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Immune checkpoint inhibitor treatment for a first cancer is associated with a decreased incidence of second primary cancer

Keywords: immunotherapy, immune check points, second primary cancer, second malignant neoplasia. Highlights

Second primary cancers (SPC) are diagnosed in over 5% of patients after a first primary cancer (FPC). We explored here the impact of ICI given for a FPC on the risk of SPC in different age groups, cancer types and treatments.

Patient, material and methods

The files of the 46829 patients, diagnosed with a FPC in the Centre Leon Berard from 2013 to 2018 were analyzed. Structured data were extracted and electronic patient records were screened using a natural language processing tool, with a validation using manual screening on 2818 files of patients. An univariate and multivariate analysis of the incidence of SPC according to patient characteristics and treatment was conducted.

Results

Among the 46829 patients, 1830 (3.9%) had a diagnosis of SPC with a median interval of 11.1 months (range 0-78 months); 18128 (38.7%) received cytotoxic chemotherapy (CC) and 1163 (2.5%) received ICI for the treatment of the FPC in this period. SPC were observed in 7/1163 (0.6%) patients who had received ICI for their FPC vs 437/16997 (2.6%) patients receiving CC and no ICI for the FPC vs 1386/28669 (4.8%) for patients receiving neither CC nor ICI for the FPC. This reduction was observed at all ages and for all histotypes analyzed. Treatment with ICI and/or cytotoxic for the FPC are associated with a reduced risk of SPC in multivariate analysis.

Conclusion

Immunotherapy with ICI, alone and in combination with CC was found associated with a reduced incidence of SPC for all ages and cancer types.

Introduction

Second primary cancers (SPC) are increasingly diagnosed in the long term follow-up of children and adult patients cured of a first primary cancer (FPC) [START_REF] Travis | Aetiology, genetics and prevention of secondary neoplasms in adult cancer survivors[END_REF][START_REF] Newhauser | Assessing the risk of second malignancies after modern radiotherapy[END_REF][START_REF] Bhatia | Second cancers in survivors of childhood cancer[END_REF][START_REF] Eichenauer | Secondary malignant neoplasms, progression-free survival and overall survival in patients treated for Hodgkin lymphoma: a systematic review and meta-analysis of randomized clinical trials[END_REF][START_REF] Schaapveld | Second Cancer Risk Up to 40 Years after Treatment for Hodgkin's Lymphoma[END_REF][START_REF] Chattopadhyay | Second primary cancers in non-Hodgkin lymphoma: Family history and survival[END_REF][START_REF] Vakharia | Risks for noncutaneous second primary malignancy in cutaneous malignant melanoma survivors: an analysis of data from the Surveillance, Epidemiology, and End Results (SEER) program[END_REF][START_REF] Li | Risk of Second Primary Cancers Among Long-Term Survivors of Breast Cancer[END_REF][START_REF] Mehtälä | Overall survival and second primary malignancies in men with metastatic prostate cancer[END_REF][START_REF] Feller | The relative risk of second primary cancers in Switzerland: a population-based retrospective cohort study[END_REF]. In recent studies, over 10% of all incident cancers are SPC. SPC are among the important causes of early deaths in patients treated and cured of a first cancer, along with cardiovascular diseases and complications of the first cancer treatments [START_REF] Travis | Aetiology, genetics and prevention of secondary neoplasms in adult cancer survivors[END_REF][START_REF] Newhauser | Assessing the risk of second malignancies after modern radiotherapy[END_REF][START_REF] Bhatia | Second cancers in survivors of childhood cancer[END_REF][START_REF] Eichenauer | Secondary malignant neoplasms, progression-free survival and overall survival in patients treated for Hodgkin lymphoma: a systematic review and meta-analysis of randomized clinical trials[END_REF][START_REF] Schaapveld | Second Cancer Risk Up to 40 Years after Treatment for Hodgkin's Lymphoma[END_REF][START_REF] Chattopadhyay | Second primary cancers in non-Hodgkin lymphoma: Family history and survival[END_REF][START_REF] Vakharia | Risks for noncutaneous second primary malignancy in cutaneous malignant melanoma survivors: an analysis of data from the Surveillance, Epidemiology, and End Results (SEER) program[END_REF][START_REF] Li | Risk of Second Primary Cancers Among Long-Term Survivors of Breast Cancer[END_REF][START_REF] Mehtälä | Overall survival and second primary malignancies in men with metastatic prostate cancer[END_REF][START_REF] Feller | The relative risk of second primary cancers in Switzerland: a population-based retrospective cohort study[END_REF]. There are multiple risk factors for SPC including genetic predispositions, carcinogens involved in the FPC (e.g. smoking, alcohol, sun exposure…), lifestyles, overweight, low exercise... The cytotoxic treatments given for the first cancer may also contribute to an excess risk of second primary cancers for cured patients [START_REF] Travis | Aetiology, genetics and prevention of secondary neoplasms in adult cancer survivors[END_REF][START_REF] Newhauser | Assessing the risk of second malignancies after modern radiotherapy[END_REF][START_REF] Bhatia | Second cancers in survivors of childhood cancer[END_REF][START_REF] Eichenauer | Secondary malignant neoplasms, progression-free survival and overall survival in patients treated for Hodgkin lymphoma: a systematic review and meta-analysis of randomized clinical trials[END_REF][START_REF] Schaapveld | Second Cancer Risk Up to 40 Years after Treatment for Hodgkin's Lymphoma[END_REF][START_REF] Chattopadhyay | Second primary cancers in non-Hodgkin lymphoma: Family history and survival[END_REF][START_REF] Vakharia | Risks for noncutaneous second primary malignancy in cutaneous malignant melanoma survivors: an analysis of data from the Surveillance, Epidemiology, and End Results (SEER) program[END_REF][START_REF] Li | Risk of Second Primary Cancers Among Long-Term Survivors of Breast Cancer[END_REF][START_REF] Mehtälä | Overall survival and second primary malignancies in men with metastatic prostate cancer[END_REF][START_REF] Feller | The relative risk of second primary cancers in Switzerland: a population-based retrospective cohort study[END_REF]. This has been largely documented for secondary leukemias after alkylating agents, as well as for solid tumors in the irradiated field [START_REF] Travis | Aetiology, genetics and prevention of secondary neoplasms in adult cancer survivors[END_REF][START_REF] Newhauser | Assessing the risk of second malignancies after modern radiotherapy[END_REF][START_REF] Schaapveld | Second Cancer Risk Up to 40 Years after Treatment for Hodgkin's Lymphoma[END_REF][START_REF] Mehtälä | Overall survival and second primary malignancies in men with metastatic prostate cancer[END_REF].

