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Abstract: Over the last decade, the therapeutic scenario for advanced non-small-cell lung cancer 14 

(NSCLC) has undergone a major paradigm shift. Immune checkpoint inhibitors (ICIs) have shown 15 

a meaningful clinical and survival improvement in different settings of the disease. However, the 16 

real benefit of this therapeutic approach remains controversial in selected NSCLC subsets, such as 17 

those of the elderly with active brain metastases or oncogene-addicted mutations. This is mainly 18 

due to the exclusion or underrepresentation of these patient subpopulations in most of the pivotal 19 

phase III studies; this precludes the generalization of the ICI efficacy in this context. Moreover, no 20 

predictive biomarkers of ICI response exist that can help with patient selection for this therapeutic 21 

approach. Here, we critically summarize the current state of ICI efficacy in the most common “spe- 22 

cial” NSCLC subpopulations. 23 
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 25 

1. Introduction 26 

In the last 15 years, one of the major advances in clinical oncology has been the intro- 27 

duction of immunotherapy (IO) in the treatment of a significant number of cancers, par- 28 

ticularly lung cancer. 29 

Since 2013, several randomized trials have shown the superiority of programmed cell 30 

death protein (PD)-1/PD-ligand(L)1 immune checkpoint inhibitors (ICIs) in terms of over- 31 

all survival (OS) in both the first- and second-line treatments of metastatic non-small-cell 32 

lung cancer (NSCLC); in addition, several anti-PD1-PD-L1 drugs have become integrant 33 

or exclusive components of the treatment strategy of unresectable or metastatic advanced 34 

NSCLC [1-4] . 35 

However, in all the randomized trials of ICIs ± chemotherapy vs. chemotherapy 36 

alone, in both first- and second-line treatments, the real clinical benefit in terms of OS at 37 

5 years of follow up has resulted in being limited to a restricted number of patients; this 38 

has ranged between 16 and 20% of metastatic stage IV NSCLC patients [5, 6]; to date, we 39 

do not have consistent reliable biomarkers to identify these patients beyond PD-L1 ex- 40 

pression or mutational tumor burden (TMB), both of which present significant insuffi- 41 

ciency and heterogeneity. For this reason, IO, in the absence of specific selective bi- 42 

omarkers, has been registered as the preferred treatment for several cancers of different 43 

histology, including melanoma, kidney cancer, lung cancer, gastrointestinal cancer, blad- 44 

der cancer, head and neck cancer, and hepatocellular cancer [7], but despite this very 45 
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broad label indication, it seems clear that IO is not fit for all comers; this is particularly 46 

true with NSCLC.  47 

In several randomized clinical trials, IO has shown a significant clinical benefit in 48 

comparison to platinum-based chemotherapy in patients with metastatic NSCLC and PD- 49 

L1 expression over 50%; it has also been shown that there is a significant linear correlation 50 

in clinical outcome between the PD-L1 tumor proportion score (TPS) and the magnitude 51 

of benefit. 52 

The combination of IO and chemotherapy in first-line treatment has been approved 53 

as the potential treatment of choice, but a recent FDA pooled analysis of 12 randomized 54 

clinical trials (RCTs) in patients with PD-L1 ≥ 50% has shown that first-line IO alone or in 55 

combination with chemotherapy yields a similar OS [8]; in the same pooled analysis, IO 56 

alone or in combination with chemotherapy or chemotherapy alone provided similar re- 57 

sults regardless of the KRAS mutation status [9] . 58 

Moreover, the efficacy of IO in the specific settings of NSCLC patients, in any line of 59 

treatment and regardless of biomarker expression, remains to be defined; never smokers, 60 

oncogene-addicted cancer patients, and autoimmune or immunosuppressive treatment- 61 

dependent patients do not benefit from IO in their significant clinical outcomes. On the 62 

basis of these considerations, it is highly relevant to define the role and the limitations of 63 

immunotherapy in these specific settings of NSCLC patients and to clarify the real value 64 

of IO in the treatment of lung cancer. 65 

2. IO in never smoker and/or oncogene-addicted NSCLC patients 66 

Since the discovery by Stanley Cohen (Nobel prize, 1986) of the epidermal growth 67 

factor receptor (EGFR), a number of studies and clinical trials have developed the para- 68 

digm of precision medicine based on targetable genomic alterations. Oncogenic DNA mu- 69 

tations and DNA tumor rearrangements are the basis for the molecular-driven therapy in 70 

lung adenocarcinoma. Since 2004, oncogene addiction has been demonstrated in terms of 71 

DNA mutations in the EGFR (exon 19-21); B-RAF (V600E); MET (exon 14 skip mutations); 72 

intragenic insertions in EGFR and ERB-B2 (exon 20); or fusion rearrangements in ALK, 73 

ROS1, RET, NTRK, and NRG1 in patients with lung adenocarcinoma. Proto-oncogenes 74 

induce cell proliferation and apoptosis inhibition through the activation of different spe- 75 

cific tyrosine kinases (TKs). Therefore, a number of TKI inhibitors have been developed 76 

and approved as the preferred treatments for oncogene-addicted lung adenocarcinomas. 77 

