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• Overall, infections occurred in 95% of MM patients, accounting for 1.33 per patient-year.
• The respiratory tract (42.4%), blood (13.0%) and skin, soft tissue (12.2%) were the most frequent

sites of infection.
• There was a bimodal peak in incidence of bacterial and viral infections following disease diagnosis.



Antimicrobial prophylaxis in multiple myeloma patients

• Bacterial prophylaxis in the era of MDR

• Fungi and P.jirovecii prophylaxis

• Viral infections prophylaxis



TEAMM Trial Management Group and Trial Investigators (2019). 
Levofloxacin prophylaxis in patients with newly diagnosed 
myeloma (TEAMM): a multicentre, double-blind, placebo-

controlled, randomised, phase 3 trial.
Drayson, M. T., et al.The Lancet. Oncology, 20(12), 1760–1772.



Auto-SCT in 
Multiple 
Myeloma

Auto-SCT
in other 
diseases

Total transplants 846 778

No fever or infection 463 (55%) 225 (29%)

FUO only 181 (21.4%) 276 (35%)

Clin. documented infections only * 39 (4.6%) 49 (6.3%)

Microb. documented infections* 162 (19,2%) 218 (28%)

Gram-positive infections* 88 (10.4%) 110 (14.1%)

Gram-negative infections* 68 (8.0%)@ 90 (11.6%)

Fungal infections* 2 (0.2%) 7 (0.9%)

Viral diseases* 1 (0.1%) 3 (0.4%)

*cases with one or more infections;  @Gram-neg infections 8% in I and 10% in II auto-SCT in MM

Gruppo Italiano Trapianto di Midollo Osseo (GITMO) and Associazione Microbiologi Clinici Italiani (AMCLI). Incidence, 
Risk Factors and Outcome of Pre-engraftment Gram-Negative Bacteremia After Allogeneic and Autologous 

Hematopoietic Stem Cell Transplantation: An Italian Prospective Multicenter Survey. 

Girmenia C, et al. Clin Infect Dis. 2017 Nov 13;65(11):1884-1896



Risk factors for pre-engraftment Gram negative infections: Multivariate analysis

Allo-HSCT Auto-HSCT

Variable HR (95% CI), p Variable HR (95% CI), p

Age (+10y) 1.16 (1.06-1.27), 0.001 Age (+10y) 1.20 (1.06-1.36), 0.004

Other diseases 
vs 
acute leukemia

0.65 (0.46-0.92), 0.01 Lymphoma vs 
other diseases

1.86 (1.30-2.66), <0.001

Donor
MMR
MMU
CB

4.14 (2.31-7.42), <0.001
2.92 (1.47-5.81), 0.002
3.50 (1.32-9.29), 0.01

Antibacterial 
prophylaxis vs 
no prophylaxis

0.50(0.34-0.75), <0.001

Ex vivo T-cell 
depletion

0.13 (0.03-0.53). 0.004

Days of pre-
engraftment 
neutropenia

1.02 (1.01-1.03), <0.001

Gruppo Italiano Trapianto di Midollo Osseo (GITMO) and Associazione Microbiologi Clinici Italiani (AMCLI). Incidence, 
Risk Factors and Outcome of Pre-engraftment Gram-Negative Bacteremia After Allogeneic and Autologous 

Hematopoietic Stem Cell Transplantation: An Italian Prospective Multicenter Survey. 

Girmenia C, et al. Clin Infect Dis. 2017 Nov 13;65(11):1884-1896



Antibacterial prophylaxis with ciprofloxacin for patients with multiple myeloma and lymphoma undergoing autologous 
haematopoietic cell transplantation: a quasi-experimental single-centre before-after study. 

Yeshurun M, et al. Clin Microbiol Infect. 2018 Jul;24(7):749-754.



Am J Hematol, 2022

• Antibiotic prophylaxis at start of first line therapy should be 
considered in carefully selected patients with increased risk for 
infections. 

• Likewise antibiotic prophylaxis may be considered in heavily 
pretreated patients with active disease scheduled for 
immunosuppressive rescue therapy although scientific evidence for 
this indication is scarce
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There was a bimodal peak in incidence of bacterial and viral infections
following disease diagnosis.



Am J Hematol, 2022

• Fungal prophylaxis may be considered in patients with prolonged 
neutropenia such as those receiving cellular therapies. Effective drugs are 
fluconazole, micafungin or vorinoconazole and posaconazole.

• Co-trimoxazole is recommended for PJP prophylaxis in patients with 
prolonged immunosuppression and/or cytopenia. With present conventional 
therapies the incidence of P.jirovecii infections is much lower than in 
previous times with use of high dose and continuous dexamethasone. 
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Am J Hematol, 2022

• Prophylaxis against Herpes zoster reactivation with acyclovir is recommended
for patients treated with proteasome inhibitors, particularly in those
receiving bortezomib but also in patients treated with anti-CD38 antibodies
and in those after ASCT. Prophylaxis should be maintained in parallel with
treatment with the above-cited drugs.

