Rituximab-Associated Neutropenia
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Several recent studies have reported the phenomenon of late-onset neutropenia occurring usually
several months following the administration of rituximab or rituximab-based therapies. While it
appears that late-onset neutropenia is usually not clinically significant and is self-limited, it is
important to recognize its existence given the expanding use of rituximab in both hematologic and
nonhematologic disorders. Late-onset neutropenia is intriguing biologically and while its pathogen-
esis and mechanism are not completely understood, many interesting hypotheses have been

proposed to explain its occurrence.
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ituximab is a monoclonal chimeric antibody
Rthat targets the CD20 B-cell antigen, expressed

on normal and neoplastic B cells.!? In addition
to playing a pivotal role in the treatment of newly
diagnosed, relapsed and refractory indolent and aggres-
sive CD20" non-Hodgkin lymphoma (NHL) and chronic
lymphocytic leukemia (CLL), rituximab’s investigation
and use has recently extended to autoimmune diseases
such as rheumatoid arthritis and systemic lupus ery-
thematosus (SLE).3-7 In the very early studies that as-
sessed the use of rituximab, neutropenia was rarely
reported (grade 3 or 4 neutropenia was only reported
in 4.2% of patients in one early study), but monitoring
for neutropenia was only performed at wide intervals
after completion of therapy.? We and others have more
recently reported the occurrence of “late-onset neutro-
penia,” that is, neutropenia occurring at least 4 weeks
after the administration of the antibody.’

The biologic functions of CD20 remain poorly un-
derstood. In vitro, the incubation of B cells with anti-
CD20 antibody has variable effects on cell cycle pro-
gression and cell signaling and clinically causes the
depletion of normal circulating B cells.'®!! The etiology
of late-onset neutropenia is not well understood, al-
though some investigators have suggested mechanisms
such as the production of anti-neutrophil antibodies or
the suppression of neutrophils by large granular lympho-
cytes (LGLs). We explored an alternative hypothesis that
late-onset neutropenia is caused by perturbations of gran-
ulocyte homeostasis, mediated by a complex interaction
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between B-cell recovery, and stromal-derived factor-1
(SDF-1), a chemokine required for early B-cell develop-
ment and retention of B-lineage and granulocytic pre-
cursors in the bone marrow.%13

INCIDENCE AND ONSET OF LATE-ONSET
NEUTROPENIA FOLLOWING RITUXIMAB

Late-onset neutropenia following rituximab has now
been reported by a number of groups (Table 1).213-19 In
our study, we evaluated 153 previously untreated pa-
tients treated on DA-EPOCH (dose-adjusted etoposide,
prednisone, vincristine, cyclophosphamide, doxorubi-
cin) protocols at the National Cancer Institute (NCD)
and included the histologies diffuse large B-cell lym-
phoma (DLBCL), mantle cell lymphoma (MCL), and
Burkitt lymphoma (BL).® To control for confounding
causes of neutropenia, we restricted the analysis to 130
patients who were in complete remission from their
lymphoma, had hematopoietic recovery with an abso-
lute neutrophil count (ANC) higher than 1.0 X 10%/L
after treatment, and had at least 12 months of observa-
tion time following the completion of therapy. Patients
had complete blood cell counts (CBCs) performed every
3 months for the first year of follow-up and we defined
late-onset neutropenia as neutropenia (ANC <0.5 X
10°/L) occurring at least 60 days after the last treat-
ment. Of the 130 patients in our study, 54 received
DA-EPOCH alone and 76 received DA-EPOCH with rit-
uximab (DA-EPOCH-R). We found that the incidence of
late-onset neutropenia in patients who received ritux-
imab-based therapy was 8% compared to 0% of patients
who received DA-EPOCH alone (P = .04). The median
time to onset of late-onset neutropenia was 175 days
(range, 77-204 days) with a median neutrophil nadir of
0.2 X 10%L. The duration of late-onset neutropenia
was between 11 and 16 days in patients who did not
receive growth factors and the slopes of the neutrophil
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Table 1. Studies Showing the Incidence and Characteristics of Late-Onset Neutropenia Following Rituximab-Based Therapy

