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Novel targeting agents for hematologic diseases often exert on- or off-target immunomodulatory effects, possibly
impacting on response to anti-SARS-CoV-2 vaccinations and other vaccines. Agents that primarily affect B cells,
particularly anti-CD20 monoclonal antibodies (MoAbs), Bruton tyrosine kinase inhibitors, and anti-CD19
chimeric antigen T-cells, have the strongest impact on seroconversion. JAK2, BCL-2 inhibitors and hypo-
methylating agents may hamper immunity but show a less prominent effect on humoral response to vaccines.
Conversely, vaccine efficacy seems not impaired by anti-myeloma agents such as proteasome inhibitors and
immunomodulatory agents, although lower seroconversion rates are observed with anti-CD38 and anti-BCMA
MoAbs. Complement inhibitors for complement-mediated hematologic diseases and immunosuppressants used
in aplastic anemia do not generally affect seroconversion rate, but the extent of the immune response is reduced
under steroids or anti-thymocyte globulin. Vaccination is recommended prior to treatment or as far as possible
from anti-CD20 MoAb (at least 6 months). No clearcut indications for interrupting continuous treatment
emerged, and booster doses significantly improved seroconversion. Cellular immune response appeared pre-

served in several settings.

1. Introduction

Hematological patients had an estimated COVID-19 related mortal-
ity of up to 35% during the initial pandemic waves [1,2], with different
risk depending on disease status (2 fold risk in those with progressive
disease), patients’ characteristics (nearly 2 fold risk in those aged >60
years) and ongoing therapies (mortality rate ranging from 12% to 56%
with different chemotherapy, targeted agents, or combination) [2]. In
this setting, prioritized massive SARS-CoV2 vaccination contributed to
decrease COVID-related morbidity and mortality to around 10-15% in
more recent international reports [3-7], also varying with SARS-CoV-2
variants [7] and number of vaccine doses [6]. However, the efficacy and
safety of SARS-CoV-2 vaccines in hematological patients might be
different as compared to the general population, and little information
was available about other vaccines such as those against capsulated
bacteria, Influenza and hepatitis viruses, etc. [8]. In fact, the immune
system of many hematological patients is impaired due to the disease
itself and the several therapies used [8,9]. The latter include traditional
chemotherapy and cytotoxic immunosuppressants as well as novel drugs
that enrich the therapeutical landscape of hematologic diseases. For

instance, monoclonal antibodies (MoAbs) targeting B-cells may deplete
adaptive immunity and cause long-term hypogammaglobulinemia in
lymphoma and myeloma patients [10]). Tyrosine kinase inhibitors may
impair B- and T-cell functioning, as well as innate immunity, increasing
infectious risk [11,12]. Novel agents with cytotoxic effect, such as
hypomethylating agents and BCL-2 inhibitor venetoclax, may also cause
severe neutropenia [13]. Finally, complement inhibitors used in
complement-mediated hematologic diseases (i.e. paroxysmal nocturnal
hemoglobinuria and cold agglutinin disease) may hamper the function
of this homeostatic system [14]. In this review we discuss available
literature regarding vaccines efficacy and safety in the setting of biologic
drugs used in hematological conditions with special regard to SARS-
CoV2 vaccination. Data on vaccines against other infectious agents are
not directly comparable with anti-SARS-CoV-2 ones, particularly
regarding the broader immunologic activity of the latter. Still, they
represent a new frontier for optimized management of hematologic
patients and have been therefore included.
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2. Anti-CD20 monoclonal antibodies

MoAbs targeting B-cell CD20, particularly rituximab, in combination
with chemotherapy have become the standard of care of many non-
hodgkin lymphomas (NHL) [15,16]. Treatment with rituximab may
induce B-cell depletion, with clinical evidence of hypogammaglobulin-
emia. This may persist over 6 to 9 months from the last infusion exposing
patients to increased risk of infections. Furthermore, rituximab may
interfere with non-specific immunity with some patients experiencing
late-onset neutropenia [17].

Regarding SARS-CoV-2 vaccination, it clearly emerged that sero-
conversion was lower in patients with lymphoproliferative disorders
treated with rituximab (Table 1)[18]. Responses ranged from 0% in
subjects on maintenance treatment to 66% in those vaccinated at least 6
months after rituximab [19-22]. Seroconversion rates further improve
in patients vaccinated after 12 months from the last dose of anti-CD20
moAb. Notably, non-responders to the first two doses may still experi-
ence seroconversion to a further booster dose [23]. Timing also impacts

Table 1
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on booster doses efficacy: if performed during active anti-CD20 treat-
ment did not significantly change the rate of seroconversion (i.e. from 15
to 22% in a large study), whilst after treatment completion and within
12 months an improvement from 40 to 70% was observed [24], Cellular
immunity was documented in nearly 50-60% of patients vaccinated
after a median of 16 months from the last dose of anti-CD20 Ab. Cellular
response appears less associated with time from last treatment and is
also independent from humoral response [25-30]. Obinutuzumab was
shown to be even more immunosuppressive, with no patients experi-
encing seroconversion in one experience [31]. Backbone chemotherapy
may also hamper immunity, and lower seroconversion rates were
registered after bendamustine. Furthermore, lower absolute lymphocyte
count and pre-vaccine hypogammaglobulinemia were associated with
reduced humoral response [9,31-35] along with vaccination during
active disease phase [31] and the diagnosis of aggressive lymphoma
[23,25].

Likewise, a detrimental effect of rituximab on seroconversion was
described in autoimmune cytopenias. A large Italian study reported

Vaccine response in patients treated with anti-CD20 monoclonal antibodies-based therapy *

