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ABSTRACT

Background: The advent of immune checkpoint inhibitors (ICI) has been a breakthrough in the care of patients with non-small-cell lung cancers (NSCLC).

However, physicians are now facing a previously unidentified clinical situation called hyperprogression (HP), which presents as a fast and unexpected increase in tumor burden. HP's existence and specificity to ICIs remains controversial because a widely acknowledged definition is currently lacking. Meanwhile, management remains elusive.

Methods: Medical records from all consecutive NSCLC patients who were treated with ICI from 2015 to 2018 were retrospectively analyzed. The HP incidence rate was calculated according to five definitions (tumor growth rate [TGR]ratio, ∆TGR, tumor growth kinetic [TGK], RECIST, and time to treatment failure [TTF]), and the agreement between such definitions was determined. The HP impact on overall survival (OS) was then assessed. The association between HP (defined using the TGRratio definition) and clinical and biological variables was also assessed. Clinical HP management and its impact on outcomes were described.

Results:

We identified 169 consecutive ICI-treated patients, with potential HP accounting for 11.3%, 5.7%, 17.0%, 9.6%, and 31.7% patients, according to TGRratio, ∆TGR, TGK, RECIST, and TTF definitions. Agreement between the different HP definitions was highly heterogeneous (range 29%-77%) and globally poor. HP was associated with shorter OS, compared to standard RECIST progressive disease, but this difference only reached statistical significance when using the TTF definition. TGRratio-based HP was significantly associated with hepatic metastases. In TGRratio-based HP patients, neither resuming chemotherapy

INTRODUCTION

Lung cancer is the leading cause of cancer death worldwide with approximately 2.1 million new cases and 1.75 million deaths in 2018 [START_REF]Cancer today[END_REF]. Immune checkpoint inhibitors (ICIs), such as those that target programmed cell death protein 1/programmed cell death ligand 1 (PD-1/PDL-1) and cytotoxic T-lymphocyteassociated protein 4 (CTLA-4), have emerged as a standard pillar of cancer treatment [START_REF] Larkin | Combined Nivolumab and Ipilimumab or Monotherapy in Untreated Melanoma[END_REF][START_REF] Motzer | Nivolumab versus Everolimus in Advanced Renal-Cell Carcinoma[END_REF][START_REF] Chen | Phase II Study of the Efficacy and Safety of Pembrolizumab for Relapsed/Refractory Classic Hodgkin Lymphoma[END_REF][START_REF] Ferris | Nivolumab for Recurrent Squamous-Cell Carcinoma of the Head and Neck[END_REF]. Anti-PD-1 monoclonal antibodies were the first immune-oncology drugs to gain registered authorization in 2015 in the non-small-cell lung cancer (NSCLC) second-line setting, and they have revolutionized the treatment of lung cancer with a significant increase in survival for 20% of these patients [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][START_REF] Reck | Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-Cell Lung Cancer[END_REF][START_REF] West | Atezolizumab in combination with carboplatin plus nab-paclitaxel chemotherapy compared with chemotherapy alone as first-line treatment for metastatic non-squamous non-small-cell lung cancer (IMpower130): a multicentre, randomised, open-label, phase 3 trial[END_REF][START_REF] Paz-Ares | Pembrolizumab plus Chemotherapy for Squamous Non-Small-Cell Lung Cancer[END_REF][START_REF] Gandhi | Pembrolizumab plus Chemotherapy in Metastatic Non-Small-Cell Lung Cancer[END_REF][START_REF] Horn | First-Line Atezolizumab plus Chemotherapy in Extensive-Stage Small-Cell Lung Cancer[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].

Since ICI exhibit an original mechanism of action that is based on enhancing the antitumor immune response, physicians are now facing totally new patterns of tumor response and progression [START_REF] Borcoman | Novel patterns of response under immunotherapy[END_REF]. Indeed, several types of atypical tumor responses induced by ICI have been described, such as pseudo-progression or a long-term near-complete to complete response that evokes a actual cure in some patients.

These patients are termed long-term survivors, and they are represented by a plateau at the tail of survival curves [START_REF] Schadendorf | Pooled Analysis of Long-Term Survival Data From Phase II and Phase III Trials of Ipilimumab in Unresectable or Metastatic Melanoma[END_REF][START_REF] Gettinger | Five-Year Follow-Up of Nivolumab in Previously Treated Advanced Non-Small-Cell Lung Cancer: Results From the CA209-003 Study[END_REF]. Around 2% of NSCLC patients who are treated with ICI experience a pseudo-progression that is characterized by a transient increase, which is followed by a decrease in tumor burden during their treatment course [START_REF] Kazandjian | Characterization of outcomes in patients with metastatic non-small cell lung cancer treated with programmed cell death protein 1 inhibitors past RECIST version 1.1-defined disease progression in clinical trials[END_REF]. Such an initial increase is thought to be the result of tumor immune infiltration, which subsequently leads to a real response and decrease in tumor volume. This led to the development of a specific radiological assessment of tumor response: the modified RECIST 1.1 criteria for immune-based therapeutics (iRECIST) [START_REF] Seymour | iRECIST: guidelines for response criteria for use in trials testing immunotherapeutics[END_REF].

More recently, another response pattern to ICI has been described. Hyperprogression (HP), which is also called hyperprogressive disease (HPD), presents as a fast and unexpected increase in tumor burden immediately after exposure to ICI [START_REF] Champiat | Hyperprogressive disease: recognizing a novel pattern to improve patient management[END_REF]. This phenomenon is mostly based on the intuition of the treating physician when patients with an initially indolent disease experience fast, symptomatic, and dramatic progression as soon they receive ICI. Such a phenomenon is corroborated by the observation of lower overall and progression free survival in the ICI arm, during the first weeks of treatment, in almost every clinical trial comparing ICI to chemotherapy. This leads to survival curves that initially cross [START_REF] Borghaei | Nivolumab versus Docetaxel in Advanced Nonsquamous Non-Small-Cell Lung Cancer[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][START_REF] Hellmann | Nivolumab plus Ipilimumab in Advanced Non-Small-Cell Lung Cancer[END_REF]. Despite being reported in several studies, the existence of HP remains controversial, possibly due to the lack of an agreed definition and evaluation [START_REF] Adashek | Hyperprogression and Immunotherapy: Fact, Fiction, or Alternative Fact?[END_REF].

