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Abstract

Background: Multiple myeloma (MM) is a clonal plasma cell neoplasm representing the
second most common hematological malignancy. The combination of daratumumab,
lenalidomide and dexamethasone (D-Rd) was first approved by the EMA (European
Medicines Agency) for the treatment of relapsed /refractory multiple myeloma (RRMM)
patients, and was subsequently approved for first-line therapy, based on the results of
POLLUX and MAIA trials, respectively. Methods: In this survey, we retrospectively
collected data from 96 consecutive transplant-ineligible newly diagnosed multiple myeloma
(TIE-NDMM) patients treated with the D-Rd combination. Results: The median age was
73 years; the median progression free survival (mPFS) and median overall survival (mOS)
were not reached (NR); the overall response rate (ORR), defined as patients who obtained
at least a partial response (PR), was 90%; 59% of patients achieved a very good partial
response (VGPR) or better. A strong negative correlation was observed between treatment

response and elevated beta-2-microglobulin levels. Conclusions: This study confirms the
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efficacy of the D-Rd combination as first-line therapy for TIE-NDMM patients, suggesting
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1. Introduction

Multiple myeloma is a hematologic malignancy characterized by a clonal plasma-cell
proliferation leading to complications and, ultimately, death. Although recent therapeutic
advances have significantly improved patient outcomes, multiple myeloma remains an
incurable disease. It particularly affects the elderly, who often have frailty or comorbidities
that limit their eligibility for intensive therapies, including autologous stem cell transplan-
tation (ASCT) [1,2]. Initial treatment depends on the patient’s ability to tolerate the toxic
effects of high-dose chemotherapy and autologous stem-cell transplantation [3]. For TIE-
NDMM patients, typically defined by age, frailty status or organ dysfunction, the primary
therapeutic goal is to achieve deep and durable responses using well-tolerated regimens.
Multidrug regimens including glucocorticoids, immunomodulatory drugs and proteasome
inhibitors have represented the standard of care [4-7]. In this context, the introduction
of the anti-CD38 monoclonal antibody daratumumab has profoundly changed frontline
treatment strategies [8-11], leading to good responses also in TIE-NDMM patients [12,13].

The D-Rd regimen emerged as a new standard of care following the results of the phase
3 multicenter MAIA trial, which demonstrated significant improvements in progression-
free survival (PFS), overall survival (OS), and minimal residual disease (MRD) negativity
compared with lenalidomide and dexamethasone (Rd) alone in TIE-NDMM patients [14].
In the updated analysis of the MAIA trial, with a median follow-up of 64.5 months, D-Rd
maintained a substantial progression-free survival (PFS) benefit, reducing the risk of disease
progression by approximately 45% [15-17].

A recent meta-analysis showed that D-Rd, compared with D-VMP (daratumumab,
bortezomib, melphalan and prednisone) and VRd (bortezomib, lenalidomide and dexam-
ethasone), had the highest chance of being ranked as the most effective treatment with
respect to both PFS and OS [18-22].

More recently, quadruplet combinations, including anti-CD38 such as D-VRd (Dara-
tumumab, Bortezomib, Lenalidomide, and Dexamethasone) and Isa-VRd (Isatuximab,
Bortezomib, Lenalidomide, and Dexamethasone), have demonstrated promising efficacy in
newly diagnosed MM patients [23-28]. The phase III IMROZ trial evaluated the quadruplet
combination Isa-VRd in TIE-NDMM patients showing that the addition of isatuximab
significantly reduced the risk of progression or death and increased complete response and
MRD-negativity rates [29]. Recently, the EHA-EMN guidelines provided indications for
use of quadruplets in first-line treatment for TIE-NDMM patients [30].

In this retrospective survey, we evaluated 96 consecutive TIE-NDMM patients treated
with the D-Rd regimen at two Italian centers between March 2021 and March 2025. The
aim of this study is to support the efficacy and safety of D-Rd association in TIE-NDMM
patients in the real-world setting, confirming the efficacy and utility of this treatment even
in this new era of therapies, with particular attention to frail and elderly patients. Given
the observational and retrospective nature of the analysis, any comparison with clinical
trial populations should be considered hypothesis-generating.

