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Discussion  5 

Variability of CD20+ cell suppression 6 

Several factors may explain this variability. First of all, the CD20+ lymphocyte pool differs 7 

between patients, with regards to previous anti-CD20+ treatments that may have a long-lasting 8 

effect on the CD20+ cell pool. In our population, baseline CD20+ cell counts ranged from 20 – 9 

1131/µL (median 138/µl). Additionally, the ratio between peripheral blood CD20+ cells and 10 

tissue compartments remains unknown (Carpenter et al., 2009; Cao et al., 2010; Arndt, Jörns 11 

and Wedekind, 2018; Häusler et al., 2018). Although CD20+ cells in circulating blood will be 12 

depleted immediately, they may still be present in other compartments (i.e. bone marrow, spleen 13 

or lymph nodes). For instance, the patient in whom rituximab was inapt to reduce CD20+ cell 14 

counts at all timepoints had a significant splenomegaly - conceivably with an enlarged CD20+ 15 

cell pool. In contrast, another patient with CAD and a previous treatment of rituximab, had a 16 

permanent depletion of CD20+ lymphocytes after receiving 5 mg/m2 rituximab, because the 17 

previous treatment may have resulted in an overall lower CD20+ lymphocyte number. 18 

Furthermore, one patient suffered from lymphoplasmocytic lymphoma, which typically is 19 

accompanied with an increased number of circulating CD20+ cells and possibly higher dosing 20 

requirements (Treon et al., 2001). Shahaf et al. (Shahaf et al., 2016) nicely demonstrated 21 

homeostatic feedback mechanisms of peripheral CD20+ cells on the CD20+ cell generation of 22 

the bone marrow and showed increased production of CD20+ cells after peripheral CD20+ cell 23 

depletion. Cell recovery is likely dependent on the condition of the bone marrow and impacted 24 

by other hematologic diseases. However, CD20+ cell reconstitution within 12 months of 25 



 2 

rituximab therapy was highly variable also in patients with various autoimmune diseases and 26 

differed between diseases (Thiel et al., 2017).  27 
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Supplementary fig. 1 (a) Rituximab concentration in plasma at 20 mg, 50 mg and 100 mg respectively 67 

and calculated dosing intervals to maintain concentrations above the estimated EC95 and EC50. (b) 68 

Calculation of plasma rituximab concentrations at different dosing regimens, with adapted data from 69 

Cohen et al. (Cohen et al., 2016) Iacona et al. (Iacona et al., 2000) and extrapolated from data of the 70 

respective study (Schoergenhofer et al., 2018). 71 
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Hemolysis laboratory parameters: 78 

The mean hemoglobin level at baseline was 10.2 ± 0.9 g/dl, the mean reticulocyte count was 79 

145 ± 102 G/L. Mean hemoglobin levels were lowest in patients receiving 5 mg/m2 and they 80 

had greater reductions than those receiving 20 mg and 50 mg, as reflected by the higher standard 81 

deviation. Two patients (patient 1 and patient 8) received transfusion of red packed blood cells. 82 

Six patients showed signs of ongoing hemolysis with elevated LDH, bilirubin and decreased 83 

haptoglobin concentrations.  84 

 85 

Short narratives on the clinical course of individual patients: 86 

5mg/m2 Rituximab 87 

• Patient 1 with CAD had 2 episodes with signs of acute hemolysis (¯ hemoglobin, ¯ 88 

haptoglobin,  LDH and  Bilirubin) with the necessity of transfusion of packed red 89 

blood cells. 90 

• Patient 2 with CAD had a hemoglobin concentration of 10 g/dL at baseline, which 91 

decreased initially to a minimum of 5.4 g/dL. Hemoglobin concentration undulated 92 

between 6 -7 g/dL in the early treatment phases. Of note, these low concentrations were 93 

partly caused by hemodilution (pre-medication). Hemoglobin concentrations increased 94 

to > 10 g/dL in the course of the study, without any further treatment. This development 95 

was accompanied by respective improvements in parameters indicative of hemolysis. 96 

• In Patient 3 with mixed-type AIHA the minimum hemoglobin concentration was 7.6 97 

g/dL with signs of ongoing hemolysis. Rituximab concentrations were not measurable 98 

and CD20+ cells were not suppressed after infusion, which led to the discontinuation of 99 

the study in this subject. (93/µL compared to 111/µL at the beginning of the study) 100 