Indeed, many definitions of HPD have been proposed, based on the tumor growth rate (TGR) [START_REF] Ferrara | Hyperprogressive Disease in Patients With Advanced Non-Small Cell Lung Cancer Treated With PD-1/PD-L1 Inhibitors or With Single-Agent Chemotherapy[END_REF][START_REF] Champiat | Hyperprogressive Disease Is a New Pattern of Progression in Cancer Patients Treated by Anti-PD-1/PD-L1[END_REF][START_REF] Sasaki | Predictive factors for hyperprogressive disease during nivolumab as anti-PD1 treatment in patients with advanced gastric cancer[END_REF][START_REF] Wong | Hyperprogressive disease in hepatocellular carcinoma with immune checkpoint inhibitor use: a case series[END_REF][START_REF] Kanjanapan | Hyperprogressive disease in early-phase immunotherapy trials: Clinical predictors and association with immune-related toxicities[END_REF][START_REF] Scheiner | Programmed cell death protein-1 (PD-1)-targeted immunotherapy in advanced hepatocellular carcinoma: efficacy and safety data from an international multicentre real-world cohort[END_REF][START_REF] Tachihara | Who will suffer from hyperprogressive disease in patients with advanced non-small cell lung cancer treated with PD-1/PD-L1 inhibitors[END_REF][START_REF] Kas | Clarification of Definitions of Hyperprogressive Disease During Immunotherapy for Non-Small Cell Lung Cancer[END_REF], tumor growth kinetic (TGK) [START_REF] Saâda-Bouzid | Hyperprogression during anti-PD-1/PD-L1 therapy in patients with recurrent and/or metastatic head and neck squamous cell carcinoma[END_REF][START_REF] Ji | Hyperprogression after immunotherapy in patients with malignant tumors of digestive system[END_REF][START_REF] Kim | Comprehensive Clinical and Genetic Characterization of Hyperprogression Based on Volumetry in Advanced Non-Small Cell Lung Cancer Treated With Immune Checkpoint Inhibitor[END_REF], RECIST assessment at the first radiological evaluation [START_REF] Matos | Capturing Hyperprogressive Disease with Immune-Checkpoint Inhibitors Using RECIST 1.1 Criteria[END_REF], or composite definitions including the time to treatment failure (TTF) [START_REF] Kamada | PD-1+ regulatory T cells amplified by PD-1 blockade promote hyperprogression of cancer[END_REF][START_REF] Kato | Hyperprogressors after Immunotherapy: Analysis of Genomic Alterations Associated with Accelerated Growth Rate[END_REF][START_REF] Kim | Hyperprogressive disease during PD-1/PD-L1 blockade in patients with non-small-cell lung cancer[END_REF][START_REF] Tunali | Novel clinical and radiomic predictors of rapid disease progression phenotypes among lung cancer patients treated with immunotherapy: An early report[END_REF][START_REF] Russo | Antibody-Fc/FcR Interaction on Macrophages as a Mechanism for Hyperprogressive Disease in Non-small Cell Lung Cancer Subsequent to PD-1/PD-L1 Blockade[END_REF]. Only few data concerning the agreement between these definitions are available, and a consensus recommendation has not yet been established.

Several studies have assessed HP's predictive factors in patients treated with ICI, with heterogeneous results [START_REF] Ferrara | Hyperprogressive Disease in Patients With Advanced Non-Small Cell Lung Cancer Treated With PD-1/PD-L1 Inhibitors or With Single-Agent Chemotherapy[END_REF][START_REF] Champiat | Hyperprogressive Disease Is a New Pattern of Progression in Cancer Patients Treated by Anti-PD-1/PD-L1[END_REF][START_REF] Sasaki | Predictive factors for hyperprogressive disease during nivolumab as anti-PD1 treatment in patients with advanced gastric cancer[END_REF][START_REF] Kanjanapan | Hyperprogressive disease in early-phase immunotherapy trials: Clinical predictors and association with immune-related toxicities[END_REF][START_REF] Saâda-Bouzid | Hyperprogression during anti-PD-1/PD-L1 therapy in patients with recurrent and/or metastatic head and neck squamous cell carcinoma[END_REF][START_REF] Kim | Comprehensive Clinical and Genetic Characterization of Hyperprogression Based on Volumetry in Advanced Non-Small Cell Lung Cancer Treated With Immune Checkpoint Inhibitor[END_REF][START_REF] Kato | Hyperprogressors after Immunotherapy: Analysis of Genomic Alterations Associated with Accelerated Growth Rate[END_REF][START_REF] Tunali | Novel clinical and radiomic predictors of rapid disease progression phenotypes among lung cancer patients treated with immunotherapy: An early report[END_REF][START_REF] Russo | Antibody-Fc/FcR Interaction on Macrophages as a Mechanism for Hyperprogressive Disease in Non-small Cell Lung Cancer Subsequent to PD-1/PD-L1 Blockade[END_REF]. More recently, a metaanalysis pooled these data and identified five predictive factors of HP: serum lactate dehydrogenase (LDH) above the upper-normal limit, more than two metastatic sites, liver metastases, Royal Marsden Hospital prognostic score of 2 or above, and negative PD-L1 expression status [START_REF] Kim | Hyperprogressive Disease during Anti-PD-1 (PDCD1) / PD-L1 (CD274) Therapy: A Systematic Review and Meta-Analysis[END_REF].