2. Materials and Methods

We evaluated 96 patients aged >70 or <70 with comorbidities that contraindicated
high-dose chemotherapy for bone marrow transplantation. The diagnosis was made using
the International Myeloma Working Group (IMWG) criteria, as well as the response crite-
ria [31-33]. Only patients who received at least one administration of each study drug were
included in the analysis, with a predefined cut-off date of 31 March 2025. All participants
provided written informed consent in accordance with the Declaration of Helsinki and the
study was approved by the ethics committees of the participating institutions.
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Daratumumab was given subcutaneously and no dose reduction was performed,
according to the approved schedule; only treatment delays were allowed when clinically
indicated. Dexamethasone was administered orally at a dose of 20 mg once weekly and
was reduced in cases of treatment-related toxicity or intolerance. Lenalidomide was admin-
istered at doses ranging from 5 to 25 mg daily on days 1-21 of each 28-day cycle, according
to the manufacturer’s guidelines. Dose adjustments were made based on clinical condi-
tions, renal function, and the occurrence of cytopenias. Concomitant medications included
thromboprophylaxis with low-dose aspirin for low-risk patients and low-molecular-weight
heparin or oral anticoagulants for high-risk patients. Anti-infective prophylaxis consisted
of trimethoprim-sulfamethoxazole 800 mg twice daily on two days per week and acyclovir
200 mg once daily. All patients were candidates for annual influenza and pneumococ-
cal vaccination. Almost all patients received vaccination against SARS-CoV-2 in 2021 (at
least two doses), and in the following year, tixagevimab—cilgavimab was administered
as pre-exposure prophylaxis against SARS-CoV-2 infection, in accordance with therapeu-
tic indications approved by the European Medicines Agency and the Italian Medicines
Agency [34,35]. Baseline clinical and disease characteristics are reported in Table 1. Frailty
status was assessed using the simplified frailty score proposed by Facon et al. [36], which
stratifies patients according to age, Charlson Comorbidity Index (CCI), and Eastern Coop-
erative Oncology Group (ECOG) performance status, classifying them as frail or non-frail.
The presence of para-osseous and/or extramedullary disease was evaluated using com-
puted tomography (CT) and/or magnetic resonance imaging (MRI), in association with
fluorodeoxyglucose positron emission tomography (FDG-PET) [37-39]. Cytogenetic risk
was defined based on the presence of dell7, gain/amplq, t(4;14), t(14;16) and t(16;20);
patients with one cytogenetic abnormality were classified as high risk, whereas those with
two or more abnormalities were classified as very high risk [40,41]. Adverse events (AEs)
were evaluated according to the Common Terminology Criteria for Adverse Events v5.0
(CTCAE v5.0). Treatment responses were assessed according to the International Myeloma
Working Group (IMWG) response criteria [31].

Table 1. Patients’ characteristics.

Characteristics Patients (Total n. 96)
Sex M-F n. (%) 48 (50)—48 (50)
Age (y) median (range) 74 (57-88)

Age <70 n. (%) 23 (24)

Age > 75 n. (%) 32 (33)

Frailty n. (%)

Not Frail 21 (22)

Frail 75 (78)
Cytogenetic Risk n. (%) *

Standard 20 (21)
High 19 (20)

Very high 5(5)
dell7 7(7)

Unknown 52 (54)
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Table 1. Cont.
Characteristics Patients (Total n. 96)
ISS Stage n. (%)
I 24 (25)
II 21 (22)
111 41 (43)
Unknown 10 (10)
Hb g/dL median-mean 10.9-11.8
Creatinine mg/dL mean 1.1
Creatinine clearance (mL/min) mean 70
EMD n. (%) 8(8)
Para-osseous tissue n. (%) 8 (8)
High LDHn. (%) C* 21 (22)
High beta2-microglobulin n. (%) T 59 (62)
Lenalidomide reduction n. (%) 55 (57)
Responses n. (%)
SD 3(3)
MR 3(3)
PR 29 (30)
VGPR 31 (32)
CR 26 (27)
Unknown 4(4)
ORR n. (%)
>PR 86 (90)
>VGPR 57 (59)
Unknown 4(4)

