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Chapter 16
Biology of Lung Cancer Metastases

Lucian R. Chirieac

 Introduction

Non-small cell lung carcinoma (NSCLC) remains the leading cause of death from 
cancer in both men and women [1]. Distant reoccurrence remains the major cause of 
morbidity and mortality in the patients with lung cancer [2]. The term metastasis was 
coined in 1829 by Jean Claude Récamier [3]. Today it is defined as the transfer of 
disease from one organ to another not directly connected to it. Metastasis is the pri-
mary clinical challenge as it is unpredictable in onset and it exponentially increases 
the clinical impact to the host [4]. Tumor metastasis is a multistage process in which 
malignant cells spread from primary tumor to discontiguous organs [2, 5]. It involves 
a rest and growth in different micro-environments, which are treated clinically with 
different strategies depending on the tumor histotype and anatomic location of the 
metastases. Because of the cellular heterogeneity therapies have varying efficacy 
challenging not only the oncologist but also our understanding of the metastatic pro-
cess. Each step is rate limiting and is influenced by the interaction between tumor cells 
and the local micro-environment [3]. If a cell fails each one of the steps, the process 
stops. Therefore, development of each metastasis represents the survival of selected 
population of cells that preexist in the primary tumors. Tumor formation starts with 
cellular selection and transformation, resulting in the growth of the tumor. When the 
tumor reaches a critical mass new vascularization occurs through an intricate interac-
tion of angiogenesis phenomena. Tumors acquire the propensity to invade through the 
basement membrane into the stroma, lymphatics, and capillaries through a process of 
motility and intravasation. Tumor cells migrate in the capillaries, venules, lymphatic 
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vessels to form microemboli and cellular aggregates that have the property to spread 
and disseminate to distant organ sites. At the distant organ sites the tumor emboli 
arrest in the capillary beds, they adhere to the vascular walls and when they reach a 
critical mass they start to extravasate into the neighboring organ parenchyma through 
a process similar to the intravasation into the capillaries. Through complex interac-
tions between the tumor cells and the local micro-environment the tumor cells start to 
proliferate, form new vessels through angiogenesis, and acquire properties that are 
significant for the formation of metastases in distant organs [3].

In many patients the process of metastasis has occurred by the time of diagnosis, even 
if this is not apparent clinically. In some instances the tumor metastases can occur early 
in the tumor progression stages, when the primary tumor is small or undetectable. 
However, in the majority of tumors the process of metastasis occurs later in the tumor 
progression stages when the primary tumor is much larger. The process of tumor metas-
tasis has important features that have recently been uncovered and explored [5, 6].

 Lung Cancer Metastases

Lung cancer can spread to any part of the human body. Metastatic spread may result 
in the presenting symptoms or may occur later in the course of disease. The most 
frequent sites of distant metastases are the brain, liver, adrenal glands, and bones [7] 
(Fig. 16.1). Surprisingly the distal recurrences and metastasis to distant organs for 
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Fig. 16.1 A primary lung cancer (left panel) involving the lung of a non-smoker patient treated for 
recurrent NSCLC with multiple cycles of chemotherapy and radiation. The patient had involve-
ment of multiple organs (liver, adrenal, and bone) that led to multiple organ failure and dissemi-
nated disease in multiple organs
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lung cancer are extremely high (41–45%) and although studies have shown that 
 chemotherapy, targeted therapy, or systemic immune checkpoint inhibitors (preferred) 
could lower the incidence of metastasis (Table 16.1), the recurrence rate still remains 
high [8, 9]. The IALT study [9] shows that the incidence of brain metastases is the 
most common among the patients with lung cancer (irrespective of the type of treat-
ment) and represents almost a third of all the tumors that spread to distant organs.

