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ARTICLE INFO ABSTRACT
ArfiC’f—’ history: ) Objectives: Daratumumab-treated myeloma patients may face increased seasonal influenza risk due to
Received 18 April 2024 weakened postvaccination immune responses, especially with daratumumab treatment. We aimed to as-
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sess humoral responses to boosted influenza vaccination in daratumumab-treated or -untreated patients.
Accepted 20 May 2024

Methods: In a single-center study, we evaluated humoral responses (hemagglutination-inhibition assay)
one month following a two-injection (4-weeks apart) influenza vaccination (standard dose) in 84 patients

Keywords: with multiple myeloma (40 with daratumumab in the past year).

lﬂﬂu?ﬂla Results:  Seroprotection rates (titer >1/40) after the second vaccine injection were low across vacci-
\l\//lult}Ple myeloma nal subtypes (except for A-H3N2): 71.3% (A-H3N2), 19.7% (A-H1N1pdm09), 9.9% (B-Victoria), 11.3% (B-
accine

Yamagata). Only A-H3N2 seroprotection rates significantly increased with the booster in daratumumab-
treated patients (30% (12/40) after one injection vs 55% (22/40) after the boost; P = 0.01).After propensity
score weighting, daratumumab was not significantly associated with a reduced likelihood of seroprotec-
tion against at least one vaccine strain (OR 0.65 [95% CI: 0.22-1.88]).
Conclusion: While daratumumab treatment did not lead to a significant reduction in seroprotection rates
following influenza vaccination, a booster vaccine injection demonstrated potential benefit for specific
strains (A-H3N2) in patients undergoing daratumumab treatment. Nevertheless, the overall low response
rates in patients with multiple myeloma necessitates the development of alternative vaccination and pro-
phylaxis strategies.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Multiple myeloma (MM), a prevalent malignancy, heightens in-

—_ ) ) ) fection susceptibility in patients due to several factors including

Corresponding quhor at; Slmoq B. Gres.sens, lnfectlogs Diseases .?nd lmfrlgnol- age-related immune senescence, altered immunoglobulin produc-
ogy Department, Hopital Universitaire Henri Mondor, Assistance Publique Hopitaux i d treat t-ind di . 11. 0 1l

de Paris - University Paris Est Créteil, 1 rue Gustave Eiffel, 94000 Créteil, France. !On’ an . reatment-induce 1mmunosu_ppres510n [ J. Overall, p.a—

E-mail address: simon.gressens@aphp.fr (S.B. Gressens). tients with MM have a 7 to 10-fold increased risk of bacterial

# These authors contributed equally to the study. or viral infection, resulting in 50% of premature deaths caused by

https://doi.org/10.1016/j.ijid.2024.107108
1201-9712/© 2024 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.ijid.2024.107108
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2024.107108&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:simon.gressens@aphp.fr
https://doi.org/10.1016/j.ijid.2024.107108
http://creativecommons.org/licenses/by-nc-nd/4.0/

S.B. Gressens, V. Enouf, A. Créon et al.

an opportunistic infection [2], including seasonal influenza viruses
[3].

While IDSA do not recommend vaccination in patients receiv-
ing intensive chemotherapy or anti-B cell antibodies [4] due to low
immune responses [5]; European guidelines recommend a booster
vaccine a month later after the initial vaccination, despite relying
on weak evidence [6].

The rapidly evolving nature of the therapeutic field poses a
significant challenge to establishing a practical vaccination strat-
egy. Therefore, it is crucial to consistently provide updated data to
guide clinicians in advising patients undergoing these innovative
therapeutics.

Daratumumab has experienced a remarkable surge in usage for
MM in recent years, as it is now a recommended frontline ther-
apy [7]. A recent insightful exploratory study revealed that despite
daratumumab’s ability to induce lysis in healthy plasma cells ex-
pressing CD38, these patients did not exhibit a significantly lower
response after a single shot of trivalent influenza vaccine (17-25%
seroprotection, consistent with existing literature). However, the
study was limited by a small sample size (n = 13).

