Raphael Colle 
  
Anna Radzik 
  
Romain Cohen 
  
Anna Pellat 
  
Daniel Lopez-Tabada 
  
Marine Cachanado 
  
Alex Duval 
  
Magali Svrcek 
  
Yves Menu 
  
Thierry André 
  
Prof Thierry Andre 
email: thierry.andre@aphp.fr
  
  
Pseudoprogression in patients treated with immune checkpoint inhibitors for microsatellite instability-high/mismatch repair-deficient metastatic colorectal cancer

Keywords: pseudoprogression, microsatellite instability, mismatch repair, immunotherapy, PD-1, CTLA-4

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

INTRODUCTION

The efficacy of immune checkpoint inhibitors (ICIs) in microsatellite instability-high/DNA mismatch repair-deficient (MSI/dMMR) metastatic colorectal cancer (mCRC) is wellestablished [1][START_REF] Le | PD-1 Blockade in Tumors with Mismatch-Repair Deficiency[END_REF][START_REF] Le | KEYNOTE-164: Pembrolizumab for patients with advanced microsatellite instability high (MSI-H) colorectal cancer[END_REF][START_REF] Overman | Durable Clinical Benefit With Nivolumab Plus Ipilimumab in DNA Mismatch Repair-Deficient/Microsatellite Instability-High Metastatic Colorectal Cancer[END_REF][START_REF] Overman | Nivolumab (NIVO) + low-dose ipilimumab (IPI) in previously treated patients (pts) with microsatellite instability-high/mismatch repair-deficient (MSI-H/dMMR) metastatic colorectal cancer (mCRC): Long-term follow-up[END_REF][START_REF] Overman | Nivolumab in patients with DNA mismatch repair deficient/microsatellite instability high metastatic colorectal cancer: Update from CheckMate 142[END_REF][START_REF] Overman | Nivolumab in patients with metastatic DNA mismatch repair-deficient or microsatellite instability-high colorectal cancer (CheckMate 142): an open-label, multicentre, phase 2 study[END_REF]. In a recent phase III study, pembrolizumab (anti-PD1 antibody) as first-line treatment has been associated with a significant improvement of progression-free survival (PFS) compared to chemotherapy with/without bevacizumab or cetuximab [START_REF] Andre | Pembrolizumab versus chemotherapy for microsatellite instability-high/mismatch repair deficient metastatic colorectal cancer: The phase 3 KEYNOTE-177 Study[END_REF].

Radiological assessment of tumor response in patients treated with ICIs is challenging due to the probability of pseudoprogression (PSPD) [START_REF] Borcoman | Novel patterns of response under immunotherapy[END_REF]. The main hypothesis underlying the PSPD phenomenon is that ICIs might initially induce a massive recruitment of T cells to the tumor site, leading to a transient increase in tumor size. Recognition of PSPDs and distinction between PSPDs and true progression is critical to avoid undue discontinuation of an effective drug or, conversely, continuation of an ineffective and potentially toxic treatment. Therefore to overcome this phenomenon, new radiological criteria have been developed. According to iRECIST, PSPD is defined as a radiological progression of lesions that is not confirmed over time, but is followed by a sustained stability or a response to treatment [START_REF] Seymour | iRECIST: guidelines for response criteria for use in trials testing immunotherapeutics[END_REF]. The major change for iRECIST is the concept of "unconfirmed progressive disease" (iuPD) defined on the basis of RECIST 1.1 disease progression (PD), but requiring confirmation [START_REF] Seymour | iRECIST: guidelines for response criteria for use in trials testing immunotherapeutics[END_REF][START_REF] Wolchok | Guidelines for the evaluation of immune therapy activity in solid tumors: immune-related response criteria[END_REF].