TKIs consist of oral small molecules and have shown superiority over chemotherapy 78 

in many randomized clinical trials; consequently, they represent the first line of treatment 79 

in EGFR, ALK, ROS1, and MET proto-oncogene-driven tumors, with a response rate rang- 80 

ing between 60 and 80% and a clear superiority in PFS and OS [10, 11]. However, follow- 81 

ing years of critical evaluation of the results of TKI-based targeted therapies in all the 82 

specific subsets of lung adenocarcinomas, some concerns have been raised: despite their 83 

high activity, the complete response rate is usually less than 5%, and almost all the patients 84 

soon or later develop resistance to TKIs and experience progressive disease. In oncogene- 85 

addicted cancers, there is also a high propensity to develop brain metastases. Further- 86 

more, a significant percentage (10-20%) of patients show primary resistance to TKIs, and 87 

patients apparently harboring the same molecular profile show a wide range of variations 88 

in performance status (PS) and in clinical phenotype. These two factors indicate the exist- 89 

ence of high genomic heterogeneity, as was also suggested by a very different histotype 90 

and clinical phenotype inside the apparently identical molecular oncogene addiction. 91 

These observations were confirmed and substantiated by the seminal work of the Tracerx 92 

Consortium, which showed a large intratumor heterogeneity for somatic mutations, rear- 93 

rangements, and gene amplifications in a prospective cohort study on the whole-exome 94 

sequencing of 100 early stages of resected NSCLC [12] . 95 

This genomic heterogeneity and the chromosomal instability can explain the differ- 96 

ent clinical outcomes and the variable phenotypes that are present following the same 97 

treatment and in the same oncogene addiction. The definition of the genomic 98 
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heterogeneity of the oncogene-addicted lung adenocarcinomas should be highly relevant 99 

in the development of alternative therapies after the failure of first-line TKIs. Currently, 100 

platinum-based chemotherapy is the only consistent second-line treatment; however, it is 101 

generally inadequate for patients with oncogene-addicted metastatic NSCLC. Immuno- 102 

therapy seems to work poorly in oncogene-addicted tumors. In all the RCTs comparing 103 

IO and chemotherapy as both first- and second-line treatments, the forest plot analysis 104 

showed that oncogene addiction, mainly that of EGFR mutations and ALK rearrange- 105 

ments, and the never smoker status represented the variables that were more consistently 106 

associated with a chemotherapy benefit than IO [13, 14]. The poor activity of IO in these 107 

situations can be explained by the absence of smoking exposure in all these cases, consid- 108 

ering that the never smoker status accounts for most of the oncogene-addicted tumors. 109 

NSCLC in never smokers has long been considered a “different disease” [15], with a lower 110 

median age, a slight prevalence in females, widespread clinical dissemination despite 111 

good performance status (PS), and the increasing presence of oncogene addiction. In never 112 

smokers and in oncogene-addicted tumors, the number of somatic TMBs is lower, and the 113 

PD-L1 upregulation, which is often present, has a different biological role [16]. The tumor 114 

microenvironment is mostly poorly inflamed and results in a cold immune phenotype, 115 

which can explain the modest activity of IO [17].   116 

The ICI treatment in oncogene-driven tumors has consistently yielded poor clinical 117 

results, and when combined with TKIs in EGFR, ALK, and ROS1 patients, it has been 118 

shown to have highly relevant toxicities, such as intestinal pneumonitis, liver failure, cu- 119 

taneous dermatitis up to Stevens–Johnson syndrome, and systemic fever [18]. 120 

In the IMMUNOTARGET registry, in which data from 24 international institutions 121 

are collected, the overall response rate (ORR) to anti-PD-1 agents in 115 EGFR-mutated 122 

patients was 12%, and the median progression free survival (mPFS) was only 2.1 months; 123 

in the same registry, in 19 ALK-rearranged patients no activity at all was reported after 124 

TKI failure, with an mPFS of 2.5 months [15]. In the same study, the patient population 125 

harboring MET exon 14 skipping mutations, RET rearrangements, or BRAF mutations,  126 

showed modest activity, with an ORR of 16%, 6%, and 24%, and with a poor mPFS of 3.4, 127 

2.1, and 3.1 months, respectively [19]. 128 

Furthermore, in a meta-analysis of randomized trials comparing different PD-L1 in- 129 

hibitors to docetaxel as the control arm in second-line treatment after the failure of plati- 130 

num-based chemotherapy, the never smoker patients with an activating EGFR mutation 131 

did not benefit from immunotherapy (HR: 1.05; 95 CI 0.70-1.55) [20] . 132 

The poor activity of immunotherapy in EGFR-mutant patients has been confirmed in 133 

a prospective phase II study, in which pembrolizumab was used as the first-line treatment 134 

in EGFR-mutant patients, with PD-L1 TPS>10%. The trial was prematurely closed after 135 

enrolling 11 patients because of the lack of activity and the concern about safety that arose 136 

with the development of interstitial lung disease (ILD) and two reported deaths in the first 137 

6 months of treatment [21] . 138 

In a recent retrospective study performed at the Memorial Sloan Kettering Cancer 139 

Center and the Dana–Farber Cancer Institute, in 147 patients with MET exon 14 skipping 140 

alterations, of any stage, the response to pembrolizumab in 24 patients was poor (ORR: 141 

17%), and the PFS was a very short 1.9 months, independently of PD-L1 expression and 142 

with a lower TMB in comparison with non-addicted NSCLC [22]. 143 

The idea to combine TKIs and IO to improve the outcome of oncogene-addicted pa- 144 

tients has brought unexpected safety problems in both the concurrent and the sequential 145 

administration of ICIs and TKIs, with different toxicity profiles in EGFR-mutated and 146 

ALK-rearranged patients. Indeed, ILD, pneumonitis, liver toxicities, cutaneous erythema, 147 

and dermatitis have been reported at an increased rate in different trials of combination 148 

treatments with heterogeneous behavior, and most of the trials have been stopped due to 149 

the toxicities and lack of activity [23, 24]. 150 

In daily practice, in addition to clinical trials, the sequential administration of IO and 151 

