
Infections in lung cancer patients undergoing immunotherapy and targeted therapy: an overview on the current scenario 

Abstract
Patients with a diagnosis of lung cancer are often vulnerable to infection, and the risk is increased by tumor-associated immunosuppression and the effects of the treatments. Historically, links between the risk of infection and cytotoxic chemotherapy due to neutropenia and respiratory syndromes are well established. The advent of tyrosine kinase inhibitors (TKIs) and immune-checkpoint inhibitors (ICIs) targeting the programmed cell death-1 (PD-1)/programmed cell death- ligand 1 (PD-L1) axis and cytotoxic T-lymphocyte antigen-4 (CTLA-4) have changed the treatment paradigm for lung cancer patients. Our understanding of the risk of infections while administrating these drugs is evolving, as are the biological mechanisms that are responsible. In this overview, we focus on the risk of infection with the use of targeted therapies and ICIs, summarizing current evidence from preclinical and clinical studies and discussing their clinical implications.
1. Introduction
Patients with a diagnosis of lung cancer are often vulnerable to infection, and the risk is increased by tumor-associated immunosuppression and treatment effects (Akinosoglou et al., 2013). The severity of infections in patients with lung cancer can range from mild to life-threatening, having an impact on therapeutical efficacy and overall survival (Perlin et al., 1990). Frequently, infections in patients with lung cancer affect the pulmonary tract with signs and symptoms that could be difficult to distinguish amongst other causes, including progressive disease, treatment-related adverse events (TRAEs), allergic reactions and thromboembolism; therefore, a specific microbiological diagnosis is recommended for pulmonary infections. 
The advent of tyrosine kinase inhibitors (TKIs) is one of the most important advances in lung cancer treatment lately and has resulted in improved survival outcomes for patients with advanced stage lung cancer. 
Kinases are implicated in cell signaling and frequently promote cell proliferation and survival, and the carcinogenesis of various types of cancer may be driven by the deregulations of  kinases. Thus, inhibition of kinase pathways has proved to achieve favorable outcomes in cancer patients, and also to be less damaging compared with chemotherapy (CT). TKIs  may explain their effect on multiple pathways; thus, susceptibility to infections may be affected in heterogeneous ways (Bhullar et al., 2018).
In recent years, the development of immune checkpoint inhibitors (ICIs), both alone or in combination with CT, targeting the immunoregulatory molecules cytotoxic T lymphocyte–associated protein 4 (CTLA-4), programmed cell death protein 1 (PD-1) and programmed cell death protein ligand 1 (PD-L1) has revolutionized the treatment algorithm of locally advanced and metastatic non-small cell lung cancer (NSCLC). ICIs can result in autoimmune and inflammatory side effects, known as immune-related adverse events (irAEs) leading to concurrent use of immunosuppressive treatments.  

Recent studies suggest three mechanisms for the development of infectious diseases associated with the administration of ICIs. Prolonged immunosuppressive treatment for irAEs is a known risk factor for opportunistic infections. Moreover, one hypothesis is immunosuppression related to immune checkpoint-related leukopenia/lymphopenia  and the last hypothesis is a hypersensitivity response similar to immune reconstitution inflammatory syndrome (IRIS) occurring in acquired immune deficiency syndrome patients who are treated with anti-retroviral therapy (Reungwetwattana T et al., 2016).
In addition, patients concurrently affected by lung cancer and viral infections, such as hepatitis B virus (HBV) and hepatitis C virus (HCV), have usually been excluded from clinical trials that lead to immunotherapy regulatory approval, mainly due to concerns about tolerance, efficacy, and risk of viral reactivation. However, a series of case reports--retrospective, and recent prospective studies--suggested that ICIs seem to be safe and active in patients affected by chronic HBV/HCV, without reliable risks of viral reactivation (Tio et al., 2018). 

Since the end of 2019, the COVID-19 pandemic has been progressively spreading worldwide, causing more than 756.581.850 cases and 6.844.267 deaths. Overall, patients with cancer appeared to be at higher risk of severe events and death compared with non-cancer patients. In particular, patients affected by lung cancer seem to be particularly vulnerable, with an estimated mortality rate of around 32% (Garassino et al., 2020). Data about the risk of SARS-CoV-2 infection and oncological treatment as ICIs or targeted therapies are fundamental to guide clinicians to perform the right decision. 
Herein, we focus on the available evidence about the relationship between the risk of infections and the use of TKIs and ICIs in lung cancer patients including a brief focus on the COVID-19 disease and summarizing current evidence from preclinical and clinical data with daily implications.

2 Infections and systemic treatments
2.1. Immunotherapy 
2.2. Anti-CTLA-4 immune checkpoint inhibitors: Ipilimumab and tremelimumab [Table 1]

2.3. Pre-clinical background
CTLA-4 was the first inhibitory immune checkpoint molecule administered to patients. Its principal mechanism of action, when binding to specific ligands (e.g., B7-1), is the inhibition of T-cell receptor (TCR) immune synapse. Furthermore, in the lymph nodes and in the tumor microenvironment (TME), CTLA-4 causing inhibition of CD28 reduced their ability to interact with APC mechanisms (De Silva et al., 2021). By blocking CTLA-4 pathway, ipilimumab and tremelimumab allow the immune system to attack tumor cells (Weber, 2007). 
The synergistic inhibition of the PD-L1/PD-1 and the CTLA-4 pathways targets two compartments. Anti-PD-L1/anti-PD-1 acts in the TME (blocking the inhibition of the T-cell function), whereas anti-CTLA-4 acts in the lymphoid areas (e.g., lymph nodes), in order to expand the activated T-cells. Ipilimumab induces T-cell activation and de-novo anti-tumour T-cell responses, including those of memory (T-cells), whereas nivolumab restores the function of pre-existing anti-tumour T-cells (Tomasini et al., 2012).

Cytotoxic agents cause tumor necrosis and the spread of tumor-specific antigens, which may increase tumor-specific immunity and, therefore, enhance ipilimumab or other ICIs efficacy (Baghi et al., 2021).
The CTLA-4 pathway is a critical regulator of T-cell responses to self-tissues. Accordingly, inhibiting CTLA-4 function by antibody blockade, or, in CTLA-4 genetic disorders, involves the activation of potentially self-reactive T-cells and altering regulatory T-cell (TREG) homeostasis (Rowshanravan et al., 2018). 

The over-expression of multiple inhibitory receptors, including PD-1 and CTLA-4 is a cardinal feature of T-cell exhaustion. Exhaustion in T-cells is common in HIV, HCV, and HBV infection but also in cancer patients. The discovery that blockade of the CTLA-4 pathway could partially reverse exhaustion and lead to reduced viral or tumor load was a significant breakthrough with implications for the treatment of diseases, including chronic infections and cancer (Barber et al., 2006; Hirano et al., 2005).
2.4. Ipilimumab
· Targets Cytotoxic T-lymphocyte Antigen-4 (CTLA-4; CD152) 
· Limits interaction of CTLA-4 with its ligands

· Human IgG1 monoclonal antibody
· Dose: The recommended dose of ipilimumab is 3 mg/kg intravenously every 3 weeks or 1 mg/kg intravenously every 3 weeks
· Systemic clearance rate 0.36 L/day; half-life 15 days
Lynch et al. evaluated ipilimumab plus carboplatin/paclitaxel in chemotherapy (CT)-naïve IIIB/IV NSCLC patients. In the safety analysis, main adverse events (AEs) were immune related (hypophysitis, enterocolitis, and hyperthyroidism); data about infection events were not available in this publication (Lynch et al., 2012). 

