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Abstract

:

Anti-CD20 therapies decrease the humoral response to SARS-CoV-2 immunization. We aimed to determine the extent of the humoral response to SARS-CoV-2 antigens in correlation with peripheral B-cell dynamics among patients with central nervous system inflammatory disorders treated with anti-CD20 medications. We retrospectively included patients receiving anti-CD20 therapy after antigen contact who were divided into responders (>7 binding antibody units (BAU)/mL) and non-responders (<7 BAU/mL). In participants with first antigen contact prior to therapy, we investigated the recall response elicited once under treatment. We included 80 patients (responders n = 34, non-responders n = 37, recall cohort n = 9). The B-cell counts among responders were significantly higher compared to non-responders (mean 1012 cells/µL ± SD 105 vs. mean 17 cells/µL ± SD 47; p < 0.001). Despite very low B-cell counts (mean 9 cells/µL ± SD 20), humoral response was preserved among the recall cohort (mean 1653 BAU/mL ± SD 2250.1) and did not differ significantly from responders (mean 735 BAU/mL ± SD 1529.9; p = 0.14). Our data suggest that peripheral B cells are required to generate antibodies to neo-antigens but not for a recall response during anti-CD20 therapy. Evaluation of B-cell counts and pre-existing SARS-CoV-2 antibodies might serve as biomarkers for estimating the immune competence to mount a humoral response to SARS-CoV-2 antigens.
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1. Introduction


B-cell depleting therapies are effective treatment options for many inflammatory diseases of the central nervous system (CNS) including multiple sclerosis (MS), neuromyelitis optica spectrum disorders (NMOSD) and autoimmune encephalitis (AE) [1]. Anti-CD20 therapeutics, such as rituximab and ocrelizumab, selectively target B cells and induce a profound, continuous depletion of peripheral B cells, based on a 6-monthly dosing interval [2,3]. Despite a mostly favorable safety profile, people undergoing anti-CD20 therapy are at risk of contracting severe infections and worse COVID-19 outcomes [4,5,6,7]. Susceptibility towards pathogens may not only be explained by B-cell depletion, but also relate to reduced humoral response to both infective agents and vaccines associated with anti-CD20 treatment [8,9,10]. While the exact mechanism behind inhibited antibody production associated with anti-CD20 medication remains elusive, it is clear that neutralizing antibodies have important roles in preventing and controlling infections. Biomarkers to predict efficient seroconversion following antigen contact in B-cell-depleted patients would therefore be highly appreciated. Personalized treatment intervals to allow B-cell recovery have been proposed as a rationale to optimize seroconversion rates, but extended dosing of anti CD20 therapies may diminish efficacy against the underlying inflammatory disease [11].



In the present study, we aimed to determine to what extent the humoral response to SARS-CoV-2 antigens depends on B-cell dynamics among patients with central nervous system inflammatory disorders on anti-CD20 therapy.




2. Materials and Methods


2.1. Recruitment and Data Extraction


We conducted a retrospective observational analysis concerning patients with CNS inflammatory disorders treated with anti-CD20 therapies that have had contact with SARS-CoV-2, either by infection or by vaccination. Databases of both the University Hospitals of Salzburg and Innsbruck were searched. We only included patients for whom SARS-CoV-2-specific anti-spike IgG and correlating data on B-cell counts were available between December 2020 and May 2022. Anti-CD20 infusions (rituximab or ocrelizumab) were administered according to the summary of product characteristics (SmPC). Demographics, laboratory data and intervals of the last anti-CD20 infusion, antigen contact, B-cell assessment and anti-spike IgG level measurement were retrieved from electronic records.



Depending on the time of the anti-CD20 therapy initiation, participants were divided into, first, two groups with established (treatment started prior to the first antigen contact) anti-CD20 therapy and secondly into the recall cohort, that consisted of patients who had had their first SARS-CoV-2 antigen contact prior to the start of anti-CD20.



Individuals with established anti-CD20 therapy were characterized as responders (>7 binding antibody units (BAU)/mL) and non-responders (<7 BAU/mL) according to their SARS-CoV-2 antibody levels.