Reference Malignancy Vaccine type Number of Seroconversion Negative prognostic factors for seroconversion
type patients rate
Van der Kolk L, Blood 2002 [18] B-NHL HAV vaccine 11 0%
Horwitz SM, Blood 2004[46] B-NHL H. influenzae vaccine 22 77%
Horwitz SM, Blood 2004[46] B-NHL Tetanus toxoid 22 68%
Horwitz SM, Blood 2004[46] B-NHL Pneumococcus vaccine 22 41%
Takata T, J Clin Exp Hematop. 2009 [42] B-NHL Influenza vaccine 7 0-29%
Yri E, Blood 2011 [37] B-NHL Influenza vaccine 67 7%
Bedognetti D, J Immunol 2011[38] B-NHL Influenza vaccine 31 3-29% 1) Previous fludarabine-based chemotherapy
2) low IgA or IgM serum levels
De Lavallade H, Hematologica 2011 [43] B-NHL + CLL Influenza vaccine 12 42%: 1) Distance from last anti-CD20 moAbs dose
Bedognetti D, Blood 2012 [39] B-NHL Influenza vaccine 14 29-64%
Hottinger A, Oncologist 2012 [40] B-NHL Influenza vaccine 11 18%
Villa D, Leuk Lymphoma 2013 [41] B-NHL Influenza vaccine 14 14%
Berglund A, Acta Oncol 2014 [44] B-NHL Influenza vaccine 12 0%
Berglund A, Acta Oncol 2014 [44] B-NHL Pneumococcus vaccine 8 0%
Mustafa SS, Clin Lymphoma Myeloma B-NHL Tetanus toxoid 15 7%
Leuk. 2020 [45]
Mustafa SS, Clin Lymphoma Myeloma B-NHL Diphteria toxoid 15 20%
Leuk. 2020 [45]
Mustafa SS, Clin Lymphoma Myeloma B-NHL Pneumococcus vaccine 15 20%
Leuk. 2020 [45]
Jurgens EM, AJH 2021 [22] B-NHL+ CLL SARS-CoV2 vaccine 34 47% 1) Time period <24 months from the last anti-
CD20 treatment
2) Active treatment
Gavriatopoulou M, Blood advances 2021 WM SARS-CoV2 vaccine 17 34% 1) Active treatment
[20]
Roeker L, Leukemia. 2021 [26] CLL SARS-CoV2 vaccine 21 0-14% 1) Association with venetoclax
Perry C, Blood 2021 [19] B-NHL SARS-CoV2 vaccine 121 0%-66% 1) Shorter time since exposure to anti-CD20
Abs
2) Lower lymphocytic count
Shen Y, Br J Haematol 2022 [35] CLL SARS-CoV2 vaccine 9 22% 1) Lower baseline IgM serum levels
2) Active therapy
Avivi I, BJH 2022 [23] B-NHL SARS-CoV2 vaccine 44 29.54% 1) Aggressive lymphoma
booster 2) Time from last exposure to anti-CD20 moAb
Gurion R, Haematologica 2022 [31] B-NHL SARS-CoV2 vaccine 98 3-80% 1) Time period <12 months from the last anti-
CD20 treatment
2) Presence of active lymphoma
Liebers N, Blood 2022 [30] B-NHL+ CLL SARS-CoV2 vaccine 80 41% 1) Time period <12 months from the last anti-
CD20 treatment
2) Low CD4 cell count
Marasco V, BJH 2021 [25] B-NHL+ CLL SARS-CoV2 vaccine 58 17.6-40%
Benjamini O, Haematologica 2022 [21] CLL SARS-CoV2 vaccine 143 27% 1) Time period <12 months from the last anti-
CD20 treatment
Bacova B, Clin Exp Med. 2022 [28] B-NHL SARS-CoV2 vaccine 16 0%
Haggenburg S, Blood Adv 2022 [27] B-NHL SARS-CoV2 vaccine 46 0-26% 1) Older age

2) Low baseline IgG4 serum levels

3) Low baseline NK and B-cells counts

4) Use of rituximab, venetoclax and CD-19
directed CAR-T cells

B-NHL: B-non Hodgkin lymphoma; CLL: Chronic lymphocytic leukemia; WM: Waldenstrom Macroglobulinemia; HAV: Hepatitis A virus.
" Associated chemotherapy was administered in most cases, but pooled seroconversion is provided.
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lower antibody titers even in patients vaccinated after years from last
rituximab infusion [36]. This may be tentatively explained by pre-
existing underdiagnosed immunodeficiencies or lymphoproliferative
disorders that may be associated with secondary autoimmune
cytopenias.

Discouraging results also emerged for other vaccines administered
during anti-CD20 therapy. Concerning influenza vaccine, seroconver-
sion rate ranged from 0% up to 64% [37-42], independently of vaccine
dosing and type. Again, humoral responses improved along with time
from the last anti-CD20 infusion, and with boosters [43]. Similar results
were reported for anti-Pneumococcus [44] and anti-Diphtheria vaccina-
tions [45], with seroconversion rates of 20-40%. Contrarily, serocon-
version of up to 70% were documented for anti-Tetanus and anti-
Haemophilus in a single experience [46].

Taken together, seroconversion to vaccinations in patients treated
with anti-CD20 MoAbs is reduced but tends to improve after 12 months
from last infusion and with booster doses. Patients vaccinated during
treatment may be revaccinated after immune reconstitution to achieve
protective titers. Cellular immunity appears preserved in a time-
independent manner. Therefore, administration of vaccines as far as
possible from last anti-CD20 infusion or prior to therapy appears
advisable.

Table 2
Vaccine response in BTK-inhibitors treated patients.

Blood Reviews 60 (2023) 101077

3. Ibrutinib and other BTK inhibitors

Ibrutinib is a first-generation downstream Bruton Tyrosin-kinase
inhibitor used for the treatment of chronic lymphocytic leukemia
(CLL) [47] and several lymphoid neoplasms such as mantle cell lym-
phoma [48], marginal zone lymphoma [49] and Waldenstrom macro-
globulinemia (WM) [50]. Ibrutinib and other BTK-inhibitors (BTKi)
impair B-cell functions inducing both humoral and cellular imbalance
[51]. Accordingly, SARS-CoV-2 vaccines induced seroconversion in only
20-30% (maximum 60% in a report [22]) of patients actively treated
with BTKi (Table 2) [20,27]. Factors such as younger age, higher
baseline IgG4 levels and NK-cell counts were associated to higher re-
sponses and were tentatively included in predictive scores [21], whilst
timing of administration, differently from anti-CD20 MoAbs, has no
impact since treatment with BTKi is continuous. Notably, booster doses
may improve seroconversion [52], and cellular immunity seems less
influenced with responses in up to 80% of patients [26-28,35,53-55].

Similar data were reported for Influenza vaccines, where two trials in
ibrutinib-treated CLL patients showed a seroconversion of 7% and 26%,
respectively [56,57]. Impaired seroconversion was also reported after
13 and 23 valent Pneumococcus vaccine (PCV13 and PPV23) [58-60].
On the contrary, recombinant Varicella Zoster vaccine (rVZV) was
associated with higher seroconversion rates (41 to 75%), although with
lower responses in those receiving BTKi for longer period [61-64].