TKIs can occur on the basis of the overexpression of PD-L1 and delayed information 152 
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regarding NGS mutational status. In this case, the prolonged half-lives of PD-1/PD-L1 in- 153 

hibitors can induce enhanced toxicity, which can manifest at the beginning of TKI-based 154 

treatment [25]. We have reported an exon 19 EGFR-mutated young female, who devel- 155 

oped systemic continuous fever, intestinal lung pneumonitis, and severe liver failure with 156 

Stevens–Johnson syndrome after sequential administration of ICIs and TKIs. She fully re- 157 

covered after one month of supportive treatment [26].  158 

In the absence of molecular information, a wise recommendation is to not start im- 159 

munotherapy in never smokers or former infrequent smokers with high TPS. A lack of 160 

activity and unexpected enhanced toxicity has similarly been shown when combining ICIs 161 

and anti-ALK TKIs, mainly with liver dose-limiting toxicity for both current and sequen- 162 

tial administration [27]. 163 

According to these data, immunotherapy seems to have no role in the treatment of 164 

oncogene-addicted patients. Recently, however, in EGFR-mutated patients who failed 165 

first-line TKIs, a randomized trial has shown a significant PFS and OS benefit with the 166 

second-line combination of atezolizumab and carboplatin paclitaxel bevacizumab (PCB) 167 

vs. PCB alone (HR: 0.61 in PFS; HR: 0.31 in OS). This finding suggests an important po- 168 

tential interaction between immunotherapy and anti-angiogenesis [28], which may repre- 169 

sent an important treatment achievement, with the caveat that it is the result of a post hoc 170 

subgroup analysis. 171 

3. IO in elderly NSCLC patients 172 

Owing to the aging population and the progress in cancer treatment, the aged popu- 173 

lation with advanced NSCLC is increasing globally [29]. Conventionally, the elderly pop- 174 

ulation includes those aged ≥70 years; around half of all patients with advanced NSCLC 175 

are within this population. By using the cutoff of 75 years, these patients represent around 176 

one-third of the overall NSCLC population. 177 

In recent years, the concept of elderly has changed from a purely chronological eval- 178 

uation to a more complex one which also considers the biological age and the functional 179 

and social status of the subjects. In this regard, several scales have been developed that 180 

can assess specific aspects, including function, comorbidities, quality of life, cognition, 181 

and emotional state [30], and a comprehensive geriatric assessment on decision making 182 

and treatment allocation is usually included in the multidisciplinary evaluation of elderly 183 

NSCLC patients. 184 

The introduction of ICIs in NSCLC patients led to the reconsideration of the treat- 185 

ment paradigm in the elderly subpopulation, who, before the immunotherapy era, were 186 

often only candidated to best supportive care due to their ineligibility for chemotherapy.  187 

However, though ICIs have demonstrated a better safety profile compared to chem- 188 

otherapy, major concerns have been raised about their efficacy in elderly subjects. Indeed, 189 

immune senescence has been proposed as a process which favors cancer occurrence in 190 

older patients, but it can also limit the efficacy and impair the safety of anticancer treat- 191 

ments [28]. Nowadays, we know that aging may foster many mechanisms that affect the 192 

immune system. These include a reduction in the bone marrow functions; a decrease in 193 

the size of other organs, such as the thymus, lymph nodes, and spleen; a reduction in the 194 

antigenic diversity of immune cells; a decrease in co-stimulatory molecule expression on 195 

T lymphocytes; and a reduction in the antibody production in B lymphocytes. Moreover, 196 

"inflammaging", a low-grade chronic inflammation state, is frequent with advanced age, 197 

and it is related to the increase in pro-inflammatory cytokines [31, 32]. Conversely, Erbe 198 

and colleagues found biomarkers within a multi-omics database that were associated with 199 

an ICI response (such as TMB, ICI-related gene expression in selected tumors, and more 200 

immune-stimulatory signaling TME) and were particularly enriched in tumors from older 201 

patients compared to those of their younger counterparts [33]. Moreover, the assumption 202 

that ICI therapy has potentially reduced efficacy in the elderly has gradually faded away 203 

in the light of the results generated in second-line, randomized clinical studies. Indeed, 204 

single-agent anti-PD-1 (nivolumab and pembrolizumab) and anti-PD-L1 (atezolizumab) 205 
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demonstrated prolonged OS and long-term survival compared with docetaxel in plati- 206 

num-refractory patients, including the subset of older patients aged more than 65 years. 207 

Based on these results, ICI treatment was also firmly established as a further line of treat- 208 

ment in the elderly population. However, in these studies OS was not improved in the 209 

restricted cohort of older patients aged more than 75 years;  the negative results could 210 

possibly have been affected by the small number of patients.  211 

To further support the efficacy of ICIs in elderly patients, a meta-analysis of 17 ran- 212 

domized controlled trials that compared ICIs (nivolumab, pembrolizumab, or atezoli- 213 

zumab) to standard therapy (chemotherapy or targeted therapy) was conducted. The au- 214 

thors found comparable survival outcomes between younger patients and those older 215 

than 65 years [34]. A subsequent pooled analysis, including some of those trials, confirmed 216 

the same results with regard to the subgroup of patients aged > 75 years. The rates of 217 

severe toxicity in this pooled analysis were not different in this age subgroup, but its small 218 

number of patients could still have influenced that finding. We should presume that these 219 

very old patients were carefully selected according to performance status; thus, they do 220 

not really represent the real-life population of NSCLC patients older than 75 years [35]. 221 

Nevertheless, in a retrospective Japanese study, the enrolled 131 elderly NSCLC patients 222 