In the recent years, immunotherapy of cancer using immune checkpoint inhibitors (ICI), PD1 or PDL1 Ab as well as anti CTLA-4 have transformed the management of patients with advanced cancers. These antibodies against ICI are now demonstrated to reduce the risk of relapse and to improve survival in localized and advanced phase of the disease, in particular in malignant melanomas, and in lung cancer [START_REF] Havel | The evolving landscape of biomarkers for checkpoint inhibitor immunotherapy[END_REF][START_REF] Weber | Adjuvant Nivolumab versus Ipilimumab in Resected Stage III or IV Melanoma[END_REF][START_REF] Eggermont | Adjuvant Pembrolizumab versus Placebo in Resected Stage III Melanoma[END_REF][START_REF] Antonia | Overall Survival with Durvalumab after chemoradiotherapy in Stage III NSCLC[END_REF].

We recently reported that the administration of immunotherapy with immune checkpoint inhibitors (ICI) for the first primary cancer is associated with a major reduction risk of SPC [START_REF] Heudel | Reduced risk of second primary cancer in patients treated with immune checkpoint inhibitors for a first cancer[END_REF]. This was observed in the exhaustive population of cancer patients treated in the cancer center over a 6 year period, screening the patient records of the exhaustive database of patients with a FPC treated in a comprehensive cancer center, the Centre Leon Berard (CLB) [START_REF] Heudel | The ConSoRe project supports the implementation of big data in oncology[END_REF].

In the present work, we explored the impact of ICI on the reduction of the risk of SPC according to patient characteristics, in different age groups and histotypes, exploring also the interaction with the administration of cytotoxic chemotherapy for the FPC. The incidence of second primary cancer was reduced in all subgroups after the exposure to immunotherapy with ICI and/or cytotoxic chemotherapy cancer in this series of 46829 patients.

