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Abstract 

Cancer progression is a multistep process driving by oncogenic forces and promoted by the close 

interaction between neoplastic cells and the surrounding microenviroment as well as the pre-

metastatic niche. In this perspective the context of chronic arteriopathy represents a specific setting 

which can be associated with the arousal of lung cancer being and most often the both diseases share 

smoke as common risk factor. Within respect to the arterial disease we focused on the role of 

aneurysma dilations and on its impact on blood dynamics in cancer. Through a physical approach 

we defined a mathematical model which identifies altered viscosity as the physical variable linking 

cancer to aneurysm-related rheology. To further validate this theroretic approach an extensive 

screening of 976 patients carried diagnosis of cancer and arteriopaty from 2018 to 2024 was 

performed. From them a population of 120 cancer patients with concomitant aneurysmal disease was 

selected. The study cohort was subdivided based on primary site of origin into 3 groups: lung cancer 

(39 cases), other solid organ cancer (66 cases) and hematologic neoplasms (15 cases). Exaustive 

demographic, clinical and biologic data were available for each case. A close male gender-specificity 

was documented (83.3% of cases) as well as significant exposure to cigarette smoke. Quite 

surprisingly a reduced metastatic potential was reported in in all cancer types. 

Keywords: cancer; metastases; aneurysms; COPD 

 

1. Introduction 

1.1. Biologic Hints in Lung Cancer Distant Spreading 

Lung cancer (LC) most often presents with metastatic lesions at diagnosis [1–3]. Metastatic 

dissemination strongly affects patients’ survival and quality of life. Indeed primary tumor resection 
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improves survival even in case of single metastases with preferential site og growth in brain or bones 

if compared to liver or lung [4,5]. Moreover, the recent implementation of peri- and post-operative 

targeted and immunotherapy has signicantly improved LC patients’s outcome [6,7]. On the other 

hand, the lung is a preferential site for growth of malignant nodules from distant organs and a proper 

diagnostic work-up to assess the primary origin is mandatory in case of synchronous or 

metacronosus parenchymal lesions [8]. It is, thus, mandatory to determine the biologic features 

leading to LC early spreading. Although a deep analysis of the biologic programmes which are 

implicated in metastatic progression goes beyomd the scope of this work, it should be reported that 

it is a highly complex and multistep process encompassing the aberrant activation of epithelial-to-

mesenchymal transition (EMT), angiogenesis, and lymphangiogenesis and that involves a dynamic 

crosstalk between tumor microenvironment, that of the pre-metastatic niche and LC stem cells 

(LCSCs) [9–11]. These factors are largely influenced by numerous genes and non-coding RNAs 

(ncRNAs) as well as epigenetic mechanisms [for a review see [12–16]. The lung cancer 

microenvironment consists of lung cancer cells, stromal cells (fibroblasts, immune cells, vascular cells 

and endothelial cells), and the extracellular matrix (ECM), all of which create a supportive niche for 

tumor growth and progression [17]. The peri-tumor microenvironment can promote proliferation of 

transformed cells and acidity, hypoxia and inflammation are the three main pro-metastatic required 

environmental features of this process [18]. For what concern hypoxia the more aggressive tumor 

cells are the ones that were exposed to oxygen deprivation and the exosomes, namely the extracellular 

vescicles which contains proteins, lipids and nucleic acids, related to NSCLC may contribute to 

metastasis under hypoxia [19]. The exosomes interact with the LC microenvironment to mediate 

angiogenesis, EMT transformation, immune regulation, and other processes, playing a key role in the 

LC occurrence and progression [20–22]. Chronic inflammation create a favorite environment for the 

invasion of cancer cells. There are more transducers involved, among them interleukin 1B (a pro 

inflammatory cytokine) and IL 6 (which boost STAT1 - activator of transcription 1 are known to 

strengthen metastasis [23]. Exosomes that originates from cancer cells of the lung release microRNA 

