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ABSTRACT

Background & Aims: Predicting the risk of early limiting toxicity (ELT) is major challenge for the clinician seeking an effective, safe treatment for older patients with cancer. The Cancer and Aging Research Group (CARG) and CRASH (Chemotherapy Risk Assessment Scale for High-Age Patients) toxicity scores were designed to predict chemotherapy-related toxicity. Elevated resting energy expenditure (REE) may predispose to cachexia and increase ELT and mortality in older patients with cancer.

The primary objective was to assess the association between elevated REE and ELT in older patients with cancer. The secondary objectives were to assess the discriminant ability of a predictive model including REE (relative to the CARG and CRASH scores) and the prognostic value of elevated REE.

Methods:

We assessed patients aged 70 or over included in the prospective ELCAPA cohort between 2014 and 2018. The inclusion criteria were a solid tumour, a measurement of REE at baseline (mREE, by indirect calorimetry), and a geriatric assessment prior to cancer treatment in a teaching hospital (Paris, France). The mREE was compared with the predicted REE (pREE), as defined by the Harris-Benedict equation. Depending on the mREE/pREE ratio, study participants were classified as hypermetabolic, hypometabolic or normometabolic. The primary endpoint was 3-month ELT, defined as any unplanned hospitalization or any event leading to dose reduction, a treatment delay of more than 7 days, or treatment discontinuation within 3 months of initiation. The secondary endpoint was the 3-month mortality rate.

Results: A total of 179 patients were included. The median age was 80 [interquartile range: 76 -84] years, 37% of the patients were female, 81.8% had metastatic disease, 67.6% received chemotherapy, 20.7% received hormone therapy, and 11.7% received targeted therapies. According to the mREE/pREE ratio, 85 patients (47%) were hypermetabolic, 63 (35%) were normometabolic, and 31 (18%) were hypometabolic. Sixty patients (33.5%; 95% confidence interval (CI): 26.7-40.9) experienced ELT. The discriminant ability (as assessed by the C-index) of a multivariate model including REE and adjustment factors was 0.82 [95%CI: 0.73-0.91]. In comparison, the discriminant ability of the CARG and CRASH models was 0.57 [0.45-0.68] and 0.51 [0.40-0.62], respectively. In our model, hypermetabolism was an independent risk factor for ELT (adjusted odds ratio=2.44; 95%CI: 1.02-

Introduction

Given the current increase in life expectancy and the greater risk of cancer with age, a growing number of older people are being treated for cancer. Adults aged 80 and over are the fastest-growing age group in Europe [START_REF] Ferlay | Cancer incidence and mortality patterns in Europe: Estimates for 40 countries and 25 major cancers in 2018[END_REF]]. The choice of a cancer treatment in older adults with ageing-related conditions (e.g. disability, frailty, comorbidities, and geriatric syndromes) is challenging because the evidence on safety and efficacy comes from clinical trials that enrol young adult or physically fit older adults [START_REF] Hurria | Designing therapeutic clinical trials for older and frail adults with cancer: U13 conference recommendations[END_REF][START_REF] Canoui-Poitrine | Inclusion of Older Patients with Cancer in Clinical Trials: The SAGE Prospective Multicenter Cohort Survey[END_REF].

In this regard, real-life studies indicate that treatment-related, acute, limiting toxicity is more frequent in older patients with cancer [START_REF] Uccello | Assessing Outcomes and Prognostic Factors for First-Line Therapy in Elderly Patients With Metastatic Renal Cell Carcinoma: Real-Life Data From a Single United Kingdom Institution[END_REF][START_REF] Delgado-Ramos | Real-world evaluation of effectiveness and tolerance of chemotherapy for early-stage breast cancer in older women[END_REF] A systematic review [START_REF] Versteeg | Prediction of treatment-related toxicity and outcome with geriatric assessment in elderly patients with solid malignancies treated with chemotherapy: a systematic review[END_REF] found that a large proportion of treated older patients with cancer (49-64%) experience severe chemotherapy-induced toxicity. Several domains of the geriatric assessment (GA) have been linked to an increased risk of chemotoxicity [START_REF] Lee | Impact of comorbidity on chemotherapy use and outcomes in solid tumors: a systematic review[END_REF][START_REF] Kim | Predicting cumulative incidence of adverse events in older patients with cancer undergoing first-line palliative chemotherapy: Korean Cancer Study Group (KCSG) multicentre prospective study[END_REF][START_REF] Retornaz | Predicting Chemotherapy Toxicity and Death in Older Adults with Colon Cancer: Results of MOST Study[END_REF]. In cohort studies, undernutrition/cachexia was one of the key factors associated with chemotherapy toxicity in older patients with cancer [START_REF] Soubeyran | Predictors of early death risk in older patients treated with firstline chemotherapy for cancer[END_REF][START_REF] Dotan | Associations between nutritional factors and chemotherapy toxicity in older adults with solid tumors[END_REF].

