TREATMENT FOR MULTIPLE MYELOMA IN HOSPITAL AT HOME: CLINICAL CHARACTERISTICS AND PATIENT CARE PATHWAYS

AIM

To describe the clinical characteristics and the care pathways of patients with multiple myeloma (MM) benefiting from hospital at home (HAH) for their parenteral anticancer treatment
METHOD
A retrospective scheme conducted in HAH of Assistance-Publique des Hôpitaux de Paris (APHP). All patients starting bortezomib treatment line in HAH in 2015 were included. Data collection was based on CHIMIO® software and on medical records. We analyzed the patient’s characteristics, their pathways, their long-term outcomes.
RESULTS
Of 536 patients treated for cancer in HAH, 154 patients received bortezomib. 73,4% patients began their first line for their symptomatic MM. Mean age was 70,6 years, 27,3 % under 65 years, 53,9% of men, 27,3% living alone, a median Karnofsky Performans Status of 70. One third of elderly lived alone, 16,1% required domestic help. The median number of courses was 6 (range: 1-14), the mean duration of treatment was 6,6 m (+ 3,5) in HAH. The median time to next treatment was 17,5 (range:0-50) months.  After 24 months of follow-up after the first administration in HAH, 77,9% were alive. The median overall survival was still not reached at 4 years. 58,8% -mainly the youngest-  went back to HAH for the subsequent treatment.
CONCLUSION

Patients treated in HAH for MM - regardless of age and therapeutic goal- were mainly independent, treated from the first line in a radius close to hospital. The involvement of HAH was achieved without safety issues nor compromised long-term outcomes. This study described the real-world patterns of patients benefiting from HAH.  
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What’s known:
Despite progress in the treatment, multiple myeloma remains an incurable disease requiring most often multiple lines of therapy with round trips between hospital and home. Some patients are treated at home for their anti-myeloma injection and data are sparse. 
What’s new:

This study reported the largest cohort of patients treated in HAH for symptomatic MM with parenteral anticancer drugs at home with the longest follow-up (median = 48 m). It provided valuable data on the characteristics and the real-world outcomes across multiple lines of therapy about patients treated at home.

INTRODUCTION
With an increasing incidence, multiple myeloma (MM) is the second most frequent form of malignant bone marrow disease with two-thirds of patients over 65 years at diagnosis (1).
Despite progress in the development of effective treatment improving significantly overall survival, MM remains incurable (2–5). When MM becomes symptomatic, patients requiring multiple lines of therapy with an alternation of relapse even after complete response (6,7). The novel therapeutic agents have significantly improved survival including among older adults, but their outcomes remain poorer than in younger patients. The first step in treatment is to determine whether patient could benefit of high-dose chemotherapy with autologous stem cell transplantation (ASCT), as ASCT combined to drugs remains the only significant improvement of outcomes. This therapeutic strategy is feasible only in selected patients specifically in older patients. Patients are stratified based on eligibility for ASCT determined initially by age with 65 years old and older but qualified by comorbidities and functional dependence (8). Whatever the ASCT eligibility, one of the most widely approved regimen incorporated parenteral administration of bortezomib, a proteasome inhibitor (PI), associated at least with steroids, leading to round trips between hospital and home for treatment administration.
Hospital remains the main setting for parenteral cancer chemotherapy administration despite the patient’s general positive feeling about receiving care at home (9). As cancer is becoming a long-term disease, along with advances in diagnos​tic technology and novel targeted treatments, with their financial constraints, it is necessary to develop alternative models of health service delivery such as home programs. Hospitalization At Home (HAH) is a service that can avoid hospital stay through the provision of treatment by health care professionals at home for a condition that otherwise would require care in hospital(10). HAH provides complex care and services are available 24 hours a day and 7-days a week. Most patients with MM receive their chemotherapy in conventional hospital. Given the lack of data in the literature concerning the patient with MM in HAH, we aimed to describe the clinical characteristics, the outcomes and the care pathways of patients for highlighting about the clinical practice in HAH.  
METHODS: 

Study design and intervention
The study was a retrospective, transversal scheme conducted in HAH from Assistance Publique des Hôpitaux de Paris (APHP). Patients were to be treated according to the current standard of care and of practice at the study site. 
Hospitalization At Home (HAH) has been part of the French health system for several decades and has risen to some prominence over the last 10 years. In 2015, French HAH delivered 4,629,254 bed days in 160,793 admissions to 105,008 patients from 308 institutions(11).  HAH’s mission is to “ensure, in the patient’s home, suffering from severe, complex and progressive disease(s), for a limited period of time, depending on the evolution of his health condition, continuous and coordinated medical and paramedical care that only a hospital facility can provide” . HAH provides complex care and services are available 24 hours a day and 7-days a week(12). The study has been conducted in Greater Paris University Hospital’s HAH named HAH of APHP. This structure is organized through the largest conglomerate of 37 public hospitals located in Paris and suburbs. HAH of APHP is the oldest structure of home care in France, since 1967. It takes care of 840 patients a day and its intervention area is localized in an urban area, in Paris and the inner suburbs. Patients were eligible if the care site was localized in the intervention area of HAH of APHP.  

