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Background. Patients with multiple myeloma are at higher risk for infections due to disease pathogenesis and administered 
therapies. The purpose of this study was to estimate the risk for any grade and severe infections associated with the use of anti- 
CD38 monoclonal antibodies in patients with multiple myeloma.

Methods. We searched PubMed and EMBASE for randomized controlled trials (RCTs) that included patients with multiple 
myeloma who received CD38-targeting monoclonal antibody regimens and reported outcomes of infection and performed a 
random-effects meta-analysis to estimate the relative risk for infections.

Results. After screening 673 citations, we retrieved 17 studies providing data on 11 RCTs. Overall, the included reports 
evaluated 5316 patients (2797 in the intervention arm and 2519 in the control arm). The relative risk (RR) for both any grade or 
severe infections was 1.27 (95% CI, 1.17–1.37 and 1.14–1.41, respectively). The cumulative incidence of any grade infections for 
patients who received anti-CD38 agents was 77% (95% CI, 68%–86%), while for severe infections it was 28% (95% CI, 
23%–34%). Patients treated with anti-CD38 agents had a 39% higher risk for any grade pneumonia (RR, 1.39; 95% CI, 
1.12–1.72) and a 38% higher risk for severe pneumonia (RR, 1.38; 95% CI, 1.09–1.75). For upper respiratory tract infections, the 
relative risk was 1.51 and 1.71 for any grade and severe infections, respectively. Regarding varicella-zoster virus (VZV) 
reactivation, we found no evidence of increased risk (RR, 3.86; 95% CI, 0.66–22.50).

Conclusions. Patients with multiple myeloma treated with regimens that included an anti-CD38 monoclonal antibody were at 
higher risk for any grade or severe infections without an associated higher mortality rate during the follow-up period of the retrieved 
studies. No evidence of increased risk for VZV reactivation was noted, but there was a significant association between 
CD38-targeting treatment and pneumonia risk. Increased surveillance for infections, development of effective prophylactic 
strategies, and studies with long follow-up are needed for patients with multiple myeloma treated with anti-CD38-based regimens.
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Patients with multiple myeloma have up to 7–10 times higher 
risk for infections compared with the general population 
[1, 2]. Moreover, infections represent one of the leading caus-
es of death in patients with multiple myeloma [3, 4], and al-
most 10% of patients with newly diagnosed multiple 

myeloma die because of an infection even before treatment 
initiation [5].

Available treatments for multiple myeloma, including pro-
teasome inhibitors, immunomodulatory agents (such as poma-
lidomide and lenalidomide, glucocorticoids), and monoclonal 
antibodies targeting specific myeloma cell antigens, further 
predispose to infection [3, 6]. Corticosteroid treatment lowers 
monocyte and lymphocyte cell counts, inhibits monocyte and 
lymphocyte function, and diminishes neutrophil and monocyte 
trafficking to inflammatory sites [7]. Accordingly, in compari-
son with steroid-naïve patients, individuals receiving glucocor-
ticoid treatment exhibit increased risk of cellulitis, herpes 
zoster infections, bloodstream infections, candidiasis, and low-
er respiratory tract infections [8, 9]. A recent meta-analysis on 
immunomodulatory drugs revealed an elevated rate of severe 
infections among patients who received immunomodulatory 
agents that ranged from 13% to 22%, depending on the 
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treatment setting (transplant-eligible, nontransplant, relapsed/ 
refractory, maintenance) [10]. Also, a different meta-analysis 
found that patients who receive lenalidomide have an increased 
risk of high-grade infection by more than double [11]. The rate 
of severe infections among patients who received proteasome 
inhibitor–based regimens ranged from 9.7% to 23.3% [10]. 
Taken in their totality, these findings suggest that the benefit 
imparted by existing therapeutic options is associated with an 
increase in infection rates.

CD38 is a transmembrane glycoprotein highly expressed in 
multiple myeloma cells that, at relatively low levels, is also ex-
pressed in normal immune cells [12–14]. CD38 is involved in 
B-cell differentiation, neutrophil and monocyte chemotaxis, 
and T-cell activation and proliferation [15]. Depending on 
pH levels, CD38 functions as an extracellular enzyme, acting 
as a metabolic sensor that catalyzes the extracellular conversion 
of NAD+ to calcium signaling regulators such as adenosine 
[16]. In addition, CD31 is a nonsubstrate ligand that is natural-
ly expressed by endothelial cells as a cell adhesion protein that 
interacts with CD38 [17, 18].

