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Brief Report 

Daratumumab or Elotuzumab Plus Lenalidomide and  
Dexamethasone in Relapsed or Refractory Multiple 
Myeloma: An Indirect Comparison Based on 
Reconstructing Individual Patient Data from Kaplan-
Meier Overall Survival Curves Using an Artificial-
Intelligence Algorithm 
Andrea Messori 

HTA Unit, Regione Toscana, Regional Health Service, 50139 Firenze; andrea.messori@estar.toscana.it 

Abstract 

Background: Despite advances in frontline therapy, most patients with relapsed or refractory 
multiple myeloma (RRMM) eventually progress, and optimal sequencing of monoclonal antibody–
based regimens remains uncertain. Daratumumab and elotuzumab, each combined with 
lenalidomide and dexamethasone (SOC), have demonstrated overall survival (OS) benefits in 
randomized controlled trials. However, no head-to-head comparison exists. This study indirectly 
compared these regimens using reconstructed individual patient data (IPD) derived from published 
Kaplan–Meier curves. Materials and Methods: A literature search identified randomized trials 
evaluating daratumumab-SOC or elotuzumab-SOC versus SOC alone. Digitized OS curves from 
POLLUX and ELOQUENT-2 were processed using the IPDfromKM artificial-intelligence algorithm 
to reconstruct patient-level datasets. After assessing heterogeneity between SOC arms, pooled control 
data were used to conduct indirect comparisons. Hazard ratios (HRs) and 95% confidence intervals 
(CIs) were estimated using Cox regression. Results: Reconstructed HRs closely matched published 
trial estimates for daratumumab (0.787 vs 0.73) and elotuzumab (0.845 vs 0.82). SOC arms differed 
significantly between trials, with POLLUX controls demonstrating better outcomes than 
ELOQUENT-2 controls. In the indirect comparison using pooled SOC outcomes from the two trials, 
daratumumab-SOC significantly improved OS versus SOC alone (HR 0.64; 95% CI 0.52–0.78), while 
elotuzumab-SOC did not (HR 1.08; 95% CI 0.91–1.29). The head-to-head indirect comparison favored 
daratumumab over elotuzumab (HR 0.59; 95% CI 0.45–0.77). Conclusions: AI-assisted reconstruction 
of IPD enabled an indirect comparison of daratumumab- and elotuzumab-based triple regimens in 
RRMM. Results suggest superior OS for daratumumab-SOC compared with elotuzumab-SOC, 
supporting daratumumab as the preferred monoclonal antibody partner to lenalidomide-
dexamethasone when selecting third-agent therapy for RRMM. 
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1. Introduction 

While highly effective front-line therapies have become available for multiple myeloma (MM), 
nearly all patients eventually relapse and become refractory to treatment, and the five-year overall 
survival (OS) rate remains around 50% [1–3]. Outcomes are particularly poor for patients with 
relapsed or refractory MM (RRMM), as the durability of responses decreases with each successive 
line of therapy. Therefore, identifying therapeutic options that can prolong OS in RRMM patients is 
still needed. Treatment regimens incorporating monoclonal antibodies have demonstrated durable 
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responses and extended progression-free survival. However, final OS analyses for these therapies 
have thus far only been reported for a few randomised controlled trials (RCTs) [1–3]. Although 
lenalidomide and dexamethasone combination therapy is considered the standard of care (SOC), the 
addition of a third agent, such as daratumumab or elotuzumab, has been investigated in recent years.  

Daratumumab is a human monoclonal antibody that targets CD38, a cell surface receptor which 
is highly expressed on multiple myeloma (MM) cells. It exerts its effects via direct anti-tumour and 
immunomodulatory mechanisms. Elotuzumab is a first-in-class humanised immunoglobulin G1 
immunostimulatory monoclonal antibody with multiple mechanisms of action against MM cells, 
including direct natural killer (NK) cell activation, NK cell-mediated antibody-dependent cellular 
cytotoxicity, and macrophage-mediated antibody-dependent cellular phagocytosis [1]. 

