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Abstract 

Background  Daratumumab (Dara)-based regimens have been investigated in randomized controlled trials (RCTs) 
involving patients with newly diagnosed and previously untreated multiple myeloma (NDMM), but the optimal dara-
tumumab-based regimen remains unclear. This study compares the efficacy of daratumumab-containing regimens 
for NDMM patients and explores optimal combinations.

Methods  Databases were searched from inception until February 29, 2024. Trials comparing regimens with and with-
out daratumumab, as well as their mutual comparisons, were included. Random effects models for serious adverse 
events (SAEs) and fixed effects models for other outcomes were utilized in both network meta-analysis (NMA) 
and component NMA (CNMA), with pooled effects estimated. The efficacy of all possible combinations of daratu-
mumab with other drugs was assessed.

Results  A total of 17 trials were included, enrolling 7261 patients, of whom 2083 were treated with daratumumab. 
The optimal regimens for different outcomes were identified as follows: Dara-bortezomib (V)-melphalan (M)-corti-
costeroids (D) (Dara-VMD) showed the best results for both overall response rate (ORR) [RR = 1.97; 95% CI: 1.42 to 2.75; 
I2 = 0.00%; 16 trials; 7136 participants; P = 0.00] and ≥ very good partial response (≥ VGPR) [RR = 7.46; 95% CI: 4.10 
to 13.46; I2 = 23.96%; 16 trials; 7118 participants; P = 0.00]; Dara-V-thalidomide (T)-D (Dara-VTD) was optimal for achiev-
ing ≥ complete response (≥ CR) [RR = 14.15; 95% CI: 3.74 to 53.52; I2 = 0.00%; 17 trials; 7261 participants; P = 0.00]. The 
individual effects of daratumumab were calculated as follows: [ORR: RR = 1.14; 95% CI: 1.08 to 1.21; I2 = 0.00%; 16 trials; 
7136 participants; P = 0.00; ≥ VGPR: RR = 1.46; 95% CI: 1.36 to 1.58; I2 = 23.96%; 16 trials; 7118 participants; P = 0.00; ≥ CR: 
RR = 1.77; 95% CI: 1.55 to 1.99; I2 = 0.00; 17 trials; 7261 participants; P = 0.00; progression-free survival (PFS): hazard ratio 
(HR) = 0.53; 95% CI: 0.43 to 0.65; I2 = 0.00%; 13 trials; 5977 participants; P = 0.00; overall survival (OS): HR = 0.68; 95% CI: 
0.58 to 0.79; I2 = 28.97%; 12 trials; 5977 participants; P = 0.00]. Additionally, the optimal regimens for PFS and OS were 
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Dara-lenalidomide (R)-D [HR = 0.37; 95% CI: 0.23 to 0.61; I2 = 0.00%; 13 trials; 5977 participants; P = 0.00] and Dara-VRD 
[HR = 0.40; 95% CI: 0.19 to 0.85; I2 = 28.97%; 12 trials; 5977 participants; P = 0.02], respectively. Finally, CNMA indicated 
that Dara-VRD, Dara-carfilzomib (K)-RD, Dara-RD, and Dara-cyclophosphamide (C)-RD were four regimens, which 
could improve remission rate, and reduce death or progression during induction and prolong lifetime.

Conclusions  Dara-VRD, Dara-KRD, Dara-RD, and Dara-CRD are optimal daratumumab-based regimens for patients 
with newly diagnosed and previously untreated multiple myeloma.

Keywords  Daratumumab, Newly diagnosed, Multiple myeloma, Lenalidomide, Component network meta-analysis

Introduction
Multiple myeloma (MM) is a haematological malig-
nancy caused by clonal proliferation and uncontrolled 
immunoglobin secretion from plasma cells in the bone 
marrow. MM is still incurable, but the prognosis has 
improved after the broad application of proteasome 
inhibitors (PIs), such as bortezomib, and novel immu-
nomodulatory drugs (IMiDs), such as lenalidomide. 
However, most MM patients inevitably relapse. Fre-
quent alternation of therapeutic regimens results in 
many cases of relapsed and refractory MM (RRMM). 
Recent research has focused on advancing therapeu-
tic targets such as anti-CD38 monoclonal antibody, 
BCMA-directed bispecific antibody, and signaling lym-
phocytic activation molecule family 7 (SLAMF7) mon-
oclonal antibody [1].