The reported impact of HP on clinical outcomes proves to be heterogeneous among the studies. Some authors found significant association between HP and lower overall survival (OS), compared to patients with "classical" progressive disease without HP [START_REF] Ferrara | Hyperprogressive Disease in Patients With Advanced Non-Small Cell Lung Cancer Treated With PD-1/PD-L1 Inhibitors or With Single-Agent Chemotherapy[END_REF][START_REF] Sasaki | Predictive factors for hyperprogressive disease during nivolumab as anti-PD1 treatment in patients with advanced gastric cancer[END_REF][START_REF] Saâda-Bouzid | Hyperprogression during anti-PD-1/PD-L1 therapy in patients with recurrent and/or metastatic head and neck squamous cell carcinoma[END_REF][START_REF] Kim | Comprehensive Clinical and Genetic Characterization of Hyperprogression Based on Volumetry in Advanced Non-Small Cell Lung Cancer Treated With Immune Checkpoint Inhibitor[END_REF], whereas others did not [START_REF] Kanjanapan | Hyperprogressive disease in early-phase immunotherapy trials: Clinical predictors and association with immune-related toxicities[END_REF][START_REF] Matos | Capturing Hyperprogressive Disease with Immune-Checkpoint Inhibitors Using RECIST 1.1 Criteria[END_REF]. The medical literature is currently lacking data concerning the management of HP patients, and a therapeutic strategy has not yet been clearly defined.

We aimed to compare different available definitions of HP in consecutive patients with advanced NSCLC who were treated with ICI in the Thoracic Oncology Department of Bichat-Claude Bernard University Hospital, Assistance Publique des Hôpitaux de Paris (AP-HP), France, during a three-year period. We investigated whether certain markers could predict the occurrence of HP and whether HP would impact OS. Then, we described the management of such HPD patients and assessed the efficacy of either rapidly resuming chemotherapy or the potential impact of corticosteroids therapy, under the assumption that HPD was the consequence of an immune-mediated mechanism.

PATIENTS AND METHODS

Population and treatment

Data were retrospectively collected from all consecutive NSCLC patients with histologically confirmed diagnosis, who received ICI during a 38-month period between April 16, 2015, and June 22, 2018, in the Thoracic Oncology Department of a large university hospital in northern Paris, France.

Radiological assessments

TGR and TGK assessment required a minimum of two computed tomography (CT) scans before ICI initiation (the most recent scans were before baseline [CTpre] and baseline [CT0]) and one CT scan after ICI (CTpost). Only CT0 and CTpost were mandatory to assess the RECIST-based definition of HPD. A minimum of 15 days between CT scans was required, and CT0 had to be performed less than four weeks before ICI initiation. We retrospectively calculated sums of the target lesions, according to RECIST 1.1, at the CTpre, CT0, and CTpost scans, which were called Spre, S0, and Spost, respectively. The best tumoral response was defined as the best overall radiological response recorded under ICI, according to RECIST 1.1 criteria. This was confirmed by a second radiological evaluation for stable disease (SD) and objective response (OR) at least four weeks later. All radiological assessments were performed by an experienced specialist thoracic radiologist (AK) and two thoracic oncologists (BA and SB).

Definitions of HPD

All definitions of HP are summarized in Figure 1.

Tumor growth rate

A RECIST 1.1 evaluation of the CTpre, CT0, and CTpost scans was performed. TGR was measured according to the definition by Ferté et al. [START_REF] Ferté | Tumor growth rate is an early indicator of antitumor drug activity in phase I clinical trials[END_REF] and quantified for the target lesions only (non-target lesions and new lesions were excluded from the analysis). TGR was measured before (TGRpre) and after (TGRpost) ICI initiation. We assessed HPD using two different TGR-based definitions. The first definition was based on the ratio between TGRpost and TGRpre, which was called TGRratio and defined as progression according to RECIST 1.1 at CTpost and TGRpost/TGRpre ≥2 [START_REF] Kanjanapan | Hyperprogressive disease in early-phase immunotherapy trials: Clinical predictors and association with immune-related toxicities[END_REF]. The second definition was based on the difference between TGRpost and TGRpre, which was called ∆TGR and defined as Spost/S0 >1.2 and TGRpost-TGRpre >100 [START_REF] Kas | Clarification of Definitions of Hyperprogressive Disease During Immunotherapy for Non-Small Cell Lung Cancer[END_REF].

Tumor growth kinetic

A RECIST 1.1 evaluation of CTpre, CT0, and CTpost scans was performed. TGK was measured according to the definition by Saâda-Bouzid et al. [START_REF] Saâda-Bouzid | Hyperprogression during anti-PD-1/PD-L1 therapy in patients with recurrent and/or metastatic head and neck squamous cell carcinoma[END_REF] as TGKpre = (S0-Spre)/(T0-Tpre) and TGKpost = (Spost-S0)/(Tpost-T0), with Tpre, T0, and Tpost representing the time of CTpre, CT0, and CTpost scans, respectively. Only target lesions were included, whereas non-target lesions and new lesions were excluded from the analysis. The TGK-based HPD was defined as TGKpost/TGKpre ≥2 [START_REF] Saâda-Bouzid | Hyperprogression during anti-PD-1/PD-L1 therapy in patients with recurrent and/or metastatic head and neck squamous cell carcinoma[END_REF][START_REF] Ji | Hyperprogression after immunotherapy in patients with malignant tumors of digestive system[END_REF].

RECIST

A RECIST 1.1 evaluation of CT0 and CTpost scans was performed. For the RECISTbased HPD definition, the CTpost scan had to be performed up to eight weeks after ICI initiation. RECIST-based HPD was defined according to the definition by Matos et al. [START_REF] Matos | Capturing Hyperprogressive Disease with Immune-Checkpoint Inhibitors Using RECIST 1.1 Criteria[END_REF] as an increase of ≥40% in the sum (S) of the target lesions observed on the CTpost scan compared with the CT0 scan (Spost/S0 ≥1.4) or an increase of ≥20% in the sum of the target lesions compared with the CT0 scan (Spost/S0 ≥1.2), plus the appearance of new lesions in at least two different organs on the CTpost scan.

Time to treatment failure

TTF was defined as the interval from ICI initiation to its discontinuation for tumoral progression (RECIST or non-RECIST progressive disease) or death. TTF-based HPD was defined as TTF <8 weeks after ICI initiation [START_REF] Kim | Hyperprogressive disease during PD-1/PD-L1 blockade in patients with non-small-cell lung cancer[END_REF].

Statistical analysis

Survival was calculated using the Kaplan-Meier method, and the log-rank test was applied for statistical comparison. Univariate Cox proportional-hazard models were employed to assess hazard ratios (HR) with 95% confidence interval (95% CI). The median follow-up was calculated using the Kaplan-Meier reverse method.