In order to summarise the current state of research on these two agents, we employed an artificial 
intelligence (AI) tool: the IPDFROMKM method [4,5]. This method is designed to reconstruct 
individual patient data (IPD) from published Kaplan–Meier curves. This tool extracts information 
from time-to-event curves to create a database of “reconstructed” patients that includes follow-up 
time and event status at patient level. This “reconstructed” IPD dataset enables researchers to 
simulate comparative analyses between treatments, even when “real” comparative trials are 
unavailable. 

In the present report, we conducted an indirect comparison of daratumumab plus standard of 
care (SOC) versus elotuzumab plus SOC using reconstructed IPD. 

2. Materials and Methods 

Study design: First, we identified RCTs evaluating daratumumab or elotuzumab in combination 
with standard of care (SOC) versus SOC alone. Then, we applied the IPDfromKM method to 
reconstruct the trial populations. Finally, we compared the two triple treatment regimens based on 
the aggregated, reconstructed datasets. 

Literature search and inclusion criteria: To identify relevant RCTs, we searched PubMed, Scopus 
and Embase according to standard literature search procedures. Our inclusion criteria were: (i) 
randomised trial in patients with RRMM;  (ii) a time-to-event endpoint, where the event was death 
from any cause; (iii) availability of a Kaplan–Meier graph comparing the treatment group with the 
standard of care.  

Data analysis and statistical comparisons. We used the IPDfromKM method [4,5] to reconstruct 
IPD from Kaplan-Meier curves. Firstly, we digitised each Kaplan-Meier graph using 
WebPlotDigitizer (version 4, https://apps.automeris.io/). Then, the AI algorithm reconstructed the 
IPD for each curve evaluated in the analysis using the x-y coordinates of the digitised curves [4]. Once 
these databases of reconstructed patients had been created, we made indirect comparisons between 
each triple regimen and the standard of care, and between daratumomab and elotuzumab, using the 
same statistical tests (e.g. the Cox multiple regression model) as in studies based on “real” patients.  

In terms of the design of our analysis, as RCTs were selected as the source of the clinical material, 
we first evaluated the degree of between-trial heterogeneity by undertaking an analysis that included 
each of the two control arms. Next, we conducted an indirect comparison between the daratumomab 
arm, the elotuzumab arm, and the two SOC arms pooled together.  In these indirect comparisons, 
we determined hazard ratios (HRs) with 95% confidence intervals (CIs) firstly between each triple 
treatment versus the two SOC arms pooled together, and then between daratumomab plus SOC 
versus and elotuzumab plus SOC. 

3. Results 

Our PubMed search identified two randomised controlled trials (RCTs) that met our inclusion 
criteria: POLLUX [3] and ELOQUENT-2 [4].  The main characteristics of these two trials are 
summarised in Table 1. In the real patient datasets from these two RCTs, the magnitude of the overall 
survival (OS) benefit was greater for daratumumab (HR=0.73) than for elotuzumab (HR=0.82); 
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likewise, the statistical significance of this benefit was higher for daratumumab (p=0.0044) than for 
elotuzumab (p=0.041). 

Table 1. Main characteristics of the two included RCTs. 

Trial Inclusion criteria 
Event 
definition 

Follow-
up 
length 

Comparators 
Crude 
event  
rates 

POLLUX [2] 

Patients with 
progressive disease 
per International 
Myeloma Working 
Group criteria 
during or after 
receipt of their last 
regimen 
and had received no  
response to ≥1 
previous line of 
therapy; patients 
refractory to 
lenalidomide were 
ineligible. 

Death from 
any cause 

87 
months 

Daratumumab plus lenalidomide and 
dexamethasone versus lenalidomide and 
dexamethasone 

T=153/286 
C=175/283 

ELOQUENT-
2 [3] 

patients were ≥18 
years of age 
and had MM, 
measurable disease, 
and 1–3 prior lines of 
therapy with 
documented 
progression after 
their most 
recent therapy. All 
patients had Eastern 
Cooperative 
Oncology Group 
performance status  
≤2 and creatinine 
clearance ≥30 
mL/min. Per 
protocol, no more 
than 10% of 
patients with prior 
lenalidomide were 
permitted to be 
enrolled, which was 
to increase the 
likelihood that 
subjects 
at study enrollment 
were lenalidomide-
sensitive. 