210 (miR-210) that induces cancer’s fibroblasts (CAF s) which are correlated to the increase the 

progression of the lung cancer. MiR-210 induces angiogenesis factors (FGF2 and VEGF) facilitating 

the process of metastatization via JAKSTAT3 pathway [24]. Cancer cells invasive capacity relies on 

the formation of blood vessels and lymphatics. Angiogenesis and lymphangiogenesis not only supply 

the nutrients required by tumor cells but also create pathways for their metastasis. Among the 

vascular endothelial growth factor (VEGF) family, VEGF-A primarily mediates angiogenesis, 

whereas VEGF-C and VEGF-D are associated with lymphatic metastasis [25]. Ovarell, although a 

relevant amount of literature describes the molecular and genetic drivers of distant spreading, fewer 

data are till now available regarding the complex interplay between invasive clones and the context 

in which the move and how it could really affect cells fate. Thus the aim of this work, which if focused 

on the evaluation of the role on blood flow - in which metastastic cells are immersed and are floating 

- of the altered biomechanis and dynamics related to arteriopathy, such as aneurysmatic dilations, 

which most often affect smoker patients whith lung cancer. 

1.2. Vascular Pathophysiology 

The main physical characteristics of the arteriar wall affect its compliance and distensibility [26]. 

Bigger vessels stiffness may vary owing to modifications in the makeup of the wall that lead to 

changes in the elastic structure. Thus, vascular aneurysms have a multifactorial pathogenesis, 

essentially characterized by elastin and collagen degradation at wall level, apoptosis of vascular 

smooth muscle cells, and infiltration of leukocytes into the aneurysmal tissue [27]. Furthermore, 

vascular inflammation is the key process underlying vascular diseases onset and progression. 

Arterial vessel rupture is a devastating complication that occurs when the local wall stress exceeds 

the wall strength, resulting in intra-abdominal hemorrhage with mortality of 85% [28]. The disease is 

usually asymptomatic but leads to high mortality due to the risk of artery rupture [29]. In 

aneurysmatic dilation the reorientation of adventitial fibers in the circumferential direction alters the 
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anisotropic properties of the vessel and likely contributes to diminished compliance. Patients with 

aneurysm of abdominal aorta have decreased wall distensibility as estimated by the pulse wave 

velocity (PWV) compared with age- and sex-matched patients without it [30]. This factor suggests an 

increased stiffness of the arterial tree. With increased wall stiffness, there is increased velocity of the 

forward pulse wave, and peripherally reflected arterial waves reach the heart in early systole, rather 

than diastole, causing increased systolic blood pressure, lower diastolic blood pressure, 

augmentation of the cardiac workload, and decreased coronary perfusion pressure. Propagation of 

the pulse wave through the arterial tree depends on the physical properties of the blood, which are 

relatively invariable, and the characteristics of the arterial wall, including its stiffness and geometry. 

Indeed, the term stiffness refer to the structural stiffness of the aorta, largely driven by the change in 

geometric effects accompanying changes in compliance, as well as the material stiffness, which 

describes the intrinsic properties of the arterial wall. 

1.3. The Interplay Between Smoke, Cholesterol, Cancer and Vessels 

Tobacco smoke is among the key risk factord for both cardio-vascular disease and cancer onset 

[31]. There is a close relation between cancer development and the number of cigarettes/day smoked, 

with the duration of the habit in years, the depth with which the smoke is inhaled, he tar and nicotine 

content of cigarettes smoked. The relative risk of smokers of getting bronchogenic carcinoma is about 

14 times higher than that of non-smokers, while for heavy smokers (for those who consume more 

than 25 cigarettes/day), this risk rises to 30 times. For those who stop smoking the risk progressively 

reduces over the following 7-10 years, after which it returns to overlap that of non-smokers. Exposure 

to passive smoking is also a risk factor for the development of lung cancer, particularly if it occurred 

at a young age (under 25 years of age). Smoking has a direct carcinogenic effect (genotoxic damage) 

due to the a number of substances produced during combustion. Among the components of cigarette 

smoke, the main carcinogenic action is attributed to polycyclic aromatic hydrocarbons, indirect 

carcinogens that require transformation into active intermediates by microsomal enzymes present at 

the bronchial cell level [32–36]. Moreover, exposure to nicotine is associated to cancer cell 

proliferation and increased angionesis and tumor vascularization [37]. Smoking-related effects 