Daratumumab (Dara) is an IgG1 κ-type anti-CD38 
monoclonal antibody that can induce tumour cell 
death by the Fc fragment-mediated apoptosis, anti-
body-dependent cell-mediated cytotoxicity (ADCC), 
or complement-dependent cytotoxicity (CDC) [2–4]. 
Daratumumab has shown encouraging efficacy in many 
clinical trials and has been one of the front-line recom-
mendations for NDMM and RRMM patients in America 
[5] and Europe [6]. Recent clinical trials have explored 
the efficacy of adding daratumumab to conventional 
regimens for NDMM, such as the GRIFFIN trial [7], 
ALCYONE trial [8], and MAIA trial [9]. These find-
ings demonstrated the superior effect of the addition of 
daratumumab. However, daratumumab has not been 
approved for transplantation-eligible NDMM treat-
ment in China [10] or Australia [11]. During the NDMM 
induction phase, it is unclear whether regimens contain-
ing daratumumab are better or more beneficial than any 
other regimens not containing it. Furthermore, prospec-
tive research comparing multidrug regimens contain-
ing daratumumab is rare. Therefore, this review aims to 
answer two questions:

1.	 Is there evidence that is supportive enough to pro-
vide daratumumab-based regimens with stronger 
front-line recommendations than conventional regi-
mens for NDMM treatment?

2.	 What drugs, in combination with daratumumab, are 
optimal for NDMM? A systemic and comparative 
analysis of daratumumab-based regimens is neces-
sary to detect unreasonable usage or combination 
with daratumumab.

Most MM treatments involve multidrug combinations; 
therefore, component network meta-analysis (CNMA) 
is suitable. With the utilization of CNMAs, this study 
explored the rationality of the addition of daratumumab 
to conventional regimens and the best daratumumab-
based regimens for NDMM.

Method
Chapter 11 of Cochrane Handbook for Systematic Reviews 
of Interventions was the methodological guidance of our 
work [12]. The review was reported according to the 
PRISMA checklist extension for NMA [13]. The protocol 
was registered in PROSPERO (ID: CRD42022334501). 

Inclusion and exclusion criteria
Inclusion criteria
The trial met all the following conditions:

(1)	 Study design: Randomized control trial (RCT).
(2)	 Patients: Patients with newly diagnosed and previ-

ously untreated multiple myeloma, with no limita-
tions on risk classification or disease stage.

(3)	 Intervention: The treatment group should be the 
regimen containing daratumumab injection for 
induction, whereas the control group should not 
be included. To continue network knobs, RCTs that 
involved mutual comparisons between the regi-
mens of the treatment or control groups were also 
eligible. Corticosteroids, such as prednisone and 
dexamethasone, were treated as inactive compo-
nents and reference groups, so RCTs about corti-
costeroids compared with the above regimens were 
also included.

(4)	 Outcome: Trials should at least report the best 
response before haematopoietic stem cell trans-
plantation (HSCT). The primary outcomes included 
overall remission (ORR, patients who achieved par-
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tial remission or better), very good partial remission 
(VGPR) or better ( ≥ VGPR), complete remission 
(CR) or better ( ≥ CR), death or progression during 
induction (DP), and serious adverse events (SAEs). 
The secondary outcomes were the hazard ratios 
(HRs) of progression-free survival (PFS) and overall 
survival (OS).

Exclusion criteria
Cohort studies, case reports, reviews, laboratory 
research, trials for patients with smouldering myeloma 
or plasma cell leukaemia, trials in which the first rand-
omization was after transplantation, and articles without 
complete endpoint reporting were excluded.

