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cancer treatment, i.e targeted therapies for the few patients with targetable mutations or rearrangements, new therapeutic options have been opened up for those patients with advancedstage lung cancer without targetable mutation or rearrangement. However, most clinical trials on ICIs conducted so far have either excluded patients with poor performance status (PS) or chronic infections like human immunodeficiency virus (HIV), or accrued only a minor proportion of elderly patients despite the lack of an upper age limit. Our review paper provides a brief summary on the current data on immunotherapy in these special populations and highlights the challenges and potential next steps.

Poor performance status patients

The prevalence of poor performance status (PS: 2-4) patients at the time of lung cancer diagnosis is as high as 34% [START_REF] Lilenbaum | Prevalence of poor performance status in lung cancer patients: implications for research[END_REF]. For patients with metastatic NSCLC and PS 3-4, chemotherapy is no longer recommended, and the best supportive care is the usual standard of care. Most PS ≥3 patients die within 2-4 months from diagnosis.

Nevertheless, trials dedicated to patients with addictive activating mutations have been performed in such poor general condition populations [START_REF] Inoue | First-line gefitinib for patients with advanced non-small-cell lung cancer harboring epidermal growth factor receptor mutations without indication for chemotherapy[END_REF][START_REF] Iwama | Alectinib for Patients with ALK Rearrangement-Positive Non-Small Cell Lung Cancer and a Poor Performance Status (Lung Oncology Group in Kyushu 1401)[END_REF], resulting in safety and efficacy data in line with the results observed in good PS patients, leading to a fast improvement of general condition (i.e., the so-called "Lazarus syndrome"). Meanwhile, these encouraging trials have changed clinical practices; hence, if such an addictive tumor mutation is detected, these patients are being treated with an oral tyrosine kinase inhibitor, irrespective of their PS status.

There is little data available on the safety and efficacy of immunotherapy in poor PS patients.

Until now, only four prospective trials including PS 2 patients have been published, three as an abstract [START_REF] Popat | Nivolumab in previously treated patients with metastatic squamous NSCLC : results of a european, single arm, phase 2 trial (CheckMate 171) including patients aged >=70 years or with poor Performance Status[END_REF][START_REF] Middleton | Pembrolizumab in performance status 2 patients with non-small cell lung cancer (NSCLC): results of the PePS2 trial[END_REF][START_REF] Barlesi | CheckMate 817 : first-line Nivolumab + ipilimumab in patients with ECOG PS 2 and other special populations with advanced NSCLC[END_REF] and only one [START_REF] Spigel | Safety, Efficacy, and Patient-Reported Health-Related Quality of Life and Symptom Burden with Nivolumab in Patients with Advanced Non-Small Cell Lung Cancer, Including Patients Aged 70 Years or Older or with Poor Performance Status (CheckMate 153)[END_REF] as an article in extenso. There have been two Phase II trials published, i.e., CheckMate 171 with nivolumab [START_REF] Popat | Nivolumab in previously treated patients with metastatic squamous NSCLC : results of a european, single arm, phase 2 trial (CheckMate 171) including patients aged >=70 years or with poor Performance Status[END_REF] and PePS2 with pembrolizumab [START_REF] Middleton | Pembrolizumab in performance status 2 patients with non-small cell lung cancer (NSCLC): results of the PePS2 trial[END_REF], as well as two Phase III/IV trials, i.e., CheckMate 153 with nivolumab [START_REF] Spigel | Safety, Efficacy, and Patient-Reported Health-Related Quality of Life and Symptom Burden with Nivolumab in Patients with Advanced Non-Small Cell Lung Cancer, Including Patients Aged 70 Years or Older or with Poor Performance Status (CheckMate 153)[END_REF] and CheckMate 817 with both nivolumab and ipilimumab [START_REF] Barlesi | CheckMate 817 : first-line Nivolumab + ipilimumab in patients with ECOG PS 2 and other special populations with advanced NSCLC[END_REF]. In these trials, patients were included regardless of their PD-L1 tumor expression or tumor mutational burden. The results of these prospective trials in advanced NSCLC with Eastern Cooperative Oncology Group (ECOG) PS 2 have been summarized in Table 1 (adapted from Passaro [START_REF] Passaro | Immunotherapy in Non-Small-Cell Lung Cancer Patients With Performance Status 2: Clinical Decision Making With Scant Evidence[END_REF]). These trials, with the exception of PePS2, primarily included a mix of elderly patients and/or PS 0-1 patients with medical comorbidities (e.g., renal dysfunction, chronic viral hepatitis), rendering it difficult to draw specific conclusions for PS 2 patients, which already by themselves are a rather heterogeneous population. With the addition of even more heterogeneity via including elderly patients, PS 0-1 patients with comorbidities introduce even more complexity for the result interpretation. Incidence of Grade 3-4 treatment-related adverse events (TRAEs) (primary endpoint) was 6% for the PS2 population, and 12% for the overall population (including PS 0-1 patients and patients ≥70 years) in CheckMate 171. This incidence was 9% for the PS2 population, and 6% for the overall population in CheckMate 153. Surprisingly, in CheckMate 817, bitherapy nivolumab plus ipilimumab was shown to be not significantly more toxic than single-therapy pembrolizumab, as observed in the registration Keynote-024 trial in fit patients (73% any grade TRAEs, 29% Grade 3-4 TRAEs). Moreover, the safety profile was similar between Cohort A with PS 0-1 patients (77% any grade TRAE, 35% Grade 3-4 TRAEs) and Cohort A1 (28% Grade 3-4 TRAEs) including PS2 patients (N = 139/198) or PS 0-1 patients with comorbidities, not specifically differing from the recently published safety results from the CheckMate 227 trial in a fit population of NSCLC patients. This trial likewise reported 33% Grade 3-4 TRAEs.

