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Introduction

Microsatellite instability (MSI) is caused by the deficiency of the DNA mismatch repair (MMR) system, resulting from a germline mutation in MMR genes (MLH1, PMS2, MSH2, MSH6) predisposing to Lynch syndrome, or from an epigenetic inactivation of MLH1 (i.e. sporadic cancers). Approximately 5% of metastatic colorectal cancers (mCRC) exhibit MSI or dMMR [START_REF] Colle | Immunotherapy and patients treated for cancer with microsatellite instability[END_REF]. Importantly, sporadic MSI/MMR-deficient (dMMR) CRCs are frequently associated with the BRAFV600E mutation, through its association with CIMP (CpG island methylator phenotype): one third of MSI/dMMR mCRC are BRAFV600E-mutated and one fifth of all BRAFV600E-mutated mCRC are MSI/dMMR [START_REF] Venderbosch | Mismatch Repair Status and BRAF Mutation Status in Metastatic Colorectal Cancer Patients: A Pooled Analysis of the CAIRO, CAIRO2, COIN, and FOCUS Studies[END_REF].

MSI is associated with favorable prognosis in localized CRC but poor outcomes in metastatic setting [START_REF] Guinney | The consensus molecular subtypes of colorectal cancer[END_REF]. Indeed, Venderbosch et al. showed in a pooled analysis of four phase III studies that MSI was associated with reduced progression-free survival and overall survival, with an insignificant negative effect of BRAFV600E mutation amongst MSI/dMMR mCRC [START_REF] Venderbosch | Mismatch Repair Status and BRAF Mutation Status in Metastatic Colorectal Cancer Patients: A Pooled Analysis of the CAIRO, CAIRO2, COIN, and FOCUS Studies[END_REF]. However these results were not confirmed in a post hoc analysis of the CALGB 80405 trial, with no impact of MSI on survival, whereas BRAFV600E mutation and CMS1 (Consensus Molecular Subtype) were associated with poor outcomes [START_REF] Lenz | Impact of consensus molecular subtyping (CMS) on overall survival (OS) and progression free survival (PFS) in patients (pts) with metastatic colorectal cancer (mCRC): Analysis of CALGB/SWOG 80405 (Alliance)[END_REF][START_REF] Innocenti | Somatic DNA mutations, MSI status, Mutational Load (ML): association with overall survival (OS) in patients (pts) with metastatic colorectal cancer (mCRC) of CALGB/SWOG 80405 (Alliance)[END_REF]. Our group also showed in a retrospective multicenter series that BRAFV600E had no significant prognostic impact on MSI/dMMR mCRC patients, whereas the inherited or sporadic origin of the MMR deficiency did [START_REF] Cohen | Clinical and molecular characterisation of hereditary and sporadic metastatic colorectal cancers harbouring microsatellite instability/DNA mismatch repair deficiency[END_REF]. The paradoxical prognostic impact of MSI in stage II versus stage IV CRC might be explained by the overexpression of immune checkpoints (ICK) that counterbalances the positive effect of immune infiltrates on survival [START_REF] Llosa | The Vigorous Immune Microenvironment of Microsatellite Instable Colon Cancer Is Balanced by Multiple Counter-Inhibitory Checkpoints[END_REF][START_REF] Marisa | The Balance Between Cytotoxic T-cell Lymphocytes and Immune Checkpoint Expression in the Prognosis of Colon Tumors[END_REF]. MSI/dMMR CRCs are characterized by a high tumor mutational burden (i.e. hypermutated phenotype), with highly immunogenic neoantigens arising from frameshift mutations. These tumors are associated with an upregulation of ICK (PD-1, PD-L1, CTLA-4, LAG-3, IDO etc.) that protects MSI cancer cells from their hostile immune micro-environment characterized by a high infiltration by activated cytotoxic T CD8+ lymphocytes [START_REF] Llosa | The Vigorous Immune Microenvironment of Microsatellite Instable Colon Cancer Is Balanced by Multiple Counter-Inhibitory Checkpoints[END_REF][START_REF] Maby | Correlation between Density of CD8+ T-cell Infiltrate in Microsatellite Unstable Colorectal Cancers and Frameshift Mutations: A Rationale for Personalized Immunotherapy[END_REF]. MSI and dMMR have emerged as major predictive biomarkers for the efficacy of immune checkpoint inhibitors (ICKis), especially for mCRC patients. In this review, we will summarize data currently available on the efficacy of conventional chemotherapies amongst MSI/dMMR mCRC to go on ICKis and their promising clinical activity in this population. We will then focus to perspectives and issues that might become challenging for the treatment of MSI/dMMR mCRC patient in the next future.