• Data on the duration of antiviral prophylaxis after discontinuation of
proteasome-inhibitors or CD38 antibodies are scarce



Infection-control strategies in MM

• Epidemiology and prophylaxis of bacterial, fungal 
and viral infections

• Vaccination schedules and COVID-19 prevention 
in MM populations

• Focus on anti-BCMA treatments



Am J Hematol, 2022

Vaccination in MM patients

• All patients should be vaccinated against the key 
4 pathogens: Influenza, pneumococci, herpes 
zoster and COVID-19

• Depending on the individual risk profile other 
vaccinations are recommended.

o Patients with functional or anatomical asplenia should be 
vaccinated against Haemophilus influenza and Meningococci.

o Patients living in or travelling to areas endemic for 
hepatitis A and B and not immune against this pathogens 
should be vaccinated with the respective vaccines

o Patients after HSCT or CAR-T cell therapy should be tested 
against tetanus, diphtheria and pertussis. In case of no 
inadequate antibody response vaccination should be 
considered. The same applies to measles, mumps and rubella. 
But vaccination with the latter vaccines should only be 
considered in patients with full immuno-reconstitution as 
these are attenuated live vaccines

o It should be kept in mind that immune response to 
vaccination in multiple myeloma patients is frequently 
suboptimal.



In Italia sono disponibili vaccini antinfluenzali quadrivalenti che 
contengono 2 virus di tipo A (H1N1 e H3N2) e 2 virus di tipo B. 
https://www.salute.gov.it/portale/influenza/dettaglioFaqInfluenza.jsp?lingua=italiano&id=103

Vaccino inattivato quadrivalente su colture cellulari (Flucelvax Tetra)

• Il vaccino contiene 2 virus di tipo A (H1N1 e H3N2) e 2 virus di tipo B cresciuti su colture cellulari, ed autorizzato per l'uso in bambini e adulti di età 
superiore ai 2 anni.

Vaccino inattivato quadrivalente adiuvato  (Fluad Tetra)

• Uno dei prodotti quadrivalenti contiene l'adiuvante MF59, un’emulsione olio-in-acqua composta da squalene come fase oleosa. L’adiuvante ha lo 
scopo di facilitare l’adeguata risposta immunitaria partendo da una minore quantità di antigene. Gli altri prodotti inattivati non contengono un 
adiuvante.
È indicato nei soggetti di età pari o superiore a 65 anni.

Vaccino ad alto dosaggio  (Efluelda)

• Si tratta di un vaccino split quadrivalente che contiene due virus di tipo A (H1N1 e H3N2) e due virus di tipo B contenente 60 mcg di 
emoagglutinina (HA) per ciascun ceppo virale per garantire una maggiore risposta immunitaria e quindi una maggiore efficacia, indicato nei 
soggetti di età pari o superiore a 60 anni.

Vaccino vivo attenuato (Fluenz Tetra)

• Il vaccino vivo attenuato è un vaccino quadrivalente, che viene somministrato con spray intranasale e autorizzato per l'uso in persone di età 
compresa tra 2 e 18 anni. I ceppi influenzali contenuti nel quadrivalente sono attenuati in modo da non causare influenza e sono adattati al 
freddo e sensibili alla temperatura, in modo che si replichino nella mucosa nasale piuttosto che nel tratto respiratorio inferiore.
Il vaccino è stato introdotto per la prima volta in Italia nell’ambito della campagna antinfluenzale 2020-2021; è stato somministrato ai bambini tra 
2 e 6 anni e, in seguito, anche ai bambini e adolescenti da 6 anni compiuti fino ai 18 anni.

Vaccino quadrivalente a DNA ricombinante (Supemtek)

• Il vaccino quadrivalente è prodotto tramite la tecnologia del DNA ricombinante che si basa sulla produzione di una proteina di un agente infettivo 
senza utilizzare il microrganismo selvaggio, mediante tecniche di ingegneria genetica che frammentano il DNA corrispondente e lo esprimono in 
diversi vettori di espressione "in vitro". È indicato dai 18 anni di età.





