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ABSTRACT 

Introduction  

Lung cancer is an heterogeneous disease, with 1-2% of rare histological subtypes. 

Moreover, even the more common histologies such as adenocarcinoma and squamous 

cell carcinomas are furtherly divided according to their molecularalterations, with up to 

727 mutated genes identified in the COSMIC database, and taking into account  these 

sub-classifications is crucial for the development of more effective and personalized 

therapies.  

New molecular profiling technologies, such as next generation sequencing (NGS), have 

revolutionized the assessment of molecular alteration in clinical practice. The diverse 

molecular and clinical landscape of Non-Small Cell Lung Cancer (NSCLC) is transforming 

the once frequent disease in a archipelago of rare diseases, characterized by their own 

specific treatment and outcomes and needing tailored approach even in the clinical trial 

setting.  

Moreover, immune-checkpoint blockers have emerged as a new approach to cancer 

treatment, only marginally dependent from the molecular characterization. However, 

their efficacy in rare histological subtypes is currently unknown.  

Methods  

We analyzed a prospective cohort of 1408 advanced NSCLC patients treated at the 

Sant'Orsola- Malpighi University Hospital from 2019 to 2021 and submitted to NGS for 

molecular characterization at the time of diagnosis. This NGS analysis was performed 

using the Oncomine focus Thermo Fischer panel.  

3 of them were included in CRETA trial evaluating cabozantinib in RET rearranged NSCLC  
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Finally, in the same period we collected all cases of non-adenocarcinoma and non SCC 

NSCLC finding 14 cases who included in CHANCE trial, evaluating atezolizumab in rare 

histologies. 

 

Results  

We analyzed 1408 patients. Of them, 410 (29%) had rare alteration   (RET 3%, NTRK 0,2%, 

FGFR1 2%, MET exon14 skipping 3%, BRAF V600 4%, ALK fusion EGFR exon 20 2%) and 36 (2%) 

had a uncommon mutation. 20 patients with rare alteration received a treatment within 

a clinical trial.  

7 RET- rearranged patients J2G-MC-JZJC clinical trials assessing selective RET-inhibitors. 

Also, another 7 patients tested positive for the BRAF V6006 mutation and have been 

enrolled in the Array clinical trial assessing a combination of anti-BRAF and anti-MEK 

agents. Patients with KRAS (Gly12Cys), FGFR1-4 mutation, MET skipping ex14 mutations, 

were eligible for other ongoing open studies such as Amgen 20190009 comparing efficacy 

of sotorasib vs docetaxel, Fight-207 assessing activity of pemigatinib and 

CINC280J12201assessing activity of the novel met inhibitor capmatinib .  

Identification of patients with rare molecular alterations helped in the selection of 

personalized therapy that are currently undergoing clinical trials.  

We therefore have activated the CRETA clinical trial, a multicenter study evaluating the 

efficacy and safety of cabozantinib in patients with RET- rearranged where and 5 patients 

have been enrolled in Italy. 

There have currently been few clinical cases on the use of ICI agents in individuals with 

rare lung cancer due to their low incidence. In 2018 we joined the CHANCE clinical trial, 

a multicenter study evaluating the efficacy and safety of atezolizumab in patients with 

rare lung cancer histologies where and 14 patients have been so far enrolled in the 

Bologna site. 
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Conclusion  

Our study shows that performing NGS in addition to histological subtyping on A-NSCLC at 

the time of diagnosis is feasible and allows to identify several distinct molecularly-defined 

cancer subgroups which are candidate for specific tailored treatments within clinical 

practice and/or clinical trials which may significantly improve clinical outcome. 
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INTRODUCTION 

Epidemiology 

In recent decades, much has been understood about the mechanisms that regulate 

tumor progression, including knowledge of how the immune system supports this 

growth, and lung cancer remains a leading cause of cancer worldwide1.  According to the 

2020 GLOBOCAN report, 2.21 million new cases of lung cancer (11.4% of total cases) and 

1.79 million deaths (18.0% of cancer deaths) were estimated2. 

The correlation between smoking habits and lung cancer incidence is well known. Despite 

growing public awareness of tobacco-associated risk and recent improvements in early 

diagnosis, approximately one-third of patients present with clinically evident metastatic 

disease.3 

Furthermore, in many countries with a low-medium socio-economic situation and a high 

rate of active smokers, they coincide with the highest number of cancer diagnoses. 4  

Italy is no exception, with 41,000 new diagnoses of lung cancer in 2020 which made it the 

third cancer by incidence both in males (15%, after prostate and colorectal cancer), and 

in females (6 %, after breast and colorectal cancer). 

Compared to previous years, women appear to have a higher incidence (+ 2.5% 

compared to 2019) of lung cancers, as smoking has increased significantly. 
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Survival is strongly influenced by prevention and secondary therapy. Through an early 

diagnosis there is a greater chance of being treated effectively, with a benefit in terms of 

reducing specific mortality. Currently, 5-year survival data are similar to the European 

trend reported by EUROCARE-5 (15% male 19% female)5  

Risk factors 

Lung cancer risk factors can be divided into two groups: genetic and environmental 

factors. 

The former are factors dependent on the "genetic profile of the host". 

An example is rs1048943 (CYP1A1) a phase 1 enzyme that plays an important role in the 

metabolism of many endogenous substrates such as steroids and eicosanoids and 

exogenous carcinogens such as polycyclic aromatic hydrocarbons (PAHs), aromatic and 

heterocyclic amines which can then covalently bind to DNA forming DNA adducts, thus 

initiating the carcinogenic process in many extrahepatic tissues, including the lung. 6  

Identification of genetic polymorphisms underlying lung cancer risk has been the subject 

of recent intra-genome association studies (GWAs). The 15q25 susceptibility region 

contains three nicotine cholinergic receptor genes (CHRNA3, CHRNA5, and CHRNB4), 

which encode nicotinic acetylcholine receptors both at the neuronal level and in other 

tissues. These variants are associated with increased vulnerability to tobacco addiction 

and altered smoking behavior, including an increase in the number of cigarettes smoked 

per day7. The risk of lung cancer is also increased in the alteration of Rb (retinoblastoma) 

and the framework of the Li-Fraumeni syndrome, characterized by germline mutations in 

the tumor suppressor gene p53 8.  
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Environmental factors can be infectious, chemical, physical, diet, lifestyle, and habits, 

etc.. 

One of the main risk factors for lung cancer is cigarette smoking. International Cancer 

Research has identified about 4,000 chemical constituents in tobacco smoke. Also 

interesting is the presence among these carcinogens of radioactive materials such as 

radon and its decay products, bismuth, and polonium. The mechanisms of carcinogenesis 

act over time include the formation of DNA adducts, their metabolites, and the damage 

of free radicals, therefore cancer increases with age, the duration of smoking, and the 

number of cigarettes smoked per day. The relative risk of lung cancer in long-term 

smokers was estimated to be 10 to 30 times that of non-smokers. This risk decreases in 

former smokers and a favorable effect of discontinuation is also evident for later 

cessation in life. 

Epidemiological evidence and biological plausibility support a causal association between 

exposure to passive smoking and lung cancer risk in nonsmokers, ranging from 20% to 

30%.9 

In recent years, other types of cigarettes have spread, including electronic nicotine 

delivery systems (ENDS). ENDS allows the liquid to be heated through an atomizer, to 

create an aerosol containing nicotine and substances such as flavors, propylene glycol, 

vegetable glycerin, and other ingredients that the user inhales. Among these substances, 

propylene glycol has been shown to be irritating to the upper airways, decreasing both 

the forced vital capacity (FVC) and the forced expiratory volume in 1 second (FEV1)10. 

During the use of the electronic cigarette, numerous substances are produced including 

formaldehyde, a group 1 carcinogen according to the IARC classification (International 
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Agency for Research on Cancer), group 2B acetaldehyde and, in low concentrations, 

nitrosamines NNN and NNK of tobacco. In addition to heavy metals, nickel, cadmium, and 

lead are also present irritants such as acrolein and carbonyl compounds 11. 

Recently the tobacco industry is promoting a new product, the heat-not-burn (HNBs) 

tobacco products branded as IQOS. A comparative analysis showed that HNBs also 

massively reduce levels of carbon monoxide (CO), tar, and carcinogenic compounds, 

while maintaining the nicotine concentrations found in conventional cigarette smoke 

(combustion). 

However, HNBs need to undergo ongoing cleaning maintenance a recent study found 

that charring increases if devices are not cleaned after heating tobacco sticks. 

Additionally, melting of the polymer film filter (at 90˚C) has been reported to release 

formaldehyde cyanohydrin, a toxic substance of concern. 12 

Although such a heart-not-burn cigarette would always be less harmful than conventional 

cigarettes, it must be remembered that it encourages nicotine addiction and makes 

smokers desist from quitting, moreover it does not reduce cardiovascular risks. 

Occupational or environmental exposures to carcinogenic elements such as heavy metals 

and atmospheric pollutants are correlated with the onset of this neoplasm and in 

particular aluminum, beryllium, chromium, cadmium, polycyclic aromatic hydrocarbons, 

vinyl chloride and arsenic are substances classified as group 1 by the IARC as a human 

carcinogen. 

Even radon, produced by the radioactive decay of radium 226 can produce neoplastic 

transformation due to the emission of alpha particles. If inhaled, alpha radiation is highly 

damaging to tissues, including the respiratory epithelium as it induces cell damage. 
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Another important environmental factor is air pollution, in particular exposure to PM 

(PM2.5 Cu, PM10 S, PM10 Ni, PM10 Zn, PM10 K), which is associated with an increased 

risk of lung cancer and mortality regardless of cigarette smoking. 

Finally, viral factors can also induce a greater risk of developing lung cancer, for example, 

viruses such as human papillomavirus (HPV), monkey vacuolating virus (SV40), 

polyomavirus BK (BKV), polyomavirus JC (JCV) and human cytomegalovirus (HCMV) all 

have oncogenic capacity. They can alter cell cycle processes, increasing replication and 

inhibiting apoptosis. 13 

Other risk factors of lesser importance are states of chronic lung inflammation, such as 

chronic bronchitis and pulmonary emphysema, which are also caused by smoking, and 

tuberculosis for which it has been shown associated with the development of carcinoma 

and the presence of scarring. 14 

 

Histopathology 

Lung cancer is classified according to 2015 WHO classification of lung cancers.15 

Lung carcinomas are divided into two large groups: small cell lung cancer (SCLC) and non-

small cell lung cancer (NSCLC). 

Small cell lung carcinoma (SCLC) makes up about 15% -20% of lung cancers. It most 

frequently affects the male sex, the 6th and 7th decade of life and is related to cigarette 

smoking; in fact, only in 1% of cases does it occurs in non-smokers. Histologically it is 

characterized by small monomorphic cells with scarce cytoplasm and with a rounded or 

fusiform nucleus and a small and scarcely visible nucleolus.). From the histological point 

of view there are different histological types, a high degree of malignancy due to the 
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precocity giving loco-regional and distant metastases, which almost always makes it 

radically incurable already at the time of diagnosis. 

Approximately 80% of patients have the histological subtypes known as non-small cell 

lung cancer (NSCLC), which is composed by lung adenocarcinoma (AC), squamous cell 

lung cancer (SCC) and Large cell carcinoma (LCC) are the most common subtypes. 

 

Lung adenocarcinoma 

Adenocarcinoma (AC) is an invasive malignant epithelial tumor that accounts for 30-45% 

of lung cancers. Tumors tend to arise peripherally compared to the large airways, at the 

level of the smaller caliber bronchi often with pleural involvement and consensual 

neoplastic effusion, moreover, they can often arise near areas of parenchymal scarring. 

L’AC represents the most frequent form in non-smokers in females and men under the 

age of 50. Diagnosis is based on the histological observation of glands composed of 

columnar epithelial cells and/or the presence of mucinous cells; in some cases, “bezel 

ring cells” are observed, characterized by the presence of abundant mucus in the 

cytoplasm with a nucleus located in the periphery. ACs often show histological 

heterogeneity for this reason it has different subgroups: acinar (more differentiated), 

papillary (compact appearance), ex-bronchioloalveolar (pleomorphic), and solid with 

mucus production. The histochemical diagnosis involves the positivity for molecules such 

as TTF- 1 (Thyroid Transcription Factor-1), CK7 (cytokeratin 7), and napsin A. 

Local spread may involve direct spread to the pleura, diaphragm, pericardium, or bronchi 

with advanced disease that spreads to the mediastinum, great vessels, trachea, 

esophagus, spine, or adjacent lobe. However, AC often causes distant metastasis, 
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particularly extension to a contralateral lobe, pleural nodules, malignant pleural or 

pericardial effusion or any distant site such as the brain, bones, or liver. 

From the immunohistochemical point of view, it is classified into: 

Adenocarcinoma in situ (AIS) is characterized by size of less than 3 cm, and has no 

stromal, vascular, and pleural invasion. In the majority of cases, this involves nuclear 

atypia and the lack of invasive adenocarcinoma patterns and the absence of aerial 

dissemination. On CT, these lesions appear as ground-glass opacities, sometimes difficult 

to distinguish from inflammatory changes in the lungs. 

• Minimally invasive adenocarcinoma (MIA) usually presents as a solitary nodule 

with a size of 3 cm, with predominantly lepid growth, stromal infiltration of less 

than 0.5 cm, absence of necrosis and vascular and pleural invasion. It too is 

divided into mucinous and non-mucinous. The invasive stromal foci may have 

acinar, papillary, micropapillary or solid architecture or be made up of single cells 

dispersed in the desmoplastic stroma. 

• Invasive adenocarcinoma (AI); is characterized by a size greater than 1-3 cm, with 

a stromal invasion greater than 0.5 cm, It includes different subtypes, classified 

according to grade: low-grade lepidic adenocarcinoma (G1), papillary and acinar 

carcinoma intermediate grade (G2) and high grade (G3), solid and micropapillary 

carcinoma. 

Rare phenotypes will be discussed later. Of these, AIS and MIA have better outcomes 

when resected early 16. 
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Figure 1- Lung adenocarcinoma: the upper right box shows the expression of the thyroid 
transcription factor (TTF-1), identified by immunohistochemistry17. 

