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Introduction: Checkpoint-Inhibition (CPI) with PD-1- and PD-L1-inhibitors is a well-
established therapy for advanced stage melanoma patients. CPI mainly acts via T-
lymphocytes. However, recent literature suggests also a role for B cells modulating its
efficacy and tolerability of CPI.

Case Report: We report a 48-year-old female patient with metastatic melanoma affecting
brain, lung, skin and lymph nodes. A preexisting granulomatosis with polyangiitis was treated
with rituximab over five years prior to the diagnosis of melanoma, resulting in a complete
depletion of B cells both in peripheral blood as well as the tumor tissue. In the absence of the
mutation of the proto-oncogene b-raf, treatment with the PD-1 inhibitor nivolumab was
initiated. This therapy was well tolerated and resulted in a deep partial response, which is
ongoing for 14+ months. Flow cytometric analysis of peripheral blood mononuclear cells
revealed 15% IL-10 producing and 14% CD24 and CD38 double positive regulatory B cells.

Conclusion: The exceptional clinical response to nivolumab monotherapy in our patient with
depleted B cells sheds a new light on the relevance of B cells in the modulation of immune
responses to melanoma. Obviously, B cells were not required for the efficacy of CPI in our
patient. Moreover, the depletion of regulatory B cells may have improved efficacy of CPI.

Keywords: case report, B cell depletion, immune checkpoint blockade, CD20, melanoma
Abbreviations: CPI, Checkpoint-Inhibition; PD1, Programmed death 1; PD-L1, Programmed cell death ligand 1; IL-10,
Interleukin-10; CD, Cluster of differentiation; CTLA-4, cytotoxic T-lymphocyte-associated antigen 4; GPA, Granulomatosis
with polyangiitis; B-RAF, Proto-oncogene B-RAF; NRAS, Proto-oncogene Neuroblastoma-RAS; cKIT, Proto-oncogene
Tyrosinkinase-KIT; ANCA, anti-neutrophil cytoplasmic antibodies; PR3, Proteinase-3; AJCC, American Joint Committee
on Cancer; Breg, regulatory B cell; q2w, once in two weeks.
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INTRODUCTION

Immune Checkpoint-Inhibition (CPI) is a well-established
therapy for advanced or metastatic melanoma patients by
blocking programmed death 1 (PD-1), programmed death
ligand 1 (PD-L1) or cytotoxic T-lymphocyte-associated antigen
4 (CTLA-4). PD-1, a T cell co-inhibitory receptor, is expressed
on activated T cells, B cells and myeloid cells. It binds to its
ligands PD-L1 and PD-L2 resulting in inhibition of T cell
proliferation, as well as inhibition of interferon-gamma, tumor
necrosis factor-alpha and interleukin-2 production. Moreover,
the survival of T cells is reduced. Recent evidence suggests also a
role for B cells in the efficacy of CPI, in particular if present in
tertiary lymphoid structures (1, 2). Tertiary lymphoid structures
are amongst ectopic lymphoid organs resembling germinal
center formation and emerge next to chronic inflammation
such as tumorous tissue (3).

Granulomatosis with polyangiitis (GPA) is a systemic
vasculitis affecting small- and medium-sized blood vessels and
is often associated with the presence of anti-neutrophil
cytoplasmic antibodies (ANCA) and proteinase-3 (PR3).
Clinical manifestations involve primarily the upper and lower
respiratory tract, however renal and cardiac involvement can
occur. Immunosuppressive therapy is the standard for treatment.
Since B cells are of high importance for autoimmune diseases by
producing autoantibodies and pro-inflammatory cytokines, the
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anti CD20 antibody rituximab shows to be effective in GPA (4,
5). Rituximab depletes all CD20+ B cells without affecting bone
marrow B cells or plasma cells. Therefore, rituximab is approved
for induction therapy as well as maintenance treatment in
GPA (5).
CASE REPORT