associated to aneursysmatic vascular dilation hare the following) smoke-induce activation of 

circulating markers among which tissue plasminogen activator (tPA). The latter is implicated in 

elastolysis [38]. The effect is higly augmented, significantly more than that induced by 

atherosclerosis, when skoking habit is associated to genetic germline variants, mainly those affecting 

the 3.12.3 chromosome. It is also coincevalble that smoke could exert epigenetic modulation of 

histone acetylation involved in cardiovascular diseases and remodelling [39]. It should be also 

remarked that a significant association exists between smoke, atherosclerosis and aneurysm 

formation [40,41]. In detail HDL cholesterol levels have been linked to the inflammatory-mediated 

matrix alteration involved in the development of admonival aortic aneurysms [42,43] . Moreover, 

most recent data point out that PD-1 (programmed death -1) and its ligand PDL-1 is overexpressed 

in smoke-related cancers as well as in aneurysmatic arteries [44]. Thus, immunecheck point inhibition 

relies on a strong rationale mainly in the LC population which carries smoke-related vascular 

inflammation and aneurysms formation and progression [45–47]. 

2. Methods 

We here aim at analysing the fluid-dynamics of metastatic cells moving into smoking-related 

pathologic blood vessels to describe a real-life setting for cancer distant spreading. To reach this goal 

we developed a integrated approach based on theoretical application of physical laws as well as on 

the analysis of patients’ dataset. 
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2.1. Modelling 

Despite the biological uniqueness of the circulatory system, the elemnetary principles that 

regulate it are based on the fluid dynamics laws [48,49]. Blood is composed of two main elements, 

namely the plasma and cellular elements (red and white cells and platelets). Within respect to fluid 

dynamics the plasma can be assumend as a Newtonian fluid, whereas the whole blood shows non-

Newtonian behaviour [50]. The main differences with the Newtonian model for blood are found 

above all at low velocities in the recirculation zones and in secondary flows. Overall blood dyminc 

properties cannot be fully described by the Navier-Stokes equations which describe a linear viscous 

fluid. Here we aim at integrating the already available knowledge on hemodynamics into the dual 

pathologic context represented by vasculopathy - mainly with artery wall pathology - and cancer to 

generate a formal theory to recapitulate real life disease onset and progression. 

2.2. Patients Identification and Selection 

To further analyse the metastatic pattern in case of cancer associated with aneurysmatic 

dilations, we retrospectively investigated a consequent serie of 976 patients diagnosed with cancer 

and arteriopathy between January 2018 and December 2024 at the IRCCS San Matteo Hospital 

Foundation. Of them, we selected the 120 patients affected by cancer and aneurysms. Exhaustive 

demographic and clinical data are detailed in Table 1. This is not a clinical trial. Informed consent 

from each patient was routinely collected at hospital admission in accordance with standard hospital 

procedures. Patient data were collected through consultation of operating directories; pneumological 

and vascular surgery reports and discharge letters. 

2.3. Statistical Analysis 

Statistical analysis was carried out using the Excel add-in package. The continuous variables 

were expressed as the mean value ± the standard deviation (SD), and the latter was compared using 

the Student’s t-test for independent variables. The nominal variables were compared using χ2 tests. 

The Kaplan–Meier method was used to generate the cumulative survival curves, and the log-rank 

test was used to calculate the differences between the curves. A p-value < 0.05 was considered 

statistically significant. The entire dataset was then tested using the JMP partition algorithm (JMP-

Statistical Discoveries, from SAS; website at www.jmp.com), which can search for all possible 

subdivisions of the best predictors of response/outcome and event probability distribution. 