Reference Malignancy Vaccine type Number of Seroconversion Negative prognostic factors for seroconversion
type patients rate
Sun C, JAMA Oncol. 2016 [56] CLL Influenza vaccine 19 11-26%
Douglas A, Haematologica. 2017 [57] B-NHL+ CLL Influenza vaccine 14 7% 1) Prior treatment
2) Shorter time since last chemotherapy
Andrick B, Br J Haematol. 2018 [58] CLL Pneumococcus 4 0%
vaccine
Mauro F, Leukemia 2021 [59] CLL Pneumococcus 35 9% 1) Age > 60 years
vaccine 2) IgG levels <400 mg/dL
3) Prior treatment
4) Uncontrolled disease
Hassan H, Hematol Oncol Stem Cell Ther. CLL Tetanus toxoid 10 30%
2022 [60]
Hassan H, Hematol Oncol Stem Cell Ther.  CLL Diphteria toxoid 10 40%
2022 [60]
Hassan H, Hematol Oncol Stem Cell Ther. CLL Pneumococcus 10 0%
2022 [60] vaccine
Jurgens EM, AJH 2021 [22] WM + CLL SARS-CoV2 vaccine 10 60% 1) Time period <24 months from the last anti-
CD20 treatment
2) Active treatment
Roeker L, Leukemia. 2021 [26] CLL SARS-CoV2 vaccine 14 21%
Herishanu Y, Blood 2021 [33] CLL SARS-CoV2vaccine 50 16% 1) Age > 65 years
2) Active treatment
3) Baselinge IgG levels <550 mg/dL
4) Baseline IgM levels <40 mg/dL
5) Male sex
Zent C, Leukemia 2021 [61] WM + CLL rVZV vaccine 32 75% 1) Longer duration of pre-vaccination BTKi
treatment
Pleyer C, Blood 2021 [62] CLL HBV vaccine 26 4%
Pleyer C, Blood 2021 [62] CLL rVZV revaccine 41 41%
Benjamini O, Haematologica 2022 [21] CLL SARS-CoV2 vaccina 106 23% 1) Active treatment
Shen Y, Br J Haematol 2022 [35] CLL SARS-CoV2 vaccine 21 15% 1) Lower baseline IgM serum levels
2) Active therapy
Bacova B, Clin Exp Med. 2022 [28] B-NHL+ CLL SARS-CoV2 vaccine 16 19%
Haggenburg S, Blood Adv 2022 [27] CLL SARS-CoV2vaccine 38 27% 1) Older age
2) Low baseline 1gG4 serum levels
3) Low baseline NK and B-cells counts
4) Use of rituximab, venetoclax and CD-19
directed CAR-T cells
Diamantopoulos P, Ther Adv Hematol CLL SARS-CoV2vaccine 7 14%
2022[54]
Pleyer C, Blood Adv 2022 [63] CLL rVZV vaccine 50 40%
Muchtar E, Am J Hematol 2022 [64] CLL rVZV vaccine 25 36%

B-NHL: B-non Hodgkin lymphoma; CLL: Chronic lymphocytic leukemia; WM: Waldenstrom Macroglobulinemia; BTKi: Bruton-tyrosine kinase inhibitor; HBV: Hepatitis

B virus; rVZV: Recombinant varicella zoster virus
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Overall, BTKi seem to significantly impair seroconversion to several
viral and bacterial agents; the detrimental effect is magnified by previ-
ous B-cell depleting MoAbs and may be efficiently predicted by baseline
IgG levels. Cellular immune response seems less affected, although BTKi
also show some T-cell directed effect. According to available literature,
BTKi do not need to be interrupted in case of vaccination and booster
doses ameliorate immunological response.

4. Tyrosine-kinase inhibitors (TKI) for myeloproliferative
syndromes (MPN)

BCR-ABL tyrosine-kinase inhibitors (TKI) represent the mainstay of
care for chronic myeloid leukemia (CML) and may induce off-target B-
cell impairment [65]. However, almost all subjects on treatment with
TKI obtained seroconversion to SARS-CoV-2 vaccination in clinical ex-
periences (Table 3) [9,27,66,67]. Similarly, vaccination against Influ-
enza induced seroconversion in all CML patients investigated,
particularly after the second dose. However, cellular response appeared
reduced (29%) highlighting the potential immune effect of these drugs
[43]. Regarding Pneumococcus vaccine, humoral response was docu-
mented in 40% patients only, with a cellular immune response compa-
rable to healthy controls [65]. Finally, a limited experience in the
pediatric setting showed long-term seroconversion after Measles-
Mumps-Rosolia (MMR) and Varicella vaccines in only 25-50% of pa-
tients [68].

Regarding the JAK1/2 inhibitor ruxolitinib, used in myelofibrosis,
polycythemia vera (PV) and steroid-refractory graft-versus-host disease,
it has been reported to suppress NK and T-cell functions, and to reduce
the release of proinflammatory cytokines [69]. The reported serocon-
version rate to SARS-CoV-2 ranged from 16 to 80% after 2 doses of
mRNA-vaccine (Table 4). Antibody titers were significantly lower than
in non-ruxolitinib treated subjects, although improving with booster
doses [70-74]. Consistently, a reduced production of IL2 and IFN cy-
tokines after SARS-CoV-2 vaccine in ruxolitinib treated subjects was
reported [75].

Overall, seroconversion in TKI-treated CML patients appears het-
erogeneous, ranging from 40% after Pneumococcal to about 90- 100%
after Influenza and SARS-CoV-2 vaccines. With ruxolitinib, the rate of
seroconversion to SARS-CoV2-vaccines seems preserved, although with
a reduced quality. TKI discontinuation during vaccination seems not
necessary, and booster doses improve seroconversion.

5. Venetoclax and hypometilating agents (HMA)
Hypomethylating agents and the anti-BCL2 inhibitor venetoclax are

Table 3
Seroconversion in patients treated with TKI for CML.

Blood Reviews 60 (2023) 101077

increasingly used for acute myeloid leukemias and myelodysplastic
syndromes [76,77]. Similarly to BTKi, TKI and ruxolitinib, these agents
are administered continuously, and may induce immune disruption with
increased incidence of invasive fungal and bacterial infections [78].
Recently a seroconversion rate of about 90% was reported in AML/MDS
patients vaccinated for SARS-CoV2 and treated with HMA alone or in
combination with venetoclax (Table 5) [79,80]. Different results were
reported by our group [9] and in another experience [27], where ven-
etoclax plus HMA was accompanied by a seroconversion rate of only
33% versus 88% with HMA alone.

Venetoclax impaired response to vaccine even in chronic lympho-
cytic leukemia and mantle cell leukemia, with a pooled response to
SARS-CoV-2 vaccination of 26% in a recent meta-analysis
[21,26,33,35,54,81].

Altogether, HMA treated patients generally respond well to vaccines
but venetoclax association may dampen seroconversion. This favors the
administration of booster doses in these patients and may suggest the
use of additional prophylaxis strategies (i.e. anti-viral pre-emptive
therapies).

6. Anti-myeloma agents

Plasma cell dyscrasias are characterized by intrinsic immunosup-
pression, even in pre-malignant stage as monoclonal gammopathy of
unknow significance (MGUS) [82], and up to 10-fold and 7-fold
increased risk of viral and bacterial infectious has been estimated in
myeloma patients [83]. Regarding SARS-CoV-2 vaccines, multiple
myeloma (MM) patients displayed a reduced immune response
compared to the general population [84] (Table 6). One of the major
predictors of seroconversion was disease control (partial or complete
remission) at the time of vaccination [85-87]. Nevertheless, anti-CD38
moAbs were associated with lower seroconversion rate in comparison
to other anti-myeloma treatments (50% versus 92.9% respectively) in
several reports [74,87]. Similarly, treatment with the anti-BCMA
belantamab mafodotin was negatively associated with seroconversion,
despite the small number of patients [88]. Lower baseline immuno-
globulins, lymphocyte count, and treatment with steroids were identi-
fied as additional negative factors [27,84], as well as the number of
previous line therapies [9,87,89,90]. Booster doses were associated with
improving responses (Table 6) [91,92].

