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Rituximab-Associated Neutropenia

Kieron Dunleavy, Kevin Tay, and Wyndham H. Wilson

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.
Semin Hematol 47:180–186. © 2010 Published by Elsevier Inc.
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ituximab is a monoclonal chimeric antibody
that targets the CD20 B-cell antigen, expressed
on normal and neoplastic B cells.1,2 In addition

o playing a pivotal role in the treatment of newly
iagnosed, relapsed and refractory indolent and aggres-
ive CD20� non-Hodgkin lymphoma (NHL) and chronic
ymphocytic leukemia (CLL), rituximab’s investigation
nd use has recently extended to autoimmune diseases
uch as rheumatoid arthritis and systemic lupus ery-
hematosus (SLE).3–7 In the very early studies that as-
essed the use of rituximab, neutropenia was rarely
eported (grade 3 or 4 neutropenia was only reported
n 4.2% of patients in one early study), but monitoring
or neutropenia was only performed at wide intervals
fter completion of therapy.8 We and others have more
ecently reported the occurrence of “late-onset neutro-
enia,” that is, neutropenia occurring at least 4 weeks
fter the administration of the antibody.9

The biologic functions of CD20 remain poorly un-
erstood. In vitro, the incubation of B cells with anti-
D20 antibody has variable effects on cell cycle pro-
ression and cell signaling and clinically causes the
epletion of normal circulating B cells.10,11 The etiology
f late-onset neutropenia is not well understood, al-
hough some investigators have suggested mechanisms
uch as the production of anti-neutrophil antibodies or
he suppression of neutrophils by large granular lympho-
ytes (LGLs). We explored an alternative hypothesis that
ate-onset neutropenia is caused by perturbations of gran-
locyte homeostasis, mediated by a complex interaction
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etween B-cell recovery, and stromal-derived factor-1
SDF-1), a chemokine required for early B-cell develop-
ent and retention of B-lineage and granulocytic pre-

ursors in the bone marrow.12,13

NCIDENCE AND ONSET OF LATE-ONSET
EUTROPENIA FOLLOWING RITUXIMAB

Late-onset neutropenia following rituximab has now
een reported by a number of groups (Table 1).9,13–19 In
ur study, we evaluated 153 previously untreated pa-
ients treated on DA-EPOCH (dose-adjusted etoposide,
rednisone, vincristine, cyclophosphamide, doxorubi-
in) protocols at the National Cancer Institute (NCI)
nd included the histologies diffuse large B-cell lym-
homa (DLBCL), mantle cell lymphoma (MCL), and
urkitt lymphoma (BL).9 To control for confounding
auses of neutropenia, we restricted the analysis to 130
atients who were in complete remission from their

ymphoma, had hematopoietic recovery with an abso-
ute neutrophil count (ANC) higher than 1.0 � 109/L
fter treatment, and had at least 12 months of observa-
ion time following the completion of therapy. Patients
ad complete blood cell counts (CBCs) performed every
months for the first year of follow-up and we defined

ate-onset neutropenia as neutropenia (ANC �0.5 �
09/L) occurring at least 60 days after the last treat-
ent. Of the 130 patients in our study, 54 received
A-EPOCH alone and 76 received DA-EPOCH with rit-
ximab (DA-EPOCH-R). We found that the incidence of

ate-onset neutropenia in patients who received ritux-
mab-based therapy was 8% compared to 0% of patients

ho received DA-EPOCH alone (P � .04). The median
ime to onset of late-onset neutropenia was 175 days
range, 77–204 days) with a median neutrophil nadir of
.2 � 109/L. The duration of late-onset neutropenia
as between 11 and 16 days in patients who did not
eceive 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

Study
No. of

Patients Therapy Disease Type

Incidence of
Late-Onset

Neutropenia

Median
Time to

Neutropenia

Median
Duration of
Neutropenia Comments

Dunleavy et al9 76 DA-EPOCH-R DLBCL, ARL, MCL 8% 175 days 14 days Previously untreated
patients54 DA-EPOCH

Nitta et al14 107 Chemotherapy � R CD20� B-cell
lymphoma

24.9% 124 days 28 days Previously untreated
patients52 Chemotherapy alone

Lai et al15 121 R-CHOP DLBCL 13.2% 129 days 69 days Previously untreated
patients

Lemieux et al16 39 ACVB � R � ASCT DLBCL 15% 114 days 9 days Previously untreated
patients