Associations between HPD and various biological, clinical, and radiological variables were assessed using the Fisher's exact test for categorical variables and the Mann-Whitney U test for continuous variables. The agreement between the five definitions (TGRratio, ∆TGR, TGK, RECIST, and TTF) was assessed using Cohen's kappa coefficient. Statistical analyses were performed using the R software (Version 4.0.2) and R studio software (Version 1.2.1335).

Ethics statement

According to French regulatory laws, all patients received written information and provided their oral consent for data collection. Patients' clinical charts were retrospectively collected from electronic files using a de-identified form. This study was approved by the Institutional Review Board of the French Learned Society for Respiratory Medicine (CEPRO 2020-037).

RESULTS

Description of the cohort

We retrospectively analyzed 169 patients with advanced NSCLC. The majority of patients (139/169; 82.2%) received the ICI nivolumab, which reflects the available registrations in 2015-17. Pembrolizumab was administered to 18/169 patients (10.7%), and the combination of nivolumab plus ipilimumab was given to 12/169 patients (7.1%) within clinical trials. Patients received ICI mainly in second-, third-, or subsequent-line settings (83.4%). The median age at ICI initiation was 63 years (IQR 56-70), and there was a majority of men (115/169; 68% vs. 54/169; 32% women) (Table 1). The median follow-up was 2.7 years (95% CI, 2.1-3.7), and the median overall survival (mOS) under ICI was 9.4 months (95% CI, 8.0-13.0).

Of these 169 patients (Figure 2), four patients were lost to follow-up, and one was excluded because of an unknown ICI initiation date. Thus, overall 164 patients were eligible for the TTF-based HP definition. Among these, nine did not have a tumor burden RECIST 1.1 evaluation of the CTpost scan (six died before the first radiological evaluation, and three had no tumor burden that was measurable by RECIST on the CTpost scan). Of these 155 patients, seven did not undergo a CT0 scan, five did not undergo a CTpre scan, and two had an interval between CT0 and CTpre scans that was shorter than 15 days. Thus, a total of 141 patients were eligible for HP definitions based on TGRratio, ∆TGR, and TGK. Among the 148 patients for whom tumor RECIST 1.1 evaluations of CTpost and CT0 scans were available, 13 underwent CTpost scanning more than eight weeks after ICI initiation, meaning that overall 135 patients were eligible for a RECIST-based HP definition.

Incidence of HPD and agreement between definitions

According to the TGRratio-, ∆TGR-, TGK-, RECIST-, and TFF-based definitions, HPD was experienced by 16/141 (11.3%), 8/141 (5.7%), 24/141 (17.0%), 13/135 (9.6%), and 52/164 (31.7%) patients, respectively.

The agreement between definitions is represented by a Venn diagram (Figure 3A) that shows TGRratio and ∆TGR were centrally located among all definitions. The Cohen's kappa coefficients between definitions were, in ascending order, 77% (TGRratio and TGK), 76% (∆TGR and RECIST), 57% (TGRratio and RECIST), 50% (RECIST and TGK), 46% (TGRratio and ∆TGR), 45% (RECIST and TTF), 41% (TGRratio and TTF), 33% (TGK and TTF), 32% (∆TGR and TGK), and 29% (∆TGR and TTF) (Figure 3B).

Association between HPD and OS

In accordance with their best tumor response, patients were divided into three groups: patients with HPD, patients with progressive disease (PD), and patients with disease control (SD or OR).

No statistically significant difference in mOS was found between the HPD and PD groups according to the TGRratio-based criteria, with mOS of 6.8 months (95% CI, 4.6-12.0) and 7.6 months (95% CI, 5.1-9.3), respectively (HR 1.20 [95% CI, 0.67-2.15]; P = 0.537) (Figure 4A). No statistically significant difference in mOS was found between the HPD and PD groups according to the ∆TGR-based criteria, with mOS of 4.7 months (95% CI, 3.0-NR) and 7.7 months (95% CI, 5.6-8.9), respectively (HR 1.24 [95% CI, 0.59-2.62]; P = 0.573) (Figure 4B). No statistically significant difference in mOS was found between the HPD and PD groups according to the TGK-based criteria, with mOS of 7.6 months (95% CI, 4.6-9.0) and 7.8 months (95% CI, 5.1-9.4), respectively (HR 1.34 [95% CI, 0.80-2.27]; P = 0.267) (Figure 4C). No statistically significant difference in mOS was found between the HPD and PD groups according to the RECIST-based criteria, with mOS of 8.0 months (95% CI, 4.6-NR) and 6.5 months (95% CI, 3.8-9.3), respectively (HR 1.07 [95% CI, 0.57-1.99]; P = 0.842) (Figure 4D). However, HPD was associated with shorter mOS compared to PD according to the TTF-based definition, with mOS of 1.9 months (95% CI, 1.7-4.6) and 8.3 months (95% CI, 5.9-10.5), respectively (HR 2.48 [95% CI, 1.62-3.80]; P < 0.001) (Figure 4E). The group of patients with disease control was associated with the longest mOS, compared to PD and HPD, according to any definition (P < 0.001) (Figure 4).

Variables associated with HPD

We analyzed the association between HPD, as based on the TGRratio definition, and several biological, clinical, and radiological variables. We chose the TGRratio definition to assess the markers associated with HPD, as it is considered the most widely used and approved definition of HPD.

In univariate analysis, four variables were significantly associated with HPD: a number of metastatic sites >2 (75.0% compared to 45.6%, P = 0.034), the presence of liver metastasis (43.8% compared to 10.4%, P = 0.002), the presence of pleural 2). In multivariate analysis, liver metastasis was the only variable found to be significantly associated with HPD (P = 0.003) (Table 2).

Management and follow-up of HPD patients

Next, we analyzed the clinical management of the 16 HPD patients, according to the TGRratio-based definition. The median age was 62 years (IQR 53-77), 11/16 (69%) were male, and 5/16 (31%) were female. The mOS after ICI initiation was 6.8 months (95% CI, 4.6-12.0), and the mOS after HPD diagnosis was 4.7 months (95% CI, 3.4-10.8).