In part 1 of the CheckMate 227 trial, first-line nivolumab plus ipilimumab was compared to CT. In three patients in the CT arm, treatment-related death was caused by sepsis or neutropenia plus sepsis. Infection events in the immunotherapy combination were not documented (Hellmann et al., 2019). 

The phase III CheckMate 9LA trial compared nivolumab plus ipilimumab plus two cycles of CT to four cycles of CT. Among serious TRAEs, grade (G) 3-4 neutropenia was reported in 24 (7%) and 32 (9%) patients in the experimental and control arms, respectively. Moreover, G3-4 febrile neutropenia was reported in 14 (3%) and 10 (3%) patients in the experimental and control arms, respectivevly. Episodes of infections were eight in the experimental group and six in the control group (2.27% vs. 1.71%); pneumonia was the most common. In the experimental group, one death was caused by sepsis, and, in the control group, pulmonary sepsis and sepsis were also described (Paz-Ares et al., 2021). 

Petrelli et al., recently defined the incidence, grade and relative risk (RR) of infection in patients with solid tumours treated with immune-checkpoint inhibitors (ICIs) as single agents or in combination with CT.

In this metanalysis, lung cancer studies represented 50% of the total included. Compared to other treatments (CT or placebo), ICIs were safer than others when administered alone but increased the risk of all-G infections (RR = 1.37; 95% CI 1.23–1.53; P < 0.01; N=13 studies) when provided in association with CT.  

ICIs combinations (e.g., anti-PD-1+anti-CTLA-4) were also related with more than double the infections compared to monotherapy (Petrelli et al., 2021).

2.5. Tremelimumab
· Targets Cytotoxic T-lymphocyte Antigen-4 (CTLA-4; CD 152) 
· Limits interaction of CTLA-4 with its ligands

· Human IgG2 monoclonal antibody
· Dose: 75 mg intravenously every three weeks
· Systemic clearance rate 0.26 L/day; half-life 22 days

Tremelimumab is a fully human IgG directed against CTLA-4. In NSCLC, monotherapy was poorly effective in terms of objective response rate (ORR) and progression-free survival (PFS). Tremelimumab was found to be well tolerated and safe, but no specific data on the risk of infection were reported (Zatloukal et al., 2009).

In order to upgrade these preliminary results, tremelimumab was combined with other immunotherapy agents (anti-PD1 or anti PD-L1). Data about incidence of infection events related to combination regimen are reported in the following sections.
3. Anti-PD-1 immune checkpoint inhibitors: Nivolumab, pembrolizumab and cemiplimab [Table 1]
3.1. Nivolumab
· Targets programmed cell death-1 (PD-1) 
· Blocks interaction of PD-1 with both PD-L1 and PD-L2 ligands, and stimulates memory response to tumor antigen-specific T cell proliferation
· Fully human IgG4 monoclonal antibody

· Dose: 240 mg intravenously every two weeks or 480 mg intravenously every four weeks
· Systemic clearance rate 0.36L/day; half-life 25 days
The phase III CheckMate 017 trial evaluated the efficacy and safety of nivolumab compared to docetaxel as a second-line treatment of patients with metastatic squamous NSCLC. In the experimental arm, one patient (0.76%) presented with an upper respiratory tract infection compared to six patients (4.65%) in the CT group. The most common types of infections were respiratory infections, sepsis and neutropenic infection (Brahmer et al., 2015). 
The phase III CheckMate 057 trial compared nivolumab to docetaxel patients with metastatic non-squamous NSCLC previously treated with CT. Episodes of infections were not reported in patients receiving nivolumab. In the control-group, an infection rate of 5.59% (in particular: pneumonia, septic shock and nail infection) was detected (Borghaei et al., 2015). 

Globally these data show that nivolumab in monotherapy was rarely associated with infection events.

3.2. Pembrolizumab
· Targets programmed cell death-1 (PD-1) 
· Humanized IgG4 monoclonal antibody
· Blocks interaction of PD-1 with both PD-L1 and PD-L2 ligands, and stimulates T-cell response 

· Dose: 200 mg intravenously every three weeks or 400 mg intravenously every six weeks
· Systemic clearance rate 0.2 L/day; half-life 22 days
The phase II/III KEYNOTE-010 trial enrolled 1034 patients with PD-L1 positive NSCLC who had been previously treated. TRAEs G3-5 were less common with pembrolizumab than with docetaxel having been observed in 43/339 [13%] patients given 2 mg/kg pembrolizumab and 55/343 [16%] given 10 mg/kg, compared to 10/309 [35%] given docetaxel. Pneumonia, urinary infection, sepsis, and tuberculosis were the most frequent infections described (Herbst et al., 2016).

In the KEYNOTE-042 trial, pembrolizumab was compared to platinum-based CT as first-line therapy for patients with locally advanced or metastatic NSCLC with PD-L1 ≥ 50%. Despite longer treatment exposure in the pembrolizumab than in the CT group, there were fewer >G3 TRAEs; sepsis and Klebsiella infections were reported (Mok et al., 2019). 

The phase II cohort of a multicohort study KEYNOTE-021 compared pembrolizumab combined with CT (carboplatin/pemetrexed) to CT alone. The incidence of TRAEs >G3 was similar between groups; a case of sepsis was reported as fatal in both groups (Laner et al., 2016).

The phase III KEYNOTE-189 trial compared platinum-based CT plus pembrolizumab or placebo every 3 weeks for 4 cycles, followed by pembrolizumab or placebo for up to a total of 35 cycles with pemetrexed maintenance therapy in patients with metastatic untreated non squamous NSCLC. Incidence of AEs was slightly higher in the pembrolizumab-combination group (67.2% vs. 65.8%). AEs leading to death in the pembrolizumab-combination arm included lung infection and neutropenic sepsis (occurred in six patients). Three cases of pneumonia were described in the placebo-combination group (Gandhi et al., 2018). 

Overall, data with pembrolizumab confirm that the use of ICI alone might be safer than combination treatment with CT in terms of the incidence of infections. As well as with nivolumab, the use of an anti-PD-1 immune checkpoint inhibitor may be associated with a higher risk of infection. The risk is more evident when ICIs are used in combination with CT.

