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Retrospective Study of CD20 Expression Loss in Relapsed
or Refractory B-Cell Non-Hodgkin Lymphoma

Joseph P. Marshalek® ¢, Xin Qing®, Marcin Dragan?, Sarah Tomassetti?

Abstract

Background: CD20-targeted therapies are widely used in the man-
agement of B-cell lymphomas. Re-treatment with CD20-directed
agents is common; however, previous research has demonstrated loss
of CD20 expression at relapse in a subset of patients.

Methods: In this single-center retrospective cohort of 243 patients,
CD20 analysis was performed by immunohistochemistry (IHC) and/or
flow cytometry at diagnosis and at relapse if a biopsy was performed.

Results: Of 109 patients with relapsed or refractory B-cell lym-
phoma, 59 patients with CD20-positive lymphoma at diagnosis
underwent a biopsy at relapse for a total of 76 biopsies across all
relapses. The rate of partial or complete CD20 expression loss was
11.9% (four patients with partial loss, three patients with complete
loss). There were four cases of CD20 loss at first relapse (three IHC,
one flow cytometry), two at second relapse (one IHC, one IHC and
flow cytometry), and one at fifth relapse (IHC and flow cytometry).
CD20 antigen escape was observed in marginal zone lymphoma,
follicular lymphoma, and diffuse large B-cell lymphoma (DLBCL).
All patients with CD20 expression loss previously received rituxi-
mab. Among patients with CD20 antigen escape, 85.7% had stage
IV disease, and median overall survival after CD20 loss was 4
months. In the group of five patients with indolent lymphoma and
CD20 expression loss, three patients (60%) had concurrent transfor-
mation to high-grade lymphoma.

Conclusions: This study, which reinforces the importance of repeat-
ing a biopsy at relapse before implementing CD20-directed therapy,
is particularly relevant given the widespread use of rituximab along
with the emerging significance of CD20-targeted bispecific antibod-
ies in the management of B-cell lymphomas.
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Introduction

Globally, it is estimated that there were 545,000 new cases of
non-Hodgkin lymphoma and 260,000 deaths in 2020 [1, 2],
and the incidence appears to be increasing [2, 3]. Over the last
25 years, anti-CD20 monoclonal antibodies have revolution-
ized the management of non-Hodgkin lymphoma. Rituximab
has become a foundational element in the management of most
B-cell lymphomas [4], and obinutuzumab may have a role as
well [5-8]. More recently, novel CD20-targeted bispecific an-
tibodies mosunetuzumab [9, 10], glofitamab [11], epcoritamab
[12], and odronextanab [13] have emerged as a promising
therapeutic avenue in relapsed or refractory B-cell lymphoma.
Furthermore, anti-CD20 chimeric antigen receptor (CAR) T
cells are under ongoing investigation [14, 15].

In addition to CD19, CD22, CD79a, and PAXS5, CD20
is a marker nearly ubiquitously expressed on mature B cells.
Most B-cell non-Hodgkin lymphomas are CD20-positive in-
cluding diffuse large B-cell lymphoma (DLBCL), follicular
lymphoma (FL), marginal zone lymphoma (MZL), and mantle
cell lymphoma (MCL). CD20-negative B-cell lymphoma is a
rare entity (1-2% of all B-cell lymphomas) and can be expect-
ed in plasmablastic lymphoma, primary effusion lymphoma,
lymphoblastic lymphoma, human herpesvirus 8 (HHV8)-pos-
itive large B-cell lymphoma, and anaplastic lymphoma kinase
(ALK)-positive large B-cell lymphoma [16, 17].

Previous case reports [18-25] and retrospective studies
[26-37] have demonstrated loss of CD20 expression at relapse
in patients previously treated with rituximab who were CD20-
positive at diagnosis. Unfortunately, the sample sizes in most
of these studies are relatively small, and the rate of CD20 ex-
pression loss is highly variable across studies.

Re-treatment with anti-CD20 therapy in B-cell lympho-
mas is common; however, loss of CD20 expression at relapse
is a clinical concern. The primary aim of this retrospective
study was to characterize the rate of CD20 expression loss at
the time of relapse or refractory disease in patients with B-cell
non-Hodgkin lymphoma.