Methods

Patients

All patients, adults and children, diagnosed with a primary tumor in the Centre Leon Berard (CLB), Lyon, France, from Jan 2013 to Dec 2018 were considered in this work. Data from patients with a newly diagnosed malignant tumors or locally aggressive rarely metastasizing tumors (e.g giant cell tumor or the bone or desmoid tumors) between January 2013 and December 2018 were collected. Only patients not opposing to the re-analysis of their anonymized health data within internal academic studies were included according to the standard operating procedures of the CLB and to the national and European Union (EU) legislation. Specifically, the study was approved by the national Comminission (CNIL Délibération N° 2016-331 du 10 novembre 2016 (N° autorisation 1773637)) and by the local institutional review board of the Centre Leon Berard on May 2019. A limited set of anonymous de-identified patient characteristics, specifically, gender, age, tumor site, stage and histology and treatments administered (surgery, radiotherapy, cytotoxic treatments and immunotherapy with immune check point inhibitors) were collected and analyzed. Records from 46863 patients matching these characteristics were extracted and analyzed. 34 patients with synchronous cancers were excluded for a total population of 46829 patients for this study. 1163 patients in this time period received immunotherapy as part of the treatment of the first cancer. The immune checkpoint inhibitor (ICI) antibodies used for the 1163 patients who received immunotherapy for their first cancer were the following treatments : nivolumab (n=420, 36.6%), pembrolizumab (n=221, 19.0%), atezolizumab (n=92, 7.9%), durvalumab (n=87, 7.4%), ipilimumab (n=72, 6.1%), or a combination of one of these ICI with cytotoxic chemotherapy, either synchronous, or sequentially (n=271, 23.4%).

Extracting Electronic Patient Records (EPR) with the Consore tool

The electronic patient records (EPR) of the patients of the CLB matching the inclusion criteria, and diagnosed from Jan 2013 to Dec 2018 were first extracted for structured data, eg age gender, histological types of cancers, dates of diagnosis…. The EPR system of the CLB includes a standard set of data (e.g. tumor(s) characteristics, staging, first treatments, dates, follow-up,…), but other information such as subsequent lines of treatment may be present only in unstructured data formats. For these, the EPRs were extracted with the Consore tool (15, https://www.swordgroup.com/en/news/projet-consore). ConSoRe is an academic data analytics solution aggregating diverse forms of structured and unstructured data extracted from EPR and structuring cancer management for all patients. ConSoRe uses natural language processing to search aggregated data and perform advanced data mining. Both cancers and locally aggressive tumors rarely (<5%) metastatizing, typically desmoid tumors or giant cell tumors of the bones were added. The characteristics extracted included: gender, age, dates, histotype and stages of first and second cancers, surgery, chemotherapy, RT and immunotherapy for the first cancer, relapse (and date) of the first cancer, date of last news, date of death. The extracted relevant structured data was integrated in Excel files. 1455 of the 2119 (68.7%) patients with SPC identified by the Consore program had their SPC formally declared by their responsible physician in the electronic patient record. In addition to this Consore extraction, 2818 electronic patient records were manually screened for confirm immunotherapy use for the first primary cancer and/or for the presence/absence of a diagnosis of second primary cancer. Six additional second primary cancers were identified; 283 possible SPC were reclassified as relapses of the FPC. A total of 1830 confirmed second primary cancers are thus documented in this series of 46829 patients. All 1163 files of patients treated with ICI were screened manually and 7 SPC were identified in this subgroup.

Analysis

A descriptive presentation of the patient characteristics is presented in Table 1. The event considered in this study was the diagnosis of a SPC. To describe the survival time trom the FPC to the diagnosis of a SPC, which is the time to event used in the present work, the following methodology was used: survival without second cancer was defined as the time from the date of histological diagnosis of the first cancer to the date of the histological diagnosis of a second cancer. Patient who died without a diagnosis of second cancer were censored at the date of death. Other patients were censored at the date of last contact of the patient. To limit potential biases related to disease severity which could have had an impact on decision of treatment with immunotherapy or chemotherapy, a landmark analysis was conducted with landmark thresholds of 6 months, reducing therefore the number of patients analyzed. All patients with a diagnosis of SPC or last news inferior to this threshold are removed from these specific analyses.