 Liver Metastases

Symptomatic hepatic metastases are uncommon early in the course of the disease; 
asymptomatic liver metastases may be detected at presentation by liver enzyme 
abnormalities, CT or PET imaging. Among the patients with otherwise resectable 
NSCLC in the chest, CT evidence of liver metastases has been identified in approxi-
mately 3% of the cases. Newer imaging techniques (PET or integrated PET/CT) 
identify unsuspected metastases in the liver or the adrenal glands respectively in 
about 4% of the patients. The incidence of liver metastasis is much higher later in 
the course of disease once the tumor progresses and spreads to distant organs. 
Autopsy studies have shown that hepatic metastases are present in more than 50% 
of the patients with either NSCLC or small cell cancer.

Table 16.1 In the International Adjuvant Lung Cancer Trial IALT study, the incidence of either 
local or distant recurrence was significantly lower in the chemotherapy arm compared with the 
control arm. The brain was the most frequent site of metastasis (30%) and the incidence of brain 
metastasis (BM) was not significantly different between the two arms, whereas the incidence of 
metastases at other sites was significantly lower in the chemotherapy arm compared with the 
control arm

Total no. 
events

Cisplatin-based 
chemotherapy 
(n = 932) (%)

Control 
(n = 935) (%)

Hazard 
rate P

Overall survival rate 
5 years

973 44.5 40.4 0.86 0.03

Disease-free survival 
rate

1095 39.4 34.3 0.83 0.003

Local recurrence 
incidence

379 24.3 28.9 0.72 0.003

Distant recurrence 
incidence

655 40.8 44.3 0.84 0.03

Brain as first 
metastasis incidence

227 18.1 16.3 1.07 0.61

Non-brain as first 
metastasis incidence

456 29.4 34.9 0.75 0.003

Second primary 
incidence

78 6.0 6.9 0.90 0.64
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 Adrenal Metastases

The adrenal glands are a frequent site of metastasis but are rarely symptomatic. 
Only a fraction of adrenal masses detected on staging scans represent metastases. In 
a series of 330 patients with operable NSCLC, 10% had isolated adrenal masses [10]. 
Only 8 out of 32 (25%) were malignant, while the remainder had benign lesions like 
adrenal adenoma, adrenal nodule hyperplasia, or hemorrhagic cysts. Conversely, 
negative imaging studies do not exclude adrenal masses and a study of patients that 
had SCC found that at least 17% of adrenal biopsies showed metastatic involvement 
despite normal CT scans [11]. The lack of specificity of initial CT identifying an 
adrenal mass creates a special problem in patients with an otherwise resectable lung 
cancer. Involvement of the adrenal glands is more frequent in patients with widely 
disseminated disease. In an autopsy series that have been previously published, 
adrenal gland metastases have been identified in 40% of patients with lung cancer.

 Bone Metastases

Metastases from lung cancer to bone are frequently symptomatic. Patients present 
with pain and elevated levels of alkaline phosphatases. Twenty percent of patients 
with NSCLC have bone metastases at presentation and osteolytic appearances are 
more common than osteoblastic ones. The most common sites of involvement are 
the vertebral bodies. Bone metastases are even more common in patients with 
SCLC, and represent 30–40%. Modern imaging studies (PET and PET/CT) have 
improved the ability to identify metastases to many organs including bone, with 
greater sensitivity than CT or bone scan.

