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the technique has already been described in previous publications, but the evidence so far is limited to small case series or case reports29, 30, and to date the potential role of intraoperative lung ultrasound in the context of pM has never been assessed prospectively. Nonetheless, this technique may have significant favorable
consequences on patients’ post-operative pain perception, functional recovery and
quality of life, and a reduction of the systemic inflammatory pattern which may
translate into an improved cancer surveillance.
parallelly, the unceasing search for low-impact therapeutic techniques and the
continuous development of advanced technological tools lead to explore the role of
other ablative solutions for the treatment of lung malignancies. While radiofrequency ablation (rFa) or cryoablation (Ca), which are high energy delivery devices that
still require the insertion of a probe into the nodule core (Figures 5-6), did not reach

FIGURE 5. Radiofrequency ablation probe. reprinted with permission from reference31.

great popularity, an increasing application of ablative radiation therapy techniques is
being observed in the last years.
Stereotactic body radiation therapy (SBrt) represents a promising treatment
modality for patients with lung metastases: it is usually well-tolerated and burdened
by a low profile of adverse events, it can be performed in an outpatient setting (Fi157
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FIGURE 6. Radiofrequency ablation of
lung metastasis. a. CT-guided placement
of RFA probe into a right lower lobe nodule. B. Chest X-Ray showing minimal
right sided pneumothorax 3 days after
treatment. C. Chest X ray and d. CT
scan showing tension pneumothorax 5
days after treatment. reprinted with permission from reference32.

FIGURE 7. Stereotactic Body Radiation Therapy.

gure 7) and it shows good effectiveness in destroying tumor nodules albeit preserving the surrounding healthy lung tissue (Figure 8).
In Chapter 2 we presented the results of a systematic review of literature comparing surgical resection versus SBrt for the treatment of pulmonary metastases.
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FIGURE 8. Dose distribution in five consecutive SBRT treatments for lung metastasis from colon cancer.
reprinted with permission from reference33.