Multiple myeloma cells have a high expression of CD38, a 
surface glycoprotein that allows adhesion to the local microen-
vironment [19]. Several studies have shown that only plasma 
cells highly express CD38 antigens in the bone marrow and 
that malignant plasma cells are not detected in either the 
CD38-negative cell subpopulation or the proportion of cells 
that weakly express CD38 antigens [19–21]. However, B, T, 
and NK cells, once activated, also increase their CD38 surface 
expression to levels comparable to plasma cells [22]. 
Daratumumab, a CD38-targeting monoclonal antibody, is ef-
fective in the clearance of cell subsets that express CD38, which 
include immunosuppressive regulatory T and B cells and 
myeloid-derived suppressor cells [22]. Furthermore, an inter-
esting outcome of daratumumab treatment is the upregulation 
of cytotoxic T-cell number, activity, and clonality, along with 
interferon-gamma production in extensively pretreated re-
lapsed and refractory patients with multiple myeloma [22]. 
These findings demonstrate a more effective adaptive immune 
response that develops with treatment of multiple myeloma us-
ing an anti-CD38 monoclonal antibody.

Monoclonal antibodies targeting CD38 (daratumumab and 
isatuximab) have shown great efficacy and transformed the 
multiple myeloma treatment landscape [23–25]. Both daratu-
mumab and isatuximab bind to distinct epitopes on CD38 
[26, 27]. An additional difference between these 2 monoclonal 
antibodies is that daratumumab is a fully humanized agent 
compared with isatuximab, which is a chimeric agent [12]. 
Furthermore, unlike isatuximab, daratumumab is currently 
recommended for the treatment of newly diagnosed patients 
with multiple myeloma [27], and isatuximab is now under clin-
ical study for use in treating patients with newly diagnosed 
multiple myeloma. Both of our drugs of interest have nonlinear 

pharmacokinetics, which is in accordance with the target- 
mediated drug disposition that both mediate [28, 29].

To the best of our knowledge, our study is the first meta- 
analysis to evaluate the incidence of infection, risk of infection, 
and risk of death attributed to infection among patients who re-
ceive anti-CD38 monoclonal antibody–based regimens. In this 
context, we performed a systematic review and meta-analysis of 
randomized clinical trials (RCTs) to estimate the risk of infec-
tions in patients with multiple myeloma who received 
anti-CD38 monoclonal antibody–based regimens compared 
with those treated with backbone myeloma regimens that did 
not include anti-CD38 agents.

METHODS

Approach

This systematic review and meta-analysis was performed based 
on the approach detailed in the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses Statement (PRISMA) 
statement checklist [30].

Data Sources

We searched the PubMed/MEDLINE and EMBASE databases for 
literature in English using the following search term: “(daratumu-
mab OR isatuximab OR anti-CD38) AND randomized” [31].

Study Selection

A randomized controlled trial was considered eligible for our 
analysis if it fulfilled the following criteria: (a) randomized pa-
tients with multiple myeloma, (b) had an intervention arm reg-
imen with an anti-CD38 monoclonal antibody (daratumumab 
or isatuximab), (c) compared the effect of the intervention arm 
with backbone multiple myeloma regimens that only differed 
in the absence of an anti-CD38 agent, and (d) included extract-
able data of at least 1 outcome of interest.

For studies with multiple extended follow-up reports, we 
also included the latest published reports. We excluded review 
articles, case reports, meeting abstracts, case–control studies, 
cross-sectional studies, observational studies, and reports 
from nonrandomized, single-arm trials.

Primary and Secondary Outcomes

By collecting the number of patients who developed infections, 
pneumonia, upper respiratory tract infection, varicella-zoster vi-
rus (VZV) reactivation, and death attributed to infection, we 
evaluated the relative risk of infection (any grade and severe) 
among patients who received an anti-CD38 monoclonal anti-
body (compared with those who received the exact same regimen 
without the anti-CD38 agent). For secondary outcomes, we eval-
uated the relative risk of pneumonia, upper respiratory tract in-
fections, varicella zoster virus reactivation, and death attributed 
to infection. We performed relative risk assessment both for the 
primary report and the latest report of the retrieved RCTs. The 
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grade of infectious complications was based on the National 
Cancer Institute’s Common Terminology Criteria for Adverse 
Events (CTCAE). Using these criteria, we were able to assess 
the risk ratio of infections that occurred during the follow-up pe-
riod of retrieved studies [32]. As defined by the CTCAE, grade 3 
infections are severe or medically significant infections that re-
quire hospitalization but are not life-threatening, grade 4 infec-
tions endanger patient lives and require urgent intervention, 
and grade 5 infections are the cause of death of a patient [32].