Data sources and searching methods
The following databases were searched from inception to 
February 29, 2024: Embase, PubMed, Wiley Online Library, 
Cochrane Library, and Web of Science, with items related 
to myeloma, daratumumab, bortezomib, carfilzomib, lena-
lidomide, pomalidomide, new, and untreated. Using the 
PubMed database as an example, the search query was 
(("1000/01/01"[Date—Publication]: "2024/02/29"[Date—
Publication]) AND (randomized clinical trial[Publication 
Type]) AND ((myeloma[Title]) AND (daratumumab[Title] 
OR bortezomib[Title] OR carfilzomib[Title] OR lenalidomide 
[Title] OR pomalidomide[Title])) AND (newly[Title/
Abstract] OR untreated[Title/Abstract])). If the trial results 
were reported in different articles, the latest article or the 
article with complete data was included (see Supplemental 
material 1).

Article selection and data extraction
Two researchers (Xiaohua Huang and Jia Zhou) searched 
the database and selected the articles independently. 
They strictly followed the inclusion and exclusion crite-
ria and subsequently cross-checked. When a discrepancy 
occurred, a third researcher (Wei Ma) was consulted. The 
data were extracted by another two researchers (Yuxiao 
Qian and Lu Yang) using a questionnaire designed by a 
researcher (Jing He) and EpiData Manager 4.4.2.0 and 
EpiData Entry Client 4.4.3.0 software. The following data 
were extracted: RCT registration ID; year of publica-
tion; population characteristics of each group; number of 
patients accepting transplantations; therapy regimen of 
each group; sCR, CR, VGPR, PR, DP, and SAE counts; HR 
and its 95% confidence interval (95% CI) for PFS and OS; 
and sample size. HR was extracted from survival curves 
by Engauge Digitizer (version 12.1) if it was not reported, 
which was based on the method of Jayne F. Tierney [14].

Assessment of bias and network meta‑analysis
The quality of the eligible literature was assessed using 
the risk-of-bias assessment tool version 2 recommended 
by the Cochrane Handbook for Systematic Review of 
Interventions [15]. The relative risk (RR) and its 95% CI 
were used as the effect size to calculate the pooled rela-
tive efficacy of each treatment for ≥ CR (sCR + CR), ≥ 
VGPR (sCR + CR + VGPR), ORR (sCR + CR + VGPR + PR), 
DP, and SAEs. We performed both standard NMA and 
CNMA following frequentist approaches [16–18].

First, grouped by different outcomes, network 
graphs were drawn to clarify the relationships between 
interventions.

Second, in NMA, the τ 2 value and I2 value were 
reported to quantify the inconsistency and heterogene-
ity. Inconsistency and heterogeneity were subsequently 
tested, and the Q-value and P-value were reported. If I2 < 
50%, insignificant heterogeneity was accepted, and a fixed 
effect model (NMA) was applied. Otherwise, the random 
effect model NMA was utilized. Then, we synthesized 
evidence by integrating direct and indirect estimation for 
each comparison into a pooled effect [RR (95% CI) and 
HR (95% CI)]. The NMA league tables for each outcome 
were drawn.

Third, in the CNMA, the additive model without any 
interactive item was the initial CNMA model, and the 
difference between the CNMA and NMA was estimated 
using the Cochrane Q test. If the initial model was sig-
nificantly different from the NMA model, the addition of 
interactive items (daratumumab interacting with one or 
more other drugs) to the initial CNMA model was con-
sidered. With the assistance of a scatter plot of Q and P, 
the interactive model corresponding to the vertex of the 
scatter plot was eligible. The overall effect of each compo-
nent was subsequently estimated. The effects of arbitrary 
complex interventions, which included daratumumab in 
combination with one or more other drugs, were calcu-
lated to explore the optimal Dara regimens theoretically. 
The CNMA league tables of complex interventions were 
drawn.

Finally, the relative rank was estimated using P scores 
[19]. The risk of SAEs was estimated using the CNMA 
and pairwise meta-analysis, and a sensitivity test of the 
primary outcome was also applied by evaluating the 
effect difference between the NMA and the CNMA. All 
the above NMA and CNMA results were visually dem-
onstrated using forest plots. A contour-enhanced funnel 
plot was drawn, and publication bias was estimated by 
examining asymmetry using the Harbord method [20].