Here, we designed a prospective study evaluating serological re-
sponses after a boosted vaccination strategy among patients with
multiple myeloma treated with daratumumab.

Methods

We conducted a prospective, single-center cohort study eval-
uating serological responses among patients treated for MM in
a tertiary center. All patients actively treated in our center were
offered to participate in a prospective cohort investigating the
recommended seasonal flu boosted vaccination strategy for the
2019/2020 season (two quadrivalent vaccine injections [Influvac
Tetra, 15 pg HA for each strain] 28 days [+4] apart). Humoral re-
sponse was evaluated by hemagglutinin inhibition assays (HI) 28
days after each vaccine injection (& 5 days, referred here as M1
and M2 timepoints). Specific timing guidance for vaccination in re-
lation to ongoing treatment was not enforced. Seroprotection was
defined as a HI titer >1/40.

To address potential confounding by indication bias, treatment-
groups comparison was performed using a propensity score-based
standardized mortality ratio (SMR) weighting. Propensity score was
estimated by a multivariable logistic model. The study was ap-
proved by local ethics committee (CPP EST III - 11/09/2018) and in
accordance with the 1964 Helsinki Declaration. Additional details
regarding immunological response evaluation, statistics, and ethics
are available in the Appendix S1.

Results

Overall, the study included 84 patients (40 treated by Dara-
tumumab in the last 12 months, including 29 the day of vacci-
nation). Baseline characteristics are shown in Table 1. Briefly, in-
cluded patients were predominantly male (52/85, 61%), with a me-
dian age of 68 years old (95% IQR [56; 74]). Daratumumab-treated
patients had received significantly more previous lines of treat-
ment (3 [2; 4] vs 2 [1; 2], P < 0.001). Reflecting standard practice
at the time of the study, treatment indication was aligned with on-
going and recently published trials, resulting in more proteasome
inhibitors used in the group of daratumumab-treated patients and
a longer time since autologous hematopoietic stem cell transplan-
tation (HSCT) (P < 0.001).

A total of 71 patients received both vaccine injections and had
serum available at baseline and a month after each vaccine injec-
tion. At baseline, a low detectable titer was found in 58/71 pa-
tients against A-H3N2 (82%), 23/71 against A-H1IN1pdm09 (32%),
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9/71 against B-Victoria (13%), 1/71 against B-Yamagata (1%) (Sup-
plementary Figure 1). In univariate analysis, there was no observed
association between daratumumab treatment, therapeutic agents
utilized, or serum gammaglobulin levels with lower titer at M2.
Notably, the sole variable linked to a reduced titer at M2 was au-
tologous HSCT within a year. The limited sample size of our study
precluded us from conducting multivariate analysis without risking
overfitting of the results.

The most robust immune response was observed against A-
H3N2 subtype (Supplementary Figure 2). Seroprotection rates were
not significantly different at any time point between patients who
received daratumumab and those who did not (Figure 1, Table 1).
Regarding A-H3N2, the second vaccination (M2) markedly raised
seroprotection rates in daratumumab-treated patients (12/40, 30%-
22/40, 55%; P = 0.013), but showed no significant increase in those
not receiving daratumumab (23/44, 52.3%-29/44, 65.9%; P = 0.15)
(Figure 1). Notably, although some patients treated with daratu-
mumab exhibited a robust response against A-H3N2 (multiple di-
lutions beyond seroprotection levels (titer >1/40: 9/40, 22.5%)),
only one patient developed such a response against A-H1N1pdm09
which was only transient (undetectable after the second vaccine
injection) (Figure 1, Supplementary Figure 1).

The booster (M2) did not lead to an increase in strain coverage
(P = 0.78), with only 20/71 patients who developed seroprotection
against more than one strain (Supplementary Figure 2).

To address potential confounding by indication, we assessed the
impact of daratumumab treatment on the probability of achieving
seroprotection against at least one vaccine strain in the standard-
ized mortality ratio weighted population. In this analysis, daratu-
mumab showed no significant association with a reduced likeli-
hood of developing such seroprotection (OR 0.65 [95% CI: 0.22-
1.88]).