Overall, 7/16 (44%) patients received chemotherapy after ICI discontinuation (three with carboplatin-paclitaxel, two with docetaxel, one with paclitaxel-bevacizumab, and one with 5-fluorouracil). Additionally, 1/16 (6%) received oral targeted therapy (osimertinib) because of an EGFR mutation. This resulted in overall median progression free survival (mPFS) upon treatment of 2.7 months (95%, CI, 2.1-NR).

The mOS observed in the group of patients treated with chemotherapy or targeted therapy and in the group of patients treated with best supportive care were 5.8 months (95% CI, 4.7-NR) and 2.5 months (95% CI, 1.2-NR), respectively, this difference being not statistically significant (p=0.2) (supplementary Figure S1).

Corticosteroid therapy was initiated in 7/16 patients (44%) (≥0.5mg/Kg/day prednisone or equivalent) as symptomatic treatment of HPD, which was based on the notion that such HPD could be the consequence of a poorly characterized immune mechanism. Only one case of clinical improvement was observed. The mOS observed in the group of patients treated with corticosteroids and in the group of patients treated without corticosteroids were 3.4 months (95% CI, 1.2-NR) and 5.7 months (95% CI, 4.7-NR), respectively, this difference being not statistically significant (p=0.2) (supplementary Figure S2).

DISCUSSION

HP is characterized by a rapid and unpredicted increase in tumor burden after exposure to ICI. It is a complex clinical and radiological phenomenon, with possibly dramatic consequences. Despite being reported in several retrospective studies, HP remains controversial because of a lack of agreed recommendations for its definition, evaluation, monitoring, and management.

In our single-center retrospective study, which reflected "real-life" conditions, we investigated the incidence of HP according to the five definitions that are currently available (TGRratio, ∆TGR, TGK, RECIST, and TTF). We found very heterogeneous rates between definitions (from 5.7% to 31.7%), with results consistent with previously reported studies [START_REF] Ferrara | Hyperprogressive Disease in Patients With Advanced Non-Small Cell Lung Cancer Treated With PD-1/PD-L1 Inhibitors or With Single-Agent Chemotherapy[END_REF][START_REF] Champiat | Hyperprogressive Disease Is a New Pattern of Progression in Cancer Patients Treated by Anti-PD-1/PD-L1[END_REF][START_REF] Kas | Clarification of Definitions of Hyperprogressive Disease During Immunotherapy for Non-Small Cell Lung Cancer[END_REF][START_REF] Kim | Comprehensive Clinical and Genetic Characterization of Hyperprogression Based on Volumetry in Advanced Non-Small Cell Lung Cancer Treated With Immune Checkpoint Inhibitor[END_REF][START_REF] Matos | Capturing Hyperprogressive Disease with Immune-Checkpoint Inhibitors Using RECIST 1.1 Criteria[END_REF][START_REF] Kim | Hyperprogressive disease during PD-1/PD-L1 blockade in patients with non-small-cell lung cancer[END_REF][START_REF] Russo | Antibody-Fc/FcR Interaction on Macrophages as a Mechanism for Hyperprogressive Disease in Non-small Cell Lung Cancer Subsequent to PD-1/PD-L1 Blockade[END_REF]. Agreement between the different definitions was also heterogeneous but globally poor, with a maximum of 77% agreement between TGRratio and TGK and a minimum of 29% between ∆TGR and TTF (Figure 3.A). HPD showed a trend to association with shorter OS compared to the group of patients with PD without HPD, but this difference only reached statistical significance using the TTF-based definition of HPD (Figure 3). Interestingly, we were able to confirm the correlation between liver metastasis and HPD [START_REF] Matos | Capturing Hyperprogressive Disease with Immune-Checkpoint Inhibitors Using RECIST 1.1 Criteria[END_REF][START_REF] Kim | Hyperprogressive Disease during Anti-PD-1 (PDCD1) / PD-L1 (CD274) Therapy: A Systematic Review and Meta-Analysis[END_REF]. However, we also identified other predictive factors. The presence of pleural metastases and a short time spent between the last chemotherapy injection and ICI initiation was significantly associated with HPD in the univariate analysis and approaching statistical significance in the multivariate analysis (Table 2). Concerning our management of HPD, neither chemotherapy nor corticosteroids use were associated with statistically significant impact on overall survival. This is probably due to the low sample size.

In our opinion, HPD that is induced by ICI is a real phenomenon with major clinical consequences for some patients. Yet, this atypical pattern of tumor progression cruelly lacks a unique, easily applicable, clinically relevant, and agreed definition. Our results highlight the high heterogeneity of incidence and outcomes between the definitions available. Indeed, the clinical impact of HPD was highly influenced by the definition used, with only one definition (TTF <2 months) leading to a statistically significant difference in OS between the HPD and PD groups (Figure 4). Although the definition of HPD using TTF is likely clinically relevant, it is extremely unspecific. Indeed, this definition only considers death from all causes and ignores the speed of pre-ICI tumor growth. The RECIST definition proposed by Matos et al. [START_REF] Matos | Capturing Hyperprogressive Disease with Immune-Checkpoint Inhibitors Using RECIST 1.1 Criteria[END_REF] is certainly easily applicable in clinical routine and considers the appearance of new lesions, but it does not take into account the pre-ICI tumor growth either. Furthermore, in our study, the difference in mOS between the HPD and PD groups using the RECIST definition did not significantly differ (Figure 4.D). The TGK definition initially proposed by Saâda-Bouzid et al. [START_REF] Saâda-Bouzid | Hyperprogression during anti-PD-1/PD-L1 therapy in patients with recurrent and/or metastatic head and neck squamous cell carcinoma[END_REF] in head and neck cancers, which is used in several studies [START_REF] Ji | Hyperprogression after immunotherapy in patients with malignant tumors of digestive system[END_REF][START_REF] Kim | Comprehensive Clinical and Genetic Characterization of Hyperprogression Based on Volumetry in Advanced Non-Small Cell Lung Cancer Treated With Immune Checkpoint Inhibitor[END_REF][START_REF] Kim | Hyperprogressive disease during PD-1/PD-L1 blockade in patients with non-small-cell lung cancer[END_REF], considers pre-ICI tumor growth and appears to be easily calculable. However, this definition requires assessment of CT scans performed before the ICI baseline CT scans, and do not take new lesions into consideration. Indeed, this definition appears clinically irrelevant in our series, since the mOS of the HPD and PD groups differed by only 0.2 months using the TGK definition (Figure 4C). TGR-based definitions (TGRratio and ∆TGR) appear centrally located among all the definitions (Figure 3.A). Moreover, TGR-based definitions do consider pre-ICI tumor growth and use an exponential growth model. However, such definitions do not consider new lesions either, they need pre-ICI CT scans to be available, and require a complex mathematical formula for calculation [START_REF] Ferté | Tumor growth rate is an early indicator of antitumor drug activity in phase I clinical trials[END_REF]. In our series, the ∆TGR definition appeared more clinically relevant than TGRratio, with a difference in mOS between the HPD and PD groups of 3.0 months compared to 0.8 months (Figures