In order to ensure that the humoral response among the recall cohort was accurately elicited during anti-CD20 treatment and not a remnant from pre-treatment immunization, people in the recall cohort had to fulfill at least one of the following criteria:




	-

	
anti-spike IgG titers following recall SARS-CoV-2 contact increased compared to anti-CD20 pre-treatment levels;




	-

	
anti-CD20 therapy was ongoing for ≥12 months prior to the recall antigen exposure and to the respective anti-spike IgG assessment.










2.2. Laboratory Parameters


Assays were performed using standard laboratory methods at the Departments of Laboratory Medicine at the University Hospitals of Salzburg and Innsbruck. SARS-CoV-2-specific IgG antibody levels to the spike receptor-binding domain (RBD) were evaluated by the SARS-CoV-2 IgG II Quant assay (Abbott Laboratories) measured on the Architect I 2000 SR in accordance with the manufacturer’s instructions as previously described [12]. The detection limit of the antibody assay is 7 BAU/mL, which was used to categorize participants of this study into responders and non-responders. Correlating B-cell counts were obtained from routine diagnostic lymphocyte subset analysis in patients on anti-CD20 therapy.




2.3. Statistics


Data were checked for consistency and normality. Data are presented as mean ± standard deviation (SD) if not otherwise specified. Fisher’s Exact test or Pearson’s Chi-square test were used to compare the categorical variables. ANOVA, Welch-ANOVA with least significant difference (LSD) tests were used to test normally distributed variables. In case of non-normality, generalized linear models with log normal distribution were used for continuous variables. Whisker plots were used to illustrate the 95% confidence intervals (CI) for means. All reported tests were two-sided, and p-values < 0.05 were considered statistically significant. All statistical analyses in this report were performed by use of STATISTICA 13 (Hill, T. and Lewicki, P.; Statistics: Methods and Applications. StatSoft, Tulsa, OK). The schematic figure was created by BioRender.com.




2.4. Ethics


This retrospective study was conducted in accordance with national regulations and legislative directives, in respect of anonymous, retrospective analysis of data derived from routine diagnostic procedures. Moreover, the study was covered by the approval of the local Ethics Committee (415-E/161 2111-2018) for the ongoing study on immunological processes in inflammatory CNS diseases. We adhered to principles of Good Clinical Practice (GCP) as defined by the International Conference on Harmonization (ICH), to the Declaration of Helsinki and the Austrian Data Safety Authority instructions.





3. Results


3.1. Demographics


We included 80 patients in this study. A total of 74 patients (93%) had been diagnosed with MS; 16 (20%) with a relapsing remitting disease course, 26 (33%) with a primary progressive and 32 (40%) with a secondary progressive disease course. Of the remaining six individuals (“others”), five patients had been diagnosed with NMOSD and one patient was considered to suffer from an inflammatory CNS disease with unknown etiology; however, a progressive disease course of MS was among the differentials. Mean age was 48 years ± SD 12. According to their antibody levels, 37 people were categorized as non-responders and 34 as responders. The recall cohort consisted of nine individuals. A minority of 12 patients (15%) had been diagnosed with COVID-19 in the past, and for 8 of them their last SARS-CoV-2 antigen contact prior to study inclusion was by infection. Among the remaining 68 (85%) individuals, the humoral response stemmed from vaccination. Demographics of the three groups are displayed in Table 1.




3.2. B Cell Recovery and Humoral Response


Peripheral B cells were fully depleted in 30/37 (81%) of non-responders, in 2/34 (6%) of responders and in 7/9 (78%) of the recall cohort. Time from last SARS-CoV-2 antigen contact to antibody assessment was shortest for the recall cohort and similar among the individuals with established anti-CD20 therapy (recall: mean 67 days ± SD 63.9, non-responders: mean 92 days ± SD 65.2, responders: mean 91 days ± SD 74.5, Table 1). Antibody and B-cell assessment were in mean 17 days (±SD 52) apart among the responders and 12 days (±SD 63) apart among the non-responders. For every individual among the recall cohort, antibody levels and B-cell counts were measured on the same day.