3.3. Cemiplimab
· Targets programmed cell death-1 (PD-1) 
· Fully human IgG4 monoclonal antibody
· Blocks interaction of PD-1 with both PD-L1 and PD-L2 ligands, and stimulates T-cell response
· Dose: 350 mg intravenously every three weeks
· Systemic clearance rate 0.2 L/day; half-life 20.3 days
Cemiplimab is the latest immunotherapy agent introduced into our clinical practice. In the EMPOWER-Lung 1 trial, cemiplimab was compared to platinum-based CT as first-line therapy for patients with locally advanced or metastatic NSCLC regardless of PD-L1 expression level.   

In the experimental arm, infections were rare and commonly mild; among them, pneumonia was the most frequent, which was reported in four patients. One case of septic shock, leading to death, was also reported (Sezer et al., 2021). 

Cemiplimab administration is associated with a reduced risk of developing infections compared to standard platinum-based CT.

4. Anti-PD-L1 immune checkpoint inhibitors: Atezolizumab, avelumab and durvalumab [Table 1]
4.1. Atezolizumab
· Targets programmed cell death-ligand 1 (PD-L1) 
· Humanized IgG1 monoclonal antibody
· Blocks PD-L1 and avoid its interaction with PD1, B7.1 and PD-L2
· Dose: 1200 mg intravenously every three weeks or 1680 mg intravenously every four weeks
· Systemic clearance rate 0.20 L/day; half-life 27 days.


Atezolizumab (MPDL3280A) is a fully humanized IgG1 monoclonal antibody designed to interfere with the binding of PD-L1 to its two receptors, PD-1 and B7.1. 
 The phase II POPLAR study randomized patients with previously treated NSCLC to either atezolizumab or docetaxel. One G5 pneumonia (0.72%) was described in the atezolizumab group, with two cases of G5 sepsis (1.48%) registered in the docetaxel arm (Fehrenbacher et al., 2016). 
The phase III IMpower110 study compared atezolizumab to platinum-based CT in patients with untreated NSCLC with PD-L1 expression of at least 1%. Among the AEs, G3-4 neutropenia was described in 46 patients (17.5%) in the CT group but in only 2 patients (0.7%) in the experimental arm. G3-4 febrile neutropenia was recorded in nine patients (3.4%) in the CT arm, while G3-4 pneumonia was described in 7 patients (2.4%) in the atezolizumab group and 9 patients (3.4%) in the CT group, including one G5 pneumonia. Other less frequent infections are summarized in Table 1, with infection events more common in the CT arm (Herbst et al., 2020).

Combining atezolizumab with CT in the phase III, IMpower131 study was overall uneventful with G5 pneumonia in three patients (0.45%) compared to one patient in the CT arm (0.30%); sepsis and septic shock occurred  with the combination without cases reported in the CT group (Jotte et al., 2020).

The phase III IMpower150 trial evaluated the addition of atezolizumab to bevacizumab plus CT. Cases of pneumonia were more common in the ICI-combined group than in the control arm (1.5% vs. 0.5%), followed by sepsis and urinary infection (Socincski et al., 2018).

The phase III IMpower130 study evaluated atezolizumab plus carboplatin/nab-paclitaxel vs. carboplatin/nab-paclitaxel and showed that experimental arm was associated with a higher incidence of pneumonia and sepsis than CT alone (1.47% vs. 0.86% and 1.27% vs. 0.86% respectively) (West et al., 2019).

Overall, these data show that the addition of atezolizumab to CT results in more severe infections.
4.2. Avelumab
· Targets programmed cell death-ligand 1 (PD-L1) 
· Fully human IgG1 monoclonal antibody
· Blocks PD-L1 and avoid its interaction with PD1, B7.1 and PD-L2. It induces, also, lysis of tumor cells mediated by natural killer (NK) cells through cytotoxicity antibody-dependent cell-mediated cytotoxicity (ADCC).
· Dose: 800 mg intravenously every two weeks
· Systemic clearance rate 0.59 L/day; half-life 6.1 days

Avelumab is a human anti-PD-L1 antibody, that inhibits the immunosuppressive PD-L1/PD-1 interaction (Hamilton et al., 2017).  In patients with PD-L1 ≥50% enrolled in the JAVELIN Lung 200 study, one patient in the avelumab group developed an encephalitis (0.25%). However, infections including pneumonia, sepsis, and soft tissue infections were more frequent in the docetaxel-group (0.78% vs. 9.58 %) (Barlesi et al., 2018). 

4.3. Durvalumab
· Targets programmed cell death- ligand 1 (PD-L1) 
· Fully human IgG1 monoclonal antibody
· Blocks PD-L1 and avoid its interaction with PD1 and PD-L2
· Dose: 10 mg/kg intravenously every two weeks in patients with a body weight of ≤30 kg or 1400 mg intravenously every four weeks
· Systemic clearance rate 1.9 L/day; half-life 18 days
Durvalumab (MEDI4736) is a high-affinity human IgG1 monoclonal antibody that binds to PD-1 and CD80, blocking their inhibitory interaction with PD-L1.

The PACIFIC trial established durvalumab as consolidation therapy in patients with stage III NSCLC who did not progress after platinum-based CT and radiotherapy. The most common G3-4 AE was pneumonia (in 4.4% of patients in the durvalumab group and 3.8% of patients in the placebo group). Upper tract infection G3-4 accounted for 0.2% and 0% in the durvalumab and placebo group, respectively. Among the serious AEs, in the durvalumab group, 52 patients (10.9%) presented an episode of infections and infestations (n= 27 for pneumonia) and sepsis in four cases (0.8%), compared to 21 patients (9%) (n=12 for pneumonia) and sepsis in two cases (0.9%). About 25.26% of patients presented an infection event in the experimental group vs. 17.52% in the placebo one (Antonia et al., 2017).

The phase III MYSTIC study evaluated durvalumab, with or without tremelimumab, vs. platinum-based CT in untreated patients with metastatic NSCLC. In terms of safety, neutropenia was  0.5% of any G and 0.3% for G≥3 in the durvalumab group, 0.3% of any G and 0% for G≥3 in the durvalumab plus tremelimumab group, and 18.2% of any G and 9.9% for G≥3 in the CT group. AEs leading to death in the durvalumab group were caused by pneumonia (n=3), cytomegalovirus pneumonia (n=1) and septic shock (n=2). AEs leading to death in the durvalumab plus tremelimumab combination group were pneumonia (n=2), septic shock and Pneumocystis jirovecii pneumonia (each n=1). AEs leading to death in the CT group were pneumonia (n=4), empyema and respiratory tract infection (each n=1) (Rizvi et al., 2020).
Regardless of histology, ICIs alone may be safer, given their low haematological toxicity in frail patients. Among ICIs, anti-PD1 are more manageable compared to anti-PD-L1 and anti-CTLA4 agents.