Two toxicity risk scores have been developed and described recently. Firstly, the predictive Cancer and Aging Research Group (CARG) score for chemotherapy-induced toxicity was developed by Hurria et al., on the basis of a prospective, multicentre study of 500 patients aged 65 and over [START_REF] Hurria | Predicting chemotherapy toxicity in older adults with cancer: a prospective multicenter study[END_REF].

The risk factors included in the predictive model were age ≥70, polychemotherapy, cancer of the gastrointestinal or genitourinary tract, functional status, impaired hearing, anaemia, and impaired kidney function. In 2012, Extermann et al. described the Chemotherapy Risk Assessment Scale for High-age Patients (CRASH) after analyzing data from over 500 older patients with various types of cancer [START_REF] Extermann | Predicting the risk of chemotherapy toxicity in older patients: the Chemotherapy Risk Assessment Scale for High-Age Patients (CRASH) score[END_REF].

Dependency in instrumental activities of daily living (IADL), diastolic blood pressure, the serum lactate dehydrogenase (LDH) level, and the toxicity of the chemotherapy regimen were associated with haematological toxicity, whereas Eastern Cooperative Oncology Group performance status (ECOG-PS), altered cognition, malnutrition, and the toxicity of chemotherapy regimen were associated with nonhaematological toxicity. However, several studies have highlighted the low accuracy of the CRASH and CARG scores in other settings [START_REF] Feliu | Predicting Chemotherapy Toxicity in Older Patients with Cancer: A Multicenter Prospective Study[END_REF][START_REF] Maxime Frelaut | External validation of two predictive scores of chemotherapy toxicities among older patients with solid cancer, from ELCAPA prospective cohort[END_REF]. Energy homeostasis corresponds to the balance between dietary intake and total energy expenditure.

Cancer is associated with impairments in energy homeostasis, including metabolic deregulation, increased catabolism, and decreased food intake. Hypermetabolism is observed in about 50% of pa-tients with cancer. Increased resting energy expenditure (REE) may result in weight loss [START_REF] Nguyen | Comparison of Resting Energy Expenditure Between Cancer Subjects and Healthy Controls: A Meta-Analysis[END_REF] and can contribute to undernutrition/cachexia [START_REF] Vazeille | Relation between hypermetabolism, cachexia, and survival in cancer patients: a prospective study in 390 cancer patients before initiation of anticancer therapy[END_REF]. Abnormal REE was previously found to be associated with early limiting toxicity (ELT) in a prospective cohort of 277 middle -age patients [START_REF] Jouinot | Resting energy expenditure in the risk assessment of anticancer treatments[END_REF].

In the field of geriatric oncology, integrated energy metabolism profiles (with comprehensive clinical, geriatric and routine laboratory datasets) have not previously been assessed. Moreover, the value of alterations in energy metabolism in predicting outcomes for older patients with cancer has not been determined.

Hence, the primary objective of the present study of a geriatric oncology cohort was to evaluate the association between an elevated baseline REE (measured before the initiation of cancer treatment) and the risk of ELT. The secondary objectives were to compare the REE's ability to predict ELT with those of the CARG and CRASH risk scores and to evaluate the REE's prognostic value for short-term mortality in older patients with cancer.

Patients and methods

Design and patients

All patients included in the present analysis had already been included in the Elderly Cancer Patient (ELCAPA) study -a prospective, multicentre cohort study of patients aged 70 or over with a diagnosis of cancer and who have been referred by oncologists, radiotherapists, surgeons, or other specialists for a GA at the geriatric oncology clinics of 19 teaching hospitals in the greater Paris area of France [START_REF] Caillet | Comprehensive geriatric assessment in the decision-making process in elderly patients with cancer: ELCAPA study[END_REF].

In the present observational study (ELCAPA-25), we analyzed ELCAPA participants consulting at a single teaching hospital (Cochin University Hospital, Paris, France) between December 2014 and October 2018. The main inclusion criteria were a solid tumour, the initiation of chemotherapy, targeted therapy or hormone therapy, a baseline REE measurement (using indirect calorimetry (IC)) in the two weeks before treatment initiation, and available data on follow-up and/or treatment toxicity. We excluded patients who were not able to undergo IC (because of claustrophobia, oxygen therapy, or a flat nose bridge). Patients who received supportive care or radiotherapy alone or underwent surgery alone were not included in the present analysis.

All participants provided their written, informed consent prior to inclusion to ELCAPA study and verbal consent before indirect calorimetry. The study protocol was approved by the appropriate institutional review board (CPP Ile-de-France I, Paris, France). The survey is registered at ClinicalTrials.gov

[NCT02884375].