Data Extraction and Quality Assessment

Two reviewers (S.V. and A.V.) independently determined 
study eligibility by screening titles and abstracts and performed 
full-text review of selected studies. Potential disagreements 
were discussed and resolved by consensus. We extracted data 
that included randomized safety populations, regimens in the 
intervention and control arms, treatment setting (newly diag-
nosed or relapsed/refractory), primary and secondary out-
comes, duration of follow-up period, and information related 
to study quality. Consequently, we retrieved pertinent data 
on patients who presented infectious manifestations. For qual-
ity assessment, we evaluated the risk of bias using the revised 
Cochrane risk-of-bias tool for randomized trials (RoB 2), which 
evaluates the validity and bias in randomized controlled trials 
across 5 domains: randomization process, deviations from in-
tended interventions, missing outcome data, measurement of 
the outcome, and selection of the reported result [33].

Data Synthesis and Analysis

We used Stata, version 17 (Stata Corporation, College Station, 
TX, USA), for data synthesis and analysis. For RCTs that pub-
lished multiple study reports of different follow-up periods of 
the same study population, we retrieved the first and the latest 
published articles and grouped the studies into 2 different pools 
of first and latest extended follow-up reports, respectively. We 
performed a separate analysis on both the first published articles 
and the latest follow-up reports for the same predetermined var-
iables in question. We used the DerSimonian and Laird ap-
proach [34] to estimate the relative risk of any grade and 
severe infections for patients who received daratumumab or isa-
tuximab vs those who received multiple myeloma regimens that 
did not include an anti-CD38 agent. Notably, we use the term 
“cumulative incidence” to refer to the infection rate measured 
during the follow-up period of retrieved RCTs [35].

For the initial analysis, we used the primary reports of the re-
trieved RCTs. We also utilized primary reports to estimate our 
secondary outcomes. We used a random-effects approach, as 
we assumed the effects are heterogeneous because of variances 
in study design, drug combinations, follow-up periods, and 
drug dosages. To stabilize the variances, we used Freeman 
Tukey double arcsine transformation [36].

For this systematic review and meta-analysis, we utilized 
95% CIs and estimated heterogeneity using the I2 statistic 
[37]. A guide to interpretation of heterogeneity with the I2 sta-
tistic is as follows: 0%–40% might not be important, 30%–60% 
may represent moderate heterogeneity, 50%–90% may repre-
sent substantial heterogeneity, 75%–100% for considerable het-
erogeneity [38]. Finally, we used Egger’s test to evaluate for 
publication bias and to assess for small study effects [39].

RESULTS

Overall Data

We retrieved 673 citations from PubMed and EMBASE searches. 
After title and abstract screening, we excluded 652 studies and 
performed detailed full-text evaluation of 21 publications. We 
identified 17 publications, from 11 different RCTs, that fulfilled 
the inclusion criteria of this meta-analysis (Figure 1) [40–56]. Six 
articles [51–56] reported the latest extended follow-up report of 
an RCT, and 11 articles [40–50] provided primary data. Baseline 
characteristics and the overall risk of bias for studies with extract-
able outcomes are presented in Supplementary Table 1.

Eligible studies contributed information on 5316 patients, 
with 2797 patients receiving a regimen containing an 
anti-CD38 monoclonal antibody and 2519 patients receiving 
control regimens without anti-CD38. Two RCTs with 3 reports 
[46, 47, 54] studied the anti-CD38 monoclonal antibody isatux-
imab, and the rest assessed daratumumab [40–45, 48–53, 55, 56]. 
Of note, all studies presented their results by reporting the num-
ber of patients who developed infections and not the number of 
infectious events.