3. Results 

3.1. Definition of a Mathematical Model 

A fluid is defined as Newtonian if the tangential stress τ is directly proportional to the shear rate 

ƴ; otherwise a fluid that does not have these characteristics is called non-Newtonian. In cancer blood 

viscosity (µ) is known to be increased if compared to physiologic conditions [51–56] based on several 

mechanisms. Red blood aggregation [57] is aberrantly increased through a direct interaction with 

tumor cells mediated by molecules such as galectin-4 [58], vascular endothelial growth factor (VEGF), 

elastin-derived peptides (EDPs), sialic acid (TSA) [59]. Moreover blood viscosity positively correlates 

with the cancer stage [60] and it is exploited by metastatic cells to enhance their invasive capacity 

[61–63]. Indeed, genetic activation of invasive growth program mediates thrombosis [64,65] and 

platelets activation [66] ultimately leading to the development of intravascular scaffolds able to 

promote cell motile phenotype and scattering [67]. Within respect to arterial aneurysms, there are 

essentially two types, namely the fusiform ones which are dilations that involve the entire 

circumference of the artery and the saccular ones which are swellings that involve only one side of 

the aortic wall. The maximum stress increases with the diameter of the aneurysm and with the 

reduction of the thickness of the vessel. This stress is strongly linked to the pressure curve. The 

geometric irregularities provide an amplification of the stresses on the aneurysm wall. Regarding the 
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flow stream into a tube of a defined length (L), it should be underlined that a flow of a fluid can be 

defined as laminar or turbulent based on the value of the adimensional parameter called Reyonold 

number (Re= ƴ L/µ) [68]. Turbulent flows are composed of vortices and re-circulations of very 

different scales which, based on the flow profile, form, disintegrate and combine with each other. 

Dean number is basically just Reynolds number modified to add in the variables of the pipe the fluid 

is flowing through. Dean number (De) is a dimensionless number, which describes the relative 

importance of inertial forces to centrifugal forces to curved flows. At low numbers, the flow is 

characterized by a stable, axisymmetric vortex core, while at high numbers, the flow becomes 

unstable and develops a complex secondary flow structure. In other words, low De correspond to 

laminar flow, whereas high De describes turbulent regimes. The viscosity is a physical quantity that 

defines the internal friction of a fluid, in other words it is the set of friction forces that are generated 

between the individual layers of fluid. The coefficient of viscosity  is the ratio (defined by Newton) 

between the shear stress  and the shear rate . Moreover, the shear stress expresses the ratio between 

the force applied to a flui d layer in the direction of flow (F) and its area (A). Thus:  = / = F/A. In 

other words, the more viscous is the fluid, the greater is the force required. When this comcept is 

applied to blood, it should be noted that blood is a complex suspension where the red blood cells and 

other corpuscular elements are immersed in plasma, a colloidal solution. Into the blood the ration 

between the shear stress  and the shear rate  is not constant as in ideal fluids. For instances, in those 

vessels of smallest caliber the speed is significantly reduced, the viscosity values vary and it is only 

due to the rheological properties that the formation of thrombosis is prevented. Reference is 

commonly made to well-defined viscosity values that correspond to the shear stress of large arteries. 

Plasma alone can be considered, with a fair amount of approximation, a normal viscous liquid, that 

is, obeing the Poiseuille formula in a laminar regimem. Whole blood is not a Newtonian fluid, being 

characterized by an increase in viscosity at low shear rates, but for high deformation rates the 

viscosity of blood stabilizes at about 3.4 mPa×s (with a range of 2.2 – 4.5) in fact, for high deformation 

rates, red blood cells are deformed and their aggregates dispersed. These characteristics allow us to 

consider blood as an approximately Newtonian liquid in the case of flows inside large vessels. The 

main differences with the Newtonian model for blood are found above all at low velocities in the 

recirculation zones and in secondary flows. With these approximations, the fluid dynamics of blood 

can be described by the Navier Stoks equations (system of differential equations) that describe a linear 

viscous fluid. From these, the Poiseuille equation describes the relationship between pressure drop 

and flow output can be derived as follows: p = 8LQ/ R4= 8 LQ/S2 and Q= R4/8Lp where p is 

the difference of pressure between the two extremes, L: length of vessel, : fluid viscosity; Q: flow 

output/unit of time , R: vessel radius; S: vessel section. The viscosity of plasma is approximately 1 ½ 

times the viscosity of water and does not depend much on the concentration of proteins. Plasma 

viscosity is a function of temperature only. Blood viscosity is mainly influenced by plasma viscosity, 

temperature, hematocrit and the deformability of red blood cells. Indeed, the increase in red blood 

cells in the plasma, and therefore of the hematocrit, disturbs the flow lines, progressively increasing 

their viscosity. A non-Newtonian fluid and is described with the same equation by replacing the 

viscosity with the apparent viscosity. The apparent viscosity is not constant and is no longer a 

thermophysical property of the fluid, but depends on the flow field. One of the most used to describe 

the apparent viscosity of blood is the “Carreau-Yasuda model” [69–71] which allowing to describe 

the pseudo-plastic behavior for a wide range of shear rates. These are a class of more realistic models 

as they include not only shear thinning but also the Newtonian plateau at low and high shear rates. 