The overall survival (OS) was worse in PS 2 patients compared to the overall population in both CheckMate 171 (5.4 vs. 9.9 months) and CheckMate 153 (4 vs. 9.1 months). In Checkmate 817, in the PS 2 population, the progression-free survival (PFS) was 3.6 months, overall response rate (ORR) 20%, and duration of response 14.2 months. As expected, in the presence of a high PD-L1 expression and/or high tumor mutation burden (Tumor Mutation Burden), the PFS was proven longer. In PePS2, the ORR was 19% in PD-L1 <1%, 33% in PD-L1 1-49%, and 47% in PD-L1 ≥50%. In PD-L1 ≥50%, the PFS and OS were 8.5 and 16.6 months, respectively. Thus, in an obviously relatively selected population, immunotherapy could prove very efficient in PS 2 patients. This statement needs to be further confirmed by dedicated prospective studies with either pre-treated or non-pre-treated PS 2 patients, with or without chemotherapy. It is worth noting that although previous studies were performed only in PS 0-1 patients, Food and Drug Administration (FDA) authorization for using ICI does not restrict the use of these drugs to PS 0-1 patients.

Although there are currently no dedicated ongoing trials for PS 3 patients, we have previously observed Lazarus-type responses to anti-PD-1 in two NSCLC patients with a very poor condition but very high PD-L1 expression [START_REF] Pluvy | Lazarus syndrome in nonsmall cell lung cancer patients with poor performance status and major leukocytosis following nivolumab treatment[END_REF]. These patients improved from PS ≥3 before immunotherapy initiation to PS 0 after only one-month anti-PD-1 treatment with a follow-up currently exceeding 24 months and major tumor shrinkage. Recently, other trials have similarly suggested that pembrolizumab could be considered in critically ill NSCLC patients with a PD-L1 expression of 50% or more [START_REF] Mcloughlin | Rapid Response to Pembrolizumab in a Critically Ill Mechanically Ventilated Patient with New Diagnosis of NSCLC[END_REF].