Patients with hematological
malignancies (HM) are among those with
the highest risk of IPD, with incidences
ranging between 13–50 times higher
when compared with the background
population, and with HM patients
accounting for up to 10% of all IPD
episodes in adults. We explored
temporal changes in the risk of IPD and
associated mortality in adults with HM,
compared to the risk in patients with
non- Hematological cancers and cancer-
free individuals during 16 years in
Denmark.
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Herpes zoster: incidenza e complicanze







Composizione del vaccino RZV

Vaccino RZV

Sistema adiuvante
AS01B: QS-21* e MPL – 

50 µg ciascuno

Antigene
Glicoproteina E (gE) - 50 µg

Glicoproteine spike

Envelope 
lipidico

DNA

Nucleocapside

Tegumento

MPL Saponina QS-21
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*Adiuvante QS-21 concesso in licenza da Antigenics Inc, una società interamente controllata da Agenus Inc., società del Delaware, Stati Uniti; gE, glicoproteina; 
MPL, 3-O-desacyl-4’-monofosforil lipide A; QS-21, Quillaja saponaria Molina, frazione 21
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1. Lal H et al., N Eng J Med 2015, 372: 2087-96; 2. Cunnigham A et al, N Eng J Med 2016,75:1019-32 



RCT
ZOE-50

(Zoster-006)
ZOE-70

(Zoster-022)

Schedula 2 dosi (intervallo 2 mesi)

Obiettivi primari VEHZ in soggetti ≥50 aa VEHZ in soggetti ≥70 aa

Obiettivi primari
(pooled analysis)

VEPHN in ≥70 aa

VEHZ in ≥70 aa



Participants were randomized to receive 2 doses of either recombinant
zoster vaccine (n = 922) or placebo (n = 924) administered into the
deltoid muscle; the first dose was given 50 to 70 days after
transplantation and the second dose 1 to 2 months thereafter.

Injection site reactions were recorded in 86% of vaccine and 10% of placebo recipients, of which pain was the most
common, occurring in 84% of vaccine recipients (grade 3: 11%). Unsolicited and serious adverse events, potentially
immune-mediated diseases, and underlying disease relapses were similar between groups at all time points.

68.2% vaccine efficacy 89.3% reduction of postherpetic neuralgia



At month 2, 142 (65.4%) of 217
participants in the vaccine group and
one (0.5%) of 198 participants in the
placebo group had a humoral vaccine
response.
Excluding pts with non-Hodgkin B-cell
lymphoma and chronic lymphocytic
leukaemia, at month 2, 119 (80.4%) of 
148 participants had a humoral vaccine
response to adjuvanted recombinant
zoster vaccine, compared with one 
(0.8%) of 130 participants in the
placebo group.
At month 13 in the vaccine group, 86 
(52.1%) of 165 participants in the 
vaccine group had a humoral vaccine 
response, compared with five (3.6%) of 
140 participants in the placebo group.

Cell-mediated immune responses 
(per-protocol cohort for cell-

mediated immunity)



A post-hoc analysis revealed that the incidence of HZ was 8·5 per 1000 person-years in the vaccine group and 66·2 
per 1000 person-years in the placebo group, resulting in 87·2% (95% CI 44·3–98·6; p=0·0021) efficacy against HZ. 
Median follow-up was 11·1 months (IQR 10·3–12·2) from 30 days after dose 2.





Herpes zoster prevention in multiple myeloma

• MM is at high risk for HZ in general and particularly during proteosome inhibitors 

treatment and both AVP and vaccination are recommended. 

• Acyclovir at a dose of 400 mg per day is an appropriate anti HZ viral prophylaxis in  

malignant and non malignant HD and in subjects undergoing autologous and allogeneic 

HSCT. 

• In patients with MM not eligible for auto-HSCT aRZV is recommended possibly at the 

onset of disease before start of hematologic treatment. AVP is also recommended during 

proteosome inhibitors treatment at least until one month after the second vaccine dose.

• In patients with MM eligible for auto-HSCT the Expert Panel agrees to delay aRZV

administration two months after transplant, while AVP should be administered from the 

onset of induction treatment to one month after the second vaccine dose.

Towards a personalized preventive strategy of herpes zoster infection in patients with hematological diseases or 
submitted to hematopoietic stem cell transplant: a position paper from an ad hoc Italian expert panel

C.Girmenia, F.Ciceri, P.Corradini, A.Cuneo,  F.D’Ancona, P.Musto,A.M. Risitano, M.Teresa Voso, A. Venditti, G. Barosi.  
Haematologica, 2024
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Infections in relapsed/refractory MM patients treated with 
daratumumab and isatuximab : phase III trials 

Author, year Therapy Grade 3-5 infections

Study group Control group
Palumbo, 

2016
Daratumumab, bortezomib and dexamethasone vs 

bortezomib and dexamethasone .
Median previous lines 2

Overall infections: 21.4% 
Pneumonia  8.2%

Overall infections: 19%
Pneumonia: 9.7%

Dimopoulos, 
2016

Daratumumab, lenalidomide and dexamethasone vs 
lenalidomide and dexamethasone 

Median previous lines 1

Overall infections: 28.3%
Pneumonia. 7.8%

Overall infections: 22.8% 
Pneumonia: 8.2%

Dimopoulos, 
2020

Carfilzomib, dexamethasone, and daratumumab vs
carfilzomib and dexamethasone

Median previous lines 2

Overall infections: 28.9%
Pneumonia 13.3%

Overall infections: 12.4%
Pneumonia 8.5%

Dimopoulos 
2021

Daratumumab plus pomalidomide and dexamethasone 
vs pomalidomide and dexamethasone