Cattaneo et al18 9 R alone CD20� B-cell
lymphoma

27.3% 70 days 77 days Mix of previously
untreated and
treated patients

50 Chemotherapy � R
18 R � chemotherapy �

ASCT
Voog et al13 N/A Rituximab-based

therapy
DLBCL; FL; CLL N/A 112 days 6 days Previously treated

patients
Chaiwatanatorn

et al19
53 Rituximab-based

therapy
FL; MCL; DLBCL; red

cell aplasia
15% 122 days 9 days Previously treated

patients
Rios-Fernandez

et al17
23 Rituximab with

various
immunosuppressive
drugs

Range of autoimmune
diseases

4% 191 days
(1 patient)

5 days
(1 patient)

Patients with
autoimmune
diseases

Abbreviations: DA-EPOCH, dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin; R, rituximab; DLBCL, diffuse large B-cell lymphoma; ARL, AIDS-related
lymphoma; MCL, mantle cell lymphoma; 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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182 K. Dunleavy, K. Tay, and W.H. Wilson
ecovery curves were steep and complete. Only one
atient with late-onset neutropenia presented with an

nfectious complication (buccal cellulitis) but this rap-
dly resolved after the initiation of filgrastim and intra-
enous antibiotics; in all other cases, late-onset neutro-
enia was detected incidentally and there were no
linical complications or sequelae.

As we only checked CBCs every 3 months and as
ate-onset neutropenia appears to be almost always
symptomatic, we estimated that the true incidence of
ate-onset neutropenia in our patient population was

uch higher than the 8% rate we detected on routine
ollow-up. We therefore developed a statistical model
o estimate the true incidence of late-onset neutrope-
ia. We assumed that the duration of neutropenia was
ormally distributed and recognized that it had an un-
nown mean and an unknown standard deviation of
ore than 1 day. In order to provide an estimate of the
ean and variance of the duration of neutropenia, we

ombined data from two other published studies of
ate-onset neutropenia with our own data.13,19 Based on
he estimates of neutropenia duration and assuming a
0-day interval between blood counts, we estimated
hat the proportion of late-onset neutropenia that went
ndetected in our study was 79%.13,19 Using this num-
er along with the observed late-onset neutropenia rate
f 8%, we estimated that the true rate of late-onset
eutropenia following rituximab therapy is 35.5%.

Many other studies have investigated the incidence
f late-onset neutropenia following rituximab (Table 1).
owever, conclusions are confounded due to the use
f variable treatments, the lack of appropriate control
roups and the inclusion of previously treated and
igh-dose therapy patients who have a higher inci-
ence of chemotherapy-related bone marrow damage.
his may complicate the detection of and distinction of

ate-onset neutropenia from other processes. However,
ome studies have evaluated the incidence of late-onset
eutropenia in previously untreated patients. Nitta et al
etrospectively reviewed the records of 120 patients
reated with rituximab-containing chemotherapy as pri-
ary treatment for CD20� B-cell lymphomas and found

he incidence of late-onset neutropenia (defined as
NC �1.0 � 109/L without any apparent cause after

he recovery of neutropenia following the completion
f therapy) to be 24.9%, and in a control group of 52
atients who received similar therapy without ritux-

mab, it was 0%.14 The median time to neutrophil nadir
as 106 days after the last chemotherapy dose and the
edian neutrophil nadir was 0.61 � 109/L. Interest-

ngly, in multivariate analyses, patients who received
igh-dose therapy followed by autologous stem cell
ransplantation, or who received high-dose methotrex-
te-containing regimens, were more likely than patients
ho received CHOP-like therapy (cyclophosphamide,
oxorubicin, vincristine, prednisone) to develop late-

nset neutropenia. Lai et al, using similar criteria (ANC l
1.0 � 109/L) for late-onset neutropenia, retrospec-
ively evaluated patients with DLBCL receiving ritux-
mab plus CHOP (R-CHOP) and detected late-onset
eutropenia in 13.2%; the median time to neutrophil
adir was 129 days and the median neutrophil nadir
as 0.66 � 109/L.15 They also found that these cases of

ate-onset neutropenia were rarely associated with sig-
ificant clinical sequelae. Lemieux et al reported six
ases of late-onset neutropenia in 15% of patients with
HL following rituximab-based high-dose chemother-