The increased risk of infection when ICIs are administered with CT is likely due to the synergistic effects of agent-specific toxicities, including neutropenia, and suggests identifying high-risk patients and assessing the use of CT dose reduction or prophylactic myeloid growth factors.
5. Targeted Therapy [Table 2]
5.1. EGFR Inhibitors
The epidermal growth factor receptor (EGFR) is a transmembrane glycoprotein comprising a cytoplasmic domain with tyrosine kinase activity. Activating mutations in the EGFR kinase domain range from 10% to 15% in Caucasian and up to 50% in East-Asian patients diagnosed with lung adenocarcinoma. Although EGFR-TK inhibitors (TKIs) are generally well tolerated, a variety of AEs, such as cutaneous (more than 50% of patients), gastrointestinal (diarrhea from 27% to 87%) and interstitial lung disease (from 3% to 5.8%) have been reported (Chen et al., 2021). 

5.2. Pre-clinical background 
The effects of EGFR blockade on the immune system are not fully understood. Preclinical data have showed that EGFR is involved in the activity of toll like-receptors (TLRs), important modulators of the innate immune system. Further, microbes deposited on the airway’s epithelial surface activate epithelial receptors, which transmit inflammatory signals via various pathways, including EGFR (Krampera et al., 2005). 

This activation results in the production of molecules, such as mucins, interleukin (IL)-8, and in the stimulation of the epithelial repair. A deregulation of the EGFR pathway may contribute to the pathogenesis of infections, in particular respiratory infections. 

5.3. Gefitinib 
· Highly potent orally active, reversible inhibitor of EGFR 
· Dose: 250 mg once daily
· Half-life 3 hours 
The Iressa Pan-Asia Study (IPASS) was the first randomized clinical study that compared EGFR-TKI to CT in clinically selected patients with advanced NSCLC (Mok et al., 2009). Neutropenia G≥3 accounted for 22 (13.7%) patients in experimental arm vs. 387 (67.1%) in control arm. Febrile neutropenia of any G and G≥3 equaled 1 (0.2%) in the gefitinib vs. 17 (2.9%) in the CT arms. Episodes of infections were not reported. 

Maemondo et al. compared gefitinib vs. platinum-based CT in 230 NSCLC patients (Maemondo et al., 2010). Neutropenia G≥3 and febrile neutropenia were 0.9% and 0% in TKI arm vs. 65.5% and 0.9% in CT arm. 
The phase III WJTOG3405 study compared gefitinib to platinum-based CT in 172 NSCLC patients with common EGFR mutations (ex19del or L858R point mutation), excluding the other mutations (Mitsudom et al., 2010). Neutropenia G≥3 was reported in 0 patients vs.74 patients in CT arm.  
Han et al. compared gefitinib to platinum based CT within a population of never-smokers NSCLC patients (Han et al., 2012). Neutropenia G≥3 was reported in 3 patients vs. 82 in the control arm. Episodes of infections were not reported.
5.4. Erlotinib
· Highly potent orally active, reversible inhibitor of EGFR 
· Dose: 150 mg once daily
· Half-life 8 hours 
 Erlotinib is another first-generation EGFR-TKI, that was evaluated for the first time as frontline therapy in the OPTIMAL trial. This multicentre, open-label, randomized, phase III study compared erlotinib to carboplatin-gemcitabine in 154 EGFR mutated NSCLC patients (ex19del or L858R point mutation) (Zhou et al., 2011). In terms of safety, any G and G≥3 neutropenia were 6% and 0% in the experimental arm compared to 69% and 42% in control group, respectively. Frequencies of infections of any G and G≥3 were 17% and 1% in the erlotinib vs. 10% and 0% in the CT groups, respectively. The incidence of serious (G3-4) infection was considerably lower (1% for erlotinib and 0% for conventional CT). 
The first open-label, randomized phase III trial, that involved Caucasian population, was EURTAC study that compared erlotinib to CT (Rosell et al., 2012). In terms of safety, G1-2 and G≥3 neutropenia was 0% and 0% in the experimental arm compared to 18% and 22%. G1-2 and G≥3 febrile neutropenia was 0 % and 0% in the erlotinib vs. 1% and 3% in the CT group, respectively. Episodes of infection were not reported. 

The phase III RELAY study compared first-line therapy with erlotinib/ramucirumab to erlotinib/placebo in patients with advanced NSCLC EGFR positive (Nakagawa et al., 2019). Episodes of infections were not reported, but pyrexia G1-G2 and G≥3 accounted for 47 (21%) and 0 patients in the experimental vs. 27 (12%) and 1 (<1%) in control arms.

In summary, first-generation EGFR TKIs overall showed a good tolerability, even though gefitinib demonstrated fewer dose reductions, treatment discontinuation, any-G AEs, G3-4 AEs and deaths than without erlotinib and increased risk of infections. 

5.5. Afatinib 
· Highly potent orally active, irreversible inhibitor of EGFR 
· Forming covalent binds with the kinase domains of EGFR and other HER family receptors blocking enzymatic activity of ErbB receptor family members.

· Dose: 40 mg once daily
· Half-life 37 hours 
The phase III LUX-Lung 3 study compared afatinib to platinum-pemetrexed CT in advanced untreated NSCLC patients with EGFR mutation (Sequist et al., 2013). The rates of all G and G≥3 neutropenia were 0.9% and 0.4% for afatinib compared to 31.5% and 18% for CT, respectively. Cystitis was reported in 13% of patients receiving afatinib, compared to 5% of those receiving CT. In the afatinib group, one patient died for sepsis. 

The phase III LUX-Lung 6 study compared afatinib to platinum-base CT in Asian patients with EGFR positive advanced NSCLC patients stratified by mutation subtype (L858R, ex19del, or other) (Wu et al., 2014). In the CT group, leucopenia and neutropenia G≥3 were 15% and 26.5% compared to 0.4% and 0.4% in the experimental arm, respectively. Additional data about infections were not reported for both arms. 

The phase IIb LUX-Lung 7 study compared afatinib to gefitinib as first-line treatment in NSCLC EGFR positive patients harbouring a common EGFR mutation (Park et al., 2016). G1-2 and G≥3 neutropenia was 1% for afatinib and 1% (G1-2) for gefitinib. G1-2 conjunctivitis was reported in 7 patients (4%) in the afatinib group vs. 9 (6%) in gefitinib group.  G3 was reported only in one patient (1%) in the control arm. Skin bacterial infection and intertrigo were reported only in the afatinib arm accounting for 1% (G3) as well as pneumonia accounting for 1% (G1-2 and G3).  Two afatinib-related deaths were due to infectious complications (pneumonia), whereas one patient in the gefitinib group died of lung infection. 

