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The occupancy of the PD-1 receptors by ICIs may last for 3 months on circulating T cells after only one cycle despite a serum half-life of only 12 to 20 days 10 . EI dosing of pembrolizumab was approved by the FDA in April 2020 when a phase 1 study in advanced melanoma showed that it resulted in a similar concentration and safety profile to SD, maximal concentration being lower than with the SD [START_REF] Lala | CT042 -Pembrolizumab 400 mg Q6W dosing: First clinical outcomes data from Keynote-555 cohort B in metastatic melanoma patients[END_REF] . Likewise, EI nivolumab had a similar time averaged concentration to SD and had a comparable rate of adverse events (14,8% vs 14%) and it was approved in 2018 [START_REF] Long | Assessment of nivolumab exposure and clinical safety of 480 mg every 4 weeks flatdosing schedule in patients with cancer[END_REF][START_REF] Garon | CheckMate 384: Phase IIIb/IV trial of nivolumab (nivo) 480 mg Q4W versus 240 mg Q2W after ≤ 12 months of nivo in previously treated advanced NSCLC[END_REF] . Later, durvalumab was approved for EI dosing in small cell lung cancer at a dose of 1500 mg every 3 weeks with chemotherapy, then alone as maintenance treatment every 4 weeks in a phase III trial in January 2020 [START_REF] Paz-Ares | Durvalumab plus Platinum-Etoposide versus Platinum-Etoposide in First-Line Treatment of Extensive-Stage Small-Cell Lung Cancer (CASPIAN): A Randomised, Controlled, Open-Label, Phase 3 Trial[END_REF] . Later, EI durvalumab was subsequently shown to have the same safety profile as SD, causing 12.7% versus 11.6% of grade ³ 3 irAEs [START_REF] Denault | Comparison of 2-Weekly Versus 4-Weekly Durvalumab Consolidation for Locally Advanced NSCLC Treated With Chemoradiotherapy: A Brief Report[END_REF] .

The COVID-19 pandemic led us to rethink our treatment strategy for lung cancer patients receiving immunotherapy. To reduce their coming to the hospital, and thus diminish their risk of contamination and complications due to the coronavirus, recommendations were made regarding treatment [START_REF] Banna | How We Treat Patients with Lung Cancer during the SARS-CoV-2 Pandemic: Primum Non Nocere[END_REF][START_REF] Haar | Caring for Patients with Cancer in the COVID-19 Era[END_REF][START_REF]3 Systemic Anticancer Treatments | COVID-19 Rapid Guideline: Delivery of Systemic Anticancer Treatments | Guidance | NICE[END_REF] . Concerning the stage IV lung cancer treated by ICI, the French Pneumology Society recommended halting treatment in patients with stable disease for over a year and switching to EI immunotherapy in those with stable disease for less than a year [START_REF] Girard | Proposals for managing patients with thoracic malignancies during COVID-19 pandemic[END_REF] .

This study aimed to assess the toxicity and survival for the EI and SD protocols.

METHODS

Design and setting

This retrospective observational study was conducted in 2 centers: Grenoble Alpes University Hospital and the Léon Bérard Cancer Center in Lyon. Study approval was obtained on August 12, 2021, from the Clinical Research and Innovation Office of Grenoble Alpes University Hospital. According to French regulations, there is an IRB waiver for this type of research. An information letter was sent to each living patient affording them the opportunity to object to study participation. Deceased patients were included if they had not objected to the use of their medical data when alive.

The primary objective was to determine the occurrence of adverse events between the EI and SD groups.

The secondary objectives were to compare toxicity between the two groups, identify the factors associated with the occurrence of adverse events, and compare OS between the two groups.

Study population

We included patients treated by ICI for a stage III or IV NSCLC who started treatment within a month of the beginning of the COVID-19 pandemic (March 16, 2020), and who continued treatment thereafter. Patients were treated with durvalumab for stage III disease, and with pembrolizumab, nivolumab and atezolizumab for stage IV disease. Even though we cannot increase the dosing regimen of atezolizumab given the absence of data, we also included patients treated with this ICI because its safety and efficacy profile are similar to that of nivolumab and pembrolizumab. ICI could not be combined with platinum-based chemotherapy.