Discussion

To our knowledge, this prospective cohort represents the largest
series to date assessing the impact of daratumumab on a rein-
forced influenza vaccination strategy in patients with MM. Over-
all, the seroprotection rates across the vaccine strains were limited,
and the range of strains encompassed by postvaccinal responses
remained narrow, irrespective of daratumumab treatment.

A previous study reported higher response rates after a boosted
vaccination in patients with MM [8], but their study included un-
treated patients and used high-dose vaccines (vs standard hemag-
glutinin dose in ours), which suggests that higher dose vaccines
should be evaluated in the future.

We observed the most robust response against the A-H3N2 sub-
type, against which a booster vaccine was able to significantly in-
crease seroprotection rates in daratumumab-treated patients.

The only factor associated with reduced GMT after vaccina-
tion was having received an autologous-HSCT within the past
year, which was more frequent in the nondaratumumab-treated
group, potentially masking a detrimental effect of daratumumab
(which reduced postvaccination antibody concentrations against
SARS-CoV-2) [9].

Clinical protection assessment in our cohort was hindered by
the limited recorded events during the 2019/2020 influenza sea-
son, impacted by the COVID-19 pandemic (a shorter season in
France, spanning 9 weeks, and lockdowns reducing in-person con-
tacts).

Our study has limitations. First, we lacked comprehensive data
on prior influenza vaccinations, crucial for understanding pre-
existing immunity. Second, it was conducted in a single season
with limited participants, leading to wide confidence intervals and
hindering conclusive findings on daratumumab’s impact on sero-
protection. However, a booster vaccine showed potential benefits.
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Figure 1. Seroprotection levels in the different treatment groups; Seroprotection was defined as a measured titer >1/40 (immune-agglutination assay, IHA) against a specific
strain. Panels A-D. Seroprotection rates against the four vaccine subtypes at baseline and after each vaccine injection in patients who received Daratumumab in the last 12
months (depicted by the golden curve) or those not receiving such treatment (depicted by the black curve). Panels E and F. Proportion of patients achieving different levels
of serological titers after each vaccine injection against type A subtypes. Titers categories are color-coded. Patients with a history of Daratumumab use in the past 12 months

are represented with dotted bars, while patients not receiving such treatment are depicted with striped bars. Differences are considered significant when P-value < 0.05. *:
P-value < 0.05, **: P-value < 0.01, ***: P-value < 0.001.
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Table 1
Patient characteristics and seroprotection rates
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Total (N = 84) Anti-CD38 in the last 12-months
No (N = 44) Yes (N = 40) P-value

Gender (Female, %) 33 (39 %) 18 (41 %) 15 (38 %) 0.92
Age (years) 68 (56-74) 61 (56-72) 72 (61-76) 0.15
Multiple Myeloma Isotype (%) 1

IgG 45 (54 %) 24 (55 %) 21 (52 %)

Non-IgG 39 (46 %) 20 (45 %) 19 (48 %)
Light chain Isotype (%) 0.80

Kappa 52 (62 %) 28 (64 %) 24 (60 %)

Lambda 31 (37 %) 15 (34 %) 16 (40 %)
R-ISS 2.0 (1.0-2.3) 2.0 (1.8-2.3) 2.0 (1.0-2.3) 0.87
Seric gammaglobulins at vaccination (g/L) 4.0 (2.9-5.6) 4,5 (3.1-6.2) 3.8 (2.6-5.2) 0.29
Current IglV supplementation (%) 9 (11 %) 4(9.1 %) 5 (12 %) 0.88
Number of previous relapses (n) 2.0 (1.0 - 3.0) 1.0 (1.0 - 2.0) 3.0 (2.0 - 3.0) <0.001
Duration of active disease (years) 2.0 (1.0 - 5.3) 1.0 (1.0 - 4.0) 4.0 (2.0 - 6.3) <0.001
Number of previous therapeutic lines (n) 2.0 (1.0-3.0) 2.0 (1.0-2.0) 3.0 (2.0-4.0) <0.001
History of autologous-HSCT (%) 39 (46 %) 24 (55 %) 15 (38 %) 0.12
Autologous-HSCT to vaccination (days) 370 (140-1100) 200 (84 -380) 1500 (760-2600) <0.001
IMWG status at vaccination (%) 0.07