Heterogeneous responses were also observed with Influenza vacci-
nation, with seroconversion ranging from 31% to 65% [93,94], the
lowers observed during treatment with anti-CD38 MoAb (20%) [95,96].

Maintenance with lenalidomide after autologous transplant
hampered seroconversion after Poliovirus vaccine (26%), but not after

Reference Malignancy Vaccine type Number of Seroconversion Negative prognostic factors for seroconversion
type patients rate
De Lavallade H, Hematologica CML Influenza vaccine 32 90%
2011 [43]
De Lavallade H, Blood 2013 [65] CML Pneumococcal 45 40%
vaccine
Bettoni C, Front Immun 2020 [68] CML MMR vaccine 4 50%
Bettoni C, Front Immun 2020 [68] CML VZV vaccine 2 50%
Pimpinelli F, J Hematol Oncol 2021 CML SARS-CoV2 vaccine 20 100%
[74]
Hanngington P, BJH 2021 [66] CML SARS-CoV2 vaccine 16 87.5%
Haggenburg S, Blood Adv 2022 CML SARS-CoV2 vaccine 52 100% 1) Older age
[27]1 2) Low baseline IgG4 serum levels
3) Low baseline NK and B-cells counts
4) Use of rituximab, venetoclax and CD-19 directed
CAR-T cells
Rotterdam J, Ann Hematol 2022 CML SARS-CoV2 vaccine 66 98%
[67]
Fattizzo B, Front Imm, 2022 [9] CML SARS-CoV2 vaccine 48 99%

CML: Chronic myeloid leukemia; TKI: Tyrosine-kinase inhibitors; MMR: Mumps-measles-rosolia; VZV: Varicella zoster vaccine
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Table 4
Vaccine in MPN patients treated with Ruxolitinib.
Reference Agent Malignancy Vaccine type Number of Seroconversion Negative prognostic factors for
type patients rate seroconversion
Fiorino F, Biomedicines 2021 [71] Ruxolitinib MF SARS-CoV2 16 68%
vaccine
Guglielmelli P, Am J Hematol Ruxolitinib MPN SARS-CoV2 18 33%
2021 [70] vaccine
Pimpinelli F, J Hematol Oncol Ruxolitinib MPN SARS-CoV2 8 62.5%
2021 [74] vaccine
Caocci G, Ann Hematol 2022 [73] Ruxolitinib MF SARS-CoV2 10 60%
vaccine
Ikeda D, Front Med (Lausanne). Ruxolitinib MPN SARS-CoV2 20 80%
2022 [72] vaccine
Fattizzo B, Front Imm, 2022 [9] Ruxolitinib MPN SARS-CoV2 36 75%
vaccine
Harrington P, Blood Cancer Ruxolitinib MPN SARS-CoV2 12 50%
Journal 2022 [75] vaccine
Haggenburg S, Blood Adv 2022 Ruxolitinib MPN SARS-CoV2 38 49% 1) Older age
[27] vaccine 2) Low baseline 1gG4 serum levels
3) Low baseline NK and B-cells
counts
Rotterdam J, Ann Hematol 2022 Ruxolitinib+Fedratinib MPN SARS-CoV2 24 16%
[67] vaccine
MPN: Myeloproliferative neoplasms; MF: Myelofibrosis.
Table 5
Treatment for MDS and AML patients and vaccine response.
Reference Agent Malignancy Vaccine type Number of Seroconversion Negative prognostic factors for
type patients rate seroconversion
Roeker L, Leukemia. 2021 [26] Venetoclax CLL SARS-CoV2 7 0%
vaccine
Herishanu Y, Blood 2021 [33] Venetoclax CLL SARS-CoV2 22 13.6% 1) Age > 65 years
vaccine 2) Active treatment
3) Baseline IgG levels <550 mg/dL
4) Baseline IgM levels <40 mg/dL
5) Male sex
Benjamini O, Haematologica 2022 Venetoclax CLL SARS-CoV2 62 24% 1) Association with anti-CD20 moAbs
[21] vaccine
Diamantopoulos P, Ther Adv Venetoclax CLL SARS-CoV2 11 36%
Hematol 2022 [54] vaccine
Shen Y, Br J Haematol 2022 [35] Venetoclax CLL SARS-CoV2 4 25% 1) Lower baseline IgM serum levels
vaccine 2) Active therapy
Gagelmann, Haematologica 2022 Venetoclax B-NHL + CLL SARS-CoV2 155 26%
[81] vaccine
Haggenburg S, Blood Adv 2022 HMA MDS + AML SARS-CoV2 19 41% 1) Older age
[27]1 vaccine 2) Low baseline IgG4 serum levels
3) Low baseline NK and B-cells counts
4) Use of rituximab, venetoclax and CD-19
directed CAR-T cells
Candoni A, Blood Adv 2022 [79] HMA MDS + AML SARS-CoV2 24 94%
vaccine
Candoni A, Blood Adv 2022 [79] HMA + MDS + AML SARS-CoV2 22 88%
Venetoclax vaccine
Chan W, BJH 2022 [80] HMA MDS + AML SARS-CoV2 8 96%
vaccine
Chan W, BJH 2022 [80] HMA + MDS + AML SARS-CoV2 20 96%
Venetoclax vaccine
Fattizzo B, Front Imm 2022 [9] HMA MDS + AML SARS-CoV2 16 88%
vaccine
Fattizzo B, Front Imm 2022 [9] HMA + MDS + AML SARS-CoV2 12 33%
Venetoclax vaccine
MDS: Myelodysplastic syndrome; AML: Acute myeloid leukemia; HMA: Hypomethylating agents.
Pneumococcus, MMR or VZV vaccines [97]. Given the evidence of the proteasome inhibitors or immunomodulatory drugs.
immunogenicity and safety of adjuvanted recombinant VZV vaccine
[98], the European Myeloma Network recommends recombinant VZV 7. Complement inhibitors

vaccination over attenuated one [99].
Overall, MoAbs anti-CD38 and anti-BCMA seem to hamper sero-

Over the last decade complement inhibitors have become the stan-

conversion to vaccines in MM patients; booster doses and optimization dard of care in several complement-mediated hematological diseases,
of timing and schedules should be further investigated in this setting. including PNH, atypical hemolytic uremic syndrome (aHUS) and, more
Contrarily, good immune responses are obtained in those treated with recently, cold agglutinin disease (CAD). These drugs dampen the
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Table 6

Vaccine response in anti-myeloma agents.