All the above statistical analyses were performed using 
the R (version 4.2.1) and netmeta′ packages (version 2.5–
0), and P < 0.05 was considered to indicate a statistically 
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significant difference. The GRADE assessment was also 
conducted.

Results
Literature screening and trial characteristics
A total of 1048 records were identified from the initial 
retrieval. After removing 341 duplicate records and 33 
trials not for NDMM, 674 potentially eligible records 
were screened. The full texts of 88 records were not fur-
ther searched after the titles and abstracts were read 
because of their ineligible study design. Eventually, 444 
records were excluded, and 17 RCTs were included (13 
articles [7–9, 21–30] and 4 conference abstracts [31–34]). 
The process of literature screening was shown in Fig. 1.

A total of 7261 patients were involved, of which 2083 
patients were treated with 6 regimens in combination 
with daratumumab: D-RD, D-VCD, D-VMD, D-VRD, 
D-VTD, and D-KRD. All studies were phase II or III 
open-label trials except the S0232 trial [27]. Thirteen 

RCTs included only transplantation-ineligible (TI) 
NDMM patients [8, 9, 22, 23, 25–30, 32–34], and 4 
included transplantation-eligible (TE) patients [7, 21, 24, 
31]. For more details, refer to Tables 1, S1, and S2.

Quality assessment
Most RCTs described the randomization method in 
detail, but there was not enough information to assess 
the risk of allocation in four abstracts [31–34] and one 
article [29] because their description of randomization 
was too simple. Although most RCTs were open label, 
the risk of deviations from intended treatment was low, 
except for four that were unclear due to incomplete 
messages [31–34]. More missing data (dropout or with-
drawal) for the primary outcome were observed in two 
RCTs [23, 27], which resulted in a high risk of imprecise 
estimation. There was little information in two trials [33, 
34] that raised concerns about the high risk of outcome 
measurement. Five RCTs [22, 23, 29, 30, 32] described 

Fig. 1  PRISMA flow diagram
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the outcome measurements. Nevertheless, they did not 
introduce any method (such as sample examination in a 
central laboratory) to avoid measurement bias, so there 
were some concerns in domain 4. No selectively reported 
results were observed. In general, the risk of bias in the 
included RCTs mainly originated from missing data and 
outcome measurements (Table  1, Fig. S1, and Supple-
mental Materials 3).

Results of the network meta‑analysis
Network graph
The included RCTs generated five connective and two 
disconnected networks (Fig.  2, S2). Owing to missing 

data, the NMA and CNMA were both applied for all pri-
mary outcomes, whereas PFS and OS were analysed only 
by the CNMA. Corticosteroids were set as the reference 
for all estimations of the network meta-analysis.

Test of heterogeneity and inconsistency
No significant inconsistency or heterogeneity was 
observed in any of the outcomes, except for SAEs.

We noticed a significant difference between the NMA 
and CNMA models when the interaction of components 
was ignored; therefore, an interactive model needed to be 
established. Six pair interactions (daratumumab with the 
other five drugs) and five triplet interactions (Dara-KR, 

Table 1  Characteristics of eligible trials [7–9, 21–34]

HR high risk, NA not available, HSCT haematopoeitic stem cell transplantation, risk of bias: A, bias due to randomization; B, bias due to deviations from intended 
intervention; C, bias due to missing data; D, bias due to outcome measurement; E, bias due to selection of reported result; F, overall bias. Judgement: green cross, low; 
yellow minus, some concerns; red cross, high
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DaraV with other drugs) were calculated. The relation-
ships between the Q- and P-values and the number of 
interactive items were shown in Fig. S3. The optimal 
interactions were shown in Table S3.