>VGPR 44 (52 %) 28 (64 %) 16 (40 %)

Partial response/stable disease 26 (31 %) 10 (23 %) 16 (40 %)

Progressive disease 13 (15 %) 5(11 %) 8 (20 %)
Lymphocyte count at vaccination (10°/L) 0.94 (0.68-1.4) 0.93 (0.69-1.3) 0.99 (0.63-1.5) 0.78
Therapeutic lines at vaccination
Proteasome inhibitors (%) 42 (50 %) 9 (20 %) 33 (82 %) <0.001
Alkylating agents (%) 13 (15 %) 11 (25 %) 2 (5%) 0.01
Immunomodulators (%) 59 (70 %) 30 (68 %) 29 (72 %) 0.67
BCL2 inhibitor (%) 5(6 %) 1(2%) 4 (10 %) 0.14
Steroids (%) 72 (86 %) 36 (82 %) 36 (90 %) 0.291
Anti-CD38 antibody' (%) 34 (40 %) 0(0 %) 34 (85 %) <0.001
Last anti-CD38 administration
Same day as vaccination - - 29 (72%) -
1 - 31 days before vaccination - - 5 (12%) -
32 - 365 days before vaccination - - 6 (15%) -
Seroprotection rates (HIA titer >1/40)
A-H1N1pdmO09

Baseline (%) 1 (1.4%) 0 (0%) 1 (2.5%) 0.33

D28 (%) 13 (18.3%) 7 (15.9%) 6 (15%) 0.93

M2 (%) 14 (19.7%) 10 (22.7%) 4 (10%) 0.16
A-H3N2

Baseline (%) 3 (4.2%) 3 (6.8%) 0 (0%) 0.08

D28 (%) 35 (49.3%) 23 (52.3%) 12 (30%) 0.07

M2 (%) 51 (71.8%) 29 (65.9%) 22 (55%) 0.61
B-Victoria

Baseline (%) 0 (0%) 0 (0%) 0 (0%) -

D28 (%) 5(7%) 3 (6.8%) 2 (5%) 0.82

M2 (%) 7 (9.9%) 5(11.4%) 2 (5%) 0.35
B-Yamagata

Baseline (%) 0 (0%) 0 (0%) 0 (0%) -

D28 (%) 7 (9.9%) 5(11.4%) 2 (5%) 0.35

M2 (%) 8 (11.3%) 6 (13.6%) 2 (5%) 0.22

1 6 patients underwent Daratumumab therapy within a year of vaccination, although they were on a different therapeutic regimen at the time of vaccination. HSCT
: hematopoietic stem cell transplantation. Baseline, D28 and M2 indicate prevaccination, 28 days (+5 days) after the first vaccination and 28 days (+5 days) after the
second vaccination respectively. P-value < 0.05 (two-sided) are considered significative (in bold). All presented comparisons are between groups receiving/not receiving

daratumumab.

Third, unmeasured confounders might persist despite SMR weight-
ing. Notably, lymphocyte subpopulations (NK, T, B cells) counts
were unavailable, limiting detailed correlations. Finally, the widely
used correlation between clinical protection and HIA titers >1/40
was established in young healthy adults [10], and it remains un-
known if such correlate holds among a highly heterogeneous pop-
ulation as immunocompromised patients.

In conclusion, our study found no reduced response to influenza
vaccine in daratumumab-treated patients and suggested a poten-
tial benefit of an influenza booster vaccine. This supports a two-
injections vaccination strategy given the widespread use of daratu-
mumab. However, it may not offer broad protection against all cir-
culating subtypes, underscoring the need for future studies to as-
sess high dose boosted vaccination or passive immunoprophylaxis
in MM patients on novel immunotherapies.
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