Blood Reviews 60 (2023) 101077

Reference Agent Malignancy Vaccine type Number of Seroconversion Negative prognostic factors for
type patients rate seroconversion
Noonan K, Clin Cancer Rev. IMiDs Multiple Pneumococcus 17 NA 1) Active disease
2012 [92] myeloma vaccine
Branagan AR, Clin Lymphoma IMiDs Multiple Influenza vaccine 22 39-55% 1) Active disease
Myeloma Leuk. 2017 [94] myeloma 2) Suppression of uninvolved Ig
classes
3) Active treatment except for
IMiD
Palazzo M, Biol Blood Marrow Lenalidomide after Multiple H. Influenza vaccine 91 95%
Transplant. 2018 [97] ASCT myeloma
Palazzo M, Biol Blood Marrow Lenalidomide after Multiple Pneumococcus 91 52%
Transplant. 2018 [97] ASCT myeloma vaccine
Palazzo M, Biol Blood Marrow Lenalidomide after Multiple Poliovirus vaccine 91 26%
Transplant. 2018 [97] ASCT myeloma
Palazzo M, Biol Blood Marrow Lenalidomide after Multiple Tetanus toxoid 91 93%
Transplant. 2018 [97] ASCT myeloma
Palazzo M, Biol Blood Marrow Lenalidomide after Multiple Diphteria toxoid 91 70%
Transplant. 2018 [97] ASCT myeloma
Palazzo M, Biol Blood Marrow Lenalidomide after Multiple Pertussis vaccine 91 91%
Transplant. 2018 [97] ASCT myeloma
Palazzo M, Biol Blood Marrow Lenalidomide after Multiple HAV vaccine 91 55%
Transplant. 2018 [97] ASCT myeloma
Palazzo M, Biol Blood Marrow Lenalidomide after Multiple HBV vaccine 91 48%
Transplant. 2018 [97] ASCT myeloma
Greenberg RS, BMC Cancer 2021  IMiDs Multiple SARS-CoV2 vaccine 21 95%
[o1] myeloma
Terpos E, Blood Cancer J 2021 IMiDs-based regimens Multiple SARS-CoV2 vaccine 125 74% 1) Treatment with Belantamab
[88] myeloma mafodotin or anti-CD38 moAbs
2) Lymphopenia
Terpos E, Blood 2021 [86] IMiD-based regimens Multiple SARS-CoV2 vaccine 23 25%
myeloma
Bird S, Lancet Haematol 2021 IMiD-based regimens Multiple SARS-CoV2 vaccine 44 45% 1) Active disease
[90] myeloma 2) Immunoparesis
3) More previous lines of therapy
Bird S, Lancet Haematol 2021 IMiD-based regimens Multiple SARS-CoV2 vaccine 44 45% 1) Active disease
[90] myeloma 2) Immunoparesis
3) More previous lines of therapy
Pimpinelli F, J Hematol Oncol IMiDs-based regimen Multiple SARS-CoV2 vaccine 19 92.9%
2021 [74] myeloma
Pettine L, Hematol Oncol 2022 IMiDs-based regimens Multiple SARS-CoV2 vaccine 88 85% 1) Active disease
[871 myeloma 2) Older age
3) >2 prior therapy lines
Marasco V, BJH 2022 [25] IMiDs Multiple SARS-CoV2 vaccine 26 84.6%
myeloma
Haggenburg S, Blood Adv 2022 IMiDs Multiple SARS-CoV2 vaccine 55 77% 1) Older age
[27] myeloma 2) Low baseline 1gG4 serum levels
3) Low baseline NK and B-cells
counts
4) Use of rituximab, venetoclax
and CD-19 directed CAR-T cells
Rosati M, Cancers 2022 [96] IMiD+PI Multiple SARS-CoV2 vaccine 20 95%
myeloma booster
Branagan AR, Clin Lymphoma Proteasome inhibitor Multiple Influenza vaccine 16 39-55% 1) Active disease
Myeloma Leuk. 2017 [94] myeloma 2) Suppression of uninvolved Ig
classes
3) Active treatment except fot IMiD
Terpos E, Blood Cancer J 2021 Pl-based regimens Multiple SARS-CoV2 vaccine 67 62% 1) Treatment with Belantamab
[88] myeloma mafodotin or anti-CD38 moAbs
2) Lymphopenia
Pimpinelli F, J Hematol Oncol PI-based regimens Multiple SARS-CoV2 vaccine 9 92.9%
2021 [74] myeloma
Greenberg RS, BMC Cancer 2021  Proteasome inhibitors Multiple SARS-CoV2 vaccine 4 75%
[o1] myeloma
Terpos E, Blood 2021 [86] Pl-based regimens Multiple SARS-CoV2 vaccine 11 25%
myeloma
Bird S, Lancet Haematol 2021 Pl-based regimens Multiple SARS-CoV2 vaccine 18 56% 1) Active disease
[90] myeloma 2) Immunoparesis
3) More previous lines of therapy
Pettine L, Hematol Oncol 2022 PI-based regimens Multiple SARS-CoV2 vaccine 22 95% 1) Active disease
[87] myeloma 2) Older age
3) >2 prior therapy lines
Frerichs KA, Haematologica Daratumumab Multiple Pneumococcus 17 68.8%
2020 [95] myeloma vaccine

(continued on next page)
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Table 6 (continued)
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Reference Agent Malignancy Vaccine type Number of Seroconversion Negative prognostic factors for
type patients rate seroconversion
Frerichs KA, Haematologica Daratumumab Multiple H. influenzae 17 66.7%
2020 [95] myeloma vaccine
Frerichs KA, Haematologica Daratumumab Multiple Influenza vaccine 13 17-25%
2020 [95] myeloma
Greenberg RS, BMC Cancer 2021 ~ Daratumumab Multiple SARS-CoV2 vaccine 7 100%
[91] myeloma
Terpos E, Blood Cancer J 2021 Anti-CD38 moAbs- Multiple SARS-CoV2 vaccine 55 55% 1) Treatment with Belantamab
[88] based regimens myeloma mafodotin or anti-CD38 moAbs
2) Lymphopenia
Pimpinelli F, J Hematol Oncol Anti-CD38 moAbs- Multiple SARS-CoV2 vaccine 14 50%
2021 [74] based regimens myeloma
Terpos E, Blood 2021 [86] Anti-CD38 moAbs- Multiple SARS-CoV2 vaccine 8 25%
based regimens myeloma
Bird S, Lancet Haematol 2021 Anti-CD38 moAbs- Multiple SARS-CoV2 vaccine 12 52% 1) Active disease
[90] based regimens myeloma 2) Immunoparesis
3) More previous lines of therapy
Rosati M, Cancers 2022 [96] Anti-CD38 moAbs- Multiple SARS-CoV2 vaccine 17 50%
based regimens myeloma booster
Pettine L, Hematol Oncol 2022 Anti-CD38 moAbs- Multiple SARS-CoV2 vaccine 26 80% 1) Active disease
[87] based regimens myeloma 2) Older age
3) >2 prior therapy lines
Marasco V, BJH 2022 [25] Anti-CD38 moAbs Multiple SARS-CoV2 vaccine 10 100%
myeloma
Haggenburg S, Blood Adv 2022 Daratumumab Multiple SARS-CoV2 vaccine 52 69% 1) Older age
[27] myeloma 2) Low baseline 1gG4 serum levels
3) Low baseline NK and B-cells
counts
4) Use of rituximab, venetoclax
and CD-19 directed CAR-T cells
Greenberg RS, BMC Cancer 2021 Teclistamab Multiple SARS-CoV2 vaccine 1 0%
[91] myeloma
Terpos E, Blood Cancer J 2021 Belantamab mafodotin- Multiple SARS-CoV2 vaccine 11 36% 1) Treatment with Belantamab
[88] based regimens myeloma mafodotin or anti-CD38 moAbs
2) Lymphopenia
Terpos E, Blood 2021 [86] Belantamab mafodotin Multiple SARS-CoV2 vaccine 2 25%
myeloma
Rosati M, Cancers 2022 [96] Anti-BCMA therapy Multiple SARS-CoV2 vaccine 3 10-30%
myeloma booster
Pettine L, Hematol Oncol 2022 Belantamab mafodotin Multiple SARS-CoV2 vaccine 1 0% 1) Active disease
[871 myeloma 2) Older age