Data collection

The baseline data included sociodemographic variables (age, sex, living alone at home or not, etc.), cancer-related variables (tumour site, tumour stage, cancer treatment modalities, etc.), GA-related variables (nutritional and functional status, mood, cognition, polypharmacy, and comorbidities), and laboratory data. Vital status was assessed at 3 months. The GA variables were assessed on a standardized report form by a senior geriatrician specializing in oncology. Nutritional status was assessed in terms of the body mass index (BMI), weight loss in the previous 6 months, and the Mini Nutritional Assessment (short form) (MNA-SF). BMI categories were created according to the WHO classification and two recent consensus on criteria for malnutrition [START_REF] Cederholm | Diagnostic criteria for malnutrition -An ESPEN Consensus Statement[END_REF][START_REF] Cederholm | GLIM criteria for the diagnosis of malnutrition -A consensus report from the global clinical nutrition community[END_REF]. In older adults, the French High Com-mission for Health has recently suggested a cut-off of <22 kg/m 2 for malnutrition (rather than <18.5 kg/m

2 ) [START_REF] Authorité De Santé | Diagnostic de la dénutrition chez la personne de 70 ans et plus[END_REF], which is also suggested by two recent consensus on malnutrition criteria for older people aged >70 years [START_REF] Cederholm | Diagnostic criteria for malnutrition -An ESPEN Consensus Statement[END_REF][START_REF] Cederholm | GLIM criteria for the diagnosis of malnutrition -A consensus report from the global clinical nutrition community[END_REF]. Functional status was evaluated using the Activities of Daily Living (ADL) and 

Measurement of resting energy expenditure

The measured REE (mREE, Kcal/d) was determined with a portable IC system equipped with a face mask (Fitmate VM®, COSMED, Rome, Italy). The system had been calibrated according to the manufacturer's instructions. All measurements were carried out under standardized resting conditions, i.e.

after a 12 h fast and then complete bed rest in a thermoneutral environment for 15 min. Patients were told not to smoke in the hour preceding the measurement. During the IC session, the patients remained silent and awake. An initial 5-min measurement was used to check the steady state, as defined by a mean oxygen consumption variation of less than 10%. This check was followed by a 15 min REE measurement. The modified Weir equation was used to calculate the REE [START_REF] Weir | New methods for calculating metabolic rate with special reference to protein metabolism[END_REF].

The predicted REE (pREE, Kcal/d) was estimated from the revised Harris-Benedict equation as follows: pREE = 88.362 + 13.397 × weight (kg) + 479.9 × height (cm) - 5677 × age in years for males, or 447.593 + 9247 × weight (kg) + 309.8 × height (cm) - 4.33 × age in years for females [START_REF] Roza | The Harris Benedict equation reevaluated: resting energy requirements and the body cell mass[END_REF].

Based on the mREE/pREE ratio, the patients were classified according to Boothby et al.'s criteria as hypometabolic (mREE/pREE ratio <90%), normometabolic (mREE/pREE ratio = 90-110%) or hypermetabolic (mREE/pREE ratio >110%) [START_REF] Boothby | Studies of the energy of metabolism of normal individuals: a standard for basal metabolism, with a nomogram for clinical application[END_REF].

Estimation of muscle mass: the creatinine-to-cystatin C ratio

It was recently suggested that the ratio between plasma creatinine and serum cystatin C (the CC ratio, sometimes referred to as the sarcopenia index) is an index of muscle mass [START_REF] Kashani | Evaluating Muscle Mass by Using Markers of Kidney Function: Development of the Sarcopenia Index[END_REF][START_REF] Lin | Serum creatinine to cystatin C ratio predicts skeletal muscle mass and strength in patients with non-dialysis chronic kidney disease[END_REF][START_REF] Tabara | Creatinine-to-cystatin C ratio as a marker of skeletal muscle mass in older adults: J-SHIPP study[END_REF] 

Handgrip strength

Function was further assessed through patient's handgrip strength, measured twice for dominant hand using a hand-held hydraulic dynamometer (JAMAR). Low handgrip strength was defined as < 27 kg for men and < 16 kg for women [START_REF] Cruz-Jentoft | Sarcopenia: revised European consensus on definition and diagnosis[END_REF].

Early limiting toxicity

Haematologic and non-haematologic toxicites reported at each visit were graded according to the National Cancer Institute's Common Terminology Criteria for Adverse Events, version 5.0. The primary endpoint was the occurrence of ELT within three months of treatment initiation. ELT was defined as any unplanned hospitalization (including emergency department admission) or any adverse event leading to a decrease in dose intensity (i.e. a dose reduction, a treatment delay of >7 days), or treatment discontinuation).