(aged ≥ 75 years) receiving a subsequent line of ICI monotherapy achieved an efficacy and 223 

safety level similar to that usually observed in younger patients [36]. 224 

Soon after, the use of ICIs rapidly moved to the frontline setting of NSCLC treatment. 225 

As for the second line, a restriction for age was not planned in the trials on first-line ICIs 226 

versus chemotherapy, which included the study of pembrolizumab monotherapy for pa- 227 

tients with PD-L1 expression ≥ 50% (Keynote-024); the studies of pembrolizumab plus 228 

platinum-based chemotherapy (Keynote-189, Keynote-407); and the study of atezoli- 229 

zumab plus platinum-based chemotherapy and bevacizumab (IMPower150) [1, 2, 37]. In 230 

these trials, the authors described no differences in terms of efficacy when using the cutoff 231 

of 65 years of age, but data on patients older than 75 years were not specifically reported. 232 

A real-life study included a larger group of NSCLC patients older than 70 years 233 

(N=110), but the number of patients older than 80 years was still small (N=16). Age did 234 

not significantly influence either survival or toxicity in the patients receiving first- or sec- 235 

ond-line ICI-based therapy. The multivariate survival analysis of this study highlighted 236 

the performance status and the number of metastatic sites as independent prognostic fac- 237 

tors [38]. 238 

In a study including three cohorts of NSCLC patients treated with immunotherapy 239 

(N=665), high TMB made it possible to predict the durable clinical benefit only in patients 240 

aged less than 65 years [39]. This finding suggests that immune senescence processes 241 

could limit the neoantigen immunogenicity associated with a high TMB. 242 

Overall, though efficacy was mainly confirmed across the data, some concerns still 243 

remain with regard to IO–chemotherapy combinations, especially in octogenarians. In this 244 

regard, a panel of experts agreed on the need to expand clinical research with robust real- 245 

world studies in the elderly NSCLC patients. Currently, there is an ongoing phase III trial 246 

comparing atezolizumab plus carboplatin–paclitaxel vs. carboplatin–paclitaxel specifi- 247 

cally in elderly patients (aged 70-89 years) with advanced NSCLC (ClinicalTrial ID: 248 

NCT03977194). 249 

4. IO in poor performance status (PS) patients 250 

The Eastern Cooperative Oncology Group (ECOG) PS is a scale used to estimate the 251 

impact of a malignancy on a patient’s daily living abilities, and it helps in the determina- 252 

tion of the appropriate treatment and prognosis. It has scores ranging from 0 to 5, where 253 

0 is the best and 5 means that the patient has died. 254 

A poor PS may be induced by tumor burden and/or comorbidities. It is commonly 255 

believed that cancer patients with tumor-related poor PS could benefit from treatments 256 

which induce a rapid tumor response. If poor PS is mainly caused by comorbidities, ther- 257 

apy cannot change it. 258 
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Around one-third of the patients diagnosed with NSCLC have a poor PS (PS: 2–4) 259 

[40]. For those patients with metastatic NSCLC and a PS of 3–4 simultaneously, best sup- 260 

portive care is deemed to be the standard of care because of the unfavorable risk–benefit 261 

ratio of chemotherapy and a short life expectancy (2–4 months from diagnosis). 262 

Before the advent of targeted therapy and immunotherapy, chemotherapy was al- 263 

lowed for PS 2 patients when less toxic regimens were used [41, 42]. The observation of 264 

the fast improvement of PS in patients treated with TKIs, also known as the "Lazarus re- 265 

sponse", allowed the clinical practice to change. So, the metastatic NSCLC patients with 266 

activating oncogene mutations could receive a target therapy irrespective of their PS sta- 267 

tus [43, 44]. 268 

Data on the efficacy of ICIs in NSCLC patients with poor PS are limited and usually 269 

come from heterogeneous meta-analyses and small phase II or expanded access trials. Re- 270 

garding the prospective trials, some studies include PS 2 patients, such as in the PePS2 271 

trial with pembrolizumab, the CheckMate 171 and  CheckMate 153 trials with 272 

nivolumab, and the CheckMate 817 trial with nivolumab plus ipilimumab [45-48] (Table 273 

1). The PePS2 trial included only patients with PS 2. In the other trials, PS 2 patients were 274 

enrolled together with elderly patients and PS ≤1 patients affected by comorbidities; so, 275 

the final results were less specific with regard to the PS 2 patients. However, these trials 276 

found grade 3–4 treatment-related adverse events in the PS 2 patients that were similar to 277 

those observed in the PS ≤1 patients. Conversely, the OS was worse in the PS 2 patients 278 

compared to that of the overall population. 279 

 280 
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A meta-analysis summarized the outcomes of the retrospective studies of first-line 281 

immunotherapy in NSCLC patients with poor PS (PS ≥ 2). In the selected studies, the pa- 282 

tients with poor PS showed worse outcomes in comparison to those with good PS. In the 283 

group with poor PS, the ORR was 30.9% (vs. 55.2% in the PS ≤1 patients), and the disease 284 

control rate (DCR) was 41.5% (vs. 71.5% in the PS ≤1 patients). Similarly, both the PFS and 285 

OS were worse in the patients with poor PS in comparison to those with a good PS [49]. 286 

The “Lazarus response” was also anecdotally described in patients with very poor 287 

PS (PS ≥ 3), who were treated with immunotherapy [50, 51]. An initial PS ≥ 3 improved to 288 

