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Purpose: This study evaluated real-world clinical and economic outcomes associated with daratumumab-based regimens in patients 
with multiple myeloma (MM) ineligible for autologous stem cell transplantation (ASCT) in Italy. Differences in healthcare resource 
use according to daratumumab administration route (intravenous vs subcutaneous) were also explored.
Methods: A retrospective observational analysis was conducted using administrative healthcare databases from Italian Local Health 
Units covering ~12 million individuals (2018–2023). Patients with MM receiving daratumumab in first-line (1L) or second-line (2L) 
therapy were included. Real-world progression-free survival (rwPFS), defined as time to treatment switch or death, was used as 
a proxy endpoint for disease progression, and healthcare resource utilization were compared between treatment regimens. Propensity 
score weighting was applied to to improve comparability between treatment groups. Direct healthcare costs captured in administrative 
databases were analyzed from the perspective of the Italian National Health System.
Results: Among 790 non-ASCT MM patients, 344 received 1L DaraRd and 413 received 2L DaraRd. In the 1L setting, median rwPFS was 
not reached for DaraRd and was 25.7 months for Rd (p=0.011). In 2L, median rwPFS was 42.9 months for DaraRd versus 19.1 months for 
Rd (p <0.001). In 1L, DaraRd was associated with lower hospitalization costs compared with Rd for both all-cause (€4324 vs €7971) and 
MM-related (€2862 vs €6693) admissions. In 2L, differences in hospitalization costs were smaller and not statistically significant.
Conclusion: In this real-world analysis, daratumumab-based regimens were associated with longer rwPFS compared with Rd among 
transplant-ineligible MM patients, in both 1L and 2 L settings. In 1L treatment, these outcomes were accompanied by lower 
hospitalization costs. Given the retrospective design and the use of administrative healthcare data, these findings should be interpreted 
with caution, but they contribute to the growing body of real-world evidence on treatment outcomes and resource utilization in routine 
clinical practice.
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Introduction
Multiple myeloma (MM) is a clonal plasma cell malignancy characterized by the uncontrolled proliferation within the 
bone marrow, resulting in bone destruction, hematologic dysfunction, and immune suppression.1–3 MM accounts for 
approximately 1% of all cancers and more than 10% of hematologic malignancies globally, with increasing incidence, 
partly driven by ageing populations and advances in diagnostic methods.4 Despite significant progress in therapeutic 
options over the past two decades, MM remains incurable. As a result, treatment strategies continue to focus on 
extending progression-free survival (PFS), improving overall survival (OS), and maintaining quality of life, particularly 
in vulnerable subpopulations such as the elderly or transplant-ineligible patients.5

The treatment landscape of MM has undergone substantial transformation with the introduction of novel therapeutic 
classes, including immunomodulatory drugs (IMiDs), proteasome inhibitors (PIs), and monoclonal antibodies.6–10 

Among monoclonal antibodies, daratumumab—a human IgG1κ antibody targeting CD38—has emerged as a key 
component of MM therapy. Its mechanisms of action include antibody-dependent cellular cytotoxicity, complement- 
dependent cytotoxicity, and direct apoptosis of CD38-expressing cells.11,12 Initially introduced for relapsed or refractory 
MM, daratumumab has demonstrated efficacy across multiple lines of treatment, leading to its progressive expansion into 
frontline settings, including for patients not eligible for autologous stem cell transplantation (ASCT).13–15

Patients considered ineligible for ASCT represent a particularly heterogeneous population. Transplant ineligibility 
may be determined by advanced age, frailty, comorbidity burden, or reduced functional status, resulting in a wide clinical 
spectrum that ranges from relatively fit elderly patients to highly frail individuals with limited physiological reserve. This 
heterogeneity has important implications for treatment selection, treatment tolerance, and clinical outcomes. In routine 
clinical practice, physicians often individualize therapeutic strategies based on frailty assessments and comorbidity 
profiles, factors that are only partially captured in administrative healthcare databases. Consequently, real-world popula
tions may differ substantially from those enrolled in randomized clinical trials, where eligibility criteria typically exclude 
patients with severe comorbidities or poor performance status.

Before the introduction of daratumumab into first line (1L) regimens, standard therapies for transplant-ineligible 
patients primarily relied on combinations such as lenalidomide and dexamethasone (Rd) or bortezomib-based regimens. 
These treatments, while effective for some patients, showed limited long-term benefit in frail or elderly populations, with 
disease progression commonly occurring within two to three years.16 The integration of daratumumab into frontline 
combinations such as DaraRd (daratumumab/lenalidomide/dexamethasone) led to remarkable improvements in clinical 
outcomes. In the MAIA pivotal trial, DaraRd demonstrated a significant advantage in prolonging PFS and reducing the 
risk of disease progression and mortality during the early treatment phases. These benefits may allow patients to defer the 
need for more intensive and more expensive second-line (2L) therapies.16

In Italy, daratumumab received reimbursement approval for 2L use in 2018 and for 1L treatment in transplant- 
ineligible patients starting in 2021.17,18 These regulatory decisions reflect its expanding role in MM management.

It is important to note that the evidence supporting 1L use originated from pivotal trials in specific patient populations: 
the MAIA trial for transplant-ineligible patients14 and the CASSIOPEIA trial for transplant-eligible patients.19 

International regulatory bodies, including the European Medicines Agency (EMA) and the U.S. Food and Drug 
Administration (FDA), followed similar timelines for approval, largely driven by these trial results.14,19 The alignment 
between regulatory approvals and emerging clinical data provides an opportunity to explore treatment patterns, outcomes, 
and healthcare resource utilization in a real-world context during a period of rapidly evolving practice.