The administration of parenteral anticancer drugs is performed by about 250 qualified nurses at the patient’s home. Physicians are spread across 19 hospitals and the link with HAH is ensured through the HAH coordination nurse, the HAH coordinator physician, and the HAH specialized pharmacist.

Since 2015, every step of the medication system is computerized with CHIMIO® information system (Computer Engineering®, France), from the medical order by physician to the HAH nurse administration, including the description of the injection site or even side effects. Once prepared, preparations are daily delivered within sealed temperature controlled cool box, by a secure carrier from the “Chemo unit” straight to the patient’s home. Then, one of our dedicated nurses supervises the administration of chemotherapy. Nurses were physically present in home during injection. Patients gave written informed consent to be treated at home and to use their anonymized data for research.

The study was approved by the institutional review board and did not required ethics committee approval since the study was retrospective, without interventions. Data were anonymous with no identifiable patient information. All patients provided written informed consent to be treated at home and agreed to use their health data for research purposes.

Patients

Patients with symptomatic MM were eligible if patients received at least one injection of bortezomib for a new treatment line, whatever the age, the treatment line, and the eligibility of ASCT.  

Patients were included if one injection of bortezomib has been provided by HAH APHP for a new treatment line started during the year 2015. In 2015, bortezomib, PI, was administered by intravenous bolus or by subcutaneous route at a dose of 1,3 mg per square meter, on weekly or twice weekly for 4 injections a course followed by a rest period between two courses,  according to the patient’s therapeutic goal. Drug could be associated with one or two others antimyeloma drugs. The dose of anticancer drugs was reduced or delayed in case of hematologic toxic effects or grade 3 or 4 non hematologic toxic effects according to the drug recommendations and the NCCN clinical practice guidelines(2). Treatment was discontinued on disease progression, non-response or the occurrence of unacceptable toxic effects.

The first injection of chemotherapy is always administered in the hospital to assess the patient susceptibility to severe adverse events. Prior to each course of treatment, patients were evaluated by physician in outpatient clinic in hospital. During this evaluation, patients underwent complete physical examinations along with appropriate blood taken analysis and imaging studies –if required- to determine their eligibility for chemotherapy treatment. 
If a patient was approved for the chemotherapy treatment, the patient had the second and subsequent cycles of chemotherapy at home except for each first administration of each course in outpatient clinic. The HAH coordination nurse met the patient in the clinic to perform an assessment to eligibility for home care about the home environment and the understanding of the HAH organization. Patient is asked to nominate a close person who could most involved in helping to support them at home. 

During the course, toxicity and dose modifications were defined by the physician according to blood taken results and clinical status. 
Data collection 

Data collection were based on CHIMIO® software (Computer Engineering®, France), from the department of HAH medical information, and from clinical records. 

For each patient, data were collected as follows:

· Characteristics of patient at the baseline in HAH (age, sex, comorbidities) and the Charlson comorbidity index (CCI) was calculated(13) 
· The location before discharge in HAH
· Lifestyle at the baseline in HAH (work, life alone, domestic help)
· Hospital prescriber
· Distances travelled by the patient between home and the hospital

· Karnofsky Performans Status (KPS): Coordination nurse rated the functional status of the patient during admission in HAH and at each monthly visit, on the Karnofsky Performance Scale(14). It is an observer rating of physical ability scored from 100% ‘Normal, no complaints’ to 0% ‘Dead’. 
· Dependence rate according to the chart of activities of daily living, that assessed at the beginning of each stay in hospital six items (dressing, locomotion, feeding, continence, behavior, relation and communication), each item scored from 1 to 4, 4 meaning the highest level of assistance. The total score ranged from 0 to 24 (0=completely independent, 24= completely dependent). The threshold of 12 was used to distinguish autonomous patients (score under 12 out of 24). 
· Characteristics of MM (type, date of diagnosis)
· The date of symptomatic MM was defined according to the diagnostic criteria reported by the International Myeloma Working Group (IMWG) by hematologists (15)
· Line of treatment and eligibility of ASCT for the treatment involving HAH in 2015