Our study demonstrated that no differences in short term survival can be observed,
while progression-free survival (pFS) is slightly higher after pM. this eventually
concretizes in the observed survival advantage in the long term for patients undergoing resection compared to irradiation. however, it should be kept in consideration that these results derive almost uniquely from retrospective studies and a considerable selection bias is offered by the fact that SBrt is currently reserved for patients unfit or unwilling to undergo a surgical treatment.
Nevertheless, SBrt has profound differences with surgery: resection of metastasis allows an immediate feedback on adequacy of margins and ensures a pathologically-proven completeness of resection; additionally, metastases resection provides
tumor tissue for molecular investigations and identification of potential candidates
for targeted therapies34; eventually, as described above, surgical exploration may
identify further unexpected nodules35 or involvement of intrathoracic lymphnodes36 that may fall outside the fields of irradiation of SBrt, leaving untreated foci of
disease that may further evolve and sustain the tumor cascade. this latter point is of
paramount importance in the purview of the treatment of lung oligometastases,
considered the well-known detrimental impact of residual disease after pM on the
patients’ prognosis37.
On the other hand, pathological involvement of intrathoracic lymphnodes is an
issue that deserves a particular attention that we addressed in Chapter 3 and Chap159
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ter 4. the topic has been partially investigated during the past decades in several
surgical experiences and led to the conclusion that the spreading of tumor cells to
hilo-mediastinal lymphnodes is a negative prognostic factor36, 38.
accordingly, the evidence of nodal involvement at preoperative investigations
currently represents a contraindication for pM with curative intent. however, even
when nodal involvement has accurately been ruled out by preoperative investigations, surgical exploration or histology may reveal unexpected involvement of intrathoracic lymphnodes. Based on these premises, it has been proposed that lymphadenectomy during pM is recommended for several reasons:
a) the identification of involved lymphnodes may help in prognostic stratification
and employment of adjuvant protocols of treatment39;
b) mediastinal lymphadenectomy is a practice burdened with low mortality and
morbidity40;
c) in case of metastatic lymphnodes, their removal might increase the chance of
surgical radicality and therefore reduce the likelihood of further recurrence41.
In Chapter 3 we compared the long-term outcomes of patients who received or
not lymphadenectomy during pM from several primary tumors, showing that no
difference in 5-years survival was encountered between the two groups. a trend towards a lower re-recurrence rate has been observed in patients undergoing lymphadenectomy (80.0% vs 63.2%, p=0.073), albeit without reaching statistical significance. therefore, while we may agree that lymphadenectomy has little contribution on the surgical impact and may be useful in prognostic stratification, we do
not deem it may have any therapeutic effect. Conversely, in response to our assertions, the group of dr. Guo presented their results on a retrospective series of patients submitted to pM and lymphadenectomy, showing that the number of lymphnodes harvested directly correlated with pFS and advocating that lymphadenectomy during pM may offer a survival advantage. the discussion is reported in
Chapter 4. Since we are unaware of the proportion of metastatic lymph nodes in
the series presented by dr. Guo and colleagues, we cannot draw any conclusion
with regard to the potential therapeutic role of lymphadenectomy. We agree that,
when pM is performed with a radical intent, leaving tumor-involved lymph nodes
corresponds to an incomplete resection and may contribute to further tumor
spreading. however, it should be pointed out that pM is performed in the majority
of cases through lung-sparing wedge resections, and in these cases the lymphatic
drainage stations are anatomically quite far from the metastatic cores. We might
therefore postulate that, under these circumstances, some in-transit cancer cells
may still remain within the intraparenchymal lymphatic routes and escape surgical
resection, thus supporting the metastatic cascade. Whether anatomical lobar resections and extended lymphadenectomy should be considered in patients with nodal
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metastasis is an issue that has not been investigated yet and should be object of future research.
Concurrently, a significant point of reflection is offered by the concept of recurrence following pM. Indeed, the majority of patients undergoing pM still develop further metastases after having their secondary nodules completely excised.
Many investigations identified several factors which are associated with an increased propensity to tumor recurrence after an assumed radical resection1, 42-44.
Furthermore, even in series where recurrence was not assessed, the determinants affecting survival were quite similar, demonstrating an obvious causal effect between
tumor recurrence and cancer-related death. Indeed, the presence of multiple
metastases and a short dFI where the most frequently reported factors affecting
freedom from recurrent disease, with the conclusion that these indicators of an aggressive tumor behavior usually translate in an impaired prognostic outcome.
While this is certainly true, in light of the evidence offered by recent findings in
translational and clinical research, it is probably time to reconsider the concept of
tumor aggressiveness and assess the effects of the delicate balance between host and
tumor as the major driver of tumor behavior. Indeed, once the primary tumor has
been resected and the potential source of metastatic cells has been controlled, systemic metastases grow out and become clinically evident after a variable time of tumor cell dormancy, which, translated in a clinical setting, is known as disease-free
interval (dFI). however, given the wide heterogeneity in the pattern of presentation of metastatic tumors, some points remain obscure: what does determine the
latency between tumor cells seeding in distant organs and their evolution to clinically detectable metastatic cores? and, once lung metastases are resected, are further recurrences the result of tumor cells spreading before excision of metastases, or
do they originate too from the primary tumor? the answer to this latter question
would have an immediate therapeutic implication: if recurrent metastases originated from previous secondary tumor colonies, their timely identification and resection would probably be the best option of cure; conversely, if these “second generation” metastases correspond to tumor foci which rested in a dormant state even after appearance and excision of previous metastatic nodules, it would mean that
some local stimuli are responsible for the metachronous activation of secondary tumor colonies. therefore, intervening on the mechanism which drive the cancer
cells behavior and that are still largely unknown, might result in the arrest of the
metastatic process. this would revolution the common conception of cancer from
an almost inevitably evolutive disease to a condition that can be controlled by
modifying the asset of systemic cytokines or the cellular infiltrate in the tumor microenvironment. Several modalities are currently evaluated with promising results45.
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Future research should aim at shedding light on the molecular and cellular drivers of cancer progression and their employment as potential targets of treatment in
metastatic patients. the peculiar behavior of cancers that evolve with an oligometastatic pattern represents an excellent source of information to better understand
the complex pathogenesis of the metastatic process.
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10. SUMMARY