Recent trends in MM treatment underscored the growing emphasis on achieving deeper and faster responses through 
multidrug combinations, especially in earlier lines of therapy. In both randomized controlled trials and real-world analyses, 
adding daratumumab to Rd has consistently improved PFS and OS compared to Rd alone, reaffirming its clinical value across 
diverse patient populations.20–24 In the context of MM, real-world evidence complements randomized clinical trials (RCTs) by 
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capturing data from patients with complex comorbidity profiles who are often excluded from RCTs, thereby offering a more 
comprehensive understanding of treatment outcomes.23–25 Administrative healthcare databases, which capture longitudinal 
data on diagnoses, drug prescriptions, hospitalizations, and outpatient care, can represent a valuable tool to examine treatment 
effectiveness and economic impact in broader unselected populations.

Another important consideration when interpreting real-world evidence concerns the definition of clinical endpoints 
derived from administrative data. In clinical trials, progression-free survival (PFS) is determined through standardized 
radiologic and laboratory assessments of disease progression. In contrast, real-world progression-free survival (rwPFS) is 
commonly estimated using proxy indicators, such as treatment discontinuation, switching to a subsequent therapy line, or 
death. These proxies may be influenced not only by biological disease progression but also by clinical decision-making, 
reimbursement policies, and physician practice patterns. Therefore, while rwPFS provides a pragmatic measure of 
treatment effectiveness in routine care, its interpretation requires careful consideration of the healthcare context in 
which treatment decisions occur.

However, despite increasing use of daratumumab in real-world practice, evidence regarding its impact on treatment 
sequencing, disease progression, and healthcare costs in routine clinical settings remains limited. Moreover, the optimal 
sequencing of therapies MM remains an area of active clinical debate. The earlier introduction of highly effective agents, 
including anti-CD38 monoclonal antibodies such as daratumumab, may improve depth and duration of response, 
potentially delaying disease progression and the need for subsequent lines of therapy. However, earlier exposure to 
these agents also raises questions regarding treatment options at relapse and potential biological mechanisms of 
resistance, including modulation of CD38 expression. In addition, increasing evidence suggests that multiple myeloma 
progression is strongly influenced by the interaction between malignant plasma cells and the bone marrow microenvir
onment, which promotes disease persistence and drug resistance. Moreover, therapeutic pressure may shape clonal 
evolution from precursor conditions such as monoclonal gammopathy of undetermined significance (MGUS) to overt 
multiple myeloma, contributing to the emergence of resistant subclones over time.26 Evaluating treatment outcomes 
across different lines of therapy in real-world settings may therefore provide valuable insights into how therapeutic 
sequencing affects both clinical outcomes and healthcare resource utilization and medical costs. MM is associated with 
a substantial economic burden for healthcare systems. Disease management typically involves long treatment durations, 
combination regimens with high drug acquisition costs, and frequent monitoring through outpatient visits, laboratory 
tests, and hospitalizations. In aging populations, these costs may increase further due to comorbidity management and 
supportive care needs. Within publicly funded healthcare systems such as the Italian National Health Service (INHS), 
understanding patterns of healthcare resource consumption and treatment-related costs is essential to inform resource 
allocation and ensure the sustainability of innovative therapies.

To date, few studies have quantitatively assessed how the shift toward earlier use of daratumumab affects rwPFS, 
overall treatment costs, and healthcare resource utilization. Moreover, there is limited understanding of whether 
daratumumab route of administration, intravenous (IV) or subcutaneous (SC), may influence outcomes and expenditures. 
Addressing these knowledge gaps is essential to inform healthcare planning, policy development, and future treatment 
guidelines.

The primary objective of this study was to evaluate the association between daratumumab-based regimens and real- 
world clinical outcomes, specifically rwPFS, in patients with MM who are ineligible for ASCT. Secondary objectives 
included the assessment of healthcare resource utilization (HCRU), hospitalization costs, and treatment patterns across 
different lines of therapy within the Italian National Health System.

Materials and Methods
Study Design and Data Source
A retrospective observational study was carried out using data derived from administrative healthcare databases from 
Italian Local Health Units (LHUs), encompassing approximately 12 million health-assisted individuals. The analysis 
integrated multiple data sources, as previously described by our research group:27 (a) beneficiaries database providing 
demographic information; (b) pharmaceutical database for details on reimbursed medications, such as prescription dates 
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and Anatomical-Therapeutic Chemical (ATC) codes; (c) hospitalization database, containing records of discharge 
diagnoses coded using the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM), 
along with admission and discharge dates; (d) outpatient specialist services database, for information on diagnostic 
procedures and specialist consultations, including their type and date of provision; (e) exemption database reports data on 
healthcare payment waiver codes, including type and activation date.

The dataset used consists solely of anonymized data. All the results of the analyses were produced and presented as 
aggregated summaries. Approval has been obtained from the ethics committees of the participating healthcare entities.

Patient Population
Patients with MM were identified between January 2018 and June 2023 using a diagnosis proxy based on data from 
linked healthcare databases, including hospital discharge records, exemption codes specific to MM, and prescriptions for 
medications used exclusively in MM treatment.

Inclusion required at least one of the following criteria: hospital discharge diagnosis (at any level) for MM (ICD- 
9-CM code 203.0); or at least one prescription for MM-specific therapies such as daratumumab (ATC codes L01XC24, 
L01FC01), elotuzumab (L01XC23, L01FX08), isatuximab (L01XC38, L01FC02), ixazomib (L01XX50, L01XG03), 
carfilzomib (L01XX45, L01XG02), or belantamab mafodotin (L01FX15); or an exemption code specific for MM (code 
048.203.0).

To ensure data quality and patient follow-up, all the individuals included were required to have at least one year of 
data availability before the index-date (defined as the start of treatment) and at least one year of follow-up data thereafter. 
The index-date was used to initiate longitudinal tracking of treatment pathways, outcomes, and HCRU.