 

Lung squamous cell carcinoma (SqCC) 

Squamous cell carcinoma (SqCC) is a malignant epithelial tumor strongly associated with 

smoking with an incidence of 30% -45%. On the cell membrane there are cellular spines 

or desmosomes that connect the adiA cells, for this histotype three variants have been 

identified: the keratinizing type, non-keratinizing type and the basaloid form18.  

The immunohistochemical profile is characterized by the positivity for TP63 (p63), p40, 

cytokeratins (CK5 / 6) and desmocollin-319. Bronchoscopy and biopsy represent the gold 

standard of diagnosis. SCCs typically arise centrally in the lung, hilar region, and proximal 

bronchi. They tend to have a locally aggressive growth pattern. On the contrary, it is much 
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slower in passing from in situ to invasive cancer, taking up to 4 years. Consequently, 

distant metastases occur less frequently than in AC. 

This neoplasm appears as a cauliflower mass, white greyish, with a hard and lobulated 

consistency with the presence of necrosis and hemorrhage that can cavitate the tumor 

mass. 

 

 

Figure 2 - Lung squamous cell carcinoma (SqCC) with keratinization (arrows)17.  

 

. 

Large cell carcinoma 

Large cell carcinoma (LCC) is a heterogeneous histological subtype of NSCLC. 
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It is a disease characterized by large, and atypical cells with a moderate amount of 

cytoplasm in the absence of specific signs of differentiation. Biopsies and histological 

samples do not allow a correct diagnosis as NSCLC often has specific morphological 

criteria therefore this diagnosis is only allowed on surgical samples. 

Based on genetic and immunohistochemical studies, most cases of NSCLC previously 

classified as LCC are now reclassified, according to the WHO 2015 classification20. 

Consequently, depending on the outcome of TTF-1 or P40 staining, the LCCs were 

reclassified as adenocarcinoma or non-keratinized squamous cell carcinoma21. As a 

result, this reclassification reduced the diagnosis of LCC  which currently accounts for 1-

2% of all lung cancer cases. 

Natasha Rekhtman et al. stratified 102 large cell carcinomas by immunohistochemistry 

for TTF-1 and DNp63 / p40 as classifiers of LCC adenocarcinoma (LCC-ADC) and LCC 

squamous cell carcinoma (LCC-SCC), respectively, if such classifiers were absent the 

subtype is indicated with LLC-null 22. 

In this study, they showed that LCC-null disease-free survival and OS were significantly 

lower than LCC-ADC and LCC-SCC making the LLC-null phenotype more aggressive. 23.  

Recently in some studies it has been shown that tumor-associated fibroblasts (TAFs) 

extracted from LCC tumors go into premature senescence. M. Gabasa et al demonstrated 

how LCC overexpress Matrix Metallopeptidase 1 (MMP1) which, in addition to having a 

role in promoting tumor invasion and extracellular matrix remodeling processes, has a 

key role in the paracrine senescence of TAFs and promotes the most common phenotype. 

aggressive of the LCC 24,25. 
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Figure 3-Large cell carcinoma are pleomorphic and show no signs of squamous or glandular differentiation17 
. 
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Rare Histological subtypes 

 

Colloid carcinoma 

Primary colloidal adenocarcinoma is classified as an extremely rare variant of invasive 

adenocarcinoma (0.24% of all lung cancers) and was previously defined as mucinous 

cystadenocarcinoma of the lung. The term "colloidal carcinoma" was first used in 1992 

and is characterized by abundant extracellular mucin and scant neoplastic epithelium20.  

The extracellular mucin pool takes the place in the normal lung parenchyma. The fibro-

connective stroma lined with epithelium is present in small quantities  and "floats" within 

the mucin areas. Only some tumors have a small percentage of solid parts characterized 

by conventional adenocarcinoma. The dimensions are irregular and vary from a few cm 

to more than 10 cm in the largest diameter26. Diagnosis is usually based on magnetic 

resonance imaging (MRI) and computed tomography (CT) imaging27. Biological behavior 

is generally unknown and appears to have a favorable clinical course compared to other 

primary lung cancers. 
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Figure 4-Colloid carcinoma of lung is a subtype that shows abundant extracellular mucin26.  

 

Fetal adenocarcinoma 

Fetal adenocarcinoma (FLAC) is a rare (0.5%) subtype of primary lung adenocarcinoma 

first described by WG Branard in 1945, while we have to wait until 1999 for the current 

classification by the World Organization of Healthcare (WHO)28. It is a biphasic tumor, it 

morphologically resembles the early secretory endometry, in fact it has several tubular 

glandular branches lined with non-ciliary glycogen-rich colonnar cells immersed in a loose 

cellular fibroblastic stroma. 

Given their morphological diversity, they are divided into low-grade (L-FLAC) and high-

grade (H-FLAC) tumors, based on different clinico-pathological characteristics and 

biological behaviors. 
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The former arise solitary in young patients (from the third to the fourth decade of life) in 

stage I-II with lower mortality risks than the counterpart. H-FLACs occur predominantly 

in advanced stage III-IV elderly men (sixth and seventh decade of life) with a history of 

significant smoking and over-expression of p53 29 However, compared to conventional 

lung adenocarcinoma, a low frequency of EGFR and KRAS mutations in FLAC tumors were 

found in several studies. 

In the CT scan and in the radiography the lesion appears with a heterogeneous aspect in 

fact there are soft tissues and areas of necrosis and has a diameter between 2 and 12 cm.  

About 30-40% of patients have an asymptomatic disease. 

Surgical resection is the standard treatment for FLACs. Although having limited effect, 

radiotherapy and chemotherapy have been used as adjuvant therapy. 

According to Nakatani et al, L-FLACs have a better prognosis than conventional lung 

adenocarcinoma of the same grade, while H-FLACs have a worse prognosis 30. 

 

Figure 5-Fetal adenocarcinoma29 



 24 

Sarcomatoid carcinoma 

Primary lung sarcomatoid carcinomas (SC) include a rare and heterogeneous group of 

NSCLC and bronchial carcinomas accounting for no more than 3% of all lung cancer cases. 

They are not lung-specific and can be seen in other organs such as the head and neck and 

digestive system. It is cancer that mainly affects elderly men, the main risk factor being 

tobacco or occupational exposures such as asbestos and chemicals. 

The current WHO classification of lung cancers defines sarcomatoid carcinoma as poorly 

differentiated NSCLC containing a sarcoma component or sarcoma-like differentiation. 

Histologically it is composed of giant cells of variable size, multinucleated with 

pleomorphic and hyperchromatic nuclei, eosinophilic cytoplasm, and high nucleus-

cytoplasm ratio. 

It is a very heterogeneous tumor, in fact, it could take on a sarcomatoid appearance with 

organized spindle cells or carcinoma-like 31.  

According to the 2015 classification, the term "sarcomatoid carcinoma" includes 5 

subtypes that can be diagnosed by examining surgical samples. 

 

- Spindle cell carcinoma (CCF) is composed of an almost pure population of fusiform 

epithelial cells. 

- Giant cell carcinoma (GCC) is composed almost entirely of giant tumor cells. 

The other three tumor subtypes have a dual nature also called biphasic;  

-Pleomorphic carcinoma is the predominant subtype it covers 70-80% of sarcomatoid 

carcinomas and is an association between a pseudosarcomatous portion and one (about 

10%) carcinomatous (cells spindle and/or giants). 
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-Carcinosarcoma is defined by the association of a heterologous sarcomatous portion and 

a carcinomatous portion. 

-Pulmonary blastoma is extremely rare <0.1%, and consists of embryonic-type epithelial 

elements (typically low-grade fetal adenocarcinoma) and primary mesenchymal stroma 

20.  

Sarcomatoid carcinoma is associated with a high rate of progression under first-line 

platinum-based chemotherapy and has a very poor prognosis. 

Several studies show that these tumors have overexpression of c-MET which plays a key 

role in the biological process of epithelium-mesenchyme transition (TEM) observed in 

sarcomatoid carcinoma. TEM is involved in tumor invasion and metastatic spread. The 

activation of this oncogenic pathway suggests the use of targeted therapy such as 

crizotinib in patients refractory to chemotherapy 32. The treatment of SC patients with ICI 

by evaluating the abundance of PDL-1 PD1 has also been shown to be effective in terms 

of high response rates and prolonged overall survival33. 
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Figure 6 - Giant Cell Carcinoma of Lung34  

 

Primary mucoepidermoid carcinoma   

Primary mucoepidermoid carcinoma of the lung is a rare malignancy comprising <1% of 

all lung malignancies. It is a form of the squamous type. Which arises mostly in the salivary 

glands and in the central bronchial region. Bronchopulmonary cancer consists of the 

presence of mucipary cells, epidermoid cells and intermediate cells. Based on histological 

characteristics, the presence of atypia and necrosis, number of mitoses, 

bronchopulmonary mucoepidermoid carcinomas are classified into low grade and high 

grade. The former have a well-differentiated shape, have a cystic appearance with a 

delimited diameter <4 cm35. 
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Several studies show the different biological behavior of these two tumors; high-grade 

mucoepithelioid carcinomas are then aggressive, while low-grade tumors have an 

excellent prognosis after surgical treatment. 

Mucoepidermoid carcinoma is often associated with the presence of the fusion protein 

MECT1-MAML2 which is considered a genetic driver event in its pathogenesis and 

suggestive of diagnosis 36. 

 

 

 

 

 

 

 

 

Figure 7- Histopathologic image of primary mucoepidermoid carcinoma of the major salivary gland. H & E 
stain.35 

 

Primary pulmonary adenoid cystic carcinoma 

Cystic adenoid carcinomas (ACC) are classified as a subtype of NSCLC. They frequently 

originate from the salivary glands of the head and neck, but can also affect the skin, 

breast, upper digestive system and lungs. 

The main histological subtypes are fibrosis, tumor, and solid latter is believed to be 

associated with a more aggressive phenotype37. 
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ACCs grow mainly from mixed seromucosal glands in the tracheal lumen and have a 

slower growth rate and rarely develop distant lymph nodes and metastases (M). The 

treatment of choice for patients with ACC is complete surgical resection, although 

incomplete resection (R1, R2) is often used due to the location of the tumor and its 

invasiveness. Patients with positive margins undergo adjuvant radiotherapy with a 

multimodal therapeutic approach with an OS at 5 and 10 years of 94% and 91%.38 

Primary pulmonary adenoid cystic carcinoma (PACC) is a particularly rare disease and 

accounts for only 0.04-0.2% of all primary lung cancers. PACC occur in younger, but 

nonsmoking patients. The first therapeutic strategy is complete surgical resection, as far 

as possible. This tumor has a notable tendency to local recurrence and late 

hematogenous metastases. The 3, 5, and 10-year overall survival rates are 92.9, 91.7, and 

70.0%, respectively35.  

Advanced PACC’s palliative chemotherapy has rarely been described in the literature, 

however, Ming-Ming Hu et. Al have shown that some patients with PACC may marginally 

benefit from dual platinum-based chemotherapy. 

Some EGFR mutated patients have been treated with EGFR-TKI but such mutations are 

very rare in salivary gland carcinomas 39. 

Activation of MYB has recently been described in 80% of ACC cases, including PACC, in 

particular the chromosomal translocation t (6; 9) (q22–23; p23–24) with consequent 

MYB-NFIB fusion gene is frequent 40.  

Other studies identify possible biomarkers in ACC and PACC tumors, however major 

genes implicated in NSCLC such as EGFR, KRAS, BRAF, ALK, PIK3CA, PDGFRA and DDR2 
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may not be lead genes in PACC.34. Considering these data, it must be researched a new 

therapeutic strategy for advanced PACC. 

A recent study has shown that checkpoint inhibitor drugs can have a limited impact in the 

treatment of localized ACC of the lacrimal gland, but pretreatment with radiation can 

improve the tumor's response to these drugs 41. Still nothing is known about the 

treatment of PACC with checkpoint inhibitor drugs. 

 

 

 

 

Figure 8- Histopathological image of  Primary pulmonary adenoid cystic carcinoma. H & E stain42. 
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Primary pulmonary epithelial-myoepithelial carcinoma 

Primary lung epithelial myoepithelial carcinoma (P-EMC) is a rare subgroup of salivary 

gland-type lung cancers. The site of onset of EMC is the parotid gland, followed by the 

major and minor salivary glands, lacrimal gland, and seromucinous glands in the sinus 

tract or bronchi. 

P-EMC is a tumor characterized by biphasic morphology, the epithelial cells form the duct 

and multilayer polygonal cells positive for epithelial markers, while the external cells are 

positive for myoepithelial markers such as protein S100 and smooth muscle actin (SMA), 

p63 and cytokeratin 5/643,44. 

Unusual cytological and architectural features have also occasionally been described such 

as a cribrose growth pattern, basaloid appearance, papillary-cystic pattern, and 

sebaceous differentiation 45.  

The diagnosis occurs through preoperative bronchoscopy, typically it is found in a 

uniform population of the sex towards the sixth and seventh decade of life. However, 

epithelial myoepithelial carcinoma (EMC) may show hybrid features of cystic adenoid 

carcinomas (AdCC). Justin A. Bishop et al. They demonstrated that 40-65% of AdCCs are 

characterized by MYB-NFIB fusion, while EMC are devoid of it, demonstrating that the 

classical histological approach supported by MYB FISH can be a valid differential 46. In the 

past decade, EMC mucoepidermoid carcinoma has been found to harbor characteristic 

translocations such as (CRTC1-MAML2 or CRTC3-MAML2)47–49. Bundel et al. recently used 

the same approach as Justin A. Bishop using the presence of MAML2 fusions as a 

differential diagnosis tool to highlight the EMC with acinar differentiation 50.  
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EMC occasionally from distant metastases and relapses, they can be successfully 

managed by bronchoscopic tumor ablation 46. The estimated five-year and ten-year 

Disease-survival rates were 90%, 95%, and 80-90%, respectively. 51 

 

Figure 9-Primary pulmonary epithelial-myoepithelial carcinoma H&E stain. The duct-like structures 
comprised two distinct cell layers52.  

 

Lymphoepithelioma-like carcinoma 

Primary pulmonary lymphoepithelioma-like carcinoma (LELC) is another rare lung cancer 

subtype, classified as a form of large cell carcinoma according to the World Health 

Organization classification 53.  

