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B cell depletion is an effective remission induction and maintenance therapy in patients with
antineutrophil cytoplasmic auto-antibody (ANCA)-associated vasculitis (AAV).1-6
Rituximab targets both pathogenic effector B cells and protective regulatory B cells. To
avoid infections and adverse events from therapy, clinicians require improved markers of
disease activity and impending relapse to guide immunosuppression strategies following B
cell depletion. We reported that CD5" B cells, as a surrogate marker of B regulatory cells,
are decreased in patients with active AAV and normalise during disease remission.’ After B
cell depletion, patients who repopulated with a low or decreasing percentage of CD5* B
cells and were on low maintenance immunosuppression had a shorter time to relapse than
patients on similar levels of immunosuppression with normalised CD5* B cells or patients
with similarly low CD5* B cells but higher immunosuppression. The CD5*CD24MCD38h B
cell subpopulation correlates inversely with active disease but parallels both interleukin
(IL)-10 production and suppression of ANCA.8 CD5 may identify B cells enriched in I1L-10
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production, the defining cytokine of B regulatory cells.8% Whether CD5* B cells can serve as
an indicator of time to relapse without considering remission maintenance
immunosuppression dose is not known. We sought to address this question and confirm our
previous findings in a larger cohort by separating patients solely based on their CD5" B cells
at repopulation.

We examined B cell phenotype in 50 patients with AAV following rituximab therapy by
flow cytometry (table 1). Patients with ANCA-negative vasculitis or history of other
autoimmune disease were excluded. Data available from the University of North Carolina
(UNC) Hospitals McLendon Clinical Flow Cytometry Laboratories were reanalysed with
FACSDiva software to determine the percentage of CD5* B cells instead of CD5*
lymphocytes typically reported in this clinical test (figure 1A). Patients were divided into
two groups at first B cell repopulation (=1% CD19*/CD20" lymphocytes): those who
repopulated with >30% (high) CD5* B cells and those who repopulated with <30% (low)
CD5™ B cells. Maintenance immunosuppression with other agents did not factor into patient
grouping. Patients who repopulated with low CD5* B cells relapsed sooner (median=16
months (IQR=12-19)) than patients who repopulated with high CD5* B cells (23 months
(18-30); p=0.005) after rituximab (figure 1B). If time to relapse from B cell repopulation
was considered, patients who repopulated with low CD5* B cells relapsed much sooner (3
months (1-9)) than patients who repopulated with high CD5* (12 months (6-21), p=0.001;
table 1). Although patients repopulating with low CD5* B cells had less upper respiratory
involvement, time to relapse remained significantly shorter for these patients after adjusting
for upper respiratory involvement by time-to-event proportional hazards modelling (table 1).
Controlling for upper respiratory involvement and PR3 serotype, those with low CD5
remained at higher risk for relapse with a HR of 3.7 (95% CI 1.5 to 9.0, p=0.005). HRs and
Cls remained constant when controlling for PR3 serotype and lung involvement or with
CD?5 as a continuous variable. Of 25 patients who relapsed and had additional samples
available, 20 (80%) demonstrated a decrease in CD5™ prior to relapse. Longitudinal data
following repopulation with high CD5* B cells depicts decreasing CD5* B cells prior to
relapse (figure 1C).

Our data indicate that a low percentage of CD5" B cells at B cell repopulation portends a
shorter time to relapse following rituximab therapy irrespective of additional
immunosuppressive therapy. Monitoring CD5* B cell repopulation and decrease may serve
as a novel immunological biomarker to detect risk of subsequent relapse. We posit that
immunosuppression guided by CD5" B cells to avoid unnecessary treatment when protective
CD5™" B cells are present and avoid relapse by proactive treatment when CD5* B cells are
low could offer immeasurable benefit to patients.
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Figure 1.