· Drug regimen and treatment duration in HAH
· The dates of initiation and discontinuation of each treatment regimen, and the reason of discontinuation

· Treatment response rates were assessed according to IMWG response criteria and defined as the proportion of patients achieving at least a partial response at the end of line of treatment
· The location of the next treatment line
· The number of course in hospital and in HAH for the new treatment line started in 2015.
· Response to treatment and date of relapse after the treatment line involving HAH 
· Vital status from date for registration to 24 months and from diagnosis to September 2019 or to the last follow-up.
Outcomes 

After the description of the patients’ characteristics, we compared the patient’s characteristics according to age with the threshold of “65 years-old” as it remained the theoretical threshold for the eligibility for ASCT, balanced with comorbidities and functional status.
Statistical analysis

Analysis was performed with R software (version 3.5.0). Data were summarized using descriptive statistics, as appropriate. Significance was tested using t-tests for quantitative variables and Chi-square tests for categorical variables (significance set at P< 0.05). We analyzed the time to progression (progression free survival (PFS), the time to subsequent MM therapy. Overall survival (OS) was measured in months and calculated from the start of the new line of treatment in 2015 to 2-years follow-up and from the date of diagnosis to the date of death or last follow-up. Observations, where the event of interest (progression, relapse, death) did not occur, were censored at the last assessment or at the latest on September 1st, 2019.  Distributions were estimated with use of the Kaplan-Meier method. 

RESULTS: 

Patients and clinical characteristics

In 2015, 536 patients received parenteral anticancer drugs in HAH APHP. 154 patients (28,7%) received at least one injection of bortezomib at home for a new line of treatment for their symptomatic MM.  Baseline demographic at the first administration in HAH, disease characteristics and regimen are detailed in Table 1. 53,9% were male. The mean age was 70,6 y (+ 11,84y) with 72,7% were 65 and over within 40,3% over 75 (mean age = 81,3 y (range: 75,02-95,51)).  Patients lived largely at home (97,5%) and 27, 3% lived alone. The mean (SD) distance between home and hospital was 8,2 km (+ 5,8 km). Two third of younger patients still worked.  

Patients were balanced between the two groups settled to age except for the comorbidity per patient: the CCI was predominantly between 0 and 2 for patients under 65 (n=38 (90%)) and was 5 or more for a quarter of patients of 65 and over (n=30 (26,8%))(p<0,001). About the half of patients (53,2%) had at least one comorbidity, 69 patients of 65 and over (61,6%) and 13 patients under 65 (31,0%)(p<0,001) with  diabetes (13%), high blood pressure (35,1%) and renal impairment (16,9%) and a higher rates in older patients. Karnofsky Performans Status was 70% with a domestic help for about 12% of patients. Most of the patients’ ADL (93,5%) rated under 12 out of 24.  113 (73,4%) patients began their first line of MM treatment including administration in HAH. The disease isotypes were mainly IgG-isotype (66,2%). Among the patients of 65 and over, 13,4% were eligible for ASCT. 

 Intervention in HAH and patient’s pathway 
The intervention in HAH and the patients’ pathway are detailed in Table 2. Thirteen hospitals involved administration in HAH during the treatment for the patients at least 65 and eight hospitals involved HAH for the patients under 65. The median time since diagnosis to the first administration in HAH for a new line of treatment was two (range: 0-169) months. The treatment in HAH and response after line in HAH are detailed in Table 2. It showed bortezomib-based regimens received in different schedules. All but one patient received bortezomib at 1,3 mg/m² with a subcutaneous administration. The most frequent regimen for the older patients was a combination of bortezomib with melphalan and prednisolone (40,2%) and for the youngest patients, a combination of bortezomib with thalidomide and dexamethasone (52,4%).  At the end of the treatment line involving HAH, the overall response rate (ORR) was 77,9%, 88,1% (n=37) of younger patients achieved a complete response (CR) or very good partial response (VGPR) and 55,4% (n=62) of elderly patients achieved CR and VGPR (p<0,001). The rate of non response (NR) was 20,1% (n=31):  61,3% (n=19) of non-responders were in their first line of treatment. Two non-responders discontinued for toxicity the bortezomib-regimen after two courses. The rate of missing data was 1,9%. The median number of courses received in HAH was 6 with the first administration of each course, most often realized in outpatient clinic followed by 3 administrations in HAH as 85,2% (+ 23,2%) of the mean duration of treatment (DOT) (SD) was in HAH (6,6 m + 3,5 m). 