Since immunotherapy with ICI was given mostly to patients with advanced disease, by definition at higher risk of mortality as compared to patients with localized disease and with a possibly shorter life expectancy, a competing risk survival method was used to estimate the risk of being alive without SPC.

Risk of second primary cancer was evaluated using Cox proportional hazard model in an univariate and then multivariate analysis. Parameters tested were those published as risk factors for SPC (1-10), age, gender, cancer types, metastatic disease at diagnosis, as well as the application of immunotherapy and cytotoxic chemotherapy for the FPC. Backward selection procedure was used to determine the final model by removing non-significant variables (p>0.05) one at a time. All statistical analyses will be performed using SAS® software, v 9.4 (SAS institute Inc, Cary, NC, USA).

Results

All 46829 patients with a newly diagnosed cancer treated in the CLB matching the criteria (see Methods) were analyzed. Their characteristics are presented in Table 1. At diagnosis, 7438 patients had metastasis (15.9%) and a total of 11434 (24.4%) had diagnosed metastasis during the observation period (2013-2018). 8513 (18.2%) died during this period. In the same period, 1830 (3.9%) patients had a diagnosis of a SPC (Table 1). The median interval from FPC to SPC of 11.1 months (range 0-78 months). Median follow-up of the series is 19 months. 18128 (38.7%) patients received cytotoxic chemotherapy for the treatment of the FPC and 1163 (2.5%) received immunotherapy with ICI for the treatment of the FPC during this period (Table 1).

Despite the large size of the series, the number of patients treated with ICI only for their FPC is limited (N=32) (Table 1). We therefore decided to pool them with the group of patients treated with IT and CT for their FPC hereunder. Seven SPC were reported in the group of 1163 (0.6%) patients receiving ICI (with or without cytotoxic chemotherapy) for their FPC vs 437 (2.6%) in the group of 16997 patients receiving cytotoxic chemotherapy (CC) and no immunotherapy for the first cancer, vs 1386 of 28669 (4.8%) for those receiving neither CC nor ICI (Table 2) (p<0.0001). The difference was also statistically significant when comparing individually the group receiving immunotherapy vs those receiving cytotoxics only (p<0.0001) (Table 2).

Figure 1A presents the time from the diagnosis of the first primary cancer to the date of diagnosis of the second cancer in patients 1) who received immunotherapy with ICI, with or without CC for the FPC, 2) who received CC without ICI, and who received neither ICI nor CC with a landmark analysis at 6 months (see material and methods). The risk to develop a SPC was lower in patients treated by immunotherapy with or without chemotherapy (HR=0.07; CI95%=0.05-0.20), and cytotoxic chemotherapy without immunotherapy (HR=0.36; CI95%=0.32-0.41), as compared to patients receiving neither cytotoxic chemotherapy, nor immunotherapy both in the whole population (Figure 1A, and Table 3).

When focusing on patients with no diagnosis of metastasis in the observation period, which includes 24356 patients with 1277 SPC, (Figure 1B), a significant reduction in the incidence of SPC was also observed in the group treated with cytotoxic chemotherapy only for the FPC (HR=0.57; CI95%=0.50-0.65), and no second cancer was observed in the group treated with ICI (Figure 1B, p<0.0001).

Analyzing each individual year of study (from 2013 to 2018), the incidence of SPC was consistently smaller for patients treated with ICI and/or cytotoxics, vs cytotoxics alone vs patients not receiving cytotoxics or ICI (Suppl. Fig. 1). The reduction of the risk of SPC with immunotherapy vs cytotoxics only was observed for children as well as young and older adults (Table 2).

We then analyzed the impact of immunotherapy on the risk of SPC in patients according to the primary site of the FPC (Suppl. Figure 2). Treatment with ICI for the FPC was associated with a reduction of the incidence of SPC in the different subgroups of FPC (e.g. lung, head and neck, colorectal, sarcoma, prostate, skin cancers…). The sites and histotypes of the SPC identified in the group selected for the landmark analysis are presented in Supplementary table 1. The second cancers observed in the group of patients treated with immunotherapy for the FPC were colorectal adenocarcinoma (n=3), upper digestive tract cancers (N=1), melanoma (n=1), and other site (n=2). Though the number of SPC from the GI tract was overall decreased, 4 of the 7 patients treated with immunotherapy (57,2%) for the FPC had a SPC from the digestive tract vs 145/1270 (11,5%, p=0.0001) for patients not receiving ICI for the FPC.