Materials and Methods

Study design

We performed a retrospective chart review of 288 consecutive
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adult patients with B-cell non-Hodgkin lymphoma who were
seen at Harbor-UCLA Medical Center in Torrance, CA, USA
from 2014 to 2023. Harbor-UCLA Medical Center Institution-
al Review Board (IRB) approval was obtained (IRB number
18CR-32663-01), and the study was performed in accordance
with the ethical standards described in the 1964 Declaration
of Helsinki and subsequent amendments. Data were collected
regarding demographics, lymphoma type, CD20 expression,
management, treatment response, and survival.

CD20 expression analysis

Biopsies were obtained from lymph nodes, bone marrow, or
most accessible organ site at diagnosis and at time of relapse or
refractory disease whenever feasible. Biopsies were obtained
per standard practice at the clinician’s discretion and not for the
purpose of this study. CD20 protein expression was assessed
by immunohistochemistry (IHC) and/or flow cytometry per
standard practice at the time of biopsy and not for the intent of
the study. In CD20-negative cases, CD79a and/or PAXS5 THC
stains and/or CD19 flow cytometry were performed to con-
firm B-cell lineage. IHC and flow cytometry were performed
on-site in the Harbor-UCLA Hematopathology Lab (Torrance,
CA, USA).

IHC

The tissues were routinely fixed in 10% neutral buffered for-
malin and embedded in paraffin. The sections were deparafti-
nized and rehydrated in graded alcohol. The sections were then
put in an automated stainer (Ventana) following the vendor’s
protocol. Commercially available ready-to-use monoclonal
antibodies to CD20 (clone L26, Roche), CD79a (clone SP18,
Roche), and PAXS (clone SP34, Roche) were used.

Flow cytometry

Flow cytometric analysis was performed with a Beckman
Coulter flow cytometer using ready-to-use antibodies (CD20
FITC, clone B9E9; CD19 RDI, clone 89B) according to the
vendor’s instructions (Beckman Coulter, Fullerton, CA, USA).
We described antigen distribution as “negative” for antigens
not expressed, “positive” for antigens expressed, or “partially
expressed” for antigens that are expressed in a subset of the
population of interest. “Dim” was used to describe antibody
fluorescence intensity for a uniformly positive population with
lower mean fluorescence intensity than a positive normal cell
population.

CD20 antigen escape

Partial CD20 loss was defined by partial or weak CD20 posi-
tivity by IHC, dim CD20 expression by flow cytometry, or
conflicting IHC and flow cytometry results in a patient with
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Table 1. Demographics for Patients Who Received Treatment
(n =243)

Demographics

Gender
Males 144 (59.3%)
Females 99 (40.7%)

Age at diagnosis (years)

Median 56

Range 19 - 94
Ethnicity/race

Hispanic 160 (65.9%)

White/European 34 (14.0%)

Black/African-American 27 (11.1%)

Asian 15 (6.2%)

Other 7 (2.9%)
Stage

Stage [ 27 (11.1%)

Stage 11 55 (22.6%)
Stage 111 28 (11.5%)
Stage IV 111 (45.7%)
Primary CNS 5(2.1%)
Unknown 17 (7.0%)

CNS: central nervous system.

previously identified CD20-positive lymphoma. Complete
CD20 loss was defined by complete absence of detectable
CD20 expression in a patient who previously had a CD20-
positive biopsy.

Results

Patient demographics

Examination of the electronic health record yielded 288 patients
with non-Hodgkin B-cell lymphoma who were seen at Harbor-
UCLA Medical Center from 2014 to 2023. Among the 288 pa-
tients identified, 243 patients (84.4%) received treatment, and
45 patients (15.6%) were never treated (best supportive care,
observation alone, treatment at an outside facility). Therefore,
these 45 patients were excluded from the data analysis.

In the cohort of 243 patients with B-cell non-Hodgkin lym-
phoma who ultimately received treatment, the median age was
56 years old (range 19 - 84 years old). Demographic information
for patients included in the study is described in Table 1.