The percentages may not add up to 100 due to rounding. * Cytogenetic risk is based on the presence of dell?,
gainl, t(4;14), t(14;16) and t(16,20): the absence of any cytogenetic alteration is considered standard risk, the
presence of one cytogenetic alteration is considered high-risk and of >2 a very-high risk. * High LDH is defined
as patients with LDH above the upper limit of the normal range. T High beta2-microglobulin is defined as patients
with values > 3.5 mg/L. ISS, international Staging System; Hb, Hemoglobin; EMD, Extra-Medullary Disease;
LDH, Lactate Dehydrogenase; SD, Stable Disease; MR, Minimal Response; PR, Partial Response; VGPR, Very
Good Partial Response; CR, Complete Response; ORR, Overall Response Rate.

3. Results
3.1. Patients’ Characteristics

The 96 analyzed patients were equally distributed by sex (48 females and 48 males).
The median follow-up was 23 months (range, 2-53), and the median age was 73 years;
32 patients were aged > 75 years and 23 were aged < 70 years; overall, 50 patients
(52%) had an ECOG performance status > 2, and 75 patients (78%) were classified as frail.
Fluorescence in situ hybridization (FISH) analysis was performed in most patients; however,
results were available in only 44 cases due to technical failure of the analysis, with 5 patients
classified as having very high cytogenetic risk. Eight patients presented with para-osseous
involvement at diagnosis, and eight had extramedullary disease (EMD). Fifty-nine patients
had beta-2-microglobulin levels above 3.5 mg/L, and 22 patients showed elevated lactate
dehydrogenase (LDH) levels. According to the International Staging System (ISS), 48% and
24% of patients were classified as stage III and stage II, respectively. The most frequently
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used starting dose of lenalidomide was 10 mg (40 patients), followed by 15 mg and 25 mg
(24 and 25 patients, respectively), based on comorbidities and renal function, in accordance
with the manufacturer’s recommendations. Only seven patients started at a dose of 5 mg
due to renal impairment. Dose reductions of lenalidomide were required in cases of grade
3—4 toxicity or persistent grade 2 toxicity (Table 1).

3.2. Statistical Analysis

Descriptive statistics were generated for data analysis and two sides p-values of 0.05
or less were considered significant. Qualitative results were summarized in counts and
percentages. Continuous variables were summarized with the use of descriptive statistics,
and categorical variables were summarized as numbers and percentages. The Overall
Response Rate (ORR) was defined as achieving a PR or better. Time-to-event variables
were estimated with the use of the Kaplan-Meier method and compared by the log-rank
test. Univariate analyses were performed to evaluate the impact of age (<70 vs. >70 years),
sex, cytogenetic risk (standard, high, very high), ISS stage at diagnosis, presence of bone
lesions, para-osseous or extramedullary disease, elevated LDH or beta-2-microglobulin
levels, initial lenalidomide dose, lenalidomide dose reduction, and best response achieved.
Fisher’s exact test was used for categorical variables with two categories; the x? test was
for nominal variables with more than 2 categories. The Kaplan—-Meier test analyzed PFS
and OS. Standard errors were calculated by the method of Greenwood. PFS was defined
as the time from treatment initiation to disease progression, relapse-related death, or last
follow-up (31 March 2025). OS was defined as the time from treatment initiation to death
from any cause or last known follow-up. Variables showing a significant correlation in
Kaplan-Meier in Kaplan-Meier analyses were further evaluated using univariate and
multivariate analyses. Multivariate analyses were performed using logistic regression
models. The level of statistical significance was set at the 95th percentile. All calculations
were performed using SPSS Statistics version 29.0.2.