py and autologous transplantation and the character-
stics of the neutropenia were similar to that in other
eports.16 Late-onset neutropenia occurred 76 to 192
ays after the completion of rituximab and the duration
f neutropenia ranged from 8 to 16 days. In contrast to
ther reports, 83% of patients required hospitalization
or neutropenia-related complications, and in most
ases, there was evidence of maturation arrest in the
one marrow. Recently, a small study looked at the

ncidence of late-onset neutropenia in patients receiv-
ng rituximab for autoimmune diseases and, of 23 pa-
ients, only one developed late-onset neutropenia.17

hese patients were all receiving concurrent immuno-
uppressive therapy ranging from prednisone alone to
ombinations including agents such as azathioprine
nd methotrexate; interestingly, the amount of ritux-
mab administered (two to four doses) was less than
hat administered in other studies. These studies sug-
est that the occurrence and severity of late-onset neu-
ropenia may be related to the amount of rituximab and
he myelotoxicity of chemotherapy administered.

Other studies have reported late-onset neutropenia
n previously treated patients but as discussed earlier,
nterpretations and conclusions are confounded by fac-
ors such as pre-existing bone marrow damage and
mmune dyscrasias in patients with autoimmune dis-
ases. In a study by Cattaneo et al, the reported inci-
ence of late-onset neutropenia in 72 consecutive pa-
ients (some previously untreated) receiving rituximab-
ased therapy was 27%. Neutropenia developed after a
edian time of 10 weeks.18 Voog et al reported neu-

ropenia in 8 previously treated patients occurring 8 to
3 weeks after the administration of rituximab for NHL
r CLL.13 Patients’ neutrophil counts recovered after a
edian time of 6 days. Chaiwatanatorn et al evaluated

3 patients who received rituximab and identified late-
nset neutropenia in 15%.19 The median time to neu-
ropenia was 122 days and the median duration of
eutropenia was 9 days.

OSTULATED MECHANISMS OF LATE-ONSET
EUTROPENIA: GRANULOCYTE HOMEOSTASIS
ND THE ROLE OF SDF-1/CXC LIGAND 12

Several mechanisms for late-onset neutropenia fol-

owing rituximab have been postulated but currently
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Rituximab-associated neutropenia 183
here is no direct evidence for one mechanism. While
e have hypothesized that it may be related to pertur-
ations in SDF-1 levels at the time of B-cell recovery

nterfering with neutrophil egress from the bone mar-
ow, others have postulated alternative mechanisms
ncluding neutropenia due to autoantibody production
ollowing rituximab treatment and the expansion of
-LGL populations that may induce neutrophil apopto-
is through Fas and Fas-ligand interactions.13,20

The median time to the development of late-onset
eutropenia, which is similar to the time to B-cell
ecovery following rituximab, led us to hypothesize
hat this phenomenon is biologically related to B-cell
ecovery. To investigate this hypothesis, we evaluated
he kinetics of B-cell recovery in a subgroup of patients
ollowing DA-EPOCH-R treatment. We measured B-cell
inetics at various time points before and after treat-
ent and as expected, DA-EPOCH-R produced marked

nd protracted B-cell depletion at treatment comple-
ion and at 3 months following the end of treatment. By

months following therapy, 67% of patients had
chieved significant B-cell recovery and in all cases this
epresented recovery of normal and not leukemic B
ells. We then investigated if there was a correlation
etween declining granulocyte levels in the context of

ate-onset neutropenia and the period of rapid B-cell
ecovery and compared B-cell changes and granulocyte
ounts between the 3- and 9-month post-treatment
ime periods during which late-onset neutropenia oc-
urred (Figure 1A). Indeed we found significant gran-
locyte declines in 56% of patients who had B-cell
ecovery during this time period.

-4000

-3000

-2000

-1000

0

1000

2000

3000

0 50 100 150 200 250

A

∆∆∆∆ B-cells per mm3

∆∆ ∆∆
G

ra
n

u
lo

cy
te

s 
p

er
 m

m
3

igure 1. (A) B-cell recovery and granulocyte dynamics
ocytes was performed in 24 patients with mantle cell lym
�) in B cells inversely correlated with the change in gran
fall in circulating granulocytes (R � �0.53; P � .04).

