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Abstract
Treatment of lenalidomide refractory (Len-R) multiple myeloma (MM) patients still represents an unmet clinical need. In the 
last years, daratumumab-bortezomib-dexamethasone (D-VD) combination was extensively used in this setting, even though 
only a small fraction of Len-R patients was included in the pivotal trial. This real-life study aimed to evaluate the efficacy and 
safety of the D-VD regimen in a cohort that exclusively enrolled Len exposed or refractory MM patients. The study cohort 
included 57 patients affected by relapsed/refractory MM. All patients were previously exposed to Len, with 77.2% being 
refractory. The overall response rate (ORR) was 79.6% with 43% of cases obtaining at least a very good partial response 
(VGPR). The D-VD regimen showed a favorable safety profile, with low frequency of grade 3–4 adverse events, except for 
thrombocytopenia observed in 21.4% of patients. With a median follow-up of 13 months, median progression-free survival 
(PFS) was 17 months. No significant PFS differences were observed according to age, ISS, LDH levels, type of relapse, and 
high-risk FISH. Len exposed patients displayed a PFS advantage as compared to Len refractory patients (29 vs 16 months, 
p = 0.2876). Similarly, patients treated after Len maintenance showed a better outcome as compared to patients who had 
received a full-dose Len treatment (23 vs 13 months, p = 0.1728). In conclusion, our real-world data on D-VD combination 
showed remarkable efficacy in Len-R patients, placing this regimen as one of the standards of care to be properly taken into 
account in this MM setting.
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Introduction

Over the last several years, multiple myeloma (MM) new 
treatment options have been engendered at light speed, 
shifting the treatment paradigm for this condition with a 
substantial benefit in patients’ survival [1]. In particular, 
the advent of lenalidomide-based triplet regimens proved 
to be effective in significantly improving the outcome of 
relapsed patients with unprecedented overall response 
(ORR) and progression-free survival (PFS) rates [2–5]. 
However, the extensive frontline use of lenalidomide (Len) 
in MM, either as post autologous stem cell transplanta-
tion (ASCT) maintenance or in combination with dexa-
methasone (Len-Dex) as first-line treatment of transplant-
ineligible patients [6–8], more and more frequently leads 
to come across with first relapsed patients who have been 
exposed or, most importantly, refractory to Len. The treat-
ment of Len refractory (Len-R) patients thereby remains 
an unmet clinical need [9]. Most patients included in the 
clinical trials of lenalidomide-based triplet combinations 
were Len sensitive, while Len refractory cases were gener-
ally excluded. In fact, the CASTOR [10] and ENDEAVOR 
[11] trials, evaluating respectively the efficacy of Dara-
tumumab-Bortezomib-Dexamethasone (D-VD) and 
Carfilzomib-Dexamethasone (KD) combinations versus 
Bortezomib-Dexamethasone (VD) alone, included only a 
limited proportion of Len exposed patients (approximately 
36–38%) and an even lower fraction of Len-R cases (24%). 
Up to now, only the OPTIMISMM study evaluating the 
efficacy of pomalidomide-bortezomib-dexamethasone 
(PVD) recruited a high percentage of Len-R patients 
(71%) with all patients being at least Len exposed [12]. 
The recent approval in Italy (October 2020) of the PVD 
triplet, led to the extensive use over the past few years of 
D-VD and KD combinations in this setting, even though 
only a small fraction of Len-R patients had been included 
in the pivotal trial, reporting suboptimal results (median 
PFS 7.8 months and 8.6 months, respectively) [13, 14].

In this scenario, we conducted a real-life study includ-
ing only lenalidomide exposed or refractory patients 
treated with D-VD to evaluate the efficacy and safety of 
this regimen in this setting of patients.

Methods

Study design and patients

This is a retrospective cohort study that included 57 
patients affected by relapsed or refractory MM and 

followed at 10 centers across the Triveneto region (North-
eastern Italy) from June 2014 to April 2021. Included 
patients were anti-CD38 monoclonal antibody naïve and 
received at least one prior line of therapy including a lena-
lidomide-based combination. All cases were treated with 
D-VD regimen according to the approved schedule[10]. 
Demographic and clinical features, including ISS, FISH 
analysis, type and symptoms at relapse, were collected.

This study was approved by the Institutional Review 
Board of Azienda Ospedaliera di Padova (2491P, PD-MM-
REG1) and performed according to the Helsinki Declara-
tion. All patients gave their written informed consent before 
inclusion.

Statistical analysis

The patients’ demographic, clinical and biological fea-
tures expressed as categorical variables were compared by 
Fisher’s exact test. The primary endpoint of the study was 
progression free survival (PFS) in Len R population defined 
as the time elapsed between D-VD treatment initiation and 
tumor progression or death by any cause, with censoring 
of patients who were lost to follow-up. Secondary end-
points were high quality response rate (≥ very good partial 
response, VGPR), patient’s overall survival (OS) calculated 
from the date D-VD treatment initiation to death by any 
cause or the last known follow-up visit for censored patients, 
and ≥ grade 3 adverse events rates according to Common 
Terminology Criteria for Adverse Events (CTCAE) v. 5.0. 
Prespecified subgroup analyses (age, ISS, LDH, high risk 
FISH, previous lines oh therapy, type of relapse) were esti-
mated using the Kaplan − Meier method and compared with 
log-rank test. A univariate Cox proportional hazards regres-
sion analysis was employed to evaluate the prognostic rele-
vance of each variable. Results for significant variables were 
presented as hazard-ratios (HR) and 95% confidence inter-
vals. P values < 0.05 were considered significant. Statistical 
analysis was conducted using Graphpad Prism version 9.4.