CARG and CRASH scores

Each score was rated using the information available in the study database and according to published guidelines [START_REF] Hurria | Predicting chemotherapy toxicity in older adults with cancer: a prospective multicenter study[END_REF][START_REF] Extermann | Predicting the risk of chemotherapy toxicity in older patients: the Chemotherapy Risk Assessment Scale for High-Age Patients (CRASH) score[END_REF]. The CARG score ranged from 0 to 20, and the CRASH score ranged from 0 to 14. For each score, risk categories were then created using the cut-off values from the original development studies, as follows: low risk (≤5), mild risk (6-9), and high risk [START_REF] Soubeyran | Predictors of early death risk in older patients treated with firstline chemotherapy for cancer[END_REF][START_REF] Dotan | Associations between nutritional factors and chemotherapy toxicity in older adults with solid tumors[END_REF][START_REF] Hurria | Predicting chemotherapy toxicity in older adults with cancer: a prospective multicenter study[END_REF][START_REF] Extermann | Predicting the risk of chemotherapy toxicity in older patients: the Chemotherapy Risk Assessment Scale for High-Age Patients (CRASH) score[END_REF][START_REF] Feliu | Predicting Chemotherapy Toxicity in Older Patients with Cancer: A Multicenter Prospective Study[END_REF][START_REF] Maxime Frelaut | External validation of two predictive scores of chemotherapy toxicities among older patients with solid cancer, from ELCAPA prospective cohort[END_REF][START_REF] Nguyen | Comparison of Resting Energy Expenditure Between Cancer Subjects and Healthy Controls: A Meta-Analysis[END_REF][START_REF] Vazeille | Relation between hypermetabolism, cachexia, and survival in cancer patients: a prospective study in 390 cancer patients before initiation of anticancer therapy[END_REF][START_REF] Jouinot | Resting energy expenditure in the risk assessment of anticancer treatments[END_REF][START_REF] Caillet | Comprehensive geriatric assessment in the decision-making process in elderly patients with cancer: ELCAPA study[END_REF][START_REF] Cederholm | Diagnostic criteria for malnutrition -An ESPEN Consensus Statement[END_REF] for the CARG score; low risk (0-3), medium-low risk (4-6), medium-high risk (7-9) and high risk (≥10) for the CRASH score.

Statistical analysis

Sample size calculation was based in a previous study that showed that hypermetabolic patients were more likely to experience early limiting toxicities compared to normometabolic patients (OR [95% confidence interval] = 2.43[1. 14-5.22]. [START_REF] Jouinot | Resting energy expenditure in the risk assessment of anticancer treatments[END_REF] The frequency of early limiting toxicities in patients with normal metabolism was 16% (13 of 81 patients). With these data, to estimate this OR with a two-sided type 1 error of 0.05, and 80% power, 244 patients are needed, 155 in the hypermetabolic and 89 in the normometabolic groups, respectively.

Firstly, the patients' characteristics were described for the study population as a whole and for the hypometabolic, normometabolic and hypermetabolic subgroups. Categorical variables were expressed as the frequency (percentage). Quantitative variables were expressed as the median [interquartile range (IQR)]. The chi-square test and the Kruskal-Wallis test were used to compare REE subclasses.

The Šídák correction for multiple comparisons was applied. Secondly, we used univariate and multivariate logistic regressions to assess the association between ELT and metabolic subgroups or other known predictive factors [7-9, 30, 31]. Crude odds ratios (ORs) and adjusted odds ratios (aORs) were reported with their 95% confidence interval (CI). Thirdly, the CARG and CRASH scores were calculated [START_REF] Hurria | Predicting chemotherapy toxicity in older adults with cancer: a prospective multicenter study[END_REF][START_REF] Extermann | Predicting the risk of chemotherapy toxicity in older patients: the Chemotherapy Risk Assessment Scale for High-Age Patients (CRASH) score[END_REF]. Fourthly, the concordance index (C-index) [95%CI] for predicting ELT was estimated by a receiver operating characteristic (ROC) analysis for the CARG score, the CRASH score, and a multivariate model that included the REE. The equality of the area under the ROC curve was tested with an algorithm developed by DeLong and Clarke-Pearson [START_REF] Delong | Comparing the areas under two or more correlated receiver operating characteristic curves: a nonparametric approach[END_REF]. A C-index of ≥0.70 was considered to be acceptable and a value ≥0.80 was considered to be good.

Lastly, the 3-month overall survival (OS) rate was calculated using the Kaplan-Meier method. The logrank test was used to evaluate intergroup differences in survival. Univariate Cox proportional hazard regression was used to estimate crude hazard ratios (HRs) and their 95%CI for 3-month overall survival. The proportional hazards assumption was tested by checking the Schoenfeld residuals. Restricted Mean Survival Time (RMST) differences compared the mean survival time between groups within a 3-month follow-up. RMST compares areas under the two survival curves (exposure and control), calculates the mean survival time between groups, and is equivalent to the mean expected time to death within a specified time horizon. In contract to the HR, the RMST is independent of the proportional hazard assumption [START_REF] Royston | Restricted mean survival time: an alternative to the hazard ratio for the design and analysis of randomized trials with a time-to-event outcome[END_REF]. Missing data were not imputed.

All analyses were performed using Stata software (version 15, StataCorp, USA). All tests were twotailed. The threshold for statistical significance was set to p<0.05.