The frequency of PSPD during ICI therapy is poorly known and varies according to cancer types and drugs used, but it never exceeds 15% [START_REF] Groisberg | Characteristics and outcomes of patients with advanced sarcoma enrolled in early phase immunotherapy trials[END_REF][START_REF] Parseghian | Evaluating for Pseudoprogression in Colorectal and Pancreatic Tumors Treated With Immunotherapy[END_REF][START_REF] Hodi | Evaluation of Immune-Related Response Criteria and RECIST v1.1 in Patients With Advanced Melanoma Treated With Pembrolizumab[END_REF][START_REF] Gauci | Long-Term Survival in Patients Responding to Anti-PD-1/PD-L1 Therapy and Disease Outcome upon Treatment Discontinuation[END_REF][START_REF] Tazdait | Patterns of responses in metastatic NSCLC during PD-1 or PDL-1 inhibitor therapy: Comparison of RECIST 1.1, irRECIST and iRECIST criteria[END_REF][START_REF] Ferrara | Pseudoprogression in Non-Small Cell Lung Cancer upon Immunotherapy: Few Drops in the Ocean?[END_REF][START_REF] Fujimoto | Pseudoprogression in Previously Treated Patients with Non-Small Cell Lung Cancer Who Received Nivolumab Monotherapy[END_REF][START_REF] Katz | Radiologic Pseudoprogression during Anti-PD-1 Therapy for Advanced Non-Small Cell Lung Cancer[END_REF][START_REF] Da Silva | Site-specific response patterns, pseudoprogression, and acquired resistance in patients with melanoma treated with ipilimumab combined with anti-PD-1 therapy[END_REF][START_REF] Martin-Romano | Evidence of pseudoprogression in patients treated with PD1/PDL1 antibodies across tumor types[END_REF]. Concerning MSI/dMMR mCRC, some cases of PSPD have already been reported, however there is no study on the incidence of PSPD in this population [START_REF] Chae | Pseudoprogression in microsatellite instability-high colorectal cancer during treatment with combination T cell mediated immunotherapy: a case report and literature review[END_REF].

The aim of this study was to estimate the incidence of PSPD under ICI in the MSI/dMMR mCRC population and to describe the characteristics and outcomes of these patients.

METHODS

Patients

All consecutive MSI/dMMR mCRC patients enrolled in ICI trials (anti-PD1 monotherapy or the anti-PD1 plus anti-CTLA-4 combination) or treated with ICI (anti-PD1 monotherapy) under a compassionate use program at Saint-Antoine Hospital from February 2015 to December 2019 were included. This research was approved by the ethics committee (N°2020 -CER 2020-6).

Radiological analyses

Tumors were assessed ≤ 28 days before the first dose (baseline) and every 6 to 10 weeks, thereafter, according to different protocols. The decision to pursue treatment beyond iuPD was at the discretion of the treating physician. Treatment beyond iuPD was conditional to a confirmatory imaging 4 to 8 weeks after the first evidence of progression.

Imaging was retrospectively and centrally reviewed by an experienced radiologist (YM) according to RECIST1.1 and iRECIST. PSPD was defined as an unconfirmed PD according to iRECIST [START_REF] Seymour | iRECIST: guidelines for response criteria for use in trials testing immunotherapeutics[END_REF]. Primary radiological progression was defined as PD according to RECIST 1.1 within 3 months after ICI-treatment initiation. Confirmed primary progression was defined by progression within 3 months according to iRECIST. All cases of PD and PSPD were reviewed by a second experienced radiologist (AR) unaware of the target and non-target lesions chosen by the first radiologist. In case of discrepancy, a final decision was reached by consensus.

Definition of clinical benefit and carcinoembryonic antigen (CEA) response

Clinical benefit was defined as the improvement of at least one of the following items without degradation of the others: pain/ a decrease in analgesic consumption from baseline, weight/ a weight gain of more than 1 kg from baseline, general condition/ the improvement of Eastern Cooperative Oncology Group performance status (ECOG PS). CEA response was defined as a >50% decrease from its baseline level; CEA stability was defined as a <50% variation from its baseline level; and CEA progression was defined as a >50% increase from its baseline level.

Statistical Analysis

Categorical variables were described by numbers and percentages and continuous variables by means, standard deviations, and minimum and maximum values. Survival curves were generated using the Kaplan Meier method. A log-rank test was used to compare survival between groups. Risk factors for PSPD were studied using a Cox univariate regression model (only) including: age, localization, mucinous, ganglion, the number of metastatic sites (1 or ≥2), and treatment (monotherapy or combination). The results were expressed as hazard ratios (HRs) with 95% confidence intervals (95% CIs). Log linearity hypothesis was not achieved for age that was therefore studied in quartiles. Risk proportionality hypothesis was achieved for all variables studied. PFS was defined by time from the first injection of ICI to the first PD per iRECIST or death from any cause. Overall survival (OS) was calculated from the first injection of ICI to death, whatever the cause. All superiority tests were two-sided and p values <0.05 were considered significant. Statistical analyses were performed using SAS software (version 9.4; SAS Institute Inc., Cary, NC).

RESULTS

Population and treatment

A total of 123 consecutive MSI/dMMR mCRC patients treated with ICIs from February 2015 to December 2019 were included and analyzed; 113 were treated in clinical trials (Figure 1).

Patient baseline characteristics are summarized in Table 1. The mean age was 57 years and 55% of patients were men (n = 68). RAS and BRAF V600E mutations were respectively detected in 40% (n = 49) and 21% (n = 26) of patients. Overall, 49% (n = 61) of patients received an anti-PD1 monotherapy and 50% (n = 62) the anti-PD1 and anti-CTLA4 combination. The median follow-up was 22.3 months (95% Cl 1.5-62.2).