5.6. Dacomitinib 
· Potent, second generation EGFR TKI, that irreversible binds EGFR, as well as the related proteins ErbB2 and ErbB4
· Dose: 45 mg once daily
· Half-life 70 hours 
The phase III ARCHER1050 study evaluated dacomitinib vs. gefitinib as first-line treatment in patients with advanced NSCLC EGFR positive (Wu et al., 2017). In terms of safety, upper respiratory tract infections G1-2 and G3 accounted for 11% and 1% in the experimental arm vs. 13% and 0% in the gefitinib group. Conjunctivitis G1-2 was reported in 43 (19%) patients for dacomitinib vs. 9 (4%) for control arm. In the dacomitinib group, two patients died for pneumonia and one from urinary tract infection. In the gefitinib group, one patient died form pneumonia. 
5.7. Osimertinib
· Oral third generation EGFR inhibitor
· Dose: 80 mg once daily
· Half-life 3 hours 
The phase III AURA3 trial compared osimertinib to platinum-based CT in patients with T790M-positive advanced NSCLC after first-line EGFR TKI (Mok et al., 2017). In the safety analysis, all G and G≥3 nasopharyngitis accounted for 10% and 0% in the osimertinib group compared to 5% and 0% in the CT arm. Any G and G≥3 neutropenia were 8% and 1% in the TKI arm compared to 23% and 12%. Moreover, any G and G≥3 leucopenia was 8% and 0% in the TKI arm compared to 15% and 4%, respectively. Pyrexia of any G was 6% and 10% in the osimertinib and CT groups, respectively. The most frequently reported serious AE in the osimertinib group was pneumonia (1% vs. 0% on platinum-pemetrexed). 

The phase III FLAURA study compared osimertinib to first-generation EGFR-TKIs in untreated patients with advanced EGFR mutation positive NSCLC (Soria et al., 2018). In the experimental arm, upper respiratory tract infection accounted for 10% (any G) and 0% (G≥3) compared to 6% and 0% in the standard arm, respectively. 

The phase III ADAURA study compared osimertinib to placebo for three years in patients with completely resected EGFR mutation positive NSCLC (Wu et al., 2020). In the safety analysis, any G and G3 upper respiratory tract infections accounted for 13% and 1% in the experimental arm compared to 10% and 0% in the placebo group. Data of other infections were not reported. 

To sum up, data emerging from clinical trials suggest that the inhibition of the tyrosine kinase receptor activity linked to the ErbB family seems to be safe in terms of infectious complications with low rates of severe neutropenia or infection (such as pneumonia or cutaneous infection). 
6. EGFR Exon 20 Insertion Mutations
EGFR exon 20 insertion mutations represent approximately 4–12% of EGFR mutations in patients NSCLC.  EGFR exon 20 insertion mutations are associated with poor response to EGFR TKIs that have activity against classical EGFR mutations because of a different mechanism of kinase activation and steric conformation (Vyse et al., 2019)[47].
6.1. Mobocertinib 
· Irreversible EGFR TKI designed to selectively target EGFR and human epidermal growth factor 2 (HER2) exon 20 insertion mutations
· Dose: 160 mg once daily 
· Half-life 18 hours 
Phase 1/2 trial (n=114) assessed subsequent therapy with mobocertinib for patients with EGFR exon 20 insertion mutation-positive metastatic NSCLC who had received first-line platinum-based CT (Riely et al., 2021)[48]. Episodes of infections were not reported. 

6.2. Amivantamab 
· Bispecific antibody targeting EGFR and hepatocyte growth factor receptor (MET) 
· Dose: The recommended dose is 1050 mg intravenously in patients ≤80 Kg and 1400 mg in patients ≥80 Kg every week for the first four doses and then every two weeks
· Half-life 11.3 days
The phase I CHRYSALIS study evaluated amivantamab in patients with EGFR exon 20 insertion NSCLC. In the expansion cohort consisting of 81 patients, episodes of infections were not reported (Park et al., 2021)[49]. 
7. HER2 targeted agents
HER2 belongs to HER family of four tyrosine kinases consisting of EGFR (HER1, erbB1), HER2 (erbB2, HER2/neu), HER3 (erbB3) and HER4 (erbB4). Three types of HER2 alterations in NSCLC have been described: HER2 gene amplification, HER2 point mutations and HER2 overexpression. The incidence of point mutations and amplification of HER2 has been reported in ~4% and 3%-15%, respectively. Mutations of HER2-mostly represented by exon 20 insertion-are usually found in younger and never smokers (Zhao et al., 2020). The incidence of HER2 protein overexpression in patients with NSCLC is about 2.4%-38%.

7.1. Trastuzumab deruxtecan 
· Novel anti-HER2 antibody drug-conjugate (ADC) 
· Anti-HER2 humanized monoclonal immunoglobulin G1 antibody plus a cleavable maleimide tetrapeptide linker and a DNA topoisomerase I inhibitor 
· Dose: 5.4 mg/Kg every three weeks
· Half-life 5.8 days 
The phase II DESTINY-Lung01 trial evaluated trastuzumab deruxtecan in 91 pretreated patients with HER2-mutant NSCLC (Li et al., 2022). In terms of safety, neutropenia G≥3 was 18%. Episodes of infections were not reported. 

Taken together, these data have not showed an increased risk of infections with the administration of anti-HER2 compounds. 
8. ALK Inhibitors 
Anaplastic lymphoma kinase (ALK) rearrangements occur in about 3-8% of patients with non-squamous NSCLC, with higher prevalence in never/light smokers, younger age, and adenocarcinoma subgroup (Soda et al., 2007).

8.1. Pre-clinical background 
Some preclinical studies showed the role of ALK in the regulation of innate immunity during lethal sepsis. In particular, the genetic disruption of ALK expression reduces the stimulator of the interferon genes (STING)–mediated host immune response (Seng et al., 2017). 

Mechanistically, ALK directly interacts with EGFR to activate interferon regulatory factor 3 (IRF3) and nuclear factor κB (NF-κB) signaling pathways, enabling STING-dependent inflammatory responses. Moreover, inhibition of the ALK-STING pathway confers protection against lethal sepsis in mice, and the ALK pathway is up-regulated in patients with sepsis. These findings uncover a key role for ALK in promoting the inflammatory signaling pathway.

8.2. Crizotinib
· Oral multiple TKI targeting ALK, MET, and proto-oncogene 1 (ROS1). 
· Dose: 250 mg twice daily 
· Half-life 5.8-13 hours 
The phase III trial PROFILE-001 compared crizotinib to CT in 343 patients with advanced untreated ALK-positive non-squamous NSCLC (Solomon et al., 2014). In terms of safety, upper respiratory infections of any G were observed in 55 (32%) patients in the experimental arm compared to 21 (12%) events in the CT group, but G3-4 infections were observed only in the CT group. In the crizotinib arm, two patients (1%) presented septic shock. 
8.3. Ceritinib
· Oral multiple TKI targeting ALK and ROS1
· Dose: 450 mg once daily 
· Half-life 31-41 hours 
The randomized, phase III trial ASCEND-4 evaluated ceritinib vs. platinum-pemetrexed CT in untreated patients with advanced ALK-rearranged NSCLC (Soria et al., 2017). The study showed that neutropenia and white blood cell count decrease were more common in the CT group accounting for 22% and 18% of all G, 11% and 4% for G≥3, compared to experimental arm 5% and 4% of all G and 1% and 0% for G≥ 3, respectively. Other data of infections were not reported.
8.4. Brigatinib
· Oral multiple TKI targeting ALK and ROS1
· Dose: 80 mg once daily for one week followed by 160 mg once daily 
· Half-life 24-25 hours 
A randomized, open-label, multinational, phase III study (ALTA-1L) compared brigatinib to crizotinib in patients with ALK-positive locally advanced or metastatic, untreated NSCLC (Camidge et al., 2018). In terms of toxicity, neutropenia of any G or G≥3 was 1% and 0% in the brigatinib, compared to 9% and 4% in the control arm. Other episodes of infections were not reported. 