The main challenge is to select elective patients who could derive potential benefits from immunotherapy among the poor PS population. Particularly in this population, it is necessary to define predictive biomarkers: tumor biomarkers (e.g., molecular profile, PD-L1, TMB) and patient biomarkers (e.g., inflammatory and nutritional markers such as Lung Immune Prognostic Index, Body Mass Index, or derived Neutrophil-to Lymphocyte Ratio). Currently, several trials dedicated to PS 2 have been launched. Only two trials have selected the population based on PD-L1 status (the Swiss Group trial for clinical cancer research (NCT03620669) and the SAVIMMUNE trial (NCT04108026) sponsored by the French Intergroup of Thoracic Oncology (IFCT)).

The exact role of combining chemotherapy with immunotherapy also remains to be further defined in the poor PS population. A Phase I study evaluating the feasibility of using weekly low-dose carboplatin and paclitaxel with pembrolizumab in PS 2-3 patients with advanced NSCLC is currently ongoing [START_REF] Bonomi | Circulating immune biomarkers as predictors of the response to pembrolizumab and weekly low dose carboplatin and paclitaxel in NSCLC and poor PS: An interim analysis[END_REF].

Elderly patients

Elderly patients are part of the so-called special populations, although patients aged ≥70 years represent 50% of all metastatic NSCLC patients, with those aged ≥75 accounting for almost one-third.

Immune senescence [START_REF] Ferrara | Immunosenescence and immunecheckpoint inhibitors in non-small cell lung cancer patients: Does age really matter? Cancer Treat[END_REF] is probably one of the main reasons for the increased cancer incidence with age. However, it is still unclear how immune senescence could affect the efficacy and safety of anticancer treatments. Aging results in a highly dynamic remodeling of all immune functions, with a decrease in the bone marrow and size of the thymus, lymph nodes, and spleen. Due to chronic antigenic stimulation during life, there are more memory cells, along with a reduction in the antigenic diversity of immune cells. Co-stimulatory molecules (CD28 and CD27) on T-lymphocytes are additionally reduced, as CD28 and CTLA-4 share identical ligands. Moreover, B-lymphocytes are modified with age, with reduced production of antibodies with high affinity and specificity for antigens. Conversely, the secretion of autoantibodies and pro-inflammatory cytokines is increased, leading to a low-grade chronic inflammation state called "inflammaging". In addition to these modifications of adaptive immunity, immune senescence likely impacts the innate immune response.

Antigen-presenting cells display a reduced ability to process antigens, with less expression of Toll-like receptors.

None of the previous second-line Phase III trials comparing ICIs (nivolumab [START_REF] Borghaei | Nivolumab versus Docetaxel in Advanced Nonsquamous Non-Small-Cell Lung Cancer[END_REF][START_REF] Brahmer | Nivolumab versus Docetaxel in Advanced Squamous-Cell Non-Small-Cell Lung Cancer[END_REF], pembrolizumab [START_REF] Herbst | Pembrolizumab versus docetaxel for previously treated, PD-L1-positive, advanced non-small-cell lung cancer (KEYNOTE-010): a randomised controlled trial[END_REF], atezolizumab [START_REF] Rittmeyer | Atezolizumab versus docetaxel in patients with previously treated non-small-cell lung cancer (OAK): a phase 3, open-label, multicentre randomised controlled trial[END_REF], or avelumab [START_REF] Barlesi | Avelumab versus docetaxel in patients with platinumtreated advanced non-small-cell lung cancer (JAVELIN Lung 200): an open-label, randomised, phase 3 study[END_REF]) to docetaxel comprised an upper age limit for inclusion, whereas patient inclusion was restricted to those of PS 0 or 1. With the exception of one (the avelumab trial), all these studies revealed a significant survival benefit in the immunotherapy arms versus docetaxel control arms. In subgroup analyses considering age, there was no impact on the survival benefit when the cutoff was set at 65 years. However, with a cutoff at 75 years, a significant OS benefit was no longer observed with immunotherapy in any of these trials (Table II) although we must take into account the low number of patients in the elderly subgroup and a lack of statistical power. As a matter of fact, patients aged 75 and more were few, i.e., only 7-10% of patients in contrast with their real percentage among the general population of lung cancer patients, which represents at least 30%. Thus, definitive conclusions cannot be drawn regarding very old patients of 75 years or more. The FDA from the United States carried out a pooled survival analysis involving 2,824 patients accrued into four trials comparing ICIs to docetaxel [START_REF] Marur | FDA analyses of survival in older adults with metastatic non-small cell lung cancer in controlled trials of PD-1/PD-L1 blocking antibodies[END_REF]. These trials comprised three of the trials we already discussed [START_REF] Borghaei | Nivolumab versus Docetaxel in Advanced Nonsquamous Non-Small-Cell Lung Cancer[END_REF][START_REF] Herbst | Pembrolizumab versus docetaxel for previously treated, PD-L1-positive, advanced non-small-cell lung cancer (KEYNOTE-010): a randomised controlled trial[END_REF][START_REF] Rittmeyer | Atezolizumab versus docetaxel in patients with previously treated non-small-cell lung cancer (OAK): a phase 3, open-label, multicentre randomised controlled trial[END_REF] along with the Poplar Phase II randomized trial comparing atezolizumab to docetaxel [START_REF] Fehrenbacher | Atezolizumab versus docetaxel for patients with previously treated non-small-cell lung cancer (POPLAR): a multicentre, open-label, phase 2 randomised controlled trial[END_REF]. The authors found that the treatment effects on OS were similar across all the age subgroups for either unadjusted HRs or adjusted HRs.