We report a case of a woman being first diagnosed with a high-
risk melanoma plantar left in August 2016 with a Breslow
thickness of 4,5mm. Excisional surgery and sentinel lymph-
node extirpation was performed: TNM classification 8th

Edition (American Joint Classification of Cancer, AJCC): pT4a
pN0 (sentinel lymph node negative) cM0 (no metastasis in
clinical and radiologic examinations). Proto-oncogenes B-RAF,
NRAS and cKIT were not mutated. In May 2019, she suffered
from progressive disease with asymptomatic metastases in brain,
lungs, lymph nodes and skin (stage IV M1d, AJCC). Serum levels
of lactate dehydrogenase and S100 were within normal limits.

In addition, since 1996 the patient suffered from c-ANCA
and PR3 positive granulomatosis with polyangiitis with an
involvement of eyes (intraorbital granuloma), naso-pharyngeal
mucosa (nasal secretions, saddle nose, subglottal stenosis),
lungs and joints (arthritis with pain and swelling). Previous
immunosuppressive therapies, i.e. cyclophosphamide,
A

C

B

FIGURE 1 | (A) Time course of B cell population in percent and rituximab administration in our patient. (B) Analysis of peripheral blood mononuclear cells obtained
in March 2020 once B cells were detectable. 14% of the CD19+ B cells expressed the Breg markers CD24 and CD38 (Gate H), and 15% of CD19+ B cells
produced IL-10 after stimulation with CpG and aCD40L. Gate F (mature/naïve/transitional B cells), Gate G (memory B cells), Gate I (plasma-like cells). (C) Analysis of
peripheral blood mononuclear cells obtained two weeks after application of rituximab in April 2020 demonstrating complete absence of CD19+ B cells.
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glucocorticoids, methotrexate, infliximab, azathioprine and
mycophenolate, were not able to control the disease
sufficiently. Since 2014, the GPA is well controlled with
rituximab, an anti CD20 antibody, resulting in a complete
depletion of B cells in peripheral blood and complete absence
of clinical symptoms (Figure 1). Rituximab administrations are
triggered by B cell counts in peripheral blood and/or clinical
manifestations such as tachycardia, internal unrest and increased
naso-oro-pharyngeal exsudation. The last rituximab administration
before the diagnosis of metastatic melanoma was in January
2019 (Figure 1A).

We analyzed tissue of the primary melanoma (from August
2016) and of a cutaneous metastasis (from May 2019) by
multicolor immunofluorescence (Multiplex fluorescence
immunohistochemistry staining via Opal-technology (AKOYA
BIOSCIENCES, OP7TL4001KT) with Anti-CD4, -CD8, -CD20,
FOXP3, Anti-CD68, and Melan-A according to manufacturer
instruction). Results showed that B cells were completely absent
and there was a peritumoral inflammatory infiltrate consisting
primarily of CD4+ and CD8+ T cells in the primary tumor,
whereas we found no CD4+ T cells, but only a few CD8+ T cells
and CD68+ myeloid cells in the metastasis (Figure 2).

After discussion in the interdisciplinary board treatment with
PD-1 inhibitor Nivolumab 240mg once every two weeks (q2w)
was initiated for metastatic melanoma in June 2019. Tolerability
was excellent with no side effects, and partial response with a
reduction of size of all metastases, including brain metastases, and
no newmetastases was observed and is still ongoing formore than
14 months, the best possible clinical outcome for the patient.
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With regard to rituximab therapy, from January 2019 until
March 2020, no administration was necessary; in March 2020,
rituximab was applied again due to increasing B cells. Flow
cytometric analyses of B cells before rituximab treatment in
March 2020 revealed a high percentage of CD19+ cells
expressing regulatory B cell (Breg) markers CD24 and CD38
(14%) as well as producing IL-10 (15%) (Figure 1B). For
comparison: Zaimoku et al. (6) showed a frequency of around
3% of CD24+ CD38+ B cells in a healthy control group, while two
other studies reported a frequency of 4% and 7%, respectively in
CD19+IL10+ cells in healthy control groups (7, 8). After rituximab
application in April 2020, no CD20 positive B cells were detectable
anymore (Figure 1C). Figure 3 demonstrates the timeline.
DISCUSSION