Summary

Cancer is one of the leading causes of death worldwide, and its incidence is constantly on the rise. Development of metastases accounts for 90% of deaths in cancer
patients and, despite the enormous body of scientific publications on this phenomenon, it remains one of the less understood aspects of tumor pathogenesis. Albeit
the introduction of new-generation, highly effective drugs is changing the perspective of cure in this setting, patients with a metastatic state are usually referred for
pharmacological systemic treatments with a very limited benefit quoad vitam. However, the development of metastases may occur with several different patterns, from a widespread disease involving many districts of the body, to more mitigated
scenarios, wherein metastases are limited in terms of number of deposits and organs
involved. Lung is one of the favorite target organs of the metastatic process, and it
frequently emerges as the only site of pathological involvement. In those cases where
cancer recurs in a limited, oligometastatic fashion, and lung nodules are deemed
amenable of resection, surgery may play an important role in prolonging survival or
even being curative. Nonetheless, the majority of patients still develop further recurrence and die of progressive disease. Since the first large experience of the International Registry of Lung Metastases and the identification of the main determinants
of survival in patients undergoing pulmonary metastasectomy, very little advances
in the knowledge of this phenomenon have been made. Notwithstanding, pre-clinical and translational research allow to shed a new light on the complex interplay between cancer and host. Many investigations suggested that cancer behavior depends
on the interconnections between tumor cells, the tumor microenvironment and systemic factors, such as the nutritional status, the immune system and the pattern of
soluble mediators. Indeed, the prognosis of patients with resected lung metastases
showed to depend on the levels of CRP and circulating immune cells (Chapter 6).
Furthermore, high impact surgical procedures may affect immune tumor surveillance and lead to impaired prognostic outcomes. The introduction of Video-Assisted
Thoracoscopic Surgery (VATS) enabled to perform even complex surgical procedures with reduced impact on the patient. However, pulmonary metastasectomy is still
widely performed by standard thoracotomy, since minimally invasive approaches
hamper lung palpation that frequently allows the identification of further lung no171
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dules. With the aim of providing a surgical resection through a minimally invasive
approach without concerns regarding oncological radicality, the role of intraoperative lung ultrasound by VATS for the identification of lung nodules is under appraisal
(Chapter 8). Nonetheless, cancer behavior also seems to be influenced by the nutritional status (Chapter 5), whereas the skeletal muscle representation does not seem
to be influenced by the tumor burden (Chapter 7). Nevertheless, patients may be
too compromised by the course of disease to safely undergo a surgical resection, and
in this case, alternative ablative treatments might be considered. Stereotactic Body
Radiotherapy (SBRT) represents the main alternative to surgery. However, this treatment is based on tomographic investigations that may have a suboptimal sensitivity in detecting all lung nodules or identifying nodal metastases that, if left untreated, can sustain tumor progression. This translates into an overall shorter time to
recurrence and long-term survival for patients treated with SBRT compared with
surgery (Chapter 2).
On the other hand, the spread of tumor cells through the lymphatic route is a
phenomenon associated with a dismal prognosis, and this pattern of disease surpasses the definition of “oligometastatic disease”. In this case, lymphadenectomy, apart
for its acknowledged role in prognostic stratification, does not seem to confer a survival advantage (Chapter 3 and 4).
Therefore, the evolution of cancer and the development of metastates seems to
be deeply influenced by the interaction with the host, although the precise mechanisms are not fully understood. A better comprehension of this phenomena might
lead to the prevention or stabilization of metastases, with a dramatic impact on the
possibility of cure of cancer patients.
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Samenvatting