0 after only one month of ICI-based therapy, with a follow-up after more than 24 months 289 

and a major tumor response. On the basis of these observations, pembrolizumab could be 290 

considered a valid option in critically ill patients with advanced NSCLC and PD-L1 ex- 291 

pression ≥ 50%. 292 

As PS 2 patients represent a heterogeneous population, the main challenge involves 293 

knowing how to identify the patients who can really benefit from ICI treatment. This aim 294 

could be reached through the identification of ad hoc predictive biomarkers, such as  PD- 295 

L1, TMB [52], the lung immune prognostic index, inflammatory markers, LDH, and ster- 296 

oids exposure49, in addition to those already utilized in the clinical practice.  297 

Recently, clinical trials for PS 2 NSCLC patients have been launched and are currently 298 

ongoing (ClinicalTrial ID: NCT03620669; Clinical trial ID:NCT04108026).  299 

5. IO in NSCLC with brain metastases  300 

The occurrence of brain metastases (BM) is relatively frequent in selected solid tu- 301 

mors, such as lung cancer, breast cancer, and melanoma. It is estimated that up to 40% of 302 

lung cancer patients will experience metastatic spreading to the central nervous system 303 

(CNS) in the course of their disease [53]. Unfortunately, the prognosis and survival of 304 

patients with BM remains poor; the presence of extracranial metastases or leptomeningeal 305 

disease, primary disease control, age, and performance status represent the most relevant 306 

prognostic factors [54]. No treatments have demonstrated real efficacy for non-addicted 307 

lung cancer patients with BM in the pre-immunotherapy era; consistently, the therapeutic 308 

options are largely palliative and include surgical resection, whole-brain radiation ther- 309 

apy (WBRT), or stereotactic radiosurgery (SRS) [55], though both WBRT and, to a lower 310 

degree, SRS have certain limitations, such as radiation neurotoxicity and cognitive deteri- 311 

oration [56-58]. In contrast to radiotherapy, chemotherapy is rarely utilized due to its well- 312 

known limitation in effectively crossing the blood–brain barrier (BBB), except for in the 313 

case of very limited drugs [59]. Due to the lack of effective treatment together with the 314 

poorer prognosis, in the last decade the BM patient population has usually been excluded 315 

from clinical trials with chemotherapeutic agents, as well as those with immune check- 316 

point inhibitors (ICIs) [60]. More recently, growing scientific evidence has identified CNS 317 

as immunologically distinct rather than as an immune-isolated compartment [61]. The in- 318 

flammatory TME of BM has been shown to be active in the majority of patients with a 319 

dense infiltration of tumor-infiltrating lymphocytes (TILs), which often express immuno- 320 

suppressive factors such as PD-L1 [62]. This evidence and the availability of effective im- 321 

munotherapeutic strategies [63, 64] targeting CTLA-4, PD-1, and PD-L1 have prompted 322 

their use in patients with BM [65], particularly those with negative driver genes [66]. In 323 

this regard, Cohen JV et al. suggested that ICIs and active T cells could penetrate the BBB 324 

[67], which is necessary for ICIs to work. 325 

Limited data are currently available on the clinical efficacy of ICIs in NSCLC patients 326 

with BM. The data generated in this scenario are mostly retrospective; they are real-world 327 

data and preferentially generated in pretreated BM.  328 

In a prospective phase II trial, pembrolizumab induced an intracranial (ic) ORR in 10 329 

out of 34 (29.4%) PD-L1 positive patients, while no objective responses were observed in 330 

the five PD-L1 negative patient subsets [68]. The median OS among all the patients was 331 

8.9 months, and 31% of the patients were alive at 2 years34.  332 
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A pooled analysis from the three CheckMate (CM) studies (the phase II CM-063, and 333 

the phases III CM-017 and CM-057) explored the role of nivolumab in second-line NSCLC 334 

patients with pretreated BM. The results showed an improvement in survival in the pa- 335 

tients treated with nivolumab (8.4 months) as compared to those treated with chemother- 336 

apy (docetaxel) (6.2 months). Supporting the efficacy of ICIs in this patient population, in 337 

the 409 NSCLC patients with BM treated with nivolumab within the Italian expanded 338 

access program (EAP), the ORR and DCR were 17% and 40%, respectively [69]. Addition- 339 

ally, in the OAK study, an exploratory analysis performed in a cohort of NSCLC patients 340 

with no active BM [70] showed an improvement in survival with atezolizumab compared 341 

with docetaxel (16 months versus 11.9 months, respectively). Moreover, atezolizumab led 342 

to a prolonged time to the radiologic identification of new symptomatic BM compared 343 

with the docetaxel arm [71].  344 

A meta-analysis summarized the outcomes of the three first-line studies (Keynote 345 

(KN)-021, KN-189, and KN-407) in the NSCLC patient subpopulation with stable BM com- 346 

pared to those receiving only chemotherapy. Interestingly, the patients who received 347 

pembrolizumab alone or combined with chemotherapy received a benefit in terms of mOS 348 

(18.8 months vs. 7.6 months, HR 0.48), mPFS (6.9 months vs. 4.1 months, HR 0.44), and 349 

ORR (39% vs. 17.7%), regardless of PD-L1 status [72]. Similarly, the results generated in 350 

the CM-9LA study showed an improvement in mOS (19.3 vs. 6.8 months), mPFS (10.6 vs. 351 