Clinical characteristics

The most common types of lymphoma were DLBCL (52.3%),
FL (14.0%), MZL (7.4%), high-grade B-cell lymphoma
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Table 2. Cohort of Patients by Histology

Number of pa- CRR to first- Primary refrac-  Relapse Relapsed/ Number of patients with
tients (% cohort) line treatment tory disease?® after CRP refractory biopsy at relapse (% cohort)

Overall 243 70.8% 29.2% 22.1% 44.9% 60

DLBCL 127 (52.3%) 80.3% 19.7% 16.7% 33.1% 20 (33.3%)

FL 34 (14.0%) 76.5% 23.5% 46.2% 58.9% 18 (30.0%)

MZL 18 (7.4%) 55.6% 44.4% 40.0% 66.7% 10 (16.7%)

HGBCL¢ 16 (6.6%) 25.0% 75.0% 0% 75.0% 3 (5.0%)

MCL 11 (4.5%) 36.4% 63.6% 50.0% 81.2% 6 (10.0%)

PCNSL 5(2.1%) 40.0% 60.0% 50.0% 80.0% 1 (1.7%)

PMBCL 4 (1.6%) 100% 0% 25.0% 25.0% 1 (1.7%)

Burkitt 4 (1.6%) 75.0% 25.0% 0% 25.0% 0 (0%)

Plasmablastic 2 (1.6%) 50.0% 50.0% 100% 100% 1. (1.7%)

NOS/other 22 (9.1%) 69.6% 30.4% 0% 30.4% 0 (0%)

aPrimary refractory disease includes patients with partial remission, stable disease, or progressive disease after first-line treatment. PAmong patients
with initial CR to first-line treatment. “Double expressor, triple expressor, or HGBCL-NOS. CR: complete remission; CRR: complete remission rate;
DLBCL: diffuse large B-cell ymphoma; FL: follicular ymphoma; HGBCL: high-grade B-cell ymphoma; MCL: mantle cell lymphoma; MZL: marginal
zone lymphoma; NOS: not otherwise specified; PCNSL: primary central nervous system lymphoma; PMBCL: primary mediastinal B-cell ymphoma.

(6.6%), and MCL (4.5%). A complete list of lymphoma sub-
types can be found in Table 2. The majority of patients had
advanced stage disease (45.7% stage IV and 11.5% stage 111
versus 22.6% stage Il and 11.1% stage I).

First-line treatment

For patients with B-cell lymphoma who received first-line
treatment (n = 243), the complete remission rate (CRR) was
70.8% (Table 2). Among 71 patients (29.2%) with primary
refractory disease, there were 24 patients (9.9%) with partial
remission (PR), 14 patients (5.8%) with stable disease (SD),
and 33 patients (13.6%) with progressive disease (PD). In the
first-line setting, 218 patients (89.7%) received a rituximab-
containing regimen. The group who did not receive rituximab
first-line included patients who received radiation alone and
patients with CD20-negative lymphoma.

CD20 antigen escape in patients with relapsed or refrac-
tory disease

Among 172 patients with complete remission (CR) with first-
line therapy, 38 patients (22.1% of those with initial CR) later
relapsed. Overall, 109 patients (44.9% treated patients) had
relapsed or refractory disease, among whom 60 received a bi-
opsy at relapse (Fig. 1).

The rate of CD20 antigen escape was 11.9% including
four patients (6.8%) with partial CD20 loss and three patients
(5.1%) with complete CD20 loss (Table 3). CD20 loss was de-
tected by IHC in four cases, flow cytometry in one case, and
both IHC and flow cytometry in two cases. In six out of sev-
en cases with CD20 loss, expression of other B-cell markers
(CD19, CD45, CD79b, PAXS5) was maintained. In one case of
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CD20 antigen escape (patient 5 in Table 4), there was also loss
of expression of CD79b, PAXS, and CD45 (weakly positive).
The rate of CD20 expression loss was 30% for MZL, 11.1%
for FL, 10% for DLBCL, and 0% for all other lymphoma types
(Fig. 2).

All seven patients with loss of CD20 expression previ-
ously received rituximab. In the group of seven patients with
CD20 loss, six patients (85.7%) had stage IV disease at di-
agnosis, and median overall survival after CD20 loss was 4
months. Among the five patients with MZL or FL with CD20
antigen escape, three patients (60%) had transformation to
high-grade lymphoma at the time of CD20 loss.

