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Late onset neutropenia (LON) related to rituximab or rituximab plus chemotherapy is
defined as an unexplained absolute neutrophil count of ≤1.5 × 109/L starting at least four
weeks after the last rituximab administration. LON is infrequent and its pathophysiology
remains unknown. There are no guidelines or consensus strategies for the optimal
management of patients developing LON. The majority of the patients recover promptly
with no specific treatment and only some cases need to be managed with granulocytic
colony stimulating factor (G-CSF), usually with a rapid response. Here, we describe a 69-
year-old patient with Waldenström’s macroglobulinemia who presented a septic event in
the context of severe LON after rituximab plus bendamustine. The diagnosed of
agranulocytosis was established by bone marrow examination. Interestingly, anti-
neutrophil antibodies bound to the patient’s granulocytes were found suggesting an
autoimmune mechanism. The patient did not respond to G-CSF but achieved a rapid
response after high doses of intravenous immunoglobulins with full white blood
cell recovery.
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INTRODUCTION

Late onset neutropenia (LON) induced by rituximab (R) is usually defined as an unexplained
absolute neutrophil count of ≤1.5 × 109/L (corresponding to neutropenia of grade 2–4 according to
National Cancer Institute Common Toxicity Criteria) starting at least 4 weeks after the last
treatment with R (1–3). The incidence of LON after R varies among series from 3% to 27%, although
grade IV neutropenia is less common (3-11%) (4). The mechanisms behind LON are poorly defined.
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There are no specific recommendations for the management
of LON. Some patients may recover promptly with no specific
treatment and some may need to be managed with granulocytic
colony stimulating factor (G-CSF), usually with a rapid response
(1–3).

We present here a rare case of late onset autoimmune
agranulocytosis after an R-bendamustine (RB) regimen in a
patient with Waldenström macroglobulinemia (WM) who did
not respond to G-CSF and was effectively managed with high
doses of intravenous immunoglobulins (IVIG).
CASE REPORT

A 69-year-old male was admitted to the hospital for febrile
neutropenia. Twenty-three days before admission he had
received the second cycle of RB as second-line treatment for
WM. No new medication was started during this period of time.
Treatment was initiated due to progressive thrombocytopenia
and an increase of the monoclonal component. Prior to RB, he
had received 8 R cycles as first-line therapy without
major complications.

At the time of admission, physical examination was normal.
Complete blood test revealed haemoglobin 93 g/L (120-150 g/L),
reticulocytes 22 x109/L (50-100 x109/L), mean corpuscular volume
90 fL (80-100 fL), total white cell count 0.07 x109/L (4-10 x109/L),
neutrophils 0.00 x109/L (2-7 x109/L), lymphocytes 0.06 x109/L (1-3
x109/L), platelets 79 x109/L (150-400 x109/L), lactate dehydrogenase
345 IU/L (240-480 IU/L), bilirubin 0.7 mg/dL (0.2-1.2 mg/dL),
haptoglobin 80 (30-200mg/dl), total proteins 5.6 g/dL (6-8.3 g/dL)
and albumin 2.8 g/dL (3.8-5.1 g/dL). Serum protein electrophoresis
and immunofixation showed a monoclonal IgM kappa peak of 6.6
g/L. The immunoglobulin dosage in serum was as follows: IgG 608
mg/dL (700-1600mg/dL), IgA 113mg/dL (70-400mg/dL), IgM 613
mg/dL (40-240 mg/dL). ANA antibodies were negative. A direct
antiglobulin test was negative. A blood smear confirmed the
cytopenias without other pathological findings. Microbiological
cultures revealed a urinary infection due to Escherichia coli with
associated bacteriemia.

Broad-spectrum antibiotic therapy and G-CSF were started.
Platelets normalized once sepsis parameters were controlled.
Despite adequate antibiotic coverage and blood culture
negativization, the patient remained feverish for the next 10
days and with a neutrophil count of 0 x 109/L. A body
computerized tomography scan ruled out the presence of
infection. Serologies for human immunodeficiency virus,
hepatitis B virus, hepatitis C virus, Epstein-Barr virus,
leishmania, cryptococcus, treponema pallidum, and parvovirus
showed no acute infection. The polymerase chain reaction for
cytomegalovirus and parvovirus in blood was negative.