B) SDF-1 kinetics and B-cell recovery. The kinetics of circ
re shown. Between 3 and 9 months after treatment, th
irculating SDF-1 levels, indicating that SDF-1 levels decl

patients with late-onset neutropenia.
This suggested to us that late-onset neutropenia was
ue to perturbations in granulocyte homeostasis and

ed us to investigate the role of the SDF-1/CXCL12
hemokine, because of its dual central roles in regulat-
ng neutrophil egress from the bone marrow and in
arly B-cell lymphopoiesis.21–23 There is evidence that
ranulocyte egress from the bone marrow is regulated
ia interactions between the SDF-1 chemokine pro-
uced by stromal cells and its receptor, CXCR4, ex-
ressed on hematopoietic cells.22,24–26 SDF-1 is also
eeded for B-cell lymphopoiesis, where it triggers cell
ivision and migration of early lineage B-cells.23,27

hese observations suggest that SDF-1 concentrations
ay be disrupted during rapid B-cell expansion, caus-

ng neutrophil egress from the bone marrow. Though
DF-1 in the bone marrow was not directly accessible
or analysis, we reasoned that SDF-1 changes in the
one marrow could be reflected in changes in circulat-

ng levels and assayed serum SDF-1 at various time
oints. Interestingly, we found that circulating SDF-1

evels obtained at 3 months following rituximab ther-
py correlated with later B-cell recovery at 9 months
nd felt that this reflected an increase in bone marrow
DF-1 early in the recovery period. We also found a
orrelation between a decrease in circulating SDF-1
evels after recovery and B-cell recovery at 9 months, in
eeping with a subsequent decline in bone marrow
DF-1 following B-cell expansion (Figure 1B). (One
ould expect that in the absence of severe B-cell deple-

ion, there would be absence of these B-cell–dependent
DF-1 level changes and, to demonstrate this, we analyzed
DF-1 levels in patients who received DA-EPOCH alone
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184 K. Dunleavy, K. Tay, and W.H. Wilson
ie, no rituximab) and found no significant change follow-
ng treatment). Therefore, recognizing that SDF-1 regu-
ation in the bone marrow microenvironment is poorly
nderstood and complicated, we hypothesized that
onsumption by rapidly expanding B-cells could result
n disruption of bone marrow SDF-1 gradients resulting
n blockade of neutrophil egress from the bone marrow
nd therefore causing late-onset neutropenia (Figure
).25,26,28 In support of our model, SDF-1 staining in
one marrow samples before treatment and at the time
f late-onset neutropenia showed similar patterns, sug-
esting no significant changes in SDF-1 production by
tromal cells during the neutropenia. In addition, bone
arrow biopsies of patients with late-onset neutrope-
ia showed evidence of granulocyte maturation and
he administration of filgrastim produced rapid neutro-
hil mobilization, suggesting that neutrophil egress,
ather than myeloid maturation, is affected in late-onset
eutropenia. Our study suggested that late-onset neu-
ropenia may be an epiphenomenon which is self-
imited and not usually associated with infectious com-
lications or clinical sequelae.

igure 2. Bone marrow SDF-1 immunohistochemistry and
one marrow of a patient with LON. SDF-1 is expressed by
one marrow; osteoblasts that are juxtaposed to the bon
ections immunostained for SDF-1 with specific antibodie
10x/0.45 DICL and 40x/0.95 DICM lenses; Nikon, Tokyo, J
anada) and IP Lab acquisition software (Scanalytics, Fair

Adobe Systems, San Jose, CA). (B) A model of late-onset
gress into the bone marrow sinusoid is regulated by SDF
icroenvironment, as shown on the left. In a patient with la

ransiently disrupted (even gray shading, right) within the
apidly expanding B cells, resulting in the temporary inhibit

DF-1–positive cells are indicated by arrows.
Interestingly, we observed a higher incidence of
ate-onset neutropenia in patients with AIDS-related
ymphomas. While levels of circulating SDF-1 are gen-
rally normal in patients with AIDS, AIDS-related lym-
homas have been associated with higher SDF-1 lev-
ls—this, as well as the potential dysregulation of
XCR4, which serves as both the SDF-1 receptor and a
-cell tropic human immunodeficiency virus-1 corecep-

or, may predispose patients with AIDS-related lym-
homa to late-onset neutropenia.29–31