It was first described in 1987 by Begin et al. such as an Epstein-Barr virus (EBV) - 

associated epithelial neoplasia 54. 
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It occurs more often in younger patients with no history of smoking and is associated with 

a better prognosis than other lung cancer histologies. It is usually diagnosed early and 

resectable (stage I or II). In these states, the recommended therapeutic option is 

complete resection, while multimodal therapy, chemotherapy and palliative 

radiotherapy is used for locally advanced and metastatic stages 55 . 

Histologically, the lung LELC is made up of undifferentiated carcinoma cells. The fibrous 

stroma is rich in reactive lymphoplasmacytic cells and other inflammatory cells that 

infiltrate the tumor islands recalled by a wide expression of the transcripts of the 

chemotactic protein 1 of monocytes 56,57. 

 Zhanhong Xie et al. have shown how LELCs present a high expression of PD-L1 and the 

lack of canonical mutations of the main molecular drivers. Furthermore, the expression 

of PD-L1 correlated with the abundance of lymphocytes in the stroma 58. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10- Lymphoepithelioma-like carcinoma, abbreviated LELC. H&E stain59. 
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NUT carcinoma 

NUT (nuclear protein in testis) carcinomas of the lung or mediastinum are poorly 

differentiated, and highly aggressive tumors genetically defined by the presence of NUT 

gene rearrangement and the most common form of fusion is BRD4-NUT. Aerodigestive 

tract and mediastinum are the most affected anatomical sites 60,61. 

NUT carcinoma occurs mainly in children and young adults and can affect people of any 

age. Surgery and radiation therapy are the main treatment options for NUT carcinomas. 

Poor prognosis is the main feature of NUT carcinoma, Giridhar et al. found a median 

overall survival (OS) of 5 months from diagnosis with OS of 24.99% at 1 year and 7.09% 

at 5 years 62,63. 

 

Figure 11-NUT carcinoma64 
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Diagnosis 

Patients with clinical suspicion of lung cancer present with both general symptoms such 

as fatigue and weight loss and symptoms that may be related to the primary tumour such 

as persistent cancer, dyspnea and hemoptysis65. Patients should be immediately referred 

for radiological imaging for clinical staging. If abnormalities are found, mediate computed 

tomography (CT) and positron emission tomography (PET) with and without contrast 

medium are evaluated. At the same time, a biopsy is acquired to obtain a cyto-histological 

evaluation to confirm the diagnosis of lung cancer and to do the molecular analysis. These 

examinations are then reinforced MRI of the brain, chest or spine / pelvis and 

mediastinoscopy are modalities used to achieve a final clinical staging. For patients with 

lung cancer and who have signs and symptoms of skeletal involvement, technetium 99 

radionuclide scintigraphy 66 

 

Staging (TNM) 

Lung cancer tumours are currently staged according to the tumour-node-metastasis 

(TNM) classification system. Stage classification is based on the tumour-node-metastasis 

(TNM) staging system. The American Joint Committee on Cancer (AJCC) published the 1st 

edition of the Cancer Staging Manual in 1977. A revision of the TNM classification was 

implemented in 2018 using IASLC database which collects information on 94,708 cases 

with lung cancer, treated by all modalities of care between 1999 and 2010 67.  

In the VIII edition some changes were made for the T parameter. This parameter 

describes the location of the primary tumour, the size, and the degree of invasion of 
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nearby tissue. The T stages range from 1 to 4 where T1 tumors have a maximum size of 

3 cm, T2 dimensions between 3 and 5 cm T3 dimensions between 5 cm and 7 cm and T4 

tumors have dimensions greater than 7 cm in the largest diameter. Stages T1 and T2 are 

further divided into T1a / T1b and T2a / T2b. How much a primary tumor cannot be 

evaluated or that cannot be detected either with normal imaging techniques or with 

bronchoscopy but whose presence has been confirmed by the finding of neoplastic cells 

in the cytological examination of the sputum or in bronchial washings (BAL) is identified 

as Tx, while if not found, T0 is used to indicate stage T. Cancer in situ is designated Tis. 

Parameter N describes the involvement of regional lymph node stations. Intrathoracic, 

scalene and supraclavicular lymph nodes are considered regional. 

Depending on which lymph nodes are involved, 5 subgroups are identified; the N ranges 

from 0 to 3 where N0 means that there are no lymph nodes involved. N1 indicates the 

presence of metastases in one or more ipsilateral intrapulmonary and/or peri bronchial 

and/or hilar lymph nodes, including involvement by direct extension, N2 indicates the 

presence of metastases in one or more ipsilateral mediastinal and/or subcarinal lymph 

nodes, including "skip metastasis" without N1 involvement or associated with N1 disease. 

Finally, N3 indicates the presence of metastases in contralateral mediastinal, 

contralateral hilar, ipsilateral or contralateral scalene and ipsilateral or contralateral 

supraclavicular lymph nodes. Once again the use of the X instead of a number indicates 

the impossibility of evaluation, in this case of the regional lymph nodes. Growth of a 

tumor outside extraregional (extrathoracic) is classified as having distant metastases. 
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Distant metastases are evaluated with the parameter M, where M0 indicates the absence 

of distant metastases, while M1 indicates the presence. M1 is further subdivided, where 

M1a 

If there are one or more separate tumor nodules in a lobe contralateral to the primary 

tumor, or if pleural or pericardial nodules are present, or if pleural or pericardial effusion 

of a malignant nature is present, M1b if the presence of a single extrathoracic metastasis 

is confirmed in a single organ or the involvement of a single non-loco-regional lymph 

node, M1c if multiple extra thoracic metastases are found in one or more organs 68. 

Table 1 summarizes the TNM classification according to eighth edition. 
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Table  1-  TNM staging of NSCLC 8th edition69. 

After assigning the TNM parameters, it is possible to proceed with the classification in 

stages, from stage 0 to stage IV, where stages I-III are divided into groups a and b (see 

Table 2). 

 

 

Table  2 -Stage Grouping- cTNM subsets 8th edition69 

 

Staging is generally divided into clinical staging (cTNM), pathological staging (pTNM), 

clinical staging after neo-adjuvant therapy (ycTNM) pathological staging after neo-

adjuvant therapy (ypTNM), based on the timing and assessments leading to staging.  

 

RECIST 

The Response Evaluation Criteria In Solid Tumors (RECIST) criteria are used to assess the 

response of solid tumors after therapy.  

In the 1970s the World Health Organization (WHO) defined the WHO criteria, based on 

objective anatomical modification of the tumor to evaluate the response to anti-tumor 
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therapies, accepted throughout the 1980s. However, in the nineties the need arose to 

integrate the data deriving from new equipment such as CT and MRI to the classification 

that already existed, which led to the birth of a global collaboration. From this 

collaboration in February 2000 the classification "Response Evaluation Criteria in Solid 

Tumors" (RECIST) was born, introduced and published in the "Journal of the National 

Cancer Institute"70. 

The RECIST criteria are based on the "target lesions" and "non-target lesions", 

furthermore they have the concepts of number of evaluable lesions, lesion size, type of 

lesions and minimum measurable size, they laid the basis for a defined lesion model in 

time. They are based on the definition of the response by setting 4 categories (complete 

response, partial response, stable disease, and disease progression). 

Tumor measurement is an objective method of assessing response to therapy and may 

be associated with regression or progression, which are the endpoints of many anti-

neoplastic therapy trials. 

In January 2009, processing a series of about 6,500 patients and 18,000 target lesions, 

the "RECIST Working Group" proposes the revision of the RECIST guidelines (renamed 

RECIST 1.1 criteria)71. 

However, RECIST criteria only consider the size of the tumors, but often this does not 

always correspond to a real response to therapy, the physiological and functional 

characteristics of the neoplastic tissue must also be taken into consideration in order to 

evaluate the response to cancer therapy in a standardized way. In recent decades, 

introduction of immunotherapy has made it necessary to revise the RECIST criteria. 



 39 

In treatment with immunotherapy, the response time can be lengthened, and there is 

often an initial pseudo-progression72. 

The atypical responses seen in patients treated with immunotherapy will benefit from a 

reduction in tumor size following a clinically significant reduction in tumor burden 

(pseudoprogression) or an initial reduction in tumor size with the appearance of new 

lesions that subsequently regress73. To account for atypical tumor responses, several 

modified response criteria, called iRECIST, have been proposed 74 . 

 

Table  3- Comparison of RECIST 1.1 and iRECIST75 

NSCLC Treatment Approaches 

Type of therapy to be implemented is chosen on the basis of the characteristics of the 

tumor (stage of the disease, histological subtype and biomolecular characteristics of the 

disease) and all the characteristics of the patient (clinical conditions, presence of 

comorbidities). Therapeutic approaches in NSCLC include surgery, radiotherapy, 
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chemotherapy, immunotherapy, alone or in combination modality targeting therapy. 

Surgical resection with intent is recommended for medically fit patients with early stages 

of NSCLC (Stage I, Stage II and Stage III) and is associated with platinum-based or 

neoadjuvant especially for stages II-IIIA with a relapse rate and high toxicity. A valid 

alternative is stereotaxic radiotherapy (SBRT) which is characterized by the 

administration of biologically very high doses in one or a few fractions and allows for 

better results than the conventional one. At diagnosis includes 30% of patients with 

NSCLC are already in locally advanced disease (T3-T4, N2-N3, stage IIIA-C) . Most patients 

with stage III NSCLC are nonsurgical candidates and the current standard of care is 

chemoradiotherapy.  

Targeted therapy has improved clinical outcomes in a percentage of NSCLC patients with 

advanced disease, further the indication is to perform molecular tests on panel in order 

to identify possible tumor biomarkers. Genetic alteration-targeting tyrosine kinase 

inhibitors EGFR, ALK, ROS1, RET, BRAF V600E, MET Exon 14, and NTRK are now approved 

for the treatment of several NSCLC patient subtypes.  
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Another important strategy is immunotherapy, which uses immune checkpoints or a 

protein molecule expressed on the membrane surface of T lymphocytes and plays a key 

role in maintaining homeostasis of the immune system as it guarantees tolerance 

towards self and antigens. they limit autoimmunity. The purpose of monoclonal 

individuals belonging to the class of immune checkpoint inhibitors is precisely to block 

these signaling pathways and reactivate the antitumor immune response. Currently the 

drugs authorized by the FDA and AIFA are Ipilimumab (CTLA-4 inhibitor), Nivolumab and 

pembrolizumab (PD-1 inhibitors), Atezolizumab, Durvalumab and Avelumab (inhibitors 

PD-L1). In the following two images (Figure X and Figure X) the AIOM guidelines for the 

treatment of patients with localized, locally advanced or metastatic NSCLC have been 

adapted and schematized 76. 

 

Figure 12 -Management of localized/locally advanced NSCLC. Adaptation of figure in AIOM 2020 
guidelines76 
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Figure 13 -Management of metastatic NSCLC. Adaptation of figure in AIOM 2020 guidelines76 

 

Biomarkers in Lung Cancer  

Recent advances in molecular characterization of lung cancer has greatly changed our 

understanding of cell signaling pathways that control cell survival have identified genetic 

and regulatory mutations that suppress cell death, promote cell division and induce 

tumorigenesis, becoming an essential component of pathological diagnosis and 

oncological therapeutic decisions. 

These new discoveries have led to the identification of well-defined subgroups of patients 

with an "oncogene addicted" tumor or with molecular characterization of the different 

stages of the disease and some differences in terms of clinical and demographic 
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characteristics identify subgroups of patients benefiting from personalized molecular 

therapies.77  

Biomarker was defined as “an indicator of normal biological processes, pathogenic 

processes, or responses to an exposure or intervention, including therapeutic 

interventions. Molecular, histologic, radiographic, or physiologic characteristics are types 

of biomarkers " in according to BEST (Biomarkers, EndpointS, and other Tools), developed 

in 2016 by FDA (Food and Drugs Administration) and NIH (National Institute of Health)78.  

Many biomarkers have been studied over the years in the field of lung cancer, most of 

which belong to the category of predictive or prognostic biomarkers that represent 

optimal candidates for developing a targeted therapy. 

The first candidate was the epidermal growth factor receptor (EGFR), it is a 

transmembrane receptor tyrosine kinase expressed in some normal epithelial, 

neurogenic and mesenchymal tissues 79. Activation of this receptor involves activation of 

various intracellular pathways, including phosphatidylinositol 3-kinase 

(PI3K)/AKT/mammalian target of rapamycin (mTOR) and RAS/RAF/mitogen activated 

protein kinase (MAPK) pathways, leading to cell proliferation, metastasis and the 

prevention of apoptosis 80. EGFR overexpression is found in 16% of diagnoses and EGFR 

point mutation is found in 10-15% of diagnoses and has been associated with a poor 

prognosis 81.  

Other biomarkers discovered are homologous viral oncogene of Kirsten's rat sarcoma 

(KRAS), tyrosine kinase of anaplastic lymphoma kinase (ALK) and ROS Proto-  

Oncogene 1 (ROS1). Activating alteration of these oncogenes occur in 25%, 2% and 1% of 

patients with NSCLC, respectively 8283–85.  

Unfortunately, relapse after targeted therapy against these biomarkers is almost 

inevitable and tends to occur after about one year of EGFR therapy and after 8 and 19 

months with ALK and ROS1 target therapy, respectively. The EGFR mutation identified as 



 44 

T790M is found in 50-60% of progressive patients, making first generation tyrosine 

kinases ineffective86. Even the onset of mutations downstream of the ALK and ROS1 

pathway can make these therapies ineffective, such as MET amplification or constitutive 

activation of PIK3CA87.  

In order to identify new biomarkers research went on to analyze less common but 

potentially druggable alterations such as BRAF (2-4%), ERBB2 (1-2%), NTRK (0.5-1%) 

amplifications or mutations of MET (overall 2-4%) and RET (1-2%), and mutations in G12C 

KRAS hotspots (14%) 88. 

In parallel with drug development, diagnostics has evolved by implementing classical 

methods such as FISH, IHC and RT PCR with NGS methods. The new NGS technology is 

able to analyze hundreds of gene mutations in a single analysis quickly and with high 

accuracy of the results. This analysis allows to obtain a genomic profiling of the tumor 

and helps to optimize the diagnosis and the therapeutic path of the patient by identifying 

all potential drug targets with a single examination. A greater ability to identify predictive 

biomarkers of potential therapeutic efficacy allows understanding the dynamics of 

disease progression and response to treatment, allowing for more optimal monitoring. 