3) >2 prior therapy lines

PI: Proteasome inhibitor; IMiDs: Immunomodulatory drugs; ASCT: Autologous stem cells transplantation; HAV: Hepatitis A virus; HBV: Hepatitis B virus.

protection against capsulated bacteria such Neisseria meningitidis, Hae-
mophilus influenzae and Pneumococcus (Table 7). An overall rate of 0,25
meningococcal infections per 100 patients per years was reported with
the anti-C5 eculizumab, with a total of 8 fatal cases [100]. Therefore, all

Table 7

Vaccine response with anti-complement inhibitors.

patients should receive quadrivalent meningococcal serogroup A, C, W,
Y conjugate vaccine and serogroup B vaccine before anti-C5 therapy,
extended to anti-Haemophilus and Pneumococcus in case of proximal
inhibitors use [101]. Regarding the efficacy of SARS-CoV2 vaccination,

Reference Agent Malignancy Vaccine type Number of Seroconversion Negative prognostic factors
type patients rate for seroconversion

Struijk GH, Am J Transplant 2013 Eculizumab PNH MenACWY vaccine 1 0%

[109]
Cullinan N, Pediatrics 2015 [111] Eculizumab PNH MenACWY vaccine 1 0%
McNamara LA, MMWR Morb Eculizumab PNH MenACWY vaccine 14 0%

Mortal Wkly Rep. 2017 [108]
Parikh SR, Pediatrics 2017 [110] Eculizumab PNH MenACWY and 4CMenB 1 0%

vaccine

Alashkar F, Ann Hematol 2017 Eculizumab PNH MenACWY vaccine 23 48-87%

[107]
Yu ZY, J Microbiol Immunol Infect. Ravulizumab PNH MenACWY vaccine 1 0%

2020[112]
Gackler A, Nephrol Dial Eculizumab PNH Meningococcal 25 20%

Transplant. 2020 [115] conjugate vaccine
Pike A, Lancet Haemat 2022 [102] Complement PNH SARS-CoV2 vaccine 74 63%

inhibitor therapy

Pike A, Lancet Haemat 2022 [102] Complement PNH + SAA SARS-CoV2 vaccine 47 68%

inhibitor therapy

PNH: Paroxysmal nocturnal hemoglobinuria; SAA: Severe aplastic anemia; MenACWY vaccine: Vaccine against meningococcus strain A, C,W,Y; 4CMenB: Multicom-
ponent meningococcal serogroup B vaccine.



B. Fattizzo et al.

seroconversion rate was 60% after the first dose, and nearly 100% after a
second dose [102] in a large experience (Table 8). Even in the experi-
ence of an Italian reference center, PNH and CAD patients under com-
plement inhibitors showed excellent rates of seroconversion [36]. The
major warning in this setting is that of boosting complement activity
thus inducing breakthrough hemolytic flares (BTH). BTH was reported
in about 3% of PNH patients after SARS-CoV-2 vaccines [103-105] and
in about 10% of CAD [106], managed conservatively in most cases.

Concerning other vaccines, Meningococcal vaccinations induced up
to 87% seroconversion rate in patients on eculizumab [107]. Impor-
tantly, meningococcal infections may occur despite vaccination
[108-112]; accordingly decreased meningococci killing was docu-
mented in blood samples of healthy individuals exposed to eculizumab
or complement factor D inhibitor [113,114].

To further complicate the picture, aHUS and CAD also receive other
immunosuppressive treatments that may hamper seroconversion after
Meningococcus vaccination. In aHUS, a full immune response was ob-
tained in 20% of cases only, and 52% developed protective antibody
titers against at least one of the three serogroups [115].

Overall, SARS-CoV-2 vaccines appear protective in patients treated
with complement inhibitors. Monitoring of blood counts and hemolytic
markers in the first days after vaccines is recommended, since the acti-
vation of the classical complement pathway may lead to BTH. Admin-
istration of vaccines in the days immediately following the
administration of complement inhibitors may reduce the phenomenon.

8. Cyclosporine, anti-thymocyte globulin, and eltrombopag
(Table 8)

Among autoimmune cytopenias, aplastic anemia is affected by high
frequency of infections (due to disease itself and immunosuppressive
treatment (IST). Data on safety and immunogenicity of vaccination
during IST mainly regard SARS-CoV-2 vaccines. In a recent report, IST
with cyclosporine (CsA) or tacrolimus did not impact on seroconversion
after SARS-CoV-2 vaccination, and all the patients developed protective
titers (Table 8) [102]. The exposure to ATG was not associated with a
reduced humoral response, although median time to ATG administra-
tion was >12 months [102,116]. Similarly, in an Italian experience [36]
all CsA treated patients seroconverted, despite showing lower anti-Spike
IgG titers, further reduced in case of steroids association.

It should be mentioned that some cases of aplastic anemia occurring
after SARS-CoV2 vaccination have been described [117-119]. Finally,
the thrombopoietin receptor agonist eltrombopag used in patients with
aplastic anemia and immune thrombocytopenia had no impact on
seroconversion [9,36]. Similarly, in myelodysplastic syndromes, the
activin inhibitor luspatercept did not hamper seroconversion in the
Italian experience [36,120].

Overall, CsA and ATG seem to allow safe and effective vaccinations,
although T-cell response has not been extensively studies and may be
likely hampered. Reducing and, if possible, eliminating steroids, and
allowing the longest interval from ATG infusion to vaccination might be
beneficial.

