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Key Points

•How TPEx impacts rit-
uximab effectiveness in
iTTP patients is not fully
understood.

• In iTTP patients on
therapeutic plasma ex-
change, rituximab elimi-
nates circulating
CD201 B and T cells in
24 hours for at least
1 week.

Introduction

Immune-mediated thrombotic thrombocytopenic purpura (iTTP) is a life-threatening thrombotic
microangiopathy associated with severe deficiency in ADAMTS13, a disintegrin and metalloprotease
responsible for limiting abnormally high concentrations of ultra-large von Willebrand factor multimers
in the plasma of humans.1,2 Classically, iTTP results from B-cell production of immunoglobulin G (IgG)
autoantibodies to ADAMTS13, leading to critically low activity levels (,10%) and formation of
platelet-rich thrombi with thrombocytopenia, hemolytic anemia, and schistocytes under high-shear
conditions in the microvasculature.3 Management of iTTP involves safely and quickly initiating
immunomodulating agents targeting rogue lymphocytes responsible for IgG production alongside
a treatment backbone of therapeutic plasma exchange (TPEx), which repletes ADAMTS13 and
removes autoantibodies.4

Rituximab, a humanized mouse anti-CD20 monoclonal IgG1ĸ antibody, is commonly used in treatment
regimens for iTTP and can prevent relapse and reduce mortality.5-8 Its half-life is ;2 to 3 weeks but
ultimately depends on the underlying treated condition, presence of TPEx, and CD201 lymphocyte load.
Rituximab eliminates CD201 lymphocytes through multiple mechanisms, including antibody-dependent
cell-mediated cytotoxicity, complement-dependent cytotoxicity, and apoptosis.9 Data on rituximab
pharmacokinetics during concurrent TPEx are limited, and the exact dosing, timing, and number of
rituximab doses necessary to accomplish a durable, robust clinical response in the acute setting
alongside ongoing TPEx, which can impact its clearance, is unknown and remains a topic of debate for
iTTP.9-11 Although rituximab is believed to primarily target those CD201 B cells inline to be the next
generation of antibody-producing cells responsible for driving the autoimmune process, its effect on
circulating CD201 T cells in iTTP has not been reported. Importantly, although their function is debated,
CD201 T cells have been described in both healthy subjects and patients with other autoimmune
conditions and are known to express cytokines and infiltrate human lymphatic tissues in patients with
autoimmune diseases.12-16

Case description

In this prospective study, we describe our experience with administering rituximab during ongoing daily
TPEx to 3 consecutive adult patients diagnosed with iTTP, each with a unique presentation.17 No
significant side effects from rituximab administration were observed and we further present evidence
that rituximab quickly and successfully eliminates circulating CD201 B cells and a CD201

subpopulation of T cells within 24 hours of rituximab dosing, which is sustained for at least 1 week
with uninterrupted daily TPEx.
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Methods

Three patients were prospectively enrolled. Whole blood was
obtained in EDTA tubes under institutional research board–
approved protocols in accordance with the Declaration of Helsinki.
Blood samples were obtained at clinical diagnosis, after TPEx, and
just prior to rituximab (day 0); 24 hours after dose 1 of rituximab and
immediately post-TPEx (day 1); and just prior to rituximab dose 2
(day 7) (supplemental Figure 1). Platelet counts and other
hematological parameters were followed systematically for each
patient.

Peripheral blood mononuclear cells were enriched from 3 to 5 mL of
EDTA-anticoagulated blood by red cell lysis. B-cell, T-cell, and
natural killer cell compartments were analyzed using the following
antibody combinations as previously described.18 Antibodies were
used according to the manufacturers’ instructions and purchased
from Becton Dickinson (San Jose, CA) unless otherwise noted.
The antibody combinations were CD3–fluorescein isothiocyanate
(FITC)/CD4-phycoerythrin (PE)/CD8-allophycocyanin (APC)/
CD45–peridinin chlorophyll protein (PerCP), CD3-FITC/CD20-
PE/CD19-APC/CD45-PerCP, and CD16-FITC (Beckman Coulter,
Indianapolis, IN)/CD56-PE/CD3-APC/CD45-PerCP. Data were
acquired using a FACSCanto cytometer and analyzed using BD
FACSDiva version 8.0.1 (BDBiosciences, San Jose, CA). ADAMTS13

activity and inhibitor titers were determined at a referral laboratory
(Versiti, Milwaukee, WI) using a modified fluorescence resonance
energy transfer substrate–VWF73 assay and mixing studies, as
previously described.19,20

Results and discussion

Patient characteristics are described in Table 1. Additional
laboratory results and courses of patients are reported in
supplemental Figures 2-5. Briefly, patient 1 (P1) had known
recurrent iTTP, with multiple relapses in the past. Laboratory results
and peripheral blood (PB) smear were consistent with relapsed
iTTP. The patient sustained remission in 2 weeks with TPEx,
steroids, and rituximab treatment.