Patients were excluded if they began treatment with daratumumab from January 2023 onward and had evidence of 
light chain (AL) amyloidosis, as identified either through a hospital diagnosis (ICD-9-CM code 277.3) or an exemption 
code (RCG130). This was to avoid misclassifying cases treated for AL amyloidosis rather than MM following recent 
changes in therapeutic reimbursement.

The study population was stratified into two main cohorts: patients without record of previous ASCT during the 
observation period, and patients with ASCT. ASCT was identified through specific procedure codes (41.01, 41.04, 41.07, 
41.09). Among the non-ASCT cohort, further stratification was applied based on treatment lines, distinguishing between 
patients in their 1L and 2L of therapy.

Treatment lines were defined using pharmaceutical dispensing data. To account for prescription timing variability, 
a grace period equivalent to 50% of the expected cycle duration was applied to detect regimen combinations. If 
corticosteroids (eg, dexamethasone or prednisone) were not traceable (possibly due to hospital-only dispensing), the 
regimen was inferred based on the associated agents (eg, VM reclassified as VMp).

Only patients with an incident 1L treatment initiated from 2021 onward, or a 2L treatment from 2018 onward (aligned 
with national reimbursement policies for daratumumab), were eligible for inclusion in the analysis of treatment patterns, 
clinical outcomes, and HCRU.

To summarize, algorithms based on combinations of diagnosis codes, exemption codes and disease-specific treatments 
have been widely used in administrative database studies to identify MM populations in the absence of clinical registries. The 
cohort selection process followed a stepwise approach. First, patients with evidence of MM were identified in the adminis
trative databases using diagnosis codes and treatment records. Second, patients receiving daratumumab during the study 
period were selected. Third, the index-date was defined as the date of the first daratumumab administration. Fourth, patients 
were classified according to the line of therapy in which daratumumab was initiated. Finally, inclusion and exclusion criteria 
were applied to ensure adequate observation time and data completeness before inclusion in the final analytic cohorts.

Treatment Patterns
The treatment regimens analyzed were grouped by line of therapy and regimen type. Treatment lines for MM were defined 
based on prescription claims data and structured by evaluating specific drug combinations used in clinical practice.

To account for variability in prescription timing, a time window extending up to 150% of the expected cycle length 
was applied for each regimen (eg, for a 6-week cycle, a window of up to 9 weeks was included) to capture continuation 
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of the same therapeutic line. This approach enhanced flexibility in determining whether prescriptions belonged to the 
same treatment line.

If a treatment regimen was observed without corticosteroids (ie, dexamethasone or prednisone), the regimen was 
reclassified under its complete standard combination assuming corticosteroids were administered but not captured in the 
dataset (eg, VM was interpreted as VMp). This adjustment was necessary because corticosteroids are often dispensed at 
hospital level and may not be traceable in prescription data. Although the main comparative analysis focused on DRd vs 
Rd, other regimens were also investigated to provide a comprehensive overview of real-world treatment patterns. 
Specifically, the 1L-regimens considered were those approved and reimbursed by the INHS during the study period, 
as follows:

● DaraVMp (daratumumab/bortezomib/melphalan/prednisone), 6-week cycles
● DaraRd (daratumumab/lenalidomide/dexamethasone), 4-week cycles
● VMp (bortezomib/melphalan/prednisone), 6-week cycles
● VRd (bortezomib/lenalidomide/dexamethasone), 3-week cycles
● Rd (lenalidomide/dexamethasone), 4-week cycles
● DaraVTd (daratumumab/bortezomib/thalidomide/dexamethasone), 4-week cycles
● VTd (bortezomib/thalidomide/dexamethasone), 4-week cycles

The 2L-regimens were the following:

● DaraRd (daratumumab/lenalidomide/dexamethasone), 4-week cycles
● IsaKd (isatuximab/carfilzomib/dexamethasone), 4-week cycles
● KRd (carfilzomib/lenalidomide/dexamethasone), 4-week cycles
● Rd (lenalidomide/dexamethasone), 4-week cycles
● PomVd (pomalidomide/bortezomib/dexamethasone), 3-week cycles
● IxaRd (ixazomib/lenalidomide/dexamethasone), 4-week cycles
● EloRd (elotuzumab/lenalidomide/dexamethasone), 4-week cycles
● DaraVd (daratumumab/bortezomib/dexamethasone), 6-week cycles
● EloPd (elotuzumab/pomalidomide/dexamethasone), 4-week cycles
● Kd (carfilzomib/dexamethasone), 4-week cycles

Due to the reimbursement timeline of daratumumab in Italy (from 2018 for 2L treatment and from 2021 for 1L 
treatment), this analysis included only patients who initiated their 1L therapy from 2021 onward or 2L therapy from 
2018 onward. DaraPd (daratumumab/pomalidomide/dexamethasone), reimbursed in Italy from January 2023, was not 
included in the analysis due to the very limited number of patients initiating this regimen within the study period.

The study focused on the evaluation of the following predefined treatment regimens: Rd, DaraRd, DaraVMp, and 
VMp in 1L; and Rd, DaraRd, KRd, and IsaKd in 2L.