Only pemetrexed in the maintenance setting was allowed. Patients were excluded if aged under 18 and if they objected to the use of their data. We also excluded patients who stopped their treatment at the beginning of the pandemic.

Data collection

The pharmacy department in each center searched a dedicated database to identify every patient who received a dose of ICI between February 1 and March 16, 2020.

Data was collected at each center from the computerized medical charts, then anonymized, centralized, and analyzed at Grenoble Alpes University Hospital.

Patient and tumor characteristics at diagnosis were collected (sex, age, Charlson comorbidity score, histology, PD-L1 status, and stage at diagnosis). At the beginning of the COVID-19 pandemic, the following data was also collected: weight, ECOG performance status, line of treatment, type of ICI, time since treatment initiation, and previous irAEs.

We the recorded every irAE from the first cycle after March 16, 2020, along with the CTCAE grade. We also recorded the date of appearance, use of steroids or immunosuppressive drugs, treatment adjustments, and outcome. Only grade ≥ 3 irAEs were recorded. The date of progression was collected. Patients deceased or lost to follow-up on June 30, 2021, were censored.

The SD group included patients with NSCLC treated with pembrolizumab 200 mg every 3 weeks, nivolumab 240 mg every 2 weeks, atezolizumab 1200 mg every 3 weeks and durvalumab 10 mg/kg every 2 weeks according to the standard of care. The EI group included patients treated with pembrolizumab 400 mg every 6 weeks, nivolumab 480 mg every 4 weeks and durvalumab 1500 mg every 4 weeks.

Statistical analysis

Percentages were used to describe qualitative variables and median (interquartile range) for quantitative variables. Qualitative variables were compared using the chi-squared test or the the Fisher's exact test if the hypothesis of the chi-squared test was not verified. Continuous variables were compared using the Wilcoxon-Mann-Whitney U test.

Survival was estimated using the Kaplan Meier method and compared using the log rank test. Death was considered a competitive event for a lack of toxicity. OS was calculated from March 16, 2020, to death or censorship.

We used a multivariate Cox model to look for factors associated with adverse events and survival.

All statistical analyses were performed using R software.

RESULTS

Population characteristics at inclusion

In total, 229 patients were identified as having received at least one cycle of ICI between February 1 and March 16, 2020. Among them, 74 stopped treatment before the beginning of the pandemic and 21 continued to be treated with a platinum-based chemotherapy. In the end, 134 patients were studied, and none objected to study participation (Figure 1).

At the beginning of the COVID-19 pandemic, 95 patients were switched to EI dosing and 39 patients remained on SD. The patients' characteristics are reported in Table 1.

Patients were in the first line of metastatic treatment (n=66) with either pembrolizumab (n=42), nivolumab (n=3) or atezolizumab (n=3): 11 patients on pembrolizumab and all patients on nivolumab or atezolizumab had previously been treated with adjuvant platinum base chemotherapy or maintenance pembrolizumab after four cycles of pemetrexed plus platinumbased chemotherapy (n=18). One patient received the combination of chemo and immunotherapy in second line and was considered as belonging to the same group as those receiving chemoimmunotherapy. Eight patients were treated with durvalumab after a combination of chemotherapy and radiotherapy for stage III NSCLC. Sixty patients were receiving their second or subsequent line of treatment, thirty with nivolumab, twenty with pembrolizumab and ten with atezolizumab.

Characteristics of patients in the EI group

Of the patients treated with pembrolizumab, 55 were switched to EI dosing and 25 continued SD. Of those treated with nivolumab, all (33) were switched to EI dosing.

Meanwhile, of those treated with durvalumab, all but one were switched to EI dosing. Lastly, no patient treated with atezolizumab was switched to EI dosing. Six patients in the EI group were already treated in hospitalization at home, whereas only one in the SD group was. At the beginning of the pandemic, two more patients were moved to hospitalization at home, each of those two were in the EI group.

The patients' characteristics did not significantly differ, except for median weight, which was 72 kg in the EI group and 65 kg in the SD group (P-value = 0.01) and median time since initiation of ICI before March 2020 which was 8.3 months (IQR 5-15) in the EI group and 4.1 months (IQR 2.8-7.2) in the SD group (P-value = 10 3 ). Concerning previous irAEs of a CTCAE grade ³ 3 in each group, 6 of the 134 patients had had an irAE. Among those, five were grade 3 events in the EI group, and one was a grade 4 event in the SD group. The grade 4 event was an endocrine irAE and the grade 3 events were endocrine, pulmonary, or rheumatologic.