 Brain Metastases

Lung cancer is the malignancy that most commonly gives rise to brain metastasis 
which is a devastating complication [12]. Brain metastases are a major cause of 
morbidity and mortality in human malignancies in patients with NSCLC. The fre-
quency of brain metastasis is greatest with adenocarcinoma and least with squa-
mous cell carcinoma. Approximately 10% of the patients have brain metastases at 
the time of diagnosis, and approximately 40% of all patients with lung cancer will 
develop brain metastases during the course of the disease [13]. Patients with locally 
advanced NSCLC who are treated with chemotherapy and chest radiotherapy with 
or without surgery have a very high rate of developing brain metastases [14–17]. 
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These patients also have a risk that ranges from 15 to 30% of failing first in the 
brain. Brain metastases from NSCLC have received increasing attention, because 
combined-modality therapy has led to improvements in intrathoracic local control 
and prolonged overall survival [18–20]. The risk for brain metastasis increases with 
larger primary tumor size and regional node involvement (which is a well-known 
phenomenon at the basis TNM staging system). For carefully selected patients, sur-
gical resection may be feasible. Surgical resection of brain metastases may be fea-
sible in cases that have operable NSCLC in the chest and solitary brain metastases. 
In patients with SCLC, metastases to brain are present in 20–30% at initial diagno-
sis. Without prophylactic irradiation, relapse in the brain occurs in 50% within the 
next 2 years after the diagnosis. Randomized trials have shown that the frequency of 
brain metastases can be significantly reduced with prophylactic cranial irradiation. 
It is important to identify the patients with NSCLC who are at greater risk of devel-
oping metastases because such metastases may exist in the absence of neurologic 
symptoms [21]. Furthermore, prophylactic cranial irradiation may be an effective 
modality preventing brain metastases in patients with NSCLC who receive adjuvant 
chemoradiation [16]. Despite advances in diagnosis, therapeutic modalities, and 
clinical practice guidelines, it remains unclear whether patients with NSCLC should 
be screened for brain metastases or not [22, 23].

 Molecular Characteristics of Metastases in Comparison 
with Primary Tumor

Recent studies have advanced the hypothesis that there may be important differ-
ences in the primary tumor, lung tumor, and metastases of lung adenocarcinoma, 
regarding morphology, biomarker expression, and genotype [24]. The mutation sta-
tus of metastases can differ from the primary tumors and also among metastases [3, 
25]. The frequency of differences and the significance of the differences in patho-
logic variables between primary lung tumors and metastases and also previously 
systemically treated tumors have yet to be fully investigated [25, 26]. Both the cells 
within the primary tumor and the metastatic lesions can continue to diversify if the 
lesions grow and result in molecular differences between the primary and the meta-
static tumor. To determine whether the genetic profiles are similar between the pri-
mary lung cancer and their paired metastases to the brain, we examined pairs of 
primary metastatic lung carcinomas by high-throughput genetic mutation profiling. 
We evaluated four-micron formalin-fixed paraffin embedded specimens from 
patients with lung cancer (women 52% and men 48%) with a median age of 65 years. 
The tumors investigated were 12 adenocarcinomas and nine squamous cell carcino-
mas and the corresponding brain metastases they developed after a median of 
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12.5  months (range 2–90  months) over a 35-month median follow-up time. We 
employed the sequenom mass spectrometry-based system (IPLEX protocol- 
oncomap analyses) for 252 genetic mutations in the following genes: ABL1, BRAF, 
EGFR, FGFR3, HRAS, KRAS, MET, N-ras, PBGFRA, PI3K, and RET. Some of 
the lower confidence mutations identified by IPLEX protocol were validated by 
homogeneous mass-extended (HME) technology. We found that nine patients 
(39.1%) had mutations only in the primary tumors Table 16.2. In five patients 
(21.7%) mutations were identified only in the brain metastases and in only three 
patients (13%) mutations were identified in both lung and brain metastases 
(Table 16.2). Except K-ras G12C mutation that was identified in two patients, all 
mutations were unique in each patient.

In summary, there is a great variation in the molecular abnormalities between 
individual primary NSCLC and their metastases to the brain. Understanding these 
differences will allow us to clarify the mechanism of metastatic progression of 
NSCLC to brain and potentially identify novel targets of therapy.

 Protein Expression Characteristics of Metastatic Lung 
Carcinoma to Brain and Primary Metastases

We compared the expression of certain proteins between brain metastases and the 
primary tumors (Fig. 16.2). The results of the study showed that metastatic NSCLC 
to the brain have a higher expression of MIB1 (p = 0.02), a lower VEGF-A (p = 0.03), 
and a higher EGFR (p = 0.03) expression in brain metastases than the matched pri-
mary NSCL cancers (Fig. 16.2).