4.B and 4.A)

. Finally, the HPD definition that is based on TTF seemed to be the least precise, but the simplest and actually appears to be the best correlated with worse OS.

Another issue worth noting is the heterogeneity of HPD incidences that has been found in several studies that used the same definitions [START_REF] Champiat | Hyperprogressive Disease Is a New Pattern of Progression in Cancer Patients Treated by Anti-PD-1/PD-L1[END_REF][START_REF] Kanjanapan | Hyperprogressive disease in early-phase immunotherapy trials: Clinical predictors and association with immune-related toxicities[END_REF][START_REF] Kas | Clarification of Definitions of Hyperprogressive Disease During Immunotherapy for Non-Small Cell Lung Cancer[END_REF][START_REF] Kim | Hyperprogressive disease during PD-1/PD-L1 blockade in patients with non-small-cell lung cancer[END_REF]. This could be explained by the diversity of tumor types and number of previous chemotherapy lines received before ICI initiation. These results could also be explained by the heterogeneity of treatments received during the pre-ICI period (TGRpre, TGKpre). Indeed, receiving chemotherapy could decrease the tumor growth during this period, even if a tumoral progression was observed on a CT scan after this period.

This study highlights the high heterogeneity between the different HP definitions, suggesting that they do not represent the same tumor behavior. According to our data, the TGR-based definitions seem to represent the best compromise considering their specificity and the limitations and advantages of each definition proposed.

These HP definitions should be compared prospectively with overall survival being the primary endpoint. Furthermore, in our opinion, HP occurrence should be monitored as a secondary endpoint in the ICI clinical trials, in the same way as safety and adverse events.

With regards to the variables found to be associated with HPD, the presence of liver metastasis was strongly associated with HPD. This finding has been reported in several others studies [START_REF] Matos | Capturing Hyperprogressive Disease with Immune-Checkpoint Inhibitors Using RECIST 1.1 Criteria[END_REF][START_REF] Kim | Hyperprogressive Disease during Anti-PD-1 (PDCD1) / PD-L1 (CD274) Therapy: A Systematic Review and Meta-Analysis[END_REF]. However, since liver metastases, among all possible metastasis sites, usually lead to a very poor prognosis in NSCLC patients, whether they also display a predictive impact on the specific efficacy of ICI as compared with chemotherapy for example is difficult to prove outside a randomized trial [START_REF] Ren | Prognostic effect of liver metastasis in lung cancer patients with distant metastasis[END_REF]. The identification of two new potential predictive factors (pleural metastasis and a short time interval between the last chemotherapy injection and ICI initiation) might also help physicians closely monitor for HPD. However, such variables must be assessed in larger series because the current limited sample size did not allow for statistical significance to be reached in our multivariate analysis. The association between HPD and a short-elapsed time between chemotherapy discontinuation and ICI initiation may reflect a fast, intrinsic TGR in these patients. This finding aligns with the inverse correlation between TGRpre (before ICI) and the response to ICI observed by Champiat et al. [START_REF] Champiat | Hyperprogressive Disease Is a New Pattern of Progression in Cancer Patients Treated by Anti-PD-1/PD-L1[END_REF] and Kim et al. [START_REF] Kim | Hyperprogressive disease during PD-1/PD-L1 blockade in patients with non-small-cell lung cancer[END_REF]. Interestingly, HPD was not associated with tumor responses under previous chemotherapy in our study, which highlights the completely different mechanisms of action between those two anti-neoplastic treatments. Taking together, in our opinion, single-drug ICI should be given with caution to NSCLC patients with fast-growing tumors, liver metastasis, or pleural metastasis. In this population, physicians may initiate monitoring of tumor progression using CT scans early on, which could be performed at 4-6 weeks after ICI initiation. Furthermore, ICI should not be given beyond progression, whereas chemotherapy should be resumed instead. Although the physiological mechanism of HPD is not clearly understood, it can already be assumed that the tumor's microenvironment plays a major role, including cancer-associated fibroblast, tumorassociated macrophages, and T-reg lymphocytes [START_REF] Champiat | Hyperprogressive disease: recognizing a novel pattern to improve patient management[END_REF]. A combination of treatments that target the microenvironment could thus become the standard in the future [START_REF] Murciano-Goroff | The future of cancer immunotherapy: microenvironment-targeting combinations[END_REF].

To our knowledge, the current study is the first to report the impact of clinical management of HPD patients under ICI. Using chemotherapy was associated with a trend to longer OS (+3,3 months of mOS) without statistically significant impact.

However, in this study, patients treated with chemotherapy were most likely in better clinical condition, which consists of an important bias. Conversely, using immunosuppressive corticosteroids as symptomatic treatment for HPD, based on the hypothesis of an immune-mediated mechanism of HPD, was associated with a trend to shorter OS (-2.3 months) without statistically significant impact. However, corticosteroids may have been prescribed to patients with more symptomatic disease i.e more intense HP and thus with worse prognosis.