Results

Clinical and biological features of the study cohort

The study evaluated a cohort of 57 patients (24 female, 33 
males) affected by relapsed/refractory MM (Table 1). The 
median age was 69 years (45–84 years) and 36/57 (63.2%) 
were aged ≥ 65. Median number of prior lines of therapy 
was 2 (1–6), with 22/57 (39%) having received ≥ 2 lines 
of therapy. All patients were anti-CD38 monoclonal anti-
body naïve and, similarly to the OPTIMISMM study, had 
received at least a previous lenalidomide based regimen (Len 
exposed) with 44/54 (77.2%) being Len-R. Considering the 
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type of Len regimen, 13/57 had been previously treated with 
Len maintenance (22.8%), while in the remaining cases 
(44/57, 77.2%) Len had been administered in association 
with dexamethasone alone or in combination with elotu-
zumab or carfilzomib. Fifty-one out of 57 cases (89.5%) 
received at least a proteasome inhibitor (PI) based treatment, 
10 out of 57 (17.5%) of them being PI refractory. Consid-
ering the type of PI, 47/57 cases were previously treated 
with a bortezomib-based regimen while 19/57 received a 
carfilzomib-based regimen. A minority of patients received 
the anti-SLAMF7 monoclonal antibody elotuzumab (3/57, 
5.3%) and pomalidomide 6/57 (10.5%). Finally, 43 patients 
received at least one autologous stem cells transplantation 
(43/57, 75.4%) during the natural history of the disease.

In more than 40% of patients (25/57, 43.9%) D-VD treat-
ment was started following a biochemical relapse while in 
32 cases (32/57, 56.1%) a clinical relapse was the reason to 
begin treatment. Regarding the aggressiveness of relapse, 
ISS III and high LDH levels were present in 28.3% and 

10.4% of cases, respectively. FISH analysis at relapse was 
available in 30/57 (52.6%) cases and high-risk FISH [includ-
ing t(4;14), t(14;16) and del17p] was detected in 33.3% of 
patients. Finally, extramedullary disease has been docu-
mented in 6 patients (10.5%).

Efficacy of D‑VD

A median number of 11 cycles was administered in the 
study cohort (1–35). Responses were evaluable in 54/57 
patients, with an overall response rate of 79.6% and 43% 
of cases obtaining at least a VGPR. In detail, 3/54 patients 
(5.5%) obtained a minor response (MR), 20/54 (37%) a par-
tial response (PR), 17/54 (32%) a VGPR and 6/54 (11%) 
a complete response (CR). As for the remaining patients, 
in 5/54 (9%) a stabilization of the disease (stable disease, 
SD) was obtained while in 3 cases (5.5%) a progressive dis-
ease (PD) was demonstrated. No significant differences in 
terms of high-quality response rates (≥ VGPR) was observed 
between Len-R and Len exposed patients (41.9% vs 45.6%, 
p = 0.7542).

Responses were generally fast with a median number of 
2 cycles required to obtain at least a PR while best response 
was reached after a median number of 4 cycles.

Thirty-two patients (56.1%) had discontinued the treat-
ment, mostly due to progressive disease (25/32, 78.1%), fol-
lowed by toxicities (4/32, 12.5%) and clinicians’ decision 
(3/32, 9.4%).

Outcome of D‑VD treated patients

With a median follow up of 13 months, median progres-
sion free survival (PFS) and overall survival (OS) were 
17 months and not reached, respectively (Fig. 1, panel 
A and B, respectively). Univariate analysis results are 
reported in Table 2. No significant PFS differences were 
observed according to age (≥ 65 years vs < 65 years, 18 
vs 13 months, p = 0.5172, Fig. 2, panel A), ISS at relapse 
(ISS III vs vs ISS I-II, 17 vs 16 months, p = 0.0905, Fig. 2, 
panel B), LDH levels (high LDH vs normal LDH, 9 vs 16 
months, p = 0.5212, Fig. 2, panel C), the type of relapse 
(biochemical vs symptomatic relapse, 17 vs 16 months, 
p = 0.6879, Fig. 2, panel D), the number of previous lines 
of therapy (≤ 2 vs > 2, 20 vs 15 months, p = 0.2628, Fig. 2, 
panel E) or the presence of high risk FISH (high risk vs 
standard risk, 16 vs 20 months, p = 0.5432, Fig. 2, panel 
F). Regarding previous treatments, Len exposed patients 
displayed a PFS advantage although not statistical signifi-
cance as compared to Len refractory patients (29 vs 16 
months, p = 0.2876, Fig. 3 panel A). Similarly, patients 
treated after Len maintenance exposure showed a better 
outcome as compared to patients who had received a full 
dose Len treatment (23 vs 13 months, p = 0.1728, Fig. 3 

Table 1   Clinical and biological features of multiple myeloma patients’ cohort

* including t(4;14), t(14;16), del17p
Len lenalidomide. PI proteasome inhibitor. ASCT autologous stem 
cell transplantation. ISS International Staging System

Clinical and Biological Features D-VD treated 
patients’ cohort 
(n = 57)