Clinical Activity of Conventional Chemotherapy

The literature is very poor concerning the sensitivity of MSI/dMMR mCRC to conventional cytotoxic agents and targeted therapies such as antiangiogenics and anti-EGFR monoclonal antibodies (mAbs). In a pooled analysis of CAIRO, CAIRO2, COIN and FOCUS trials, Venderbosch and colleagues showed that median progression-free survival (PFS) was significantly reduced in the MSI/dMMR population compared to microsatellite stable (MSS) mCRCs: 6.2 versus 7.6 months respectively, hazard ratio (HR) = 1.33 (1.12-1.57) [START_REF] Venderbosch | Mismatch Repair Status and BRAF Mutation Status in Metastatic Colorectal Cancer Patients: A Pooled Analysis of the CAIRO, CAIRO2, COIN, and FOCUS Studies[END_REF]. In a large multicenter French study with 284 MSI/dMMR mCRC patients, median PFS on palliative first-line chemotherapy was 3.9 months, with no observed difference according to the chemotherapy regimen (5-fluorouracil-based, oxaliplatin-based or irinotecanbased). The addition of bevacizumab and anti-EGFR agents was associated with an unsignificant enhancement of median PFS [START_REF] Tougeron | A large retrospective multicenter study evaluating prognosis and chemosensitivity of metastatic colorectal cancer with microsatellite instability[END_REF]. Importantly, neither BRAF mutation neither the origin of the MMR deficiency (i.e. Lynch syndrome or sporadic) was found to impact first-line median PFS [START_REF] Venderbosch | Mismatch Repair Status and BRAF Mutation Status in Metastatic Colorectal Cancer Patients: A Pooled Analysis of the CAIRO, CAIRO2, COIN, and FOCUS Studies[END_REF][START_REF] Cohen | Clinical and molecular characterisation of hereditary and sporadic metastatic colorectal cancers harbouring microsatellite instability/DNA mismatch repair deficiency[END_REF][START_REF] Tougeron | A large retrospective multicenter study evaluating prognosis and chemosensitivity of metastatic colorectal cancer with microsatellite instability[END_REF]. Interestingly, a post hoc analysis of the CALGB 80405 study found that MSI mCRC patients might have improved survival when treated with bevacizumab compared to cetuximab ; given the small number of patients, these results require confirmatory results [START_REF] Innocenti | Somatic DNA mutations, MSI status, Mutational Load (ML): association with overall survival (OS) in patients (pts) with metastatic colorectal cancer (mCRC) of CALGB/SWOG 80405 (Alliance)[END_REF].

Clinical Activity of Immune Checkpoints Inhibitors

ICKis have demonstrated impressive clinical activity amongst MSI/dMMR mCRC patients. Three distinct regimens have been already evaluated in patients with chemo-resistant MSI/dMMR mCRC: pembrolizumab, nivolumab alone (anti-PD-1 mAbs) and in association with ipilimumab (anti-CTLA4 mAb) [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 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][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] Le | Programmed death-1 blockade in mismatch repair deficient colorectal cancer[END_REF]. Results of these non-randomized phase II studies are summarized in table 1. One of the most clinically relevant endpoint is the duration of response (DOR) of MSI/dMMR tumors to ICKi, which was still not reached in none of the 4 reported cohorts (median duration of follow-up superior to 12 months in each cohort). This is a major indicator of the high durable activity of these compounds amongst MSI/dMMR tumors, which is also depicted by the high proportion of patients with long-term event-free survival (i.e. the survival curve tale with a high-altitude plateau).

Importantly, the amount of patients experiencing immediate progressive disease varies in cross trial comparison from 12% with the combination of nivolumab and ipilimumab, to 40% with pembrolizumab in the Keynote-164 trial. This fluctuating proportion of primary resistant MSI/dMMR mCRC patients to ICKi in the Keynote-164 study requires further analysis. Importantly, one positive result with PCR (microsatellite status) or immunohistochemistry (MMR status) by local assessment was sufficient to include patients in these trials. One might hypothesize that some patients included in these trials were wrongly diagnosed as MSI/dMMR by local assessment, being truly MSS/pMMR tumors and hampering, de facto, results of these clinical trials.