Our study has several limitations, most of which relate to its retrospective, singlecenter nature and the lack of statistical power for subset analyses. Only 129 of 169 patients were able to be evaluated using all five definitions. Considerable heterogeneity was also observed in terms of treatment during the pre-ICI period (chemotherapy, targeted therapy, or no treatment) and the number of previous chemotherapy lines received (from none to four). These differences may explain our results. PD-L1 expression was missing for 26.6% of patients, mainly with squamouscell carcinoma (SCC). The molecular profile was not available for 25.4% of these patients, again mainly with SCC. Moreover, STK11 and KEAP1 could adversely influence ICI efficacy, whereas p53 and K-Ras mutations could favor an ICI treatment response. We were not able to study every published definition of HPD, particularly the composite definitions that regroup TTF or TGK with TTF or a modification in tumor load [START_REF] Kim | Comprehensive Clinical and Genetic Characterization of Hyperprogression Based on Volumetry in Advanced Non-Small Cell Lung Cancer Treated With Immune Checkpoint Inhibitor[END_REF][START_REF] Kato | Hyperprogressors after Immunotherapy: Analysis of Genomic Alterations Associated with Accelerated Growth Rate[END_REF][START_REF] Tunali | Novel clinical and radiomic predictors of rapid disease progression phenotypes among lung cancer patients treated with immunotherapy: An early report[END_REF].

Conclusion

We identified HPD in 11.3%, 5.7%, 17.0%, 9.6%, and 31.7% of NSCLC patients who were treated with ICI, according to TGRratio-, ∆TGR-, TGK-, RECIST-, and TFFbased definitions, respectively. Agreement between the different definitions was 21 highly heterogeneous and globally poor, with a maximum of 77% agreement between TGRratio and TGK and a minimum of 29% between ∆TGR and TTF. HPD was systematically associated with shorter OS compared to PD without HPD, but this difference only reached statistical significance when using the TTF-based definition.

A number of metastatic sites >2, liver metastasis, pleural metastasis, and a short time interval between chemotherapy discontinuation and ICI initiation were associated with HPD in the univariate analysis. The only variable associated with HPD in the multivariate analysis was existing liver metastasis, which suggests cautious ICI use in this subset of patients. In TGRratio-based HP patients, although resuming chemotherapy was associated with numerically longer survival, such difference did not reach statistical difference. Similarly, corticosteroids use was not associated with statistically significant impact on overall survival, although such group showed especially poor survival. Additional studies are required to generate agreed recommendations for HPD evaluation, definition, and management. HPD is assessed using five different definitions: TGRratio [START_REF] Kanjanapan | Hyperprogressive disease in early-phase immunotherapy trials: Clinical predictors and association with immune-related toxicities[END_REF], ∆TGR [START_REF] Kas | Clarification of Definitions of Hyperprogressive Disease During Immunotherapy for Non-Small Cell Lung Cancer[END_REF], TGK [START_REF] Saâda-Bouzid | Hyperprogression during anti-PD-1/PD-L1 therapy in patients with recurrent and/or metastatic head and neck squamous cell carcinoma[END_REF][START_REF] Ji | Hyperprogression after immunotherapy in patients with malignant tumors of digestive system[END_REF], RECIST [START_REF] Matos | Capturing Hyperprogressive Disease with Immune-Checkpoint Inhibitors Using RECIST 1.1 Criteria[END_REF], and TTF [START_REF] Kim | Hyperprogressive disease during PD-1/PD-L1 blockade in patients with non-small-cell lung cancer[END_REF]. TGR, tumor growth rate; TGK, tumor growth kinetic; RECIST, Response Evaluation Criteria in Solid Tumors; TTF, time to treatment failure; HPD, hyperprogressive disease. HPD is assessed using five different definitions: TGRratio [START_REF] Kanjanapan | Hyperprogressive disease in early-phase immunotherapy trials: Clinical predictors and association with immune-related toxicities[END_REF], ∆TGR [START_REF] Kas | Clarification of Definitions of Hyperprogressive Disease During Immunotherapy for Non-Small Cell Lung Cancer[END_REF], TGK [START_REF] Saâda-Bouzid | Hyperprogression during anti-PD-1/PD-L1 therapy in patients with recurrent and/or metastatic head and neck squamous cell carcinoma[END_REF][START_REF] Ji | Hyperprogression after immunotherapy in patients with malignant tumors of digestive system[END_REF], RECIST [START_REF] Matos | Capturing Hyperprogressive Disease with Immune-Checkpoint Inhibitors Using RECIST 1.1 Criteria[END_REF], and TTF [START_REF] Kim | Hyperprogressive disease during PD-1/PD-L1 blockade in patients with non-small-cell lung cancer[END_REF]. OS, overall survival; HPD, hyperprogressive disease; PD, progressive disease according to RECIST 1.1 without HPD; SD/OR, stable disease or objective responses according to RECIST 1.1; TGR, tumor growth rate; TGK, tumor growth kinetic; RECIST, response criteria in solid tumors; TTF, time to treatment failure.

  metastasis (50% compared to 23.2%, P = 0.033), and a short median interval time between the last chemotherapy injection and ICI initiation (21.0 days [IQR 19.0-23.0] compared to 49.5 days [IQR 27.2-138.5], P < 0.001) (Table

  : Fisher test for categorical variables and Mann Whitney test for continuous variables. **Former smokers: have smoked at least 100 cigarettes in their lifetime and abstained from smoking for > 12 months. ¶≥equivalent to prednisone 10mg/day. E1L3N antibody on Leica Bond automat. Derived neutrophil-to-lymphocyte ratio= neutrophil count/(leucocyte countneutrophil count).HPD, hyperprogressive disease; IQR, interquartile; ECOG, Eastern CooperativeOncology Group; PS, performance status; ICI, immune checkpoint inhibitor; PD-L1, programmed cell death-ligand 1; PD, progressive disease, SD, stable disease; PR, partial response, CR, complete response; CNS, central nervous system; LDH, lactate dehydrogenase.

Figure 1 .

 1 Figure 1. Definitions of hyperprogressive disease (inspired by Matos et al. [33]).CT, computed tomography; HPD, hyperprogressive disease; TGR, tumor growth rate; TGK, tumor growth kinetic; TTF, time to treatment failure; ICI, immune checkpoint inhibitor; Spost and S0, sum of the target lesion according to RECIST 1.1 at CTpost and CT0 scans respectively; PD, progressive disease.