At first relapse, three patients had partial CD20 loss (two
DLBCL, one MZL), and one patient had complete CD20 loss
(FL with transformation to high-grade B-cell lymphoma). At
second relapse, two patients had CD20 antigen escape (one FL.
patient with complete CD20 loss, one MZL patient with partial
CD20 loss). Both patients received two prior lines of rituximab-
containing therapy and had transformation to DLBCL at the
time of CD20 loss (Table 4). No cases of CD20 antigen escape
were observed at third or fourth relapse. The MZL patient with
CD20 loss at fifth relapse received two rituximab-containing
regimens as well as ofatumumab as fourth-line therapy. In all
previous biopsies from diagnosis to fourth relapse, lymphoma
cells were CD20-positive. At fifth relapse, complete CD20 ex-
pression loss was shown via peripheral blood flow cytometry,
duodenal mass biopsy IHC, and abdominal wall mass biopsy
IHC and flow cytometry (Table 4).

Discussion

While there is an expanding body of evidence regarding CD20
antigen escape at relapse, the exact rate of CD20 loss and the
underlying mechanism are not well defined. In this retrospec-
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288 patients with B-cell
non-Hodgkin lymphoma

45 patients
never treated

(observation
supportive care

trem at
243 patients outside facility)

received treatment
172 complete 71 primary refractory
remission (70.8%) disease (29.2%)
38 patients (22.1%)
relapsed after initial CR
109 patients with relapsed
or refractory lymphoma
155 relapses

75 biopsies performed 81 relapses with no

(60 patients) biopsy performed
59 patients with relapse 1 patient who was

biopsy who were CD20(-) at
CD20(+) at diagnosis diagnosis excluded
52 maintained 4 with partial CD20 3 with complete CD20

CD20 positivity expression loss expression loss

Figure 1. Flow diagram of patient eligibility.

Table 3. CD20 Expression Analysis by Relapse

CD20 expression z:r:tsge)lapse (S;:c:rllgl)relapse zlh;r;l)relapse f::r;;n relapse f;;fihzr)'elapse
Positive 48 11 4 3 1

Partial 3 1 0 0 0

Negative 1 1 0 0 1

Rate of CD20 expression loss 7.7% 15.4% 0% 0% 50%
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Figure 2. Rate of CD20 expression loss at relapse by lymphoma type.

Figure 3. Immunohistochemistry images for a marginal zone lymphoma with complete CD20 loss showing (a) CD20 expression
at diagnosis, (b) CD20 negativity at second relapse, (c) PAX5 positivity, thereby confirming B-cell lineage, at second relapse.
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Figure 4. Immunohistochemistry image for a diffuse large B-cell lymphoma with partial weak CD20 expression at first relapse,
representing partial CD20 loss. A subset of large lymphoma cells are weakly positive for CD20 (wide arrow), while the back-

ground small B cells are strongly positive for CD20 (thin arrow).

tive cohort of 243 patients with non-Hodgkin B-cell lympho-
ma, 109 patients had relapsed or refractory disecase. Among
59 patients with CD20-positive B-cell lymphoma at diagnosis
who had a biopsy at relapse, the rate of CD20 expression loss
was 11.9% including 5.1% complete loss (Fig. 3) and 6.8%
partial loss (Fig. 4). In comparison, the rate of CD20 loss rang-
es from 10% to 40% across previous studies [26-31, 33, 34, 36,
37]. The lower rate observed in our study may be related to the
fact that the large majority of biopsies were from first relapse
(70.3%), and CD20 antigen escape seems to occur more fre-
quently at later relapses [28].

Notably, six of seven patients (85.7%) with CD20 loss had
stage IV disease at diagnosis, and three of five indolent lym-
phoma patients (60%) with loss of CD20 expression had trans-
formation to high-grade lymphoma at the time of CD20 loss.
Previous studies have described an association between CD20
loss and transformation to DLBCL [27, 30]. In the present
study, median overall survival after CD20 phenotypic conver-
sion was 4 months. Likewise, other studies have suggested that
CD20 loss may be associated with aggressive disease and poor
prognosis [27, 28, 30, 34].