The incidence of PSPD

Thirty-six (29%) patients experienced radiological PD per RECIST 1.1, including 22 in the first 3 months of treatment (the primary radiological PD). Seven patients had an obvious clinical PD, which didn't allow treatment beyond PD. Twenty nine patients continued ICIs beyond PD and had a confirmation imaging according to iRECIST after a median time of 6.8 weeks. Twelve patients experienced PSPD, representing 10% of the population and 52% of the primary radiological PD. Median time to PSPD was 5.7 weeks (95% Cl, 4.1-11.4). No PSPD was observed after 3 months.

Characteristics of patients with PSPD

Baseline characteristics of patients with PSPD are summarized in Table 1. At the time of PSPD, eight patients showed a clinical benefit; improvement of ECOG PS (n = 4) and/or increased weight (n = 4), and/or decrease of pain (n = 8). Two patients had a clinical deterioration (n = 1, weight loss; n = 1, increased pain) with mild symptoms allowing treatment beyond iuPD. Of the ten patients presenting an abnormal baseline CEA level, five had decreased CEA, two had unchanged CEA, and two had increased CEA at the time of iuPD. Of the ten patients with confirmed primary progression, six of eight patients with an abnormal baseline CEA level had an increased CEA at the time of iuPD.

The incidence of PSPD with anti-PD1 antibody alone was 14.8% (n = 9/61), compared to 4.8% with the anti-PD1 plus anti-CTL4 combination (n = 3/62; p = 0.08). The first evaluation was planned later in trials evaluating monotherapy than in those testing a combination of ICIs (median time to the first evaluation was 5.7 vs 8.3 weeks). The ratio of PSPD among primary radiological PD was 52.9% (9/17) with anti-PD1 alone and 60.0% (3/5) with the combination. No association between baseline characteristics and the occurrence of PSPD was detected (Table A1).

Outcomes of patients with or without PSPD

Eight out of the 12 patients with an initial PSPD achieved an objective response (five partial responses and three complete responses), with a median time of 4 months from first injection to partial response. All these patients were alive and free of progression at the data lock. Four patients showed a radiological stability as best response after PSPD, of which two had a confirmed PD during follow-up (9.9 and 12.5 months after baseline). The evolution of each patient is summarized in Figure 2.

In the entire cohort, the 2-year PFS and OS rates were 72.0% (95% Cl, 61.2-79.0) and 83.0% (95% Cl, 73.4-89.4; Figure A1). Considering patients with PSPD, the 2-year PFS and OS rates were 70.0% (95% Cl, 32.9-89.2) and 75.0% (95% Cl, 29.8-93.4; Figure 3). The 2year PFS and OS rates for patients with PSDP, overall response, and stability are compared in Figure 4.

DISCUSSION

Our study shows that PSPD occurs in 10% of patients MSI/dMMR mCRC treated with ICIs. PSPD were always observed during the first 3 months of treatment. To our knowledge, this is the first study evaluating the incidence of PSPD in this population, with a high proportion of patients treated beyond RECIST 1.1 progression (81%). Compared to other classical indications of ICIs, PSPD seems more common in patients with MSI/dMMR mCRC, with an incidence twice as high as in metastatic lung cancers where this phenomenon has been widely explored [START_REF] Tazdait | Patterns of responses in metastatic NSCLC during PD-1 or PDL-1 inhibitor therapy: Comparison of RECIST 1.1, irRECIST and iRECIST criteria[END_REF][START_REF] Fujimoto | Pseudoprogression in Previously Treated Patients with Non-Small Cell Lung Cancer Who Received Nivolumab Monotherapy[END_REF][START_REF] Katz | Radiologic Pseudoprogression during Anti-PD-1 Therapy for Advanced Non-Small Cell Lung Cancer[END_REF]. As in metastatic melanoma with 6.7%-10% PSPD, this could be explained by the high mutation load and immune infiltration in MSI/dMMR tumors, which are likely to have immune responses [START_REF] Germano | Inactivation of DNA repair triggers neoantigen generation and impairs tumour growth[END_REF][START_REF] Marisa | The Balance Between Cytotoxic T-cell Lymphocytes and Immune Checkpoint Expression in the Prognosis of Colon Tumors[END_REF][START_REF] Llosa | The vigorous immune microenvironment of microsatellite instable colon cancer is balanced by multiple counter-inhibitory checkpoints[END_REF].