Baseline Characteristics
For each patient included in the analysis, demographic information, specifically age and sex, was recorded at the index- 
date. Clinical status was assessed during the characterization period using the Charlson Comorbidity Index (CCI).28 

A modified version of the CCI was applied for this analysis, excluding cancer-related conditions from the scoring.
In addition, the following comorbidities were investigated throughout the whole characterization period: hypertension, 

identified by at least 1 hospitalization with a discharge diagnosis for hypertension (ICD-9-CM codes 401, 402, 403, 404, 405) 
or at least 1 prescription of ATC codes C02, C03, C07, C08, C09 or an active exemption code A31, 031; coronary artery 
disease (myocardial infarction excluded), identified by at least 1 hospitalization with a discharge diagnosis for coronary artery 
disease (ICD-9-CM codes 411, 413, 414); arrhythmia, identified by at least 1 hospitalization with a discharge diagnosis for 
arrhythmia (ICD-9-CM code 427.31) or at least 1 prescription of ATC code C01B; hypothyroidism, identified by at least 
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1 hospitalization with a discharge diagnosis for hypothyroidism (ICD-9-CM codes 243, 244, 245.2) or at least 1 prescription of 
ATC code H03AA or an active exemption code 027; gastritis/duodenitis, identified by at least 1 hospitalization with 
a discharge diagnosis for gastritis/duodenitis (ICD-9-CM code 535) or at least 1 prescription of ATC code A02BC; 
diverticulitis, identified by at least 1 hospitalization with a discharge diagnosis for diverticulitis (ICD-9-CM codes 562.0, 
562.1); neuropathy, identified by at least 1 hospitalization with a discharge diagnosis for neuropathy (ICD-9-CM code 357.3).

The use of the following co-treatments was assessed during the 12 months prior to the index date: bisphosphonates 
(ATC code M05BA), antiviral treatment (ATC code J05), antithrombotic treatment (ATC code B01), antibiotics (ATC 
code J01), erythropoiesis-stimulating agents (ESA) (ATC code B03XA01), aspirin (ATC code B01AC06), granulocyte- 
colony stimulating factor (G-CSF) (ATC code L03AA02).

Clinical Outcomes
Kaplan-Meier survival analysis was used to evaluate rwPFS, defined as the time (in months) from treatment initiation 
(index-date) to either the start of a subsequent therapy line or death from any cause, whichever occurred first. In 
administrative databases, this endpoint represents a pragmatic proxy for disease progression and may reflect both 
biological progression and clinical decision-making processes related to treatment changes.

Patients without an event at the end of follow-up were censored at the date of last database availability. Survival 
curves were compared using the Log rank test, with significance set at a two-sided p-value <0.05.

Healthcare Resource Use and Direct Costs
HCRU and the associated direct medical costs were analyzed throughout the follow-up period and presented per patient 
per year (PPPY). The evaluation covered drug treatments (both MM-related and non-MM-related), all-cause hospitaliza
tions, and outpatient specialist services. Costs were calculated in euros (€) based on national tariffs and reimbursement 
rates and adjusted to the most recent year available. Outliers, defined as values exceeding three standard deviations from 
the mean, were excluded from cost analyses. This trimming approach was applied to reduce the potential influence of 
extreme values that may arise from atypical billing records or rare high-cost events in administrative databases, which 
could disproportionately affect mean estimates.

Additionally, HCRU and costs during DaraRd treatment were stratified by administration method (IV vs SC). The 10 
most frequently prescribed non-MM-related drugs during the first year of follow-up were also reported by number and 
percentage of patients receiving them.

Statistical Analysis
Descriptive statistics were used to summarize baseline and follow-up data. Continuous variables were expressed as 
means with standard deviations (SD), while categorical variables were presented as counts and percentages. To reduce 
confounding and ensure group comparability, inverse probability of treatment weighting (IPTW) was applied using 
propensity scores. The model included variables such as age, sex, CCI, key comorbidities (eg, hypertension, gastritis/ 
duodenitis), and use of specific co-medications (eg, antivirals, antibiotics, antithrombotics, aspirin). Stabilized weights 
were used to minimize variance, and values beyond the first and 99th percentiles were trimmed. Covariate balance post- 
weighting was assessed using the Standardized Mean Difference (SMD), with SMD <0.2 indicating adequate balance. 
Given the retrospective observational design and the use of a fixed population derived from administrative databases, 
formal sample size calculations were not performed. Subgroup analyses, particularly those based on treatment admin
istration route or later lines of therapy, should therefore be interpreted as exploratory. All analyses were performed using 
Stata SE version 17.0 (StataCorp LLC, College Station, TX, USA).

Results
A total of 2419 patients with MM were identified from administrative healthcare databases. Of these, 1629 patients formed the 
ASCT cohort, consisting of individuals eligible for ASCT who had undergone the procedure, while 790 patients constituted the 
non-ASCT cohort, corresponding to those non-eligible for ASCT. The analysis focused on the non-ASCT cohort, aligning 
with the typical population eligible for daratumumab-based treatment in the 1L and 2L settings. This group was further 
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stratified into those initiating 1L therapy from 2021 onward, and 2L therapy from 2018 onward, based on the timing of 
daratumumab reimbursement in Italy.

Among non-ASCT MM patients, a steady increase in the use of daratumumab in 1L treatment was observed from 
2021 to 2023, rising from 48.1% to 60.3%. In contrast, the use of daratumumab in the 2L setting declined over time from 
63.9% in 2019 to 45.8% in 2023 (Figure 1).

Non-ASCT Cohort in 1L
Among non-ASCT patients with MM who started a 1L treatment from 2021, the most frequently used regimens were 
DaraRd (n=344) and Rd (n=231). Other regimens were observed but involved small numbers of patients and were not 
considered for the successive analyses.

Patients in the DaraRd cohort were younger than those in Rd cohort (mean age 73.0 vs 77.7 years, p<0.001), with 
similar sex distribution (54.9% vs 56.3% males, respectively) and comorbidity burden (mean CCI 0.8 vs 0.9). Common 
co-medications included corticosteroids, antivirals, antibiotics, and antihypertensives. IPTW adjustment resulted in well- 
balanced groups across all key covariates (SMD <0.2), confirming comparability (Table 1).