Patient 2 (P2) was diagnosed with iTTP in the setting of metastatic
melanoma treated with checkpoint immunotherapy ipilimumab/
nivolumab. The last cycle was 41 days prior to admission.
Laboratory results and PB smear were consistent with iTTP. After
initially responding to therapy, by day 6, the patient had become
refractory and obtained a second response after 22 days with
prolonged TPEx, steroids, and rituximab. ADAMTS13 activity never
normalized and the patient expired 154 days from diagnosis from
complications of melanoma progression and iTTP. Patient 3 (P3)
was diagnosed with iTTP in the setting of treatment with palliative
temozolomide for metastatic ependymoma. Laboratory results and

Table 1. Patient characteristics

Patient History Initial laboratory results ADAMTS13 Initial treatment Outcome

P1 54-yo woman with TTP diagnosed
21 y ago and frequent relapses
presented with unexplained
bruising on right arm.

Previous treatments included
TPEx, steroids, rituximab, and
vincristine.

Her last relapse was 8 y prior to
this presentation.

Platelets: 113 109/L
Hgb: 8.4 g/d L
Cr: 1.8 mg/dL
Tbili: 0.6 mg/dL
LDH: 465 U/L
Haptoglobin: ,6 mg/dL
ARC: 100000/mL
PB smear: numerous

schistocytes per high
power field

Activity: 5%
Inhibitor: yes (.8 IU)

(1) Prednisone 1 mg/kg/d 3 10 d
followed by slow taper.

(2) TPEx3 12 sessions: daily until day
10 followed by taper completed
on day 15.

(3) Rituximab: given weekly at
375 mg/m2 3 2 doses in hospital,
starting day 5.

Platelet count normalized on day 8
and remained stable until
discharge on day 15.

P2 57-yo woman with metastatic
melanoma being treated with
ipilimumab and nivolumab (4
cycles of nivolumab and
ipilimumab given every 3 weeks,
last cycle being 41 d prior to
admission) presented to the ED
with complaints of dizziness and
weakness for 4 d, and leg
bruises for 3 wk.

She denies fevers or neurologic
symptoms.

Platelets: 8 3 109/L
Hgb: 7.2 g/d L
Cr: 0.85 mg/dL
Tbili: 3.6 mg/dL (indirect

2.95 mg/dL)
LDH: 1562 U/L
Haptoglobin: ,6 mg/dL
ARC: 250000/mL
PB smear: numerous

schistocytes per high
power field

Activity: ,5%
Inhibitor: yes (ADAMTS13 IgG Ab

titer of 68 and inhibitor titer 0.7
IU)

Repeat activity (inhibitor titer):
11% (0.8) on day 17, 11%
(,0.4) on day 28, ,5%
on days 70 (,0.4) and 120
(0.4)

(1) Pulse steroids
(methylprednisolone).

(2) Daily TPEx started on day 2 of
admission.

The frequency of TPEx was increased
to twice daily on day 8 and then
switched to daily at 1.5 exchange
volume on day 10 until discharge
on day 25.

She received a total of 24 TPEx
sessions during her hospital stay.
(3) Rituximab: Given weekly at
375 mg/m2 3 4 doses were given,
starting day 3.

Platelet count normalized to 1633
109/L on day 6 for 1 d, before
trending down again.

Patient’s platelet counts fluctuated
significantly before stabilizing
within the normal range
starting day 22.

Patient expired 154 d from TTP
diagnosis due to progression of
metastatic melanoma and iTTP
(see supplemental Figures 2-5).

P3 25-yo woman with history of
metastatic anaplastic
ependymoma diagnosed 6 y
ago, treated with multiple
rounds of radiation therapy and
chemotherapy in the past who
presented with low-grade fever
and bruising for 3 d.

Current treatment included
temozolomide for the preceding
12 mo.

Platelets: 6 3 109/L
Hgb: 6.3 g/dL
Cr: 1.14 mg/dL
Tbili: 5.6 mg/dL (indirect

4.88 mg/dL)
LDH: 1132 U/L
Haptoglobin: ,6 mg/dL
ARC: 120000/mL
PB smear: numerous

schistocytes per high
power field

Activity: ,5%
Inhibitor: yes (2.4 IU)
Repeat activity (inhibitor titer):

,5% on day 12, 93% on day
15, and 87% (,0.4) on day 32

(1) Prednisone 1 mg/kg 3 3 wk
before a taper was initiated.

