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Short-and long-term health related quality of life (QoL) of critically ill patients is lower than that of an age-and gender-matched population [START_REF] Oeyen | Quality of life after intensive care: a systematic review of the literature[END_REF][START_REF] Langerud | Health-related quality of life in intensive care survivors: Associations with social support, comorbidity, and pain interference[END_REF][START_REF] Vogel | Health-related quality of life after general surgical intensive care[END_REF][START_REF] Gerth | Changes in health-related quality of life after discharge from an intensive care unit: a systematic review[END_REF][START_REF] Hofhuis | Health-related quality of life in ICU survivors-10 years later[END_REF]. Major reductions in long-term QoL are observed in cases of severe acute respiratory distress syndrome, prolonged mechanical ventilation, and severe sepsis, which represent complications that likely affect cancer and non-cancer patients [START_REF] Oeyen | Quality of life after intensive care: a systematic review of the literature[END_REF]. Only few data are available on QoL of cancer patients following ICU discharge. In a cohort of 483 cancer patients, a significantly reduced QoL was reported one year following ICU discharge compared to QoL recorded prior to admission [START_REF] Oeyen | Long-term outcomes and quality of life in critically ill patients with hematological or solid malignancies: a single center study[END_REF]. No study has so far compared QoL of cancer patients requiring ICU admission with that of those not requiring such an admission but whose QoL may be impaired by the malignancy itself.

The aim of this study was to assess the impact of an ICU stay on QoL of cancer patients at 3 months post-ICU discharge, in comparison with that of those cancer patients not requiring intensive care. 1)

METHODS

Patients

Patients in the control pool could be matched with a case patient at any time. ( 26) If a non-ICU patient was secondarily admitted into the ICU, this patient then became an ICU patient at discharge, whereas he/she could no longer be a non-ICU patient. In case of death of a case or control patient before the 3-month evaluation, the associated case or control was returned in the respective pool. ICU and non-ICU patients could stay for one year within these pools and be matched at any time. Non-ICU patients were regularly searched for in order to be matched with ICU patients from the pool of cases. When there were no more patients in the pool of controls, other non-ICU patients were recruited from medical oncological consultations and included in the control pool.

Data collection

Demographic data (age, gender, most recent PS, and Charlson comorbidity Index) [START_REF] Quan | Updating and validating the Charlson comorbidity index and score for risk adjustment in hospital discharge abstracts using data from 6 countries[END_REF] and cancer-related characteristics (metastatic status and anticancer treatment) were collected from medical records. Intensive care data (severity scores like SOFA at 24 hours and the worst score, (28) IGS2 ( 29), organ failures during ICU stay, and length of stay) were similarly recorded. At 3 months, quality of life and anticancer treatment data were collected, as were PS, independence, anxiety and depression scores evaluated using validated surveys (see below). These data were derived using standardized phone calls conducted by the same evaluators or from medical records.

Endpoints

The primary outcome was the QoL evaluated using the 36-Item Short Form survey instrument (SF-36) through a telephone call 3 months after inclusion. The SF-36 questionnaire contains 36 items measuring eight domains including physical and social functioning, role limitations due to either physical or emotional problems, mental health, vitality, bodily pain, and general perception of health. Two summary scores, a Physical Component Summary (PCS) and Mental Health Component Summary (MCS), were calculated based on these items and expressed as percentages, higher scores indicating better perceived health [START_REF] Ware | The MOS 36-item short-form health survey (SF-36). I. Conceptual framework and item selection[END_REF][START_REF] Mchorney | The MOS 36-Item Short-Form Health Survey (SF-36): II. Psychometric and clinical tests of validity in measuring physical and mental health constructs[END_REF][START_REF] Mchorney | The MOS 36-item Short-Form Health Survey (SF-36): III. Tests of data quality, scaling assumptions, and reliability across diverse patient groups[END_REF][START_REF] Perneger | Validation of a French-language version of the MOS 36-Item Short Form Health Survey (SF-36) in young healthy adults[END_REF]. The validity and reliability of the SF-36 were previously confirmed in the critically ill population [START_REF] Chrispin | Short Form 36 in the intensive care unit: assessment of acceptability, reliability and validity of the questionnaire[END_REF]. General health, which was evaluated using the PS ranging from 0 (good general status) to 4 (bad general status), independence, which was evaluated using the activities of daily living (ADL) questionnaire ranging from 0 (dependent) to 6

