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Abstract
BACKGROUND: Immunocompromised patients such as patients with hematological malignancies have impaired immune
response to two doses of BNT162b2 (P�zer / BioNtech) vaccine against SARS-CoV-2. Evaluation of a repeated immune
stimulation with a third vaccine dose is needed.

METHODS: a vaccine monitoring observatory was conducted in outpatients who were treated for lymphoid malignancies (LM) to
monitor both immune and cellular response measured the day of administration of the dose 3 of the mRNA vaccine BNT162b2
and again three to four weeks. Elecsys ® Anti-SARS-CoV-2 immunoassay was used to asses to the level of SARS-CoV-2 anti-Spike
(S) antibodies (Abs) titer and SARS-CoV-2-speci�c T-cell responses were assessed by a whole blood Interferon-Gamma Release
Immuno Assay (IGRA) (QuantiFERON Human IFN-gamma SARS-CoV-2, Qiagen®).

RESULTS: Among the 43 assessable patients (suffering from chronic lymphocytic leukemia (CLL) (n=15), indolent and aggressive
B cell non-Hodgkin lymphoma (NHL) (n=14), and multiple myeloma (MM) (n=16)), 18 (41,8%) had no anti-S Abs before the dose 3
of BNT162b2 vaccine (n=9 CLL, n=8 NHL, n=1 MM), and they all 18 remained negative after the dose 3. Amongst the 25 patients
with positive anti-S titers before dose 3, all patients remained positive and 23 patients increased their anti-S titer after dose 3.
Patients with CLL and/or with previous anti-CD20 therapy treated within 12 months of administration of dose 3 had no signi�cant
increase of the humoral response. Among 22 available patients, dose 3 of BNT162b2 vaccine signi�cantly increased the median
IFN-gamma secretion. On eight (36.4%) patients who were double-negative for both immune and cellular response, �ve (22.7%)
patients remained double-negative after dose 3.

CONCLUSIONS

Dose 3 of BNT162b2 vaccine stimulated humoral immune response among patients with LM, in particular patients with MM (who
had higher anti-S baseline titer after dose 2) and those with no anti-CD20 treatment history within a year. T-cell response was
increased among patients in particular with no active chemotherapy regimen. Our data support the use of an early third vaccine
dose among immunocompromised patients followed for LM though some of them will still have vaccine failure.

Introduction
Patients suffering from solid cancer (SC) or hematological malignancies (HM) are at increased risk of severe Coronavirus disease
(COVID-19) (1-2), caused by infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Vaccination against
SARS-CoV-2 induces high rates of seroconversion in a healthy population but is less effective in immunocompromised patients
such as organ transplanted patients (3), patients treated for SC (4-6) or patients with HM (7-9). We and others showed previously
that patients treated with anti-CD20 monoclonal antibodies (Mabs) prior to COVID-19 vaccination had a very low likelihood of
developing a humoral response, especially if the anti-CD20 Mab treatment is performed within 6 to 12 months of administration of
the anti-SARS-CoV-2 vaccine (8-9). T-cell response seemed more impaired in patients with HM than with SC, with a positive effect
of the booster dose (6).

We conducted a speci�c analysis of patients followed at our hospital for lymphoid malignancies (LM), who showed no or poor
humoral response after vaccination with two doses of the mRNA vaccine BNT162b2 (P�zer / BioNtech). We monitored their
humoral and cellular response, after a third dose (dose 3) of BNT162b2 according to the recommendation of the French National
Authority for health (10) published on April 11th 2021.

Methods
All participants signed a written informed consent and accepted their participation in this registered trial in accordance with ethical
and legal French policies (Registration number F20210324145532). All data were prospectively collected on an electronic
anonymous data set.

Humoral responses were measured with Elecsys ® Anti-SARS-CoV-2 immunoassay (Roche Diagnostics, France) with detection of
antibodies (Abs) directed to total Abs (immunoglobulin (Ig) G, IgA, IgM) against the SARS-CoV-2 Nucleocapsid (N) antigen
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(qualitative detection) and total Abs against the SARS-CoV-2 Spike (S) protein receptor binding domain (quantitative detection).
For the anti-N assay, serum showing an index ≥ 1.0 was considered to be reactive and suggested a potential virus contact. For the
anti-S assay, serum showing a result ≥ 0.8 U/mL was declared positive and suggested an effective immune response virus- or
vaccine-related. These assays were a double-antigen sandwich electrochemiluminescence and were performed on an a Cobas e
601 automate (Roche). The level of SARS-CoV-2 anti-N and anti-S Abs was measured the day of administration of the dose 3 of
the mRNA vaccine BNT162b2 and again three to four weeks later (median 27 days (d), range [21; 35]).