Blood viscosity is known to be directly influenced by acute or chronic pathological conditions. 

In Newtonian fluids, which characterize vessels featuring diameter > 100 µm, viscosity is a 

function of plasma features whereas the cellular-related effect is negligible. However, it is known that 

- in case of cancer - extracellular fluid viscosity is altered and cooperates in tumor dissemination [72]. 

In smaller vasculature (diameter < 30 µm ) the cellular-related effects on viscosity become 

predominant in basal conditions and extremely significant in malignant contexts according to the 

biologic reasons above discussed. Thus, viscosity, a key parameter in circulation dynamics, is highly 
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influenced by cancer and in most instances, hyper-viscosity is exploited by cancer clones to 

disseminate. Flows in curved tubes, as in aneurismatic arterial tracts, are characterized by strong 

secondary velocities that manifest themselves as counter-rotating vortices, called Dean cells, 

produced by a centrifugal instability [73]. Into an aneurysmatic cavity the flow topology is shown to 

be a function of De under pulsatile stream [74] and the vortex inside it progress through the same 

cycle. Notably De is related to blood viscosity and influenced by the concomitant occurrence of 

cancer. Overall a relantioship between the two conditions (cancers + aneurysms) can be postulated 

(Figure 1). 

 

Figure 1. The formula describing the invasive pattern of cancer relies on a rheologic parameter, namely blood 

viscosity which, in malignant setting, isaltered independently from the fluid regimen and also impact locally on 

rotating vortexes. 

3.2. Population Characteristics and Clinical Analysis 

To validate the study hypothesis a consecutive series of 120 patients affected by both cancer and 

aneurysms has been selected and analyze. The median age of cancer diagnosis was 72.88 years. 

Twenty out of the 120 cases, were females, whereas the vast majoiry of cases (83.3%) were males. 

Details on primary site of cancer origin, histotype and disease stage are detailed in Figure 2A-C. The 

vast majority of cases were active or past smokers and only 18 patients (15%) were never smokers: of 

the 11 were females (61.11%) mainly affected by breast cancer (7 cases) and gynecological tumors (3 

cases). Two patients carried two different primary cancers: a case of concomitant diagnosis of lung 

and prostate cancers and another one of breast and endometrial cancer. We then focused on three 

distinct cancer population, namely those affected by lung cancer (39 cases, 32.5%), other cancers with 

different site of primary origin (66 patients, 55% of cases) and hematologic malingnancies (15 cases, 

12.5%). The vast majoiry of patients carried inflammatory intra-addominal aneurysm (IAAA), 

whereas in sime instances aneurysmal disease involved two or more other arterial district (Figure 

2D); 43.8% of cases underwent endovascular surgical repair which occurred after tumor onset (Figure 

1E) Within respect to LC the vast majority of diagnoses (36 cases) were non-small cell lung cancer 

(NSCLC) and three cases of small cell lung cancer (SCLC). Regarding the NSCLC histotypes, 23 cases 

(63.88%) were adenocarcinoma (ADC) and 14 (36.11%) squamous cell cancers (SCC). In 20 out of the 

36 cases, the PD-L1 TPS score was available and overall expressed with significanlt higher levels ≥ 

50% in 10 cases, ≥ 5-≤ 50in 5 cases, and 1% in 5 cases; the overall median expression wa of 30.03 