Median age (years) 69 (45–84)
   ≥ 65 years 36/57 (63.2%)
   < 65 years 21/57 (36.8%)

Previous lines of therapy 2 (1–6)
  1 line 35/57 (61.4%)
   ≥ 2 lines 22/57 (38.6%)

Len exposed 57/57 (100%)
Len refractory 44/57 (77.2%)
PI exposed 51/57 (89.5%)
PI refractory 10/57 (17.5%)
Double refractory 9/57 (15.8%)
Previous ASCT 43/57 (75.4%)
FISH 30/57 (52.6%)

  High risk* 10/30 (33.3%)
  Standard risk 20/30 (66.7%)

LDH
  high 5/48 (10.4%)
  normal 43/48 (89.6%)

ISS
  ISS I-II 33/46 (71.7%)
  ISS III 13/46 (28.3%)

Type of relapse
  Biochemical 25/57 (43.9%)
  Clinical 32/57 (56.1%)

Extramedullary disease 6/57 (10.5%)
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panel B). Regarding PI exposure, no significant PFS dif-
ferences were observed between PI refractory and PI sensi-
tive cases (18 vs 17 months, p = 0.4747).

Safety

Hematological and non-hematological toxicities are reported 
in Table 3. Thrombocytopenia was the most frequent adverse 
event (AE) reported in 26/56 cases (46.6%), with grade 3–4 
events in 12 of them (21.4%). Anemia (any grade 28.3%, 
grade 3–4 3.8%) and neutropenia (any grade 24.1%, grade 
3–4 3.7%) were less frequent. Among the non-hematologi-
cal toxicities, peripheral neuropathy was the most common, 
being present in 25/56 cases (44.6%), mainly of grade 1–2 
(23/56, 41.1%) followed by gastrointestinal and infectious 
adverse events (17/54 cases each, 31.5%). In detail, infec-
tious complications were mostly respiratory infections 
(12/17, 70.6%) and in 5 patients (9.3%) a grade ≥ 3 infectious 
event occurred, including 2 cases of lethal SARS-COV2 
infection in patients in CR. On the opposite, cardiovascular 
AEs involved only minority of patients (5/55, 9.1%).

Discussion

In a real-life setting we herein demonstrated that the D-VD 
regimen was associated to high ORR and VGPR rates with 
a favorable safety profile in previously lenalidomide treated 
MM patients, thus turning out a reliable therapeutic option 
in this setting of patients.

In the current therapeutic scenario, almost all MM 
patients are lenalidomide refractory at first relapse. However, 
until the recent approval of new triplet regimens including 
Carfilzomib and Dexamethasone in combination with anti-
CD38 monoclonal antibodies Daratumumab or Isatuximab 
[15, 16] (D-KD and I-KD) or Pomalidomide-Dexameth-
asone with Daratumumab (Dara-PD) [17], patients’ Len 
refractoriness represented a major clinical need with few 
drug combinations available and up to now with limited 
efficacy. Despite the relevance of this issue in the every-
day clinical practice, only the OPTIMISMM trial reliably 
addressed this problem. The above study showed interesting, 
even if not exciting, results in Len-R overall populations at 
first relapse [12], at variance of the less favorable outcomes 
observed in the small Len-R populations treated with KD or 
D-VD in pivotal trials [12–14].

In the recent years, real-life studies are becoming increas-
ingly relevant [18–21], as they include unselected patients 
who are not usually enrolled in clinical trials [22]. In this 
context, real word data on PVD efficacy are still missing 
while results of a large study of Len-R patients treated with 
KD were recently reported [23]. Several retrospective stud-
ies evaluated real-life D-VD efficacy, but only few Len-R 
patients were included [24, 25]. This gap prompted us to 
conduct this real-world study including the largest cohort 
reported today of Len-R patients treated with D-VD (n = 44). 
Interestingly our study population was proportionally over-
lapping with the PVD treated in the OPTISMM trial (100% 
Len exposed in both studies, Len-R 77.2% vs 71%). The 
median PFS of the overall and Len-R population herein pre-
sented (17 months and 16 months, respectively) were higher 
as compared to that reported for PVD (11.2 and 9.5 months, 

Fig. 1   Progression free survival 
and overall survival of D-VD 
treated patients. Kaplan–Meier 
curves showing progression free 
survival (PFS) (Panel A) and 
overall survival (OS) (Panel B) 
of D-VD treated patients

Table 2   Univariate Cox regression analysis for PFS in D-VD treated 
multiple myeloma patients

Table showing the clinical and biological variables evaluated by uni-
variate Cox regression modelling 

Covariate HR (95% CI) p-value

Age ≥ 65 years 0.78 (0.35–1.76) 0.5172
ISS III 1.99 (0.73–5-41) 0.0905
High LDH 1.47 (0.36–6.0) 0.5212
Lines of therapy > 2 1.5 (0.67–3.4) 0.2682
Symptomatic relapse 1.2 (0.53–2.55) 0.6879
High Risk FISH 1.31 (0.48–3.57) 0.5432
Len exposed 0.58 (0.24–1.4) 0.2876
Len maintenance 0.55 (0.25–1.3) 0.1728
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respectively). Most importantly, the outcome in Len-R 
patients was surprisingly improved related to that reported 
in the pivotal CASTOR trial (16 months vs 7.8 months) [10].

