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Abstract

Aim: Anti-CD20 monoclonal antibody is a cornerstone therapy for follicular lymphoma. Following anti-CD20
therapy, a potential decrease in CD20 antigen, and therefore a loss of the tumor target might be expected.
However, the incidence and clinical significance of CD20 loss on tumor cells in patients with relapsed or refractory
follicular lymphoma are unknown. This study aims to investigate the incidence and outcome of patients with
relapsed or refractory follicular lymphoma patients harboring the loss of the tumor target, CD20.

Methods: All consecutive adult patients with relapsed or refractory follicular lymphoma referred to the Early Drug
Department at Gustave Roussy were included. The main objectives were to assess the incidence and prognosis of
the loss in expression of CD20 antigen on the surface of tumor cells on patient outcome.
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Results: Over the study period 2013-2018, 131 patients were screened for clinical trials with B-cell malignancies in
the early drug department of Gustave Roussy in France. Forty-four patients presented with relapsed or refractory
follicular lymphoma and 32 had tumor biopsies at the time of relapse that were retained for analysis. The median
(range) age was 67.5 years (55.3-75.3) and the median number of prior anti-cancer systemic therapies was 3 (2-
4). At the time of relapse, CD20 expression was positive in 84% of tumors (n = 27) and negative in 16% of tumors
(n =5). At a median follow-up of 18.3 (0.6-83.3) months, CD20 negativity was associated with a poorer prognosis
with a median overall survival of 8.9 months (95%Cl: 2.4-19.1) in comparison to CD20 positive patients
(28.3 months, 95%Cl: 25.1-75.3 months, P = 0.019).

Conclusion: The loss of the tumor target antigen, CD20, occurred in 16% of patients with relapse or refractory
follicular lymphoma. Due to confounding factors in patients who received anti-CD20 immunotherapy, it was not
possible to formally establish the prognostic significance of CD20 negativity. However, we suggest that a check for
CD20 antigen positivity nevertheless be performed to adapt subsequent therapies for patients with relapsed or
refractory follicular lymphoma.
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INTRODUCTION

Rituximab, the first generation of therapeutic anti-CD20 monoclonal antibody, is approved alone or in
combination with chemotherapy as the standard care of follicular lymphoma'’. Rituximab combined with
lenalidomide recently demonstrated meaningful activity against follicular lymphoma as a first-line of
therapy. Rituximab is also reccommended as a first-line of maintenance therapy for follicular lymphoma''.
Compared with rituximab, the second generation anti-CD20 monoclonal antibody, obinutuzumab,
combined with chemotherapy improved treatment efficacy in patients with follicular lymphoma'*. As with
most targeted therapies, a potential mechanism that tumor cells employ to evade treatment is the
modulation of the putative target, in the case of follicular lymphoma, the expression of CD20. Several
mechanisms of actions of the therapeutic drug have been proposed including CD20 down-regulation,
modification of CD20 glycosylation, as well as CD20 protein folding and epigenetic changes®.
Internalization of the CD20 protein in the cytoplasm of tumor cells and Fcy receptor polymorphisms have
also been suggested to offer resistance against anti-CD20 antibody'”.

Although studies have reported previously that patients with B-cell follicular lymphoma show a loss of
expression of the CD20 antigen on tumor cells* ", the incidence of this loss and its potential impact on
patient’s outcome remains unknown. This study aims to investigate the clinical significance of the loss of
expression of CD20 antigen on tumor cells in patients with relapsed or refractory follicular lymphoma.

METHODS

Patients

This study included consecutive patients aged over 18 years with relapsed or refractory follicular lymphoma
referred to the Département des Innovations Thérapeutiques et Essais Précoces of Gustave Roussy, Villejuif,
France during the period October 2013-October 2018. Patients retained for analysis were required to have
biopsy-proven relapsed or refractory follicular lymphoma including immunohistochemical (IHC) CD20
staining. All tumor histological specimens were fixed in formaldehyde-acetic acid-alcohol and stained with
hematoxylin-eosin-safran and Giemsa. Immunohistochemistry of tumor tissue included the staining for
CD20, CD79a, CD19, CD10, BCL2, CD5, CD23 antigens. A central pathology review was conducted by 2
independent hematopathologists (PD and JB) according to the 2016 WHO classification” and follicular
lymphoma (FL) grading was assessed at the time of tumor re-biopsy. All patients had a complete physical
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examination, viral serologies including hepatitis B, hepatitis C and Human Immunodeficiency Virus testing,
and computerized tomography body scan, according to institutional guidelines. The Institutional Review
Board and local Ethic Committee of Villejuif approved the study. All patients gave their written informed
consent for the study. All the patients signed a written consent for the use for research purposes of the
remnants of samples taken for diagnostic and/or therapeutic purposes with the Institutional Review Board
and local Ethics Committee agreement number L1211-2. Between October 2013 and October 2018, 131
patients with relapsed or refractory B-cell non-Hodgkin lymphoma were referred to the Département des
Innovation Therapeutiques et Essais Précoces of Gustave Roussy, Villejuif, in France. Among them, 44
patients were referred with a relapsed or refractory follicular lymphoma and 34 of them had been
rebiopsied. Two patients were excluded from analysis after central pathological review (one patient with
lung carcinoma and one patient with marginal zone lymphoma) [Figure 1], resulting therefore in 32
patients with relapsed or refractory follicular lymphoma for final analysis.