However, whereas the upper bound of 95% confidence intervals was below one for all patients as well as for those aged >65 years and >70 years, it was no longer the case for patients aged 75 and over (Table II). The median survival time was between 14.1 months and 14.7 months in the PD-1 and PD-L1 antibody blocking groups versus 8.8 months and 9.5 months in the docetaxel group, respectively across the various age categories. Regarding adverse events (AEs) in the anti-PD-1/PD-L1 arms, Grades 3-4 AEs were observed in 23% patients aged ≥75 versus 49% those aged ≥65 years and 47% those aged <65 years. Grade 5 toxicities were observed in 5%, 7%, and 4% patients, respectively.

Similarly, there was no significant difference regarding AEs of special interest (colitis, hepatitis, pneumonia, or hypothyroidism/elevated thyroid stimulating hormone) across all age groups. Thus, there was no evidence towards a more severe toxicity in the group of patients aged ≥75 years, although one must take into account that, again, the number of very old patients turned out to be low. Moreover, these patients were probably highly selected, given that they were obviously underrepresented.

Regarding first-line therapy with ICIs, given either as a monotherapy in patients with a PD-L1 tumor proportion score ≥50% [START_REF] Reck | Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-Cell Lung Cancer[END_REF], or in association with chemotherapy [START_REF] Gandhi | Pembrolizumab plus Chemotherapy in Metastatic Non-Small-Cell Lung Cancer[END_REF], or even with chemotherapy and bevacizumab [START_REF] Socinski | Atezolizumab for First-Line Treatment of Metastatic Nonsquamous NSCLC[END_REF], again, the trials did not impose any upper age limit. There was a significant survival benefit in those trials in favor of the pembrolizumab arm (monotherapy or combined with chemotherapy) over the control arms. With a cutoff of 65 years, there was no difference in the treatment effect of the pembrolizumab arm compared to the chemotherapy arm or of the pembrolizumab plus chemotherapy arm compared to chemotherapy alone, though data on patients ≥70 or ≥75 years of age were not reported.

A real-life analysis involving 290 patients treated at the Milano Department of Medical Oncology in