Immune related adverse events and their consequences

A total of 18 irAEs of grade ³ 3 occurred during follow-up after the beginning of the COVID-19 pandemic. They occurred in 12 patients in the EI group and 6 in the SD group (Table 2). The most frequent were gastrointestinal and pulmonary in nature: four gastrointestinal events occurred, two in each group, and all were grade 3; and four pulmonary events also occurred, three in the EI group and one in the SD group. One was grade 4 and three were grade 3.

The irAEs led to treatment interruption in 15 patients overall, 10 in the EI group and 5 in the SD group (P-value = 0.78). The interruption was definitive for 9 of the patients in the EI group (one patient resumed treatment at SD), as well as for all 5 in the SD group (P-value = 0.55). The main reason for discontinuation was a switch to observation phase (Table 3).

The EI group had an odds ratio of 1.13 (95% CI 0.37-3.79) for adverse events. None of the other study variables were associated with the risk of grade ³ 3 irAEs. (Table 4). There was no difference in cumulative toxicity between the groups (P-value = 0,94).

The time to irAE occurrence varied from 10 days to 290 days. The median time to the onset of an irAE was 3.8 months overall (IQR 1.7-7.3), 4.2 months (IQR 2.4-8.9) in the EI group and 3.7 months (IQR 1.3-5.9) in the SD group.

Factors associated with survival

The median OS was 14.2 months (IQR 11.5-14.8), 14.2 months (IQR 11.8-14.8) in the EI group and 14.3 months (IQR 8.5-14.9) in the SD group (P-value = 0.9).

A total of 71 patients were censored, 53 in the EI group and 18 in the SD group.

On a time-dependent covariate Cox survival model, the hazard ratio for the probability of death in patients developing grade ³ 3 toxicity was 0.72 (95% CI 0.48-1.07). Accordind to this model, age and ECOG performance status were associated with survival, with an hazard ratio of 1.02 (95% CI 1.00-1.03) and 1.81 (95% CI 1.08-3.03) respectively (Table 5).

DISCUSSION

Among the patients included in the study, 71% were treated with EI dosing. No variables were associated with this change in dosage regimen. The incidence of grade ³ 3 toxicities was not significantly different between EI and SD groups (OR 1.13, 95% CI 0.37-3.79). OS was also similar (log rank test, P-value = 0.9).

The two-center design of this study was a strength. Furthermore, the statistical model was robust. The occurrence of toxicities was studied using a survival model with timedependent covariate. Only one other article has compared toxicity between EI and SD regimens [START_REF] Hijmering-Kappelle | Safety and efficacy of extended interval dosing for immune checkpoint inhibitors in non-small cell lung cancer during the COVID-19 pandemic -Clinical Lung Cancer[END_REF] . Despite recruiting in two centers, only 134 patients could be studied with a limited number of patients in some subgroups. As data collection was retrospective, it was not possible to report CTCAE 1 and 2 adverse events since their underestimation may have led to an assessment bias. PFS could not be studied because of the retrospective design of the study.

Indeed, it would have been biased by being evaluated by the investigators and overestimated after the change in regimen, disease evaluation becoming less frequent. Moreover, the change 
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Impact of extended interval dosing of immune checkpoint inhibitors in lung cancer patients during the COVID-19 pandemic

  Marie Veron 1 , Thomas Pierret 2 , Maurice Pérol 3 , François Bettega 4 , Justin Benet 1 , Natacha Denis 1 , Denis Moro-Sibilot 1 , Aurélie Swalduz 3 , Anne-Claire Toffart 1

	INTRODUCTION
	ICIs have revolutionized the standard of care for lung cancer in recent years.
	In 2015, nivolumab was approved for the second-line treatment of NSCLC
	(CHECKMATE 017 and 057) with significantly better OS for the squamous cell carcinoma and
	Affiliations adenocarcinoma respectively compared with docetaxel 1,2 . Pembrolizumab followed in 2016 for
	NSCLC with PD-L1 expression on ³ 50% of tumor cells (KEYNOTE 010) 3 , then atezolizumab
	in 2017 (OAK) 4 . In 2016, a phase III trial in NSCLC with PD-L1 ³ 50% longer PFS with first

line pembrolizumab versus platinum-based chemotherapy (10.3 months vs 6 months)