Table 8
Vaccine response with anti-thymocyte globulin (ATG) and ciclosporine (CsA).
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9. Chimeric antigen T-cells (CAR-T)

Chimeric antigen T-cells (CAR-T) represent a new frontier for the
treatment of lymphoid neoplasms and multiple myeloma. This treat-
ment strategy induces prolonged B-cell lymphopenia that may account
for lower seroconversion to vaccines. Table 9 recapitulates available
data on seroconversion to vaccines in CAR-T cells recipients: most data
regard SARS-CoV-2 and show a reduced pooled humoral response rate of
about 30% that did not significantly improve after booster doses. Whilst
after autologous and allogenic stem cell transplants booster doses and
allowing time from transplant did improve seroconversion, this was not
the case of CAR-T [27]. A small prospective study demonstrated that 3/5
(60%) patients vaccinated pre-CAR-T maintained anti-spike antibodies
at day 30 post-CAR T-cell therapy, suggesting a potential role for
vaccination prior to CAR T-cell therapy [121]. A significant lower hu-
moral response occurred in recipients of CD19-directed CAR-T versus
BCMA- or CD138-directed CAR-T therapy recipients that reached about
70% in multiple myeloma patients. This may be related to the different
lymphodepleting potential as well as to a deeper immune derangement
in B-cell lymphomas versus multiple myeloma patients [122]. This was
also highlighted by the longest minimal interval after autologous he-
matopoietic cell transplantation to reach adequate seroconversion in
lymphomas versus myeloma patients (8 versus <2 months). Impor-
tantly, various groups demonstrated that CAR-T recipients demonstrate
normal or heightened functional T-cell responses (>80% across all
studies), including antiviral T-cell activity against SARS-CoV-2 variants
including Omicron [123]. Finally, low rates of seroconversion were re-
ported for Pneumococcus and Influenza vaccines in CAR-T-cell re-
cipients. However, some responses were observed even in case of
lymphopenia or hypogammaglobulinemia, supporting the consideration
for vaccination before and after CAR-T-cell therapy for influenza and
other relevant pathogens such as SARS-CoV-2, irrespective of hypo-
gammaglobulinemia or B cell aplasia [124,125].

Very limited data were found regarding bispecific T-cell engaging
(BiTE) monoclonal antibodies and response to SARS-CoV-2: Abid et al.
reported an encouraging seroconversion rate of 67% among 9 BiTE re-
cipients, with a detrimental effect of concomitant corticosteroid usage
and no differences regarding vaccine type [126].

Collectively, these data reinforce the importance of COVID-19
vaccination following CD19 CAR T-cell therapy, despite long-term B-
cell aplasia.

10. Conclusions

Novel agents significantly improved outcomes of hematological
diseases but may impair immune response to pathogens as well as to
several vaccinations including anti-SARS-CoV-2, Influenza, Measles-
Mumps-Rosolia, Varicella, Pneumococcus, and Meningococcus. If
possible, vaccinations should be administered prior to therapy since B-
cell memory appears to persist beyond treatment. However, the need of
urgent treatment or ongoing continuous therapies (anti-CD38 and anti-
BCMA MoAbs, BTKi, TKI, HMA, venetoclax, etc.) may prevent this
strategy. In lymphomas and autoimmune cytopenias, the time from the

Reference Agent Malignancy Vaccine type Number of Seroconversion Negative prognostic factors for
type patients rate seroconversion
Pike A, Lancet Haemat 2022 ATG Aplastic SARS-CoV2 60 100%
[102] Anemia vaccine
Pike A, Lancet Haemat 2022 CsA/ Aplastic SARS-CoV2 39 100%
[102] Tacrolimus Anemia vaccine
Fattizzo B, Sci Rep 2022 [36] CsA Aplastic SARS-CoV2 19 100% 1) Association with steroids
Anemia vaccine
Walter J, Eur J Haemat 2022 CsA + ATG Aplastic SARS-CoV2 16 100%

[116] Anemia vaccine
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Table 9
Vaccine response with chimeric antigen receptor T cells (CAR-T).
Reference Malignancy Vaccine type Number Seroconversion
type of rate
patients
Ram R, Lymphoma SARS-CoV-2 14 36%
Transplant vaccine
Cell Ther
2021 [127]
Bergman P, Lymphoma SARS-CoV-2 3 0%
BioMedicine vaccine
2021 [128]
Fox TA, BrJ Lymphoma SARS-CoV-2 9 22%
Haematol vaccine
2021 [129]
Tamari R, Not reported SARS-CoV-2 7 29%
Blood Cancer vaccine
Discov 2021
[130]
Van Oekelen O, Myeloma SARS-CoV-2 19 79%
Cancer Cell vaccine
2021 [131]
Reimann H, Lymphoma SARS-CoV2 15 13%
Blood Adv vaccine
2022 [132]
Gossi S, Lymphoma/ SARS-CoV2 46 39-43%
Cancers 2022 acute vaccine
[133] leukemia
WuX,J Lymphoma/ SARS-CoV2 174 36%
Hematol Leukemia vaccine (pooled
Oncol 2022 analysis)
[134]
Jarisch A, Leukemia SARS-CoV-2 8 12.5%
Transplant vaccine
Cell Ther
2022 [135]
Abid MB, Myeloma/ SARS-CoV-2 10 40%
Cancer Cell Lymphoma vaccine
2022 [126]
RamR, Lymphoma SARS-CoV-2 6 17%
Transplant vaccine
Cell Ther
2022 [136]
Dahiya S, Blood  Lymphoma SARS-CoV-2 14 7%
Adv 2022 vaccine
[137]
Greenberger Lymphoma/ SARS-CoV-2 12 14-80%
LM, Blood Myeloma vaccine
Cancer
Discov 2022
[138]
Gastinne T,BrJ  Lymphoma/ SARS-CoV-2 23 30%
Haematol Leukemia vaccine
2022 [139]
Haggenburg S, Lymphoma/ SARS-CoV-2 44 11%
Blood Adv Leukemia vaccine
2022 [27]
Parvathaneni Lymphoma/ SARS-CoV-2 12 42%
K, Jama Leukemia vaccine
Oncol 2022
[140]
Aleissa MM, Lymphoma/ SARS-CoV-2 50 64%
Transplant Myeloma vaccine
Cell Ther
2023 [141]
Pinana JL, BMT Lymphoma/ SARS-CoV2 22 59-62%
2023[142] leukemia vaccine
Wirth SRM, Lymphoma SARS-CoV2 12 33-66%
Cancers 2023 vaccine
[143]
Walti CS, J Lymphoma/ Influenza 18 31-40%
Immunother Myeloma vaccine
Cancer 2021
[124]
Lee D, Lymphoma Pneumococcus 76 25%
Transplant vaccine
Cell Ther
2022 [125]
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last anti-CD20 MoADb to vaccine administration significantly impacts
vaccine responses, suggesting allowing at least 6 months from the last
MoAb dose. Other predictors include hypogammaglobulinemia and
lymphopenia as possible consequence of disease itself or previous
treatments, and active disease in MM patients. Small molecules such as
BTKi, ruxolitinib, and venetoclax, may impact negatively on serocon-
version, unlike TKI and hypomethylating agents, but discontinuation
during vaccination is not advised. In fact, booster doses may improve
seroconversion, and additional preventive measures such as anti-Spike
protein MoAbs may be considered. Complement inhibitors and aplas-
tic anemia treatments do not hamper immune responses. However, in
the setting of complement mediated disorders, hemolytic reactivations
after vaccines should be taken into account (as reported for SARS-CoV-2
vaccines and anti-Meningococcus B in PNH and CAD) and properly
monitored. Finally, anti-CD19 CAR-T cells recipients also showed very
limited seroconversion after SARS-CoV-2, Pneumococcus, and Influenza
vaccines, but high cellular responses irrespective of lymphopenia or
hypogammaglobulinemia, suggesting to pursue vaccination even in this
setting.