Clinical characteristics

The clinical characteristics were collected from the patient's medical records, and included age, gender, Ann
Arbor staging at diagnosis and relapse, number of previous lines of systemic therapy before tumor resample,
and outcome data. The characteristics of previous anti-CD20 therapies were collected including time from
the last anti-CD20 infusion, tumor resamples, and the cumulative number of anti-CD20 infusions before
tumor resample. All clinical and laboratory data tables are provided in Supplementary Table 1.

Monoclonal antibodies anti-CD20

The anti-CD20 monoclonal antibodies that were considered in the study were rituximab intravenously and
obinutuzumab intravenously, both supplied by Roche. The treatments were given to patients under the
marketing authorization and were administered according to institutional recommendations based on
standard doses in routine care.

Statistical analyses

Based on the CD20 immunochemistry analysis at tumor resample, patients were classified as CD20 positive
or CD20 negative. The CD20 negativity was retained when 0% of CD20 positive tumor cells were observed
by microscope analysis. The period of follow-up was defined as the time between tumor resample and last
follow-up or death from any cause. Overall survival (OS) was defined as the time from tumor resample until
death from any cause or last follow-up. Qualitative variables were reported as the number and frequency,
and quantitative variables were reported as the median with the standard deviation (SD). Patients group
comparisons were performed with the Fisher’s exact test for qualitative variables, a t-test for quantitative
variables, or the Wilcoxon’s test if data were not normally distributed. A P-value of < 0.05 was considered
statistically significant. Survival was estimated with the Kaplan Meier method on SAS 9.3 software (SAS
Institute, Cary, NC, USA). Data were quoted as the median (range).

RESULTS

Patient characteristics

The clinical features of 32 patients retained for analysis are shown in Table 1. Median age was 67.5 years
(IQR: 55.3-75.3 years) at the time of tumor resampled biopsy. At relapse, all patients had a lymph node
biopsy, except one patient who had a bone marrow biopsy for bone marrow involvement of follicular
lymphoma. All patients were previously treated with rituximab combined with anthracycline-based
chemotherapy as first-line therapy, followed by rituximab maintenance. The median of previous lines of
systemic therapies was 3 (IQR: 2-4) and 16 (50%) patients had received previous auto-stem cell
transplantation.
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a- Patients referred to DITEP
with B-cell non-Hodgkin lymphoma between
oct-2013 and oct-2018
n=131

|

b- Patients with relapsed or refractory follicular

lymphoma
n=44

7 patients were not resampled

c- Patients resampled at relapse with tumoral
fresh tissue biopsy
n=34

2 patients excluded from analysis

due to another diagnosis than FL at
tumor resample

d- Patients included in analysis
n=32

Figure 1. Flow chart of patients included in the study. DITEP: Département des Innovations thérapeutiques et essais précoces.

Clinical features associated with CD20 loss on tumor cells

Among the 32 patients included in the study, the loss of CD20 expression on tumor cells was observed in 5
patients (16%). The tumor biopsies of the 5 diagnosed patients with CD20 loss were centrally reviewed (by
pathologists PD and JB) and the initial diagnosis of CD20 positive follicular lymphoma was also confirmed
for all 5 patients. An example of a follicular lymphoma biopsy sample from a patient initially diagnosed with
CD20 positive lymphoma who lost CD20 at relapse after anti-CD20 treatment (rituximab) is shown in
Figure 2. The age, sex ratio, number of previous numbers of systemic therapies, and autologous stem-cell
transplantation were similar in the CD20 positive and CD20 negative patient groups [Table 1]. The median
time between the last infusion of anti-CD20 antibody and tumor resample was found to be shorter in the
CD20-negative group (2.1 months, IQR: 1.0-5.4) compared with the CD20-positive group (11.5 months,
IQR: 7.1-25.3, P = 0.012). In the 5 patients with CD20 negative follicular lymphoma at tumor resample, the
expression of other B-cells markers of FL by immunochemistry (CD79a and CD19) was assessed. CD79a
remained positive in 4 out of the 4 patients tested and CD19 remained positive in 3 out of the 3 patients
tested for these parameters [Table 2].