[START_REF] Reck | Updated Analysis of KEYNOTE-024: Pembrolizumab Versus Platinum-Based Chemotherapy for Advanced Non-Small-Cell Lung Cancer With PD-L1 Tumor Proportion Score of 50% or Greater[END_REF] 

. In 2019, longer OS was shown with pembrolizumab versus chemotherapy when PD-L1 expression was > 1% (20 months versus 12.2 months). As a result, that treatment became available in the second line for this population, although marketing authorization is only available in the USA

[START_REF] Mok | Pembrolizumab versus Chemotherapy for Previously Untreated, PD-L1-Expressing, Locally Advanced or Metastatic Non-Small-Cell Lung Cancer (KEYNOTE-042): A Randomised, Open-Label, Controlled, Phase 3 Trial[END_REF] 

. In 2018, a phase III trial showed significantly longer OS with durvalumab versus placebo in stage III unresectable NSCLC with stable or responding disease after radiochemotherapy

[START_REF] Antonia | Overall Survival with Durvalumab after Chemoradiotherapy in Stage III NSCLC[END_REF] 

. Lastly, in 2019 the KEYNOTE 189 and 407 trials for NSCLC reported longer OS with pembrolizumab plus chemotherapy versus chemotherapy alone, regardless of PD-L1 expression

[START_REF] Gadgeel | Updated Analysis From KEYNOTE-189: Pembrolizumab or Placebo Plus Pemetrexed and Platinum for Previously Untreated Metastatic Nonsquamous Non-Small-Cell Lung Cancer[END_REF][START_REF] Paz-Ares | A Randomized, Placebo-Controlled Trial of Pembrolizumab Plus Chemotherapy in Patients with Metastatic Squamous NSCLC: Protocol-Specified Final Analysis of KEYNOTE-407[END_REF] 

.

Table 3 . Consequences of the adverse events

 3 

	All	Extended dosage	Standard dosage

Table 4 . Factors associated with the occurrence of a grade 3 or more toxicity, multivariate analysis, n = 134

 4 HR, Hazard Ratio; CI, Confidence Interval; EI = extended interval, SD = standard dosage, PS = performance status, ICI = immune checkpoint inhibitors

	Characteristics	OR 1	95% CI 1	p-value
	EI dosage vs SD	1.13	0.37, 3.79	0.8
	≥ 2 nd vs 1st line of treatment	0.59	0.18, 1.70	0.3
	Age	1.03	0.98, 1.08	0.3
	ECOG PS ≥ 2 vs 0-1	1.20	0.24, 4.58	0.8
	Duration of ICI before March 2020, per month	1.00	0.99, 1.00	0.2

OR = Odds Ratio, CI = Confidence Interval, EI = extended interval, SD = standard dosage, PS = performance status, ICI = immune checkpoint inhibitors
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ABSTRACT

Background. The COVID 19-pandemic has led physicians to change their approach to treating non-small cell lung cancer (NSCLC) to reduce hospital stays for patients.

Objectives. We aimed to assess the toxicity and efficacy of extended interval (EI) dosing of immune checkpoint inhibitors (ICIs) compared to standard dosing (SD).

Methods. In this retrospective two-center study, we included patients with stage III/IV NSCLC who were treated with ICIs with or without maintenance pemetrexed during the month before March 2020. Adverse events and efficacy were collected until June 2021.

Toxicity and survival were assessed using multivariate Cox models.

Results. Among the 134 patients identified (8 stage III and 126 stage IV; 66 first line and 60 second or subsequent lines), 70.9% received EI dosing. In the EI group, 12.6% of patients developed grade 3 or 4 immune-related adverse events versus 15.4% in the SD group (Pvalue = 0.8). Treatment was definitively discontinued due to toxicity in 9 patients in the EI group and in 5 in the SD group (P-value =0.5). Overall survival was not associated with dosage regimen or toxicity analyzed as a time-dependent variable.