Four RCTs with 6 published reports [40, 43, 45, 49, 51, 55] 
studied patients with newly diagnosed multiple myeloma, 
and 7 RCTs with 11 reports [41, 42, 44, 46–48, 50, 52–54, 56] 
studied patients with relapsed/refractory multiple myeloma. 
Glucocorticoids (dexamethasone or prednisone) were part of 
the treatment in all studies. In 7 [41, 42, 47, 48, 53, 55, 56] 
out of the 11 RCTs, the cumulative dose of dexamethasone ad-
ministered (orally or intravenously) was 160 mg per cycle. Only 
1 RCT used a different cumulative dose of dexamethasone per 
cycle, at 120 mg [45]. One RCT [51] used oral prednisone with 
a cumulative dose of 240 mg per cycle. The Cassiopeia RCT 
[43] used oral or intravenous dexamethasone with a completely 
different protocol compared with the rest of the studies (40 mg 
on days 1, 2, 8, 9, 15, 16, 22, and 23 of induction cycles 1 and 2 
and days 1 and 2 of induction cycles 3 and 4 and 20 mg on days 
8, 9, 15, and 16 of induction cycles 3 and 4 and days 1, 2, 8, 9, 15, 
and 16 of both consolidation cycles). One RCT with 2 reports 
[40, 51] used melphalan, and 6 studies with 9 reports [41, 43, 
45, 46, 49, 50, 54–56] used an immunomodulatory agent such 
as thalidomide, pomalidomide, or lenalidomide as part of the 
treatment regimens. Four RCTs with 7 reports did not use a 
proteasome inhibitor in their regimens [41, 46, 49, 50, 54–56].
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Regarding infection prophylaxis, 5 RCTs provided data 
[41, 42, 47, 51, 55]. Notably, study protocols recommended 
that Pneumocystis jirovecii pneumonia prophylaxis be consid-
ered as per institutional guidelines [41, 42, 47, 51, 55]. Also, an-
tiviral prophylaxis with valacyclovir, acyclovir, or famciclovir 
was recommended for prophylaxis against herpes zoster reacti-
vation [41, 42, 47, 51, 55]. Of note, 1 study [41] also allowed for 
prophylactic antibiotic treatment.

The median age of randomized patients ranged between 61 
and 74 years, and the average proportion of males was 55%. 
Regarding primary reports, the median duration of follow-up 
ranged from 7.4 to 28 months, and for RCTs that published ex-
tended follow-up reports, the median duration of monitoring 
ranged from 27.8 to 56.2 months.

In Table 1, we present the relative risk for infections, severe 
infections, pneumonia, severe pneumonia, upper respiratory 

tract infections (URIs), severe URIs, varicella zoster virus 
(VZV) reactivation, and death of patients who received an 
anti-CD38 monoclonal antibody–based regimen compared 
with those who received backbone therapies that did not include 
an anti-CD38 monoclonal antibody. Egger’s test for publication 
bias showed no evidence of small study effects (bias = 0.03; 
P = .98), while the heterogeneity among the results ranged 
from might not be important to considerable (I2 = 0%–95.09%).

Relative Risk for Infections
Any Grade Infections
We retrieved 6 RCTs [40, 41, 43, 45, 48, 49] that provided data 
on the development of infections of any grade. Overall, in these 
studies 1634 patients received anti-CD38-based therapy, and 
1205 of them developed an infection of any grade (73.7%). In 
the control arms, 933 of the 1577 patients developed an 

Figure 1. Flow diagram for selection of studies included in the systematic review and meta-analysis. Abbreviations: REML, restricted maximum likelihood; RR, relative risk 
or risk ratio.
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infection (59.2%). Among anti-CD38-treated patients, the rel-
ative risk for any grade of infection compared with control 
was 1.27 (95% CI, 1.17–1.37) (Figure 2). The pooled cumulative 
incidence of any grade infections for patients who received 
anti-CD38 monoclonal antibodies was 77% (95% CI, 
68%–86%) (Supplementary Figure S1).

Severe Infections (Grade 3 or 4)
Eight RCTs [40, 41, 43–45, 48–50] evaluated the development 
of severe infections. Among the 2160 patients who received 
anti-CD38 compounds, 582 (26.9%) developed a severe infec-
tion, while among 2095 patients in the control arms, 431 
(20.6%) developed a severe infection (RR, 1.27; 95% CI, 
1.14–1.41) (Figure 3). The pooled cumulative incidence of se-
vere infections for patients who received anti-CD38 monoclo-
nal antibodies was 28% (95% CI, 23%–34%) (Figure 4).