SARS-CoV-2-speci�c T-cell responses were assessed by a whole blood Interferon-Gamma (IFN-gamma) Release Immuno Assay
(IGRA) using two Qiagen® proprietary mixes of SARS-CoV-2 S protein (antigen 1 and antigen 2) selected to activate both CD4 and
CD8 T cells. Brie�y, venous blood samples were collected directly into the Quantiferon® tubes containing either spike peptides or
positive and negative controls. Whole blood was incubated at 37°C for 16-24 hours and centrifuged to separate plasma. Interferon
gamma was measured in these plasma samples using enzyme-linked immunosorbent assay tests (QuantiFERON Human IFN-
gamma SARS-CoV-2, Qiagen®) (11).

Data are presented as median and range for continuous values with non-Gaussian distribution. The D’Agostino & Pearson
normality test was used to determine if a variable had a Gaussian distribution or not. Continuous values were normalized using
logarithm function when appropriate. Continuous values were compared by Student T test or Mann-Whitney test when
appropriate. Categorical data were summarized using counts and percentages; they were compared by using Chi2 test or Fisher
exact test when appropriate. Statistical analyses were performed using R.4.0.3 and GraphPad Prism 7.0 (GraphPad Software, Inc.,
San Diego, CA). All comparisons were two-tailed, and the differences were considered signi�cant when P-value < 0.05.

Results
We analyzed a data set of 45 patients, prospectively included to receive dose 3 of the BNT162b2 vaccine given 78 days [range: 47-
114] after dose 2 of the same vaccine. All 45 patients were negative for anti-N Abs before dose 3, but two patients were tested
positive after dose 3 and were therefore excluded from the �nal analysis. Included patients were suffering from chronic
lymphocytic leukemia (CLL) (n=15), indolent and aggressive B cell non-Hodgkin lymphoma (NHL) (n=14), and multiple myeloma
(MM) (n=16). The median age of the 43 patients included in the �nal analysis was 77 years [range: 37-92], 63 % were men and 37
% women (Table 1). At the time of dose 3, patients’ treatments are reported in Table 1.

Humoral immunity

Amongst 43 patients, 18 (41,8%) had no anti-S Abs before the dose 3 of BNT162b2 vaccine (n=9 CLL, n=8 NHL, n=1 MM), and
they all 18 remained negative after the dose 3 (Table 1). Fourteen of these 18 patients had already received an anti-CD20 Mab
treatment, nine of them within the 12 months preceding the vaccine. One seronegative patient with MM was under active
treatment for HIV infection.

In univariate analysis, age and type of LM, but not sex or type of treatment (except for anti-CD20 Mab performed within 6 to 12
months of administration of the anti-SARS-CoV-2 vaccine), was statistically associated with anti-S response after dose 3 (Table
1).

Amongst the 25 patients with positive anti-S titers before dose 3, all patients remained positive (100%) and 23 patients increased
their anti-S titer after dose 3. Their median anti-S titer increased from 87.1 U/mL [range: 1.2-693] to 3386 U/mL [range: 6.6-20312]
(p < 0.001) (Table 1). The median anti-S titer changed as following: 0 U/mL [range: 0-120] to 0 U/mL [range: 0-5997] (p = 0.12) in
patients with CLL, from 0 [range: 0-310] to 0 U/mL [range: 0-6101] (p = 0.07) in patients with NHL, and from 100 U/mL [range: 0-
690] to 2700 U/mL [range: 0-20312] (p < 0.0001) in patients with MM (Figure 1A). We tested the impact of previous anti-CD20 Mab
therapy and found that patients treated within 12 months of administration of dose 3 did responded poorly (median anti-S titer: 0
U/mL [range: 0-6101]) when compared to patients that received the same drug at least 12 months before BNT162b2 vaccine
(median anti-S titer: 4200 [range: 0-6073]) (p=0.047) (Figure 1B).

Exploratory comparative cellular immunity response with humoral response.
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We next aimed to characterize speci�c T-cell responses to the BNT162b2 vaccine with a whole blood IGRA test in 27 patients with
CD-20 positive disease to assess comparative immune response among poor humoral immune responders. We were able to
collect and analyze blood samples in 22 (CLL n=10, NHL n=12) of them.

After dose 2, 15 patients showed a positivity for both humoral and T-cell response, seven patients were positive for only one of the
two tests. Of note, four patients showed a T-cell response despite absence of measurable anti-S Abs. A total of eight patients
(36.4%) were double-negative for both tests.