Four patients (2,6%) had been previously treated in HAH for anti-cancer drugs administration or for another medical reason. Within the 6 months-period after the end of bortezomib-regimen in HAH, 67,5% of patients were followed up, 14,3% of patients received a new line of treatment for non response or relapse (7,1%  patients under 65, 17% patients of 65 and over), 7,8%of patients died, exclusively the oldest patients (median age: 81,7 (range:68,1;88,8); median CCI: 4 (range: 2;7)), 7,1% patients received maintenance oral treatment, 3,2% were lost to follow-up, mainly youngest patients. 
Long-term outcomes

The median follow-up from diagnosis of MM symptomatic to death or last data censored at the September 1st, 2019 was 48 (range: 4-188) months.
Until the last follow-up, 44,2% (n=68) required a new line of therapy requiring  hospital parenteral administration: 58,8% (n=40) received drugs in HAH for a new line. Twenty-six out of the 28 patients (92,9%) who never went back to HAH were over 73 years old.
At the date of the last follow-up, the clinical states of four patients required complete hospitalization, and three of them died in long-stay hospital.  
The median time to next treatment (TTNT) was 17,5 (range:0-50) months. The OS are detailed in Table 3, according to the age, to the time of follow-up and to the therapeutic project. After 24 months of follow-up after the first administration in HAH, 120 patients (77,9%) were alive, 72,3% of elderly and 92,9% of younger patients and the median OS was still not reached at 4 years. The OS and PFS according to the eligibility of ASCT and to the line of treatment are detailed in Figure 1: (A) median OS according to the eligibility of ASCT was not reached for patients with ASCT and was 7,8 y for patients without ASCT (p<0,001), (B) If 1st line in HAH without ASCT, median OS was not reached and was 62 m if the 2nd line and over (p<0,001), (C) median PFS was not reached for patients with ASCT and was 20 m without ASCT (p<0,001).  
DISCUSSION: 
To date, we reported the largest cohort of patients treated in HAH for symptomatic MM with parenteral anticancer drugs at home with the longest follow-up (median = 48 m). It showed that patients treated in HAH were mainly autonomous, with few comorbidities. They started their treatment early in HAH for their first line without compromising their overall survival during the 48 months follow-up. However, only the youngest patients (< 73y) went back to HAH for a new line of MM treatment.

Patients with bortezomib-regimen represented almost one-third patients treated in HAH APHP for chemotherapy in 2015. Patients’ age distribution in HAH was corresponding very roughly with the age distribution of the disease reported by Palumbo et al. (1) but, showing in HAH a lower proportion of young patients and a higher proportion of patients at least 75 than the population with symptomatic MM (37% under 65, 37% at least 75  in Palumbo et al.).  Most of the patients did not have domestic help (83,9% oldest patients) and could live at home, was autonomous for the daily-life activities whatever their age. One-third patients, whatever the age, lived alone. They lived in a radius close to the prescribing hospital in an urban environment, explained by the intervention zone of HAH APHP. It seems treatment involving HAH could be compatible with a professional activity as two-third youngest patients and around 3% of the oldest still worked. Those results could be linked to the demographics characteristics of the Parisian and the inner suburb population, very densely populated with more senior and students and fewer families and with more managers than the French average (https://www.insee.fr/fr/statistiques/2572750). 
Our cohort had few comorbidities and lower compared to others published studies: diabetes (13%), high blood pressure (35,1%) and renal impairment (16,9%) were respectably 21,5%, 62,0% and 38,9% in the CONNECT-MM registry (16,17), renal impairment was reported in about 20% by Rifkin et al. and Kyle et al. (17,18). We reported 61,6% patients 65 years and older with at least one comorbidity whereas Wildes et al. (19) reported 47,5% patients but their cohort was younger than ours (mean age = 71 vs 76,4 in our study), smaller (n=40 vs n= 112 in our study), including untreated patients because of their non-symptomatic MM and, 65% of their patients over 65 were eligible to ASCT vs 13,4% of patients of 65 and over in our cohort, our rate was similar to the proportion of patients of 65 and over undergoing ASCT reported in the literature (15,8% between 65 and 69 in Auner et al (20)). Unlike Wildes et al (19) who reported common geriatric impairments in their over-65-years old patients (62%), the patients treated at home for MM  - regardless of age and therapeutic goal- were “fit” and independent as they have no domestic help and were autonomous for the daily-life activities.  According to the CCI, 90% of patients under 65 and 70,5% of patients of 65 and over had the same probability of survival at 10 years than the usual population without comorbidity.
The patients began mainly their first line of treatment for MM in HAH (73,4%), soon after symptomatic MM diagnosis (mean time: 2 m), whatever the patient’s age.  It shows that HAH is well-integrated in the patient’s pathway for some hematologic wards probably related to the computerized network between the prescriber and HAH, the HAH nurse within the hematologic ward improving the reactivity to admit the patient in HAH . As expected, the most common regimens and their schedules were consistent with the therapy recommendations in 2015 according to the eligibility of ASCT, the treatment response was better if the treatment line included ASCT (18,21). 
The difference of number of hospital prescribers between the youngest patients and the patients of 65 and over (n=8 vs n=13, only one was a geriatric hospital) shows that four hospitals directed only the oldest patients in HAH. The patient’s  duration of treatment did not seem compromised by HAH:  1,3% of our patients discontinued treatment due to toxicity which was low as Richardson et al reported a rate of discontinuation due to toxicity ranged from 15,3 -32,0% with PI-based regimens in RRMM patients (22). As the prescribing instructions of bortezomib product recommended a fixed number of cycles (23), the DOT in HAH was 6,6 m + 3,5m with a median number of courses equal to 6 [range: 1;14]. The DOT  was similar to data reported in literature as Richardson et al reported a DOT between 3,7 to 8,7 months  with PI-based regimens in RRMM patients after 1 to 3 prior lines of therapy (16) and Chari et al reported a median DOT of 5,9 months with bortezomib-dexamethasone regimen in newly diagnosis MM (NDMM) patients ineligible for transplant (24). About the patients who required a new line of therapy involving hospital administration and for most of them were HAH-naive, only 58,8% went back to HAH even if the new drug could be injected in HAH. These patients were mainly the youngers as 92,9% who never went back to HAH were over 73 years old. According to studies, advanced-age patients with RRMM should have more comorbidities, more functional decline with a poorer outcome (8).  Those results show HAH is overall well-integrated in the patient’s management but raise the question why patients -mainly the oldest- do not return to HAH for their following line. These results question of a pre-selection by hospital physicians of patients who could benefit of treatment at home such as the oldest patients but those in better physical conditions or with the better environment.