8.5. Alectinib
· Highly selective and potent ALK and Rearranged during Transfection (RET) TKI with activity against several ALK mutations 

· Dose: 600 mg twice daily
· Half-life 33 hours 
The ALEX was a phase III trial comparing alectinib to crizotinib in patients with previously untreated, advanced ALK-positive NSCLC, including those with asymptomatic CNS disease (Peteres et al., 2017). In terms of safety, urinary tract infections G3-G5 were 3% in alectinib arm vs. 1% in the control arm. Lung infections and pneumonia G3-5 were 2% and 3% in the experimental arm vs. 0% and 2 % in the control arm.

The J-ALEX phase III trial compared alectinib to crizotinib in Japanese patients with advanced ALK-positive NSCLC (Hida et al., 2017). Episodes of infections were reported as follows: nasopharyngitis 20% of all G in alectinib arm compared to 23% for crizotinib. Upper respiratory tract infection 17% (all G) compared to 14%, bronchitis 6% (all G) vs. 5%, pharyingitis 7% (all G) compared to 3% and cystitis 6% (all G) vs. 3%. 

The ALESIA phase III study compared alectinib vs. crizotinib in Asian patients with previously untreated, advanced ALK-positive NSCLC (Zhou et al., 2019). In this study, data of infections were reported in terms of pneumonia and lung infection.  
8.6. Lorlatinib 
· Third generation ALK and ROS1 TKI with activity against several ALK mutations 

· Dose: 75 mg once daily
· Half-life 24 hours 
The CROWN phase III study compared lorlatinib to crizotinib as first-line treatment for advanced ALK-positive NSCLC (Shaw et al., 2020). In terms of safety, any G, G1-2 and G≥3 neutropenia was 7%, 6% and 1% in the lorlatinib group compared to 21%, 9% and 12% in the crizotinib group. Any G, G1-2 and G≥3 upper respiratory tract infection was 11%, 10% and 1% for lorlatinib compared to 8%, 6% and 1% for crizotinib. 

To sum up, the available data suggest a rare occurrence of infectious complications during therapy with ALK inhibitors. However, the majority of infections are related to the respiratory tract.
9. ROS-1 Inhibitors
The incidence of ROS1 rearrangements is approximately 1–2% of lung adenocarcinomas, and most frequently in females and never smokers (Bergethon et al., 2012). 

9.1. Pre-clinical background
ROS1 and ALK present high homology in their kinase domains, suggesting a similar effect on the immune expression. However, there are not current preclinical data on the relationship between ROS1 inhibition and infectious risk (Davare et al., 2015). 

9.2. Crizotinib 
In the PROFILE 1001 study, crizotinib was tested in 53 advanced ROS1-positive untreated NSCLC patients (Shaw et al., 2019). Neutropenia (9%) was one of the most common G≥3 TRAEs. Episodes of infections were not reported. 
9.3. Lorlatinib 
A phase I-II trial evaluated, lorlatinib in 69 ROS1-positive NSCLC patients (Shaw et al., 2019). In this trial, episodes of infections were not reported. 
9.4. Entrectinib 
· Highly selective and potent ROS1, ALK and neurotrophin receptor tyrosine kinase (NTRK) TKI 
· Dose: 600 mg once daily
· Half-life 20-22 hours 
Entrectinib was evaluated with a pooled analysis of patients from three phase I or II trials (ALKA,
STARTRK-1, and STARTRK-2)  (Drilon et al., 2020). Most TRAEs were G1 or 2 (59%). Neutropenia (4%) was one of the most common G3-4 AEs. Episodes of infections were not reported. 

In summary, therapy with ROS1 TKIs is not associated with a significant increase in the risk of infection.
10. KRAS Inhbitors 
KRAS (Kirsten rat sarcoma) mutations occur in approximately 15-30% of non-squamous NSCLC and most frequently in Caucasian and smoker patients (Downward et al., 2003). Mutations of the KRAS oncogene lead to a constitutive activation of the mitogen-activated protein kinase (MAPK) pathway. 
10.1. Pre-clinical background
The MAPK pathway has been implicated in the functions of the immune system, especially in the processing of pattern recognition receptors such as toll-like receptors. Therefore, pharmacological inhibition may contribute to an immunosuppressive action (Braicu et al., 2019). However, clinical data on potential infectious complications in patients treated with KRAS inhibitors are limited.

10.2. Sotorasib
· An acrylamide-derived KRAS inhibitor 

· Dose: 960 mg once daily
· Half-life 5.5 hours 
A single-group, phase II trial investigated the activity of sotorasib in 126 patients with KRASG12C advanced NSCLC previously treated with standard therapies (Skoulidisi et al., 2021). Lymphopenia and neutropenia G3 were detected in 0.8% of patients. Pneumonitis G≥3 was reported in 2 patients. Episodes of infections were not reported. 
10.3. Adagrasib
· Covalent inhibitor of KRASG12C
· Dose: 600 mg twice daily
· Half-life  5 hours 
A phase I-II trial evaluated adagrasib in 112 pre-treated NSCLC patients (Janne et al., 2022). AEs of any cause were reported in 116 patients (100%). G>3 AEs were reported in 95 patients (81.9%). Decrease in the lymphocyte count G3 was detected in 6% of patients. Pneumonia G3 was detected in 12.1% of patients and lung infection G3 in 6.9% of patients. Sepsis G3 was detected in 5.2% of patients. White cell and neutrophil count decreased G3 were detected in 1.7% and 2.6% of patients, respectively.

In summary, therapy with KRAS inhibitors has been associated with increased risk of respiratory tract infections and sepsis.

11. BRAF Inhibitors 
BRAF (v-Raf murine sarcoma viral oncogene homolog B) is a serine/threonine protein kinase that plays a relevant role in the MAPK pathway. BRAF activating mutations are identified in approximately 1-2% of lung adenocarcinomas, and about half of these mutations result in V600E amino acid substitution (Davies et al., 2002).

11.1. Pre-clinical background 

As the MAPK pathway has been involved in the immune system functions, especially in the processing of pattern recognition receptors, such as toll like receptors, pharmacological inhibition may cause immunosuppressive features of these inhibitors (Reinwald et al., 2016). 
11.2. Dabrafenib
· Inhibitor of rapidly accelerated fibrosarcoma (RAF) kinases 

· Dose: 150 mg twice daily
· Half-life 8 hours 
Dabrafenib as monotherapy was evaluated in 84 pretreated BRAF V600E  NSCLC patients enrolled in a phase II trial (Planchard et al., 2016). Nasopharyngitis G1 was reported in 8 patients (10%), G1-2 and G3 lymphopenia in 3 (4%) patients and 1 (1%) patient, respectively. Moreover, G1-G2 and G3 respiratory tract infection were reported in 1% of  patients, and G4 bacterial peritonitis in 1 (1%) patient, respectively. As SAE pneumonia was reported in one patient. 

