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Dissociated humoral and cellular immune responses 
after a three-dose schema of BNT162b2 vaccine in 
patients receiving anti-CD20 monoclonal antibody 
maintenance treatment for B-cell lymphomas 

 
The anti-CD20 monoclonal antibodies rituximab (R) 

and obinutuzumab (O) are used as maintenance therapy 
every two months for two-three years in patients with 
follicular lymphoma (FL) and mantle cell lymphoma 
(MCL). This strategy improves event-free survival (EFS) 
and/or overall survival (OS) after immunochemotherapy 
in responding patients.1-3 Severe forms of COVID-19 
with prolonged carriage of the virus in patients on R 
maintenance have been reported due to a significant 
alteration of humoral immunity in this context.4,5 
Therefore, during the COVID-19 epidemic, clinicians are 
faced with the question of whether to discontinue main-
tenance therapy or not. The Pfizer/BioNTech RNA vac-
cine BNT162b2 (Comirnaty®) has shown efficacy and 
safety data in all age groups and against several variants. 6,7 
The specificities of mRNA vaccines also suggest that they 
may induce a better T lymphocyte response.8  

The aim of our study was to evaluate the post-vaccina-
tion humoral and T cell response based on the serological 
data and enumeration of interferon gamma (IFNγ)-pro-
ducing T cells in response to SARS-COV-2 specific anti-
gens (Elispot assay) in a group of patients with a long-
term anti-CD20 antibody lymphoma treatment.  

Patients with lymphoma receiving or initiating their 
maintenance therapy by anti-CD20 antibodies (R or O) 
and treated in a single center - Centre Henri Becquerel, 
France - were selected. The study protocol was approved 
by the local and national ethics committees (Internal 
Review board N° 2106B and Comité de Protection des 
Personnes, Ile de France IV, registered as number 
NCT04918940 at clinical.trial.gov) and written informed 
consent was obtained. Serologies and Elispot assays were 
repeated between D21-D28 after the first vaccination 
(V1), one month after the second vaccination (V2) and 1 
month after the third vaccination (V3).  

Twenty patients were enrolled in this study: 16 FL 
(80%); 3 MCL (15%); 1 Marginal Zone Lymphoma (5%) 
between 21 May 2021 and 1 July 2021. They received 
three doses of BNT162b2 vaccine after the initial phase 
of immunochemotherapy, in a steady state regarding 
lymphoma status (Table 1), during the maintenance 
phase. Ten patients were treated with R and ten with O. 
It should be noted that, in order to vaccinate patients as 
quickly as possible, the vaccine injections were carried 
out without any time interval rules with respect to the 
anti-CD20 antibody injections. The median number of R 
or O infusions received during the maintenance phase at 
the time of the first vaccination was four infusions (range 
0-15, Table 1). The B-cell depletion was profound for all 
patients with no detectable CD19+/CD20+ cells.  T-cell 
counts also indicated a low rate of both CD4+ and CD8+ 
T cells in 12/17 (70%) and 9/17 (53%) cases, respectively. 
Conversely, NK CD56+CD16+ cells were in the normal 
range in 16/17 (94%) cases (Table 2). With a median fol-
low-up of 96 days (range 75-150), no COVID-19 infec-
tion was detected in the cohort.  

The anti–SARS-CoV-2 post-vaccine antibody response 
against the spike protein (RBD) was centrally assessed 
using the ARCHITECT SARS-Cov-2 IgG II Quant 
(Abbott) CMIA test, with titers >50 arbitrary units (AU) 
per milliliter considered positive (measurement interval: 
6.8–80,000 AU/ml; positive agreement, 99.4%; negative 
agreement, 99.6%). At baseline, antibodies against the 

SARS-CoV-2 virus spike protein were detected in 1/17 
patients (5.9%, patient n°7, discussed hereafter). After 
one, two and three vaccine injections, all except this 
patient remained below the threshold of 50 AU/ml, indi-
cating that the humoral response is deeply impaired in 
this cohort and does not seem improved by a triple-injec-
tion schedule. Therefore, the positivity rate one month 
after the third injection in this cohort remained 
unchanged at 5% (1/20 tested patients) with no addition-
al responder. Of note, antibody titers only increase after 
vaccination in patient n°7 despite the fact that, as with 
other patients, no CD19+/CD20+ B-cells were detectable 
by cytometry. This male FL patient was treated initially 
by O-chlorambucil as a first-line treatment. He developed 
a COVID-19 disease after the first cycle (C1-D8) of this 
treatment. Other than oxygen therapy, no intensive care 
was required but the infection led to the postponement 
of immunochemotherapy for two months. The patient 
was thereafter treated by R-CHOP (six cycles). This led 
to the patient receiving one infusion of  binutuzumab and 
six infusions of rituximab before his first vaccine injec-
tion.  