Toxicity of Immune Checkpoint Inhibitors

Toxicity of ICKis seems manageable. No treatment-related death has been reported in these studies. Grade 3 or 4 treatment-related adverse events were reported respectively in:

-11% of patients treated with pembrolizumab (KEYNOTE-164 cohort B): diarrhea (2%), anemia (2%), pneumonitis (2%); -21% of patients treated with nivolumab alone: elevated lipase (8%), elevate AST and/or ALT (1%), maculopapular rash (1%); -32% of patients in the cohort combining nivolumab and ipilimumab: elevated AST and/or ALT (11%), elevated lipase (4%), anemia (3%), and colitis (3%).

Interestingly, among patients of the nivolumab plus ipilimumab cohort who discontinued treatment because of adverse events (N = 16), the objective response rate and the disease control rate ≥ 12 weeks were respectively 63% and 81%, consistent with efficacy results in the overall population.

Immunotherapy or Chemotherapy?

Pembrolizumab is currently under evaluation in first-line setting in a phase 3 randomized controlled trial. The Keynote-177 study (NCT02563002) evaluates the efficacy and safety of this anti-PD-1 mAb versus standard-of-care chemotherapy as first-line therapy for MSI/dMMR mCRC. Patients are randomized to receive pembrolizumab 200 mg every 3 weeks or investigator's choice of chemotherapy (FOLFOX6m or FOLFIRI alone or in combination with bevacizumab or cetuximab).

Treatment will continue until disease progression, unacceptable toxicity or completion of 35 cycles (pembrolizumab, i.e. 2 years). Cross-over to pembrolizumab for patients randomized in the control arm is allowed. Primary end point is PFS per RECIST v1.1 by central review. This phase 3 study, which recruitment is completed (number of patients to include: 270), might lead to the approval of pembrolizumab in first-line for MSI/dMMR mCRC patients if this trial met its primary endpoint. Enrollment is completed and results are awaited soon.

In first-line setting, the COMMIT phase III trial studies atezolizumab (anti-PD-L1 mAb; NCT02997228) alone or in combination with FOLFOX and bevacizumab, as compared to FOLFOX bevacizumab (control arm) for chemo-naïve MSI/dMMR mCRC patients. The primary objective is progression-free survival. This study, as well as the SAMCO trial (see below), will provide the first data concerning the clinical activity of PD-L1 blockade for MSI/dMMR mCRCs.

The PRODIGE 54 -SAMCO study is a phase II randomized trial (NCT03188326) comparing avelumab, an anti-PD-L1 mAb, to standard chemotherapy in second-line setting for patients with MSI/dMMR mCRC. There is no planned cross-over to avelumab in case of disease progression with conventional chemotherapy.

The NIPICOL single-arm phase II study (55 patients planned; NCT03350126), which is sponsored by the GERCOR (Groupe Coopérateur Multidisciplinaire en Oncologie), is currently recruiting patients with chemoresistant MSI/dMMR mCRC. Patients are treated with a combination of nivolumab and ipilimumab. The primary objective is to evaluate the interest of iRECIST radiological assessment for disease control rate (DCR at 12 weeks by RECIST 1.1 and iRECIST). To note, another anti-PD-1 mAb (TSR-042) is currently evaluated in a expansion cohort from a phase I trial for patients with MSI (or DNA polymerase epsilon (POLE)-mutated) colorectal cancer have progressed after or been intolerant to fluoropyrimidine, oxaliplatin, and irinotecan (NCT02715284).

Another important trial will evaluate the role of PD-L1 inhibition in stage III MSI-H colon cancer. Also developed through the cooperative group system, Alliance A021502 plans to evaluate FOLFOX ± atezolizumab in 720 patients with stage III colon cancer (NCT02912559). In the experimental arm, patients will receive 6 months of adjuvant FOLFOX concurrently with atezolizumab, which will then be followed by 6 additional months of atezolizumab monotherapy. The primary endpoint is diseasefree survival. Overall survival and adverse events will be the secondary endpoints.

ICKi clinical trials currently opened for recruitment in France are summarized in table 2.