Incidence of Median Median
No. of Late-Onset Time to Duration of
Study Patients Therapy Disease Type Neutropenia Neutropenia Neutropenia Comments
Dunleavy et al® 76 DA-EPOCH-R DLBCL, ARL, MCL 8% 175 days 14 days Previously untreated
54 DA-EPOCH patients
Nitta et al' 107 Chemotherapy + R CD20* B-cell 24.9% 124 days 28 days Previously untreated
52 Chemotherapy alone lymphoma patients
Lai et al'? 121 R-CHOP DLBCL 13.2% 129 days 69 days Previously untreated
patients
Lemieux et al'® 39 ACVB + R + ASCT DLBCL 15% 114 days 9 days Previously untreated
patients
Cattaneo et al'® 9 R alone CD20* B-cell 27.3% 70 days 77 days Mix of previously
50 Chemotherapy + R lymphoma untreated and
18 R + chemotherapy + treated patients
ASCT
Voog et al’3 N/A Rituximab-based DLBCL; FL; CLL N/A 112 days 6 days Previously treated
therapy patients
Chaiwatanatorn 53 Rituximab-based FL; MCL; DLBCL; red 15% 122 days 9 days Previously treated
et al'® therapy cell aplasia patients
Rios-Fernandez 23 Rituximab with Range of autoimmune 4% 191 days 5 days Patients with
et al'” various diseases (1 patient) (1 patient) autoimmune

immunosuppressive

drugs

diseases

Abbreviations: DA-EPOCH, dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin; R, rituximab; DLBCL, diffuse large B-cell lymphoma; ARL, AlDS-related
lymphoma; MCL, mantle cell ymphoma; CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone; ACVB, doxorubicin, cyclophosphamide, vindesine, bleomycin; ASCT, autologous
stem cell transplant; FL, follicular lymphoma; CLL, chronic lymphocytic leukemia.
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recovery curves were steep and complete. Only one
patient with late-onset neutropenia presented with an
infectious complication (buccal cellulitis) but this rap-
idly resolved after the initiation of filgrastim and intra-
venous antibiotics; in all other cases, late-onset neutro-
penia was detected incidentally and there were no
clinical complications or sequelae.

As we only checked CBCs every 3 months and as
late-onset neutropenia appears to be almost always
asymptomatic, we estimated that the true incidence of
late-onset neutropenia in our patient population was
much higher than the 8% rate we detected on routine
follow-up. We therefore developed a statistical model
to estimate the true incidence of late-onset neutrope-
nia. We assumed that the duration of neutropenia was
normally distributed and recognized that it had an un-
known mean and an unknown standard deviation of
more than 1 day. In order to provide an estimate of the
mean and variance of the duration of neutropenia, we
combined data from two other published studies of
late-onset neutropenia with our own data.!>!° Based on
the estimates of neutropenia duration and assuming a
90-day interval between blood counts, we estimated
that the proportion of late-onset neutropenia that went
undetected in our study was 79%.!31? Using this num-
ber along with the observed late-onset neutropenia rate
of 8%, we estimated that the true rate of late-onset
neutropenia following rituximab therapy is 35.5%.

Many other studies have investigated the incidence
of late-onset neutropenia following rituximab (Table 1).
However, conclusions are confounded due to the use
of variable treatments, the lack of appropriate control
groups and the inclusion of previously treated and
high-dose therapy patients who have a higher inci-
dence of chemotherapy-related bone marrow damage.
This may complicate the detection of and distinction of
late-onset neutropenia from other processes. However,
some studies have evaluated the incidence of late-onset
neutropenia in previously untreated patients. Nitta et al
retrospectively reviewed the records of 120 patients
treated with rituximab-containing chemotherapy as pri-
mary treatment for CD20* B-cell lymphomas and found
the incidence of late-onset neutropenia (defined as
ANC =1.0 X 10°L without any apparent cause after
the recovery of neutropenia following the completion
of therapy) to be 24.9%, and in a control group of 52
patients who received similar therapy without ritux-
imab, it was 0%.'4 The median time to neutrophil nadir
was 106 days after the last chemotherapy dose and the
median neutrophil nadir was 0.61 X 10%L. Interest-
ingly, in multivariate analyses, patients who received
high-dose therapy followed by autologous stem cell
transplantation, or who received high-dose methotrex-
ate-containing regimens, were more likely than patients
who received CHOP-like therapy (cyclophosphamide,
doxorubicin, vincristine, prednisone) to develop late-
onset neutropenia. Lai et al, using similar criteria (ANC