Furthermore, increasing complexity of the "Oncogene addicted" panorama in the various 

types of tumors including NSCLC, tools such as the ESCAT scale (ESMO Scale for Clinical 

Actionability of molecular Targets) have been developed. This scale is applied in clinical 

practice only in cases of evident clinical benefits (actionability of the different targets) 

and economic sustainability compared to alternative methods such as Real Time PCR or; 

in non-small cell lung cancer (NSCLC), prostate cancer, ovarian cancer and 

cholangiocarcinoma 89,90. 
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The new ESCAT system classifies tumor DNA alterations based on their relevance as 

markers for selecting patients for targeted treatment, based on the strength of the 

clinical evidence that supports them, for example if a patient has two mutations one of 

level I and the other level II, the targeted therapy to choose is level I as it has greater 

clinical value, risk and economic sustainability. 

The ESCAT scale provides for a classification of druggable genomic alterations in four 

levels: 

§ ESCAT I: genomic alterations with predictive value validated in clinical studies. 

§ ESCAT II: genomic alterations associated with drug response in phase I/ II studies 

or in retrospective analyzes of randomized studies. 

§ ESCAT III: genomic alterations validated in another tumor, but not in the specific 

one to be treated. 

§ ESCAT IV: genomic alterations that can be hypothetically attacked on the basis of 

preclinical data. 

Based on ESCAT, genomic alterations in NSCLC tumor patients include EGFR mutation, 

ALK rearrangement, BRAFV600E mutation, RET rearrangement, ROS1 rearrangement, 

NTRK rearrangement, and METEx14Skipping mutation. Table 4 summarizes the main 

alterations and the associated ESCAT level. 

 

Gene Alteration Prevalence ESCAT 

EGFR Common mutations (Del19,L858R) 15%(50%-60% Asian) IA 
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Acquired T790M exon 20 

 

60% of EGFR mutations 

NSCLC 
IA 

Uncommon EGFR mutations 

(G19Xin exon 18,L861Q in exon 21, 

S768I in exon 20) 

10% 

 
IB 

Exon 20 insertions 2% IIB 

ALK 
Fusions (mutation as mechanism 

of resistance) 
5% IA 

MET 

Mutations ex 14 skipping 3% IB 

Focal amplifications ( acquired 

resistance of EGFR TKI in EGFR-

mutant tumours) 

3% IIB 

BRAFV600E Mutations 2% IB 

ROS1 
Fusions ( mutations as mechanism 

of resistance) 
1-2% IB 

NTRK Fusions 0,23-3% IC 

KRASG12C Mutations 12% IIB 

RET Fusions 1-2% IC 

ERBB2 Hotspot mutations, Amplifications 2-5% IIB 

BRACA ½ Mutations 1-2% IIIA 

PIK3CA Hotspot mutations 1,2-7% IIIA 

NRG1 Fusions 1,7% IIIB 
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Table  4 - List of genomic alterations level I/II/III according to ESCAT in advanced non-squamous non-small-
cell lung cancer (NSCLC)89.  

 

Progress on cancer genomics by NGS 

Lung tumor heterogeneity was recently confirmed in an exome sequencing study of 31 

non-small cell lung cancer (NSCLC) identifying 727 mutated genes not previously reported 

in the literature or in the COSMIC database 91. The use of biomarkers in the clinic to 

determine patient prognosis and response to therapy are valuable tools that can increase 

patient survival and reduce toxicity from ineffective treatments. 

For many years, standard techniques such as FISH, IHC  have been used in routine practice 

for the analysis of mutations targeted at the hotspot and used in a highly selective 

approach to testing a single gene. 

These techniques were programmed following a pragmatic algorithm that was initially 

set up and subsequently modified with the approval of specific target therapies. 

Sequential testing starting in 2009 included a first analysis of EGFR and KRAS as gefitinib, 

an anti-EGFR molecularly targeted drug, was approved. In the case of EGFR and KRAS wild 

type patients, the evaluation proceeded with the sequential mutational analysis of the 

alterations of all the other genes; BRAF, RET, NTRK, HER2, KRAS and MET. 

After European Medicines Agency (EMA) approval of crizotinib on 23 October 2012, the 

algorithm was expanded to include ALK determination for EGFR and wild type KRAS 

patients. 

After EMA approval of crizotinib for ROS1 on 21 July 2016, this genetic test was added 

for wild type ALK and finally in case of wild type KRAS, EGFR, ALK and ROS1 tumors were 
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analyzed. BRAF, MET, HER2 and RET depending on the availability of clinical studies with 

experimental agents aimed at the specific alteration of the gene92. 

The need to perform multiple 8-10 gene sequential analyzes has been a major challenge 

for laboratories, as this approach is costly, time-consuming and requires significant 

amounts of tumor nucleic acid. In many cases, the amount of tumor tissue available is 

less than that required to complete multiple molecular tests, in addition to FISH and IHC 

93. 

The expansion of available approved targeted drugs has caused a growing demand for 

multigen testing for more efficient simultaneous detection of targeted alterations. 

In this new reality, next-generation sequencing (NGS) has recently been recommended 

by the 2020 European Society for Medical Oncology (ESMO) guidelines to perform a 

comprehensive molecular characterization in patients with metastatic lung 

adenocarcinoma, prostate cancer, ovarian cancer, or cholangiocarcinoma89.  

The NGS panels currently used in clinical practice are of two types: 

• Hybrid-capture where the target sequences are captured using biotinylated probes. 

• Amplicon-Based Methods where the target sequences are first amplified by PCR with 

specific known primers. 

The advantage of the first technique is to identify also rearrangements in which the fusion 

partner is not known, but unlike the amplicon technique in which results are obtained 

even starting from a small quantity of nucleic acid (up to 10 ng per reaction), the 

technique does not allow to obtain results without a higher amount of extracted DNA94. 

Consequently, limit of the NGS test depends on the percentage of available tumor cells 

within the sample, NGS is able of detecting single nucleotide variants in samples with 
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tumor cellularity >20%, while it decreases the probability of identifying molecular 

alterations in samples with tumor cellularity between 10 and 20%95.  

To overcome the problem, a liquid biopsy was developed which is based on the analysis 

of venous sampling, making the examination less invasive than traditional biopsies96. 

There are currently three types of circulating biomarkers that can be detected in liquid 

biopsy: circulating tumor cells (CTC), circulating tumor DNA (ctDNA) and exosome. 

Several studies have demonstrated a high concordance between NGS on ctDNA and 

matched tissue, validating the methodology97,98.   

Moreover it would seem that the digital polymerase chain reaction (dPCR) technique is a 

very sensitive method for ctDNA. Several studies have shown that dPCR can also be used 

for quantitative measurements of the copy number of the T790M mutant in plasma 

cfDNA to predict treatment response and survival outcomes in NCSLC patients99. The 

Nanostring nCounter technique also represents a genomic platform based on a color-

coded dual probe system that allows direct counting of specific mRNA molecules in a 

single reaction potentially useful for the detection of gene fusions in clinical practice and 

also suitable in situations of analysis of degraded clinical samples100,101.  

Another interesting point of discussion consists in using the multigene panels to analyze 

also markers that are not in clinical practice today but that would allow to guide patients 

towards therapeutic studies 93. 

The advancement in the clinical and pharmacological field nowadays determines a 

growing need to identify clinically relevant markers for this reason it is necessary that the 

technologies used for the analysis also improve together with the medical-clinical needs. 
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Two techniques are currently being tested; The Nanopore allows you to sequence a single 

nucleic acid molecule (DNA or RNA) without PCR pre-amplification as it records an 

electrical signal as the DNA molecule passes. Another experimental technique is the 

integrated non-overlapping read sequencing system (NOIR-SS) is a sequencing method 

that uses molecular barcodes, such technology has been successfully used to identify the 

p.L858R mutation of EGFR in plasma of patients with lung adenocarcinoma 102. 

NGS allows maximizing the identification of clinically relevant genomic alterations using 

a limited amount of tissue, thus reducing time and costs. The costs per sample of NGS 

have drastically decreased over time and allow for a broader molecular characterization 

for more accurate patient stratification103. According to, NGS allows the identification of 

co-mutations and rare mutations, allowing you to have a complete screenshot of the 

patient's molecular profile. Thanks to the introduction of next-generation sequencing, we 

can now easily identify pathology markers and even a large number of NSCLC-related 

genes104. 

 

Cancer immunoediting  

Immunotherapy is an innovative treatment against cancer. The original idea that the 

immune system was able to protect the organism from tumor genesis, through a complex 

interaction between cancer and the immune system has been known for many decades.  

The theory of immunosurveillance was definitively confirmed in the 1990s, thanks to the 

discoveries of the role of IFN-γ, perforin and the use of mouse strains deficient in T, B and 

T NK lymphocytes (but with intact mechanisms of DNA repair); in this case the 
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experimental tests confirmed the role of lymphocytes as cells able of protecting the host 

from the appearance of both chemically induced and spontaneous tumors. 

This suggests that tumor evolution in hosts with competent immune systems is 

associated with the selection of poorly immunogenic cells and/or ability to escape the 

immune-mediated effector mechanisms that would allow their rejection. These 

observations, therefore, indicate that the immune system plays a very complex role 

through immunosurveillance. Accordingly, the concept of immunosurveillance, albeit 

correct, should be expanded to define the dual role of the immune system, no longer 

only protective, but also  "tumor sculpting"106.  

 

In 2002 a new theory was proposed by GP Dunn, LJ Old and RD Schreiber under the name 

of tumor immunoediting. "Cancer immunoediting", a dynamic process describing the 

influence of the immune system on tumor progression, proposes three distinct phases of 

immune surveillance: elimination, balance, and escape107. 

• Elimination, transformed tumor cells are successfully destroyed by the host's 

immune system; 

• Balance, in which cancer cells; The host's immune system is unable to eliminate 

eliminate cancer cells but can adequately limit their growth, through a selection 

process operated by T lymphocytes, they become resistant to the control of the 

immune system and bring the cancer cells to a period of dormancy. 
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• Escape or evasion, cancer cells after having had several genetic changes can 

evade the immune system, in which diseased cells spread uncontrollably, 

resulting in clinically detectable neoplasms. 

This concept provides in summary a dynamic vision of the complex interactions between 

surveillance and cancer for which cancer cells, subjected to the selective pressure of the 

immune system, tend to be characterized in an increasingly aggressive way, managing at 

the end of the process to escape control108. 

 

Immune biomarkers in NSCLC  

Under normal physiological conditions, the immune checkpoint molecules regulate the 

activation of T cells to generate an effective immune response, helping to maintain 

peripheral tolerance towards self-molecules and thus reducing excessive inflammation 

or autoimmunity. 

Bretscher et al laid the foundation for the concept of "two signals" of lymphocyte 

activation which investigates the mechanisms of interaction between co-signaling 

molecules on the surface of T cells and antigen-presenting cells (APCs) in order to activate 

the naive T cell. Furthermore, this model explains both the discrimination of self from 

non-self and immunization concerning induction of tolerance for B cell responses109 . 

Through these studies, the importance of co-signaling molecules in promoting or 

inhibiting the immune response was understood. 

There are currently a large number of co-stimulating T-cell molecules with distinct and 

overlapping functions. One of these is the B7-1/B7-2: CD28/cytotoxic T-cell-associated 
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antigen 4 (CTLA-4) pathway plays a key role in regulating T cell activation and tolerance 

110,111. 

Two inhibitory immune checkpoint receptors have been extensively studied: antigen 4 

associated with cytotoxic T lymphocytes (CTLA-4) and programmed cell death protein 1 

(PD-1). Despite acting on distinct targets, both CTLA-4 and PD-1 belong to the B7 receptor 

family and are expressed on the surface of T cells112,113.  

 CTLA-4, a CD28 homolog, competitively binds B7-1 B7-2 on APCs with high affinity 

leading to partial activation (anergy) of the T cell, unlike complete activation driven by 

the CD28-B7 bond. The co-stimulation brought about by the binding between CD28-B7 

regulates the threshold for the activation of T cells, determines a greater proliferation, 

determines a massive production of cytokines and their receptors also causes an increase 

in the expression of proteins involved in the progression of the cell cycle. Blocking the 

link between CTLA-4-B7 leads to a more aggressive and intense immune response114. 

The other important immune checkpoint is represented by the programmed cell death 

protein 1 (PD-1), discovered in 1992 by Honjo, while studying the mechanisms of T cell 

death115. The main activity of PD-1 is to inhibit the activation of T cells during long-term 

exposure to antigen, as occurs in chronic viral infections and tumors. Under normal 

physiological conditions, it has been shown that PD-1 binds to PD-L1 or PD-L2 expressed 

on the host's APC cells, preventing hyperactivation and maintaining self-tolerance116,117. 

However, many solid tumors express the PD-L1 receptor by exploiting this mechanism to 

evade the immune system by generating an immunosuppressive effect. Tumor selectivity 
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of PD-1 or PD-L1 provides a great opportunity for patient selection based on tumor 

markers. 

Upregulation of these immune checkpoint proteins leads to T cell inactivation and 

inefficient killing of tumor cells mediated by T cells. These immune checkpoints have 

become targets for a new type of drug called immune checkpoint inhibitors. 

Immune checkpoint inhibitors  

The use of immune checkpoint inhibitors (ICI) has become one of the most promising 

approaches in the field of cancer therapy particularly in the treatment of advanced non-

small-cell lung cancer (NSCLC). 

 

Monotherapy 

The standard treatment for advanced NSCLC patients who have progressed after 

chemotherapy has been docetaxel monotherapy (DOC) for many years. Several 

randomized controlled trials were conducted to evaluate the efficacy of ICI (nivolumab, 

pembrolizumab, atezolizumab) compared to DOC and proved to be superior in terms of 

median OS (about 3 months longer) and relation to toxicity118,119. 

Similar results in particular survival benefit and reduced toxicity were observed for 

pembrolizumab compared to docetaxel in the second-line treatment of PD-L1-positive 

NSCLC in study KEYNOTE 010 and the POPLAR and OAK studies for atezolizumab120–122. 