 101 

 102 

 103 
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20 mg Rituximab 104 

• Patient 4 with CAD had hemoglobin concentrations mostly >10 g/dL (nadir 9.2 g/dL), 105 

with variable degree of hemolysis according to the parameters of interest (persistent 106 

bilirubin elevation, low reticulocytes, undulating LDH inverse to Hb concentrations and 107 

normalized haptoglobin at the end of the study) 108 

• Patient 5 with wAIHA had a mild anemia at the beginning of the study and signs of mild 109 

hemolysis (¯ haptoglobin,  LDH and  Bilirubin), but hemoglobin concentrations and 110 

parameters of hemolysis improved and normalized during the study.  111 

• Patient 6 with CAD had a nadir of 9 g/dL hemoglobin after the first infusion. However, 112 

the initially clearly elevated signs of hemolysis improved continuously during the study 113 

– which was accompanied by a steady rise in hemoglobin concentration 114 

 115 

50 mg Rituximab 116 

• Patient 7 with wAIHA: hemoglobin concentrations undulated between 9 and 10 in the 117 

beginning of the study, but hemoglobin improved to approximately 12 g/dL towards the 118 

end of the study. Haptoglobin concentrations were continuously reduced and LDH was 119 

mildly elevated during the entire observation period, while bilirubin was only mildly 120 

elevated at the beginning of the study. Reticulocytes were continuously elevated.  121 

• Patient 8 with CAD had a poor response to rituximab treatment. Hemoglobin values 122 

dropped to 7.6 g/dL and the patient required transfusion of packed red blood cells due 123 

to ongoing hemolysis (elevated bilirubin and LDH levels and depleted haptoglobin). 124 

• Patient 9 with CAD had mild signs of hemolysis at the beginning of the study, elevated 125 

bilirubin and LDH level, but conditions remained stable, hemoglobin concentrations 126 

reached a maximum of 11.6 g/dL without the requirement of transfusions. Haptoglobin 127 

remained suppressed during the entire study period and all other parameters of 128 

hemolysis were slightly elevated during the entire study period  129 
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 130 

100mg Rituximab 131 

• Patient 10 with CAD had stabile hemoglobin levels throughout the study starting at 10.2 132 

g/dL, mildly elevated LDH and bilirubin at the beginning of the study. Towards the end 133 

of the study, patient 10 developed endocarditis, which resulted in a drop in hemoglobin 134 

to 8.7 g/dL and an increase in bilirubin concentrations. However, LDH and reticulocytes 135 

were not suggestive of acute hemolysis.  136 

 137 

  138 
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In- and Exclusion criteria 139 

Inclusion 140 

• Signed ethic consent obtained before any trial related activities 141 

• Ability to understand the nature and the purpose of the study, including possible risks 142 

and side effects; ability to co-operate with the investigator and to comply with the 143 

requirements of the trial 144 

• Men or women aged ≥18 years of age with a diagnosis of AIHA in whom treating 145 

physicians decide to use rituximab, 146 

• In female subjects either childbearing potential terminated by surgery or one year 147 

postmenopausal, or a negative urine pregnancy test during screening and the willingness 148 

not to become pregnant during the entire study period by practicing reliable methods of 149 

contraception 150 

• Normal findings in medical history and physical examination unless the investigator 151 

considers an abnormality to be clinically irrelevant 152 

• Normal laboratory values unless the investigator considers an abnormality to be 153 

clinically irrelevant 154 

 155 

Exclusion 156 

• Previous treatment with rituximab, or other CD20-antibodies ofatumumab, 157 

obinutuzumab or ocrelizumab within 12 months or patients with suppressed B-cell 158 

levels 159 

• The recent use of high doses of corticosteroids (>100 mg/day) 160 

• The use of intravenous immunoglobulins, unless cyclic thrombocytopenia occurs 161 

• Planned splenectomy within 3 months or recent splenectomy 162 

• Patients with HepBc antibodies 163 

• Necessity of acute treatment of autoimmune-mediated hemolysis (massive hemolysis) 164 
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• Clinically relevant infection (<1 week) 165 

• Relevant history of renal, hepatic, gastrointestinal, cardiovascular, respiratory, skin, 166 

hematological, endocrine, inflammatory or neurological diseases, that may interfere 167 

with the aim of the study 168 

• Ascertained or presumed hypersensitivity to the active principle and/or formulations' 169 

ingredients; history of anaphylaxis to drugs or major allergic reactions in general, which 170 

the investigator considers may compromise the safety of the participants 171 

• Use of medication during 2 weeks before the start of the study, which the investigator 172 

considers may affect the validity of the study 173 

• Drug abuse, alcohol (>1 drinks/day, defined according to USDA Dietary Guidelines) 174 

• Pregnancy (positive pregnancy test at screening or during study phase), lactation or 175 

unreliable contraception in female subjects with child-bearing potential 176 

 177 

Females of childbearing potential: 178 

In females of childbearing potential, a pregnancy test was performed at least once per month. 179 

All subjects of childbearing potential were informed that performing adequate contraception is 180 

necessary, when participating in this trial. 181 

 182 