The advent of anti-CD38 monoclonal antibodies in com-
bination with proteasome inhibitors or pomalidomide has 
significantly improved the outcome of Len-R patients across 
all trials. The newest combinations of D-KD and I-KD are 
likely to become the new standard of care for this setting 
of patients, with the unprecedented PFS of 28.1 months 
reported in the CANDOR trial [26] and the significant 
benefit of the triplet regimen in the IKEMA trial as well 
[27]. More recently, a network meta-analysis of lenalido-
mide sparing combinations showed that D-VD/D-KD and 
I-KD regimens have the highest probability to be the best 

treatments both in Len exposed and in Len-R settings [28]. 
Most importantly, compelling real word evidence supports 
the superiority of anti-CD38 based combinations in this set-
ting of patients and real-life D-VD outcomes seem to be 
better than those shown in the CASTOR trial [24, 25]. Our 
results obtained in the largest case series available today 
proved the efficacy of D-VD regimen in Len-R patients 
thus confirming the appropriateness of the choice of dara-
tumumab based combinations in this difficult to treat MM 
population.

As mentioned above, given the impressive results of 
CANDOR and IKEMA trials, KD in combination with anti-
CD38 monoclonal antibodies will become the new standard 
of care for the treatment of Len-R patients. However, it is 

Fig. 2   Progression free 
survival of D-VD treated 
patients according to clinical 
and biological characteristics. 
Kaplan–Meier curves showing 
progression free survival (PFS) 
according to age (Panel A), ISS 
(Panel B), LDH levels (Panel 
C), type of relapse (Panel D), 
numbers of previous lines of 
treatment (Panel E) and FISH 
status (Panel F). Curves were 
compared by log-rank test
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worth emphasizing that both CANDOR and IKEMA trials 
included less than 40% of patients Len exposed or refractory 
(CANDOR 39% and 32%, IKEMA 40% and 32%, respec-
tively [15, 16]. Moreover, the risk of carfilzomib related 
cardiovascular adverse events as well as the incidence of 
grade 3–4 infectious complications (> 30% reported in both 
trials) [15, 16], as compared to < 10% to D-VD trials [10] 
and in our study, should be taken into account. Finally, the 
anti-CD38-KD triplet combinations require a higher fre-
quency of hospital admission and an intravenous infusion, 
at least for Carfilzomib and Isatuximab. In this context, the 
D-VD regimen provides a completely subcutaneous and 
quick administration with fewer grade 3–4 infectious and 
cardiovascular adverse events with a generally manageable 
safety profile.

In conclusion, notwithstanding the retrospective nature 
of our study, our real-life experience of D-VD in Len-R 
MM patients suggests that this combination leads to quick 
and high-quality responses, with significant PFS and few 
severe side effects. This regimen should be considered 

as an optimal candidate therapeutic strategy for Len-R 
patients, mainly in those ineligibles to D-KD or I-KD 
due to impaired fitness and/or problems with hospital 
admission.

Author contribution  GB designed the research, analyzed data, and 
wrote the manuscript. FMQ, AF, DP, AB, CM, MT, EDM, AL, CC, 
MP, RDM and LP provided patient’s samples and patient’s data. NP, 
RS, GDS, AT, FG, MK, AP, RS and GS participated to the analysis of 
data and critically reviewed and edited the manuscript. RZ designed the 
study, analyzed data, wrote the manuscript, and supervised the study.

All the authors approved the final version of this manuscript.

Funding  Open access funding provided by Università degli Studi di 
Padova within the CRUI-CARE Agreement.

Data availability  The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Ethics approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical standards.

The study was approved by the Institutional Review Board of Azienda 
Ospedaliera di Padova (2491P, PD-MM-REG1).

Informed consent  Informed consent was obtained from all individual 
participants included in the study.

Conflict of interest  GB has received honoraria from Amgen, Glaxo-
Kline Smith, and Janssen-Cilag, has served on the advisory boards for 
Bristol-Myers Squibb and Janssen and has received consultancy fees 
from Janssen. FMQ has served on the advisory boards for AstraZen-
eca and Janssen-Cilag, has received speaker fees for Janssen-Cilag and 
consultancy fees for Sandoz. LP has served on the advisory board of 
Takeda. GS has received speaker, advisory board, or consultancy fees 
and/or research grants from Novartis, Takeda, Roche, Janssen-Cilag. 

Fig. 3   Progression free survival of D-VD treated patients according 
to Lenalidomide treatment. Kaplan–Meier curves showing progres-
sion free survival (PFS) according to Lenalidomide (Len) refractory 

status (Panel A) and previous Len dosage (maintenance vs full dose, 
Panel B). Curves were compared by log-rank test

Table 3   Hematological and non-hematological toxicities of D-VD 
treated patients

Toxicity Grade 1–2 Grade 3–4

Neutropenia 11/54 (20.4%) 2/54 (3.7%)
Anemia 13/53 (24.5%) 2/53 (3.8%)
Thrombocytopenia 14/56 (25.0%) 12/56 (21.4%)
Peripheral neuropathy 23/56 (41.1%) 2/56 (3.6%)
Hepatic 6/55 (10.9%) 0/55 (0%)
Gastro-intestinal 16/54 (29.6%) 1/54 (1.9%)
Cardio-vascular 4/55 (7.3%) 1/55 (1.8%)
Infectious events 12/54 (22.2%) 5/54 (9.3%)