RESULTS

Patient characteristics

From December 2014 to October 2018, 253 patients underwent a routine evaluation with a REE measurement prior to the initiation of their cancer treatment. Of these 253 patients, 179 met all the inclusion criteria and none of the exclusion criteria (Figure 1). The median age was 80 (IQR: 76;84), and 36.9% were female (Table 1). The most common diagnosis was prostate cancer (accounting for 30.5% of the patients), followed by lung cancer (15.8%) and urinary tract cancer (14.1%). Most of the patients (81.8%) had metastatic cancer. All patients presented at least one abnormal GA parameter.

According to the IADL score, 48% of the patients were unable to function independently. Twenty percent of the patients had experienced falls in the past 6 months. A quarter of the patients were considered to be at risk of depression (28.2%). The majority of patients (66.7%) were taking five or more prescription drugs. Nutritional problems were frequent: for example, 43% of patients were at risk of malnutrition or were malnourished, according to the MNA-SF. Sixteen (9.1%) patients had lost ≥10%

of their body weight in the previous 6 months. Nearly 39% of the patients were categorized as overweight and 14% were categorized as obese. The cancer treatment was cytotoxic chemotherapy for 121 patients (67.6%), targeted therapy for 21 (11.7%), and hormone therapy for 37 (20.7%).

Resting energy expenditure

The median pREE was 1317 kcal/day (IQR: 1149-1465), and the median mREE was 1405 kcal/day (IQR: 1184-1641).

According to the mREE/pREE ratio, 85 (47%) patients were classified as hypermetabolic, 63 (35%)

were classified as normometabolic and 31 (18%) were classified as hypometabolic. The baseline characteristics of the normo-, hyper-and hypometabolic subgroups are summarized in Table 1.

Hypometabolic patients were frequently overweight or obese and were less likely to experience weight loss >10% in the previous six months, relative to hypermetabolic patients. Furthermore, hypometabolic patients were more likely to have a normal MNA score (p=0.046) and to be younger than hypermetabolic patients, although these differences were non-significant after application of the Šídák correction. Metabolic status was not associated with the cancer stage or the presence of liver metastases.

Early limiting toxicity during first 3 months

A total of 38 different anticancer regimens and schedules were recorded. Sixty of the 179 patients (33.5%; 95%CI = [26.7-40.9]) experienced ELT within 3 months of treatment initiation ( The dose had to be reduced for 22 (12%) other patients. The most common haematological limiting toxicity was thrombocytopenia (6 patients; 3.4%), and the most common non-haematological limiting toxicities were digestive toxicity (12 patients; 6.7%), infection in the absence of neutropenia (11 patients; 6.1%), and cardiovascular toxicity (6 patients, 3.4%).

Factors associated with ELT

The results of the univariable analysis of baseline factors are summarized in Table 3: primary cancer (with a particularly high risk for urological malignancies) (p=0.02); the presence of at least one severe comorbidity (p=0.02); a clinical diagnosis of depression (p=0.01); an elevated serum LDH level (p=0.03); the type of treatment (i.e. targeted therapy; p=0.01), and metabolic status (p=0.03) were associated with a greater risk of ELT. However, abnormal metabolic status, relative to normometabolic status was not significantly associated with higher risk of ELT in this univariate analysis.

In the multivariate analysis ( .98] for hypermetabolic patients. There were no significant differences in the 3-month mean survival time between the three metabolic status groups. The Kaplan-Meier curves for 3-month OS in each metabolic status group are shown in Figure 2.

DISCUSSION

The present study is the first to have evidenced a relationship between REE and the risk of treatmentrelated adverse events in a geriatric oncology setting. We confirmed that pREE (estimated using the Harris and Benedict equation) was not accurate for patients with cancer, since 65% of the study participants were not normometabolic when the REE was measured using IC. It is noteworthy that the REE was not associated with GA parameters, except for the MNA score. In a multivariate analysis, the factors independently associated with ELT were the type of primary cancer (urinary tract cancer and lung cancer), a clinical diagnosis of depression, an elevated serum LDH level, and metabolic status. Inclusion of the REE substantially augmented the multivariate model's discriminant ability for ELT.