These important results have laid the foundation for immunotherapy to become the new 

standard treatment after first-line chemotherapy. However, ICIs have been shown to be 

more effective in patients with NSCLC that do not harbor oncogenic gene alterations 



 55 

(CheckMate012)123. Subsequently, we wanted to investigate the effectiveness of ICI also 

on the front line, in 2016 the FDA approved pembrolizumab in NSCLC patients with 

metastases and with a PD-L1 expression> 50% on tumor tissue, based on data from study 

KEYNOTE 024  phase III trial124. Similar studies with slightly different inclusion and 

exclusion criteria have also been re-proposed with Atezolizumab (IMpower110) and 

Nivolumab125. However, for the latter, there were no benefits in terms of PFS or OS for 

the nivolumab group and the control group. Consequently, nivolumab was only approved 

for the treatment of NSCLC in the second-line setting. 

Combination therapy 

To increase the response rate, combinations of PD-1 or PD-L1 blockade with other 

treatments, such as chemotherapy, targeted therapies and other ICIs, and impressive 

improvements in first-line treatments were investigated. 

For example, Pembrolizumab plus platinum-based chemotherapy has been shown to be 

more effective than front-line chemotherapy alone and has led to speeding up the 

approval of first-line immunotherapy for patients with NSCLC. Another study showed how 

the treatment of ICI plus PFS and overall survivals OS chemotherapies was associated 

with longer and a comparable risk of adverse events compared to bevacizumab plus 

chemotherapy126. 

The combination of ICIs targeting two or more immune checkpoint molecules also brings 

synergies into clinical practice. In the phase III study CheckMate 227, the combination of 

nivolumab and the anti-CTLA-4 antibody ipilimumab was studied in 793 NSCLC patients 

with untreated IV status. Results showed that nivolumab PFS in combination with 
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ipilimumab and chemotherapy alone was 7.2 months vs.5.5 months (p <0.001), mOS was 

17.1 months vs 14.9 months (p = 0.007), and was independent of the level of PD-L1 

expression127. Additionally, the ORR (45.3%) of nivolumab in combination with 

ipilimumab in first-line NSCLC treatment was superior to that of chemotherapy alone 

(26.9%) with comparable adverse events to chemotherapy in advanced NSCLC. 

Furthermore, for patients with chemotherapy contraindications, the combination of two 

ICI therapies has greater advantages over chemotherapy combined with ICI therapy. 

Contrary to clinical studies such as the baseline study 1b TATTON has shown how the 

combination of TKI EGFR targeted with ICI led to an increase in irAE such as interstitial 

pneumonia128. 

 

 
 
 
 
 
 
 

AIM OF THESIS 

The overall aim of this Ph.D. project was to explore the relevance of NGS sequencing and 

accurate histological subtyping to identify rare molecular and/or pathological 

subtypes(molecular and histological) of advanced NSCLC which may allow a personalized 

effective treatment through the enrollment into clinical trials. 

 

More specifically, the aims of this thesis were:  
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- The first part of the project aimed to analyze the molecular profile of patients 

belonging to S.Orsola-MalpighiUniversity Hospital, using multi-gene NGS as a 

diagnostic tool to identify subpopulations of patients with potentially 

actionable rare mutations Allowing the enrollment of patients into clinical 

trials with novel targeted agents 

- The second part of the project aimed to activate a clinical study for the 

treatment with immunotherapy of patients with rare lung cancer histologies. 

- The third part of project aimed to activate a clinical study for patients with a 

rare molecular alteration (RET rearrangement) to assess activity of a specific 

molecularly targeted therapy. 

Molecular profiling of NSCLC-A 

 

Introduction 

Lung cancer is one of the most common causes of cancer death worldwide in both males 

and females and is the second most common cancer in males and third in females. 

Recently, the discovery of generation sequencing (NGS), along with the next generation 

of new targeted therapies, has dramatically revolutionized the molecular understanding 

of cancer. Pulmonary adenocarcinoma heterogeneity was recently confirmed in an 

exome sequencing study of 31 NSCLC identifying 727 mutated genes not previously 

reported in the literature or in the COSMIC2 database. Lung cancers represent one of the 

main health costs in oncology. In the latter, numerous targeted anti-tumor therapies have 

been developed for lung tumors directed against specific molecular alterations of 

neoplastic cells. Starting from 2009, anti-EGFR, ALK, and ROS1 drugs have progressively 
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entered the market with evident efficacy in young, non-smoking patients with lung 

tumors. Numerous other drugs are undergoing clinical trials directed against alterations 

of the BRAF, HER2, MET, RET, KRAS, and NTRK genes, always in patients with lung tumors. 

Consequently, the application of NGS is a powerful tool for discovering both druggable 

and new mutations to identify the best therapeutic strategy or select these patients for 

personalized therapies currently undergoing clinical trials.  

Methods 

Study design and objectives 

This project is a prospective monocentric cohort study conducted at Sant’ Orsola-

Malpighi University Hospital in Bologna by the Medical Oncology unit with the 

participation of the Pathology and molecular pathology units. The study involved patients 

with NSCLC, whose tumor tissues were analyzed at our institution from January 2019 to 

September 2021, to identify and characterize the main gene mutations using multi-gene 

NGS technology. This project allowed us to evaluate molecular profiles in patients with 

advanced NSCLC to choose the most appropriate treatment.  

Patients 

 We analyzed a prospective cohort of 1408 patients with advanced NSCLC-A treated at 

the Sant' Orsola-Malpighi University Hospital.  Inclusion criteria were histological 

diagnosis of A-NSCLC with tumor tissue available for biomolecular analysis and adequate 

(at least 20% enrichment in neoplastic cells and at least 20 ng of DNA and 50 ng of RNA 

extracted), age higher or equal to 18 years. Both histological and cytological specimens 

were included.  

Molecular analysis  

Analysis was performed with a massive parallel NGS sequencing method. 
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The samples consisted of small formalin-fixed, paraffin-embedded biopsies or cytological 

smears obtained during bronchoscopy. NGS was performed starting from 10 μm thick 

serial sections or cytological smears encompassing the tumor area of interest with at least 

50% tumor cell enrichment. After manually micro dissecting the slides, the RNA and DNA 

were isolated. Complementary DNA (cDNA) synthesis before library preparation for the 

RNA panel was performed using the SuperScript ™ VILO ™ cDNA synthesis kit (Thermo 

Fisher Scientific, 11754050). Libraries were prepared using the Oncomine AssayTM, 318 

Solution (Thermo Fisher Scientific) assay using a total of 50 ng and 20 ng of RNA and DNA 

inputs, respectively, per sample. Sequencing was performed using the Ion PGMTM Hi-

QTM View Sequencing Kit on the Ion Torrent S5 Personal Genome Machine (Thermo 

Fisher Scientific). 

The Oncomine Focus Assay Gene Panel - Thermo Fisher Scientific, Carlsbad, CA (RUO Kit) 

3 which can simultaneously provide information on mutations, fusions, and copy number 

variations of over 50 genes involved in therapy. Figure 14 summarizes hotspot mutations 

in 35 genes, amplification in 19 genes, and rearrangements in 23 genes. 

 

Figure 14- Oncomine Focus Assay gene list. 
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Outcomes  

The data analysis was carried out with a descriptive method and compared with the cases 

present in the literature. 

 

Results 

1408 tissues were sequenced between January 2019 and September 2021. 799 patients, 

corresponding to 56.7%, were male and 609, (43.3%), were female.  33 samples showed 

< 20% enrichment in cancer cells or were not suitable for NGS sequencing and were 

therefore excluded from the analysis. The main biopsy sites were lung (50%) lymph nodes 

(29%) pleura (10%) liver (4%) bone (2%). 

Overall, 1169 (85%) specimens harbored driver mutations in 8 cancer genes (EGFR, KRAS, 

ALK, ROS1, MET, BRAF, RET, and HER2), which are canonical driver mutations, while 17% 

were considered wild type (WT) as none of the genomic alterations covered by our panel 

was found.  EGFR alterations were detected in 233 patients (16%). AKRAS mutation was 

found in 456 patients (33%). Patients with a rearrangement of the ALK gene or the ROS1 

gene were found to be 39 (3%) and 14 (1%), respectively. There were 83 (6%) patients 

with MET mutation, 19 (1%) with MET amplification, 72 (5%) with BRAF mutation, 36 (3%) 

with RET rearrangement, and 47 (3%) with HER2 amplification (Figure 15).  

In total, 27% of patients had at least one genomic alteration in the druggable genes 

according to the ESCAT I classification (EGFR mutation 11%, ALK rearrangement 3%, 

BRAFV600E mutation 5%, RET rearrangement 3%, ROS1 rearrangement 1%, NTRK 

rearrangements  0,2%, and METEx14Skipping mutation 3%).  
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Figure 15- Characterization of molecular profiling NSCLC Cancer in IRCCS- S.Orsola Malpighi's population. 

36 patients had uncommon alterations which are summarized in figure 16. 

 

Figure 16 - Uncommon alteration of A-NSCLC 
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410 patients presented an actionable genetic rare variant for which targeted therapy is 

available. Indeed, molecular profile found in many patients harbored non-actionable 

variants with the possibility of recruitment in clinical trials according to international 

guidelines or options for off-label treatment. For example, 233 carried an EGFR mutation. 

Of those, exon 19 deletion and exon 21 L858R point mutation were the most common 

findings, comprising 33% and 25% of all mutations, respectively, while exon 18 accounted 

for 5% and exon 20-point mutation for 11%.  (Figure 18). 

 

 

 

 

 

 

 

 

 

Figure 17-. Frequencies of different types of EGFR mutations 

11% of subjects had an exon 20 mutation, of these 1 patient is currently enrolled in 

PAPILLION study, which involves treatment with Amivantamab, a bispecific antibody  

targeting EGFR and MET e129. 

KRAS was the most common molecular alteration with 456 patients mutated on 1375 

analyzed (33%). The most common KRAS mutation was G12C (36%) followed by G12D 

(16%), G12V (18%) and G12A (8%) and other ( 19,3%) (Figure 19). 
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Figure 18-Frequencies of different types of Kras alterations. 

 

KRAS G12C mutation was found in 36% of subjects with KRAS mutation. AMGEN clinical 

study "A phase 3 study comparing AMG 510 with Docetaxel in subjects with KRAS p G12C 

mutation NSCLC" is available at our hospital. Currently 5 patients have been enrolled, of 

which 2 entered treatment and 3 were  screening failures. X other patients were treated 

with AMG510 within a compassionate use program 

In our study the percentage of BRAF mutations was 5% of which 36% were V600E 

mutations. Clinical Trial ARRAY 818-202 "A Phase 2, Open-label Study of Encorafenib + 

Binimetinib in Patients with BRAFV600-mutant Non-small Cell Lung Cancer"130,131 is 

available in our unit. Currently 7 patients have been enrolled and treated with a novel 

combination of anti-BRAF and anti-MEK agents.  
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Another molecular alterationspecifically  found in NSCLC patients is the ALK fusion that, 

in our study, was found in 39 patients (3%). The detected primary ALK fusion identified 

was as EML4-ALK followed by KIF5-ALK. 

Other molecular alterations have recently been found in patients with A-NSCLC, such as 

the translocation of RET, FGFR, NTRK 1-3 and MET exon14 skipping mutations. 

We enrolled 5 RET-rearranged patients in J2G-MC-JZJC clinical trials assessing selective 

(Selpercatinib)132–134 RET-inhibitors, 2 subject with FGFR mutation or translocations 

enrolment in a  Phase 2, Open-Label, Single-Arm, Multicenter Study with Pemigatinib 

(FISHT-207).134  

In study CINC280J12201, which evaluated the combination of Capmatinib plus 

Spartalizumab vs Capmatinib plus placebo in patients with mutations that skip exon 14 

MET (3%), we enrolled two patients135. 

We found 0,2% of NTRK 1-3 mutations that could possibly be enrolled in the basket study 

LOXO_TRK-15002 which involves treatment with Larotrectinib 136. 

 

Interestingly, 31% of the patients (423) had co-mutation such as PIK3CA, MYC, CD4K and 

CCD1 respectively 65%, 57%, 40% and 36%, which are summarize in Figure 17. 
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Figure 19-Results of molecular analysis according to NGS: Co-mutation 

 

 

 

 

 

 

Biomarker KRAS EGFR MET RET BRAF HER2 ALK No.Co-mutation %
No. Mutation 456 233 102 36 72 47 67 423

67 ALK 16 3 0 1 3 0 23 34%
12 AR 3 0 2 0 0 0 6 11 92%
72 BRAF 24 0 6 1 0 3 34 47%
58 CDK4 2 6 13 1 1 0 1 24 41%
33 CTNNB1 9 13 3 3 0 1 1 30 91%
43 HER2 5 3 3 0 0 0 11 26%
8 ERBB3 4 0 2 0 0 0 0 6 75%
2 ERBB4 0 0 1 0 0 0 0 1 50%
9 ESR1 4 0 2 0 0 0 0 6 67%
28 FGFR1 0 0 1 0 0 0 0 1 4%
9 FGFR2 5 0 1 0 0 0 0 6 67%
22 FGFR3 7 4 0 0 0 0 0 11 50%
3 GNAQ 1 0 0 0 0 0 0 1 33%
13 NRAS 7 0 0 0 0 0 0 7 54%
10 IDHI 5 0 0 0 0 0 0 5 50%
11 JAK 6 0 0 1 1 0 1 9 82%
16 KIT 1 0 3 0 1 1 0 6 38%
19 MAP2K1 9 0 0 0 0 0 1 10 53%
102 MET 27 18 2 0 2 49 48%
6 MTOR 3 2 0 0 1 0 0 6 100%
61 PIK3CA 21 11 7 0 2 0 0 41 67%
4 RAF 1 0 0 0 0 1 0 2 50%
36 RET 7 0 0 0 0 0 7 19%
14 ROS1 1 0 0 0 0 0 0 1 7%
5 SMO 1 0 0 1 1 0 0 3 60%
78 MYC 23 14 7 0 0 0 2 46 59%
5 MYCN 0 0 1 0 0 0 0 1 20%
43 CCND1 0 6 5 0 1 4 0 16 37%
7 CDK6 0 1 0 0 0 0 3 4 57%
7 DDR2 0 4 0 1 0 0 0 5 71%
8 FGFR3 0 1 0 0 0 0 0 1 13%
2 HRAS 0 1 0 0 0 0 0 1 50%
233 EGFR 20 0 2 14 0 0 36 15%
7 PDGFRA 0 0 0 0 0 0 0 0 0%

3 AKT1 0 0 0 1 1 0 0 2 67%
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Discussion 

Most patients with NSCLC are diagnosed at alate stage, despite recent advances in 

screening for early lung cancer detection. Fortunately, NGS technology is now widely 

used to identify cancer gene mutations and provide the molecular basis for appropriate 

targeted therapy in clinical precision medicine. 