(2) TPEx started on day 2 of
admission, increased to twice daily
on days 13-19 due to poor
response, and then continued daily
until day 36 (total 42 sessions).

(3) Rituximab: given weekly; 375 mg/
m2 3 4 doses starting day 3.

(4) Bortezomib: given days 13, 16,
and 20 at 1 mg/m2.

Platelet count was 6 3 109/L on
the day of discharge (day 40),
but with no other corroboratory
evidence of ongoing TTP
activity, the impression was that
the low count was because of
underlying malignancy and/or
nutritional deficiencies.

Bone marrow biopsy
performed day 39 was
unremarkable (see supplemental
Figures 2-5).

Ab, antibody; ARC, absolute reticulocyte count; Cr, creatinine; ED, emergency department; Hgb, hemoglobin; LDH, lactate dehydrogenase; P1, patient 1; P2, patient 2; P3, patient 3; PB,
peripheral blood; Tbili, total bilirubin; TTP, thrombotic thrombocytopenic purpura; yo, year old.
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Figure 1. Rituximab leads to rapid and sustained elimination of circulating CD20
1
B and T lymphocytes despite ongoing TPEx in patients with iTTP. (A) Total

circulating lymphocytes in patients with iTTP decrease after rituximab administration but there remains a variable response between the first and second dose of rituximab (days

1-7) and during continued TPEx. (B) Circulating CD201 B lymphocytes vary in number in each patient. Rituximab removes nearly all circulating CD201 B lymphocytes in each

patient even after TPEx 24 hours later. The CD201 B cells remain absent a week later at the time for the next rituximab treatment. (C) CD201 is expressed on most circulating

B lymphocytes in each patient at diagnosis. Rituximab quickly removes circulating CD201 B lymphocytes within 24 hours. Recovery of CD201 B lymphocytes by day 7 is

patient-dependent, with patient 3 (P3) having the most circulating cells. (D) Specific circulating T lymphocytes in iTTP express CD20 and levels depend on the patient.

Rituximab effectively depletes CD201 T cells, which last 1 week after administration. (E) CD4-to-CD8 ratios are decreased between day 0 and day 1 in all patients, suggesting

preferential depletion of CD41 T cells. (F) Flow cytometry plots demonstrate that CD201 B cells were eliminated (boxed regions) in each patient after rituximab treatment

between day 0 and 1. The number of CD201 T cells dropped dramatically (although to variable extent in different patients) within 24 hours after rituximab treatment (arrows).

Bars and lines represent mean percentages plus standard deviation from N 5 3 patients.
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PB smear were consistent with iTTP. Although ADAMTS13 activity
levels improved, initially platelets did not fully respond despite
4 weeks of a combination of TPEx, steroids, rituximab, and
bortezomib.

Total lymphocytes decreased after the first dose of rituximab
(Figure 1A). CD201 B lymphocytes represented 8% to 35% of
circulating lymphocytes and most circulating B cells were CD201

(Figure 1B-C). Rituximab eliminated essentially all circulating
CD201B cells within 24 hours for each patient, despite uninterrupted
daily TPEx. CD201 B cells remained nearly absent 1 week later at
the next rituximab dose. Rituximab also eliminated a CD201

subpopulation of T cells in all 3 patients. The CD4-to-CD8 ratio
concomitantly decreased from day 0 to day 1 (Figure 1D-F),
suggesting preferential elimination of CD41 T cells. The reduction
in total T cells was greater than that which could be expected from
eliminating just CD201 T cells. Although CD201 T cells accounted
for a small proportion of all T cells, on average 71.4% (range, 38.5%
to 88.3%) of all circulating T cells were eliminated among patients
on day 1 (supplemental Figure 3). The CD31201 reduction
persisted 1 week later as patients continued TPEx. The least
responsive patient (P3) had the fewest CD201 T cells, whereas the
most responsive patient (P1) had the highest in circulation.