Bone marrow biopsy showed the absence of granulocytic lineage
with normal erythroid and megakaryocytic lineages (Figure 1). No
morphological or immunophenotypic evidence of medullary
progression of WM was detected. No evidence of bone marrow
dysplasia was observed. A blood immunophenotypic study of T
lymphocytes, performed by flow cytometry, was normal (Figure 2).
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The diagnosis of agranulocytosis was made. Anti-neutrophil
antibody test performed by immunofluorescence technique and
flow cytometry reading confirmed the presence of antibodies bound
to the patient’s granulocytes. However, no free anti-neutrophil
antibodies were detected in the serum (Figure 3). The genotyped
of Immunoglobulin G Fc receptor FcgRIIIa 158 polymorphic
position, demonstrated the presence of the 158 V/F
polymorphism, in heterozygosis.

Given the absence of response to G-CSF, treatment with
methylprednisolone (MTP) 1 mg per kilogram of body weight
(mg/kg bw) per day and IVIG 1 g/kg bw for two days were
started. The absolute neutrophil count 48 and 72 hours later was
0.6 x109/L and 3.1 x109/L, respectively. The patient achieved
normalization of blood counts and decreased the monoclonal
component after RB, fulfilling the criteria of partial response. Full
dose steroid therapy was maintained for a total of 10 days.
Subsequently, a slow tapering of the prednisone dose was started
until it was stopped 4 months later. The neutrophil count
remained normal during the prednisone tapering dose and
after it was stopped. At the last follow-up, 24 months after the
agranulocytosis event and 20 months after steroid withdrawal,
the patient remained in partial response and no additional
episodes of neutropenia were observed (Figure 4).
DISCUSSION

The combination of R and B is widely used in non-Hodgkin
lymphomas (NHL) (5). LON incidence related to R has been
widely reported (3, 4, 6, 7); however, there is scarce data available
regarding LON and RB regimens. Recently, Verriere B et al.
described an incidence of 7% of grade III/IV LON in a series of
145 patients with chronic lymphocytic leukemia and NHL
treated with RB (8). Beak et al. compared the incidence of late-
onset complications in NHL patients treated with anti CD20 plus
B vs anti CD20 plus CHOP (cyclophosphamide, doxorubicin,
vincristine, and prednisone) or CVP (cyclophosphamide,
vincristine, and prednisone). LON was significantly more
common with B (10.9%) compared to CHOP/CVP (2.2%). B
was also associated with a significantly increased time to
neutrophil recovery (7 months with B vs 6 months with
CHOP/CVP). These studies suggest that the addition of B
chemotherapy to R could add long‐lasting hematological
toxicity compared with other regimens (9).

The pathophysiology of LON is unknown; meanwhile, several
studies have investigated the potential mechanisms in relation to
R. A possible mechanism that has been reported previously is
immunological disturbance due to an aberrant B-cell
reconstitution and formation of autoantibodies binding to the
neutrophils or its precursors (6, 7). Considering the immune-
mediated mechanism presented in this case, the literature shows
a perplexing overlap between the different immune neutropenia
syndromes, and it is sometimes difficult to make a clear
distinction between autoimmune neutropenia (AIN), pure
white blood cell aplasia (PWCA), or LON (10–13). Also, a T-
cell large granular lymphocyte population mediating
January 2022 | Volume 12 | Article 798251
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FIGURE 1 | Bone marrow biopsy showing absence of granulocytic series. The cellularity observed in the Hematoxylin-Eosin stain (A) is myeloperoxidase negative
(B). LMO2 (C) and CD79a (D) showing that the observed cellularity corresponds mainly to red and plasma cells.
FIGURE 2 | Blood immunophenotypic study of T lymphocytes. Flow cytometry was performed in peripheral blood with 50.000 total events acquired per tube (FACS
Canto II, BD Biosciences). T lymphocytes were gated using CD3 antigen (A, B). Distribution of CD4+ (57%) and CD8+ (38%) populations were normal (C).
Expression of PAN-T antigens CD2 (100%), CD5 (100%) and CD7 (90%) were normal (D–F).
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granulocytic toxicity has been postulated due to studies that
show proliferation of these cells in the bone marrow of patients
with LON (14). Other studies described that B lymphocyte
depletion could induce variations in growth factors, including
stromal-derived factor 1 and B cell activating factor, thereby
altering the normal balance between granulopoiesis and
lymphopoiesis (15). In accordance with this hypothesis, a more
pronounced B-lymphocyte depletion in relation to R treatment
has been reported in patients with the Immunoglobulin G Fc
receptor FcgRIIIa 158 V/V and V/F polymorphism (16, 17). This
V/V and V/F polymorphism have been correlated with higher
rates of LON in a series of patients with lymphoma treated with
R compared with the FcgRIIIa 158 F/F polymorphism (18–20).
We were able to demonstrate the presence of the FcgRIIIa 158 V/
F polymorphism in our patient, which is consistent with an
increased risk of R-induced LON development (21). Recent
studies have also described maturation arrest at the (pro)
myelocyte stage in patients with LON, with selective
suppression of myelopoiesis (3, 22). There are no studies that
specifically investigate the pathophysiology of B-induced LON.
We know that B is a powerful lymphodeplective agent. Perhaps,
patients treated with B have a greater disbalance between
Frontiers in Immunology | www.frontiersin.org 4
lymphopoiesis and granulopoiesis, which could confer a higher
risk of developing LON. We suggest, based on our experience
with this case, that the antibody-mediated immune mechanism
should be considered in future research on B-induced
LON pathophysiology.