A multivariate Cox model was conducted to explore the clinical characteristics and therapeutic actions for the FPC associated with the risk to develop a SPC. Of note, the numbers in table 3 are different from those of table 2 because of the 6 months landmark analysis. Gender, age, stage (metastasis at diagnosis), tumor sites, or histotypes (sarcoma) as well as immunotherapy and cytotoxic chemotherapy were introduced in the model. Young age, thyroid, breast and prostate cancer, presence of metastasis at diagnosis, as well as administration of chemotherapy and/or immunotherapy were correlated to a reduced risk of SPC (Table 3A).

A second multivariate Cox model was conducted on the population of patients without documented metastasis of their FPC, and introducing the same parameters (age, gender, tumor sites and histotypes, cytotoxic and/or immunotherapy administration for the FPC. Again, age, tumor type, as well as administration of chemotherapy and/or immunotherapy were correlated to the risk of SPC (Table 3B). No SPC were observed in patients treated with immunotherapy in this subgroup.

Discussion

Second primary cancers (SPC) are an important cause of death for children and adult patients treated for a first primary cancer in long term remission [START_REF] Travis | Aetiology, genetics and prevention of secondary neoplasms in adult cancer survivors[END_REF][START_REF] Newhauser | Assessing the risk of second malignancies after modern radiotherapy[END_REF][START_REF] Bhatia | Second cancers in survivors of childhood cancer[END_REF]. The etiological factors of SPC are those of the FPC (e.g. smoking, alcohol, diet), but also the genotoxic treatments used for the first cancer. The hazard ratio associated to the risk of SPC as compared to the general population are reported to range from 1.2 to up to 30 depending on the FPC and its treatment (1-10). We recently reported that the administration of immune checkpoint inhibitors, mostly PD1/PDL1 or CTLA4 antibodies for the FPC was associated with a reduced risk to develop a SPC [START_REF] Heudel | Reduced risk of second primary cancer in patients treated with immune checkpoint inhibitors for a first cancer[END_REF]. Only 7 of the 1163 patients treated with immune checkpoint inhibitors for a first cancer had a diagnosis of a SPC in this observation period.

In the present study, we report an analysis of the impact of ICI on the risk of SPC in the different age groups, histotypes and according to the administration of cytotoxic treatments for the FPC. The results presented here indicate that not only immunotherapy but also the administration of cytotoxic chemotherapy was associated with a reduced incidence of SPC in the population and period explored. Cytotoxic treatment for the FPC was also associated with a reduction of the incidence of the SPC, even when immunotherapy was not administered, but the reduction observed was of lower magnitude. This is paradoxical given the abundant literature on the increased risk of SPC in survivors treated with alkylating agents, anthracyclines and others [START_REF] Travis | Aetiology, genetics and prevention of secondary neoplasms in adult cancer survivors[END_REF][START_REF] Bhatia | Second cancers in survivors of childhood cancer[END_REF][START_REF] Henderson | Risk factors associated with secondary sarcomas in childhood cancer survivors: a report from the childhood cancer survivor study[END_REF][START_REF] Morton | Current knowledge and future research directions in treatment-related second primary malignancies[END_REF]. Indeed, cytotoxic agents increase the risk of secondary myeloid malignancy (1-5,17,18), but their impact is less consistent for solid tumors, depending on the drug and organs. The dose of procarbazine correlates to the risk of second solid cancers, but this agent is now less used; cyclophosphamide exposure increases bladder cancer [START_REF] Morton | Current knowledge and future research directions in treatment-related second primary malignancies[END_REF]. An increased risk of sarcoma was reported after exposure to anthracyclines but not after other cytotoxic agents, including alkylating agents [START_REF] Henderson | Risk factors associated with secondary sarcomas in childhood cancer survivors: a report from the childhood cancer survivor study[END_REF]. These secondary solid tumors are however diagnosed later at a median of >10 years after the diagnosis of first cancer, i.e much later than the observation period of the present study. Conversely, a 50% reduction of the risk of contralateral breast cancer is observed in patients at high risk who had received adjuvant cytotoxic chemotherapy for the first breast cancer, consistently with the present observations [START_REF] Reding | Adjuvant systemic therapy for breast cancer in BRCA1/BRCA2 mutation carriers in a population-based study of risk of contralateral breast cancer[END_REF].