(Figure 2F). All LC patients were current or previous smokers and arterial aneurysms were known 
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beferore LC detection. Quite suprinsingly of all epithelial solid cancers - irrespective of the primary 

site of origin - only 14 cases (13.3%) featured a metastatic disease at time of dignosis and in only 4 

patients (3.8%) the sites of secondary growth were more than two. Six out of 39 LC featured TNM 

stage IV disease but only 3 cases (7.6% of diagnosis) carried extrathoracic secondary lesions. Of them 

two cases of SCLC (bone metastases) and liver metastases in 1 NSCLC. We then moved to check the 

biochemical asset of each analyzed case. In detail we focus on the most relevant variable involved in 

inflammation and atheroschelosis. For all enrollered cases the value of PLT and serum total 

cholesterol were available, with an average value of 216.4 and 141 mg/dL respectively. The average 

value of cholesterol HDL was 46.33 mg/dL. No significant variations could be documented between 

baseline and the time of cancer diagnosis For 25 cases the serum LDL value wav available with an 

average level of 74.64 mg/dL. Overall the level of serum C-reactive protein (CRP), a systemic marker 

of inflammation, at time of cancer diagnosis was, unespectedly, low with an average value of 1.22. 

Within respect to respiratory function, in 41 out of the 120 cases a diagnosis of COPD was reached; 

in the remaining 79 cases a spirometry wasn’t performed even in case of inveterate smoking habit 

(Figure 3). These observations were then compared to the consequent unselected thoracic cancer 

population diagnosed and followed in our Institution in the same time interval. As expected, male 

patients reprent the 70.69% of cases. Notably the vast majority of tumors were adenocarcinomas 

(60.65%) and the prevalence of metastatic disease at diagnosis was of 48.27%. The differences in 

metastatic spreading observed in the cohort in study and in the unselected thoracic cancer population 

are statistically significant being the 2 27.022. and the p-value is < 0.00001 (significant at p < .05).The 

primary site of origin was the lung (being NSCLC 75.48% and SCLC 5.74% of diagnosis) whereas in 

about 10% of cases lung lesions revealed as secondary masses from other organs (most often breast - 

4% of cases). To further strengthen the study findings we retrospectively evaluated the incidence of 

cancer diagnosis among unselected patiens hospitalized in Vascular Surgery Unit and includes in the 

analys all cases of aneurysms (abdominal, thoracic and iliac aorta) treated from the 1st January 2024 

to the 31st Januart 2025, excluding operations performed for any complications (e.g.,endoleak). 

Overall 171 cases were evalualted and the 15.78% of them were females. The occurrence of cancer 

was reported in 21.63% of cases and the majority of them (59.45%) carried an early stage disease. 

Lung cancer represented about 30% of diagnosis and metastatic dissemination was detectable in 50% 

of cases., although the limited number of cases cannot be enough to evaluate a statistical siginificance. 

Within respect to metastatic cancer in unselected cancer population the 2 is 17.1487, p-value 0.000035 

(significant at p < 0.05). 

 

Figure 2. Detail of the population enrolled. A-C) Primary site of cancer origin, histotype and stage (TNM 8 ed) 

of the cases evaluated; D-E) detail on arteriopathy and surgical approach; D) data on metastatic sites and 
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PDL1expression referred to NSCLC. MM: multiple myeloma, NHL: non-Hodgking Lymphoma, CRC: colorectal 

cancer, MPM: malignant pleural mesothelioma, HNCAR: head and neck carcinoma, uro-CARC:urothelial 

carcinoma; PADC: pancreatic adenocarcinoma; RCC: renal cell carcinoma; Ductal: ductal breast cancer; CADC: 

cervical adenocarcinoma; mel: melanoma; IAAA: inflammatory intra-addominal aneurysm; CAR: carotid 

disease; PAD: peripheral artery disease; TAAA: thoracic abminal aneurysm; TPAU: penetrating thoracic aortic 

ulcer; SA: splenic artery aneurysm; CIA: common iliac arteriopathy; DTAA: descending thoracic aortic 

aneurysm; EVAR: endovascular repair surgery;TEVAR: thoracic aortic endovascular repair surgery; OVAS: 

open vascular surgery. 

 

Figure 3. Study design and demographic, clinical and biochemical features of the population evaluated. 