Over 36 months of follow-up, Kaplan-Meier estimates of rwPFS indicated significant differences between the two 
regimens (Figure 2). Median rwPFS was not reached for DaraRd, while it was 25.7 months for Rd (p=0.011). The 
absence of a reached median rwPFS in some cohorts likely reflects both favourable disease control and the relatively 
limited follow-up duration available for patients initiating first-line daratumumab during the study period. The proportion 
of patients who progressed to a subsequent treatment or died was significantly lower in the DaraRd group than in the Rd 
group (35.8% vs 50.9%, p=0.010). The percentage of patients who died was 14.5% in the DaraRd group and 34.1% in the 
Rd group (p<0.001) (Table 2). These estimates should be interpreted in the context of real-world analyses based on 
administrative databases, where rwPFS represents a pragmatic proxy for disease progression derived from treatment 
changes or death. Consequently, the observed differences may reflect both treatment effectiveness and real-world clinical 
decision-making processes.

The results of HCRU analysis among patients in 1L, showing PPPY resource utilization during the treatment period 
after IPTW adjustment are presented in Table 3. Patients on DaraRd exhibited higher consumption of all drugs (p<0.001), 
MM-related medications (p<0.001), non-MM-related medications (p=0.005), and outpatient services (p<0.001), the latter 

Figure 1 Trends of treatment lines with daratumumab combinations over the years 2018–2023. 
Abbreviations: 1L, first line; 2L, second line.
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feasibly due to the increased frequency of infusion-related procedures, consistent with daratumumab administration 
protocol. Conversely, MM-related hospitalizations were significantly lower in the DaraRd group (p=0.016), and all-cause 
hospitalizations were also tendentially reduced, approaching statistical significance (p=0.071).

Consistent with HCRU patterns, total hospitalization costs and MM-related hospitalization costs (excluding 3 
outliers) were lower in the DaraRd than in the Rd group (respectively €4324 vs €7971; and €2862 vs €6693) (Figure 3).

Among patients treated with DaraRd, the differences in HCRU or costs associated with IV (N=64) and SC (N=113) 
administration did not reach statistical significance, though a favourable trend was observed for the SC route. It should be 
noted that, these cost estimates represent direct reimbursed healthcare expenditures captured within the administrative 
databases and should therefore be interpreted as descriptive indicators of HCRU rather than as a formal cost-effectiveness 
assessment.

Table 1 Baseline Characteristics of Non-ASCT Patients in 1L Treatment Before and After IPTW

Unmatched (Pre-IPTW) Matched (Post-IPTW)

DaraRd Rd SMD p-value DaraRd Rd SMD p-value

N 344 231 344 220

Male sex (N, %) 189 (54.9%) 130 (56.3%) 0.03 0.788 190 (55.2%) 113 (51.4%) 0.08 0.514
Age (mean, SD) 73.0 (6.0) 77.7 (9.2) 0.61 <0.001 74.0 (5.9) 72.8 (9.9) 0.17 0.363

CCI (mean, SD) 0.8 (1.3) 0.9 (1.5) 0.07 0.462 0.8 (1.4) 0.7 (1.4) 0.05 0.633

Hypertension (N, %) 258 (75.0%) 187 (81.0%) 0.14 0.159 264 (76.7%) 165 (75%) 0.04 0.751
Gastritis/duodenitis (N, %) 257 (74.7%) 173 (74.9%) 0.01 0.927 259 (75.3%) 161 (73.2%) 0.04 0.720

Antiviral (N, %) 164 (47.7%) 91 (39.4%) 0.16 0.097 161 (46.8%) 109 (49.5%) 0.06 0.636

Antithrombotic (N, %) 220 (64.0%) 167 (72.3%) 0.17 0.083 229 (66.6%) 137 (62.3%) 0.09 0.467
Antibiotic (N, %) 228 (66.3%) 156 (67.5%) 0.02 0.823 232 (67.4%) 146 (66.4%) 0.02 0.851

Aspirin (N, %) 106 (30.8%) 85 (36.8%) 0.12 0.214 114 (33.1%) 67 (30.5%) 0.06 0.625

Note: significant p values are highlighted in bold. 
Abbreviations: CCI, Charlson Comorbidity Index; IPTW, inverse probability of treatment weighting; SMD, standardized mean difference; MM, multiple 
myeloma.

Figure 2 Kaplan Meier curves for rwPFS in MM non-ASCT patients in 1L of treatment, after IPTW matching. 
Abbreviations: 1L, first line; ASCT, autologous stem cell transplantation; IPTW, inverse probability of treatment weighting; MM, multiple myeloma; rwPFS, real-world 
progression-free survival.
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Non-ASCT Cohort in 2L
In non-ASCT patients with MM who began 2L treatment from 2018, the most frequently used regimens were DaraRd 
(n=413) and Rd (n=259). Regimen used in smaller groups of patients were not included in subsequent analyses.

In the unmatched population, for the treatment combinations DaraRd and Rd, the mean ages were 69.3 and 73.4 years 
(p<0.001), respectively; males accounted for 51.6% and 45.9% of the patients, and the average CCI was 0.7 and 0.8. 
Following IPTW adjustment, the groups were well-matched, allowing unbiased comparison of outcomes (Table 4).

Table 2 Clinical Outcomes in Non-ASCT Patients with MM Receiving 1L with DaraRd 
versus Rd After IPTW Adjustment

DaraRd Rd p-value

N. of patients 344 220

Events (subsequent line of treatment or death), N (%) 123 (35.8%) 112 (50.9%) 0.010
Subsequent line of treatment, N (%) 73 (21.2%) 37 (16.8%) 0.386
Death, N (%) 50 (14.5%) 75 (34.1%) <0.001
Median rwPFS time in months [Q1–Q3] – 25.7 [5.5 - /] –

Note: significant p values are highlighted in bold. 
Abbreviations: 1L, first line; ASCT, autologous stem cell transplantation; IPTW, inverse probability of treatment 
weighting; MM, multiple myeloma; rwPFS, real-world progression-free survival.