4.1 months), and ORR (43% vs. 24%) in patients with pretreated BM who had received a 352 

platinum-based regimen combined with nivolumab plus ipilimumab compared to those 353 

who received only chemotherapy [ 73]. These results were comparable to the results gen- 354 

erated in the IMPower-Lung1 study, in which NSCLC patients with no active BM receiv- 355 

ing cemiplimab had a better mPFS compared with those treated with chemotherapy (18.7 356 

months vs. 7.4 months) [74] (Table 2). 357 

 358 

Despite these intriguing findings, the efficacy of immunotherapy in BM currently re- 359 

mains controversial due to the limited sample size and long-term efficacy data in the 360 

above clinical trials and to the use of various immunotherapy regimens for which there is 361 

no comparison of effectiveness.  362 

In order to overcome these limitations, Chu and colleagues [75] performed a compre- 363 

hensive meta-analysis which included a total of 3160 participants from 46 trials. The re- 364 

sults showed an improvement in PFS (HR = 0.48) and OS (HR = 0.64) for the immunother- 365 

apy-based regimen compared with non-immunotherapy in NSCLC patients with BM; 366 

This was probably due to the well-known synergy between ICIs and chemotherapy 367 

and/or radiotherapy. Additionally, no significant differences in PFS (HR = 0.97, 95% CI: 368 
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0.40-2.35), OS (HR = 0.69, 95% CI: 0.23-1.15); extracranial overall response rate (odds ratios 369 

(OR)= 0.75, 95%CI: 0.28-2.01); intracerebral overall response rate (OR = 1.27, 95%CI: 0.65- 370 

2.47); intracerebral disease control rate (OR = 1.52, 95%CI: 0.80-2.91); or extracranial dis- 371 

ease control rate (OR= 0.99, 95%CI: 0.26-3.81) were observed between ICIs combined with 372 

RT and ICI monotherapy. In this regard, future studies should be addressed toward the 373 

investigation of both the sequencing of IO and RT and the optimal interval between ICIs 374 

and cranial RT in the treatment of BM from NSCLC, in view of their potential influence 375 

on the efficacy of ICIs combined with RT. Indeed, the evidence supports concurrent ICIs 376 

combined with RT rather than sequential ICIs combined with RT in terms of a decreased 377 

incidence of recurrence. Furthermore, an interval shorter than 2 weeks between ICIs and 378 

RT was associated with a longer OS and PFS. Finally, dual ICIs combined with CT or ICIs 379 

combined with CT provided a better PFS and OS than ICIs alone. 380 

An intriguing, relevant aspect concerns the efficacy of ICIs in NSCLC patients with 381 

active BM, for whom limited data are currently available. The data generated in this sce- 382 

nario are mostly retrospective and based on real-world data. However, the evidence 383 

shown in metastatic melanoma patients with active BM strongly support the efficacy of 384 

ICI treatment, especially in the combination regimen; it has become the new standard of 385 

care for metastatic melanoma patients with BM [76, 77]. In this regard, and seeking to 386 

expand the potential efficacy of ICI treatment in NSCLC patients with active BM, a variety 387 

of prospective clinical trials are currently ongoing (Table 3). 388 

 389 

 390 

An additional major concern is the appropriate evaluation of the radiologic response 391 

of brain metastases during treatment with immunotherapy. Indeed, immunotherapy may 392 

significantly affect the imaging features of BM as well as the brain parenchyma, hindering 393 

a correct neuroradiological interpretation of post-treatment findings. Consistently, atypi- 394 

cal responses, such as initial disease progression or the appearance of new lesions fol- 395 

lowed by a clinical response and pseudo-progression, can be observed in the course of 396 

immunotherapy and can be misinterpreted as tumor recurrence or progression [78]. This 397 

aspect is also more relevant for patients receiving radiotherapy for BM and immunother- 398 

apy. Therefore, it is crucial for neuroradiologists to be more comprehensively familiar 399 

with the treatment response criteria and treatment-induced changes in brain lesions [79- 400 

81]. With the aim of standardizing the radiologic evaluation of BM, novel criteria have 401 

been proposed and incorporated into the immunotherapy RANO (iRANO) criteria [82, 402 

83], providing recommendations for the interpretation of neuroradiological changes in the 403 

course of this therapeutic approach [82]. Moreover, PET-based imaging, especially with 404 

amino acid tracers, provides information on tumor metabolism and is currently under 405 
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investigation with regard to the proper differentiation of neoplastic tissues from non-spe- 406 

cific, treatment-related changes [84-87].  407 

In conclusion, the results of ICI-based treatment in NSCLC patients with BM may 408 

soon lead to significant changes in their comprehensive management; thus, the role of 409 

surgery and radiotherapy to treat BM may be revisited. Indeed, in selected cases, the ICI- 410 

based regimen alone could represent the first, optimal therapeutic choice, though its use 411 

requires a careful patient evaluation due to the lack of well-defined selection criteria. Pro- 412 

spective clinical data to corroborate the efficacy of ICI treatment in NSCLC patients with 413 

BM are awaited; in the daily practice scenario, a multidisciplinary interaction is manda- 414 

tory for the optimal management of lung patients with BM and must undoubtedly include 415 

a neuroradiologist to support the treating physicians in evaluating clinical response and 416 

neurological side effects.  417 

6. Biomarkers of tumor immunogenicity  418 

Currently, PD-L1 expression is the most studied predictive biomarker of ICIs target- 419 

ing the PD-1/PD-L1 axis [88]. Metastatic NSCLC patients achieved a better OS benefit from 420 

pembrolizumab in comparison to chemotherapy when their tumors expressed PD-L1 ≥ 421 