(independent), anxiety and depression, which was evaluated using the hospital anxiety and depression scale (HADS) including a score for anxiety (HADS-A) and another for depression (HADS-D), each ranging from 0 to 21 (no symptomatology if < 7), in addition to the oncological care project (continuation or modification of anticancer treatment according to the disease progression), which were all secondary outcomes evaluated at 3 months.

Statistical analysis

We hypothesized that the mean SF-36 at 3 months would be 35/100 in ICU cancer patients versus 45/100 in non-ICU cancer patients, based on scientific literature [START_REF] Langerud | Health-related quality of life in intensive care survivors: Associations with social support, comorbidity, and pain interference[END_REF][START_REF] Oeyen | Long-term outcomes and quality of life in critically ill patients with hematological or solid malignancies: a single center study[END_REF][START_REF] Van Vliet | Longterm health related quality of life following intensive care during treatment for haematological malignancies[END_REF][START_REF] Ehooman | Long-term health-related quality of life of critically ill patients with haematological malignancies: a prospective observational multicenter study[END_REF]. With a statistical power of 90%, an alpha risk of 5%, and 20% of patients lost to follow-up, we calculated that we needed to include 20 cases and 40 controls.

Population characteristics were expressed as number and percentages for qualitative variables, and median and interquartile range (25 to 75 th quartiles) for quantitative variables.

Comparisons between the two groups were performed using a Chi-squared test or Fisher's exact test for qualitative variables, and a nonparametric Mann-Whitney U test for quantitative variables. We performed all tests in a two-sided manner. The alpha risk was set at 0.05.

The primary outcome analysis was performed after excluding patients who did not answer the QoL questionnaire at 3 months, in addition to their matched cases or controls. The multivariate analysis was carried out using a generalized linear model with a gamma distribution on factors not used for matching (age and gender) and clinically pertinent variables (PS and metastatic cancer status). Multivariate analysis assumptions were supported by doing so. R version 4.0.3 was employed for all statistical analyses.

RESULTS

Patients' characteristics at inclusion

A prospective individual matching (Figure 1) was applied [START_REF] Charpentier | An algorithm for prospective individual matching in a non-randomized clinical trial[END_REF]. During the study period, 123 cancer patients (lung, colorectal, and head and neck cancers) were discharged alive from the ICU, 31 of whom were recruited, with 23 still alive at 3 months. Overall, 46 non-ICU cancer patients were identified, thereby matching with these last ICU patients (Figure 2).

Most patients (n=39, 57%) displayed lung cancer, 18 (26%) colorectal cancer, and 12 (17%) a head and neck cancer (Table 1). Demographic characteristics were similar between ICU and non-ICU patients, except for PS at inclusion, which was better in non-ICU patients (0 or 1 for all of them) than in ICU patients (PS 0 or 1 for 78%; PS 2 or 3 for 22%). Half of the patients displayed metastatic disease. Regarding anticancer treatment, 43% patients underwent treatment in a curative goal, and only 13% were in second-or further-line treatment (Table 1).

Reasons of ICU admission were mostly cancer-related complications (n=15, 65%). Most patients experienced respiratory failure (n=13, 57%) or cardiovascular failure (n=9, 39%) (Table 2). Median number of organ failure was 1 (IQR, 1-2). Mechanical ventilation was employed in nine (39%) patients, and vasopressors in nine (39%), as well.

Quality of life at 3 months

Only 19/23 ICU patients answered the QoL questionnaire at 3 months, whereas all the 46 non-ICU patients did so. We therefore performed the analysis on the 38 matched patients, as well as on the 19 patients who answered the 3-month questionnaire. 

DISCUSSION

We herein report the results of a 1-year case-control prospective study comparing cancer patients either admitted (n=19) or not admitted (n=38) into ICU, the study's design being to compare QoL at 3 months between the two groups. MCS was significantly higher in ICU patient vs. non-ICU patient groups. However, the ICU stay was not independently associated with variation in mental or physical components of SF36 at 3 months in a multivariate analysis.