The outcome of patients with CD20 loss in tumors

With a median follow-up of 18.3 (0.6-83.3) months, the estimated median OS in the CD20-positive patient
group was 28.3 months (95%CI: 25.1-75.3 months). The median OS in the CD20-negative patient group was
8.9 months (95%CI: 2.4-19.1). The differences were statistically significant (P = 0.019) [Figure 3].

DISCUSSION

The loss of CD20 expression at tumor relapse was observed in 16% of patients with relapsed or refractory
follicular lymphoma in our study. This loss was associated with a poorer outcome when compared with
follicular lymphoma patients that were CD20 positive.
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Table 1. Clinical features of patients with relapsed or refractory CD20-positive and CD20-negative follicular lymphoma follicular

Patient's clinical features (at relapse or Tot.a IR/RFL R/ R I.:I' patients CD20 R/R F.I' patients CD20

refractory timepoint) pat_lents pos_ltlve neg_atlve P-value
(n=32pts) (n =27 pts) (n=5pts)

Age, median (IQR) (years) 67.5 (55.3-75.3) 68.1(54.1-75.3) 64.3 (64.4-75.2) P=0.876

Gender (%)

Male 17 (53) 15 (56) 2(40) P=0.645

Female 15 (47) 12 (44) 3(60)

Ann Arbor stage (%)

Localized I-II 2(6) 2@ 0

Extended IlI-IV 30(94) 25(93) 5(100) P=0.160

Time from diagnosis to biopsy, median (IQR) 74.1(45.3-128.8)  82.2(49.0-131.5) 46.3 (35.1-73.3) P=0.275

(months)

Number of lines of therapy before sample, median 3 (2-4) 3(2-4) 4 (4-5) P=0.079

(QR)

Number of anti-CD20 infusions before sample, 20 (12-25) 20 (13-24) 25 (12-30) P=0.515

median (IQR)

Time from last anti-CD20 infusions before sample,  11.1 (4.8-21.3) 11.5(7.1-25.3) 21(1.0-5.4) P=0.0M

median (IQR) (months)

Obinutuzumab pre-exposition (%)

Yes 103) 0 1(20)

No 31(97) 27 (100) 4(80) P=0.505

Auto stem-cell transplant (%)

Yes 16 (50) 14 (52) 2 (40)

No 16 (50) 13 (48) 3(60) P=0.510

WHO classification* (%)

Grade 3b 10 (31 9(33) 1(20)

Other grades 22 (69) 18 (67) 4 (80) P=0.234

Time from diagnosis to last news, median (IQR) 93.3(63.1-154.2)  103.0 (68.5-158.3) 62.1(50.2-85.4) P=0.126

(months)

Time from resample to last news, median (IQR) 19.1(8.3-26.4) 19.3(9.8-27.5) 8.9 (4.5-11.5) P=0.076

(months)

’According to the WHO 2016 classification. R/R FL: Relapsed or refractory follicular lymphoma; IQR: interquartile; Pts: patients; WHO: World
Health Organization.

The occurence of CD20 negativity in patients with follicular lymphoma at the follow-up is relatively
consistent with results from patients with non-Hodgkin lymphoma, ranging from 12% of patients in Foran’s
study™” and 26% of patients in Hiraga’s study””. Our study revealed that CD20 negativity was associated
with a poorer outcome. Detailed investigation of our data showed that the time from the last infusion of
anti-CD20 antibody to tumor resample was shorter in the CD20 negative patient group. This result suggests
that the loss of CD20 tumor antigen expression might be a transient down-regulation phenomenon induced
by anti-CD20 therapy, as suggested by other studies™*'*). Multiple mechanisms can cause loss of CD20
expression in lymphoma and acquisition of rituximab resistance could be associated with deregulations at
both the pretranscriptional and posttranscriptional levels"”. Some studies found that mutations of the
MS4A1 gene could be linked at least partially with the loss of CD20 antigen"*'". Recent studies suggest the
predominance of post-transcriptional epigenetic changes of the CD20 antigen protein folding involved in
the loss of CD20""7".,