3.3. Efficacy

After a median follow-up of 23 months (range, 2-53), the median PFS (mPFS) and
median OS (mOS) were not reached (Figure 1). The median time to first response was 1
month (range 1-7) and the median time to best response was 6 months (range 1-32). The
median OS (mOS) for patients who relapsed during treatment was 26 months, whereas it
was not reached (NR) for non-relapsed patients (p < 0.001).
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Figure 1. (A) Progression free survival in the entire patient population; the median PFS is not reached;
(B) Overall survival in the entire patient population; the median OS is not reached.
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Progression Free Survival

No. at risk

Beta2 <3.5 30 30 30 30 30 29 29 29 28 28 28 28 28 28 28 28. 28. 28

Beta2 >3.5 59 59 56 53 51 48 47 46 45 45 45 45 44. 4. 44

months

No significant difference in PFS was observed between patients aged <75 years and
those aged >75 years (p = 0.2) (Figure 2). Conversely, frail patients showed a significantly
worse OS compared with non-frail patients, although the median OS was not reached in
either group (p = 0.01); no difference in PFS was observed between these groups (Figure 3).
Frail patients showed a significantly worse OS compared with non-frail patients, although
the median OS was not reached in either group (p = 0.01). Among the seven patients with
del(17p), median PFS was 15 months compared with not reached in patients without this
alteration (p < 0.001), while no significant difference in OS was observed (p = 0.3). Although
a high proportion of patients were classified as ISS stage III (65%), no significant differences
in PFS were observed according to ISS stage (p = 0.1). No association was found between
PFS and the presence of para-osseous or extramedullary disease (p > 0.1), nor with elevated
LDH levels (p = 0.3). In contrast, elevated beta-2-microglobulin levels were significantly
associated with worse outcomes. Patients with normal beta-2-microglobulin values showed
significantly longer PFS and OS compared with those with elevated levels (p = 0.007 and
p = 0.04, respectively) (Figure 2) and these findings were confirmed in both univariate and
multivariate analyses.

Lenalidomide dose reduction or treatment delays did not significantly affect PFS or
OS (p > 0.1). Overall, 57.3% of patients required a reduction in the initial lenalidomide
dose, most commonly due to gastrointestinal toxicity. The ORR was 90%, with 86 patients
achieving at least a PR. Fifty-seven patients (59%) achieved a VGPR or better, including
26 patients (27%) who achieved complete response. Patients achieving at least a PR had
significantly longer PFS compared with those who did not (median PFS not reached vs.
9 months, p = 0.006). This difference was even more pronounced when comparing patients
achieving >VGPR versus <VGPR (median PFS not reached vs. 23 months) (p < 0.001)
(Figure 3). Multivariate analysis confirmed that deeper responses, particularly achievement
of >VGPR, were strong predictors of prolonged PFS (p < 0.001).

The general mOS was not reached. It was influenced by age (<75 or >75 years)
(p = 0.009) with median NR for both groups, by the presence of paravertebral tissue
(25 months vs. NR, p = 0.001) and high beta2-microglobulin values (p = 0.04) with median
NR for both groups. OS was not influenced by cytogenetic risk (p = 0.1), ISS stage (p = 0.09),
the presence of EMD (p = 0.1), elevated LDH (p = 0.4), and reduction in lenalidomide dose
(p > 0.1). Patients who reached at least a VGPR had a better OS (mOS NR in both groups,
p =0.02).
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No. at risk
Beta2 <3.5 30 30 30 30 30 30 30 30 29 29 28 28 28 28. 28. 28. 28

Beta2 >3.5 59 59 56 55 53 53 52 51 51 50 49 49 49. 49. 49. 49

Figure 2. Cont.
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Figure 2. Kaplan-Meier curves based on beta2-microglobuline and age. (A) PFS stratified by beta2-
microglobulin levels above or below 3,5 mg/L, with a significant difference between the two groups
(p =0.007). (B) OS stratified by beta2-microglobulin levels above or below 3,5 mg/L, with a significant
difference between the two groups (p = 0.04). (C) PFS stratified by age < 75 years or older, with a
significant difference between the two groups (p = 0.02). (D) OS stratified by age < 75 years or older,
with a significant difference between the two groups (p = 0.02).