Median previous lines 2

Overall infections: 24%
Pneumonia: 11% 

Overall infections: 20%
Pneumonia: 6% 

Sonneweld 
2022

Daratumumab, Bortezomib, and Dexamethasone vs 
Bortezomib, and Dexamethasone 

Median previous lines 2

Overall infections:16.1 %
Pneumonia: 10.7% 

Overall infections:11.8 %
Pneumonia: 10.1% 

Moreau 
2021

Isatuximab, carfilzomib, and dexamethasone versus 
carfilzomib, and dexamethasone

Median previous lines 2

Overall infections:26%
Pneumonia: 21% 

Overall infections:17%
Pneumonia: 14% 

Richardson 
2022

Isatuximab plus pomalidomide and low-dose 
dexamethasone versus pomalidomide and low-dose 

dexamethasone
Median previous lines 3

Overall infections:45%
Pneumonia: 23% 

Overall infections: 28%
Pneumonia: 21% 



Infectious risk in MM patients under 
anti-BCMA treatments

lower higher

BELANTAMAB 
MEFODOTIN

CAR-T
BISPECIFIC 

MONOCLONAL
ANTIBODIES



Dose were delayed due to ocular toxicity in 82
cases (70.7%), haematological toxicity in 11 cases
(9.5%) and infections in four (3.5%) cases.

Infectious complications were not uncommon,
highlighting the need for close surveillance and
early intervention as needed. The two cases of
hepatitis B reactivation are worrisome, and
repeated testing prior to initiation of treatment
should be consided.



2022



Bacterial infections predominate early after CD19, while a more equal
distribution between bacterial and viral causes is seen after BCMA
CAR-T-cell therapy, and fungal infections are universally rare.





The score implicates bone marrow reserve and inflammation prior to CAR T-cell therapy as key features associated 
with delayed cytopenia and will be useful for risk-adapted management of hematotoxicity.



Compared to their HTlow counterparts, HThigh patients displayed prolonged severe
neutropenia (median 9 vs. 3 days, p<0.001), an increased severe infection rate (40% vs.
5%, p<0.001), and more severe ICANS (grade≥3: 16% vs. 0%, p<0.001).





Here, we analyzed the worldwide WHO pharmacovigilance database VigiBase to
better evaluate the risk of infections with anti-BCMA BsMAbs, as compared with
other MM treatments and especially nonanti-BCMA BsMAbs and anti-BCMA CAR-T
cells.

We found a disproportionate reporting of infections with anti-BCMA BsMAbs in patients with MM, as compared with
other MM treatments including non-anti-BCMA BsMAbs and antiBCMA CAR-T cells. This finding, in line with previous
literature, suggests an increased risk of infection with anti-BCMA BsMAbs. The reported infections were early in
treatment course and included notably opportunistic, fungal, or viral infections as well as bacterial pneumonia and sepsis
with severe outcome. T



• Introduction: Bispecific antibodies targeting B-cell maturation antigen (BCMA) may contribute to increased infection risk 
among patients with relapsed/refractory multiple myeloma (RRMM) due to on-target, off-tumor toxicity.. Based on 
experience from the phase 1/2 MajesTEC-1 study, we provide preliminary recommendations for managing potential 
infections during teclistamab treatment.
Methods: Patients (N=165) received subcutaneous teclistamab 1.5 mg/kg weekly following a step-up dosing schedule. 
Results: At median follow-up of 21.7 months, infections occurred in 129 patients (78.2%) overall (grade 3/4 in 52.1%). 
12.1% of patients died due to infections (most from COVID-19). Median time to first onset of any grade and grade 3–5 
infections was 1.7 and 4.2 months, respectively. Overall, 70.9% of patients had ≥1 immunoglobulin G (IgG) value < 400 
mg/dL; 45.5% received IVIG. Grade 3/4 neutropenia occurred in 65.5% of patients at a median of 2.3 months; 53.3% of 
patients received granulocyte colony-stimulating factor (G-CSF).

• Conclusions:

• IVIG (administered every 3–6 weeks) is indicated for IgG < 400 mg/dL and for serious or recurrent/chronic infections. 

• Patients should be screened for hepatitis B and C and receive all appropriate vaccinations (including COVID-19) before 
starting teclistamab. 

• Prophylaxis for Pneumocystis jirovecii pneumonia and herpes viruses is recommended; 

• other prophylactic antimicrobials should be administered per institutional guidelines. 

• G-CSF should be considered for grade ≥3 neutropenia with infection/fever and/or grade 4 neutropenia. 
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