It must be stressed that this study followed an originally prospective design, whereas most case-control studies are retrospective in nature. Various clinical data were collected at inclusion and at 3 months post-discharge like general condition, characteristics of ICU stay, anticancer treatment, and oncologic care project. QoL was assessed using the SF36, a commonly used survey questionnaire that had previously been validated in critically ill population [START_REF] Chrispin | Short Form 36 in the intensive care unit: assessment of acceptability, reliability and validity of the questionnaire[END_REF]. Among the screening patients admitted into ICU, the ICU and 3-month (35% and 44% respectively) mortality rates were similar to those published in the scientific literature [START_REF] Vincent | In-hospital and day-120 survival of critically ill solid cancer patients after discharge of the intensive care units: results of a retrospective multicenter study-A Groupe de recherche respiratoire en réanimation en Onco-Hématologie (Grrr-OH) study[END_REF][START_REF] Oeyen | Long-term outcomes and quality of life in critically ill patients with hematological or solid malignancies: a single center study[END_REF][START_REF] Gheerbrant | Factors associated with survival of patients with solid Cancer alive after intensive care unit discharge between 2005 and 2013[END_REF]. Nevertheless, our study was a single-center study with a small number of patients, especially given that four patients (17%) refused to answer the questionnaires at 3 months. Moreover, most of our ICU patients displayed low SOFA scores, which could restrict the possibility of extrapolating our results to the more severely-ill patients that are usually admitted into ICUs. Owing to these issues, we must interpret our results with caution.

This study focused on a highly selected population, with patients discharged alive from ICU and still alive at 3 months. Our patients displayed a particularly good PS and low SOFA scores with mostly only one organ failure, which are factors known to be independently associated with survival [START_REF] Taccone | Characteristics and outcomes of cancer patients in European ICUs[END_REF][START_REF] Azoulay | Predictors of short-term mortality in critically ill patients with solid malignancies[END_REF][START_REF] Soares | Short-and long-term outcomes of critically ill patients with cancer and prolonged ICU length of stay[END_REF][START_REF] Soares | Characteristics and outcomes of patients with cancer requiring admission to intensive care units: a prospective multicenter study[END_REF][START_REF] Azevedo | Outcomes for patients with cancer admitted to the ICU requiring ventilatory support: results from a prospective multicenter study[END_REF][START_REF] Vincent | In-hospital and day-120 survival of critically ill solid cancer patients after discharge of the intensive care units: results of a retrospective multicenter study-A Groupe de recherche respiratoire en réanimation en Onco-Hématologie (Grrr-OH) study[END_REF][START_REF] Gheerbrant | Factors associated with survival of patients with solid Cancer alive after intensive care unit discharge between 2005 and 2013[END_REF][START_REF] Soares | Intensive care in patients with lung cancer: a multinational study[END_REF][START_REF] Mcgrath | ICU and 6-month outcome of oncology patients in the intensive care unit[END_REF]. In a retrospective cancer patient cohort with suspected infection admitted to ICU, the PS impairment influenced the in-hospital mortality of those with lower SOFA scores (≤6), which concerned 32% of patients with PS 0-1 versus 52% of those with . This could explain why most of our patients (69%) continued their anticancer treatments without any modifications following their ICU stay, whereas Soares et al. reported that only 50% of survivors at 6 months could still benefit from any anticancer treatment [START_REF] Soares | Intensive care in patients with lung cancer: a multinational study[END_REF].

At 3 months, the MCS of SF36 was significantly higher in cancer patients after their ICU stay.

This result could be accounted for by the probably more relevant psychological care these patients received during their ICU stay. Regarding the SF36 values, the MCS was slightly higher than the PCS one, as recorded in other studies [START_REF] Oeyen | Long-term outcomes and quality of life in critically ill patients with hematological or solid malignancies: a single center study[END_REF][START_REF] Ehooman | Long-term health-related quality of life of critically ill patients with haematological malignancies: a prospective observational multicenter study[END_REF]. This difference probably reflects a gradual process in which patients progressively adapt and accept their physical limitations. This interpretation is further supported by the fact that the majority of our patients would accept a potential admission or re-admission into ICU as necessary.