Table 3 HCRU of Non-ASCT Patients in 1L Treatment During the 
Treatment Period

DaraRd Rd p value

N of patients 344 220
Drug prescriptions 66 (23.5) 50.6 (21.7) <0.001
Drug prescriptions (MM-related) 29.8 (10.2) 19.7 (10.9) <0.001
Drug prescriptions (non–MM–related) 36.2 (17.9) 30.8 (16.3) 0.005
Hospitalizations 1.0 (2.9) 1.8 (4.0) 0.071

Hospitalizations (MM-related) 0.5 (1.8) 1.6 (3.9) 0.016
Hospitalizations (non–MM–related) 0.4 (1.8) 0.2 (1.0) 0.132

Outpatient services 31.9 (23.1) 18.9 (19.1) <0.001

Note: significant p values are highlighted in bold. Data are Reported PPPY and Expressed as 
Mean (SD), After IPTW Balancing. 
Abbreviations: HCRU, healthcare resource use; IPTW, inverse probability of treatment 
weighting; MM, multiple myeloma.

Figure 3 Hospitalization costs PPPY (mean, €) during the treatment period in non-ASCT MM patients in 1L of treatment, after IPTW matching. 
Abbreviations: MM, multiple myeloma, PPPY, per patient per year.
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The Kaplan–Meier curves presented in Figure 4 show a clear separation between treatment groups, indicating longer 
rwPFS across patients treated with DaraRd or with Rd. The median rwPFS in the 2L setting was 42.9 months for DaraRd 
vs 19.1 months for Rd (p<0.001). At a median follow-up of 36 months, the risk of disease progression or death in DaraRd 
group was lower than the risk in Rd group, with 47.9% of DaraRd patients experienced progression or death, compared 
to 69.1% in the Rd cohort (p<0.001) (Table 5).

Table 6 reports the results of the HCRU analysis among patients in 2L showing resource use PPPY during the 
treatment period after IPTW adjustment. Patients on DaraRd exhibited higher consumption of all medications (p<0.001), 
and MM-related drugs (p<0.001), while the other items did not differ between the two treatments.

As shown in Figure 5, the differences in hospitalization costs in 2L non-ASCT MM patients were smaller compared 
with 1L treatment, and not statistically significant. However, a tendency toward lower costs with DaraRd versus Rd was 
maintained, for both all-cause and MM-related hospitalizations (respectively €2601 vs €3274; and €2006 vs €2502).

Table 4 Baseline Characteristics of Non-ASCT Patients in 2L Treatment Before and After IPTW

Unmatched (Pre-IPTW) Matched (Post-IPTW)

DaraRd Rd SMD p-value DaraRd Rd SMD p-value

N of patients 413 259 413 246
Male sex (N, %) 213 (51.6%) 119 (45.9%) 0.11 0. 230 207 (50.1%) 125 (50.8%) 0.02 0.871
Age (mean, SD) 69.3 (8.8) 73.4 (8.6) 0.46 <0.001 70.7 (8.2) 71.8 (8.9) 0.14 0.225

CCI (mean, SD) 0.7 (1.1) 0.8 (1.4) 0.11 0.201 0.7 (1.2) 0.7 (1.3) 0.03 0.787

Hypertension (N, %) 290 (70.2%) 224 (86.5%) 0.41 <0.001 315 (76.3%) 201 (81.7%) 0.13 0.245
Gastritis/duodenitis (N, %) 335 (81.1%) 234 (90.3%) 0.26 0.007 349 (84.5%) 211 (85.8%) 0.04 0.735

Antiviral (N, %) 292 (70.7%) 204 (78.8%) 0.18 0.048 307 (74.3%) 184 (74.8%) 0.02 0.883

Antithrombotic (N, %) 287 (69.5%) 193 (74.5%) 0.11 0.216 295 (71.4%) 173 (70.3%) 0.03 0.789
Antibiotic (N, %) 330 (79.9%) 213 (82.2%) 0.06 0.487 333 (80.6%) 195 (79.3%) 0.03 0.768

Aspirin (N, %) 146 (35.4%) 94 (36.3%) 0.02 0.841 146 (35.4%) 85 (34.6%) 0.02 0.850

Note: significant p values are highlighted in bold. 
Abbreviations: CCI, Charlson Comorbidity Index; IPTW, inverse probability of treatment weighting; SMD, standardized mean difference; MM, multiple 
myeloma.

Figure 4 Kaplan Meier curves for rwPFS in MM non-ASCT patients in 2L of treatment, after IPTW matching. 
Abbreviations: 2L, second line; ASCT, autologous stem cell transplantation; IPTW, inverse probability of treatment weighting; MM, multiple myeloma; rwPFS, real-world 
progression-free survival.
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Discussion
This real-world analysis provides evidence of an association between daratumumab-based regimens and rwPFS, together 
with differences in HCRU and costs compared with Rd in non-ASCT eligible MM patients, across both 1L and 2L 
settings. By integrating survival outcomes, HCRU, and direct cost data, our study offers a robust and multifaceted 
evaluation of daratumumab’s impact in real-world clinical practice.

Table 5 Clinical Outcomes in Non-ASCT Patients with MM Receiving 2L with DaraRd versus 
Rd After IPTW Adjustment

DaraRd Rd p-value

N. of patients 413 246
Events (subsequent line of treatment or death), N (%) 198 (47.9%) 170 (69.1%) <0.001
Subsequent line of treatment, N (%) 90 (21.8%) 77 (31.3%) 0.033
Death, N (%) 108 (26.2%) 93 (37.8%) 0.010
Median rwPFS time in months [Q1–Q3] 42.9 [13.1; -] 19.1 [7.5–48.3] <0.001

Note: significant p values are highlighted in bold. 
Abbreviations: 2L, second line; ASCT, autologous stem cell transplantation; IPTW, inverse probability of treatment 
weighting; MM, multiple myeloma; rwPFS, real-world progression-free survival.