Kanker is een van de belangrijkste doodsoorzaken wereldwijd en de incidentie
ervan neemt voortdurend toe. De ontwikkeling van metastasen is verantwoordelijk
voor 90% van de sterfgevallen bij kankerpatiënten en, ondanks de enorme hoeveelheid wetenschappelijke publicaties over dit fenomeen, blijft het een van de minder
begrepen aspecten van tumorpathogenese. Hoewel de introductie van nieuwe generatie, zeer effectieve geneesmiddelen het perspectief op genezing in deze setting verandert, worden patiënten met een gemetastaseerde toestand meestal doorverwezen
voor farmacologische systemische behandelingen met een zeer beperkt voordeel
quoad vitam. De ontwikkeling van metastasen kan echter plaatsvinden met verschillende patronen, van een wijdverbreide ziekte waarbij veel delen van het lichaam zijn
betrokken, tot meer gematigde scenario’s, waarbij metastasen beperkt zijn in termen
van aantal afzettingen en betrokken organen. De long is een van de favoriete doelorganen van het metastatische proces en komt vaak naar voren als de enige plaats van
pathologische betrokkenheid. In die gevallen waarin kanker op een beperkte, oligometastatische manier terugkeert en longknobbeltjes vatbaar worden geacht voor resectie, kan een operatie een belangrijke rol spelen bij het verlengen van de overleving
of zelfs curatief zijn. Desalniettemin ontwikkelt de meerderheid van de patiënten
nog steeds een verder recidief en sterft ze aan een progressieve ziekte. Sinds de eerste
grote ervaring met het Internationaal Register van Longmetastasen en de identificatie van de belangrijkste determinanten van overleving bij patiënten die pulmonale
metastasectomie ondergaan, is er zeer weinig vooruitgang geboekt in de kennis van
dit fenomeen. Desalniettemin laten preklinisch en translationeel onderzoek toe om
een nieuw licht te werpen op het complexe samenspel tussen kanker en gastheer.
Veel onderzoeken suggereerden dat kankergedrag afhangt van de onderlinge verbanden tussen tumorcellen, de tumormicro-omgeving en systemische factoren, zoals de
voedingsstatus, het immuunsysteem en het patroon van oplosbare mediatoren. De
prognose van patiënten met gereseceerde longmetastasen bleek inderdaad af te hangen van de niveaus van CRP en circulerende immuuncellen (Hoofdstuk 6). Bovendien kunnen chirurgische ingrepen met een hoge impact de bewaking van immuuntumoren beïnvloeden en leiden tot verminderde prognostische resultaten. De introductie van Video-Assisted Thoracoscopic Surgery (VATS) maakte het mogelijk zelfs
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complexe chirurgische procedures uit te voeren met minder impact op de patiënt.
Pulmonale metastasectomie wordt echter nog steeds op grote schaal uitgevoerd door
standaard thoracotomie, aangezien minimaal invasieve benaderingen longpalpatie
belemmeren, waardoor vaak verdere longknobbeltjes kunnen worden geïdentificeerd. Met het doel om een chirurgische resectie te bieden door middel van een minimaal invasieve benadering zonder zorgen over oncologische radicaliteit, wordt de
rol van intraoperatieve longechografie door VATS voor de identificatie van longknobbeltjes onderzocht (Hoofdstuk 8). Desalniettemin lijkt kankergedrag ook te
worden beïnvloed door de voedingsstatus (Hoofdstuk 5), terwijl de representatie
van de skeletspieren niet wordt beïnvloed door de tumorbelasting (Hoofdstuk 7).
Desalniettemin kunnen patiënten te zeer worden aangetast door het ziekteverloop
om veilig een chirurgische resectie te ondergaan, en in dit geval kunnen alternatieve
ablatieve behandelingen worden overwogen. Stereotactic Body Radiotherapy (SBRT)
is het belangrijkste alternatief voor chirurgie. Deze behandeling is echter gebaseerd
op tomografische onderzoeken die een suboptimale gevoeligheid kunnen hebben
voor het detecteren van alle longknobbeltjes of het identificeren van nodale metastasen die, indien onbehandeld, tumorprogressie kunnen ondersteunen. Dit vertaalt zich
in een algehele kortere tijd tot recidief en overleving op lange termijn voor patiënten
die worden behandeld met SBRT in vergelijking met chirurgie (Hoofdstuk 2).
Anderzijds is de verspreiding van tumorcellen via de lymfatische route een fenomeen dat gepaard gaat met een sombere prognose, en dit ziektepatroon overtreft de
definitie van “oligometastatische ziekte”. In dit geval lijkt lymfadenectomie, afgezien van zijn erkende rol in prognostische stratificatie, geen overlevingsvoordeel te
bieden (Hoofdstukken 3 en 4).
Daarom lijkt de evolutie van kanker en de ontwikkeling van metastaten sterk te
worden beïnvloed door de interactie met de gastheer, hoewel de precieze mechanismen niet volledig worden begrepen. Een beter begrip van dit fenomeen zou kunnen
leiden tot het voorkomen of stabiliseren van metastasen, met een dramatische impact op de mogelijkheid van genezing van kankerpatiënten.
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Impact paragraph