In this study based on NGS analysis, we reported a homogeneous dataset of patients 

affected by advanced NSCLC-A by constructing a complete profile of the genomic 

alterations of the patients belonging to the S. Orsola Malpighi Hospital. 

Basic molecular pre-selection, performed on a small part of the diagnostic biological 

material, made it possible to optimize the use of the available biological material, 

avoiding our patients performing further invasive samples and trying not to lose any 

chance, however much remote access to potentially life-saving targeted drug treatments. 

Secondly, the initial NGS model offered a less expensive and more reliable diagnostic 

model than the one used in previous years which was based on a sequential algorithm. 

Recently Dall' Olio et al demonstrated the feasibility and cost-effectiveness of 

implementing NGS panels for routine molecular profiling of patients with NSCLC-A 137.  

In this study, the genomic signature of lung cancer-related driver genes identified by an 

NGS-based target sequencing assay showed a higher frequency of rare alterations. Such 

as a higher prevalence of RET rearrangements than in the literature (3% vs 1%). Alteration 

of ALK and KRAS also showed a higher prevalence (3% vs 2%) and (33 vs 25%). 

In total, 27% of patients had at least one genomic alteration in the druggable genes 

according to the ESCAT I classification. 

Based on these results and thanks to the evaluation with the NGS test developed within 

the project, many patients in Bologna with rare, advanced lung cancer have had access 

to targeted oncological therapies for variants not identified during routine tests. 
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In 410 patients (29%) it was possible to identify rare molecular alterations potentially 

eligible for advanced therapies with innovative molecularly targeted drugs in the context 

of clinical trials or extended access programs or "off-label" uses. Of these 20 were 

enrolled in sponsored clinical trials. 

Furthermore, as shown by our next-generation sequencing (NGS) test, a relatively large 

panel revealed that 31% of cancers carry co-mutations, some of which retain at least 

prognostic information and a possible mechanism of resistance to chemotherapy drugs. 

or to molecular targeted agents (MYC, PI3KCA, MAPK, AKT and KIT, HRAS).  

PIK3CA mutations frequently coexist with EGFR / KRAS mutations in our study of 11 and 

20 patients respectively. PIK3CA mutations may be an adverse prognostic factor in 

patients with EGFR mutated NSCLC, also Xin Zhou et. al. showed that PI3K inhibition is 

able to improve the sensitivity of wild-type EGFR NSCLC cell lines to EGFR TKI erlotinib 

87,138.  

MYC co-mutation in association with ALK-rearranged, or MET-altered patients are 

involved in primary resistance mechanisms to Crizotinib, cooperating to drive 

tumorigenesis139–141. In these patients, the use of MYC inhibitor together with standard 

therapies seems promising142. 

Finally, another very promising strategy could be to inhibit CDK4/6 which is also mutated 

together with MET, KRAS, and EGFR. CDK4/6 inhibitors have been shown to be effective 

in patients with Osimertinib in EGFR mutated patients 143,144. Furthermore, in a phase I 

study of the CDK4/6 inhibitor (Abemaciclib), KRAS mutations appeared to predict disease 

control in heavily pretreated patients with metastatic NSCLC, with one patient 

experiencing a partial response145.  
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Furthermore, since the list of biomarkers that maintain their predictive value is expanding 

with the availability of new drugs, for this reason, the need for molecular screening based 

on multi-gene sequencing will certainly increase in the coming years. 

Unfortunately, although we identified 410 potentially eligible patients as they possessed 

rare mutations, many patients could not be enrolled into clinical trials because they did 

not meet the harsh criteria for inclusion . 

Alternatively, mutations were found prior to the opening of the specific clinical trial, 

therefore these patients were treated according to clinical practice with the currently 

available therapies. 

Our project has achieved the goal of increasing the standard offer of molecular tests for 

tumor characterization, carrying out a complete and deep sequencing of tumor DNA 

using new high-throughput methodologies (Next Generation Sequencing). Consequently, 

we have increased the opportunity for patients to benefit from current targeted 

therapies approved by the EMA or currently in clinical trials. 

However, many patients cannot access treatment, especially if they are patients with rare 

mutations for which there is no tailor-made clinical trial. 
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Atezolizumab in a CoHort of pretreated, advanced, non-small cell lung 

cancer patients with rare HistologiCal SubtypEs (CHANCE trial) 

Introduction 

 

In recent years, ICIs have paved the way for a new era in the treatment of NSCLC, with a 

significant benefit in terms of overall survival, long-lasting responses, and a better toxicity 

profile than standard platinum-based chemotherapy. 

Notably, nivolumab (anti-PD1 monoclonal antibody) was the first drug in this class to 

demonstrate prolonged survival when used as second-line treatment, both in lung cancer 

patients with squamous histology and in patients with non-squamous histology 118. 

In patients with chemo-naïve metastatic NSCLC whose, tumors express programmed 

death-ligand 1 (PD-L1)> 50%, Pembrolizumab, a PD1 monoclonal antibody, has become 

the new standard of therapy worldwide. More recently, the combination of 

pembrolizumab or atezolizumab and platinum-based chemotherapy has emerged as an 

effective first-line treatment regardless of PD-L1 expression in both squamous and non-

squamous NSCLC without oncogenic drivers 146. Moreover, atezolizumab, a monoclonal 

antibody targeting the PD-1 counterpart, PD-L1, has been approved in NSCLC both alone 

in PD-L1 high and in combination with carboplatin, paclitaxel, and bevacizumab for non-

squamous NSCLC irrespective of PD-L1 expression 125,147. 
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However, phase 3 studies were focused on common histologies, and little (if any) data is 

available to decide whether to treat patients with rare NSCLC histologies with these drugs 

and to inform of their prognosis.  

 

For most rare lung cancers, no standard treatment regimens are available and few case 

reports of the use of ICI agents have been reported. Due to their low incidence and lack 

of prospective studies, an effective treatment algorithm remains an unmet need. These 

considerations highlight the need to evaluate the role of immune checkpoint inhibitors 

also in the treatment of NSCLC patients with rare histologies. This study aims to explore 

the antitumor activity and safety profile of atezolizumab in patients with pretreated 

advanced NSCLC with rare histological subtypes. 

 

Methods 

Study design and objectives 

This study is an open-label, multicenter, phase II study, designed to evaluate the activity 

and safety of atezolizumab in a cohort of pretreated, advanced NSCLC patients with rare 

histological subtypes,	which is summarized in Figure 20. The estimated sample size will 

be approximately 43 subjects, to be enrolled in 11 national centers. The primary objective 

of this study is to evaluate the activity of atezolizumab in patients with pretreated 

advanced NSCLC with rare histology subtypes. Secondary objectives are the evaluation of 

the safety and efficacy of atezolizumab in patients with pretreated advanced NSCLC with 

rare histology subtypes148. 
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Figure 20-Study design CHANCE Clinical trials148. 

Endpoints 

The primary endpoint is an investigator-assessed disease control rate (DCR) according to 

response evaluation criteria in solid tumors version 1.1 (RECIST v1.1). 

Secondary endpoints include toxicity, objective response rate (ORR), overall survival (OS), 

time to progression (TTP), and progression-free survival (PFS). 

Patients 

Patients must have a locally advanced, relapsed, or metastatic NSCLC with histologically 

proven rare subtypes defined according to World Health Organization (WHO) 2015 

classification and have experienced disease progression during or after at least one 

previous standard chemotherapy line. Key Inclusion and Exclusion Criteria are 

summarized in Figure 21.  
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Figure 21-Inclusion and Exclusion Criteria148 

 

 

Molecular analysis  

 

We had planned the evaluation of PD-L1 expression of all tissue samples from enrolled 

patients using SP-142 and SP-263 assays on ULTRA Automated Immunostainer (Roche). 

Only samples with a tumor cell count> 100 cells were considered acceptable. Staining 

assessment was done using the net percentage of positive tumor cells over the entire 

tumor cell population and the presence and number of positive TILs per high-powered 

field. 

PD- L1 protein expression is determined by using the Tumor Proportion Score (TPS), 

which is the percentage of viable tumor cells showing partial or complete membrane 

staining. The specimen should be considered PD-L1 positive if TPS ≥ 50% of the viable 

tumor cells exhibit membrane staining at any intensity. 
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Figure 22- Positive PD-L1 membrane staining in NSCLC tumor tissues illustrating and Tumor proportion 
score (TPS)  
 

Treatment 

Treatment consisted of atezolizumab monotherapy. Atezolizumab is a genetically 

engineered, humanized IgG1 monoclonal antibody to PD-L1 produced in Chinese 

Hamster Ovary (CHO) cells. Atezolizumab binds to PD-L1 and prevents the interaction 

between PD-L1 and its receptors PD-1 and B7–1 (or CD80), providing inhibitory signals to 

T cells.  The dose level of atezolizumab proposed to be tested in this study is 1200 mg 

(equivalent to an average body weight-based dose of 15 mg/kg) administered by IV 

infusion q3w (±3 days). Treatment will be continued until PD according to RECIST v1.1 

criteria, intolerable toxicity, patient refusal, or investigator’s decision. 
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Follow-up and Assessment 

Radiological evaluation was performed by computed tomography (CT) every 6 weeks up 

to 1 year to determine response to treatment using the RECIST v1.1 criteria and every 8 

weeks thereafter. At the time of the first tumor evaluation, subjects could continue 

experimental treatment beyond the initial progressive disease (PD) RECIST v 1.1 in the 

presence of an established clinical benefit, without rapid disease progression, ≥ 2 - rate 

increase tumor growth and good tolerance to the study drug. Radiographic reassessment 

was performed within 6 weeks of the initial investigator-assessed progression to 

determine if there was a decrease in tumor size or continued PD. For subjects who 

continued study therapy with atezolizumab beyond progression, further progression is 

defined as an additional 10% increase in tumor burden volume from the time of initial PD 

and/or the development of new measurable lesions.  

 

Outcomes  

The modified intention to treat the population was analyzed for the primary endpoint 

and all secondary endpoints. Descriptive tables for tumor response rate and best overall 

response were produced. We used the exact binomial method to estimate the disease 

control rate (CR + PR + SD) and its 95% confidence interval. Progression-free survival 

probabilities and overall survival probabilities will be estimated according to the Kaplan 

and Meier limit product method. Descriptive toxicity tables have been produced which 

provide the worst degree of toxicity measured across all cycles according to NCI-CTCAE 

version 4.03.  
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Ethical Considerations and Study management 

The protocol was written, and the study was conducted according to the Tripartite 

Harmonized Guidelines for Good Clinical Practice (GCP) of the International Conference 

on Harmonization (ICH). The study is an independent study sponsored by the Italian 

Oncology Group of Clinical Research (GOIRC), partially supported by  ROCHE with respect 

to Italian Decree 17 December 2004.  

European Clinical Trials Database (EudraCT) number: 2018-002607-34  

ClinicalTrials.gov identification number: NCT03976518. 

According to the law n. 189 of 08.11.2012,  sponsor sent  application for authorization to 

AIFA as the Competent Authority which will carry out the activity within the terms and 

within the time limits provided for by Legislative Decree 211 (Article 9). 

In September 2018 sponsor evaluated the interest of this study of 11 Italian centers, we 

as a center in Bologna participated in the feasibility expressing our will to participate in 

the study and to find at least 4 patients to be included in it. 

In particular, we were asked for information on the operating unit (staff, structure, 

patient enrollment process reviews). Bologna site has a clinical trial management office 

with 6 study coordinators and a research pharmacist who can support clinical research 

and contacts with promoters also has numerous studies on the lung, but none in conflict 

with the study proposed by GOIRC . We were therefore selected as the coordinating 

center of the CHANCE study. 

Specifically, we took care of compiling the specific center documentation such as 

collection of documents of the clinical staff and documentation necessary for the 

activation of the center. 

In meantime, I assisted the GOIRC promoter for the realization of the eCRF in accordance 

with the protocol. 

The validation process was performed according to GAMP 5 and its V-model diagram, 

starting from the Requirements and Specifications and the corresponding test phase 

including Functional Tests (OQ). 

The Customer must issue a Standard Operating Procedure (SOP) for the internal 

management of Symphony EDC and perform the necessary tests (Performance 
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Qualification/User Acceptance) to complete the validation process which began on 

February 15, 2019 and ended on May 1, 2019 with the final release of e-CRF CHANCE 

GOIRC-02-2018 and user manual for all centers. 

The eCRF consists of several pages to be filled in online during the visits, information was 

collected on informed consent, demographics, vital signs, laboratory parameters 

including PD-L1 status, study drug infusion anamnesis, tumor history, tumor assessment 

concomitant drugs and events adverse. a specific page was also created for the 

interruption visit from the study in which to insert the reason for the interruption and a 

page of FU where the subsequent therapies and the survival data. 

Table 4 shows the 13 Italian centers activated by GOIRC.  

 

 

 

Table  5 – Site on CHANCE Clinical trials149  

 

Procedure for starting CHANCE Clinical trials of the coordinating center in Bologna is 

summarize on figure 23. 
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Figure 23- Regulatory process for starting CHANCE clinical trials. 

 
Study was approved by the Italian agency AIFA on January 2019.  

On 12 March 2019, a substantial change was necessary regarding the update to the 

version of the atezolizumab Investigator V.14 brochure and an important Security update 

of 24 January 2019.  These changes made it necessary to update the protocol and at the 

same time GOIRC have also increased the number of centers from 11 to 13. This is the 

Dear Investigator Letter dated 24/01/2019 sent by Roche Spa regarding an important 

safety update. 

As part of the analyzes conducted with atezolizumab, some cases of immune-related 

myositis were observed. Four of these events had a fatal outcome. The incidence in the 

atezolizumab monotherapy clinical program was <0.1%. The amendment was approved 

by AIFA on 12 April 2019 and the single favorable opinion of the coordination center was 

issued on 17 April 2019. We enrolled the first patient directly with the amended protocol 

and the new consents reporting this important adverse event. 
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After some clarifications that emerged on December 2018, ethics committee of the AVEC 

coordinating center approval this study on  February 2019 (CE 748/2018/Farm/AOUBo).   

Site of Bologna had its initial site visit (SIV) on May 2019. 