Most cases of R-induced LON are self-limiting and resolve
without any complications (23, 24). Although R-induced LON
has the potential to be a long-lasting complication, neutrophil
recovery with the use of G-CSF usually occurs in as few as four
days (4, 8, 25). In the Verriere et al. series, it was not observed an
increased infection rate related to LON, and the majority of the
patients recover without stimulating agents. Only in some cases
was G-CSF administered, and in all of them, a rapid recovery of
the neutrophil count was achieved (8). The median time to onset
of R-induced LON is extremely variable among series, ranging
from 38 to 175 days. The median duration of LON reported
ranges from 4 days up to 349 days (3, 4, 8, 26, 27). In our case,
LON was detected 24 days from the last R dose and recovery
(neutrophils> 1 x109/L) occurred after 13 days (Figure 4).

Agranulocytosis associated with R unresponsive to G-CSF, as
in the case reported here, is extremely rare. Treatment in this
scenario is controversial. Rose et al. (28) reported one case of
FIGURE 3 | Anti-neutrophil antibody test performed by immunofluorescence technique and flow cytometry reading. The patient's granulocytes were isolated and
next incubated with polyvalent IgG+IgM antiglobulin (ATG) conjugated with fluorescein isothiocyanato (FITC). To detect the presence of antibodies bound to the
granulocyte membrane, live (7-aminoactinomycin D negative) neutrophils were selected and the intensity of the FITC fluorescence was analyzed. (A) shows our
patient’s positive result. (B) illustrates a negative control. The study was completed after investigating the presence of free autoantibodies in the serum of the patient.
In this indirect test, the patient's serum was incubated with donor granulocytes and ATG. Median fluorescence intensity was again analyzed by flow cytometry.
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diffuse large B cell lymphoma that developed LON following
autologous stem cell transplantation and responded to
cyclosporine. Saikia et al. (29) also described a case of G-CSF
resistant LON in a patient with follicular lymphoma after R
maintenance therapy who responded to IVIG. G-CSF resistant
R-induced agranulocytosis has also been described in association
with parvovirus infections. In this specific scenario, IVIG has
also been successfully used (30, 31).
CONCLUSIONS

We present a rare case of late onset autoimmune antibody-
mediated agranulocytosis in relation to RB that was resistant to
G-CSF, which was successfully managed with high doses of
IVIG. RB is widely used in NHL and we have to be aware of
early-onset and late-onset complications that may occur related
to this regimen. Patients treated with RB can develop LON,
which in rare cases, can be severe and life-threatening. Whenever
a severe LON after RB appears, we have to think of the possibility
Frontiers in Immunology | www.frontiersin.org 5
of agranulocytosis, especially in the G-CSF unresponsive cases.
In this scenario, it must be considered that the pathogenic
mechanism could be immune, and in this situation, treatment
with high doses of IVIG can be quickly effective.
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