Reinforcing the Efficacy of Immunotherapy

Despite these promising results, several issues remain unresolved. As mentioned above, primary resistance to ICKi is observed in 12% to 40% of patients. Acquired resistance might also emerged amongst tumors that were initially sensitive to ICKi [START_REF] Ribas | Cancer immunotherapy using checkpoint blockade[END_REF][START_REF] Kim | Defining and Understanding Adaptive Resistance in Cancer Immunotherapy[END_REF]. Importantly, no predictive biomarker for response to ICKi has yet been found amongst MSI cancer patients, including KRAS, NRAS or BRAF mutational status, Lynch syndrome, tumor PD-L1 expression, or tumor mutational burden [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 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][START_REF] Le | Mismatch repair deficiency predicts response of solid tumors to PD-1 blockade[END_REF]. However it is worthy to note that the methodology to assess the sporadic or inherited origin of the MMR deficiency was unclear in these studies and more accurate analysis are required [START_REF] Cohen | Clinical and molecular characterisation of hereditary and sporadic metastatic colorectal cancers harbouring microsatellite instability/DNA mismatch repair deficiency[END_REF]. Interestingly several mechanisms might be responsible for resistance of MSI tumors to ICKis, notably JAK loss-of-function mutations (10-20% of MSI CRCs), beta-2-microglobulin truncating mutation [START_REF] Kopetz | Exploratory analysis of Janus kinase 1 (JAK1) loss-of-function (LoF) mutations in patients with DNA mismatch repairdefıcient/microsat-ellite instability-high (dMMR/MSI-H) metastatic colorectal cancer (mCRC) treated with nivolumab plus ipilimumab in CheckMate-142[END_REF][START_REF] Sveen | Multilevel genomics of colorectal cancers with microsatellite instability-clinical impact of JAK1 mutations and consensus molecular subtype 1[END_REF][START_REF] Zaretsky | Mutations Associated with Acquired Resistance to PD-1 Blockade in Melanoma[END_REF][START_REF] Shin | Primary Resistance to PD-1 Blockade Mediated by JAK1/2 Mutations[END_REF] or loss of MHC (major histocompatibility complex) molecules. To note, the tumor mutational burden varies across MSI neoplasms, and MSH2/MSH6-negative cancers seem associated with a significantly higher mutational load than MLH1/PMS2-negative tumors [START_REF] Salem | Impact of MLH1, PMS2, MSH2, and MSH6 alterations on tumor mutation burden (TMB) and PD-L1 expression in 1,057 microsatellite instability-high (MSI-H) tumors[END_REF].

Combining immunotherapy with conventional cytotoxic regimen (as evaluated in the COMMIT phase III trial) might also be a promising strategy, since it has already proved its efficacy in advanced non-squamous NSCLC (non-small cell lung carcinoma) with the association of atezolizumab, carboplatin and paclitaxel (IMpower150 trial [START_REF] Socinski | Overall survival (OS) analysis of IMpower150, a randomized Ph 3 study of atezolizumab (atezo) + chemotherapy (chemo) ± bevacizumab (bev) vs chemo + bev in 1L nonsquamous (NSQ) NSCLC[END_REF]).

More, combining ICKis in order to enhance their efficacy is a therapeutic strategy that has already demonstrated its potential. The association of nivolumab and ipilimumab showed an enhanced activity, with a 54% objective response rate, compared to 31% with nivolumab alone [START_REF] Overman | Durable Clinical Benefit With Nivolumab Plus Ipilimumab in DNA Mismatch Repair-Deficient/Microsatellite Instability-High Metastatic Colorectal Cancer[END_REF]. Moreover translational researches have showed that MSI tumors exhibit an enhanced expression of multiple immune checkpoints [START_REF] Llosa | The Vigorous Immune Microenvironment of Microsatellite Instable Colon Cancer Is Balanced by Multiple Counter-Inhibitory Checkpoints[END_REF]. Several studies are currently evaluating new compounds that are targeting immune checkpoints (i.e. LAG-3, TIM-3, IDO etc.), with cohorts dedicated to patients resistant to ant-PD-1 or anti-PD-L1 inhibitors. Notably, the I9L-MC-JZCA trial (NCT03343613) is evaluating the efficacy of LY3381916, an agent targeting IDO1, alone or in combination with an anti-PD-L1 inhibitor (LY3300054), for solid tumors resistant to anti-PD-1 and -PD-L1 agents.

Surgery for MSI/dMMR Stage IV Colorectal Cancer Treated with ICKi

Future researches will have to study the role of surgery for ICKi-treated MSI/dMMR mCRC patients.

Several scenarios need to be analyzed: i) surgery of metastasis for patients with MSI/dMMR resectable metastatic disease (i.e. what is the best therapeutic strategy between metastasectomy and immunotherapy?); ii) surgery of residual mass amongst patients responding to ICKi; iii) surgery of metastasis for patients experiencing disease progression confined to a single site. These issues are currently emerging, since the number of ICKi-treated MSI/dMMR mCRCs is growing exponentially. One might take advantage of the experience in melanoma patients, with publications showing some benefit from surgery amongst melanoma responding to ICKi [START_REF] Bello | Outcomes of Patients with Metastatic Melanoma Selected for Surgery After Immunotherapy[END_REF].