3.4. Safety

Eighteen patients (19%) experienced disease progression and 16 patients (17%) died
due to worsening clinical conditions and/or disease relapse. The most relevant (>10%)
grade 3—4 adverse events (AEs) are reported in Table 2 and were mainly gastrointestinal
and hematological. Gastrointestinal toxicity, particularly diarrhea, was the most frequently
observed AE, occurring in 18 patients (19%). Neutropenia was reported in 17 patients
(18%), infections in 9 patients (15.3%) and anemia in 13 patients (14%) (Table 2). Diarrhea
was most often grade 1-2 but was frequently persistent. It was managed with antidiarrheal
agents and drugs reducing intestinal peristalsis, leading to partial or complete symptom
improvement. In cases of persistent symptoms despite supportive therapy, lenalidomide
dose reduction was required. Overall, lenalidomide dose reduction was performed in
55 patients (57%) due to treatment-related adverse events, with gastrointestinal toxicity
accounting for 42% of these reductions. Importantly, lenalidomide dose reduction did
not negatively impact progression-free or overall survival. Grade 3—4 infections, mainly
pneumonia, represented the primary cause of treatment delays. Twenty-five patients (26%)
experienced at least one treatment-cycle delay, 56% of which were attributable to infectious
complications. In cases of severe infections, corticosteroid dose reduction was also applied.
In patients experiencing neutropenia with neutrophil counts <1000/mm? or anemia with
hemoglobin levels <10 g/dL, hematopoietic growth factors were administered to reduce
the risk of severe cytopenias or infectious complications.

Subgroup analysis according to age (<75 vs. >75 years) showed no significant differ-
ences in the overall incidence of adverse events between the two groups, with the exception
of anemia. Grade 3—4 anemia occurred in 5 patients (8%) in the <75-year group and in
8 patients (25%) in the >75-year group (p = 0.02). However, this difference did not translate
into significant differences in progression-free or overall survival in multivariate analysis.
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Figure 3. PFS and OS in the entire patient population based on whether or not a VGPR was achieved
and age. (A) PFS and (B) OS stratified by whether or not at least a VGPR was achieved, with
a significant difference between the two groups. (C) PFS and (D) OS stratified by frailty, with a
significant difference between the two groups.

Table 2. Grade 3—4 Adverse Events (AEs).

Adverse Event

Patients (n. 96 Patients) n. (%)

Hematological AEs
Anemia 13 (14)
Thrombocytopenia 2(2)
Neutropenia 17 (18)
Non-hematological AEs
Neuropathy 7(7)
Infections 14(15)
Gastrointestinal 18 (19)
Fatigue 5(5)
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4. Discussion

The addition of the monoclonal antibody daratumumab to the standard of care for
multiple myeloma has led to substantial improvements in progression-free and overall
survival, as demonstrated in several clinical trials, both in the frontline and relapsed/
refractory settings.

The median age of patients in our cohort was identical to that of the MAIA trial
(73 years); however, a higher proportion of patients were classified as ISS stage III compared
with the MAIA population (48% vs. 29.1%). This finding may suggest a trend toward a
more aggressive disease profile in our real-world cohort, although direct comparisons with
clinical trial populations should be interpreted with caution. Despite this, treatment efficacy
was not negatively influenced by ISS stage, supporting the effectiveness of D-Rd even in
patients with more advanced disease. Response to treatment was rapid, with a median time
to first response of 1 month (range 1-7) and a median time to best response of 6 months
(range 1-32). These findings confirm the ability of the D-Rd regimen to induce early and
deep responses, even in an elderly and frail population. Importantly, median PFS and OS
were not reached in the overall population, underscoring the durability of clinical benefit
achieved with this regimen. In both patients younger than 75 years and those aged 75 years
or older, median PFS and OS were not reached. Nevertheless, statistically significant
differences were observed between the two age groups for both PFS and OS, with inferior
outcomes in older patients (p = 0.02 and p = 0.009, respectively) (Figure 2). These results
highlight age as a relevant prognostic factor, even in the context of highly effective and
well-tolerated regimens. The presence of del(17p) was associated with significantly shorter
PFS (p < 0.001) but did not significantly affect OS. This observation seems to confirm the
negative prognostic impact of del(17p), but we must always underline that these data
are based on a limited number of patients. Similarly, cytogenetic risk was significantly
associated with PFS, with worse outcomes observed in patients with high-risk features.
The lack of a statistically significant difference in OS across cytogenetic risk groups may
reflect the relatively short follow-up and the limited sample size.