The TTNT was 17,5 (range: 0-50) months with OS-2y of 77,9% and OS-4y of 67,5% whatever the line of treatment, treatment goals and, the patient’s age. It was similar to data reported in literature as Richardson et al reported a TTNT between 5,7 to 25,3 months with PI-based regimen(16), Chari et al reported a TTNT of 24,4 months in NDMM patients (24) and, Noone et al. reported OS-5y was 52% whatever the line of treatment (25). Even it is difficult to compare studies with different design and regimen, the ORR was 77,9%, the median PFS was 20m in transplant in-eligible patients, and the median OS was still not reached at 4 years corresponding to data found in the literature with ORR >66%  in second-line Vd therapy in Laubach et al. (26), for patients treated with lenalidomide-bortezomib-dexamethasone (VRD),  ORR = 82%  in Durie et al. (27) and ORR =100% in NDMM in Richardson et al. (28), median PFS =35,1 months in transplant in-eligible patients treated with VRD in O’Donnell et al. (29) and median PFS = 17,3 months for VMP in UPFRONT trial (30),  median OS = 40 months in the bortezomib-group in the ENDEAVOR study (31). These data confirmed HAH does not compromised patient’s outcomes. 
Our study has several limitations. First, the retrospective design led to missing data such as the disease characteristics and did not allowed to refine the interpretation of PFS and OS according to the cytogenetic abnormalities and the International Staging System. Second, we included patients without restriction of line of treatment to highlight the real-world practice. Some patients treated for third line or more had been diagnosed with MM more than 5 years ago and may have received less effective treatment than patients more recently diagnosed. Third, the assessment of the patient’s autonomy was carried out by several nurses contributing to disparities in interpretation. Nevertheless, the results showed consistency with the absence of a caregiver, a correlation between IADL rates and KPS, and the restricted number of comorbidities. Forth, we included patients treated in only one HAH structure as the development of anticancer drug administration at home in 2015 was limited in France. Nevertheless, we could be confident in the representation of patients treated at home as this cohort represented 17,8% of the 867 patients treated for MM in APHP in 2015.

In conclusion, this is the first study provided detailed insights into patient’s characteristics and outcomes for such a large symptomatic-MM cohort treated in HAH with a median follow-up of 48 months. These results showed patients treated in HAH APHP for MM  - regardless of age and therapeutic goal- were mainly independent, treated from the first line at home in a radius close to the hospital in an urban environment. The involvement of HAH was achieved without safety issues or compromised outcomes. This study described the real-world patterns of patients, and showing HAH could be a real alternative to an exclusively hospital-based management. In the future, it will important to explore with a qualitative study the selection criteria for HAH and the pros and cons of HAH according to the patient.
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