=1.0 X 10%/L) for late-onset neutropenia, retrospec-
tively evaluated patients with DLBCL receiving ritux-
imab plus CHOP (R-CHOP) and detected late-onset
neutropenia in 13.2%; the median time to neutrophil
nadir was 129 days and the median neutrophil nadir
was 0.66 X 10°/L.!5 They also found that these cases of
late-onset neutropenia were rarely associated with sig-
nificant clinical sequelae. Lemieux et al reported six
cases of late-onset neutropenia in 15% of patients with
NHL following rituximab-based high-dose chemother-
apy and autologous transplantation and the character-
istics of the neutropenia were similar to that in other
reports.1® Late-onset neutropenia occurred 76 to 192
days after the completion of rituximab and the duration
of neutropenia ranged from 8 to 16 days. In contrast to
other reports, 83% of patients required hospitalization
for neutropenia-related complications, and in most
cases, there was evidence of maturation arrest in the
bone marrow. Recently, a small study looked at the
incidence of late-onset neutropenia in patients receiv-
ing rituximab for autoimmune diseases and, of 23 pa-
tients, only one developed late-onset neutropenia.l’
These patients were all receiving concurrent immuno-
suppressive therapy ranging from prednisone alone to
combinations including agents such as azathioprine
and methotrexate; interestingly, the amount of ritux-
imab administered (two to four doses) was less than
that administered in other studies. These studies sug-
gest that the occurrence and severity of late-onset neu-
tropenia may be related to the amount of rituximab and
the myelotoxicity of chemotherapy administered.

Other studies have reported late-onset neutropenia
in previously treated patients but as discussed earlier,
interpretations and conclusions are confounded by fac-
tors such as pre-existing bone marrow damage and
immune dyscrasias in patients with autoimmune dis-
eases. In a study by Cattaneo et al, the reported inci-
dence of late-onset neutropenia in 72 consecutive pa-
tients (some previously untreated) receiving rituximab-
based therapy was 27%. Neutropenia developed after a
median time of 10 weeks.!® Voog et al reported neu-
tropenia in 8 previously treated patients occurring 8 to
23 weeks after the administration of rituximab for NHL
or CLL.!3 Patients’ neutrophil counts recovered after a
median time of 6 days. Chaiwatanatorn et al evaluated
53 patients who received rituximab and identified late-
onset neutropenia in 15%.!° The median time to neu-
tropenia was 122 days and the median duration of
neutropenia was 9 days.

POSTULATED MECHANISMS OF LATE-ONSET
NEUTROPENIA: GRANULOCYTE HOMEOSTASIS
AND THE ROLE OF SDF-1/CXC LIGAND 12

Several mechanisms for late-onset neutropenia fol-
lowing rituximab have been postulated but currently
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there is no direct evidence for one mechanism. While
we have hypothesized that it may be related to pertur-
bations in SDF-1 levels at the time of B-cell recovery
interfering with neutrophil egress from the bone mar-
row, others have postulated alternative mechanisms
including neutropenia due to autoantibody production
following rituximab treatment and the expansion of
T-LGL populations that may induce neutrophil apopto-
sis through Fas and Fas-ligand interactions.!3:20

The median time to the development of late-onset
neutropenia, which is similar to the time to B-cell
recovery following rituximab, led us to hypothesize
that this phenomenon is biologically related to B-cell
recovery. To investigate this hypothesis, we evaluated
the kinetics of B-cell recovery in a subgroup of patients
following DA-EPOCH-R treatment. We measured B-cell
kinetics at various time points before and after treat-
ment and as expected, DA-EPOCH-R produced marked
and protracted B-cell depletion at treatment comple-
tion and at 3 months following the end of treatment. By
9 months following therapy, 67% of patients had
achieved significant B-cell recovery and in all cases this
represented recovery of normal and not leukemic B
cells. We then investigated if there was a correlation
between declining granulocyte levels in the context of
late-onset neutropenia and the period of rapid B-cell
recovery and compared B-cell changes and granulocyte
counts between the 3- and 9-month post-treatment
time periods during which late-onset neutropenia oc-
curred (Figure 1A). Indeed we found significant gran-
ulocyte declines in 56% of patients who had B-cell
recovery during this time period.

A
3000 S
(]
0
E 2000 °©
£
1
& 1000 T
s
0
2 o 58 8
%. o
S -1000 T o @
2 © o
2000 1
g o o
< 3000 ®
4000 T T T T T
0 50 100 150 200 250 300