Conclusions. Our study suggests that EI dosing of ICIs did not affect toxicity and overall survival in lung cancer patients. Keywords: lung cancer, immune checkpoint inhibitors, COVID 19-pandemic, immune-related toxicity in dosing was closely associated with type of ICI: 100% of patients on nivolumab had EI dosing against 0% of those on atezolizumab. A propensity score could not be computed. Grade ≥ 3 irAEs were observed in 13% of patients in the EI group and in 15% of those in the SD group, suggesting that there was no excess toxicity due to EI dosing. The irAEs were mostly pulmonary (interstitial lung disease), and gastrointestinal (proctitis, colitis), and mostly grade 3. These results were similar to other studies. In the KEYNOTE 555 study, an EI regimen of pembrolizumab 400 mg every 6 weeks was associated with a 25% incidence of CTCAE 3 to 4 irAEs, which is similar to the incidence of adverse events with the SD regimen (16%) [START_REF] Lala | CT042 -Pembrolizumab 400 mg Q6W dosing: First clinical outcomes data from Keynote-555 cohort B in metastatic melanoma patients[END_REF] . In a recent Dutch study, the incidence of grade ³ 3 irAEs was 16% in the SD group and 11% in the EI group, with no statistically significant difference (P-value = 0.1) [START_REF] Hijmering-Kappelle | Safety and efficacy of extended interval dosing for immune checkpoint inhibitors in non-small cell lung cancer during the COVID-19 pandemic -Clinical Lung Cancer[END_REF] . In CHECKMATE 384, nivolumab 480 mg every four weeks had a 8% incidence of CTCAE 3 to 4 irAEs versus 12% for nivolumab 250 mg every two weeks [START_REF] Garon | CheckMate 384: Phase IIIb/IV trial of nivolumab (nivo) 480 mg Q4W versus 240 mg Q2W after ≤ 12 months of nivo in previously treated advanced NSCLC[END_REF] .

In our study, no variable was associated with the occurrence of toxicities. We could not compare our results with the literature as the topic has not been investigated in any other EI dosing study.

OS was similar in the two groups of dosage. In CHECKMATE 384, median PFS was 12.1 months (95% CI 9.0 -NR) in patients on nivolumab 480 mg every 4 weeks and 12.2 months (95% CI 10.2 -15.5) in those receiving 240 mg every two weeks (hazard ratio = 0.96) [START_REF] Garon | CheckMate 384: Phase IIIb/IV trial of nivolumab (nivo) 480 mg Q4W versus 240 mg Q2W after ≤ 12 months of nivo in previously treated advanced NSCLC[END_REF] .

In the Dutch study [START_REF] Hijmering-Kappelle | Safety and efficacy of extended interval dosing for immune checkpoint inhibitors in non-small cell lung cancer during the COVID-19 pandemic -Clinical Lung Cancer[END_REF] , PFS and OS were similar in the two groups. With pembrolizumab median PFS was 152 weeks on the EI regimen and 118 on the SD regimen (P-value = 0.7). Interestingly, for patients treated with nivolumab they reported longer PFS with EI dosing compared to SD.

All our patients on nivolumab switched to EI dosing.

Two variables were independently associated with survival: age (P-value = 0.01) and ECOG performance status ³ 2 (P-value = 0.02). These variables, particularly performance status, were well-known predictive factors.

Apart from toxicities, a study interested into quality of life of the patients reported a preserved quality of life, and that 77% patients preferred the EI regimen with quality-of-life scores significantly higher (median score 75 versus 58.34, P-value = 0.01) [START_REF] Travert | Immunotherapy adaptation in lung cancer during the COVID-19 pandemic[END_REF] . These findings on toxicity and quality of life may afford us an opportunity to make lasting changes to ICI dosing for NSCLC patients. It gives them with the opportunity to reduce their hospital visits.

CONCLUSION

In this two-center retrospective study of NSCLC patients treated with ICIs, 100% of patients treated with nivolumab, 69% of those treated with pembrolizumab and 0% of those treated with atezolizumab switched to EI dosing. No difference was identified between these two dosing groups in terms of the toxicity or OS. There is therefore no barrier to its wider use to limit patient visits to the hospital. It would be interesting to evaluate these regimens in a prospective multicenter study. This alternative dosing method shows good tolerability and does not negatively affect survival. Such a profile makes it useful not only during the current COVID-19 pandemic but also for other pandemics or when personal or social reasons make frequent trips difficult for patients. 

Tables Table 1. Demographics and characteristics of patients