Table 16.2 Molecular characteristics of matched primary NSCLC and brain metastases

Gene
Present only in primary 
NSCLC

Present only in 
metastasis to brain

Present in both primary 
NSCLC and brain

ABL1 Y253F G250E
BRAF D594G D594G D594G (one case)
EGFR Exon19 

del, D770_N771>AGG
FGFR3 K650T
HRAS G13D
KIT V559I
KRAS G12C G12S; G12D; G12C G12C (two cases)
PDGFRA T674I
PI3K G1049R
RET E632_L633del
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 MET in Primary Lung Cancers and Corresponding Distant 
Brain Metastases

MET amplification has been detected in 20% of NSCL cancers with EGFR mutations 
progressing after an initial response to tyrosine-kinase inhibitors (TKI) therapy. MET 
is amplified, mutated, and overexpressed or uniquely activated in many tumors. MET 
expression was associated with worse prognosis in many cancers including NSCLC 
[27]. We investigated MET expression, phosphorylation, and gene copy gain in both 
primary NSCLC and brain metastases. MET FISH reveals a lower copy gain in the 
primary lung tumors versus a higher copy gain in the corresponding metastatic lesions 
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Fig. 16.2 Immunohistochemical characteristics of metastatic NSCLC to the brain
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(Fig. 16.3). Surprisingly we found that the expression of both the receptors is focal 
and heterogeneous. Furthermore, immunohistochemistry images on consecutive 
 sections revealed colocalization of deletion of EGFR mutated cells and activated 
MET cells. Our studies confirm the hypothesis of clonal selection and the genotype 
differences between primary tumors and brain metastases (Fig. 16.4). We found that 
the heterogeneous Met expression, activation, and gene copy gain in primary NSCLC 
is significantly enriched in paired brain metastases. These results suggest that the 
enrichment of Met-activated lung tumor cells in brain metastases may result from an 
increased capacity for Met activated primary tumor cells to migrate and establish 
metastases. The initial response to EGFR tyrosine-kinase therapy and the initial dis-
ease control (partial response or stable disease as defined by RECIST criteria) is 
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Fig. 16.3 MET expression by immunohistochemistry (first column), MET activation (Phospho 
MET, second column), MET amplification (third column). MET and phospho-MET staining were 
heterogeneous and focal in the primary cancer, but more widespread and diffuse in the paired brain 
metastases
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Fig. 16.4 Colocalization studies to identify the EGFR mutations have shown that the EGFR 
mutated cells and the MET activated tumor cells (with deletion 19 specific EGFR antibodies and 
phospho MET antibodies)

anticipated in tumors harboring no MET activation (scenario A, Fig. 16.5) or a low 
percentage of MET activation (scenario B, Fig. 16.5). By contrast, primary resistance 
(progressive diseases defined by RECIST criteria) is consistent with tumors harboring 
a high percentage of MET activated cells with concomitant EGFR tyrosine-kinase 
resistant cells (scenario C, Fig. 16.5) [27].

 Genetic Abnormalities in Primary Lung Cancers 
and Locoregional Lymph Node Metastases

Recent studies looked into the EGFR, KRAS, and BRAF mutations in primary 
lung adenocarcinomas and corresponding locoregional lymph node metastases 
[28]. The study revealed that 72% (31 out of 43 patients with mutated tumors in 
total 32% of all investigated cases) with mutations showed discordant results. The 
discordant mutational status in the primary tumor and the corresponding lymph 
node metastases were 6 out of 7 cases with EGFR mutation and 25 out of 36 cases 
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with KRAS mutations. The lack of the correlation in the mutation status between 
primary tumors and metastases is most likely real and not due to technical prob-
lems for several reasons: (a) all tumor specimens analyzed were required to contain 
at least 70% tumor cells, (b) the results were confirmed by a second run, (c) the 
mutant rate in the primary tumors was not different to previous published data, and 
(d) the results were in accordance with those from other reports.

 Predictive Markers Associated with an Increased Risk of Brain 
Metastases

We performed a controlled study of patients who were newly diagnosed with 
NSCLC, who developed brain metastases. These patients were initially diagnosed 
with early stage operable lung cancer. After surgical removal of the primary tumor 
the patients were followed up for a median period of 35.5  months [12]. These 
patients developed brain metastases as a site of distant release after a median period 
of 12.5 months. These patients were compared with a control group of patients who 
had NSCLC and no evidence of brain metastases in the same follow-up period. 