The first patient was enrolled on 07 May 2019 in coordinating center of Bologna. GOIRC 

enrolled 35 patients. In table 5 you can see all CHANCE enrollment trend and enrollment 

on bologna site, unfortunately pandemic situation of COVID 19 which arose in February 

2020 has greatly reduced the inclusion of patients in this study. Indeed, as it can be seen 

from table 5 in the lockdown period (March 2020 - May 2020) or in the period in which 

major infections COVID-19 occurred (October 2020 - May 2021), enrollment remained 

unchanged due to logistical difficulties for patients with rare cancers residing away from 

the nursing hospital has created a serious obstacle to the inclusion of new patients in 

clinical trials. 

Furthermore, an AIFA communication of 7 April 2020 provides information on the 

management of clinical trials and on substantial changes in Italy following the exceptional 

restrictive measures introduced by the Italian government in the context of the fight 

against the COVID-19 pandemic. Regarding enrollment, the communication stressed that 

the inclusion and enrollment of new patients in clinical trials should be avoided as much 

as possible except in cases where participation in the study is of fundamental necessity, 

as in the absence of a valid therapeutic alternative 150.   
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Table  6- Enrollment of study CHANCE 

Results 

Between May 7, 2019, and December 31, 2021, Policlinic S.Orsola Malpighi have been 

enrolled 14 patients  into the trial. Data are presented up to January 11, 2022.  

This patients with rare lung histology were evaluated in Bologna, predominantly men 

(69%) with a mean age of 71 years (48-80), most of whom were former smokers (64%) or 

never smokers (21%). Finally, all patients had an ECOG performance status score of 0 or 

1 and had stage IV cancer. The characteristics of the population in question are 

summarized in table 6. 
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Table  7 Characteristics of coordinator center of Bologna 

Almost one third  enrolled patients showed a type of large cell neuroendocrine carcinoma 

LCNEC histology, in table 7 you can see the types of histologies found in the patients 

enrolled in the study. 

 

Table  8- Histological type 

Atezolizumab immunotherapy was given as second-line treatment in 71% of patients and 

as third-line or higher treatment in 14% of patients, while radiotherapy was done only in 

43% of patients. The most frequently type of prior systemic therapy administered was 

carboplatin plus paclitaxel or carboplatin plus etoposide.  All patients underwent a CT 

scan before the start of therapy to assess the radiological activity of the disease. The main 

sites of disease are lung, lymph nodes , liver, brain, pancreas, bone , pleura and other 

sites (Table 9). 
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Table  9- Prior therapy and Anatomical localization of tumor 

14 patients treated were assessable for toxicity. Treatment-related adverse events were 

predominantly grade 1 or grade 2 (table 10). The most common grade 3 treatment-

related adverse events were GGT increase (14%), fatigue (7%), anaemia (7%), diarrhoea 

(7%), increased alanine aminotransferase (7%) and  hyperglycaemia (21%). Only one 

patient had Grade 4 GGT elevation for which he had temporary discontinuation of 

therapy.  

Adverse Events  Common Terminology Criteria for Adverse Events (CTCAE) 
Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 

GGT increased 4 (28%) 0 2 (14%) 1 (7%) 0 
Enema 4 (28%) 0 0 0 0 

Abdominal Pain 1 (7%) 0 0 0 0 
fever 2 (14%) 0 0 0 0 

Fatigue 3 (21%) 3 (21%) 1 (7%) 0 0 
Anaemia 0 1 (7%) 1 (7%) 0 0 
diarrhoea 3 (21%)   1 (7%) 0 0 

Loss of appetite 4 (28%) 3 0 0 0 
Dyspnoea 4 (28%) 2 (14%) 0 0 0 
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Depression 1 (7%) 0 0 0 0 
dysgeusia 1 (7%) 1 (7%) 0 0 0 

Musculoskeletal Pain 4 (28%) 3 (21%) 0 0 0 
dizziness 0 1 (7%) 0 0 0 
Aspartate 

aminotransferase 
increased 2 (14%) 1 (7%) 0 0 0 
Alanine 

aminotransferase 
increased 2 (14%) 0 1 (7%) 0 0 

xerostomia 1 (7%) 0 0 0 0 
Blood bilirubin increased 1 (7%) 1 (7%) 0 0 0 

FT4 increased 1 (7%) 1 (7%) 0 0 0 
TSH increased 1 (7%) 2 (14%) 0 0 0 

hyperglycaemia 0 1 (7%) 3 0 0 
creatine increased 1 (7%) 1 (7%) 0 0 0 

cough 1 (7%) 0 0 0 0 
dysphagia 3 (21%) 1 (7%) 0 0 0 

right hypochondrium 
pain 1 (7%) 0 0 0 0 

hypercalcemia 0 1 (7%) 0 0 0 
Epistaxis 1 (7%) 0 0 0 0 

Hypotension 1 (7%) 1 (7%) 0 0 0 
Periodontal disease 0 1 (7%) 0 0 0 

suspected pneumonia 0 1 (7%) 0 0 0 
Superficial venous circles 1 (7%) 0 0 0 0 

Scleral hyperaemia 1 (7%) 0 0 0 0 
lumbar Rash macular 1 (7%) 0 0 0 0 

pharyngal pain 1 (7%) 0 0 0 0 
Faecal incontinence 1 (7%) 0 0 0 0 

apnoea 0 1 (7%) 0 0 0 
Paresthesia 2 (14%) 0 0 0 0 

Alopecia 1 (7%) 1 (7%) 0 0 0 
hypertension 1 (7%) 0 0 0 0 

Alkaline phosphatase 
increased 0 1 (7%) 0 0 0 

Right hand Redness 1 (7%) 0 0 0 0 
Right hand Pruritus 1 (7%) 0 0 0 0 

 

Table  10- Treatment-related toxicities of atezolizumab 
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Discussion  

These neoplasms are characterized by an intrinsic difficulty in identifying which are the 

most appropriate care modalities in these specific clinical conditions. 

The limited number of cases found in the population, in fact, requires careful 

multidisciplinary evaluation. 

The management of rare lung cancers still lacks guidelines that illustrate global 

recommendations for clinical behavior to be followed, therefore the therapeutic choice 

is decided by an expert based on the specific situation and the basis of the therapies 

available. 

Indeed, although the role of ICI immunotherapy is now well established in the treatment 

of NSCLC, there is very little data on the treatment in NSCLC of rare histology and it is not 

known whether these treatments may be an option for these patients. 

Only a few studies have reported a clinical benefit of ICIs in patients with sarcomatoid 

lung cancer and lymphoepithelioma151–153. 

The phase II study (DART SWOG1609) is investigating the efficacy of anti-CTLA-4 

(ipilimumab) and anti-PD-1 (nivolumab) combined therapy in rare cancers, including 

those of pulmonary origin154. 

In conclusion, rare lung tumors acquire a non-negligible portion of the entire oncological 

pathology. 

 

The need therefore remains to implement specific clinical protocols dedicated to rare 

situations, which will allow us to study the efficacy of these indicated treatments with the 

hope of expanding the therapeutic range in the future. 
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Currently, CHANCE study has enrolled 35 patients throughout Italy and in the Bologna 

site it has enrolled 14 patients, giving these people a therapeutic option that was 

previously precluded. As enrollment of patients in the CHANCE study is still ongoing, no 

definitive conclusions on the effectiveness of ICIs on rare lung cancer hystologies can be 

drawn.  
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Phase II Study With Cabozantinib in Patients With RET Positive NSCLC 

(CRETA) 

Introduction 

Targeted therapy plays a key role in mutations in cell cycle surveillance, survival, and 

inhibition of apoptosis genes. More recently, some RET fusion genes (KIF5B-RET, CCDC6-

RET, NCOA4-RET) have been identified as oncogenic drivers in 1-2% of NSCLC, while RET 

rearrangement was detected in 2.2% of patients with triple wild-type lung 

adenocarcinoma for KRAS, EGFR and ALK 155.  

RET-rearranged NSCLC tumors have peculiar clinical features such as younger age, 

predominantly female gender, low exposure to cigarette smoke, rapid metastatic spread 

(including CNS), almost exclusively adenocarcinomatous histology. From a therapeutic 

point of view, RET-rearranged tumors seem to respond to platinum-based chemotherapy 

(especially the combination of platinum and pemetrexed) while they are relatively 

resistant to immunotherapy. Clinically, the benefit of the more recently developed RET 

inhibitors, selpercatinib and pralsetinib, has been demonstrated in terms of response and 

median progression-free survival 156157. Cabozantinib, a multitarget tyrosine kinase 

inhibitor, was studied in a single small phase II study that enrolled 26 patients, 

documenting a response rate of 28% and a PFS of 5.5 months158. The CRETA study was 

designed to evaluate the activity and safety of cabozantinib in patients with RET-

rearranged NSCLC pre-treated with conventional chemotherapy. 
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Methods 

Study design and objectives 

This study is an open-label, multicentre, phase II study, designated for evaluating the 

activity and safety of cabozantinib in a cohort of pretreated, advanced NSCLC patients 

with advanced RET-rearranged non-small cell lung cancer. It is planned to recruit 

approximately 25 subjects at up to 11 national centers. 

• The primary objective of this study is to evaluate activity of cabozantinib in 

patients with advanced RET-rearranged non-small cell lung cancer (NSCLC). 

• Secondary objectives are evaluation of safety and efficacy of cabozantinib in 

pretreated patients with advanced RET-rearranged non-small cell lung cancer 

(NSCLC) 

• Exploratory objectives of this study is to detect potential mechanisms of acquired 

resistance to RET inhibition. 

 

 

 

 

 

 

 

 

 

Figure 24- Study design of CRETA clinical trials 
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Endpoints 

Primary Endpoint 

The primary end-point is objective tumor response. Tumor responses will be evaluated 

according to standard RECIST 1.1 criteria. Data will be reported as percentage of 

complete responses (CRs), partial responses (PRs), stable disease (SD) and progressive 

disease (PD), as assessed by central independent imaging review. Exact binomial method 

will be used to estimate the response rate (CR+PR) and its 95% confidence interval. 

Patients with no tumor assessment after baseline will be classified as non-responders. 

Secondary Endpoints 

The secondary endpoints are: 

• Toxicity: the assessment of safety will be based mainly on the frequency of 

adverse events; toxicity will be measured according to NCI Common Toxicity 

Criteria Adverse Event (CTCAE), version 4.03. 

• Progression-Free Survival (PFS) will be calculated from the first treatment intake 

to the date of progressive disease, or death. 

• Overall survival (OS) will be calculated from the first treatment intake to death 

from any cause. 

• Duration of response (DOR) will be calculated from the first treatment intake to 

disease progression or death date. 

• Disease Control Rate (DCR) will be measured as the sum of complete and partial 

responses + stable disease. 
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Patients 

Inclusion criteria 

Study subjects must meet all of the following criteria to be considered for inclusion: 

1. Locally advanced, relapsed or metastatic non-small cell lung cancer – stage IIIB/IV 

according to 7th International Association for the Study of Lung Cancer (IASLC) 

classification. 

2. Pathologically (histology or cytology) confirmed diagnosis of non-small cell lung 

carcinoma 

3. RET gene rearrangement determined by local laboratory analysis with an 

approved standard method (FISH or Next Generation Sequencing Panel). An 

archival tumor sample must be available for central laboratory confirmation.  

4. Have progressed after or during at least one standard anticancer treatment    

5. Have measurable disease as per Response Evaluation Criteria in Solid Tumors, 

version 1.1 (RECIST 1.1); clear radiological evidence of disease progression after 

first-line therapy must be documented; no previous radiotherapy on the only site 

of measurable or evaluable disease, unless that site had subsequent evidence of 

progression 

6. Eastern Cooperative Oncology Group (ECOG) Performance Status (PS) of 0-1  

7. No radiologic or clinical evidence of acute or chronic pancreatitis 

8. Females must be postmenopausal; furthermore, patients must agree to adopt 2 

effective methods of contraception. Males even if surgically sterilized agree to 

practice effective barrier contraception during the entire study treatment period 

and through 4 months after the last dose of study drug. 
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9. Subjects must have adequate organ function including the following:  

• Absolute neutrophil count > 1.5 x 109/L 

• Platelet count > 100 x 109/L 

• Haemoglobin > 90 g/L 

• ALT < 2.5 times the upper limit of normal (ULN) 

• AST < 2.5 times ULN 

• Total bilirubin <1.5 times ULN 

• Creatinine <1.5 times ULN concurrent with creatinine clearance > 50 ml/min 

(measured or calculated by Cockcroft and Gault equation, confirmation of 

creatinine clearance is only required when creatinine is > 1.5 times ULN) 

• Lipase < 2.0 times the upper limit of normal (ULN) 

 

 

Exclusion criteria 

Patients meeting any of the following exclusion criteria are not eligible for the study: 

 

1. Radiation therapy for bone metastasis within 2 weeks, any other external 

radiation therapy within 4 weeks before randomization. Systemic treatment with 

radionuclides within 6 weeks before randomization. Subjects with clinically 

relevant ongoing complications from prior radiation therapy are not eligible. 

2. Previous treatment with Cabozantinib 

3. Gastrointestinal disorders. 

4. Current use of aspirin, clopidogrel, ticlopidine. 
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5. Patients with tumors invading major pulmonary vessels and/or with cavitating 

pulmonary lesions.  

6. Major surgery (eg, GI surgery, removal or biopsy of brain metastasis) within the 

last four weeks. Complete wound healing from major surgery must have occurred 

1 month before randomization and from minor surgery (eg, simple excision, tooth 

extraction) at least 10 days before randomization. Subjects with clinically relevant 

ongoing complications from prior surgery are not eligible.  

7. Subjects with clinical or radiological signs of pulmonary hemorrhage within 3 

months before the first dose of study treatment. 

8. Symptomatic CNS or leptomeningeal lesions, not previously treated with 

radiotherapy.  

9. History of congenital platelet function defect (e.g., Bernard-Soulier syndrome, 

Chediak-Higashi syndrome, Glanzmann thrombasthenia, storage pool defect). 