Italy was recently performed and published [START_REF] Galli | Efficacy and safety of immunotherapy in elderly patients with non-small cell lung cancer[END_REF]. The median age was 67 years only, but 110 patients were aged 70 and older. Among these latter, 12.1% exhibited a PS 2. There was no significant difference in the response rates (21.2% for patients aged <70, 22.3% for those aged 70-79, and 18% for those aged ≥80 years). These response rates were within the range of what has been previously observed in clinical trials. The median survival time was 9.9 months (95% CI: 8. 26-12.11). The median survival for patients receiving first-line immunotherapy was 22 months (95% CI: 12.1-NA). There was no significant impact of age on either survival or toxicity. In a multivariate survival analysis, the only independent prognostic factors were the PS and number of metastatic sites. Again, the number of very old patients was low, with only 16 patients aged 80 and older. Thus, dedicated studies concerning elderly patients are mandatory. An IFCT clinical trial comparing chemotherapy consisting of monthly carboplatin and weekly paclitaxel with a combination of this same chemotherapy along with atezolizumab for patients with metastatic NSCLC aged between 70 and 89 years is currently ongoing (NCT03977194). This trial will hopefully provide answers regarding the usefulness of combining immunotherapy and chemotherapy in the elderly.

People living with HIV

Most clinical trials with ICIs have excluded patients with chronic infections, including HIV, due to the potential risk of chronic infection exacerbation (e.g., increase in HIV blood viral load or decrease in CD4 lymphocytes) or occurrence of immune-related adverse events according to immunotherapy type. Data on the tolerance and efficacy of ICIs in people living with HIV (PLWHIV) are, therefore, scarce, with so far new safety signals emerging from these data [START_REF] Cook | Safety and Efficacy of Immune Checkpoint Inhibitor Therapy in Patients With HIV Infection and Advanced-Stage Cancer: A Systematic Review[END_REF][START_REF] Spano | Immunotherapy for cancer in people living with HIV: safety with an efficacy signal from the series in real life experience[END_REF].

The safety of pembrolizumab was evaluated in a Phase 1 study (NCT02595866) in patients with HIV and advanced cancer [START_REF] Uldrick | Assessment of the Safety of Pembrolizumab in Patients With HIV and Advanced Cancer-A Phase 1 Study[END_REF]. Patients with a CD4 count ≥100 cells/microL, antiretroviral therapy (ART) for ≥4 weeks, an HIV viral load <200 copies/mL, and PS 0 or 1 were eligible for entry. Overall, 30 participants were enrolled from April 2016 through March 2018: six had Kaposi sarcoma (KS), five non-Hodgkin lymphoma, and 19 non-AIDS-defining cancers, the most common being anal cancer [START_REF] Barlesi | CheckMate 817 : first-line Nivolumab + ipilimumab in patients with ECOG PS 2 and other special populations with advanced NSCLC[END_REF] and advanced cell carcinoma of the skin (3). The authors concluded that while pembrolizumab has acceptable safety, this drug may be associated with KS herpes-virus-associated B-cell lymphoproliferation. The study did not recruit enough participants with any given tumor to accurately estimate the response rate or compare these rates with those of the general population.

Several studies are currently in progress in PLWHIV with cancer, as follows: 1) Phase I study from the National Cancer Institute on the safety of nivolumab in combination with ipilimumab (NCT02408861); 2) Phase II study by the Spanish Lung Cancer Group assessing the feasibility of durvalumab (NCT03094286; 3) Phase II trial evaluating INCMGA0012, an anti-PD-1 antibody, in patients with squamous anal canal carcinoma having progressed after platinum-based chemotherapy (NCT03597295); 4) French observational national ANRS CO24 OncoVIHAC cohort following PLWHIV treated with ICIs (NTC03354936).

Studies specifically focusing on PLWHIV with lung cancer are scarce. The CheckMate 817 trial (NCT02869789) evaluated nivolumab and ipilimumab in patients with metastatic NSCLC, including a cohort of special patient populations, such as six HIV-positive patients [START_REF] Barlesi | CheckMate 817 : first-line Nivolumab + ipilimumab in patients with ECOG PS 2 and other special populations with advanced NSCLC[END_REF]. The French Phase II IFCT-CHIVA2 (NCT03304093) is the first study to specifically evaluate nivolumab's safety and efficacy in second-line treatment or more in PLWHIV with NSCLC. The results are expected to be made available in 2020.