The role of B cells on the efficacy of CPI are under intense
discussion, while clinical data are not available yet. Three
scenarios are possible:

First, B cells have no effect. This is suggested by the
observation that the density of B cells in tumor specimen did
not correlate with response or overall survival in 40 melanoma
patients treated with CPI (9). The authors extended this study to
a preclinical model, demonstrating no differences in tumor
growth or response to CPI in this murine melanoma model in
correlation to the eradication of B cells (9).

Secondly, B cells could have a positive effect on CPI efficacy.
This notion is suggested by recent reports that the presence of
FIGURE 2 | Multiplex Immunofluorescence staining and Immunohistochemistry of the primary melanoma (left) and a cutaneous metastases (right). B-cells are
completely absent, and there is a peritumoral inflammatory infiltrate consisting primarily of CD4 and CD8 T-cells in the primary tumor and few CD8 T-cells and CD68
positive myeloid cells in the metastasis.
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FIGURE 3 | The medical timeline is demonstrated. Created with BioRender.com.
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B-cells within tumors -particularly if arranged in tertiary
lymphoid structures- were associated with an improved clinical
outcome in patients treated with CPI for melanoma (1, 2).
Notably, a similar observation has been previously reported in a
preclinical model on immunotherapy of murine melanoma (10).

Thirdly, B cells could be associated with a negative effect in
CPI. In a murine melanoma model intratumoral Breg accelerated
tumor growth depending on IL-10 production of Breg (11). Recent
studies indicate that the clinical efficacy of CPI is reduced in
patients suffering from melanoma, cutaneous squamous cell
carcinoma or Merkel cell carcinoma with B cell chronic
lymphatic leukemia (B-CLL) (12). Neoplastic B cells of B-CLL
often are characterized by a Breg-like phenotype (12). Another
study demonstrated an impairment of BRAF-targeted therapy by
B-cell derived IGF-1, which could be overcome by rituximab
treatment in some patients (4).

With regard to GPA and CPI, recent literature shows only a
few case reports. One patient showed no flare of an asymptomatic,
ANCA-negative GPA well treated with methotrexate before
initiating pembrolizumab for non-small cell lung cancer (13).
Another patient treated with pembrolizumab for advanced non-
small cell lung lancer primarily led to a flare of a preexisting,
clinically silent, GPA.

Thus, CPI can trigger a flare in GPA, and it is unclear in
which patients this flare occurs. In our patient, a beginning flare
was associated with an increase with B cell counts but not
with CPI.

In the here presented case, B cells were clearly not required for
a deep and durable clinical response to CPI in this advanced
Frontiers in Immunology | www.frontiersin.org 4
melanoma. It is even tempting to speculate that the response to
CPI was improved due to the absence of (regulatory) B cells.

However, since B cells are a very heterogenous subgroup of
lymphocytes, interindividual differences on the effect of B cells
on CPI efficacy have to be expected. Therefore, further research is
necessary to define the role of B cells – or B-cell subsets – with
respect to the outcome of CPI in cancer patients.
PATIENT PERSPECTIVE

Since suffering from GPA in 1996 with an involvement of eyes,
naso-pharyngeal mucosa, lungs and joints without being
improved by immunosuppressive therapies such as i.e.
cyclophosphamide or glucocorticoids, the GPA is now well
controlled with rituximab. Luckily there is a complete absence
of clinical symptoms resulting in a high health-related quality of
life. Moreover the metastatic melanoma shows a partial response
with a reduction of size of all metastases due to Nivolumab
administrations, which are well tolerated without showing any
side effects.
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