10. Patient unable to swallow tablets 

11. Corrected QT interval greater than 500 ms (Fridericia formula) 

12. Clinically significant, uncontrolled heart diseases:  

13. Unstable angina within 6 months prior to screening  

14. Myocardial infarction within 6 months prior to screening  

15. History of documented congestive heart failure (New York Heart Association 

functional classification III-IV)  

16. Uncontrolled hypertension defined by a Systolic Blood Pressure (SBP) ≥ 160 mm 

Hg and/or Diastolic Blood Pressure (DBP) ≥ 100 mm Hg, with or without 
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antihypertensive medication. Initiation or adjustment of antihypertensive 

medication(s) is allowed prior to screening  

17. Ventricular arrhythmias  

18. Supraventricular and nodal arrhythmias not controlled with medication 

19. Congenital history of QT syndrome 

20. History of artery dissections or aneurysms. 

21. Diagnosed with or treated for another malignancy within 3 years before the first 

dose of study drug, or previously diagnosed with another malignancy and have 

any evidence of residual disease. Patients with non-melanoma skin cancer or 

carcinoma in situ of any type may be enrolled in the study if they have undergone 

complete resection and no evidence of active disease is present. 

22. Any type of systemic anticancer agent (including investigational) within 3 weeks 

of first dose of study treatment, or within 5 half-lives of the agent whichever is 

shorter (subjects on LHRH or GnRH agonists may be maintained on these agents). 

23. Any serious and/or unstable pre-existing medical, psychiatric, or other conditions 

that could interfere with the subject’s safety, provision of informed consent, or 

compliance to study procedures. 

24. Rare hereditary problems of galactose intolerance, the Lapp lactase deficiency or 

glucose-galactose malabsorption. 

 

Molecular analysis  

The rearrangement of the RET genus determined by an approved standard evaluation 

method (FISH or Next Generation Sequencing Panel). 
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We used a two-color break-apart fluorescence in situ hybridization assay using Vysis 

10q11 RET Break-Apart FISH Probe Kit (Abbott Diagnostics Inc.). 

Alternatively, we used Oncomine Focus Assay Gene Panel - Thermo Fisher Scientific, 

Carlsbad, CA (RUO Kit) to perform next-generation sequencing of tumor DNA. 

The standard operating protocol of the FISH technique includes several phases; 

It starts with the availability of tissues (surgical samples, biopsies, cell blocks, and clots) 

fixed in formalin and embedded in FFPE paraffin. From this block 4 um thick sections will 

be obtained on loaded slides (at least 5 slides) containing a minimum of 50 infiltrating 

tumor cells and not older than 6 years. 

Then we move on to dewaxing, rehydration, thermal and enzymatic pre-treatment, the 

probes are incubated strictly in the dark. The slides are then placed in ThermoBrite where 

the denaturation and hybridization of the probes take place. The following day, after 

washing to eliminate the non-hybridized probes, the DAPI counterstain (4 ', 6-diamidine-

2-phenylindole) is added; the slides are finally sealed and stored in the dark at 4 ° C. FFPE 

slides will be analyzed using a Nikon Eclipse 80i microscope equipped with a triple pass 

filter (DAPI / Green / Red). The FISH results will be evaluated by two independent expert 

operators. The split RET signal will be considered separated by at least two length 

diameters. The case will be considered positive for RET rearrangement when at least 15% 

of the cells will contain RET division signals. 

 

Treatment 

Eligible patients have been registered to receive cabozantinib orally which will be 

administered at an initial dose of 60mg daily in tablet form.  

The drug is taken continuously for 28 days or 4 weeks. This is defined as one treatment 

cycle. Cabozantinib should be taken in fasting condition with no food for at least 2 hours 

before and 1 hour after taking the tablets. Each patient is only allowed two dose 

reductions (40mg or 20 mg). 

 Treatment is continued until progression of the disease, significant toxicity, subject 

withdrawal, or subject removal. The response is monitored by serial imaging and 
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measured by RECIST v1.1 and will be based on central imaging assessment and review by 

Independent Review.  

Follow-up and Assessment 

Radiological evaluation was performed by computed tomography (CT) every 6 weeks up 

to 1 year to determine response to treatment using the RECIST v1.1 criteria and every 8 

weeks thereafter.  At the time of the first tumor evaluation, subjects could continue 

experimental treatment beyond the initial progressive disease (PD) RECIST v 1.1.  

 

Outcomes  

The primary objective of the study is to demonstrate the antitumor activity of 

cabozantinib in pretreated patients with advanced RET-rearranged NSCLC, as measured 

by overall response rate (ORR) (CR+PR) according to RECIST v1.1 criteria. 

Secondary objectives include safety, Progression-Free Survival (PFS), overall survival (OS), 

Duration of Response (DOR) and Disease Control Rate (DCR). 

 

• Safety evaluation: the assessment of safety will be based mainly on the 

frequency of adverse events. Adverse events will be summarized by presenting 

the number and percentage of patients having any adverse event, having an 

adverse event in each body system and having each individual adverse event.  

• PFS will be calculated from the first treatment intake to the disease progression 

or death date. 

• OS will be calculated from the first treatment intake to the date of death from 

any cause. 

• DOR will be calculated from the first treatment intake to the disease progression 

or death date. 

• DCR will be measured as the sum of complete and partial responses + stable 

disease. 
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Ethical Considerations and Study management 

The protocol was written and the study was conducted according to the Tripartite 

Harmonized Guidelines for Good Clinical Practice (GCP) of the International Conference 

on Harmonization (ICH). The study is an independent study sponsored by Alma Mater 

Studiorum - University of Bologna, which received an unlimited grant from Ipsen. The 

clinical trial was registered in OsSC and the European Clinical Trials Database (EudraCT): 

2018-002948-88  under number and with ClinicalTrials.gov identification number: 

NCT04131543. 

On 26 June 2018 the University Of Bologna went along with the proposal as regards 

finance by IPSEN S.p.A. In September 2018 we evaluated the interest of 11 Italian centers 

in joining the study in question. In the table you can find the indicative number of patients 

eligible for this study centers. 

 

 

 

Table  11- Feasibility CRETA trials 

 

The insurance for the CRETA study was finalized with the help of the DIMES Office for the 

Management of Insurance Contracts on 06 November 2019. 
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Informed consent and all patient documentation were obtained using the model 

provided by the committee and the information and privacy consent form formed by 

DIMES - Privacy Office. The paper documentation was mailed to all satellite centers and 

their ethics committees. 

The project was presented through OsSC (Observatory on clinical studies) by the referent 

of the Alma Mater Studiorum University of Bologna for clinical trials on November 28, 

2018 and  

AIFA approval clinical study on January 29, 2019. 

The ethics committee of the coordinating center reviewed the documentation on 29 

January 2018. After some clarifications that emerged on 14 December 2018, on 20 

February 2019 ethics committee of the coordination center AVEC issued a positive 

opinion. 

To guarantee all the study procedures and databases, we have created tenders for 

purchase in collaboration with DIMES: purchasing office for management and drug, 

monitoring and pharmacovigilance services and eCRF. 

Furthermore, before the opening of the centers, the contracts with DIMES Servizi alla 

ricerca were finalized. 

The coordinating center was opened (SIV) on 7 August 2019 and the first patient was 

enrolled on 9 August 2019. Table 12 summarizes the centers and the opening visits of the 

centers with the number of patients enrolled. 

N. City PI 
Date of 

Approval SIV No. Subject 
1 BOLOGNA Ardizzoni 20/02/19 07/08/2019 3 
2 PARMA Tiseo 21/05/19 03/07/2020 0 
3 MILANO Garassino 17/12/19 20/11/20 0 
4 PADOVA Pasello 16/12/19 28/07/2020 0 
5 UDINE Rossetto 22/10/19 06/11/20 1 
6 PISA Chella NA NA NA 
7 ROMA Vari NA 04/02/20 1 
8 NAPOLI Rocco 18/09/19 09/06/20 0 
9 CATANIA Soto Parra 15/04/19 NA NA 
10 PERUGIA Roila 13/02/18 NA NA 
11 GENOVA Genova 18/05/20 NA NA 
      

Table  12-Approval process of the CRETA study and patient enrollment status. 
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Subsequently, on June 14, 2019, a non-substantial amendment was necessary to change 

two Principal Investigators from Genova and Rome, replaced respectively by Dr. Genova 

and Dr. Vari. CRETA study was concluded in 13 may 2021 and did not reach the patient 

target number. 

  

Results 

Five patients were enrolled between August 2019 and February 2021. 

They were predominantly female, with PS 1 and with an age varying between 42 and 72 

years, in stage IIIB-IV of the disease (including 2 cases with brain metastases) . Before 

Cabozantinib treatment, all patients received 2-3 previous lines of chemotherapy 

regimen. All enrollment patients had a RET rearrangend KF5B(15)-RET(12). 

 The patients’ clinical characteristics are provided in Table 12.  

Characteristic No. % 
Age,Median (range) 50 ( 42-72)   
Gender: 

  
Male 1 20% 
Female 4 80% 

Smoking Status 

  

Never smoked 1 20% 
Former 
smoker 3 60% 
Current 
smoker 1 20% 

ECOG performance-status score 

  

0 0 0% 

1 4 80% 

2 0 0% 

Stage       

  

IIB 1 20% 

IV 4 80% 
No. of prior systemic regimens       
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  1 2 40% 
  2 1 20% 
  3 2 40% 
Radiotherapy       
  YES 2 40% 
  NO 3 60% 
Anatomical localization of RECIST 
1.1       
  Lung 5   
  Liver 2   
  lymph nodes 4   
  Brain 2   
  Bone 2   
  Pleura 1   
  Other 1   

 

Table  13-Clinical characteristics of subject enrollemed in CRETA trials 

Treatment was overall well tolerated although some temporary suspensions and dose 

reductions were required in some patients due to toxicity.  

Treatment-related toxicities of cabozantinib arising during experimental treatment are 

summarized in Table 16. 

Treatment-related adverse events were predominantly grade 1 or grade 2 (table 16). The 

most common grade 3 treatment-related adverse events were amilase increase (40%), 

lipase increase (20%), TSH increase ( 20%). There were no grade 4 adverse events.  

Adverse Events 
 Common Terminology Criteria for Adverse Events (CTCAE) 

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 

hypertension 1 2       

asthenia 1         

neutropenia   1       

dysphonia 2         

gastroesophageal reflux 1         

amilase increase 2   2     

lipase increase 1 2 1     

fever 1         

TSH increase 2   1     

leukopenia   1       
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diarrhea 3 1       

alopecia 2         

hair depigmentation 2         

tachycardia 1         

dryness of mucosa 1         

creatinina increase 1         

dysgeusia 1         

stomatitis 1         

HFS 1         

hypertransaminasenia 2 2       

Left back pain  1         

onicopatia 1         

dry cough  1         

dyspnea  1         

Paresthesias  1         

weight loss  1         

thrombocytopenia 1         

increased bilirubin  1 1       

hypothyroidism  1         

lack of appetite  1         

hemicostatic pain  1         
  

Table  16- Treatment-related toxicities of cabozantinib 
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Discussion  

The limited number of cases does not allow definitive conclusions to be drawn on the 

objectives set by the CRETA study. Although on a very limited series, cabozantinib 

treatment still appears tolerable and has some antitumor activity. 

The goal of the study was to reach a recruitment of 25 patients by 11 active clinical 

centers over a period of 24 months. Unfortunately, only 5 patients were enrolled in the 

first 22 months of opening the centers, representing about 20% of the expected 

recruitment. 

The low recruitment is linked to the fact that the therapeutic scenario of this type of 

disease has drastically changed in the last two years after the opening of the CRETA study. 

In 2019, the results of phase I/II studies conducted with two new selective inhibitors of 

the RET gene, selpercatinib and pralsetinib, were disclosed, indicating an efficacy superior 

to cabozantinib 133,156,159.  

These drugs were approved in 2020 by the Food and Drug Administration for the 

treatment of patients with advanced or metastatic NSCLC positive for RET fusion. These 

selective RET inhibitors are now available through off-label uses or clinical studies 

conducted in Italy and Europe and represent a preferable clinical option over the CRETA 

study, making the clinical question underlying this project obsolete. In this scenario, the 

main criticality encountered is the time factor, in fact research runs fast and bureaucracy 

often prevents us from keeping up with clinical research in a cosmopolitan world. In our 

project, observing table 11, we realize how much time has passed from the idea of the 

project (November 2018) to the opening of the last clinical center (November 2020). 
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About 2 years to obtain approval from regulatory bodies, finalization of contracts and 

opening of 7 out of 11 total centers planned. 

In research competition, the Italian bureaucracy is still too slow in an ever-winning 

European context. 
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CONCLUSIONS AND IMPLICATIONS FOR FURTHER RESEARCH 

Lung cancer is an extremely heterogeneous disease both in terms of its molecularaspect 

and histological carachteristics. NGS methods have proved to be applicable in the clinical 

routine of a university hospital like ours.  

In 410/1408 patients (29%) the NGS analysis showed the presence of an actionable rare 

molecular alteration (RET, NTRK, FGFR1, MET exon14 skipping, BRAF, ALK, EGFR exon 20) 

possibly treatable with new molecular targeted agents 

Uncommon variants were found in 36/1408 patients (2%), some of which were 

associated with possible resistance to target drugs or chemotherapy. 

Thanks to these results, 22 patients with A-NSCLC had access to experimental therapeutic 

protocols. This first part of the project demonstrated how accurate screening is necessary 

to match the right therapy to the patient's molecular profile. 

The classification of the World health organization (WHO classification) subcategories the 

different types of lung tumors in relation to their different origin (epithelial, 

mesenchymal) and degrees (malignant and benign). Some of these, such as lung 

adenocarcinoma (AC) and squamous cell lung cancer (SCC), are very frequent while other 

histologies are defined as rare (<1%). Currently, very little is known about these 

histologies and their therapeutic efficacy. In the second part of my project, I worked on 

creating a study that would allow 14 of these patients to be treated with an ICIs to 

evaluate the therapeutic efficacy and expand the scientific knowledge of the treatment 

of these subpopulations. 

Finally, in the CRETA study, we included 5 patients who were treated with a nonselective 

molecular target drug. 
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In this last part of my doctoral project, a major problem of the Italian reality emerged, 

the slowness of the bureaucracy compared to the speed of discovery at a scientific level, 

making collective efforts to give patients the best therapy on the market useless. 

In conclusion, this project made it possible to study the biology of rare lung tumors in 

more detail, identifying suitable subpopulations for different therapeutic strategies. 

In the future it will be increasingly necessary to use this approach in order to propose to 

each patient the best feasible therapeutic strategy. 
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