Results of conventional network meta‑analysis
The results of conventional NMA indicated that com-
pared with corticosteroids, the six reported Dara 
regimens in recent articles (Dara-VMD, Dara-RD, 
Dara-VTD, Dara-KRD, Dara-VCD, Dara-VRD) could 
significantly improve the rates of ORR, ≥ VGPR, and 
≥ CR. The regimens with the best efficacy were Dara-
VMD for both the ORR [RR = 1.97; 95% CI: 1.42 to 2.75; 
I2 = 0.00%; 16 trials; 7136 participants; P = 0.00] and ≥ 
VGPR [RR = 7.46; 95% CI: 4.10 to 13.46; I2 = 23.96%; 
16 trials; 7118 participants; P = 0.00] and Dara-VTD 
for ≥ CR [RR = 14.15; 95% CI: 3.74 to 53.52; I2 = 0.00%; 

17 trials; 7261 participants; P = 0.00]. Dara-VRD 
[RR = 0.04; 95% CI: 0.00 to 0.51; I2 = 0.00%; 15 trials; 
6993 participants; P = 0.01] and Dara-KRD [RR = 0.03; 
95% CI: 0.00 to 0.95; I2 = 0.00%; 15 trials; 6993 partici-
pants; P = 0.05)] also decreased the risk of DP during 
induction (Fig.  3). Mutual comparisons were shown 
in the league table (Fig. S4). These findings suggest 
that regimens with daratumumab were not always sig-
nificantly superior to those without daratumumab. For 
example, the front-line conventional triplet-drug regi-
men VRD was inferior to Dara-VRD in terms of ORR 
[vs. VRD, RR = 1.04; 95% CI: 1.01 to 1.07; I2 = 0.00%; 16 
trials; 7136 participants; P = 0.00], ≥ VGPR [vs. VRD, 
RR = 1.07; 95% CI: 1.03 to 1.12, I2 = 23.96%; 16 tri-
als; 7118 participants; P = 0.00], and ≥ CR [vs. VRD, 
RR = 1.26; 95% CI: 1.16 to 1.36; I2 = 0.00%; 17 trials; 
7261 participants; P = 0.00] improvement, while it was 

Fig. 2  Network graph for different outcomes: the line thickness represents the number of comparisons, and the size of the node represents 
the number of studies

Fig. 3  Effect of reported treatments: compared to corticosteroids. AD, additive model; IT, interactive model; CV, conventional NMA
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comparable to Dara-KRD, Dara-RD, Dara-VTD, and 
Dara-VCD in terms of improvement in ORR and ≥ CR.

A scatter plot (Fig. S5) suggested the consistency of 
SUCRA and P-score (r = 0.93, P < 0.001). The best inter-
ventions for different outcomes were Dara-VMD for 
ORR, Dara-VMD for ≥ VGPR, Dara-VTD for ≥ CR, and 
Dara-VCD for DP. KRD was observed to be superior to 
some regimens with daratumumab, such as Dara-VCD 
and Dara-RD (Fig. S6).

Results of the component network meta‑analysis
Effect of components
The pooled effect of each component (drug) was esti-
mated (Fig. 4). Daratumumab significantly improved the 
ORR [RR = 1.14; 95% CI: 1.08 to 1.21; I2 = 0.00%; 16 tri-
als; 7136 participants; P = 0.00], ≥ VGPR [RR = 1.46; 95% 
CI: 1.36 to 1.58; I2 = 23.96%; 16 trials; 7118 participants; 
P = 0.00], ≥ CR [RR = 1.77; 95% CI: 1.55 to 1.99; I2 = 0.00; 
17 trials; 7261 participants; P = 0.00], PFS [HR = 0.53; 
95% CI: 0.43 to 0.65; I2 = 0.00%;13 trials; 5977 partici-
pants; P = 0.00], and OS [HR = 0.68; 95% CI: 0.58 to 0.79; 
I2 = 28.97%; 12 trials; 5977 participants; P = 0.00]. The 
means of the beneficial interactive items were DaraM 
for the ORR [RR = 1.16; 95% CI: 1.08 to 1.25; I2 = 0.00%; 
16 trials; 7136 participants; P = 0.00]. However, DaraK, 
DaraT, DaraV, and Dara-VR negatively influenced remis-
sion, which might have a rectification effect on the addi-
tive model.