The influence of age on REE has been studied mainly in healthy populations but less so in older adults with health problems [START_REF] Elia | Total energy expenditure in the elderly[END_REF][START_REF] Blanc | Energy requirements in the eighth decade of life[END_REF][START_REF] Cooper | Longitudinal change in energy expenditure and effects on energy requirements of the elderly[END_REF][START_REF] Itoi | Validity of predictive equations for resting metabolic rate in healthy older adults[END_REF][START_REF] Porter | Total energy expenditure measured using doubly labeled water compared with estimated energy requirements in older adults (>/=65 y): analysis of primary data[END_REF]. According to the literature data, healthy older adults have a lower total energy expenditure and a lower level of physical activity than younger adults [START_REF] Elia | Total energy expenditure in the elderly[END_REF][START_REF] Davis | Physical activity patterns assessed by accelerometry in older people[END_REF]. Since IC systems and trained personnel are not widely available, various equations for predicting REE have been developed [START_REF] Roza | The Harris Benedict equation reevaluated: resting energy requirements and the body cell mass[END_REF][START_REF] Mifflin | A new predictive equation for resting energy expenditure in healthy individuals[END_REF][START_REF] Muller | World Health Organization equations have shortcomings for predicting resting energy expenditure in persons from a modern, affluent population: generation of a new reference standard from a retrospective analysis of a German database of resting energy expenditure[END_REF]. However, the degree of agreement between mREE and pREE in adult patients with cancer depends on the equation used and the patient population studied [START_REF] Bauer | The agreement between measured and predicted resting energy expenditure in patients with pancreatic cancer: a pilot study[END_REF][START_REF] Reeves | Resting energy expenditure in patients with solid tumors undergoing anticancer therapy[END_REF][START_REF] Johnson | Cancer cachexia: measured and predicted resting energy expenditures for nutritional needs evaluation[END_REF][START_REF] Purcell | Accuracy of Resting Energy Expenditure Predictive Equations in Patients With Cancer[END_REF]. Most studies of REE in an oncology setting included relatively small proportions of older patients. To the best of our knowledge, the present study is the first to have prospectively determined REE with IC in a large cohort of older patients with cancer.

Toxicity is an important consideration for older adults with cancer [START_REF] Puts | A systematic review of unmet needs of newly diagnosed older cancer patients undergoing active cancer treatment[END_REF] and their oncologists when deciding on a treatment plan [START_REF] Moth | How do oncologists make decisions about chemotherapy for their older patients with cancer? A survey of Australian oncologists[END_REF]. In older patients, cancer treatments (and especially cytotoxic chemotherapies) are major stressors that could worsen underlying conditions. The increased risk of chemotherapy-associated adverse events in older patients may be due (at least in part) to changes in the pharmacokinetics of the cancer treatment via slower liver clearance, chronic renal failure, hypoalbuminemia, and drug-drug interactions -resulting in increased exposure. More frequent ELT is also related to increased susceptibility to a given treatment under normal exposure conditions. This situation is typically encountered in a patient with malnutrition, a severe comorbidity or clinical depression -as found in this study and others [START_REF] Freyer | Comprehensive geriatric assessment predicts tolerance to chemotherapy and survival in elderly patients with advanced ovarian carcinoma: a GINECO study[END_REF][START_REF] Wildes | Geriatric assessment is associated with completion of chemotherapy, toxicity, and survival in older adults with cancer[END_REF][START_REF] Kim | Association of multidimensional comorbidities with survival, toxicity, and unplanned hospitalizations in older adults with metastatic colorectal cancer treated with chemotherapy[END_REF].

The emergence of an older, more complex population of patients with cancer has highlighted the critical role of a dedicated risk assessment prior to treatment initiation. At present, the CARG and CRASH scores are the only two predictive scores for chemotherapy toxicity in older patients with cancer to have been published [START_REF] Hurria | Predicting chemotherapy toxicity in older adults with cancer: a prospective multicenter study[END_REF][START_REF] Extermann | Predicting the risk of chemotherapy toxicity in older patients: the Chemotherapy Risk Assessment Scale for High-Age Patients (CRASH) score[END_REF]. The CARG score was designed to predict grade 3 to 5 chemotherapyrelated toxicity in adults aged 65 and over [START_REF] Hurria | Predicting chemotherapy toxicity in older adults with cancer: a prospective multicenter study[END_REF]. The CRASH score was built to assess the individual risk of severe chemotherapy toxicity in adults aged 70 and over [START_REF] Extermann | Predicting the risk of chemotherapy toxicity in older patients: the Chemotherapy Risk Assessment Scale for High-Age Patients (CRASH) score[END_REF].

The CARG and CRASH scores do not include items of relevance for patients taking tyrosine kinase inhibitors or immune checkpoint inhibitors. As mentioned above, the CARG score predicts grade 3 to 5 toxicity; however, the accumulation of grade 2 toxicities (i.e. diarrhoea and neuropathy) may also be limiting and therefore of relevance in a geriatric population.

Several studies have reported on the discriminant value of the CARG and CRASH scores in various populations, relative to the derivation cohort [START_REF] Zhang | Prospective comparison of the value of CRASH and CARG toxicity scores in predicting chemotherapy toxicity in geriatric oncology[END_REF][START_REF] Ortland | Comparing the performance of the CARG and the CRASH score for predicting toxicity in older patients with cancer[END_REF]. There was a non-significant difference in toxicity rates of the three risk groups (0%, 17%, and 27% respectively; p=0.65).