3.3. Results from Partition Analysis 

In order to deeper investigate the study findings, the analysis of predictiors was performed to 

search the possible splits associated with tumor evolution and to dientify the most important factors 

that predict the outcome se the resulting tree to identify markers of translational relevance. The 

dataset, unselected for artriopathy, gender and smoke, was tested coherently and the age of diagnosis 

of cancer lower than 67 and the level of total cholesterol (175 mg/dl), followed,- as expected - by 

histotype, emerged as most relevant factors associated to tumor progression (number of distant 

metastases) (Figure 4A). When introducing arterial disease as variable, it behaves as the most relevant 

predictor (Figure 4B), followed by tumor intrinsic biology (associated to histotype) and biochemical 

asset and smoking habit. When partition analysisis applied to the whole dataset (Figure 4C) 

arteriopathy and platelet are the most powerful phenotype determinants (reduced metastatic 

pattern). 
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Figure 4. Results from partition analysis applied to the whole dataset. A). Partion analysis for metastastic 

dissemination (excluded gender and smoke, unselected by arteriopathy) pointing out that the most relevant 

predictors are the patient’s age at cancer diagnosis, the level of total cholesterol and the primary tissue/organ of 

origin. B) Predictors screeing underlines that arteriopathy is the most relevant variable associated to outcome ( 

number of metastases/stage). C) Partion analysis for metastastic dissemination including data on arteriopathy 

and confirming that arterial disease is the first split, followed by platelet level. 

4. Discussion 

We here demonstrate that chronic periphery arterioathy disease (PAD) is implicated in 

modulating, and quite unespectedly impairing, the invasive behaviour of malignant cells by altering 

blood rheology and sustaining the pathologic immune-inflammatory reaction (Figure 5). Although 

being a retrospective study, the initial hypothesis according to which inflammation is associated to 

malignat invasive phenotype is not confirmed by the results of this work based on both theoric and 

statistical approaches. The mathematical model identified here pointed out blood viscosity as the 

most crucial variable in determing tumor spreading based on a formula which links cancer-related 

hypercoagulability and altered rheology and vortexes. The first implicaton of this model is to focus 

on the role of antiaggregant drugs in cancer patienst also affected by PAD [75–78]. Viscosity, in the 

cohort analysed, is not influenced by platelets which are normally represented, but possibly reflects 

the peculiar inflammatory status which characterizes this complex conditions. Indeed, when 

available, it should be possible to show that tumors express significantly high levels of PD-L1, 

whereas biochemical inflammatory markers (reactive protein C), total cholesterol, HDL, LDL and the 

LDL/HDL ratio weren’t risen as usually expected [79–81]. It is coincevable that chronic exposure to 

cigarette smoke should modulate the tumor and systemic microenvironment. Smoking habit, 

matched with patient’s age and total cholesterol level, could potentially exert a protective effect on 

tumor metastatic potential (14 % observed vs 30% expected in lung cancer based on published data). 

Smoking exposure not always correspond to COPD diagnosis and it should be remarked that, in 

some instances, spirometry test was never performed and that consequently bronchodilation therapy 

was assessed only in limited fraction of cases. This is a critical point that limits the conclusion of this 

work since the role of triple therapy against COPD is worth to be taken under consideration in this 

atypical immune-inflammatory cancer context. Finally, within the limits of the patients series 

analysed, cancer anssociated with PAD is clearly a gender-related disease with a substantial 

prevalence of males, mainly affecting the 7th decade of life. 
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Figure 5. Pathogenic mechanism of NSCLC progression in case of PAD. 

5. Conclusions 

Although being a retrospective analysis, the most relevant conclusion of this study is that tumors 

aroused in a context of pherypheral arteriopathy and aneurysmal disease featured a reduced 

metastatic potential if compared to a general cancer population. This condition is specifically 

modulated by blood viscosity, based on patient’s age, smoking habit and cholesterol and emerges as 

a male-clustered pathologic entity. The preliminary findings of this study support a strong rationale 

to a deepest investigation of the role of antiaggregants and inhaled steroids in modulating viscosity 

on one hand and immune-inflammatory tumor microenvironment on the other, as therapeutic 

treshold should be revised also in the light of their effects on cancer cell sprading capacity. Moreover, 

this approach will pave the way to simulation study of trans-vascular fate of drug-loaded/engineered 

nanoparticles in pathologic and more accurate settings. 
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