PSPD seems more frequent among patients treated with anti-PD1 monotherapy than those receiving the anti-PD1 and anti-CTLA4 combination (14.8% vs 4.8%). Although this difference did not reach a statistical significance (p = 0.08), it is noteworthy to mention that the frequency of PSPD with anti-PD1 alone might have been underestimated. Indeed, the first evaluation was planned later in trials evaluating monotherapy than in those testing the ICIs combination (median time to the first evaluation: 5.7 weeks vs 8.3 weeks). The higher frequency under monotherapy could be explained by greater immediate efficacy with the combination, even if the median time before response seems similar (2.8 months) in other published studies [START_REF] Overman | Nivolumab in patients with DNA mismatch repair deficient/microsatellite instability high metastatic colorectal cancer: Update from CheckMate 142[END_REF][START_REF] Overman | Durable Clinical Benefit With Nivolumab Plus Ipilimumab in DNA Mismatch Repair-Deficient/Microsatellite Instability-High Metastatic Colorectal Cancer[END_REF]. As well, pseudoprogression seems more frequent in patients with more than one metastatic, even if this difference did not reach a statistical significance.

Our data support the use of iRECIST criteria in clinical trials evaluating anti-PD1 antibodies as single agent for MSI/dMMR mCRC patients. Studies such as the KEYNOTE-177 phase III trial, which analyzed the activity of pembrolizumab with RECIST 1.1 might have underestimated the response rates and PFS [START_REF] Andre | Pembrolizumab versus chemotherapy for microsatellite instability-high/mismatch repair deficient metastatic colorectal cancer: The phase 3 KEYNOTE-177 Study[END_REF].

PSPD in this population is an early phenomenon as no delayed PSPD was reported that makes a difference with other tumor types as melanoma. Within the first 3 months, PSPD seemed more frequent than confirmed progression and the main issue in clinical routine is to distinguish them from PD. We have shown that a clinical benefit and a biological response (CEA) favor the hypothesis of a PSPD. Continuation of ICI therapy and performing confirmation in case of primary radiological progression, as proposed with iRECIST criteria, seems a reasonable strategy in this population. In addition, delaying the first evaluation could be also a way to avoid clinical dilemmas related to PSPD if no clinical deterioration is shown.

Conversely, because PSPD does not happen tardily in this population, we can question the usefulness of continuing the iRECIST in case of progression after the 3 first months of treatment [START_REF] Ferrara | Pseudoprogression in Non-Small Cell Lung Cancer upon Immunotherapy: Few Drops in the Ocean?[END_REF]. However, translational studies exploring mechanisms underlying PSPD and its prediction are needed. Many potential clinical factors and biomarkers have been studied as ctDNA/cfDNA, mutational status, and soluble immune mediators, but none of these biomarkers has been implemented into clinical practice [START_REF] Lee | Association Between Circulating Tumor DNA and Pseudoprogression in Patients With Metastatic Melanoma Treated With Anti-Programmed Cell Death 1 Antibodies[END_REF][START_REF] Failing | Biomarkers of hyperprogression and pseudoprogression with immune checkpoint inhibitor therapy[END_REF][START_REF] Frelaut | Pseudoprogression and Hyperprogression as New Forms of Response to Immunotherapy[END_REF]. Recently, radiomic models based on magnetic resonance or positron emission tomography/computed tomography data have also been developed [START_REF] Elshafeey | Multicenter study demonstrates radiomic features derived from magnetic resonance perfusion images identify pseudoprogression in glioblastoma[END_REF][START_REF] Basler | Radiomics, Tumor Volume, and Blood Biomarkers for Early Prediction of Pseudoprogression in Patients with Metastatic Melanoma Treated with Immune Checkpoint Inhibition[END_REF].

Patients with PSPD in our cohort often showed a secondary radiological response (n = 8/12) and had favorable outcomes. Therefore, confirmed PSPD should be considered as a clue of disease sensitivity to ICI. Still, two patients with PSPD experience secondary progression after a durable response.

There are limitations in the present study. It is monocentric and included mainly patients from clinical trials, which could limit the generalization of our results in the realworld setting. Schedules of evaluation were different according to study protocols implicating an inhomogeneous follow-up. Moreover, this work concerns only MSI/dMMR mCRC and cannot be applied to all MSI/dMMR cancers. Finally, we acknowledge that our study might be underpowered to detect significant associations between baseline characteristics and PSPD.

To conclude, this study highlights the existence of PSPD, observed only at the first evaluation with an incidence of 10% in MSI/dMMR mCRC patients treated with ICI. PSPDs were observed early and mainly with anti-PD1 monotherapy. PSPD should be systematically considered in case of primary radiological progression, particularly in patients with clinical benefit and without worsening of laboratory values, especially CEA. Outcomes are reassuring, better for patients with PSPD than for those with SD.
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