Elevated beta-2-microglobulin levels (>3.5 mg/L) emerged as a strong predictor of
both PFS and OS. Patients with normal beta-2-microglobulin values (30 patients, 34%)
experienced significantly better outcomes, suggesting a more aggressive disease biology in
patients with elevated levels. Although beta-2-microglobulin may be influenced by renal
function, renal impairment did not significantly affect survival outcomes in our cohort,
supporting the independent prognostic value of this marker.

In the overall population, median PFS was not reached, with an estimated 40-month
PFS rate of 68% (Figure 2). Outcomes were particularly favorable among patients achieving
deep responses. Patients achieving at least a PR—and especially those achieving a VGPR
or better—experienced prolonged PFS and OS (Figure 3). These findings reinforce the
concept that depth of response remains a key determinant of long-term outcome, even in
the era of monoclonal antibody-based therapies. When compared with the MAIA trial,
survival outcomes in our real-world cohort appear consistent. At 40 months, the estimated
OS was 74% in the overall population and 82% among patients achieving >VGPR. These
results suggest that the benefits observed in randomized clinical trials can be reproduced
in routine clinical practice, even in older and frailer patients. Treatment was generally
well tolerated. Gastrointestinal toxicity and hematological adverse events were the most
common treatment-related complications. Lenalidomide dose reductions were frequently
required (55 patients, 57%), generally due to gastrointestinal toxicity, but did not adversely
affect survival outcomes. Gastrointestinal toxicity is a common side effect of the drug
and was treated with drugs to reduce intestinal motility until recovery or a significant
reduction in symptoms; if toxicity persisted, lenalidomide reduction was applied. This
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finding supports dose optimization strategies to improve tolerability without compromising
efficacy. Anemia and neutropenia were treated with growth factors and a reduction in
lenalidomide was rarely required. The incidence of grade 3—4 infections, mainly pneumonia,
was 15.3% (9 patients). Infections of any grade were also the main cause of treatment cycle
delays; 25 patients (26%) delayed at least one cycle, 56% of which were due to infection.
Corticosteroid reduction was applied in cases of grade 3—4 infections. The incidence of grade
34 infections was relatively low considering the advanced age of the study population,
possibly reflecting the proactive use of growth factors and infection prophylaxis. Finally,
while novel quadruplet regimens incorporating anti-CD38 monoclonal antibodies have
demonstrated impressive efficacy, such intensive approaches may not be suitable for all
TIE-NDMM patients, particularly those who are frail or very elderly. In this context, D-Rd
remains a highly effective and well-tolerated frontline option for selected patients.

5. Conclusions

The main limitations of this study are its retrospective design and the absence of a
control group. In addition, the limited availability of cytogenetic data may reduce the
strength of some subgroup analyses, as may the absence of an MRD study. Furthermore,
differences between the clinical characteristics of our real-world population and those of
patients enrolled in clinical trials limit the feasibility of direct comparisons. Therefore, the
results of this analysis should be considered hypothesis-generating.

This real-world survey confirms the efficacy and tolerability of the D-Rd combination
in TIE-NDMM patients, supporting and extending the favorable outcomes reported in
the MAIA trial to routine clinical practice. More than half of the patients achieved a deep
response, translating into prolonged progression-free and overall survival. In particular,
patients achieving at least a partial response—and especially those achieving a very good
partial response or better—appear to have a high likelihood of long-term disease control
without the immediate need for subsequent therapies.

Although novel quadruplet regimens offer the potential for further improvements in
survival, they may not be suitable for all patients. Our findings support the frontline use
of D-Rd as a safe and effective option for selected TIE-NDMM patients, particularly those
who are frail or elderly and not candidates for more intensive treatment strategies.
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