Figure 2 .

 2 Figure 2. Patient disposition.NSCLC, non-small cell lung cancer; ICI, immune checkpoint inhibitor; CT0, baseline computed tomography; CTpre, most recent computed tomography before baseline; CTpost, first computed tomography after ICI initiation; TTF, time to treatment failure; HP, hyperprogression; TGR, tumor growth rate; TGK, tumor growth kinetic.

Figure 3 .

 3 Figure 3. Concordance between definitions. (A) Venn diagram including the 129 patients evaluable for all five HPD definitions. (B) Cohen's Kappa coefficient between definitions. The Cohen's Kappa coefficient corresponds to the proportion of patients with HPD in common among all patients assessed as having of HPD by at least one definition.

Figure 4 .

 4 Figure 4. Overall survival of hyperprogressive disease, progressive disease and stable disease/objective response groups according to TGRratio-(A), ∆TGR-(B), TGK-(C), RECIST-(C), and TTF-(D) based definitions.

  

  

  

  

TABLES 590 Table 1 . Patient baseline characteristics

 5901 

	591	
		N=169
	Median age, years (IQR)	63 (56-70)
	Sex	
	Male	115 (68%)
	Female	54 (32%)
	Smoking status	
	Current	(39.6%)
	Former*	(54.4%)
	Never	(5.3%)
	Missing	(0.6%)
	ECOG PS	
	0	(15.4%)
	1	(42.6%)
	2	(36.1%)
	3-4	10 (5.9%)
	Tumor stage	
	II	(1.2%)
	III	(14.2%)
	IV	143 (84.6%)
	Recurrence after initial locoregional	(23.1%)
	treatment**	
	Histology	
	Adenocarcinoma	101 (59.8%)
	Squamous cell	(29.6%)
	Large-cell	(4.1%)
	Sarcomatoid	(1.8%)
	Other	(4.7%)
	Molecular profile	
	Available	126 (74.6%)
	Non-available ¶	(25.4%)
	EGFR-mutated oncogene-addicted	
	Yes	(3.0%)
	No	121 (71.6%)
	Missing	(25.4%)
	PD-L1 expression	
	<1%	(18.9%)
	1-49%	(21.9%)
	≥50%	(32.5%)
	Missing	(26.6%)
	Immune checkpoint inhibitor	
	Nivolumab	139 (82.2%)
	Pembrolizumab	(10.7%)
	Nivolumab and ipilimumab	12 (7.1%)
	Number of prior chemotherapy regimens	
	0	(16.6%)
	1	(49.7%)

Table 2 . Hyperprogressive disease and clinical, radiological and biological 603 variables (univariate and multivariate analysis) in evaluable patients (n=141)

 2 

	604				
	Univariate analysis	Total (n=141)	HPD (n=16)	Non-HPD (n=125)	P-value*
	Median age, years (IQR)	64 (57-71)	62 (56-75)	64 (57-71)	0.93
	Sex				0.79
	Male	91 (64.5%)	11 (68.8%)	(64.0%)	
	Female	50 (35.5%)	5 (31.2%)	(36.0%)	
	ECOG PS				1.00
	0-1	90 (63.8%)	10 (62.5%)	(64.0%)	
	2-4	51 (36.2%)	6 (37.5%)	(36.0%)	
	ICI				0.11
	Nivolumab	116 (82.3%)	13 (81.2%)	103 (82.4%)	
	Nivolumab + ipilimumab	12 (8.5%)	3 (18.8%)	(7.2%)	
	Pembrolizumab	13 (9.2%)	0 (0.0%)	(10.4%)	
	Smoking status				0.10
	Current	70 (49.6%)	5 (31.2%)	(52.0%)	
	Former**	63 (44.7%)	9 (56.2%)	(43.2%)	
	Never	7 (5.0%)	2 (12.5%)	(4.0%)	
	Missing	1 (0.7%)	0 (0.0%)	(0.8%)	
	Occupational exposure				0.19
	Yes	28 (19.9%)	1 (6.2%)	(21.6%)	
	No	112 (79.4%)	15 (93.8%)	(77.6%)	
	Missing	1 (0.7%)	0 (0.0%)	(0.8%)	
	History of autoimmune disease				0.58
	Yes	7 (5.0%)	1 (6.2%)	(4.8%)	
	No	134 (95.0%)	15 (93.8%)	119 (95.2%)	
	History of respiratory infection				0.11
	treated with antibiotics within				
	6 months preceding ICI				
	Yes	11 (7.8%)	3 (18.8%)	(6.4%)	
	No	130 (92.2%)	13 (81.2%)	117 (93.6%)	
	Use of corticosteroids ¶				0.69
	Yes	16 (11.3%)	1 (6.2%)	(12.0%)	
	No	125 (88.7%)	15 (93.8%)	110 (88.0%)	
	Tumor stage				0.47
	Metastatic	118 (83.7%)	15 (93.8%)	103 (82.4%)	
	Non-metastatic	23 (16.3%)	1 (6.2%)	(17.6%)	
	Number of metastatic sites				0.034
	≤2	72 (51.1%)	4 (25.0%)	(54.4%)	
	>2	69 (48.9%)	12 (75.0%)	(45.6%)	
	Lung metastasis				0.41
	Yes	54 (38.3%)	8 (50.0%)	(36.8%)	
	No	87 (61.7%)	8 (50.0%)	(63.2%)	
	Pleural metastasis				0.033
	Yes	37 (26.2%)	8 (50.0%)	(23.2%)	
	No	104 (73.8%)	8 (50.0%)	(76.8%)	
	Bone metastasis				0.25
	Yes	42 (29.8%)	7 (43.8%)	(28.0%)	
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nor corticosteroids use was associated with statistically significant impact on overall survival.

Conclusion:

We found fairly heterogeneous HP rates using different definitions. TTF was the only definition leading to significantly worsened OS. Further studies are needed to provide consensus recommendations for the assessment, definition, and management of HP, whose existence is likely real.