Duration of Treatment

Another emerging issue is the optimal duration of treatment for patients who respond to immunotherapy. The strategy varies across trials, with a fixed duration of ICKi (1 or 2 years of treatment, then stop) or the continuation of treatment until progression or unacceptable toxicity.

Open-ended treatment with ICKis is a burden for patients and the healthcare systems. However the question remains unanswered and clinical trials are needed to explore not the possibility of an early stop as well as possible predictors of success with such a strategy [START_REF] Sullivan | An update on the Society for Immunotherapy of Cancer consensus statement on tumor immunotherapy for the treatment of cutaneous melanoma: version 2.0[END_REF][START_REF] Emens | Cancer immunotherapy: Opportunities and challenges in the rapidly evolving clinical landscape[END_REF].

Conclusion

Immunotherapy is about to revolutionize the treatment and the prognosis of patients with MSI/dMMR tumors. The Food and Drug Administration granted accelerated approval to pembrolizumab or nivolumab monotherapy and nivolumab in combination with ipilumumab for the treatment of patients with MSI/dMMR mCRC that has progressed following treatment with a fluoropyrimidine, oxaliplatin, and irinotecan. Although these compounds do not have such marketing approval in Europe as of this writing, several ICKi trials dedicated to MSI/dMMR tumors are open for recruitment in France. Awaiting results of the MK-3475-177 and COMMIT phase III studies might lead to approvals of ICKi in first-line metastatic setting if they meet their primary endpoints. Nevertheless several emerging issues, such as the surgery of metastasis, the duration of treatment and the therapeutic strategies for primary and acquired resistance of MSI/dMMR tumors to ICKi, required further translational research with tumor tissue, blood samples and fecal microbiota analysis. 

Table 1 : Immune checkpoint inhibitors in MSI/dMMR metastatic colorectal cancer
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		N	CR	PR	SD	PD	NE	1-year PFS rate	Median PFS	Median OS	Median follow-up
			(%)	(%)	(%)	(%)	(%)	(%)	(months)	(months)	(months)
	Keynote-016 [15]									
	Pembrolizumab	28	11 46 32 4	7	-	NR	NR	8.7
	Keynote-164									
	Pembrolizumab, cohort A	61	0	28 23 46 3	34	2.3	NR	13.2
	≥ 2 prior lines of therapy [28]									
	Pembrolizumab, cohort B	63	3	29 25 40 3	41	4,1	NR	12.6
	≥ 1 prior line of therapy [14]									
	CheckMate-142									
	Nivolumab [29]	74	9	24 31 31 5	44	6.6	NR	21
	Nivolumab + Ipilimumab [11]	119 3	51 31 12 3	71	NR	NR	13.4

CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease; PFS: progression-free survival; OS: overall survival; NE: not evaluable; NR: not reached.

Table 2 : Clinical trials with immune checkpoint inhibitors opened for recruitment of MSI colorectal cancer patients in France
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	Registration	Trial	Condition	Intervention	Type	Target
	number					
	NCT02671435	-	MSI or MSS	duvalumab plus monalizumab	phase I	PD-L1 and
						NKG2A
	NCT03202758	MEDITREME MSI or MSS; chemotherapy-naïve	durvalumab plus tremelimumab and	phase I-II	PD-L1 and
				FOLFOX		CTLA-4
	Trials dedicated to MSI cancers				
	NCT02791334	PACT	MSI	LY3300054	phase I	PD-L1
	NCT02332668	KEYNOTE-051 MSI; chemoresistant; under 18 years pembrolizumab	phase II	PD-1
	NCT03350126	NIPICOL	MSI; chemoresistant	nivolumab plus ipilimumab	phase II	PD-1 and
						CTLA-4
	NCT03186326	SAMCO	MSI; second-line treatment	avelumab plus chemotherapy	randomized	PD-L1
					phase II	
	NCT02528357	ENGAGE-1	MSI; chemoresistant	GSK3174998 alone or with	phase I	OX-40 and PD-
				pembrolizumab		1
	Dedicated					

to cancers resistant to anti-PD1 or -PD-L1 agents

  

	NCT03343613	I9L-MC-JZCA MSI; resistant to PD-1 or PD-L1	LY3300054	phase I	PD-L1 and IDO
		inhibitors