Dose 3 of BNT162b2 vaccine increased median IFN-gamma secretion after exposition to antigen 1 or antigen 2 (from 0.07 IU/ml
[range: 0.0-0.17] to 0.3 IU/mL [range: 0.0-0.9] (p=0.0008) and from 0.06 IU/ml [range: 0.0-0.1] to 0.2 IU/mL [range: 0.0-1.3]
(p=0.0006), respectively) (Figure 2A). Three patients that were initially double-negative showed a T-cell response, leaving a total of
�ve patients (22.7%) without B- or T-cell response after dose 3. These patients included three cases of CLL (all actively treated with
venetoclax and a past history of rituximab treatment) and two cases of NHL (rituximab and bendamustine, one on and one off
this treatment combination). Four of those �ve double-negative patients had thus active treatment.

While the timing of treatment with an anti-CD20 Mab impacted humoral response as already stated, it did not modify T-cell
response: median of IFN-gamma secretion after exposition to antigen 1 or antigen 2 was 0.14 IU/ml [range: 0.0-3.1] and 0.09
IU/mL [range: 0.0-0.9], respectively, for patients treated prior to > 12 months versus 0.5 IU/mL [range: 0.0-1.1] and 1.2 IU/mL [range:
0.0-3.3], respectively, for patients treated within <= 12 months (p=0.45 and p=0.48 respectively) (Figure 2B). Patients on active NHL
or CLL treatment during the vaccination sequence had a poorer speci�c T-cell response than patients without ongoing cancer
speci�c medication, the median of IFN-gamma secretion after exposition to antigen 2 was 0.0 IU/ml [range: 0.0; 0.5] vs 0.9 IU/mL
[range: 0.1-4.0] p=0.049 (p = 0.08 for antigen 1) (Figure 2C). There was no difference of T-cell response between patients with CLL
or NHL (p>0.99).

We then compared the performance of serologic and IGRA testing using the method of the receiver operating characteristic (ROC)
curve to explore the best way to detect a speci�c immune response to SARS-CoV-2 vaccine. In this cohort of 22 patients (and
seven healthy subjects naïve for SARS-Cov2 infection as negative controls), the IGRA test based on two different antigens
identi�ed more e�ciently than the Elecsys ® Anti-SARS-CoV-2 immunoassay a speci�c immune response to SARS-CoV-2 vaccine
(aera under the curve (AUC) anti-S Abs: 0.7045, p=0.11; AUC IGRA Antigen 1: 0.8636, p = 0.004 (Sensitivity: 65%, Speci�city: 100%);
AUC IGRA Antigen 2 : 0.8864, p=0.002, (Sensitivity: 60%, Speci�city: 100%)).

Tolerance of the dose 3

No novel adverse events were observed in our population after dose 3 of BNT162b2 vaccine.

Discussion
To our knowledge, this study is the �rst to report results on cellular and humoral immunity after administration of a third dose of
BNT162b2 vaccine in patients treated for LM. To date, only one publication has demonstrated a favorable impact of the
administration of a third dose of BNT162b2 vaccine to solid-organ transplant recipients with a signi�cantly improved humoral
response (12).

Previous reports highlighted reduced rates of seroconversion after two doses of a SARS-CoV-2 vaccine for patients with HM,
leaving some of them without detectable anti-S Ab protection (7-9), with lower response for patients with CLL, even without
treatment, or patients under anti-CD20 therapy. We here showed that patients without Ab response after two doses do not bene�t
from a third dose of the same vaccine when the analysis is limited to serologic testing, thus eliminating the need of anti-S level
measurement before and after a third vaccination in current clinical practice. The third vaccine dose increased the overall humoral
response in those patients responding after the second dose, especially patients with MM, and to a lower extent patient with NHL,
but not patients with CLL, suggesting a negative impact of the pathology on the induction of a speci�c T-cell response.

Similar to patients with anti-CD20 treated multiple sclerosis (13), some of our patients with LM did not develop a speci�c T cell
response to the second dose. In contrast, several of the seronegative patients showed an emerging cellular response after dose 3,
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suggesting a positive effect of a second booster dose despite the absence of humoral response. Given the importance of a T-cell
response in critically ill COVID-19 patients (14-15), this is another expected bene�t of the dose 3 vaccine dose, especially for
patients treated with anti-CD20 Mab based therapy who are at high risk for death or ongoing SARS-CoV-2 shedding (16-17).

Our study has some limitations, �rstly due to the small number of included patients. Then, we were unable to measure the level of
neutralizing Abs (availability and cost issues), preventing any correlation assessment of these Abs and the level of anti-S Abs.
Finally, only a subgroup of the cohort has been evaluated for the cellular immunity, due to availability issues: a larger sample
would have allowed more detailed subgroup analyzes, in particular according to the different treatments received. 