Infection-Associated Mortality
Eight studies [40–47] provided data on infection-related mor-
tality. In these studies, 2009 patients received anti-CD38 treat-
ment, and 1656 patients were evaluated in the control arms. 
Similar rates of infection-induced death were found between 
the anti-CD38 (32/2009, 1.59%) and control (19/1656, 1.14%) 
groups (RR, 1.35; 95% CI, 0.76–2.40) (Supplementary 
Figure 2).

Upper Respiratory Tract Infection

Nine RCTs [40–42, 44–48, 50] reported the development of 
URIs among 1897 patients in the intervention arm and 1616 
patients in the control arm. Among them, 587 and 324 patients, 
respectively, developed a URI. There was a 51% greater chance 
of URI among patients who were treated with anti-CD38 agents 
compared with patients in the control arms (RR, 1.51; 95% CI, 
1.35–1.70) (Figure 5). Among these, 53 patients in the interven-
tion arms and 23 in the control arms developed severe URIs 
(RR of severe URIs, 1.71; 95% CI, 1.00–2.90).

Risk for Pneumonia
Any Grade
Ten RCTs [40–42, 44–50] evaluated the development of pneu-
monia. In the anti-CD38 group, 401 out of 2261 patients 
(17.7%) developed any grade pneumonia, compared with 242 
out of 1981 patients (12.2%) in the control arms (RR, 1.39; 
95% CI, 1.12–1.72) (Supplementary Figure 3).

Severe Pneumonia
Eleven RCTs [40–50] evaluated the development of severe 
pneumonia, and there was an increased RR for severe pneumo-
nia (1.38; 95% CI, 1.09–1.75) for the anti-CD38 group (283/ 
2797, 10.1%), compared with the control group (196/2519, 
7.78%) (Figure 6).

Risk for Varicella Zoster Virus Reactivation

Three RCTs [41, 42, 45] evaluated the development of VZV 
among 556 patients in the intervention arms and 407 patients 
in the control arms, and there were few cases of VZV reactiva-
tion in both groups (anti-CD38 group: 6/556, 1.08%; control 
group: 0/407, 0%), with an RR of 3.86 (95% CI, 0.66–22.50) 
(Supplementary Figure 4).

Outcomes from Extended Reports

In Supplementary Table 2, we present relevant results that were 
derived from analyzing data retrieved by the extended reports 
of available RCTs. Severe infection development had a relative 
risk of 1.49 (95% CI, 1.29–1.72). Additionally, the relative risk 
for pneumonia and severe pneumonia was 1.61 (95% CI, 
1.21–2.16) and 1.60 (95% CI, 1.20–2.14), respectively. 
Regarding upper respiratory tract infections, the relative risk 
was 1.73 (95% CI, 1.51–1.97).

DISCUSSION

Treatment of multiple myeloma is transitioning to include the 
use of monoclonal antibodies, such as CD38-targeting agents 
[57–59]. As a result, the inclusion of CD-38-targeting monoclo-
nal antibodies to therapy regimens has improved the survival of 
multiple myeloma patients [23, 60, 61]. In our systematic re-
view and meta-analysis, we evaluated the relative risk of infec-
tions (any grade and severe) for patients with multiple 
myeloma who received anti-CD38-based regimens. Infections 
were 1.27 times more likely among patients receiving 
anti-CD38-based treatment, compared with those who re-
ceived backbone multiple myeloma regimens that did not in-
clude an anti-CD38 monoclonal antibody. Interestingly, 
almost 4 out of 5 patients who received anti-CD38 agents devel-
oped an infection, and >1 out of 4 developed severe infections. 
Notably, as provided by the follow-up data of the retrieved 
studies, we found no evidence of increased mortality due to in-
fection for anti-CD38 groups compared with controls.

Table 1. Relative Risk for all Outcomes of Interest

Infectious Outcome Relative Risk 95% CI

Any grade infections 1.27 1.17–1.37

Severe infections 1.27 1.14–1.41

Any grade pneumonia 1.39 1.12–1.72

Severe pneumonia 1.38 1.09–1.75

URIs 1.51 1.35–1.70

Severe URIs 1.71 1.00–2.90

VZV reactivation 3.86 0.66–22.50

Death attributed to infection 1.35 0.76–2.40

Abbreviations: URIs, upper respiratory tract infections; VZV, varicella-zoster virus.
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The higher risk of infections in patients treated with 
anti-CD38 treatment could be, at least partially, attributed to 
the rapid depletion of gamma globulins and natural killer cells 
(CD56+) that is induced by anti-CD38 agents [62]. A recent 
study evaluating 171 patients assessed the rate of infections, 
hospitalizations attributed to infections, absolute numbers of 
lymphocyte populations, and 90-day survival of patients who 
received daratumumab [63]. The study found that 36.5% of pa-
tients eventually developed an infection. In comparison to pa-
tients without infection, those who developed one had a 
statistically significantly decreased median nadir absolute neu-
trophil count, absolute lymphocyte count, and CD56+ cell 
count. Based on these findings, the researchers hypothesized 