According to Oeyen et al., the SF36-assessed QoL was shown to decline during the 3 months after an ICU stay (from 45/100 to 38/100 for PCS and 50/100 to 44/100 for MCS) in solid cancer patients, while improving again at 1 year (to 41/100 for PCS and to 50/100 for MCS), yet without returning to baseline values [START_REF] Oeyen | Long-term outcomes and quality of life in critically ill patients with hematological or solid malignancies: a single center study[END_REF]. In multivariate analysis, the ICU stay was unlikely to impact the QOL scores in patients who were still alive 3 months following ICU discharge. A good PS and the non-metastatic cancer status were independently associated with a higher PCS of SF36, reflecting a higher health-related QoL. This observation was consistent with the results of studies in which PS and recurrent or progressive malignancy were proven associated with mortality in critically ill cancer patients [START_REF] Azoulay | Predictors of short-term mortality in critically ill patients with solid malignancies[END_REF][START_REF] Soares | Short-and long-term outcomes of critically ill patients with cancer and prolonged ICU length of stay[END_REF][START_REF] Soares | Characteristics and outcomes of patients with cancer requiring admission to intensive care units: a prospective multicenter study[END_REF][START_REF] Azevedo | Outcomes for patients with cancer admitted to the ICU requiring ventilatory support: results from a prospective multicenter study[END_REF][START_REF] Vincent | In-hospital and day-120 survival of critically ill solid cancer patients after discharge of the intensive care units: results of a retrospective multicenter study-A Groupe de recherche respiratoire en réanimation en Onco-Hématologie (Grrr-OH) study[END_REF][START_REF] Gheerbrant | Factors associated with survival of patients with solid Cancer alive after intensive care unit discharge between 2005 and 2013[END_REF][START_REF] Mcgrath | ICU and 6-month outcome of oncology patients in the intensive care unit[END_REF][START_REF] Soares | Intensive care in patients with lung cancer: a multinational study[END_REF].

These factors, in addition to mortality and short-term health-related QoL, could be used by intensivists to help them decide if specific cancer patients should be admitted into ICUs.

Finally, our results highlight the absence of a negative impact of an ICU stay on QoL and anticancer treatments in cancer patients still alive at 3 months. This, again, stresses the relevance of identifying those patients who would benefit from an ICU stay and be able to handle their oncological project. The good prognostic factors previously reported in literature remain the most robust ones, including a good PS and non-metastatic controlled disease state with a curative therapeutic project and a limited number of organ failures.

Multidisciplinary discussion along intensivists and oncologists are still a relevant part of patient care, as shown by a multicenter study where daily meetings among them for care planning purposes was associated with lower mortality rates and more efficient resource use. ( 4)

CONCLUSION

At three months post-discharge, cancer patients admitted into ICUs exhibited comparable QoL with matched patients not admitted into ICUs. Thus, the challenging issue is to identify those patients with good prognostic factors who would benefit from an ICU stay in terms of QoL and continue their anticancer treatments. Nevertheless, these results still require confirmation by multicenter studies with higher patient numbers. 
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  This prospective study occurred between February 2020 and February 2021. Three adult ICUs of the University Hospital of Grenoble, France, participated to the study, including a surgical ICU (19 beds), cardio-surgery ICU (20 beds), and medical ICU (28 beds). The ethical committee for the Clinical Investigation Centers of Rhône-Alpes-Auvergne (IRB 5891) approved the study design on February 20, 2020. Given the study's observational nature, the requirement for written informed consent from patients or relatives was waived (clinical trial ID NCT04310033). Each patient or his/her relatives received oral and written information about the research, and they could refuse at any time to participate to the trial according to the French law (Toulouse E et al, ACCPM 2020).
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  The multivariate analysis revealed no significant association between ICU/non-ICU patient status and quality-of-life scores (MCS or PCS) 3 months after discharge (Table4). The nonmetastatic cancer status (coef. 1.21, CI95%: 1.05-1.40, p=0.01) and PS 0-1 (coef. 1.46, CI95%:1.11-1.90, p=0.01) were independently associated with an increase in PCS scores.