Efficacy of all Dara regimens
A comparable estimation of the efficacy of the interac-
tive CNMA model was shown in Fig.  3. These findings 
suggested that Dara-RD improved PFS [HR = 0.37; 95% 

CI: 0.23 to 0.61; I2 = 0.00%; 13 trials; 5977 participants; 
P = 0.00], and that both Dara-VMD [HR = 0.42; 95% CI: 
0.31 to 0.58; P = 0.00], Dara-VRD [HR = 0.39; 95% CI: 0.20 
to 0.76; P = 0.02], and Dara-VTD [HR = 0.35; 95% CI: 0.17 
to 0.69; P = 0.01] prolonged OS [the above HR estimation 
of OS was from a model with I2 = 28.97%; 12 trials; 5977 
participants] (Fig.  5). Other Dara regimens, as reported 
in trials, were not superior to conventional regimens 
in terms of PFS for NDMM. Dara-RD [HR = 0.37; 95% 
CI: 0.23 to 0.61; I2 = 0.00%; 13 trials; 5977 participants; 
P = 0.00] and Dara-VRD [HR = 0.40; 95% CI: 0.19 to 0.85; 
I2 = 28.97%; 12 trials; 5977 participants; P = 0.02] were 
optimal and significant regimens for PFS (82%) and OS 
(90%), respectively (Fig. S6).

The effects of 27 daratumumab-based regimens were 
estimated (Figs.  5  and  6, and S7). Regarding remission, 
those columns with smaller blue areas had better effi-
cacy. Although multidrug regimens were more effective 
numerically, some simple regimens were comparable 
to complex regimens, such as Dara-RD and Dara-VCD 
[for ORR, RR = 1.00; 95% CI: 0.83 to 1.22; I2 = 0.00%; 16 
trials; 7136 participants; P = 0.96; for ≥ CR, RR = 0.82; 
95% CI: 0.5 to 1.82; I2 = 0.00%; 17 trials; 7261 partici-
pants; P = 0.49]. The risk of serious adverse events (AEs) 
increased with the addition of drugs. Survival benefit did 
not correlate with drug number; for example, the PFS of 
patients treated with Dara-RD was longer than that of 
patients treated with most other regimens. Therefore, 
considering both efficacy and safety, we categorized the 
combination with daratumumab as follows (Fig.  5). In 
general, Dara-VRD, Dara-KRD, Dara-RD, and Dara-
CRD were four regimens with good efficacy in terms of 
response and survival, which could improve remission 

Fig. 4  Effect of components: compared to corticosteroids and based on interactive model



Page 8 of 13Huang et al. Systematic Reviews          (2025) 14:113 

rate and reduce death or progression during induction 
and prolong lifetime. The regimens with daratumumab 
and cyclophosphamide did not improve OS.

Common adverse events
Compared with corticosteroids, daratumumab alone 
did not significantly increase the risk of any type of SAE 

Fig. 5  Forest plot for effect of daratumumab arbitrary combination with other drugs: the estimation was based on interactive CNMA model
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(RR = 1.11, 95% CI: 0.99 to 1.25, I2 = 57.91%, 14 trials, 
6533 participants, P = 0.07). The regimen reported in the 
articles with the best safety was Dara-VMD (RR = 2.23, 
95% CI: 1.25 to 3.97, I2 = 57.91%, 14 trials, 6533 par-
ticipants, P = 0.07). The combinations close to the left 
side of the league table, which consisted of fewer drugs 
and more blue areas of the league table, were relatively 
safer choices (Fig. S7d). A pairwise meta-analysis indi-
cated that the addition of daratumumab increased the 
risk of the following grade 3 or higher AEs: pneumonia, 
hyperglycaemia, decreased lymphocyte count, infection, 
decreased neutrophil count, and decreased platelet count 
(Fig. S8).

Publication bias, GRADE assessment, and sensitivity 
analysis
Significant asymmetry was observed for SAEs ( t = −3.01,

P = 0.01 ). Publication bias of SAEs might exist (Fig. S9). 
The GRADE assessment was described in Supplemental 

material 4. The result of the interactive CNMA was also 
treated as a sensitivity analysis. The statistical estimation 
was robust in the NMA and CNMA models, so the con-
clusions were believed to be trustworthy and reliable.