RANULOCYTE INHIBITION/DESTRUCTION

Several other mechanisms of late neutropenia fol-
owing rituximab have been proposed by other groups.
apadaki et al reported the occurrence of neutropenia
ollowing rituximab treatment in patients who showed
vidence of LGLs in the peripheral blood and bone
arrow.12,20 These were characterized by a predomi-
ance of CD3�CD8�CD57�CD28� T cells. The authors
ypothesized that LGLs caused neutropenia through
D95-induced apoptosis caused by Fas and Fas-ligand

f late-onset neutropenia (LON). (A) SDF-1 detection in the
marrow stromal cells, which are dispersed throughout the
ulae; and endothelial cells that line the blood capillaries.

es were collected using a Nikon Eclipse 6600 microscope
ith a Retiga 1300 digital camera (QImaging, Burnaby, BC,
. Images were imported into Adobe Photoshop software
enia is shown. Early B-cell lymphopoiesis and neutrophil

ients (dark to light shading, left) within the bone marrow
t neutropenia, we hypothesize that the SDF-1 gradients are

arrow microenvironment due to SDF-1 consumption by
eutrophil egress across the sinusoid, as shown on the right.
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Rituximab-associated neutropenia 185
ecretion by LGLs in addition to Fas and Fas-ligand
ndependent mechanisms. Regarding the potential role
f LGLs in late neutropenia following rituximab, one
as to consider that benign reactive increases in LGLs
ave been observed in a wide variety of settings that
ave included clonal B-cell disorders, infections, trans-
lantation, and old age.32,33 Chaiwatanatorn et al re-
orted a high incidence of lymphopenia and hypoga-
maglobulinemia at the time of late-onset neutropenia

nd hypothesized an association between disordered
mmunological status following rituximab and aberrant
-cell reconstitution, leading to immune dyscrasias and
he development of neutropenia in some patients.19

owever, this hypothesis is vague considering the
ide spectrum of immune dyscrasias that exist and
oes not mechanistically explain why some patients
evelop late neutropenias. Voog et al, using direct

mmunofluoresence testing, found IgG-type antibodies
ound to the surface of neutrophils in two patients
ith late-onset neutropenia following rituximab and

uggested that the transient production of autoantibod-
es may cause neutropenia following rituximab.13 How-
ver, their hypothesis is confounded by the fact that no
ntibody was found in the serum of either patient.
errier et al evaluated the kinetics of various cytokines

nvolved in B-cell and granulocyte homeostasis in a
atient with Waldenström’s macroglobulinemia who
eveloped late-onset neutropenia following rituximab
nd found an association, at the time of late-onset
eutropenia, between a lack of granulopoiesis in the
one marrow and high levels of BAFF (B-cell activator
elonging to the tumor necrosis factor [TNF] family), a
trong stimulator of B-cell recovery.34 They hypothe-
ized that late-onset neutropenia is caused by hemato-
oietic lineage competition with promotion of B-cell

ymphopoiesis over granulopoiesis in the bone mar-
ow.

While the current review focuses on late-onset neu-
ropenia, rituximab is also associated with early neutro-
enia. It is reasonable to conjecture that early and late
eutropenia are caused by different biological mecha-
isms, and that patients may experience both phenom-
na. A recent study of early rituximab-induced neutro-
enia following autologous transplant showed an
ssociation between the high-affinity FcRIIIa 158 V
llele and the development of neutropenia.35 The au-
hors hypothesized that high-affinity FcRs may mediate
ore vigorous ADCC on normal and malignant B lym-
hocytes with the release of granzyme and lysozyme,
nd neutrophil death via a bystander effect. Such a
elatively acute process would not explain late-onset
eutropenia, where the evidence points to perturba-
ions of neutrophil homeostasis and not death.

ONCLUSIONS

Late-onset neutropenia following rituximab therapy

s not uncommon and is likely to be significantly un-
erdetected. While rituximab has been associated with
he development of neutropenia early after administra-
ion and following high-dose therapy, the pathogenesis
f late-onset neutropenia appears to be unique and
istinct. Given the wide use of rituximab in the man-
gement of B-cell disorders and its ever-increasing in-
ications in autoimmune and other diseases, it is im-
ortant to recognize this phenomenon. In the vast
ajority of cases, late-onset neutropenia is self-limiting

nd rarely associated with infections or other serious
roblems. While the mechanism of late-onset neutro-
enia is uncertain, our results raise the intriguing no-
ion that it may result from perturbations of SDF-1
uring B-cell recovery that inhibit neutrophil egress
rom the bone marrow.
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