	General conditions and anticancer treatment at 3 months
	At 3 months, PS was still significantly better in non-ICU than ICU cancer patients (for PS 0-1,
	18 cases (78%) vs. 45 controls (98%), p=0.01). The HADS-A was significantly better in ICU
	than non-ICU patients (5 (IQR 4-6) vs 8 (IQR 5-10), p=0.01). The HADS-D was not significantly
	different. ADLs were similar between ICU and non-ICU cancer patients (Table 3).
	Seven (30%) ICU patients underwent anticancer treatment modifications (change of
	treatment line because of disease progression or curative treatment discontinuation for
	exclusive palliative care), whereas only six of 46 non-ICU patients (13%) underwent such
	modifications. All of the 12 (100%) non-ICU patients who were controlled without any
	treatment at baseline had still an exclusive follow-up without any cancer treatment at 3
	months, whereas two out of six (33%) ICU patients had to start a treatment beforehand.
	Concerning the question of a potentially further ICU admission, 19 (83%) ICU and 43 (94%)
	non-ICU cancer patients agreed with such a proposal.
	The median MCS of
	SF-36 significantly differed between ICU and non-ICU cancer patients, being 54 (IQR: 42-57)
	and 47 (IQR: 37-52), respectively (p=0.01). The median PCS of SF-36 was not significantly
	different, being 35 (IQR 31-47) vs. 42 (IQR 34-47), respectively (p=0.24) (Table 3).

Table 1 .

 1 Case and control characteristics at baseline Do not meet test assumption. Quantitative variables have been expressed as median (first quartile-third quartile) and qualitative as number (percentage) ICU: intensive care unit; Non-ICU: non-intensive care unit

		ICU patients,	Non-ICU patients,	p-value
		n=23	n=46	
	Demographic data			
	Age (in year)	70 [60;75]	66.5 [60;75]	0.91
	Male gender	18 [78]	27 [59]	0.18
	Weight at inclusion (kg)	62 [55;69]	68 [58;79]	0.26
	Charlson comorbidity index	1 [0;3]	2 [0;3]	0.32
	Performance status			
	-0-1	18 (78)	16 (100)	<0.01
	-2-3	5 (22)		<0.01
	History of cancer			
	Primitive cancer			*
	-Lung	13 (57)	26 (57)	
	-Colorectal	6 (26)	12 (26)	
	-Head and neck	4 (17)	8 (17)	
	Non -metastatic disease	12 (52)	23 (50)	1
	Previous anticancer treatments			
	-Chemotherapy	15 (65)	30 (65)	1
	-Immunotherapy	6 (26)	13 (29)	1
	-Curative radiotherapy	5 (22)	12 (26)	0.92
	-Curative surgery	10 (44)	20 (44)	1
	-Targeted therapy	3 (13)	5 (11)	1
	Actual anticancer treatment			
	Treatment goal			*
	-Palliative	13 (57)	26 (57)	
	-Curative	10 (43)	20 (43)	
	Treatment line			*
	-Only surgery or radiotherapy	6 (26)	12 (26)	
	-Line 1 of systemic treatment	14 (61)	28 (61)	
	-Line 2-3 of systemic treatment	3 (13)	6 (13)	
	Cancer status			**
	-Treatment not-reassessed	10 (44)	19 (41)	
	-Controlled without treatments	7 (30)	11 (24)	
	-Controlled with treatments	5 (22)	16 (35)	
	-Progression	1 (4)	0	

*Not performed because of matching variables. **

interval [CI]95%: 1.11-1.90, p = 0.01) and non-metastatic cancer status (coef. 1.21, CI95%:

1.05-1.40, p = 0.01) were independently associated with a higher PCS.

Conclusions: At 3 months, cancer patients admitted into ICU displayed comparable QoL with matched patients not admitted into ICU. Thus, the challenging issue is to identify patients with good prognostic factors who would benefit from an ICU stay in terms of QoL and continue their anticancer treatments. These results require confirmation by a multicenter study.
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