50% [1]. Some data also highlighted that the higher the PD-L1 expression level, the greater 422 

the benefit from anti-PD-1/PD-L1, particularly when used as a monotherapy [89]. Despite 423 

these findings, PD-L1 expression has great limitations as a biomarker, given that the ben- 424 

efit from immunotherapy is also observed in those patients bearing PD-L1 negative tu- 425 

mors. For this reason, the research on further biomarkers is ongoing. 426 

TMB represents the total amount of DNA mutation per megabase. Only nonsynony- 427 

mous tumor mutations are considered. This amount is supposed to be related to the gen- 428 

eration of neoantigens that T lymphocytes can recognize as non-self. A higher number of 429 

neoantigens could enhance the efficacy of ICI-based therapy. TMB is independent of PD- 430 

L1 expression [90]. However, a high TMB is more related to the efficacy of the combination 431 

of nivolumab plus ipilimumab in NSCLC patients with negative PD-L1 [91]. Moreover, 432 

the combination of the CTLA-4 inhibitor tremelimumab plus the PD-L1 inhibitor durval- 433 

umab did not improve OS in comparison with chemotherapy, but a better OS was ob- 434 

served in the patients with a high TMB in the ctDNA; these patients were treated with this 435 

combination immunotherapy [92]. In the B-F1RST phase 2 trial, blood-based TMB was 436 

evaluated as a predictive biomarker for first-line monotherapy with atezolizumab in ad- 437 

vanced NSCLC patients. TMB ≥ 16 was associated with higher tumor responses, which 438 

further increased at higher TMB cutoffs. The OS was also better with TMB ≥ 16 in an ex- 439 

ploratory analysis of this trial [93]. In a meta-analysis by Ma et al., including almost three 440 

thousand patient tumor responses, the PFS and OS were improved in the group of patients 441 

with a high TMB in comparison to those with a low TMB [94]. However, the use of TMB 442 

as a biomarker is still limited by its heterogeneity across the various NSCLC subtypes and 443 

variable detection assays and the lack of cutoff standardization. 444 

Microsatellite instability (MSI) is the genomic consequence of the mismatch repair 445 

deficiency (dMMR). Microsatellites are short tandem repeats present throughout the ge- 446 

nome. The instantaneous dissociation of the DNA strand during replication can change 447 

microsatellite lengths, which should be corrected by the mismatch repair system. MSI se- 448 

verity can be categorized into three groups: microsatellite stable (MSS), MSI low (MSI-L), 449 

and MSI high (MSI-H) [95, 96]. MSI and dMMR involve high tumor immunogenicity; thus 450 

some authors have hypothesized that they have a role as predictive biomarkers for ICI- 451 

related outcomes. The combined results of the study on ICI efficacy emerged in MSI-H 452 

tumors, irrespective of the tumor types [97]. These findings led the FDA to approve pem- 453 

brolizumab for the treatment of patients with advanced solid tumors when an MSI-H or 454 

dMMR status was present. Prospective randomized studies focused on NSCLC are 455 

needed in order to better identify further applications for these biomarkers. 456 

7. Biomarkers of tumor immune microenvironment 457 
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The presence of CD8+ cytotoxic T lymphocytes infiltrating the tumor stroma (TILs) 458 

is a requirement for ICI anti-tumor action. Some studies have already shown the favorable 459 

prognostic role of TILs in NSCLCs [98, 99]. These findings led to the hypothesis that these 460 

cells could also represent a predictive biomarker of ICI efficacy [100]. Various approaches 461 

were used to address this aim. Among these, RNA sequencing and immunohistochemis- 462 

try staining of NSCLC samples of patients treated with anti–PD-1 showed that high CD8A 463 

and CD274 mRNA expressions were associated with longer PFS [101]. 464 

In the KEYNOTE-001 phase I trial, the tumor responses to pembrolizumab were as- 465 

sociated with a higher quantity of TILs in the baseline tumor biopsies. For this purpose, 466 

the biopsy slices were stained for CD8 [102]. Other authors used multiplexed quantitative 467 

immunofluorescence to characterize both PD-L1 expression and TILs and their state of 468 

activation; they were also characterized in relation to their mutational status. NSCLC tis- 469 

sues bearing a KRAS mutation were more inflamed because of a greater quantity of active 470 

TILs. However, EGFR mutant tumors hosted inactive TILs. Moreover, activated TILs were 471 

related to a higher PD-L1 expression only in tumors without EGFR or KRAS mutations 472 

[103]. Some authors also used the gene expression signature of CD8+ T lymphocytes in 473 

correlation with a radiomic signature for the detection of CD8+ TILs. The aim of this asso- 474 

ciation was an indirect estimation of the presence of TILs through a computed tomogra- 475 

phy scan to predict the responses to ICI-based therapy [104]. A new technique is under 476 

development using CD8 PET imaging with the 89Zr-Df-IAB22M2C radioisotope to visual- 477 

ize the distribution of CD8+ T cells in the whole body or in tumor sites and potentially to 478 

predict an early tumor response to immunotherapy [105].4.3.  479 

8. Biomarkers of host immune system 480 

Currently, a lot of evidence is available regarding systemic inflammation markers in 481 

peripheral blood as prognostic or predictive factors, particularly in metastatic NSCLC pa- 482 

tients treated with ICI-based therapy. The neutrophil-to-lymphocyte ratio (NLR) and 483 

platelet-to-lymphocyte ratio (PLR) were the most studied. These biomarkers are based on 484 

the association between tumor development and increased inflammation and can be eas- 485 

ily extracted from routine blood tests. So, these markers are usually available worldwide  486 

and are highly reproducible with no further costs [106, 107]. Many studies on this topic 487 

were carried out; then, these studies were summarized in some meta-analyses, which con- 488 

firmed that NLR and PLR may be considered prognostic factors in metastatic NSCLC pa- 489 

tients treated with ICI-based therapy [108, 109]. The former, by Tan et al., suggested that 490 

high baseline NLR predicted a worse PFS and OS, but this result was not confirmed for 491 