131Annals of Hematology (2024) 103:125–132	

1 3

RZ has served on advisory board for Amgen, Takeda, Bristol-Myers 
Squibb, Janssen-Cilag, Sanofi and Pfizer. All the other authors have no 
relevant financial or non-financial interests to disclose.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Thorsteinsdottir S, Dickman PW, Landgren O, Blimark C, Hult-
crantz M, Turesson I, Bjorkholm M, Kristinsson SY (2018) Dra-
matically improved survival in multiple myeloma patients in the 
recent decade: results from a Swedish population-based study. 
Haematologica 103(9):e412–e415. https://​doi.​org/​10.​3324/​
haema​tol.​2017.​183475

	 2.	 Stewart AK, Rajkumar SV, Dimopoulos MA, Masszi T, Spicka 
I, Oriol A, Hajek R, Rosinol L, Siegel DS, Mihaylov GG, 
Goranova-Marinova V, Rajnics P, Suvorov A, Niesvizky R, 
Jakubowiak AJ, San-Miguel JF, Ludwig H, Wang M, Mais-
nar V, Minarik J, Bensinger WI, Mateos MV, Ben-Yehuda D, 
Kukreti V, Zojwalla N, Tonda ME, Yang X, Xing B, Moreau P, 
Palumbo A, Investigators A (2015) Carfilzomib, lenalidomide, 
and dexamethasone for relapsed multiple myeloma. N Engl J 
Med 372(2):142–152. https://​doi.​org/​10.​1056/​NEJMo​a1411​321

	 3.	 Lonial S, Dimopoulos M, Palumbo A, White D, Grosicki S, 
Spicka I, Walter-Croneck A, Moreau P, Mateos MV, Magen H, 
Belch A, Reece D, Beksac M, Spencer A, Oakervee H, Orlowski 
RZ, Taniwaki M, Rollig C, Einsele H, Wu KL, Singhal A, 
San-Miguel J, Matsumoto M, Katz J, Bleickardt E, Poulart V, 
Anderson KC, Richardson P, Investigators E (2015) Elotuzumab 
Therapy for Relapsed or Refractory Multiple Myeloma. N Engl 
J Med 373(7):621–631. https://​doi.​org/​10.​1056/​NEJMo​a1505​
654

	 4.	 Dimopoulos MA, Oriol A, Nahi H, San-Miguel J, Bahlis NJ, 
Usmani SZ, Rabin N, Orlowski RZ, Komarnicki M, Suzuki 
K, Plesner T, Yoon SS, Ben Yehuda D, Richardson PG, Gold-
schmidt H, Reece D, Lisby S, Khokhar NZ, O’Rourke L, Chiu 
C, Qin X, Guckert M, Ahmadi T, Moreau P, Investigators P 
(2016) Daratumumab, Lenalidomide, and Dexamethasone for 
Multiple Myeloma. N Engl J Med 375(14):1319–1331. https://​
doi.​org/​10.​1056/​NEJMo​a1607​751

	 5.	 Moreau P, Masszi T, Grzasko N, Bahlis NJ, Hansson M, Pour L, 
Sandhu I, Ganly P, Baker BW, Jackson SR, Stoppa AM, Simp-
son DR, Gimsing P, Palumbo A, Garderet L, Cavo M, Kumar S, 
Touzeau C, Buadi FK, Laubach JP, Berg DT, Lin J, Di Bacco A, 
Hui AM, van de Velde H, Richardson PG, Group T-MS (2016) 
Oral Ixazomib, Lenalidomide, and Dexamethasone for Multiple 
Myeloma. N Engl J Med 374(17):1621–1634. https://​doi.​org/​10.​
1056/​NEJMo​a1516​282

	 6.	 McCarthy PL, Holstein SA, Petrucci MT, Richardson PG, 
Hulin C, Tosi P, Bringhen S, Musto P, Anderson KC, Caillot 
D, Gay F, Moreau P, Marit G, Jung SH, Yu Z, Winograd B, 
Knight RD, Palumbo A, Attal M (2017) Lenalidomide Main-
tenance After Autologous Stem-Cell Transplantation in Newly 

Diagnosed Multiple Myeloma: A Meta-Analysis. J Clin Oncol 
35(29):3279–3289. https://​doi.​org/​10.​1200/​JCO.​2017.​72.​6679

	 7.	 Benboubker L, Dimopoulos MA, Dispenzieri A, Catalano J, Belch 
AR, Cavo M, Pinto A, Weisel K, Ludwig H, Bahlis N, Banos A, 
Tiab M, Delforge M, Cavenagh J, Geraldes C, Lee JJ, Chen C, 
Oriol A, de la Rubia J, Qiu L, White DJ, Binder D, Anderson K, 
Fermand JP, Moreau P, Attal M, Knight R, Chen G, Van Oos-
tendorp J, Jacques C, Ervin-Haynes A, Avet-Loiseau H, Hulin 
C, Facon T, Team FT (2014) Lenalidomide and dexamethasone 
in transplant-ineligible patients with myeloma. N Engl J Med 
371(10):906–917. https://​doi.​org/​10.​1056/​NEJMo​a1402​551