In our study, weight loss was not associated independently with high risk of toxicity. This might have been due to a selection phenomenon; less toxic regimens might have been selected for patients who had already experienced significant weight loss. Similarly, there was no association between the CC ratio (the sarcopenia index) or the handgrip strength and the occurrence of ELT, in our study.

In line with our present results, Jouinot et al. demonstrated that abnormal metabolism was the most sensitive parameter for predicting the occurrence of ELT in a cohort of 277 middle-aged adults with cancer having undergone a routine evaluation with IC before treatment initiation [START_REF] Jouinot | Resting energy expenditure in the risk assessment of anticancer treatments[END_REF]. Our group has reported previously that hypermetabolism was associated with poor survival [START_REF] Vazeille | Relation between hypermetabolism, cachexia, and survival in cancer patients: a prospective study in 390 cancer patients before initiation of anticancer therapy[END_REF]. In the present study, metabolic status was not associated with overall survival; this might have been due to the short (3month) follow-up and/or the small number of patients who died during this period.

Our study had several limitations. Firstly, we studied a heterogeneous population of patients with various tumour types and treatment regimens; however, this reflected a "real-life" clinical population. Sec-ondly, we estimated the muscle mass from the CC ratio, which is less reliable for assessing body composition than dual-energy X-ray absorptiometry or computed tomography of the third lumbar vertebra. However, Suzuki et al. reported that the CC ratio was a useful predictive marker for chemotherapy-related adverse effects in patients with non-small-cell lung carcinoma [START_REF] Suzuki | Utility of creatinine/cystatin C ratio as a predictive marker for adverse effects of chemotherapy in lung cancer: A retrospective study[END_REF]. We were not able to assess the proportion of cachectic patients as we do not have the muscular mass in the database.

However, we can hypothesize that patients included in the present analysis are more concerned by malnutrition than cachexia as they were mostly in first-line of treatment. Patients who received exclusive supportive care were not included in the present analysis. Thirdly, this single-centre study had a small sample size, and so the predictive value of REE needs to be tested in other prospective studies.

Fourthly, the sample size of our study population was lower than the expected sample size. However, in our study there were 85 (47%) hypermetabolic patients and 63 (35%) patients with normal metabolism, with an adjusted OR for toxicity at 3 months of 2.44. With these data, the post-hoc power calculation for the observed OR was ≈ 75%.

These results have several implications. First, after strengthening by external validation in a larger cohort, our results suggest that physicians may use REE for assessing toxicity risk and for anticancer treatments, adapt the doses and the follow-up. The second implication is to provide corrective interventions to reverse hypermetabolism to normometabolism and thereby to improve the safety of anticancer drugs. We are presently designing a multicenter randomized trial in hypermetabolic patients assessing the superiority of a strategy of modulation of hypermetabolism.

Conclusion:

Older patients with cancer and an elevated REE are at higher risk of ELT. The measurement of REE improved the prediction of ELT in older patients with cancer and so might be of value in selecting the optimal treatment for each individual patient. External validation of the REE's value in clinical practice is now required. RMST= restricted mean survival time; CI= confidence interval A) Kaplan-Meier survival curves for metabolic status groups. B) Kaplan-Meier survival curves for hypometabolic vs. normometabolic patients. C) Kaplan-Meier survival curves for normometabolic vs. hypermetabolic patients. The area in gray corresponds to the intergroup difference in the restricted mean survival time.

  IADL scores. Mobility was assessed by the get-up-and-go test and any history of falls in the previous 6 months. The risk of depression was assessed by the mini Geriatric Depression Scale (mini-GDS). A clinical diagnosis of depression was established by a clinician, who was guided by the results of the mini Geriatric Depression Scale (mini-GDS), the presence or absence of mood-related symptoms, and any history of depression. Cognition was assessed by the Mini Mental State Examination score. The Cumulative Illness Rating Scale for Geriatrics (CIRS-G) was used to assess the presence and severity of any comorbiditiy. Patients were followed up for at least 3 months after treatment initiation or until their death.
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  . Creatinine and cystatin C in the circulation are filtered freely by the kidney, and their plasma concentrations are used to estimate the glomerular filtration rate and renal function. Cystatin C is produced at a constant rate by all nucleated cells, whereas creatinine is only produced by muscle. Hence, the CC ratio should vary with the muscle mass, independently of the level of kidney function. Plasma creatinine (mg/dL) was

	assayed on a Roche Cobas 8000 analyzer (Roche Diagnostic, Meylan, France), using the compen-
	sated Jaffe method. Plasma cystatin C (mg/L) was measured by immunonephelometry on a Siemens
	BNII analyzer (Siemens Healthcare SAS, Saint-Denis, France). The CC ratio was defined as [plasma
	creatinine] (mg/dL) / [serum cystatin C] (mg/L)) x 100.

Table 2

 2 

	). ELT

Table 3

 3 i.e. an increase from 0.77 to 0.82). The discriminant ability of the CARG and CRASH scores was 0.57 [0.45-0.68] and 0.51 [0.40-0.62], respectively. The models with these scores were well calibrated (p=0.49 and 0.48, respectively, in the Hosmer-Lemeshow test).