Death from 
any cause 

84 
months 

Elotuzumab plus lenalidomide and 
dexamethasone versus lenalidomide and 
dexamethasone 

T=212/321 
C=225/325 

Abbreviations: RCT, randomized controlled trial; T, treatment group; C, control group. 

Our OS analysis based on reconstructed patients showed that the HRs estimated from 
reconstructed patients were very close to those reported in real trials (daratumumab according to the 
POLLUX trial:  HR from reconstructed patients = 0.7873, 95% CI, 0.6193 to 1.001 versus HR from real 
patients = 0.73, 95% CI, 0.58 to 0.91; elotuzumab according to the ELOQUENT-2 trial: HR from 
reconstructed patients = 0.8447, 95% CI 0.6926 to 1.03 versus HR from real patients = 0.820, 95% CI 
0.676 to 0.995). Furthermore, when the two SOC arms were indirectly compared based on 
reconstructed patients, the ELOQUENT-2 trial controls were found to fare worse than the POLLUX 
trial controls. 
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The results of the indirect comparisons generated by our main analysis are shown in Figure 1. 
The following HRs were estimated in the comparison between each of the two triple treatments 
versus SOC: daratumumab vs SOC, HR = 0.6373 (95% CI, 0.5186 to 0.7831); elotuzumab vs SOC, HR 
= 1.0826 (95% CI, 0.9112 to 1.2862). In the reconstructed datasets, the OS curve for elotuzumab, which 
was at the limits of statistical significance in real patients in the Eloquent-2 trial, was found to be not 
statistically different to the OS for SOC. More interestingly, this curve was almost identical to the OS 
curve for the two pooled control groups. This can be explained by the fact that the OS for the two 
pooled control groups was better than that for the controls in the ELOQUENT-2 trial and is consistent 
with the finding that the controls in the POLLUX trial fared significantly better than the controls in 
the ELOQUENT-2 trial (HR = 0.72411; 95% CI: 0.5851 to 0.896). 

Finally, our main analysis showed a significant difference favouring daratumumab in the 
indirect comparison of daratumumab plus SOC vs elotuzumab plus SOC (HR = 0.589, 95% CI: 0.450 
to 0.770). This is the most relevant result of our investigation. 

 

Figure 1. Kaplan-Meier curves generated after reconstruction of individual patient data by application of the 
IPDFROMKM method: main analysis comparing daratumumab plus lenalidomide and dexamethasone (in 
green; 1 arm, n=286, POLLUX trial) versus  elotuzumab plus lenalidomide and dexamethasone (in blue; 1 arm, 
n=321, ELOQUENT-2 trial) versus lenalidomide and dexamethasone (in red; 2 arms pooled from the two trials, 
n=608). Time in months. 

4. Discussion 

This investigation is a typical example of how the IPDfromKM method [4,5] can be used to 
reconstruct individual patient data and generate original findings in terms of indirect comparisons 
in situations where randomised controlled trials (RCTs) based on “real”ʹ patients are lacking. As well 
as generating original findings, these indirect comparisons help to improve the interpretation of 
results from “real” patients and explain some controversial results. The pros and cons of this 
approach have been widely debated in previous studies based on this method. In brief, good-quality 
comparisons can be made between treatments that have not been directly compared in real trials. 
However, some intrinsic limitations of this approach are unavoidable, particularly because subgroup 
analyses cannot be performed unless separate Kaplan-Meier curves have been reported for each 
subgroup in the published articles, which unfortunately occurs quite rarely. 
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In conclusion, our investigation provided important evidence favouring daratumumab over 
elotuzumab as a third agent in combination with lenalidomide and dexamethasone for patients with 
RRMM. 
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