	 8.	 Moreau P, San Miguel J, Sonneveld P, Mateos MV, Zamagni E, 
Avet-Loiseau H, Hajek R, Dimopoulos MA, Ludwig H, Einsele 
H, Zweegman S, Facon T, Cavo M, Terpos E, Goldschmidt H, 
Attal M, Buske C, Committee EG (2017) Multiple myeloma: 
ESMO Clinical Practice Guidelines for diagnosis, treatment and 
follow-up. Ann Oncol 28(suppl_4):iv52–iv61. https://​doi.​org/​
10.​1093/​annonc/​mdx096

	 9.	 Moreau P, Zamagni E, Mateos MV (2019) Treatment of patients 
with multiple myeloma progressing on frontline-therapy with 
lenalidomide. Blood Cancer J 9(4):38. https://​doi.​org/​10.​1038/​
s41408-​019-​0200-1

	10.	 Palumbo A, Chanan-Khan A, Weisel K, Nooka AK, Masszi T, 
Beksac M, Spicka I, Hungria V, Munder M, Mateos MV, Mark 
TM, Qi M, Schecter J, Amin H, Qin X, Deraedt W, Ahmadi T, 
Spencer A, Sonneveld P, Investigators C (2016) Daratumumab, 
Bortezomib, and Dexamethasone for Multiple Myeloma. N Engl 
J Med 375(8):754–766. https://​doi.​org/​10.​1056/​NEJMo​a1606​038

	11.	 Dimopoulos MA, Goldschmidt H, Niesvizky R, Joshua D, Chng 
WJ, Oriol A, Orlowski RZ, Ludwig H, Facon T, Hajek R, Weisel 
K, Hungria V, Minuk L, Feng S, Zahlten-Kumeli A, Kimball AS, 
Moreau P (2017) Carfilzomib or bortezomib in relapsed or refrac-
tory multiple myeloma (ENDEAVOR): an interim overall survival 
analysis of an open-label, randomised, phase 3 trial. Lancet Oncol 
18(10):1327–1337. https://​doi.​org/​10.​1016/​S1470-​2045(17)​
30578-8

	12.	 Richardson PG, Oriol A, Beksac M, Liberati AM, Galli M, Schjes-
vold F, Lindsay J, Weisel K, White D, Facon T, San Miguel J, 
Sunami K, O’Gorman P, Sonneveld P, Robak P, Semochkin S, 
Schey S, Yu X, Doerr T, Bensmaine A, Biyukov T, Peluso T, 
Zaki M, Anderson K, Dimopoulos M, investigators Ot (2019) 
Pomalidomide, bortezomib, and dexamethasone for patients with 
relapsed or refractory multiple myeloma previously treated with 
lenalidomide (OPTIMISMM): a randomised, open-label, phase 3 
trial. Lancet Oncol 20(6):781–794. https://​doi.​org/​10.​1016/​S1470-​
2045(19)​30152-4

	13.	 Mateos MV, Sonneveld P, Hungria V, Nooka AK, Estell JA, Bar-
reto W, Corradini P, Min CK, Medvedova E, Weisel K, Chiu C, 
Schecter JM, Amin H, Qin X, Ukropec J, Kobos R, Spencer A 
(2020) Daratumumab, Bortezomib, and Dexamethasone Versus 
Bortezomib and Dexamethasone in Patients With Previously 
Treated Multiple Myeloma: Three-year Follow-up of CASTOR. 
Clin Lymphoma Myeloma Leuk 20(8):509–518. https://​doi.​org/​
10.​1016/j.​clml.​2019.​09.​623

	14.	 Moreau P, Joshua D, Chng WJ, Palumbo A, Goldschmidt H, Hajek 
R, Facon T, Ludwig H, Pour L, Niesvizky R, Oriol A, Rosinol L, 
Suvorov A, Gaidano G, Pika T, Weisel K, Goranova-Marinova V, 
Gillenwater HH, Mohamed N, Aggarwal S, Feng S, Dimopoulos 
MA (2017) Impact of prior treatment on patients with relapsed 
multiple myeloma treated with carfilzomib and dexamethasone vs 
bortezomib and dexamethasone in the phase 3 ENDEAVOR study. 
Leukemia 31(1):115–122. https://​doi.​org/​10.​1038/​leu.​2016.​186

	15.	 Dimopoulos M, Quach H, Mateos MV, Landgren O, Leleu X, 
Siegel D, Weisel K, Yang H, Klippel Z, Zahlten-Kumeli A, 
Usmani SZ (2020) Carfilzomib, dexamethasone, and daratu-
mumab versus carfilzomib and dexamethasone for patients with 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3324/haematol.2017.183475
https://doi.org/10.3324/haematol.2017.183475
https://doi.org/10.1056/NEJMoa1411321
https://doi.org/10.1056/NEJMoa1505654
https://doi.org/10.1056/NEJMoa1505654
https://doi.org/10.1056/NEJMoa1607751
https://doi.org/10.1056/NEJMoa1607751
https://doi.org/10.1056/NEJMoa1516282
https://doi.org/10.1056/NEJMoa1516282
https://doi.org/10.1200/JCO.2017.72.6679
https://doi.org/10.1056/NEJMoa1402551
https://doi.org/10.1093/annonc/mdx096
https://doi.org/10.1093/annonc/mdx096
https://doi.org/10.1038/s41408-019-0200-1
https://doi.org/10.1038/s41408-019-0200-1
https://doi.org/10.1056/NEJMoa1606038
https://doi.org/10.1016/S1470-2045(17)30578-8
https://doi.org/10.1016/S1470-2045(17)30578-8
https://doi.org/10.1016/S1470-2045(19)30152-4
https://doi.org/10.1016/S1470-2045(19)30152-4
https://doi.org/10.1016/j.clml.2019.09.623
https://doi.org/10.1016/j.clml.2019.09.623
https://doi.org/10.1038/leu.2016.186