	), urinary tract cancer (aOR [95%CI]= 11.3 [2.04-62.6]; p=0.04), a
	clinical diagnosis of depression (aOR [95%CI]= 3.09 (1.27-7.50); p=0.01), an elevate serum LDH level
	(aOR [95%CI]= 1.81 (1.1-2.97); p=0.02), and hypermetabolism were associated with a greater risk of
	ELT (aOR [95%CI]=2.44, [1.02-5.80];p=0.01).
	The discriminant ability of the multivariate model including REE and adjusted for the primary cancer,

the type of treatment protocol, depression, more than one grade 3 or 4 CIRS-G comorbidity, and the serum LDH level was 0.82 [95%CI: 0.73-0.91]. The Hosmer-Lemeshow test showed that the model was well calibrated (p=0.22). The added value of adding REE to the multivariate model was 5 C-index percentage points (

  Nie et al.[START_REF] Nie | Predicting chemotherapy toxicity in older adults with lung cancer[END_REF] tested the CARG Score in 120 patients (mean age: 69; range: 65-82) receiving chemotherapy for lung cancer. The toxicity rates were significantly high in intermediate-, and high-risk groups (40%, and 60%, respectively, p<0.001), relative to the low-risk group (9%). According to Moth et al.[START_REF] Moth | Predicting chemotherapy toxicity in older adults: Comparing the predictive value of the CARG Toxicity Score with oncologists' estimates of toxicity based on clinical judgement[END_REF], the CARG score did not predict severe

chemotherapy-related toxicity (OR: 1.04, 95%CI: 0.92-1.18, p=0.05) and had low discriminatory value (AUC-ROC 0.52, 95%CI: 0.42-0.62) in 126 older adults with cancer. Alibhai et al.

[START_REF] Alibhai | A comparison of the CARG tool, the VES-13, and oncologist judgment in predicting grade 3+ toxicities in men undergoing chemotherapy for metastatic prostate cancer[END_REF] 

tested the CARG score in a cohort of 46 patients (mean age: 75) treated with docetaxel for metastatic prostate cancer.

Funding:

The ELCAPA study was funded by the French National Cancer Institute (Institut National du Cancer, INCa), Canceropôle Ile-de-France, and Gerontopôle Ile-de-France (Gerond'If), none of which had any role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, and approval of the manuscript; or the decision to submit the manuscript for publication.

Acknowledgments:

The ELCAPA Study Group consists of geriatricians (Amelie Aregui, Melany Baronn, Mickaël Bringuier,

Bouvard, Philippe Caillet, Gaelle Cosqueric, Lola Corsin, Tristan Cudennec, Anne Chahwakilian, Amina Djender, Eric Dupuydupin, Nargess Ebadi, Virginie Fossey-Diaz, Mathilde Gisselbrecht, Charlotte Goldstein, Béatrice Gonzalez, Marie Laurent, Julien Leguen, Madeleine Lefevre, Celine Lazarovici-Nagera, Emmanuelle Lorisson, Josephine Massias, Soraya Mebarki, Galdric Orvoen, Frédéric Pamoukdjian, Anne-Laure Scain, Godelieve Rochette de Lempdes , Florence Rollot-Trad, Gwenaëlle Varnier, Hélène Vincent, Elena Paillaud, Agathe Raynaud-Simon), oncologists (Pascaline Boudou-Rouquette, Etienne Brain, Stéphane Culine, Maxime Frelaut, Djamel Ghebriou, Joseph Gligorov, Stéphane Henault Daniel Lopez-Trabada-Ataz, Olivier Mir, Christophe Tournigand), a digestive oncologist (Thomas Aparicio), a gynaecological oncologist (Cyril Touboul), a radiation oncologist (Jean-Léon Lagrange), nurses (Stephanie Benyahia, Sadia Bonhomme, Alzira Mota, Gwadlys Philocles, Corinne Ouakinine), epidemiologists (Etienne Audureau, Sylvie Bastuji-Garin and Florence Canouï-Poitrine), a medical biologist (Marie-Anne Loriot), a pharmacist (Pierre-André Natella), a biostatistician (Claudia Martinez-Tapia), a clinical research physician (Nicoleta Reinald), clinical research nurses (Sandrine Rello, Melanie Lafage), data managers (Mylène Allain, Clélia Chambraud), and clinical research assistants (Aurélie Baudin, Margot Bobin, Johanna Canovas, Sabrina Chaoui, Lina Iratni, Sonia Garrigou, Sandrine Lacour, Helène Mabungu, Laure Morisset, Besma Saadaoui).

Conflict of interest

The authors declare no conflicts of interest. All authors contributed substantially to the acquisition of data and to drafting the article or revising it critically for important intellectual content and to final approval of the version to be published.