As illustrated in Fig. 1, different rates of immune response were
documented depending on the different drugs and disease-related fea-
tures. Nevertheless, vaccinations remain the mainstay of primary pro-
phylaxis against SARS-CoV-2 and other agents in hematologic patients.
No significant differences regarding SARS-CoV-2 vaccine types (mainly
including mRNA-based ones) emerged from available literature. The
proper timing of administration and booster doses may aid to optimize
the rate of seroconversion. The evolving epidemiology with high het-
erogeneity in SARS-CoV-2 variants, regional contagions and vaccination
campaigns preclude definite conclusions regarding vaccine efficacy in
reducing contagions in specific therapeutic settings. However, overall
data indicate a reduction in morbidity and mortality after SARS-CoV-2
vaccination, with breakthrough infections being generally less severe.

11. Future considerations

The next step would be to personalize vaccination campaigns on
patient’ disease, comorbidities, and therapies. This has been only partly
done during anti-SARS-CoV-2 vaccination venture, where “frail” pa-
tients included heterogenous subject groups, with different ages, dis-
eases, and treatments. The difference in vaccines type and
immunogenicity further complicates the picture.

A further open issue is how to evaluate vaccine response (i.e., hu-
moral versus cellular and with what cut-offs?). The standardization of
the binding antibody units (BAU) levels indicative of effective neutral-
izing antibodies is an example of international effort but should be
pursued with well-designed prospective studies even for other
commonly administered vaccines (i.e. Influenza, Hepatitis, capsulated
bacteria, etc.). This is also true for cellular response, that might be
systematically studied and generated through simplified and wide
available techniques as for interferon release tests, similarly to what has
been done for quantiferon in tubercolosis. Finally, an effort should be
done to include clinical endpoints, such as the number and severity of
breakthrough infections after vaccination in this patient population.

Given the high heterogeneity emerged and the deepening knowledge
built on anti-SARS-CoV-2 vaccines, the decision on “who and when” to
vaccinate against a certain agent will be likely addressed in a precision
medicine fashion. Moreover, the timing of assessment, the type of
response (humoral versus cellular) and the method used need harmo-
nization among different countries and clinical settings. This will require
prospective and systematic studies, accounting for patients and diseases
subgroups, with a global effort from the scientific/clinical community,
the companies, and the regulatory agencies. Indeed, the unprecedent
number of clinical trials of drugs and vaccines run in a short period of
time represents the answer to the enormous lives loss of SARS-CoV-2
pandemics and will likely boost the rate of discoveries in the field of
vaccinations and infectious protection.
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12. Practice points

e The rate of seroconversion after vaccines in hematologic patients on
treatment with biologic drugs is lower than the general population.

e Worse humoral responses are observed in patients with lympho-
proliferative diseases, in those treated with anti-B-cell MoAbs, and in
those with hypogammaglobulinemia and lymphopenia.

e To improve the rate of seroconversion, allowing at least 6 months
from anti-B-cell MoAbs or vaccination before treatment are advised.

e Small molecules including BTKi, ruxolitinib, and venetoclax, as well
as HMAs reduce the rate of seroconversion but treatment should not
be stopped before vaccination.

e In complement mediated conditions vaccinations may trigger disease
reactivation, suggesting monitoring of disease activity in the
following days and/or vaccinating just after treatment.

e Vaccinations remain a pivotal prevention strategy in hematologic
patients, and booster doses generally improve efficacy and are
advised.

13. Research agenda

e Prediction of seroconversion rate by clinical/laboratory scores.

e Clinical value of prospective-systematic studies of vaccination in
disease/treatment subgroups.

o Relationship between modifiable risk factors (timing of therapy, Ig
levels, blood counts, etc.) and the rate of seroconversion.

e Harmonization of method of assessment and timing among different
countries and clinical settings.

e Understanding of the clinical significance of cellular response to
vaccines.

10
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Fig. 1. Response to vaccines with different
targeting hematologic drugs.
Targeting hematologic drugs may hamper

PNH and CAD the different subsets (complement, cellular,
* Excellent response to .
i and humoral) of the immune system.
vaccines; . . .
. ’ Response rates are maximal in patients
* Risk of disease
exacerbations.

those with paroxysmal nocturnal hemoglo-

* Vaccinate close to last binuria, PNH, and cold agglutinin disease,

]
i
i
i
i
i
:
i
! treated with complement inhibitors (i.e.
i
:
. . ) H
infusion and monitor !
i
:
i

h vsi CAD). Responses to vaccines may be
______e_rf‘_o_}’_sfs_ ______________ reduced in patients with aplastic anemia
---------------------------- (AA) treated with anti-thymocyte globulin

AA

(ATG) within the last 12 months. For PNH,
CAD and AA, disease flare after vaccinations

* Low quality of i
i should be monitored. Vaccine efficacy is

response within 12m
from ATG

* Risk of disease
exacerbations.

mildly reduced in patients treated with
tyrosine kinase inhibitors (TKI), including
ruxolitinib (ruxo) for myeloproliferative
neoplasms (MPN), or with hypomethylating
agents (HMA), particularly in association
with venetoclax for myelodysplastic syn-
dromes (MDS) and acute myeloid leukemia
(AML). Response to vaccines is severely
impaired in patients receiving anti-B-cell
therapies including Bruton TKi (BTKi) and
monoclonal antibodies (MoABs) anti-CD20
for lymphoproliferative disorders (LPD),
E MoAbs anti-CD38 and anti B-cell maturation
i antigen (BCMA) for multiple myeloma
i (MM), bi-specific T-cell engaging MoAbs
E (BITESs), and chimeric antigen T-cells (CAR-
i T) in LPD and MM. Immunomodulating

MPN/MDS/AML

* Low quality of
response with ruxo
and venetoclax
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* Low rate and quality of
response with MoAbs,
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prior to start
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agents (IMIDs) and proteasome inhibitors
(Proseasome-i) for MM do not seem to
hamper response to vaccines. MAC mem-
brane attack complex; APC antigen pre-
senting cell.

e Pharmacological research to further improve vaccination strategies
and for infectious protection in poor responders.
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