The reduction of the number of SPC in patients treated with immunotherapy for their FPC is of larger magnitude in this series with a hazard ratio inferior to 0.1. With the limited follow-up, it remains unclear whether treatment with immune check point inhibitors (ICI) for the FPC may either delay or prevent the emergence of SPC. It is actually striking to observe that the median time between the FPC and the SPC was 11 months (ranging from 0 to 78 months) but this must be considered in the context of a median follow-up of 19 months for this series. This follow-up is relatively short in view of the usual reported delays to the emergence of the second cancer in mist series of the literature, frequently exceeding 10 years. The observed short term reduction of risk of SPC may involve the reactivation of an efficient antitumor immune response against an infra-clinical tumor, as shown for the adjuvant treatment of high risk melanoma [START_REF] Weber | Adjuvant Nivolumab versus Ipilimumab in Resected Stage III or IV Melanoma[END_REF][START_REF] Eggermont | Adjuvant Pembrolizumab versus Placebo in Resected Stage III Melanoma[END_REF]. The reduction associated with ICI administration was consistent for each of the individual years, from 2013 to 2018, of this study, and observed in all age group and for all histotypes and primary cancer sites explored.

To our knowledge, the impact of immunotherapy for the FPC on the risk to develop a second primary cancer had not been reported in another series. The analysis of the published literature on large clinical trials of immunotherapy with ICI in the approved indications is not informative on the incidence of SPC. Most often none are reported in these series [START_REF] Xu | Comparative safety of immune checkpoint inhibitors in cancer: systematic review and network meta-analysis[END_REF][START_REF] Chai | The Differences in the Safety and Tolerability of Immune Checkpoint Inhibitors as Treatment for Non-Small Cell Lung Cancer and Melanoma: Network Meta-Analysis and Systematic Review[END_REF]. Even in cancers occurring in patients with germline mismatch repair deficiency, who are prone to develop multiple tumor types and where immunotherapy is highly active, this has not been reported to our knowledge [START_REF] Lynch | Milestones of Lynch syndrome: 1895-2015[END_REF][START_REF] Le | PD-1 Blockade in Tumors with Mismatch-Repair Deficiency[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] Marabelle | Efficacy of Pembrolizumab in Patients With Noncolorectal High Microsatellite Instability/Mismatch Repair-Deficient Cancer: Results From the Phase II KEYNOTE-158 Study[END_REF][START_REF] Le | Phase II Open-Label Study of Pembrolizumab in Treatment-Refractory, Microsatellite Instability-High/Mismatch Repair-Deficient Metastatic Colorectal Cancer: KEYNOTE-164[END_REF][START_REF] Mendis | Cautious optimism-the current role of immunotherapy in gastrointestinal cancers[END_REF][START_REF] Spira | Precancer Atlas to Drive Precision Prevention Trials[END_REF][START_REF] Spira | Leveraging premalignant biology for immune-based cancer prevention[END_REF]. It will be important to study the incidence of second primary cancer in published randomized clinical trials evaluating ICI in the adjuvant setting of non-metastatic cancers.

Of note, a large proportion of patients in whom immunotherapy was applied for their FPC is known to be at risk for a SPC given the etiological factors of their FPC (e.g. lung and ahead and neck cancers or melanoma , with sun exposure, smoking, alcohol). We would have expected a higher risk of SPC in this population, even in advanced phase. The opposite was seen, and actually no head and neck carcinomas, lung cancer, bladder nor renal cancers were observed as SPC in the group treated with ICI for the FPC. Actually, histotypes and sites of SPC observed in the group treated with immunotherapy for the FPC were different from those treated without ICI for the FPC, with more digestive tract cancers in the rare SPC observed in patients treated with ICI. An analysis of the genomic and molecular characteristics of these SPC occurring after immunotherapy is ongoing.

