
the integrity of the data and the accuracy of the data

analysis.
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To date, studies on anti-severe acute respiratory syndrome

coronavirus-2 (SARS-CoV-2) vaccine efficacy in blood can-

cers show that different responses may be observed according

to the haematological malignancy diagnosis, stage of disease

and ongoing treatment. Immune responses are often lower

compared to healthy controls, second doses appear to be cru-

cial, and most of the evidence rely on tests of neutralising

antibody response, not the full range of immune response or

clinical outcomes.1–10 We do not know how long immunity

lasts in such patients, and there is uncertainty about the

most reliable serological tests and cut-off values by which to

identify the responders and track the putatively neutralising

antibodies’ titres.

To address some of these questions, we prospectively anal-

ysed the anti-SARS-CoV-2 spike (S) protein immunoglobulin

G (IgG) titres over multiple time-points (TPs), and moni-

tored clinical outcomes [asymptomatic infections and coron-

avirus disease 2019 (COVID-19)], after two doses of 30 µg
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n = 20; myeloproliferative neoplasms (MPN), n = 42; multi-

ple myeloma (MM), n = 50; and B-cell non-Hodgkin lym-

phoma (B-NHL), n = 70] enrolled in an observational

monocentric study. At vaccination, patients with CML, MPN

and MM were on active treatment, while patients with

B-NHL were on active therapy or within 6 months from the

end of such therapy, all negative for a previous SARS-CoV-2

infection. The present report is the first one focussing on 12-

week serological kinetics in different blood cancers. The pre-

sent study was controlled by a cohort of 36 subjects aged

>80 years without cancer and approved by the Istituto di

Ricovero e Cura a Carattere Scientifico (IRCCS) Central Eth-

ical Committee of Regione Lazio in January 2021 (Prot.

N-1463/21). Anti-S IgG titres were measured before the first

dose (TP0), after 3 weeks on the occasion of the second dose

(TP1), and after 5 (TP2) and 12 weeks (TP3) from the first

dose by a chemiluminescent immunoassay (Diasorin, Salug-

gia, Italy).11 At TP3, neutralising antibodies were also evalu-

ated by angiotensin-converting enzyme 2 (ACE2)-receptor

binding domain (RBD) neutralisation assay (Dia.pro, Milan,

Italy).12 Nasopharyngeal swabs for real-time polymerase

chain reaction testing (Anatolia geneworks, Istanbul, Tur-

key)13 were taken at TP0, TP1, and in all the cases of clinical

suspicion of COVID-19 or hospital access.

The 182 patients and 36 controls characteristics and

immunogenicity data at TP2 have already been published for

the MM, CML and MPN subsets7,8 and are unpublished for

B-NHL. Among the patients with B-NHL the median age

was 68 years, with a slight prevalence of indolent lymphomas

and patients on induction or maintenance systemic therapy.

Based on the prediction of serological response to BNT162b2

at TP2, cohorts of MM, MPN and B-NHL were split

Fig 1. (A) Geometric mean concentrations (GMCs) of anti-severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) spike protein

immunoglobulin G (IgG; au/ml) according to seven different cohorts of haematological malignancy patients + control cohort at basal (TP0) and

at 3 (TP1), 5 (TP2) and 12 (TP3) weeks after BNT162b2 vaccination (first dose at TP0 and second at TP1). GMC values are reported as points at

each TP. (B) Summary distribution of the anti-SARS-CoV-2- spike protein IgG levels at TP3 according to seven different cohorts of blood cancer

patients + control cohort. Antibody concentrations measured in artificial units per ml (au/ml) in the ordinate axis are depicted on a log-10 scale

to better capture the full range. Values of each sample are shown in dark grey; the red square corresponds to the geometric mean of each cohort

and the red whiskers correspond to the relative 95% confidence interval (CI); in purple the relative boxplot of each cohort, with median and 25th

and 75th percentiles. In the fourth cohort the inter-individual variability is related to vaccination timing, with antibody levels progressively higher

as vaccination moves away from the last administration of anti-CD20 monoclonal antibody (moAb) starting from 3 months onwards. (C) Corre-

lation between neutralising antibodies (Dia.pro�) and anti-SARS-CoV-2 Spike IgG titres (Diasorin�) at TP3 in the whole population. Each value

is log-10 scaled. Correlation analysis is carried out with ‘Spearman’ method and the relative ‘rho’ coefficient is equal to 0�85. A two-sided statisti-

cal test was performed. The dashed line represents the linear regression and the relative CI. CML (chronic myeloid leukaemia) on TKIs (tyrosine

kinase inhibitors) (first cohort); PV (polycythaemia vera)-ET (essential thrombocythaemia) on active therapy grouped together (second cohort);