Contrasting with the deep alteration of the humoral 
response to SARS-COV-2 vaccination, we demonstrated 
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Table 1. Population clinical features  
                                                                     Study population 
                                                                            (n=20) 
 Age (years)                                                       
     Median (q1-q3)                                                      65.5 (58.5-74) 
     Min-max                                                                         46-77 
 Sex                                                                      
     Male                                                                               7 (35%) 
     Female                                                                        13 (65%) 
 Lymphoma subtype                                         
     MCL                                                                               3 (15%) 
     MZL                                                                               1 (5%) 
     FL                                                                                 16 (80%) 
 Maintenance antibody                                    
     Rituximab                                                                   10 (50%) 
     Obinutuzumab                                                          10 (50%) 
 Time between first vaccination and  
 last chemotherapy cycle (days)                   
     Median (q1-q3)                                                     243.5 (131-430) 
     Min-max                                                                          0-781 
 Number of cycles (R/O) received before  
 first vaccination                                               
     Median (q1-q3)                                                         4.0 (2-8) 
     Min-max                                                                          0-15 
 Disease status at the time of vaccination 
      Complete remission                                               18 (90%) 
      Partial response                                                         2 (10%) 
      Progressive disease                                                       0 
 Chemotherapy performed before maintenance                              
     O-CHOP x 6                                                                 7 (35%) 
     R-CHOP x 6                                                                  6 (30%) 
     O-Bendamustine x 6                                                 3 (15%) 
     Lenalidomide /rituximab (R2) x 9                         2 (10%) 
     R-CHOP/R-HAD                                                           2 (10%) 
 COVID status before vaccination                
     Proven COVID                                                             1 (5%) 
     No history of previous infection                           19 (95%) 

Patients with active or uncontrolled lymphoma diseases were excluded. FL: follicu-
lar lymphoma; MCL: Mantle cell lymphoma; MZL: Marginal Zone lymphoma; O: 
obinutuzumab; R:rituximab; R-CHOP: Rituximab, Cyclophosphamide, Doxorubicin, 
Prednisolone and Vincristine; R-HAD: Rituximab, high-dose Ara-C and dexametha-
sone. 



the induction of an anti-spike T-cell response, as assessed 
by IFNγ Elispot assay, irrespective of the antibody 
response. Elispot assays were performed, as previously 
reported.9  

At baseline, and after one, two and three injections, the 
median number of SFC/106 CD3+ T cells were 0 (0-20), 
112.5 (0;339), 679.0 (202;1551) and  845.0 (243; 1305), 
respectively. Overall, one month after V2 and V3, 17/19 
patients (89%) displayed IFNγ-producing T cells reactive 
to S (S1+S2) peptide pools. 

A significant increase in T-cell response, compared to 
baseline, was observed throughout the vaccination 
process until V2. The magnitude of T-cell response 
increased after the third vaccination in eight patients but 
appears globally unchanged for the entire cohort (Figure 
1). T-cell response did not differ significantly after the 
complete vaccination schedule according to the type of 
anti-CD20 antibodies used (mean SFC/106 CD3+ T cells 
= 1045.0 (749; 1338) for O and 600.0 (160; 845) for R) or 
according to the number of anti-CD20 infusions received 
before vaccination (data not shown). In this cohort, no 
pre-existing immune memory was suggested by respons-
es to other non-spike antigens in 19/20 patients. 
Conversely, as expected, patient n°7 displayed IFNγ-pro-
ducing T cells reactive to N, M, and N7A SARS-CoV-2 
proteins. Importantly, the level of T-cell response was at 
least equivalent to that observed in kidney-transplanted 
patients. We previously reported, using the same assay, a 
median rate of 212 SFCs /106 CD3+ T cells after two 
doses in responding patients (versus 679 SFCs /106 CD3+ 
T in the present cohort) and 330 SFC/106 CD3+ T cells 
after the third injection (versus 845 SFCs/106 

CD3+T)(paper submitted, in revision).9 Similarly, the 
level of T-cell response was not below the that reported 
in healthy individuals, showing a median of 165 SFU/106 
PBMCs 28 days after two doses (Angyal et al, Lancet 
2021, in press). These comparisons suggest that T-cell 
response at least remains conserved in these highly 
immunocompromised patients.  