The cohort of patients in this study represented a balanced
mixture of the most common non-Hodgkin B-cell lymphomas,
and the relative proportions were compatible with the distri-
bution of lymphomas in clinical practice. The rate of CD20
expression loss was highest in MZL (30%) with phenotypic
conversions also observed in FL (11.1%) and DLBCL (10%).

274
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Other lymphoma subtypes did not demonstrate any instances
of CD20 loss. However, previous research has demonstrated
CD20 loss in nearly all types of B-cell non-Hodgkin lympho-
ma [26, 27, 29-34, 36].

Many potential mechanisms of CD20 expression loss have
been explored with particular interest in how the mechanism
may help explain resistance to anti-CD20 therapy, transforma-
tion to high-grade lymphoma, and aggressive disease as has
been noted after CD20 loss. The two primary avenues for
CD20 loss after rituximab therapy include selection of a preex-
isting CD20-negative clone and directly induced loss of CD20
expression in a previously CD20-positive clone. Preferential
selection of a CD20-negative clone may be supported by re-
emergence of CD20 expression in subsequent relapses after
initial CD20 loss in a small subset of patients [26, 31, 32].

Possible mechanisms of direct CD20 loss include CD20
gene mutation [19, 33, 35, 38, 39], decreased gene promoter ac-
tivity [40], downregulation of CD20 mRNA [39], impaired CD20
transport to cell membrane surface [40], and antibody-mediated
internalization of CD20 by B cells [41]. Exploring therapies
which evade these mechanisms of CD20 loss and subsequent
therapeutic resistance remains a vital ongoing research endeavor.

Limitations of the present study include the lack of pre-
cise quantification of CD20 expression in patients with par-
tial CD20 loss (patients 1, 2, 6 in Table 4) and patients with
contradictory IHC and flow cytometry results (patients 1, 4,
6 in Table 4). Previous studies on CD20 loss have reported
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comparable partial expression loss [28], discrepancy between
IHC and flow cytometry [27, 36], and variation between bi-
opsy sites [26]. Additional limitations include inconsistency in
performing a biopsy at relapse and the retrospective nature of
the study. Lastly, this study was essentially limited to patients
who received rituximab, with no patients receiving obinutu-
zumab or a CD20-targeted bispecific antibody and one patient
receiving ofatumumab with subsequent CD20 loss.

Partial or complete loss of CD20 expression was observed
in 11.9% of relapses, highlighting the importance of repeat-
ing a biopsy at relapse before initiating CD20-targeted therapy.
Our rate of re-biopsy at relapse was 48.4%, which while sub-
optimal, may be reflective of real-world clinical practice. In
fact, the landmark trials which resulted in the approvals of mo-
sunetuzumab [9, 10] and glofitamab [11] did not require CD20
testing at relapse prior to treatment. The efficacy of CD20-
targeted bispecific antibodies in CD20-negative lymphomas
is unclear. As these novel agents become more prevalent in
clinical practice, CD20 expression should ideally be analyzed
before treatment with a bispecific antibody and after treatment
at the time of disease progression.

With the continued and expanding use of rituximab and
obinutuzumab along with advancements in CD20 bispecific
antibodies, further research is needed regarding CD20 loss and
management of CD20-negative lymphomas. Most research in-
volving CD20 antigen escape has been reported in the rituxi-
mab era; however, there is a paucity of research regarding the
effect of treatment with CD20-targeted bispecific antibodies
(mosunetuzumab, glofitamab, epcoritamab, odronextamab)
on CD20 expression. There are limited clinical data regarding
treatment of relapsed/refractory B-cell lymphoma after CD20
antigen escape. Historically, CD20-negative relapsed B-cell
lymphoma has been treated with salvage cytotoxic chemo-
therapy, such as ifosfamide + carboplatin + etoposide (ICE) or
dexamethasone + cytarabine + cisplatin (DHAP) [29]. Novel
strategies including CAR T-cell therapy have been reported
[42], and further investigation is warranted.

Conclusion

In this single-center retrospective cohort of patients with B-cell
non-Hodgkin lymphoma, the rate of CD20 expression loss at
relapse was 11.9%. CD20 antigen escape was observed in MZL,
FL, and DLBCL. In general, repeat biopsy should be performed
at relapse prior to re-treatment with CD20-targeted therapy.
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