Responders had significantly higher B-cell counts compared to non-responders (B-cell counts: responders: mean 102 cells/µL ± SD 105; non-responders: mean 17 cells/µL ± SD 47; p < 0.001, Figure 1A). The responder cohort had in mean 735 BAU/mL ± SD 1529.9 anti-spike IgG levels (Figure 1B). The amount of anti-spike IgG levels did not correlate with B-cell counts among the responders (p = 1.0, Figure 1C).



All patients among the recall cohort had preserved humoral responses following recall antigen contact. The mean anti-spike IgG antibody levels of the recall cohort was 1653 BAU/mL (±SD 2250.1) and did not significantly differ from the responder cohort (p = 0.14, Figure 1B). B-cell counts (9 cells/µL ± SD 20) among the recall cohort were comparably low as in the non-responder group and significantly below B-cell numbers of the responder cohort (p = 0.01, Figure 1A). The amount of anti-spike IgG levels did not correlate with B-cell counts among the recall cohort (p = 0.13). A total of 88% among the recall cohort and 38% among the responders had B-cell counts below the recently proposed cut-off value of 40 cells/µL [13].





4. Discussion


The most intriguing finding from our report is that re-emergence of peripheral B cells is not a conditio sine qua non for the generation of a pathogen-specific antibody response. Namely, B cell repopulation does not appear to be necessary in patients with established humoral immunological memory to induce an adequate response to recall antigens. Among the recall cohort in our study, the B-cell counts were comparable to the non-responders group. Nevertheless, antibody production following recall antigen contact was adequate. However, the recall cohort consisted of only a relatively small cohort and the findings need to be confirmed in larger cohorts. Preserved humoral immunologic memory despite B-cell depletion has been reported earlier and appears to rely on the fact that terminally differentiated plasma cells, the main source of antibodies, are spared by anti-CD20 therapy [13,14]. Similar observations were made among patients with MS under cladribine treatment. This oral immune reconstitution therapy also induces profound B-cell depletion without impacting on pre-existing pathogen-specific antibody levels [15,16,17]. Unlike the effect of anti-CD20 medications, transient lymphodepletion by cladribine appears not to interfere with humoral responses to neo antigens [18].



We corroborated recent findings that among patients with established anti-CD20 therapy, the humoral response to COVID-19 antigens is associated with B-cell recovery dynamics [19,20]. However, according to our study, the amount of antibody levels does not seem to be related to the extent of peripheral B-cell counts. Therefore, our data suggest that if peripheral B-cell re-emergence is awaited to increase seroconversion rates, immunization can occur soon after the first B cells are detectable. The treatment interval should not unnecessarily be prolonged in order to avoid disease reactivation of the underlying inflammatory disorder. Our data are in contrast to a recent report suggesting that an optimal humoral response is only elicited once peripheral B cells have reached the range of 40 cells/µL [20]. Other authors have suggested a cut-off level of 1 B cell/µL as a predictive condition required for seroconversion [19]. Although extended dosing intervals appear to be associated with a low risk of disease reactivation in MS, a personalized treatment regimen to improve the humoral response may only be considered after careful weighing of the risk–benefit [21,22]. This appears especially important in the light of observations that the immunological long-term effects of anti-CD20 therapy might last for over 18 months after treatment discontinuation [12].



Our study suggests that both B-cell repopulation and existing B-cell memory might represent a useful marker to predict the humoral response to pathogen-specific antigen contact (Figure 2). To estimate the probability of seroconversion, we therefore suggest not only the assessment of B-cell counts but also the determination of whether pathogen-specific antibodies are detectable at the time of vaccine administration. Among individuals with pre-existing antibody titers, awaiting B-cell recovery may not only be unnecessary, but also associated with an increased risk regarding reactivation of the underlying inflammatory disorder. Our study strongly suggests COVID-19 booster shots to be effective even with concomitant B-cell depletion in individuals with a preformed pathogen-specific humoral immunologic memory. The implications for the management of patients under anti-CD20 therapy will provide valuable guidance for clinical decision-making. Our findings on preserved recall responses under anti-CD20 therapies can likely be expanded to other vaccines and may be an attractive feature for patients and treating physicians.