In this prospective study, we demonstrate that rituximab can be
given safely to patients after TPEx and that it quickly and efficiently
depletes CD201 lymphocytes in patients with iTTP. It is the first
study to demonstrate prospectively that CD201 B cells are
depleted from the circulation of patients with iTTP within 24 hours
of rituximab despite ongoing daily TPEx, and CD201 T cells are
present in the PB of patients with iTTP and that these cells, too, are
eliminated. Previously described as a polyclonal T-cell population
often enriched in CD81 and CD45RO1 memory T cells with
a proinflammatory T helper type 1/cytotoxic T cell phenotype and
high proliferative capacity to autoantigens, CD201 T cells can also
infiltrate primary and secondary lymphoid tissues and produce
cytokines including interferon g, tumor necrosis factor a, interleukin
4, and interleukin 17.12,13,16,21 Interestingly, our results suggest that
CD41 T cells too may play a role in rituximab response during iTTP
treatment. With the reduction in PB CD4-to-CD8 ratio post–
rituximab treatment, some of the lost T cells may be follicular helper
CD41 T cells, which depend on B cells and play a role in

autoimmune diseases.22 Findings of CD201 T cells in circulation of
patients with iTTP, along with previous descriptions of CD201 T
cells present in other autoimmune conditions,16 also support that
these T cells may contribute to the pathogenesis of iTTP.
Furthermore, recent evidence suggests that lymphocytes with
tandem T- and B-cell markers can disrupt the paradigm of
absolute compartmentalization of adaptive immunity and may act
as drivers of autoimmunity.23 CD201 T lymphocytes may also
uphold these findings. Furthermore, our report reinforces that
immunotherapies using checkpoint blockade to treat cancer can
induce life-threatening autoimmune hematological conditions, in-
cluding iTTP.24,25 Additional investigation is needed to elucidate the
role CD201 T cells play in iTTP pathophysiology and whether our
findings can be replicated with changes in dosing and/or frequency
of administration of rituximab.
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11. Azzopardi N, François M, Laurent E, Paintaud G, Birmelé B. Influence of plasma exchange on rituximab pharmacokinetics. Br J Clin Pharmacol. 2013;
76(3)486-488.

12. Wilk E, Witte T, Marquardt N, et al. Depletion of functionally active CD201 T cells by rituximab treatment. Arthritis Rheum. 2009;60(12)3563-3571.

13. Schuh E, Berer K, Mulazzani M, et al. Features of human CD31CD201 T cells. J Immunol. 2016;197(4)1111-1117.

14. Gingele S, Jacobus TL, Konen FF, et al. Ocrelizumab depletes CD201 T cells in multiple sclerosis patients. Cells. 2018;8(1)

15. Palanichamy A, Jahn S, Nickles D, et al. Rituximab efficiently depletes increased CD20-expressing T cells in multiple sclerosis patients. J Immunol. 2014;
193(2)580-586.

16. Chen Q, Yuan S, Sun H, Peng L. CD31CD201 T cells and their roles in human diseases. Hum Immunol. 2019;80(3)191-194.

17. George JN. The remarkable diversity of thrombotic thrombocytopenic purpura: a perspective. Blood Adv. 2018;2(12)1510-1516.

18. Kraus TS, Sillings CN, Saxe DF, Li S, Jaye DL. The role of CD11c expression in the diagnosis of mantle cell lymphoma. Am J Clin Pathol. 2010;134(2)
271-277.

19. Kokame K, Nobe Y, Kokubo Y, Okayama A, Miyata T. FRETS-VWF73, a first fluorogenic substrate for ADAMTS13 assay. Br J Haematol. 2005;129(1)
93-100.

20. Zheng XL, Kaufman RM, Goodnough LT, Sadler JE. Effect of plasma exchange on plasma ADAMTS13metalloprotease activity, inhibitor level, and clinical
outcome in patients with idiopathic and nonidiopathic thrombotic thrombocytopenic purpura. Blood. 2004;103(11)4043-4049.

21. von Essen MR, Ammitzbøll C, Hansen RH, et al. Proinflammatory CD201 T cells in the pathogenesis of multiple sclerosis. Brain. 2019;142(1)120-132.

22. Crotty S. T follicular helper cell differentiation, function, and roles in disease. Immunity. 2014;41(4)529-542.

23. Ahmed R, Omidian Z, Giwa A, et al. A public BCR present in a unique dual-receptor-expressing lymphocyte from type 1 diabetes patients encodes
a potent T cell autoantigen. Cell. 2019;177(6)1583-1599.

24. Brahmer JR, Lacchetti C, Schneider BJ, et al; National Comprehensive Cancer Network. Management of immune-related adverse events in patients
treated with immune checkpoint inhibitor therapy: American Society of Clinical Oncology Clinical Practice guideline. J Clin Oncol. 2018;36(17)
1714-1768.

25. Postow MA, Sidlow R, Hellmann MD. Immune-related adverse events associated with immune checkpoint blockade. N Engl J Med. 2018;378(2)
158-168.

11 FEBRUARY 2020 x VOLUME 4, NUMBER 3 IMPACT OF RITUXIMAB AFTER TPEx ON CD20 LYMPHOCYTES 481

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/4/3/477/1719317/advancesadv2019001148.pdf by guest on 08 June 2024