Discussion
PIs, novel IMiDs, and corticosteroids constitute the back-
bone of NDMM treatment. Most patients with NDMM 
benefit from the above triplet‒drug combination regi-
mens. However, MM is a disease with significant het-
erogeneity. Some NDMM patients fail conventional 
treatment, and novel targets for RRMM patients are cur-
rently a popular research topic. Many recently approved 
drugs, such as the anti-CD38 monoclonal antibody dara-
tumumab, the SLAMF7 agent elotuzumab [35], and the 
exportin-1 inhibitor selinexor [36], inhibit myeloma cells 
through different mechanisms. The efficacy of daratu-
mumab in RRMM has been proven by many multicen-
tre phase II/III RCTs, such as the POLLUX trial [37], 

Fig. 6  League table for CNMA. The value above the diagonal represents estimations of the additive model, while those under the diagonal mean 
estimations of the interactive model in theory. The results are grouped by the drugs quantity. †Statistically meaningful effect (P < 0.05)
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CANDOR trial [38], and APOLLO trial [39]. Our work 
more precisely estimated the effect and safety of dara-
tumumab-based regimens than before and further over-
comes the limitations of previous systematic reviews:

1.	 Some researchers have performed systematic reviews 
and pairwise meta-analyses to explore the pooled 
effect sizes of different daratumumab-based regi-
mens [40–43]. However, those systematic reviews 
did not consider the heterogeneity and inconsistency 
of different combinations, and some pooled effect 
sizes were NDMM integrated with RRMM [41, 42]. 
The recent meta-analyses of daratumumab were both 
pairwise meta-analyses, and only two to four tri-
als were included. We performed the first network 
meta-analysis on daratumumab-based regimens for 
NDMM, which did not include any trials for RRMM. 
Therefore, in our study, more trials, patients, and 
endpoints were considered than before, and our work 
offered a more accurate estimation of daratumumab 
in NDMM treatment.

2.	 The estimation of the recent meta-analysis was lim-
ited to reported regimens [40–43]. The efficacy and 
safety of unreported daratumumab-based regimens, 
such as Dara-CRD and Dara-KCD, are unknown. We 
used the CNMA strategy to perform a more exten-
sive and deeper analysis of daratumumab-based regi-
mens’ efficacy and safety. The theory of component 
network meta-analysis was first proposed by Welton 
N. J [44], and Rucker G. provided a detailed illustra-
tion of the practice method of the CNMA based on 
the frequentist approach [16, 18]. CNMA can either 
compare many interventions at the same time as 
NMA can or estimate the effects of both discon-
nected networks and all possible combinations that 
have not been published. Hence, CNMA overcomes 
the limitations of pairwise meta-analysis and conven-
tional NMA, and it is suitable for multidrug regimen 
analysis. We explored not only the individual effect 
size of daratumumab but also the efficacy and safety 
of unreported daratumumab-based regimens.

This review aims to explore the rationality of front-line 
usage and the optimal combination of daratumumab for 
previously untreated NDMM patients. The comparable 
results of NMA and CNMA indicated that daratumumab 
itself was effective for NDMM, and its addition to specific 
regimens, such as Dara-VD and Dara-VRD, improved its 
efficacy. However, daratumumab also increased the risk 
of some severe AEs, and the effects of some conventional 
regimens were similar to those of Dara regimens. Fur-
thermore, the efficacy of daratumumab in combination 
with cyclophosphamide was observed. Therefore, the 

utilization of daratumumab together with cyclophospha-
mide for NDMM should be cautious, and those combi-
nations are not superior and are sometimes inferior to 
traditional regimens.