However, there is no clear demonstration as to 
whether T-cell activity is sufficient to protect vaccinated 
patients from COVID-19 infection.10 Robust T-cell 
responses to the SARS-CoV-2 virus occur in most individ-
uals with COVID-19.11 Furthermore, SARS-CoV-2-specif-
ic T cells have been detectable in antibody-seronegative 
exposed family members and convalescent individuals 
with a history of asymptomatic and mild COVID-19, 
consistent with a non-redundant role of immune protec-
tion against COVID-19.11 Importantly, after the third vac-
cine dose, we still observed an increased interferon-γ 
response to the SARS-Cov-2 spike protein. This was par-
ticularly visible for patient n°7, characterized by a previ-
ous COVID-19 disease that occurred at the beginning of 
his lymphoma treatment, when only one dose of obinu-
tuzumab had been delivered.   

To improve the rate of seroconversion or to maintain a 
humoral response in elderly individuals or immunocom-
promised patients, a third injection was proposed. 
However, the impact of such a strategy in such a case of 
very deep B-cell depletion is still uncertain. In the kidney 
transplant setting, one study has shown that a third dose 
of mRNA-1273 vaccine induced a serologic response in 
49% of kidney transplant recipients who did not respond 
after two doses.12 Administration of a third dose of the 
BNT162b2 vaccine to solid organ transplant recipients, or 
to recipients of allogeneic HSCT, also significantly 
improved the immunogenicity of the vaccine.13,14 In our 
cohort characterized by complete B-cell depletion, we did 
not observe any improvement of the antibody response 

after the third injection. The vaccination schedule could 
also be improved by increasing time-lapse between the 
second and third injection or by offering heterologous 
prime-boost strategies that demonstrated increased levels 
of neutralizing antibody titers in immunocompetent 
patients, as compared to homologous prime-boost strate-
gies.15 Nevertheless, whether this optimization might 
result in an improved level of protection remains uncer-
tain. REGN-COV2, a neutralizing antibody cocktail, may 
also be proposed as a prophylactic strategy in these 
immunosuppressed patients after or before SarsCov2 
exposition. 

The question of delaying or ceasing maintenance ther-
apy is clearly raised for patients with MCL and FL in the 
current pandemic context. The benefit in terms of OS in 
MCL, contrasting with the benefit only for PFS in FL, is 
an important point to consider when considering the 
benefit-risk balance.  Other points such as social context, 
the ability to follow physical protective measures and 
access to passive immunization with anti-S monoclonal 
antibody therapy, should be considered for each individ-
ual patient in order to correctly evaluate their benefit-risk 
balance.  

Finally, given the lack of post-vaccinal humoral 
response observed in our cohort, vaccination may still 
provide a limited but significant protection by triggering 
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Table 2. Population biological parameters at baseline 
 Biological parameter                Reference values       Study population  
                                                                                            n=20 
 Lymphocytes (109/L)                                 1.5-4                                      
     N                                                                                                           17  
     median (q1;q3)                                                                       0.90 (0.7; 1.2) 
     min - max                                                                                     0.30 ; 2.10 
 T-cell (109/L)                                                1-2.2                                      
     N                                                                                                           17  
     median (q1;q3)                                                                       0.74 (0.6; 1.0) 
     min - max                                                                                     0.20 ; 1.95 
 CD19+/CD20+ cell (109/L)                   0.11-0.57                                   
     N                                                                                                           17  
    median (q1;q3)                                                                        0.00 (0.0; 0.0) 
     min - max                                                                                     0.00 - 0.00 
 CD4+ cell (109/L)                                    0.53-1.4                                    
     N                                                                                                           17  
     median (q1;q3)                                                                       0.41 (0.2; 0.5) 
     min - max                                                                                     0.11 - 1.10 
 CD8+ cell (109/L)                                   0.33-0.92                                   
     N                                                                                                           17 
     median (q1;q3)                                                                       0.32 (0.1; 0.4) 
     min - max                                                                                     0.07 - 1.10 
 NK-cell (109/L)                                        0.07-0.48                                   
     N                                                                                                           16  
     median (q1;q3)                                                                       0.15 (0.1; 0.2) 
     min - max                                                                                     0.00 - 0.41 
 Neutrophil count (109/L)                          1.5-7                                      
     N                                                                                                           17  
     median (q1;q3)                                                                       3.40 (2.1; 4.7) 
     min - max                                                                                     1.80 - 5.90 
 Albumin (G/L)                                            42-50                                      
     N                                                                                                           16  
     median (q1;q3)                                                                    41.00 (39.8; 43.2) 
     min - max                                                                                   30.00 - 69.00 
 Gammaglobulin (G/L)                               5-15                                       
     N                                                                                                           16  
     median (q1;q3)                                                                       7.00 (5.8; 8.0) 
     min - max                                                                                     3.00 - 8.00 
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a T-cell response. This should encourage patients and 
physicians to maintain a proactive vaccine policy. 
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