MM (multiple myeloma) on PI (proteasome inhibitors) and/or IMiDs (immunomodulatory imide drugs) without anti-CD38 moAb (third

cohort); B-NHL (B-cell non-Hodgkin lymphoma) with TI (time interval) > 3 months since last anti-CD20 administration (fourth cohort); MF

(myelofibrosis) on active therapy (fifth cohort); MM on anti-CD38 moAb (sixth cohort); B-NHL with TI <3 months since last anti-CD20 admin-

istration (seventh cohort); control cohort (aged >80 years with no cancer). [Colour figure can be viewed at wileyonlinelibrary.com]
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according to treatment with or without an anti-cluster of dif-

ferentiation (CD)38 monoclonal antibody (moAb), diagnosis

of myelofibrosis (MF) or polycythaemia vera (PV)/essential

thrombocythaemia (ET), and time interval (TI) since last

anti-CD20 moAb administration to vaccination within or

beyond 3 months respectively. In this way, seven different

cohorts were identified (Table I; Fig 1A), the first four

responsive, the last three weakly responsive or not responsive

at all to vaccination: CML on tyrosine kinase inhibitors (first

cohort, n = 20), PV and ET on active therapy grouped

together (second cohort, n = 32), MM on proteasome inhibi-

tors and/or immunomodulatory imide drugs without anti-

CD38 moAb (third cohort, n = 32), B-NHL with TI

>3 months since last anti-CD20 administration (fourth

cohort, n = 19), MF on active therapy (fifth cohort, n = 10),

MM on anti-CD38 moAb (sixth cohort, n = 18), B-NHL

with TI <3 months since last anti-CD20 administration (sev-

enth cohort, n = 51).

Focussing on TP3, two cohorts’ clusters may be observed

(Table I; Fig 1A,B). The first cluster is represented by still

largely serologically immunocompetent patients from the first

four cohorts, in which the antibody decay kinetics varies by

magnitude among the cohorts determining, regardless of the

zenith reached, their close grouping alongside the control

cohort, with an average loss of around 50–65% in terms of

geometric mean concentrations (GMCs) of anti-S antibodies

and putative seroprotection rates ranging from 50% to 85%.

The second cluster is represented by heavily immunocom-

promised patients from the last three cohorts, who display

flat kinetics, with seroprotection rates of around 0–10% at

12 weeks. Booster vaccinations will likely be required based

on kinetics, although the most appropriate timing remains

currently unknown and probably different depending on the

membership in one or the other cluster. Longitudinal assess-

ments of the two mRNA vaccines with and without prior

SARS-CoV-2 infection using quantitative enzyme-linked

immunosorbent assay (ELISA) of anti-RBD antibodies in the

general population demonstrate that the titres wane with

kinetics very similar to that seen after mild natural infection,

resulting in an average of � 90% loss within 90 days.14 The

discrepancy between these results and ours at 3 months

could be related to the different assays used.

The titres of anti-S IgG and neutralising antibodies were

significantly correlated in the whole study population (Spear-

man’ rho = 0�85, P < 0�001; Fig 1C), with protection rates

calculated at the cut-off value ≥80 artificial units/ml (au/ml)

for the anti-SARS-CoV-2 S1/S2 IgG assay (DiaSorin) and at

the ratio Co/S >10 for the ACE2-RBD neutralising assay

(Dia.pro) rather superimposable (Table I). This reproducibil-

ity of results between the two assays we used appears com-

forting for the purposes of the widest possible serological

monitoring of these patients. The choice of the reference cut-

off appears fundamental to discriminate patients hypotheti-

cally protected by adequate levels of putatively neutralising

antibodies.

An asymptomatic SARS-CoV-2 infection was documented

in two patients belonging to the third and seventh cohort when

nasopharyngeal swabs were taken as surveillance before their

hospital access on 9 July 2021. Genomes were analysed by

next-generation sequencing with the Illumina COVIDSeq Test

on a Nextseq 500, Illumina Inc.�15 (San Diego, CA, USA). The

lineage assigned by the Phylogenetic Assignment of Named

Global Outbreak Lineages (PANGOLIN) web-based software

was B.1.617.2 in both cases, with genome coverage of 92�48%
and 91�42% respectively (Global Initiative on Sharing All

Influenza Dataset ID: EPI_ISL_2983378 and EPI_ISL_

2983377). No cases of COVID-19 were reported. To date, the

contagion has remained low despite the wide viral circulation

due to the Delta variant. It would be important to correlate the

humoral immunity data with those of cellular immunity, in

order to verify whether also serologically unresponsive patients

develop an efficient post-vaccine adaptive immunity.
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