The combination of dabrafenib plus trametinib, a MEK inhibitor, was evaluated in CT-pretreated NSCLC patients (Planchard et al., 2016). G1-2 urinary tract infection was reported in 4 patients (11%), G3 neutropenia in 1 patient (3%) and G3 febrile neutropenia in 1 patient. G1-2 and G3 leucopenia were observed in 2 (4%) patients, respectively. G4 legionella infection was reported in 1 (2%) patient. 

In the first line setting, G1-2 urinary tract infection was reported in 4 patients (11%). Other episodes of infections were not reported (Planchard et al., 2017). 

In summary, therapy with BRAF inhibitors is not associate with an increased risk of infection.

12. RET Inhbitors 
RET rearrangements have been identified in 1-2% of lung adenocarcinomas (Takeuchi et al., 2012). The most frequent fusion partner is KIF5B (Chao et al., 2012). In recent years, new RET inhibitors have been developed: selpercatinib (LOXO-292) and pralsetinib (BLU-667) that target more potently and selectively RET-altered cancer cells. 

12.1. Pre-clinical background
As a recent molecular alteration for NSCLC, potential correlation between RET and impact on the risk of infections has not been investigated yet on the molecular basis. 
12.2. Selpercatinib 
· A novel, ATP-competitive, highly selective inhibitor of RET kinase 

· Dose: 120 mg twice daily
· Half-life 32 hours 
The phase I-II clinical trial LIBRETTO-001 evaluated selpercatinib in 105 RET fusion positive NSCLC patients previous treated with platinum-based CT and in 39 untreated patients (Drilon et al., 2020). Urinary tract infection of any G was reported in 32 patients (22%) and pyrexia of any G and G3 was reported in 8 (6%) patients and 1 patients, respectively. Lymphopenia G≥3 was 6%. Sepsis was observed in 2 patients; and pneumonia and respiratory failure in 1 patient, respectively. 

12.3. Pralsetinib
· Highly potent, selective RET kinase inhibitor 

· Dose: 400 mg once daily
· Half-life 14 hours 
The phase I/II ARROW trial evaluated pralsetinib in 80 RET fusion positive NSCLC patients previous treated with platinum-based CT and in 26 previously untreated patients (Gainor et al., 2021). Neutropenia G3-4 accounted for 19% (n=33), white blood cell count decreased G3 accounted for 6%. Moreover, pneumonia G3-4 accounted for <4% (n=8). Other episodes of infection were not reported.

In summary, selpercatinib has been more associated with infectious risk as compared to pralsetinib. 
13. NTRK Inhibitors 
 NTRK1/2/3 gene fusions, which render sensitivity to TRK inhibitors, occur in NSCLCs at frequency around 0.2 % (Cocco et al., 2018).
13.1. Pre-clinical background
As a recent molecular alteration for NSCLC, the potential correlation between NTRK and risk of infections has not yet been investigated.
13.2. Larotrectinib 
· Highly selective and potent TRK inhibitor 

· Dose: 75 mg twice daily
· Half-life 3 hours 
Larotrectinib was evaluated in 55 patients (4 with LC) in three phase I/II clinical trials (Drilon et al., 2018). In terms of safety, any G and G3 neutropenia was in 9% and 2% of patients, respectively. In a pooled analysis, safety was evaluated in 159 patients (12 with LC): neutropenia G3-4 was 2%, lymphopenia G3 was <1% (Hong et al., 2020).
13.3. Entrectinib
· Highly selective and potent ROS1, ALK and NTRK TKI 
· Dose: 600 mg once daily
· Half-life 20-22 hours 
The safety and efficacy of entrectinib were evaluated in a pooled population of pediatric and adult patients enrolled in three phase I/II clinical trials. Nearly all (99%) patients experienced at least one AE, 60% experienced a G3 or 4 AEs, and 39% experienced a SAEs. All G and G≥3 pulmonary and urinary infections were 13.1% and 12.7% and 6.0% and 2.7%, respectively (Doebele et al., 2020). 

Taken together, these data showed that episodes of infection may occur with NTRK-inhibitors. 

14. MET Inhibitors 
MET exon 14 skipping mutations result in extended protein half-life and overexpression of this receptor. These mutations occur in approximately 2–3% of non-squamous NSCLCs, being clearly overrepresented among elderly patients (Russo et al., 2020). 
14.1. Pre-clinical background
It is currently unclear if TKIs targeting MET can modulate the immune system and contribute to increasing the risk of infections. 
14.2. Tepotinib
· Highly selective oral MET inhibitor. 
· Dose: 450 mg once daily
· Half-life 32 hours 
The phase II VISION trial evaluated tepotinib in 152 advanced NSCLC patients with a confirmed MET exon 14 skipping mutation (Paik et al., 2020). Episodes of infections were not reported.
14.3. Capmatinib 
· Highly potent and selective oral MET inhibitor. 
· Dose: 200 mg twice daily
· Half-life 36 hours 
The phase II trial GEOMETRY evaluated capmatinib in patients with advanced NSCLC with a MET exon 14 skipping mutation or MET amplification (Wolf et al., 2020)[85]. In the MET ex 14 skipping mutation cohort, G3-4 pneumonia was reported in 4 pre-treated patients (6%). Three patients died from pneumonia (pneumonia, bacterial and organizing pneumonia) and 1 patient from sepsis and septic shock.

15. Viral infections (hepatitis B and C) and lung cancer patients

HBV infection is a worldwide problem associated with significant morbidity and mortality (Sagnelli E et al,. 2012).  After acute hepatitis, HBV infection persists in about 1–2% of immunocompetent hosts and in a higher percentage of immunosuppressed patients. HBV-carriers may develop a progressive chronic infection or even experience reactivation and fulminant hepatitis (Yim et al., 2006). Previous studies showed that patients with solid tumours were reported as developing HBV reactivation during CT, including those with lung cancer (Wu et al., 2017). In addition to CT, some studies reported that TKIs may also induce HBV reactivation. Yao et al enrolled 171 NSCLC patients who also had positive hepatitis B surface antigen (HBsAg).  All patients had received EGFR TKIs as anticancer treatment for at least 2 weeks during their treatment course. Sixteen (9.36%) patients met the criteria of HBV reactivation during EGFR TKI treatment, with an annual incidence of 7.86% (Yao et al., 2019). To date, only limited data are available about the safety and efficacy of immunotherapy in lung cancer patients with past or chronic HBV or HCV infection.  The largest retrospective series of advanced immunotherapy-treated NSCLC patients
with concurrent HBV/HCV infection included 19 patients (16 with past or chronic HBV,
2 with HCV coinfection, and 5 patients with chronic HCV infection). The
administration of ICIs in this population appeared to be safe. In particular, no severe hepatic
irAEs were reported, and the ORR was 35%, with a median PFS of 4.5 months,
including deep and prolonged responses among several patients (Pertejo-Fernandez et al., 2020).
16. Severe acute respiratory syndrome coronavirus 2 and lung cancer patients