In our study, patients with the CD20 negative tumors remained positive for other B-cells markers such as
CD19 or CD79a. These data suggest that treatment with an anti-CD20 monoclonal antibody remains
specific to CD20 antigen downregulation and spares the other B cells antigens. Therefore, checking for
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Figure 2. Patients with follicular lymphoma at the time of diagnosis were CD20 positive (A). Neoplastic follicles replaces nodal
architecture with back-to-back pattern (HES X 1) (A1). Low grade (1-2) with a predominance of centrocytes (HES X20) (A2). CD20
positive B cells are seen in both follicular and interfollicular areas (HES X 20) (A3). Staining CD10 (A4) and BCL2 (A5) were found
positive within the follicles and also infiltrate interfollicular areas (HES X20). Follicular lymphoma (X10) of the same patient at relapse
and after anti-CD20 therapy (rituximab) with loss of CD20 (B). Neoplastic follicles in low-grade follicular lymphoma, low grade (grade
1-2) with predominance of centrocytes (B1). Neoplastic follicles replaces nodal architecture with back-to-back pattern (HES X 10).
Immunohistochemistry with immunoperoxidase stains in paraffin sections shows CD20 negative B cells (B2). The other B cell markers
CD79A (B3), PAX5 (B4), and BCL6 (B5) remain positively expressed by follicular lymphoma cells.

tumor antigen positivity seems important in light of the recent development of new antigen-specific
immunotherapies in non-Hodgkin lymphoma. Recent therapies that were approved in the year 2020
targeted CD19 antigen such as CD19 CAR-T cells""?, as well as recent therapies against the CD79 antigens
such as polatuzumab antibody drug conjugates"”. Furthermore, there is currently a significant development
of bi-specific T-cell engaging CD3xCD19 and CD3xCD20 in clinical trials®”, as well as of a combination of
CD20 antibodies with oral immunomodulatory drugs®”.. In this context of multiple new possibilities of
modern immunotherapies that targetd B-cell receptors by, a verification of the tumor antigen target before
the initiation of treatment isa viable approach.
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Table 2. Expression of B-cells markers in tumor cell surfaces (CD20, CD79a, CD10, CD19) in the CD20 negative patients with
relapsed or refractory follicular lymphoma at resample time on fresh tumor biopsy. All tests were performed by
immunohistochemistry

CD20 CD79a CD10 cDbh19
Pt #15 - + + NA*
Pt #22 - + + +
Pt#24 - + + +
Pt #26 - NA* + NA*
Pt#28 - + + +

"The tumor material was sold out and not sufficient to perform these analyses. NA: Not available.

100 B
T -+. CD20-positive
T 804 |'-'-|,_ —— CD20-negative
2 L
E 604 I ] MO (R (I | PPN -
7]
€ =0.019, HR=0,1218 ;
8 a0 ':C95 [0.0208;0.7114]
7]
o 20
L) L] ) L)
0 20 40 60 80

Time from resample to last news (months)

Patients at risk
CD20-positive

27 13 5 2 1
CD20-negative
5 1 0 0 0

Figure 3. Overall survival of patients with relapsed or refractory follicular lymphoma, according to the CD20 positive or negative status
at tumor resample. Comparison of overall survival was done by performing a log-rank test. A significant difference in overall survival
between the groups was found (P = 0.019; HR = 0,1218; IC95 [0.0208;0.71141).

The main limitations of this study are the limited size of the sample of patients with CD20 negativity, and its
retrospective design. We also acknowledge a potential selection bias related to the tertiary center nature of
our site, selecting the most “hard-to-treat” patients with relapsed or refractory lymphomas. In our study,
few patients with CD20 negative tumors were identified, and we acknowledge that more cases identified in a
larger cohort of patients would add power to the analysis. The limited size of patients in the with CD20
negative group do not allow for any definitive conclusions, and further studies are warranted to investigate
if CD20 loss on tumor cells is indeed associated with poorer outcomes in patients with relapse or refractory
follicular lymphoma. We recognize that it was not possible to formally establish the prognostic significance
of CD20 negativity in patients who received anti-CD20 immunotherapies. Indeed, a major confounding
factor was that the poor prognosis of this subgroup of patients may be linked more to an early relapse than
to CD20 negativity.

The loss of the tumor target antigen, CD20, occurred in 16% of patients with relapse or refractory follicular
lymphoma. Due to confounding factors in patients who received anti-CD20 immunotherapy, it was not
possible to formally establish the prognostic significance of CD20 negativity. However, we suggest that a
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check for CD20 antigen positivity nevertheless be performed to adapt subsequent therapies for patients with
relapsed or refractory follicular lymphoma, especially when immunotherapy against tumor target CD20 is
targeted.
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