A B-cells per mm3

This suggested to us that late-onset neutropenia was
due to perturbations in granulocyte homeostasis and
led us to investigate the role of the SDF-1/CXCL12
chemokine, because of its dual central roles in regulat-
ing neutrophil egress from the bone marrow and in
early B-cell lymphopoiesis.?!-? There is evidence that
granulocyte egress from the bone marrow is regulated
via interactions between the SDF-1 chemokine pro-
duced by stromal cells and its receptor, CXCR4, ex-
pressed on hematopoietic cells.?224-26. SDF-1 is also
needed for B-cell lymphopoiesis, where it triggers cell
division and migration of early lineage B-cells.?3:?7
These observations suggest that SDF-1 concentrations
may be disrupted during rapid B-cell expansion, caus-
ing neutrophil egress from the bone marrow. Though
SDF-1 in the bone marrow was not directly accessible
for analysis, we reasoned that SDF-1 changes in the
bone marrow could be reflected in changes in circulat-
ing levels and assayed serum SDF-1 at various time
points. Interestingly, we found that circulating SDF-1
levels obtained at 3 months following rituximab ther-
apy correlated with later B-cell recovery at 9 months
and felt that this reflected an increase in bone marrow
SDF-1 early in the recovery period. We also found a
correlation between a decrease in circulating SDF-1
levels after recovery and B-cell recovery at 9 months, in
keeping with a subsequent decline in bone marrow
SDF-1 following B-cell expansion (Figure 1B). (One
would expect that in the absence of severe B-cell deple-
tion, there would be absence of these B-cell- dependent
SDF-1 level changes and, to demonstrate this, we analyzed
SDF-1 levels in patients who received DA-EPOCH alone

B
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Figure 1. (A) B-cell recovery and granulocyte dynamics. Flow cytometric quantitation of circulating B cells and granu-
locytes was performed in 24 patients with mantle cell ymphoma. Between 3 and 9 months after treatment, the change
(A) in B cells inversely correlated with the change in granulocytes, indicating that rapid B-cell recovery is associated with
a fall in circulating granulocytes (R = —0.53; P = .04). (®) Designates the two patients with late-onset neutropenia.
(B) SDF-1 kinetics and B-cell recovery. The kinetics of circulating SDF-1 following DA-EPOCH-R in 19 mantle cell patients
are shown. Between 3 and 9 months after treatment, the change (A) in B cells inversely correlated with a reduction in
circulating SDF-1 levels, indicating that SDF-1 levels decline as B cells recover (R = —0.67; P = .013). (®) Designates the

2 patients with late-onset neutropenia.
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(ie, no rituximab) and found no significant change follow-
ing treatment). Therefore, recognizing that SDF-1 regu-
lation in the bone marrow microenvironment is poorly
understood and complicated, we hypothesized that
consumption by rapidly expanding B-cells could result
in disruption of bone marrow SDF-1 gradients resulting
in blockade of neutrophil egress from the bone marrow
and therefore causing late-onset neutropenia (Figure
2).252628 In support of our model, SDF-1 staining in
bone marrow samples before treatment and at the time
of late-onset neutropenia showed similar patterns, sug-
gesting no significant changes in SDF-1 production by
stromal cells during the neutropenia. In addition, bone
marrow biopsies of patients with late-onset neutrope-
nia showed evidence of granulocyte maturation and
the administration of filgrastim produced rapid neutro-
phil mobilization, suggesting that neutrophil egress,
rather than myeloid maturation, is affected in late-onset
neutropenia. Our study suggested that late-onset neu-
tropenia may be an epiphenomenon which is self-
limited and not usually associated with infectious com-
plications or clinical sequelae.
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Interestingly, we observed a higher incidence of
late-onset neutropenia in patients with AIDS-related
lymphomas. While levels of circulating SDF-1 are gen-
erally normal in patients with AIDS, AIDS-related lym-
phomas have been associated with higher SDF-1 lev-
els—this, as well as the potential dysregulation of
CXCR4, which serves as both the SDF-1 receptor and a
T-cell tropic human immunodeficiency virus-1 corecep-
tor, may predispose patients with AIDS-related lym-
phoma to late-onset neutropenia.?®-31