Repopulation with <30% CD5™" B cells portends a shorter time to relapse than repopulation
with normal levels of CD5* B cells. (A) Gating scheme for re-analysis of clinical flow
cytometry data. Whole blood was stained for a CD20 workup with the following
fluorescently labelled antihuman antibodies: CD20-FITC (clone L27), CD45-PerCP (clone
2D1) and CD5-PE (clone L17F12, all from BD Biosciences, San Jose, California, USA).
Cells were analysed using a FACSCanto Il flow cytometer. Lymphocytes were first selected
based on forward versus side scatter; CD45 was then used as a pan lymphocyte marker in
combination with side scatter to identify lymphocytes in a strategy known as heterogeneous
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gating that is required in clinical flow cytometry core facilities.10 CD5* B cells were defined
as cells positive for both CD20 and CD5 as denoted by the oval gate. In samples used for
this study, CD20 correlated well with CD19 expression (r?=0.98). (B) Relapse-free survival
from the first dose of rituximab is depicted. Patients who repopulated with <30%CD5+ B
cells ( #) relapsed sooner than patients who repopulated with >30% CD5+ B cells ( =;
p=0.005). Open squares denote the months of follow-up for patients who did not relapse
during the time of our study (n=11), with a minimum 24 months of relapse-free follow-up
required. Adjusting for differences in upper respiratory involvement, the low CD5 group at
B cell repopulation remained significantly associated with a shorter time to relapse from
time of rituximab (p=0.002) and from time of B cell repopulation (p=0.001). (C)
CD20*CD5* B cells decrease prior to relapse. Shown is an example of a patient who
repopulates with high CD5" B cells after rituximab therapy but exhibits decreasing and then
low CD5* B cells prior to disease relapse (denoted by star).
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Clinical characteristics and CD5" B cell repopulation of patients with AAV after B cell depletion therapy

Repopulation with >30%

Repopulation with <30%

Characteristic CD5* B cells n=42 CD5* B cells n=8 p value”
Age at time of rituximab infusion, median (IQR) 54 (41-62) 56 (52-60) 0.572
Female gender, n (%) 23 (55) 4 (50) 0.999
Caucasian (non-Hispanic), n (%) 31 (74) 7 (88) 0.661
MPO-ANCA serotype, n (%) 18 (43) 3(38) 0.999
Disease, n (%) 0.999
GPA 23 (55) 4 (50)
MPA 15 (36) 3(38)
ANCA GN (renal-limited) 4 (10) 1(12)
Organ involvement (past and/or present), n (%)
Upper Respiratory 31 (74) 2 (25) 0.013
Pulmonary 28 (67) 7(88) 0.407
Renal 38 (90) 8 (100) 0.999
Time to B cell repopulation (months), median (IQR) 9 (8-13) 12 (10-13) 0.549
Percentage of total B cells at time of B cell repopulation, median 5(2-8) 2 (1-6) 0.036
(IQR)
Percentage of CD5" B cells at time of B cell repopulation, median 74 (57-86) 24 (21-28) <0.001
(IQR)
ANCA titreT (U/mL) at time of B cell repopulation, median (IQR) 34 (21-61) 31 (16-79) 0.833
ANCA titreT (U/mL) at time of relapse, median (IQR) 64 (35-84) 74 (56-86) 0.901
Previous rituximab, n (patients) (%) 16 (38) 3(38) 0.999
Medications following rituximab therapy, n (patients) (%)
Mycophenolate mofetil 18 (43) 1(13) 0.112
Azathioprine 3(7) 0(0) 0.999
Cyclophosphamide 1(2) 0 (0) 0.999
Ciclosporin 1(2) 1(13) 0.302
Prednisone 14 (33) 4 (50) 0.427
Methylprednisolone 1(2) 0 (0) 0.999
None 11 (26) 2 (25) 1.000
Time to relapse from rituximab (months), median (IQR) 23 (18-30) 16 (12-19) 0.005%
Time to relapse from B cell repopulation (months), median (IQR) 12 (6-21) 3(1-9) 0.0018

*
p Values were calculated by Fisher’s exact test for categorical variables, Wilcoxon rank test for continuous variables and log-rank for time-to-

event measures. A Bonferroni correction was applied and p values <0.025 were considered significant.

+

MPO or proteinase 3 (PR3, Inova Diagnostics, San Diego, California, USA). Negative titres are <20 U/mL.

iAfter adjusting for differences in upper respiratory involvement by time-to-event proportional hazards modelling, p=0.002.

§After adjusting for differences in upper respiratory involvement by time-to-event proportional hazards modelling, p=0.001.

ANCA titres were determined by the McLendon Clinical Laboratories at the University of North Carolina using ELISA kits specific for either

ANCA GN, antineutrophil cytoplasmic autoantibody glomerulonephritis; AAV, antineutrophil cytoplasmic autoantibody-associated vasculitis;
GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; MPO, myeloperoxidase; n, number.
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