This study has several limitations. A part of the data were collected through an automatic extraction using natural language processing of the electronic patient records. To ensure the quality of data extracted through this screening, a second, manual, screening of 2818 files was thus performed by the team on all patients who received immunotherapy and on those where the diagnosis of SPC had not been formally declared by the physician in charge. Only 6 additional SPC were identified by this procedure. Another limitation, is that the follow-up of the series is 19 months; indeed further analysis will be required in the same series in the years to come to determine whether our results point to a reduction of the incidence or only to a prolonged delay to diagnosis. Treatment with radiotherapy for the FPC was not integrated in this report. It was not found associated with an increased risk of SPC over the observation period and did not impact on the conclusion of the multivariate analysis (not shown). Another issue is that patients treated with ICI had often advanced disease, receiving immunotherapy with a short life expectancy. For this reason, a second analysis was conducted on the subgroup of patients who never had metastasis of their primary cancers. Both analyses are consistent in their results. Finally, different histological groups of tumors were grouped to ensure sufficient numbers e.g. in "lung cancer", which gather adenocarcinoma or squamous cell carcinoma or "skin cancers", which gather melanoma, Merkel cell carcinomas, epidermoid carcinoma and others. Specific analysis on given histological subtypes will be required in the future. Though consistent for each individual years here, this early reduction in the risk of SPC requires validation from other large series and datasets. This is a large, exhaustive, but single center study which needs to be confirmed using other exhaustive databases of electronic patient records of comprehensive cancer centers. It must be stressed that this study is not a clinical trial and additional series are needed to confirm this observation.

These results have potentially important consequences, in particular in adolescent and young adults cured of the first cancer and in whom SPC are a too important causes of death. Their long life expectancy may expose to a high cumulative risk of second primary malignancy. Several studies have explored the immunological environment of premalignant lesions, and indicate the presence of active immune responses [START_REF] Mendis | Cautious optimism-the current role of immunotherapy in gastrointestinal cancers[END_REF][START_REF] Spira | Precancer Atlas to Drive Precision Prevention Trials[END_REF][START_REF] Mascaux | Immune evasion before tumour invasion in early lung squamous carcinogenesis[END_REF][START_REF] Foy | Immunological and classical subtypes of oral premalignant lesions[END_REF].

Altogether, these results collected in a large exhaustive database of 46829 patients population treated in a comprehensive cancer center indicates that the risk of second primary cancer is reduced in the years following the treatment of the cancer when immunotherapy with ICI is used for the treatment of the first cancer. These results are consistent in all age groups, for all histotypes and in each of the different years of this study. A longer follow-up will be needed to determine whether this reduction of incidence of SPC is maintained over time. If these observations are confirmed, these results open a novel area of clinical research in tertiary prevention for cancer patients, which could test an active prevention of second primary cancers, in a population of patients at high risk, such as those with germline predisposition to cancer, or with long term exposure to carcinogens such as smoking. A randomized study is in preparation. Survival analysis was performed using competing risk analysis to estimate the risk of being alive without SPC and 6-months landmark analysis to limit analysis to subjects who have survived long enough for treatment to be initiated. Due to this last constraint, 12432 patients (26.5%) with SPC or death before 6 months were excluded from the survival analysis. Thus, the population in this analysis consists of 34397 patients. CIF est. : cumulative incidence function with competing risks data. • $ : adults and children treated in the CLB were all included in this analysis.
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 1 Figure 1: Time to second primary tumor according to the treatment given for the first primary tumor.
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 1A Figure 1A: Time to second primary tumor in pts treated with immunotherapy and/or cytotoxic chemotherapy or none for the first primary cancer (all patients).
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 1B Figure 1B: Time to second primary tumor in pts treated with immunotherapy and/or cytotoxic chemotherapy or none for the first primary cancer in patients without documented metastasis.
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 1 Figure 1: Time from primary cancer to secondary cancer in different subgroups of patients
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 1A Figure 1A : Time to second primary tumor according to systemic treatments given for the FPC

  

Table 1 Description of the patients and treatments received for the first primary cancer before the second primary cancer Cytotoxics only Cytotoxics and Immunotherapy Immunotherapy only Neither Cytotoxics nor immunotherapy All patients