GRANULOCYTE INHIBITION/DESTRUCTION

Several other mechanisms of late neutropenia fol-
lowing rituximab have been proposed by other groups.
Papadaki et al reported the occurrence of neutropenia
following rituximab treatment in patients who showed
evidence of LGLs in the peripheral blood and bone
marrow.'>2° These were characterized by a predomi-
nance of CD3*CD8"CD57*CD28 T cells. The authors
hypothesized that LGLs caused neutropenia through
CD95-induced apoptosis caused by Fas and Fas-ligand
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Figure 2. Bone marrow SDF-1 immunohistochemistry and model of late-onset neutropenia (LON). (A) SDF-1 detection in the
bone marrow of a patient with LON. SDF-1 is expressed by bone marrow stromal cells, which are dispersed throughout the
bone marrow; osteoblasts that are juxtaposed to the bone trabeculae; and endothelial cells that line the blood capillaries.
Sections immunostained for SDF-1 with specific antibodies. Images were collected using a Nikon Eclipse 6600 microscope
(10x/0.45 DICL and 40x/0.95 DICM lenses; Nikon, Tokyo, Japan) with a Retiga 1300 digital camera (Qlmaging, Burnaby, BC,
Canada) and IP Lab acquisition software (Scanalytics, Fairfax, VA). Images were imported into Adobe Photoshop software
(Adobe Systems, San Jose, CA). (B) A model of late-onset neutropenia is shown. Early B-cell lymphopoiesis and neutrophil
egress into the bone marrow sinusoid is regulated by SDF-1 gradients (dark to light shading, left) within the bone marrow
microenvironment, as shown on the left. In a patient with late-onset neutropenia, we hypothesize that the SDF-1 gradients are
transiently disrupted (even gray shading, right) within the bone marrow microenvironment due to SDF-1 consumption by
rapidly expanding B cells, resulting in the temporary inhibition of neutrophil egress across the sinusoid, as shown on the right.
SDF-1-positive cells are indicated by arrows.
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secretion by LGLs in addition to Fas and Fas-ligand
independent mechanisms. Regarding the potential role
of LGLs in late neutropenia following rituximab, one
has to consider that benign reactive increases in LGLs
have been observed in a wide variety of settings that
have included clonal B-cell disorders, infections, trans-
plantation, and old age.3*33 Chaiwatanatorn et al re-
ported a high incidence of lymphopenia and hypoga-
mmaglobulinemia at the time of late-onset neutropenia
and hypothesized an association between disordered
immunological status following rituximab and aberrant
B-cell reconstitution, leading to immune dyscrasias and
the development of neutropenia in some patients.!®
However, this hypothesis is vague considering the
wide spectrum of immune dyscrasias that exist and
does not mechanistically explain why some patients
develop late neutropenias. Voog et al, using direct
immunofluoresence testing, found IgG-type antibodies
bound to the surface of neutrophils in two patients
with late-onset neutropenia following rituximab and
suggested that the transient production of autoantibod-
ies may cause neutropenia following rituximab.!3> How-
ever, their hypothesis is confounded by the fact that no
antibody was found in the serum of either patient.
Terrier et al evaluated the kinetics of various cytokines
involved in B-cell and granulocyte homeostasis in a
patient with Waldenstrom’s macroglobulinemia who
developed late-onset neutropenia following rituximab
and found an association, at the time of late-onset
neutropenia, between a lack of granulopoiesis in the
bone marrow and high levels of BAFF (B-cell activator
belonging to the tumor necrosis factor [TNF] family), a
strong stimulator of B-cell recovery.’® They hypothe-
sized that late-onset neutropenia is caused by hemato-
poietic lineage competition with promotion of B-cell
lymphopoiesis over granulopoiesis in the bone mar-
rOw.

‘While the current review focuses on late-onset neu-
tropenia, rituximab is also associated with early neutro-
penia. It is reasonable to conjecture that early and late
neutropenia are caused by different biological mecha-
nisms, and that patients may experience both phenom-
ena. A recent study of early rituximab-induced neutro-
penia following autologous transplant showed an
association between the high-affinity FcRIlla 158 V
allele and the development of neutropenia.®> The au-
thors hypothesized that high-affinity FCRs may mediate
more vigorous ADCC on normal and malignant B lym-
phocytes with the release of granzyme and lysozyme,
and neutrophil death via a bystander effect. Such a
relatively acute process would not explain late-onset
neutropenia, where the evidence points to perturba-
tions of neutrophil homeostasis and not death.

CONCLUSIONS

Late-onset neutropenia following rituximab therapy
is not uncommon and is likely to be significantly un-

derdetected. While rituximab has been associated with
the development of neutropenia early after administra-
tion and following high-dose therapy, the pathogenesis
of late-onset neutropenia appears to be unique and
distinct. Given the wide use of rituximab in the man-
agement of B-cell disorders and its ever-increasing in-
dications in autoimmune and other diseases, it is im-
portant to recognize this phenomenon. In the wvast
majority of cases, late-onset neutropenia is self-limiting
and rarely associated with infections or other serious
problems. While the mechanism of late-onset neutro-
penia is uncertain, our results raise the intriguing no-
tion that it may result from perturbations of SDF-1
during B-cell recovery that inhibit neutrophil egress
from the bone marrow.
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