Nonetheless, these results must be interpreted with caution due to the following limitations. Importantly, the sample size of our recall cohort is small and recall responses in people with concomitant anti-CD20 therapy should be investigated in larger, prospective cohorts. As data were not collected prospectively, the timing of the anti-spike titer assessment was not harmonized. In particular, the study is limited by the fact that B-cell assessment was not undertaken at the time of antigen contact, but in temporal relationship with antibody assessment. Importantly, no patient had, however, received an anti-CD20 infusion during the period of last antigen contact and antibody assessment. Furthermore, this study has not considered the possible cumulative effect of repeated antigen contact although it is known that SARS-CoV-2 antibody levels clearly decrease with time [23]. Lastly, we considered that the detected number of B cells resulted from repopulation rather than from incomplete depletion.




5. Conclusions


Within the limits of the relatively small cohorts investigated, our data suggest that peripheral B cells are required to generate pathogen-specific antibodies to neo-antigens but not for recall response in patients treated with anti-CD20 therapy. We thus propose that B cell repopulation and pre-existing COVID-19 antibodies may both serve as biomarkers for efficient humoral responses to SARS-CoV-2 antigens. However, additional studies are needed to further address these issues.
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Figure 1. (A) Peripheral B-cell counts among all three patient groups at the time of anti-spike IgG assessment. B-cell numbers are highest in the responder cohort compared to the non-responders and the recall cohort. B cells among the non-responders and among the recall cohort were not statistically different. (B) Humoral response to SARS-CoV-2 antigens in terms of anti-spike IgG antibody levels were similar among the responder and recall cohort. (C) We found no correlation between B-cell counts and amount of anti-spike IgG levels among the responders. BAU = binding antibody units; CI = confidence interval; IgG = Immunoglobulin G; * = statistically significant. 
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Figure 2. From our findings, three possible scenarios can be deduced to assess the probability of a successful humoral response to COVID-19 vaccination in people under anti-CD20 therapy. (A) In a B-cell-depleted person without detectable pathogen-specific antibodies, vaccination likely will not result in seroconversion. (B) Once peripheral B-cell repopulation has started, a humoral response to vaccines can be expected. (C) In individuals with existing pathogen-specific antibody levels, further antigen contact (recall response) can elicit an adequate antibody production independent of peripheral B-cell recovery. The schematic figure was created with BioRender.com (2022). 
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Table 1. Demographic features and patient characteristics among the three cohorts.
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Characteristics

	
Responders

(>7 BAU/mL)

	
Non-Responders

(<7 BAU/mL)

	
Recall Cohort

	
p-Values






	
n (%)

	
34 (43)

	
37 (46)

	
9 (11)

	
n.s.




	
Diagnosis, n (%)

	

	

	

	
n.s.




	
● RRMS

	
7 (21)

	
7 (19)

	
2 (22)




	
● PPMS

	
6 (18)

	
15 (41)

	
5 (56)




	
● SPMS

	
20 (59)

	
11 (30)

	
1 (11)




	
● Others

	
1 (3)

	
4 (11)

	
1 (11)




	
Mean age (years, ±SD)

	
52 ± 12

	
46 ± 11

	
45 ± 12

	
0.04




	
Female, n (%)

	
16 (47)

	
24 (65)

	
3 (33)

	
n.s.




	
COVID-19 infection, n (%)

	
5 (15)

	
5 (14)

	
2 (22)

	
n.s.




	
Anti-CD20 agent, n (%)

	

	

	

	
n.s.




	
● ocrelizumab

	
12 (35)

	
24 (65)

	
6 (67)




	
● rituximab

	
22 (65)

	
13 (35)

	
3 (33)




	
Mean intervals between last infusion and B-cell count (months, ±SD)

	
17 ± 11.6

	
7 ± 4.3

	
6 ± 3.1

	
0.01




	
Mean intervals between last SARS-CoV-2 contact and antibody assessment (days, ±SD)

	
91 ± 74.5

	
92 ± 65.2

	
67 ± 63.9

	
n.s.




	
B cells/µL at the time of antibody assessment (mean, ±SD)

	
101.8 (±105.4)

	
17.3 (±47.4)

	
9.1 (±20.2)

	
0.01








n = number; F = female; M = male; SD = standard deviation; MS: multiple sclerosis; RRMS = relapsing remitting MS; PPMS = primary progressive MS; SPMS = secondary progressive MS; BAU = binding antibody units; n.s. = not significant.
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