Cancer is the second cause of death worldwide and its incidence is age-related,
with a higher frequency in subjects older than 60 years1. Parallelly, mainly in western countries, life expectancy is constantly increasing, and incidence of communicable diseases is declining, making cancer one of the most common lethal conditions diagnosed every year1. Development of distant metastases is the cause of death
in almost 90% of cancer patients2. This phenomenon determines the necessity of
long-term expensive treatments, which account for an expected increase of average
costs for cancer care3. Furthermore, the presence of a neoplastic conditions often determines the need for prolonged assistance of the affected individuals, with consequent relevant costs at both the family and community level. In addition, coping
with a cancer diagnosis almost invariably causes a significant perturbation of the
psychological sphere of patients: several meta-analyses and large multicentre studies
have shown that, during the time of cancer diagnosis, about 30% of the patients
suffer from a mental health condition4 and the rate of suicide is twice as high as that
of the general population5.
Standard treatment for cancer metastases has always typically been systemic chemotherapy, with usually only limited benefits on survival. In recent years new highly effective systemic treatments have been introduced for patients with a metastatic
condition, but the indication for such treatments is usually determined by the expression of specific molecules on the neoplastic cells, which act as drivers of therapeutic response. Lung is one of the preferred sites of metastases and when cancer recur with an oligometastatic pattern, pulmonary metastasectomy may be performed
with a curative intent. Apart for its potential therapeutic role, metastasectomy offers
the advantage of providing tissue for thorough molecular studies and identification
of potential targets of treatment which, in the era of targeted therapies, represents a
point of paramount importance.
However, since metastases recur in more than half of the operated patients and
are eventually responsible for an unfavorable outcome, surgery, even when performed with a radical intent, should not be merely seen as a definitive treatment, but
rather as a step of a multidisciplinary approach to metastatic disease. Nonetheless,
development of recurrence after a potentially radical intervention insinuates a weak
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comprehension of the biological bases of cancer, a scarce reliability of current radiological investigations in detecting all tumor foci or an inadequate application of perioperative schemes of pharmacological treatments for controlling further development of metastases.
At the same time, the prognosis of patients with overt metastatic states is almost
invariably poor, suggesting a low appropriateness and specificity of the currently
employed systemic treatments.
Therefore, major efforts should be made to better understand the pathogenetic
basis of cancer metastases and identify more reliable target of treatment. Indeed, the
typical slow-evolving behavior of oligometastatic tumors offers the opportunity for
a deeper comprehension of the metastases’ formation process and of the pathogenetic aspects of the tumor/host balance.
Target group
The present thesis aims to investigate on several aspects of cancer metastases,
from the role of the currently available treatments modalities to the effects of the interaction between cancer cells and the immune system on the whole body. Our research focuses on the peculiar subgroup of patients with lung oligometastases, who
represent a unique source of information on cancer behavior in vivo. Nevertheless,
our research should represent a starting point for future investigation which aim to
elucidate the effects of cancer on the body homeostasis and identify possible, still
undiscovered targets of treatment. This might ultimately translate into a survival advantage even for patients with a more extensive metastatic pattern.
Output
Hitherto, the treatment of patients with a metastatic cancer has been systemic
chemotherapy, while surgical resection is currently reserved for patients with a low
burden of disease and the potential of having their cancer foci radically resected, albeit the effectiveness of this practice is based upon a low level of evidence. These treatments are usually performed as the most effective current treatments, without
considering the complexity of the tumor/host balance and the humoral and cellular
drivers of cancer behavior. Unsurprisingly, the results in terms of cure are quite frustrating. This thesis presents the results of a series of investigations on the biological
behavior of cancer metastases and their interaction with the normal body homeostasis. The included arguments should promote a debate between surgeons, medical
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and radiation oncologists and promote further research on these still not fully elucidated aspects of cancer pathogenesis. A deeper comprehension of these aspects
might lead to identify the most appropriate surgical techniques and implement the
current protocols of treatment with specific dietary regimens and molecules that enhance cancer immune surveillance and reduce tumor-associated inflammation and
its detrimental effect on cancer progression. The employment of such still unexplored adjuvant treatments might not only consolidate the role of surgery in the setting
of oligometastatic disease, but also extend its application in patients with more widespread patterns of disease. Ultimately, this might translate into an increased chance of cure for patients with cancer metastases.
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