132	 Annals of Hematology (2024) 103:125–132

1 3

relapsed or refractory multiple myeloma (CANDOR): results 
from a randomised, multicentre, open-label, phase 3 study. Lan-
cet 396(10245):186–197. https://​doi.​org/​10.​1016/​S0140-​6736(20)​
30734-0

	16.	 Moreau P, Dimopoulos MA, Mikhael J, Yong K, Capra M, Facon 
T, Hajek R, Spicka I, Baker R, Kim K, Martinez G, Min CK, Pour 
L, Leleu X, Oriol A, Koh Y, Suzuki K, Risse ML, Asset G, Mace 
S, Martin T, group Is (2021) Isatuximab, carfilzomib, and dexa-
methasone in relapsed multiple myeloma (IKEMA): a multicentre, 
open-label, randomised phase 3 trial. Lancet 397(10292):2361–
2371. https://​doi.​org/​10.​1016/​S0140-​6736(21)​00592-4

	17.	 Dimopoulos MA, Terpos E, Boccadoro M, Delimpasi S, Beksac 
M, Katodritou E, Moreau P, Baldini L, Symeonidis A, Bila J, 
Oriol A, Mateos MV, Einsele H, Orfanidis I, Ahmadi T, Ukropec 
J, Kampfenkel T, Schecter JM, Qiu Y, Amin H, Vermeulen J, 
Carson R, Sonneveld P, Investigators AT (2021) Daratumumab 
plus pomalidomide and dexamethasone versus pomalidomide 
and dexamethasone alone in previously treated multiple myeloma 
(APOLLO): an open-label, randomised, phase 3 trial. Lancet 
Oncol 22(6):801–812. https://​doi.​org/​10.​1016/​S1470-​2045(21)​
00128-5

	18.	 Rocchi S, Tacchetti P, Pantani L, Mancuso K, Rizzello I, di Gio-
vanni BC, Scalese M, Dozza L, Marzocchi G, Martello M, Barila 
G, Antonioli E, Staderini M, Buda G, Petrini M, Cea M, Qua-
resima M, Furlan A, Bonalumi A, Cavo M, Zamagni E (2021) A 
real-world efficacy and safety analysis of combined carfilzomib, 
lenalidomide, and dexamethasone (KRd) in relapsed/refractory 
multiple myeloma. Hematol Oncol 39(1):41–50. https://​doi.​org/​
10.​1002/​hon.​2820

	19.	 Martino EA, Conticello C, Zamagni E, Pavone V, Palmieri S, 
Musso M, Tacchetti P, Mele A, Catalano L, Vigna E, Bruzzese 
A, Mendicino F, Botta C, Vincelli ID, Farina G, Barone M, Can-
gialosi C, Mancuso K, Rizziello I, Rocchi S, Falcone AP, Mele 
G, Reddiconto G, Garibaldi B, Iaccino E, Tripepi G, Gamberi B, 
Di Raimondo F, Musto P, Neri A, Cavo M, Morabito F, Gentile M 
(2022) Carfilzomib combined with lenalidomide and dexametha-
sone (KRd) as salvage therapy for multiple myeloma patients: ital-
ian, multicenter, retrospective clinical experience with 600 cases 
outside of controlled clinical trials. Hematol Oncol. https://​doi.​
org/​10.​1002/​hon.​3035

	20.	 Morabito F, Zamagni E, Conticello C, Pavone V, Palmieri S, Bring-
hen S, Galli M, Mangiacavalli S, Derudas D, Rossi E, Ria R, Cata-
lano L, Tacchetti P, Mele G, Donatella Vincelli I, Antonia Martino 
E, Vigna E, Botta C, Bruzzese A, Mele A, Pantani L, Rocchi S, 
Garibaldi B, Cascavilla N, Ballanti S, Tripepi G, Frigeri F, Pia Fal-
cone A, Cangialosi C, Reddiconto G, Farina G, Barone M, Rizzello 
I, Musto P, De Stefano V, Musso M, Teresa Petrucci M, Offidani 
M, Neri A, Di Renzo N, Di Raimondo F, Boccadoro M, Cavo M, 
Gentile M (2022) Adjusted comparison between elotuzumab and 
carfilzomib in combination with lenalidomide and dexamethasone 
as salvage therapy for multiple myeloma patients. Eur J Haematol 
108(3):178–189. https://​doi.​org/​10.​1111/​ejh.​13723

	21.	 Bonello F, Rocchi S, Barila G, Sandrone M, Talarico M, Zamagni 
E, Scaldaferri M, Vedovato S, Bertiond C, Pavan L, Bringhen S, 
Cattel F, Zambello R, Cavo M, Mina R (2022) Safety of Rapid 

Daratumumab Infusion: A Retrospective, Multicenter, Real-Life 
Analysis on 134 Patients With Multiple Myeloma. Front Oncol 
12:851864. https://​doi.​org/​10.​3389/​fonc.​2022.​851864