PLR. The latter, by Platini et al., found that both biomarkers were prognostic in the same 492 

setting. 493 

Peripheral blood inflammatory markers were combined with other parameters to ob- 494 

tain prognostic scores in order to predict outcomes in metastatic NSCLC patients treated 495 

with ICIs. These scores included further laboratory variables, e.g., the derived NLR 496 

(dNLR), calculated with the formula [neutrophils/leucocytes – neutrophils], lactate dehy- 497 

drogenase (LDH), albumin, and C-reactive protein, as well as clinical variables, e.g., 498 

ECOG PS or tumor stage. Twenty-two combined scores were studied on the basis of base- 499 

line values used only for prognosis. Some of these also showed a predictive value for ICI- 500 

based therapy in both pretreated patients and in the first-line setting or treatment moni- 501 

toring [110].  502 

Among these prognostic scores, the lung immune prognostic index (LIPI) was the 503 

most studied in metastatic NSCLC patients. It includes two parameters, the dNLR (cutoff: 504 

3) and LDH (cutoff: above the limit of normal). The presence or absence of each factor 505 

defines a score for the prognostic stratification, which is categorized into three groups: 506 

good LIPI for both factors under the cutoff; intermediate LIPI for one factor above the 507 

cutoff; and poor LIPI for both factors above the cutoff [111]. Some subgroup analyses of 508 

randomized trials and a pooled analysis including the above prognostic score confirm its 509 
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prognostic role in patients treated with both ICI and chemotherapy, but not the predictive 510 

usefulness [112, 113]. 511 

The presence or activation of suppressive cells can also limit the efficacy of ICIs. My- 512 

eloid-derived suppressor cells (MDSCs) are the most studied and showed a prognostic 513 

role both in treatments with chemotherapy and in those with ICIs. MDSCs are immature 514 

myeloid cells, which usually increase with tumor progression and are related to systemic 515 

chronic inflammation. MDSCs interact with the host immune system through various 516 

mechanisms: the inhibition of T cell function via the depletion of some fundamental amino 517 

acids in the proliferation of T lymphocytes; the interference of the PD-1/PD-L1 signaling 518 

pathway with T cell viability and relative migration; the production of nitric oxide (NO) 519 

and reactive oxygen species (ROS), which induces T cell apoptosis; the transition of CD4+ 520 

T cells into regulatory T cells (Tregs) via TGF-β; the repolarization of macrophages to- 521 

wards an M2 phenotype; the impairment of natural killer (NK) cell function via direct 522 

cell–cell contact; and the reduction in IFN-γ production [114-117]. 523 

MDSCs can be grouped into two subpopulations: polymorphonuclear cells (PMN- 524 

MDSCs), characterized by CD11b + CD14- CD15 + or CD11b + CD14-CD66b +, and mon- 525 

ocytic cells (M-MDSC), as CD11b + CD14 + HLA-DR-/lowCD15 cells. These surface mark- 526 

ers have a great limitation in that they cannot help to distinguish normal monocytes from 527 

M-MDSCs and neutrophils from PMN-MDSCs. A unique pattern of markers specific for 528 

MDSCs is not currently available [118]. However, these cells have the advantage that they 529 

can be studied  in the peripheral blood as circulating markers.  530 

A recent meta-analysis highlighted that NSCLC patients with high circulating M- 531 

MDSC levels achieved a statistically significant shorter PFS and OS than patients with low 532 

levels, irrespective of treatment. The statistical significance was not reached for PMN- 533 

MDSCs [119]. Among the 14 studies summarized in this meta-analysis, three considered 534 

NSCLC patients treated with immunotherapy and included one study on PMN-MDSCs, 535 

one on M-MDSCs, one on both cell subpopulations. The first one achieved a better OS 536 

when the circulating PMN-MDSCs were higher [120]. In the second one, the OS was 537 

worse, with high circulating M-MDSCs [121]. In the latter, a worse OS was associated with 538 

high PMN- and M-MDSCs [122]. Given that these cells could also be targeted through 539 

various strategies, the research on MDSCs treated with ICI-based therapy is still ongoing 540 

[123]. 541 

9. Conclusions 542 

In the last few years, we have witnessed an impressive therapeutic paradigm shift in 543 

NSCLC with the appearance of the IO-based regimen in all clinical settings. However, the 544 

role of IO regimens has not been fully established for a significant proportion of patients, 545 

particularly elderly patients with cases complicated by BM and/or TKI-resistant driver 546 

gene mutations; it remains a challenge to treat these patients. The knowledge on the ap- 547 

plicability of immunotherapy in “special” NSCLC populations is mostly derived from 548 

studies with other purposes. The various studies discussed in this paper highlight how 549 

ICI-based therapy is not precluded in these patients. 550 

A broader understanding of immune and inflammatory responses will fully allow 551 

the definition of the real benefit of IO-based treatment in “special” NSCLC populations, 552 

as will the ad hoc design of combined/sequential therapies. The availability of predic- 553 

tive/prognostic biomarkers could help to select patients for whom immunotherapy would 554 

actually be beneficial rather than those patients belonging to a “special population”. Cur- 555 

rently, we have some data on the biomarkers of tumor immunogenicity (i.e., TMB and 556 

MSI), the tumor immune microenvironment (i.e., TILs), and the host immune system (i.e., 557 

NLR, PLR, LIPI, and MDSCs). Additionally, the identification of validated biomarkers via 558 

multi-omics approaches will also be mandatory for the better selection of NSCLC patients 559 

for IO therapy. 560 
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