Several authors support the hypothesis that ICIs could play a role in immune reconstitution in HIV-positive patients [START_REF] Cook | Safety and Efficacy of Immune Checkpoint Inhibitor Therapy in Patients With HIV Infection and Advanced-Stage Cancer: A Systematic Review[END_REF]. The challenge consists in eliminating latently-infected T cells that do not express viral antigens but constitute the viral reservoir that persists despite ART. Preclinical studies and animal models have actually shown that ICIs improve HIV-specific immune responses [START_REF] Deeks | International AIDS Society global scientific strategy: towards an HIV cure 2016[END_REF]. Thus, several ongoing studies include the assessment of HIV-specific T cells and their effects on the HIV reservoir (AMC-095, CITN-12, IFCT-CHIVA2, ANRS CO24 OncoVIHAC).

To conclude, special populations of metastatic NSCLC with poor PS, elderly status or PLWHIV, may be able to develop an efficient immune response despite their condition as a consequence of PD-1 or PD-L1 inhibitor treatment, with a major favorable impact on quality of life and extended survival. Based on the scarce data currently available, these treatments are unlikely to lead to a significant increased toxicity or specific safety concerns. However, dedicated studies are mandatory to draw a definitive conclusion concerning these populations, with a few such trials already on the way. 

Table I .

 I Results of prospective trials in advanced NSCLC with ECOG PS 2 patients This result is not only for PS2 population but for the whole A1 cohort with PS2 and patients with PS 0-1 and comorbidities Abbreviations: Sq: Squamous; ORR: objective response rate; PFS: progression-free survival; mos: months; OS: overall survival; AE: Adverse Event Table II. Overall survival in second-line Phase III trials comparing immunotherapy to docetaxel

		Study (Ref)		Age subgroup		Number of patients		HR (95% CI) ICI vs. doc
	First author	Trial		Drug		Histology	Setting	PDL1	No. of	ORR	mPFS	mOS	6-Month	12-Month	Grade 3-4
		Nivo	vs.	doc	All patients	NSCLC		582	stratification (%)	patients PS2 0.73 (0.59-0.89) (%) (mos)	(mos)	OS (%)	OS (%)	TRAE (%)
	Felip [4]	Phase II non-squamous cell Nivolumab <65	Sq	≥ 2 L 339	No	103	2 0.81 (0.62-1.04)	5.2	46	27	7
		CM 171 [15]			≥65 to <75			200			0.63 (0.45-0.89)
	Spigel [6]	Phase III-IV	Nivolumab	All	≥ 2 L	No	128		20		4	41	24	9
		CM 153			≥75			43			0.90 (0.43-1.87	
	Barlesi [7]	Phase III-IV Nivo vs.	Nivolumab doc All patients	All	1L	272	No	139	20 0.59 (0.44-0.79) 3.6	28*
		CM 817 squamous cell [16] +Ipilimumab <65			152			0.52 (0.35-0.75)
	Middleton [5]	Phase II		Pembrolizumab	All	1/2 L	Yes	60		27	4.4	9.8	60	40	15
		PePS2			≥65 to 75			91			0.56 (0.34-0.91)
					≥75			29	< 1	27	11 1.85 (0.76-4.51) 3.7	8.1
		Pembro vs doc [17]	All patients			1033			0.67 (0.56-0.8)	
									1-49	15		33	8.3	12.6
					<65			604			0.63 (0.5-0.79)	
					≥65			429	≥ 50	15	47 0.76 (0.57-1.02) 12.6	14 .6
		Atezo vs doc [18]	All patients			850			0.73 (0.62-0.87)
					< 65			453			0.80 (0.64-1.00)
					≥65			397			0.66 (0.52-0.83)
		FDA analyses [20]	All patients			2824			0.68 (0.63-0.76)
					<65			1620			0.71 (0.63-0.80)
					≥65			1204			0.66 (0.57-0.76)
					≥70			540			0.67 (0.55-0.82)
					≥75			360			0.81 (0.58-1.13)
		Abbreviations: nivo: nivolumab; doc: docetaxel; pembro: pembrolizumab; atezo: atezolizumab; FDA:
		Food and Drug Administration								
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