Considering the decrease of humoral immunity over time (18), the known correlation between neutralizing Abs titers and clinical
response (19), and the here shown emergence of a speci�c cellular T-cell response, an early third dose of the SARS-CoV-2 vaccine
seems necessary in patients with LM to allow optimal protection, even if anti-CD20 treated patients and patients treated with stem
cell toxic drugs such as bendamustine remains a major concern. For these patients with vaccine failure, in addition to the incentive
of relatives to get vaccinated and the drastic maintenance of social protection measures, repeated immune stimulation with a
fourth vaccine dose, a multimodal immune stimulation with heterologous prime-boost vaccination, or a maximized immune
stimulation double-dose approach should be considered (20).
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SARS-CoV-2 anti-S antibody response Negative

<0.8 U/mL

Positive

≥0.8 U/mL

p

Number of patients analyzed 18 25  

Median anti-S Abs titer before dose 3 (U/mL) [Range] 0 [0,0] 87.1 [1.2-693]  

Median anti-S Abs titer after dose 3 (U/mL) [Range] 0 [0,0] 3386 [6.6-20312]  

Age     0.031

<70 2 (18.2%) 9 (81.8%)  

>=70 16 (50%) 16 (50%)  

Sex     1

Male 11 (40.7%) 16 (59.3%)  

Female 7 (43.8%) 9 (56.2%)  

Type of lymphoid malignancies     0.001

CLL 9 (69.2%) 4 (30.8%)  

NHL 8 (57.1%) 6 (42.9%)  

MM 1 (6.2%) 15 (93.8%)  

Last type of treatment     0.19

Anti-CD20 Mab + chemotherapy 9 (56.2%) 7 (43.8%)  

Anti-CD20 Mab + Venetoclax 3 (100%) 0 (0%)  

Tafasitamab+Lenalidomide 0 (0%) 1 (100%)  

Chemotherapy  1 (100%) 0 (0%)  

Venetoclax 1 (100%) 0 (0%)  

Imbruvica  3 (60%) 2 (40%)  

Anti-CD38 antibody combination 0 (0%) 7 (100%)  

IMID 1 (25%) 3 (75%)  

Ixazomib 0 (0%) 1 (100%)  

Never treated 0 (0%) 4 (100%)  

CLL: chronic lymphocytic leukemia; NHL: indolent and aggressive B cell non-Hodgkin lymphoma; MM: multiple myeloma; Mab:
monoclonal antibody; IMID: immune modulatory drug (pomalidomide n=1; lenalidomide n = 3)

Figures
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Figure 1

A : Humoral quantitative anti-Spike (S) antibodies (logarithmic scale) response after dose 2 (d2) and after dose 3 (d3) of the
BNT162b2 vaccine in 43 patients with lymphoid malignancies (n = 13 patients with chronic lymphocytic leukemia (CLL), n = 14
patients with B cell non-Hodgkin lymphoma (NHL) and n = 16 patients with multiple myeloma (MM)) B : Humoral quantitative anti-
Spike (S) antibodies (logarithmic scale) after dose 3 of the BNT162b2 vaccine in 23 patients pre-treated with an anti-CD20 Mab
within <= 12 months ( n = 12) or prior to > 12 months (n = 11).
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Figure 2

A : Anti-S Ab titer and IFN-gamma secretion after exposition to antigen 1 or antigen 2 in 22 patients with CLL and NHL before and
25 days after administration of the BNT162b2 vaccine (dose 2 and 3, respectively). Dose 3 increased IFN-gamma secretion after
exposition to antigen 1 or antigen 2 (p=0.0008 and p=0.0006, respectively) B : Anti-S Ab titer and IFN-gamma secretion after
exposition to antigen 1 or antigen 2 in 22 patients with CLL and NHL depending on the delay between of last administration of
anti-CD20 treatment and administration of the BNT162b2 vaccine. The median (range) of IFN-gamma secretion after exposition to
antigen 1 or antigen 2 was 0.14 IU/mL [0.0 -3.1] and 0.09 IU/mL [0.0 - 0.9] for patients pre-treated prior to > 12 months vs 0.5
IU/mL [0.0-1.1] and 1.2 IU/mL (0.0-3.3] for patients pre-treated within <= 12 months (p=0.45 and p=0.48 respectively). C : Anti-S Ab
titer and IFN-gamma secretion after exposition to antigen 1 or antigen 2 in 22 patients with CLL and NHL depending on the
administration of an ongoing active treatment during the vaccination sequence with BNT162b2. The median (range) of IFN-
gamma secretion after exposition to antigen 1 was 0.0 IU/mL [0.0- 0.7] for patients with active treatment vs. 0.5 IU/mL [0.1; 1.0]
for patients without active treatment (p=0.08) and to antigen 2 was respectively 0.0 IU/mL [0.0- 0.5] vs 0.9 IU/mL [0.1; 4.0]
(p=0.049).