that one plausible explanation for the development of infection 
among patients treated with anti-CD38 treatment might be the 
decrease in absolute neutrophil count, lymphocyte count, and 
natural killer cell count. Notably, a second study that assessed 
the effect of NK cell counts on the safety of daratumumab treat-
ment among patients taking part in 2 phase II trials [64, 65] re-
ported that a decline in natural killer cell count is not associated 
with an increase in infections [66]. The study showed a similar 
incidence of infections among participants regardless of their 
baseline NK cell counts, maximum NK-cell reduction levels, 
or recovery rate of NK cells. Taken together, these studies indi-
cate that the factors that lead to the considerably higher risk of 
infection in patients treated with anti-CD38 monoclonal 

Figure 2. Relative risk of any grade infections. Individual and combined estimates of the relative risk of any grade infections with 95% CIs. Abbreviations: REML, restricted 
maximum likelihood; RR, relative risk or risk ratio.

Figure 3. Relative risk of severe infections. Individual and combined estimates of the relative risk of severe infections with 95% CIs. Abbreviations: REML, restricted 
maximum likelihood; RR, relative risk or risk ratio.
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antibodies are not yet determined, and further studies are need-
ed to pinpoint specific variables and patients at higher risk for 
infection.

The presence of a bimodal surge in the incidence of bacterial 
(with peaks at 4–6 months and 70–72 months) and viral infec-
tions (with peaks at 7–9 months and 52–54 months) post– 
multiple myeloma diagnosis highlights the importance of 
long-term follow-up [67], particularly for patients receiving 
targeted treatment such as anti-CD38 monoclonal antibodies. 
The presence of elevated infection risk and the requirement 
for ongoing treatment intervention highlight the significance 
of long-term infection surveillance for the patient population 
of our study.

Looking into specific types of infection, we found that there 
was a higher relative risk for pneumonia and severe pneumonia 
in the anti-CD38 group (1.39 and 1.38, respectively). A previ-
ous meta-analysis included 7 RCTs evaluating the use of dara-
tumumab and found a significant relative risk of 1.65 for 
pneumonia [68]. The European Myeloma Network recom-
mends vaccination against influenza and encapsulated bacteria 
(pneumococci, Haemophilus influenzae, and meningococci) 
before treatment initiation [69]. Effective vaccination, infection 
prevention, and prophylaxis protocols should be implemented 
and evaluated in patients who receive anti-CD38 agents. 
Importantly, a recent reassuring study showed development 
of protective immunoglobulin (Ig)G antibodies following vac-
cination, to a comparable level as that seen in controls [70].

A number of studies have suggested a connection between 
daratumumab treatment and hypogammaglobulinemia, which 
could result in increased risk for infection among 
daratumumab-treated individuals [70, 71]. In a recent study 
evaluating the effect of daratumumab on normal plasma cells, 

polyclonal immunoglobulin levels—levels of polyclonal IgA, 
IgM, and IgE—significantly decreased, while levels of IgG re-
mained stable [70]. Treatment with anti-CD38 monoclonal an-
tibodies is also associated with the emergence of neutropenia, 
an additional predilecting factor to infection development 
[72], and in the real-world setting, almost 1 out of 2 patients 
on daratumumab treatment eventually develops neutropenia, 
and ∼1 out of 3 develops grade 3 or higher neutropenia [72].