	22.	 Bertamini L, Bertuglia G, Oliva S (2022) Beyond Clinical Trials 
in Patients With Multiple Myeloma: A Critical Review of Real-
World Results. Front Oncol 12:844779. https://​doi.​org/​10.​3389/​
fonc.​2022.​844779

	23.	 Terpos E, Zambello R, Leleu X, Kuehr T, Badelita SN, Katodri-
tou E, Brescianini A, Liang T, Wetten S, Caers J (2022) Real-
World Use and Effectiveness of Carfilzomib Plus Dexamethasone 
in Relapsed/Refractory Multiple Myeloma in Europe. Cancers 
(Basel) 14(21):5311. https://​doi.​org/​10.​3390/​cance​rs142​15311

	24.	 Mian H, Eisfeld C, Venner CP, Masih-Khan E, Kardjadj M, Jime-
nez-Zepeda VH, Khandanpour C, Lenz G, McCurdy A, Sebag 
M, Song K, LeBlanc R, White D, Stakiw J, Reiman A, Louzada 
M, Aslam M, Kotb R, Gul E, Reece D (2022) Efficacy of Dara-
tumumab-Containing Regimens Among Patients With Multiple 
Myeloma Progressing on Lenalidomide Maintenance: Retrospec-
tive Analysis. Front Oncol 12:826342. https://​doi.​org/​10.​3389/​
fonc.​2022.​826342

	25.	 Ho M, Zanwar S, Kapoor P, Gertz M, Lacy M, Dispenzieri A, 
Hayman S, Dingli D, Baudi F, Muchtar E, Leung N, Kourelis T, 
Warsame R, Fonder A, Hwa L, Hobbs M, Kyle R, Rajkumar SV, 
Kumar S (2021) The Effect of Duration of Lenalidomide Main-
tenance and Outcomes of Different Salvage Regimens in Patients 
with Multiple Myeloma (MM). Blood Cancer J 11(9):158. https://​
doi.​org/​10.​1038/​s41408-​021-​00548-7

	26.	 Usmani SZ, Quach H, Mateos MV, Landgren O, Leleu X, Siegel 
D, Weisel K, Gavriatopoulou M, Oriol A, Rabin N, Nooka A, Qi 
M, Beksac M, Jakubowiak A, Ding B, Zahlten-Kumeli A, Yusuf 
A, Dimopoulos M (2022) Carfilzomib, dexamethasone, and dara-
tumumab versus carfilzomib and dexamethasone for patients with 
relapsed or refractory multiple myeloma (CANDOR): updated 
outcomes from a randomised, multicentre, open-label, phase 3 
study. Lancet Oncol 23(1):65–76. https://​doi.​org/​10.​1016/​S1470-​
2045(21)​00579-9

	27.	 Dimopoulos MA, Moreau P, Augustson B, Castro N, Pika T, 
Delimpasi S, De la Rubia J, Maiolino A, Reiman T, Martinez-
Lopez J, Martin T, Mikhael J, Yong K, Risse ML, Asset G, 
Marion S, Hajek R (2022) Isatuximab plus carfilzomib and dexa-
methasone in patients with relapsed multiple myeloma based on 
prior lines of treatment and refractory status: IKEMA subgroup 
analysis. Am J Hematol. https://​doi.​org/​10.​1002/​ajh.​26602

	28.	 Botta C, Martino EA, Conticello C, Mendicino F, Vigna E, 
Romano A, Palumbo GA, Cerchione C, Martinelli G, Morabito 
F, Di Raimondo F, Gentile M (2021) Treatment of Lenalidomide 
Exposed or Refractory Multiple Myeloma: Network Meta-Anal-
ysis of Lenalidomide-Sparing Regimens. Front Oncol 11:643490. 
https://​doi.​org/​10.​3389/​fonc.​2021.​643490

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/S0140-6736(20)30734-0
https://doi.org/10.1016/S0140-6736(20)30734-0
https://doi.org/10.1016/S0140-6736(21)00592-4
https://doi.org/10.1016/S1470-2045(21)00128-5
https://doi.org/10.1016/S1470-2045(21)00128-5
https://doi.org/10.1002/hon.2820
https://doi.org/10.1002/hon.2820
https://doi.org/10.1002/hon.3035
https://doi.org/10.1002/hon.3035
https://doi.org/10.1111/ejh.13723
https://doi.org/10.3389/fonc.2022.851864
https://doi.org/10.3389/fonc.2022.844779
https://doi.org/10.3389/fonc.2022.844779
https://doi.org/10.3390/cancers14215311
https://doi.org/10.3389/fonc.2022.826342
https://doi.org/10.3389/fonc.2022.826342
https://doi.org/10.1038/s41408-021-00548-7
https://doi.org/10.1038/s41408-021-00548-7
https://doi.org/10.1016/S1470-2045(21)00579-9
https://doi.org/10.1016/S1470-2045(21)00579-9
https://doi.org/10.1002/ajh.26602
https://doi.org/10.3389/fonc.2021.643490

	A real-life study of daratumumab-bortezomib-dexamethasone (D-VD) in lenalidomide exposedrefractory multiple myeloma patients: a report from the Triveneto Myeloma Working Group
	Abstract
	Introduction
	Methods
	Study design and patients
	Statistical analysis

	Results
	Clinical and biological features of the study cohort
	Efficacy of D-VD
	Outcome of D-VD treated patients
	Safety

	Discussion
	References