EGFR mt 

EGFR mt
pMet 

Disease Control Progressive Disease

EGFR mt
pMet 

EGFR mt
pMet 

EGFR mt
pMet 

EGFR mt
pMet 

EGFR mt 
EGFR mt 

EGFR mt 

EGFR mt 

EGFR mt 

EGFR mt 

EGFR mt 
EGFR mt 

a b c

LONG TERM
RESPONSE:              

INITIAL
RESPONSE: Disease Control Disease Control Progressive Disease 

EGFR mt 
EGFR mt 

EGFR mt 

EGFR mt 

EGFR mt 

EGFR mt 

EGFR mt
pMet 

Fig. 16.5 Preexisting Met activation may predict poor response to subsequent EGFR TKI therapy 
in EGFR mutant NSCLC. Initial response to EGFR TKI therapy: Initial disease control (partial 
response or stable disease, as defined by RECIST criteria) is anticipated in tumors harboring no 
Met activation (A) or a low percentage of Met activation (B). By contrast, primary resistance (pro-
gressive disease as defined by RECIST) is consistent with tumors harboring a high percentage of 
Met activated, EGFR TKI resistant cells. (C) Disease control in tumors without Met activation may 
remain relatively durable but, initial disease control in tumors with low level Met activation is not 
durable, as focal regions of Met activated, EGFR TKI resistant cells can proliferate despite EGFR 
TKI therapy
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NSCLC and their corresponding metastases were examined for expression levels of 
Ki-67, caspase-3, VEGF-A, VEGF-C, E-cadherin, and EGFR respectively. The 
study showed an increased risk of developing brain metastases in patients who had 
a high expression of Ki-67, caspase-3, VEGF-C, and e-cadherin but not with 
VEGF-A and EGFR (Fig. 16.6). Patients with an increased Ki-67 labeling  index 
developed metastases after a median time of 1.2 years as opposed to 5 years for the 
patients with the low labeling index. Furthermore, patients with a lower caspase 
labeling index had an increased rate of developing brain metastases as opposed to 
patients with a high labeling index. The results of the study indicated that patients 
with NSCLC and high Ki-67, low caspase-3, high VEGF-C, and low e-cadherin in 
their tumors may benefit from close surveillance because they may have an increased 
risk of developing brain metastases. Higher Ki-67 and lower caspase labeling indi-
ces characterize patients who are at greater risk of developing metastatic NSCLC to 
the brain. The identification of this subgroup of patients is very important as these 
patients may benefit from early and close physical and imaging follow-up. In addi-
tion, this subset of patients may benefit from prophylactic brain irradiation. Another 
study looked into 100 consecutive patients with EGFR mutations that were treated 
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Fig. 16.6 Risk of developing brain metastasis according to expression of Ki-67, Caspase-3, 
VEGF-A, VEGF-C, E-Cadherin, and EGFR in the Primary NSCLC
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with gefitinib or erlotinib that followed the patients for a period of time and looked 
into the incidence of brain metastases [29]. The authors have surprisingly shown 
that there are differences between different types of EGFR mutations (exon 19 dele-
tion versus L858R point mutation) in the characteristics of the primary tumors and 
propensity to spread to brain. The time to progression was 16.2 months with exon 
19 deletions versus 11.8 months in patients with l858R (p = 0.026) also, the overall 
survival was much longer in patients with exon-19 deletions than L858R (40.6 ver-
sus 23.9 months, p = 0.014).

 Conclusion

There may be important differences between the primary tumor and metastases of 
lung adenocarcinoma regarding morphology, biomarker expression and genotype. 
The mutation status of metastases can differ from that of the primary tumor and also 
among metastases. The frequency of differences and the significance of the differ-
ences in pathologic variables between the primary tumors and metastases and also 
previously systemically treated tumors have also yet to be investigated.
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