 1 

		N=16997	N=1131		N=32	N=28669	N=46829
		N	%	N	%	N	%	N	%	N	%
	Gender									
	F	9657 (56.8%)	426	(37.7%) 14	(43.8%) 16628 (58.0%) 26725 (57.1%)
	M	7340 (43.2%)	705	(62.3%) 18	(56.3%) 12041 (42.0%) 20104 (42.9%)
	Age of									
	cancer1									
	N		16997		1131		32	28669		46829
	Mean(Et)	57.7 (18.6)	59.6 (12.6)	50.8 (19.0)	57.2 (18.8)	57.5 (18.6)
	Médian	60.9 (0; 100)	60.9 (0; 90)	54.9 (10; 77)	60.0 (0; 115)	60.4 (0; 115)
	(min; max)									
	Q1-Q3	48.1-70.4	52.0-67.8		43.8-65.1	46.1-70.5	47.1-70.4
	Classes of									
	age for first									
	cancer$									
	<30	1436 (8.4%)	24	(2.1%)	5	(15.6%)	2597	(9.1%) 4062 (8.7%)
	[30-60[	6737 (39.6%)	509	(45.0%) 14	(43.8%) 11717 (40.9%) 18977 (40.5%)
	>=60	8824 (51.9%)	598	(52.9%) 13	(40.6%) 14355 (50.1%) 23790 (50.8%)
	Cancer sites									
	Breast	4809 (28.3%)	33	(2.9%)	1	(3.1%)	6857 (23.9%) 11700 (25.0%
	Lung	2125 (12.5%)	486	(43.0%) 11	(34.4%)	2084	(7.3%) 4706 (10.0%)
	Head & Neck	929 (5.5%)	167	(14.8%)	5	(15.6%)	2286	(8.0%) 3387 (7.2%)
	Gyneco.	1105 (6.5%)	62	(5.5%)	0	(0.0%)	1967	(6.9%) 3134 (6.7%)
	Digestive	1445 (8.5%)	53	(4.7%)	1	(3.1%)	1498	(5.2%) 2997 (6.4%)
	Connective	646 (3.8%)	19	(1.7%)	0	(0.0%)	2253	(7.9%) 2918 (6.2%)
	tissue									
	Colorectal	1099 (6.5%)	30	(2.7%)	1	(3.1%)	1545	(5.4%) 2675 (5.7%)
	Prostate	643 (3.8%)	11	(1.0%)	0	(0.0%)	1732	(6.0%) 2386 (5.1%)
	Urothelial	434 (2.6%)	142	(12.6%)	1	(3.1%)	837	(2.9%) 1414 (3.0%)
	Thyroid	220 (1.3%)	7	(0.6%)	0	(0.0%)	1106	(3.9%) 1333 (2.8%)
	Skin cancer	149 (0.9%)	57	(5.0%)	0	(0.0%)	713	(2.5%)	919 (2.0%)
	Others	3393 (20.0%)	64	(5.7%) 12	(37.5%)	5791 (20.2%) 9260 (19.8%)
	Metastatic									
	at diagnosis									
	No	10199 (60.0%)	492	(43.5%) 31	(96.9%) 28669 (100.0%) 39391 (84.1%)
	Yes	6798 (40.0%)	639	(56.5%)	1	(3.1%)	0	(0.0%) 7438 (15.9%)
	Second									
	primary									
	cancer									
	No	16560 (97.4%) 1125	(99.5%) 31	(96.9%) 27283 (95.2%) 44999 (96.1%)
	Yes	437 (2.6%)	6	(0.5%)	1	(3.1%)	1386	(4.8%) 1830 (3.9%)
	Histotypes									
	(2 nd cancer)									
	Head&Neck	47 (0.3%)	0	(0.0%)	0	(0.0%)	185	(0.6%)	232 (0.5%)
	Sarcoma	43 (0.3%)	0	(0.0%)	0	(0.0%)	153	(0.5%)	196 (0.4%)
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Systemic treatment for the first primary cancer

Immuno +/-Chemo 0 / 34 / 99 0.000 (0.000-0.000) 0.000 (0.000-0.000)