At the end of 2019, a novel viral pneumonia caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)  was reported at Wuhan, China (Guan et al., 2020). Since then, the COVID-19 syndrome has progressively involved countries outside China leading the World Health Organization (WHO) to declare the state of pandemic on 11th March 2020. Compared to the general population, patients 
recently diagnosed with lung cancer were at a significantly higher risk of infection with SARS-CoV-
2 with an adjusted OR of 7.66 (95% CI: 7.07–8.29) (Wang Q et al., 2021). Moreover, a meta-analysis of published studies reported a 32.4% COVID-19 mortality rate--defined as case fatality rate for patients with lung cancer (95% CI: 26.5%–39.6%; n=1135)--compared with a 25.4% (95% CI: 22.9%–28.2%;n=31,184) mortality rate for the overall cancer cohort (Tagliamento M et al., 2021).  
Such findings highlight the importance of implementing an optimal management of cancer patients to reduce unnecessary exposure and risk of transmission. The ESMO has provided management and treatment recommendations for lung cancer patients adapted to the COVID-19 era with particular attention to evaluate the risk-benefit ratio of each treatment (Passaro et al., 2020). The ESMO guidelines pointed out the high priority to administer treatments, including first and second-line TKIs as well as immunotherapy, for metastatic patients to maintain survival benefit, along with cancer-related symptoms and quality of life (QoL control). In this scenario, the international TERAVOLT cohort study showed that patients treated with TKIs were less likely to be hospitalized (OR 0.24, 95% CI 0.077 -0.708), and in multivariate analysis patients receiving targeted therapies do not have increased risk of death (Garassino et al., 2020). Therefore, based on these data there is no evidence to discontinue TKIs, unless new respiratory symptoms as dry cough or dyspnea occur. In such cases, ruling out COVID19 infection is fundamental. Likewise, the use of ICIs in COVID-19 positive infection patient is still debated. According to real-world data from the CCC19 and UK registries support the suggestion that immunotherapy with PD-1/PD-L1 is not associated with a risk of dying from COVID-19 (Kuderer et al., 2020, Lee et al., 2020). The TERAVOLT data indicate that immunotherapy did not worsen outcomes for patients with cancer and COVID19 infection. These findings suggest that withholding or discontinuing these therapies might not be warranted. On contrary, the combination of CT with other therapies, including ICIs, may increase the risk of death in SARS-CoV-2-infected patients [HR 1.71; 95% CI 1.12–2.63]. These data are nearly all from unvaccinated patients. However, initial data suggest that COVID-19 vaccines are safe in patients with lung cancer (Barriere et al., 2021).  However, CT treatment was associated with lower rates of seropositivity when compared with biological and ICIs treatments (73% versus 90%, p=0.02) (Waldhorn et al., 2021). Recently, Rolfo et al. pointed out the importance of reducing the risk of viral spread for lung cancer patients by vaccinating medical staff, using masks and social distancing,
improving telemedicine (Rolfo et al., 2022).
17. Conclusions
The advent of targeted therapies and immunotherapy has dramatically changed the therapeutic landscape for NSCLC patients. Treatment with ICIs and TKIs has resulted in significant improvement in prognosis, and precluded the toxic effects of conventional CT. However, little is known about the associations between infectious diseases and treatment with these therapeutic options. This overview has pointed out that the combination of ICIs and CT tends to increase the risk of infections probably due to the synergistic effects of each agent’s specific toxicities, such as pneumonitis (from ICIs) and neutropenia.  Moreover, ICIs can induce irAEs, requiring the use of corticosteroids and of other immunosuppressive drugs. Adequate prophylactic should be used, depending on the level of induced immunosuppression and the drugs used. 

A retrospectively study involved 167  NSCLC patients who received nivolumab showing that 32 (19.2%) experienced infectious diseases, and twenty-seven of the patients with infections used corticosteroids during their treatment course. However, this study showed some limitations as the absence of comparator group and the data were limited to NSCLC patients receiving nivolumab only (Fujita et al., 2019).
Other case reports and retrospective studies showed a possible specific risk of tubercular reactivation (Langan EA et al., 2020) and other opportunistic infections, especially Pneumocystis jirovecii pneumonia, particularly in cases of corticosteroid treatment for IrAEs (with or without other immunesuppressive drugs) (Sadek et al., 2020, Schwarz M et al., 2019), which suggests the need to raise the level of attention regarding these unexpected complications.
Conversely, a recent comparative retrospective study evaluated the risk of infections in 123 lung patients treated with ICIs plus CT compared to 147 patients treated with conventional CT. This analysis showed that patients with advanced lung cancer treated with combinations therapy have a similar risk of infection compared to those on CHT alone, and ICIs therapy does not confer infection risk in this setting. Further studies are needed to assess the risk of infections in cancer patient populations as well as appropriate management strategies and preventive measures in this setting.
Related to targeted therapy, a systemic review and metanalysis evaluated the risk of infections in NSCLC patients treated with anti-EGFR kinase inhibitors gefitinib and erlotinib, including 13.436 patients from 25 trials, showing that the risk of infections tended to increase with the treatment duration of EGFR-TKIs without differences in severe and fatal infections (Wang Y et al., 2017).

Based on the frequency, type, and severity of infections in patients treated with these therapeutic options, a prophylaxis approach based on individual patient’s immune status, concomitant medication (eg, steroids), and comorbidities should be considered. 
Although patients affected by chronic viral infections were excluded from clinical trials, many studies supported the efficacy and safety of ICIs for infected NSCLC patients. A multidisciplinary approach is required for the optimal clinical management of these patients.  In a retrospective study, where 34 HBV/HCV-infected patients were included, most of them were affected by hepatocellular carcinoma (n = 17) and lung cancer (n = 11). Overall, any grade of irAES was observed in 44% of patients, with G3 29% and the ORR was 21%. Among six patients with known pre/post-treatment viral load, viral reactivation was not observed (Barlesi et al., 2019). Moreover, the Sars-Cov-2 outbreak represents a challenge for cancer patients, especially for those affected by thoracic malignancies, for the increased complications and mortality risk they might experience. In the TERAVOLT study, ICIs alone and TKIs were not associated with an increased risk of death, which is different from CT, both as unique modality or in combination with ICIs. Thus, this evidence pointed out that anticancer treatment even during this pandemic and as stressed by guidelines and expert opinions worldwide, should be continued.
In conclusion, clinicians should pay attention to the development of occult infectious diseases, which are caused by several mechanisms in lung cancer patients receiving TKIs and ICIs, in order to continue treating patients without affecting patient’s prognosis.
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