The European Myeloma Network also recommends vaccina-
tion against VZV. Our meta-analysis did not show any evi-
dence of increased risk for VZV reactivation among patients 
treated with anti-CD38 compounds. However, other agents 
used in the treatment of multiple myeloma, such as proteasome 
inhibitors, have been associated with an increased incidence of 
VZV reactivation [73]. As a result, guidelines support the use of 
VZV vaccination [69], and most of the studies included in our 
analysis included antiviral prophylaxis for all patients. Notably, 
recent pharmacovigilance data from the Food and Drug 
Administration (FDA) Adverse Events Reporting System 
(FAERS) showed increased risk for VZV reactivation (OR, 
3.48; 95% CI, 2.63–4.61) for patients treated with daratumu-
mab compared with the composite of all adverse events report-
ed in the database [74]. Pharmacovigilance data also revealed 
increased risk (OR, 1.59; 95% CI, 1.19–2.11) for VZV reactiva-
tion for patients who received daratumumab compared with 
multiple myeloma patients who received different treatments.

Interestingly, we found no evidence of increased risk for 
death attributed to infection between the anti-CD38 and con-
trol groups as assessed using the follow-up data of retrieved 
studies. Although this is a reassuring finding, it could potential-
ly be related to the earlier diagnosis and aggressive treatment of 
severe infections, especially in the setting of a randomized 

Figure 4. Cumulative incidence rate of severe infections among those receiving anti-CD38 monoclonal antibodies. Individual and combined estimates of the incidence of 
severe infections for patients treated with anti-CD38 monoclonal antibodies with 95% CIs. Abbreviation: ES, effect size (cumulative incidence).
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clinical trial. Interestingly, a recent cohort study of patients who 
received daratumumab showed an increased risk for severe in-
fections in patients with persistence of severe lymphopenia 
[75]. The study revealed an increased rate of severe infection de-
velopment in patients with high-grade lymphopenia compared 
with non–severely lymphopenic patients (44% vs 22%). In addi-
tion, infection-attributed deaths only occurred in the group of 
patients who were severely lymphopenic. For patients who 

received daratumumab, presence of high-grade lymphopenia 
was associated with the development of infection- 
attributed death in comparison to the nonlymphopenic group. 
Therefore, high-grade lymphopenia could be a factor in the de-
velopment of worse infectious outcomes. Accordingly, it is nec-
essary for studies and registries with long follow-up to define 
additional factors that contribute to unfavorable infectious out-
comes (including infection-attributed deaths) in patients treated 

Figure 5. Relative risk for upper respiratory tract infections (any grade). Individual and combined estimates of the relative risk of any grade upper respiratory tract infections 
with 95% CIs. Abbreviations: REML, restricted maximum likelihood; RR, relative risk or risk ratio; URI, upper respiratory tract infection.

Figure 6. Relative risk for severe pneumonia. Individual and combined estimates of the relative risk of severe pneumonia with 95% CIs. Abbreviations: REML, restricted 
maximum likelihood; RR, relative risk or risk ratio.
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with anti-CD38 agents. Considering and analyzing strategic pre-
ventative strategies that could considerably reduce infection risk 
are crucial.

This systematic review and meta-analysis has some limita-
tions. The RCT reports that we retrieved did not detail the tim-
ing of infection development, and many of the studies only 
described some of the outcomes of interest. Corticosteroids 
were administered to every patient across the RCTs we re-
trieved, so we could not control for the presence of steroid 
treatment and discover how it affected the observed findings. 
Due to lack of relevant data, we were not able to clarify the spe-
cific causes of the significant finding of increased pneumonia 
risk for patients who receive anti-CD38 treatment. Data regard-
ing VZV reactivation were limited, as only 4 reports provided 
extractable information in their manuscripts, highlighting the 
need for a universal way of reporting safety results for RCTs. 
Regarding COVID-19 development, data were limited and 
could not be assessed in our meta-analysis. Additionally, eval-
uating the relative impact of each drug on infections is chal-
lenging as the therapeutic landscape of multiple myeloma 
most frequently requires the use of combination regimens.

CONCLUSIONS

There was an almost 30% higher risk for infection development 
in patients with multiple myeloma receiving anti-CD38 mono-
clonal antibodies compared with anti-CD38-naive individuals. 
Indeed, patients treated with anti-CD38-based regimens had a 
notable 28% incidence rate of severe infections. This increased 
risk, however, did not translate to a higher risk for infection- 
related death. Based on the reassuring result of lack of evidence 
of higher risk for infection-related death and the established ef-
ficacy of anti-CD38 regimens, future studies could focus on 
identifying patients at particularly increased risk. Studies and 
registries with long follow-up can help us identify patients at 
higher risk for infection and recognize effective vaccination 
and prophylaxis strategies and antimicrobial stewardship 
protocols.
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