Daratumumab is believed to act as an antimyeloma 
agent through complement-dependent cytotoxicity, anti-
body-dependent cell-mediated cytotoxicity, antibody-
dependent cellular phagocytosis, induction of apoptosis, 
and modulation of CD38 enzyme activities [3, 45]. Addi-
tionally, daratumumab functions in immunomodulation 
by decreasing the number of CD38+ immune regulatory 
cells and decreasing the number of immune-suppressive 
cells, which is associated with increased antimyeloma 
ability [46]. Hence, the activity of daratumumab against 
MM is dependent on the normal function of immunity.

Cyclophosphamide activation is associated with dose. 
High doses of cyclophosphamide (120 mg/kg up to sev-
eral grams/kg) act as alkylating agents, mediating its 
cytotoxicity through DNA damage, whereas low dosages 
(1 to 3 mg/kg) play a role in immunomodulation [47]. 
When cyclophosphamide was administered at a dosage 
of 500 mg per week three times, a significant reduction 
in total lymphocytes was observed [48], and our review 
also suggested an obviously high risk of lymphocyte 
depletion associated with daratumumab usage. The doses 
of cyclophosphamide included in the studies were high, 
which might be one reason why the combination of dara-
tumumab with cyclophosphamide led to inferior efficacy. 
However, the value of this combination still deserves 
attention because laboratory cell research has shown 
that low doses of cyclophosphamide combined with 
daratumumab can potentiate daratumumab-mediated 
macrophage antimyeloma activity [49]. Clinical research 
on low-dose cyclophosphamide with daratumumab for 
NDMM may be valuable in the future.

Another interesting finding of our research is the 
impressive efficacy of daratumumab with lenalidomide, 
which could even improve the negative effect of daratu-
mumab with cyclophosphamide. Both daratumumab and 
lenalidomide are agents that act against MM through anti-
cancer immune reactions. Lenalidomide, a second-gener-
ation IMiD, has been widely used to treat haematological 
malignancies. Lenalidomide inhibits myeloma cells by 
arresting the cell cycle; stimulating T cells, NK cells, and 
dendritic cells; and inhibiting angiogenesis [50]. Lenalido-
mide can synergistically augment Dara-dependent cell-
mediated cytotoxicity, ADCC, and CDC against myeloma 
cells [51]. This may be the consequence of immune cell 
profile modulation, phenotypic transformation of natural 
killer cells, activation of CD8 + T cells, and enhancement 
of memory T-cell reproduction [52, 53]. In summary, a 
deeper synergistic immune effect may be potentiated by 
daratumumab in combination with lenalidomide.
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Our work may serve as a reference for the rational 
application of daratumumab for NDMM patients, and 
no similar analysis has been published recently. How-
ever, limitations of this review should be noted. First, we 
only considered the interactive effect of daratumumab 
with other drugs, while the mutual effect between other 
drugs has not been explored. Nevertheless, even when 
interactive items of other drugs were included, the 
interactive effect was counteracted when the efficacy of 
daratumumab was estimated. On the other hand, our 
emphasis and interest were daratumumab. Therefore, 
the interaction of daratumumab with other drugs was 
primarily considered. Second, there was no direct com-
parison between Dara regimens, and all effect sizes of 
daratumumab originated from indirect comparisons. 
Therefore, direct evidence for the comparison of Dara 
regimens is still needed. Third, the risk of bias needs to 
be considered. There were four trials with a high risk of 
bias. In UPFRONT [23] and S0232 [27], baseline bal-
ance was assessed in ITT pts, but 15–30% of the patients 
were missing in the assessment of efficacy, which might 
decrease the reliability of the outcome. The author did 
not provide a detailed or brief analysis of the above prob-
lem. Furthermore, publication bias of SAEs also exists. 
Most of the log effect sizes of SAEs were allocated to the 
left side of the funnel plot, which indicates the underes-
timation of the harmfulness of daratumumab. Therefore, 
real-world data and long-term surveillance are needed.

Conclusion
Conclusively, front-line usage of daratumumab is effec-
tive for previously untreated NDMM patients. Dara-
VRD, Dara-KRD, Dara-RD, and Dara-CRD are four 
optimal regimens with good efficacy in terms of response 
and survival and lower risk of death or progression dur-
ing induction.
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