Table 6 HCRU of Non-ASCT Patients in 2L Treatment During the 
Treatment Period. Data are Reported PPPY and Expressed as Mean 
(SD), After IPTW Balancing

DaraRd Rd p-value

N of patients 413 246
Drug prescriptions 64.6 (24.8) 50.3 (23.2) <0.001
Drug prescriptions (MM-related) 29.5 (12.2) 17.6 (7.7) <0.001
Drug prescriptions (non–MM–related) 35.1 (18) 32.7 (19.1) 0.204

Hospitalizations 0.9 (2.1) 0.9 (2.5) 0.843
Hospitalizations (MM-related) 0.7 (1.9) 0.8 (2.4) 0.719

Hospitalizations (non–MM–related) 0.2 (0.6) 0.2 (0.8) 0.823

Outpatient services 29.4 (16.7) 27.5 (31.6) 0.502

Note: significant p values are highlighted in bold. 
Abbreviations: HCRU, healthcare resource use; IPTW, inverse probability of treatment 
weighting; MM, multiple myeloma.

Figure 5 Hospitalization costs PPPY (mean, €) during the treatment period in non-ASCT MM patients in 2L of treatment, after IPTW matching. 
Abbreviation: MM, multiple myeloma.
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In the 1L cohort, patients treated with DaraRd experienced markedly longer rwPFS than those receiving Rd, reinforcing 
the survival advantage associated with daratumumab-based regimens in frontline use. This pattern is consistent with the results 
of MAIA trial, which reported a median PFS of 56.2 months versus 34.4 months with Rd.14 The close alignment between 
clinical trial and real-world outcomes supports the durability of benefit associated with daratumumab-containing regimens and 
demonstrates their effectiveness in everyday clinical practice, where patients tend to be older, more frail, and more comorbid 
than those enrolled in randomized trials.19–21,23–25,29–31 The lower mortality rates found in our DaraRd cohort aligns with 
survival outcomes from pivotal trials such as POLLUX, where DaraRd demonstrated a significant OS benefit at long-term 
follow-up.20 Similarly promising results emerged from the ALCYONE trial, where daratumumab-bortezomib-melphalan- 
prednisone (DaraVMP) reduced the risk of death by 40% (HR 0.60) and improved 36-month OS to 78% versus 68% with 
VMP.32 Recently, the CEPHEUS trial reported higher minimal residual disease (MRD) negativity (60.9% vs 39.4%) and 
deeper responses (complete response: 81.2% vs 61.6%) with daratumumab-bortezomib-lenalidomide-dexamethasone 
(DaraVRd) compared to VRd, corresponding to a 43% reduction in risk of progression or death (HR 0.57).33 However, 
these mortality differences should be interpreted cautiously, as residual confounding, patient selection, and competing 
mortality risks may influence outcome estimates in observational analyses based on administrative healthcare data. Our real- 
world analysis noted a shift in the clinical practice towards a larger use of daratumumab as frontline option from 2021 onward 
and reduced use in 2L settings from 2018, supporting a trend toward earlier initiation to optimize long-term disease control and 
to mitigate treatment-related burden in later lines. In line with these observations, recently published epidemiological analyses 
in Italy reported that earlier integration of daratumumab may improve clinical outcomes and overall treatment efficiency at the 
population level.27,34

While the consistency between our findings and pivotal trials strengthens the biological plausibility of the observed 
associations, important differences between randomized trial populations and real-world cohorts should be considered. 
Patients included in routine clinical practice are typically older, present with a higher burden of comorbidities, and may 
experience different patterns of treatment discontinuation, monitoring intensity, and supportive care compared with patients 
enrolled in clinical trials. These differences may influence both rwPFS estimates and healthcare resource utilization, and 
therefore real-world analyses should be interpreted as complementary to, rather than substitutes for, randomized evidence. 
Nevertheless, the broader implications of earlier daratumumab use within the evolving treatment landscape of MM remain an 
area of active discussion. While earlier integration of highly active combinations may improve disease control and delay 
progression, questions remain regarding optimal treatment sequencing and the potential impact of widespread CD38-targeting 
therapies on resistance mechanisms and the effectiveness of subsequent lines of treatment. As therapeutic options expand and 
treatment paradigms evolve toward continuous and multidrug strategies, understanding how early exposure to specific 
mechanisms of action influences long-term disease trajectories will be critical for optimizing treatment pathways. The results 
of this analysis should also be interpreted within the broader biological complexity of multiple myeloma, where interactions 
between malignant plasma cells and the bone marrow microenvironment contribute to disease progression and therapeutic 
resistance. In this context, early treatment strategies may influence clonal selection dynamics, potentially shaping long-term 
disease evolution and treatment response.26

In 2L setting, DaraRd maintained a clear advantage, with a median rwPFS more than doubling that of Rd (42.9 vs 19.1 
months). These findings are consistent with real-world data, simulation analyses and the POLLUX and MAIA trials, which 
consistently described survival benefits and overall response rates when daratumumab is used in 1L rather than reserved for 
later lines.14,20,21,23,35 A growing body of real-world evidence also supports the regimen effectiveness in older, comorbid 
populations that are often underrepresented in clinical trials, further validating its broader applicability.36,37

Although DaraRd was associated with increased outpatient service utilization and higher drug costs, likely owing to 
infusion and monitoring protocols, it was more cost-effective from the hospitalization perspective. In the 1L setting, all- 
cause and MM-related hospitalization costs were significantly lower in DaraRd vs Rd cohort. This reduction supports 
previous findings that enhanced disease control afforded by potent regimens like DaraRd can lead to decreased need for 
inpatient care.38 In the 2L setting, DaraRd continued to show lower all-cause and MM-related inpatient costs compared 
with Rd, although the differences were less pronounced than those observed in 1L. This may reflect greater heterogeneity 
in treatment history and disease burden in later lines and underlines the importance of timely intervention with the most 
effective regimen to prevent increased resource consumption in subsequent lines of treatment. Nevertheless, this apparent 
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“flattening” of economic differences between 1L and 2L might likely reflect the effect of IPTW, which was applied to 
equalize baseline characteristics. Indeed, prior to weighting, patients treated with DaraRd in 2L were generally younger 
and presented with a slightly lower comorbidity burden, consistent with a potential selection bias favoring fitter 
individuals. Thus, given that IPTW adjustment balanced age and comorbidity profiles were across groups, feasibly 
inherent differences in hospitalization risk and related costs attenuated. As such, the alignment of costs post-weighting 
supports the robustness of our findings and underscores the importance of accounting for baseline population hetero
geneity when evaluating real-world economic outcomes.

Importantly, cost dynamics appear to be influenced by both treatment efficacy and administration logistics. Outpatient 
services and drug costs increased due to treatment complexity, yet these were partially offset by lower inpatient 
expenditure, especially during 1L therapy. This pattern is consistent with other European real-world studies demonstrat
ing favorable cost-effectiveness for daratumumab regimens within public healthcare systems.39

Economic outcomes in our study are particularly informative for healthcare policymakers. The reduction in MM- 
related hospitalizations and the trend toward cost savings observed for DaraRd align with other European economic 
assessments.38 While upfront drug and outpatient costs may rise, these may be offset by reductions in inpatient treatment, 
making DaraRd a potentially sustainable option within the INHS. These findings should be interpreted as patterns of 
healthcare resource utilization rather than evidence of overall cost savings or cost-effectiveness.

Regarding administration route, our comparison of IV and SC daratumumab should be considered exploratory. Given 
the relatively limited sample size and the observational nature of the analysis, these comparisons were not designed to 
establish definitive differences between administration routes. Although no significant differences in clinical or economic 
outcomes were observed, a descriptive trend toward reduced outpatient visits was noted with SC administration. This 
aligns with clinical trial findings demonstrating non-inferior efficacy of SC versus IV administration12 and with Italian 
real-world micro-costing analyses showing that SC daratumumab can reduce infusion time, staff workload, and overall 
administration costs.40 Our real-world findings strengthen the case for clinical adoption of SC delivery, which can reduce 
administration burden and optimize resource utilization without compromising outcomes.

These findings should be interpreted considering some limitations inherent to retrospective analyses based on 
administrative healthcare databases. First, granular clinical variables such as cytogenetic risk features, disease staging, 
biochemical markers, performance status, or frailty measures were not available, which may result in residual confound
ing despite the use of propensity score weighting. Besides, administrative databases do not systematically capture clinical 
indicators of disease burden, such as anemia severity, renal impairment, bone involvement, or other markers of disease 
aggressiveness, which may further contribute to residual confounding. Additionally, rwPFS is subject to variability in 
treatment-switching practices and may not perfectly coincide with biological progression Although IPTW mitigated 
several confounders, residual confounding from unmeasured variables, such as frailty or socioeconomic status, cannot be 
excluded. Case identification relied on proxy definitions based on diagnosis and treatment records, which may lead to 
potential misclassification of MM. Moreover, rwPFS was estimated using treatment changes as a proxy for disease 
progression; this measure may be influenced by physician prescribing behaviour, reimbursement rules, and clinical 
practice patterns. Another point is the observation window for first-line daratumumab was limited by the timing of 
reimbursement approval in Italy, resulting in shorter follow-up for this cohort. Furthermore, the economic analysis 
captured only reimbursed healthcare services and excluded non-reimbursed costs, such as patient co-pays, caregiver 
support, or lost productivity, likely underestimating the full economic impact of treatment differences. It should also 
noted that the present analysis cannot provide information on patient-reported outcomes, health-related quality of life, or 
formal cost-effectiveness metrics. Cost estimates were normalized per patient per year to account for differences in 
follow-up duration; however, this approach may still be influenced by differential treatment exposure and censoring 
across cohorts. The economic results presented should therefore be interpreted as patterns of HCRU within the INHS 
rather than as comprehensive economic evaluations. Future studies integrating clinical registries, patient-reported out
comes, and longer follow-up will be necessary to better characterize the full clinical and economic value of daratumu
mab-based strategies in routine care. Lastly, the analysis did not include DaraPd and IsaVRd, introduced in Italy after the 
end of inclusion period.
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Despite these limitations, the strengths of this study include its large, nationally representative population, rigorous 
statistical adjustment, and comprehensive outcome measures. Collectively, these findings provide a robust picture of 
daratumumab’s real-world impact and offer valuable insights for optimizing therapeutic sequencing and resource 
allocation in MM management.

Conclusion
This real-world analysis suggests that daratumumab-based regimens are associated with longer rwPFS compared with Rd 
in non-ASCT patients with MM treated in routine clinical practice. This pattern was observed in both 1L and 2L settings, 
although the magnitude of the association appeared more pronounced in the 1Lcohort.

From a healthcare resource perspective, the 1L use of daratumumab-based regimens was accompanied by lower 
hospitalization costs, whereas economic differences were less evident in 2L treatment. These findings highlight potential 
differences in HCRU across treatment lines in routine clinical practice.

Overall, this analysis provides real-world insights into clinical outcomes and HCRU associated with daratumumab- 
based regimens within the INHS. These results may contribute to the ongoing evaluation of treatment strategies and the 
role of daratumumab in the management of transplant-ineligible patients with MM in real-world clinical settings.
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