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A B S T R A C T

Purpose
Rituximab has been given after autologous hematopoietic cell transplantation for recurrent or
refractory B-cell lymphoma with the goal of eradicating minimal residual disease. Our previous
report showed that administration of two courses of rituximab after transplantation is feasible,
with encouraging clinical outcomes after a short follow-up. However, neutropenia after the first or
second post-transplantation rituximab treatment occurred in 52% of patients. We previously
reported that polymorphisms of two immunoglobulin G Fc receptors predict rituximab response,
presumably because of their role in antibody-dependent cellular cytotoxicity. In the current report,
we determine whether Fc�R polymorphisms are correlated with clinical outcomes in 33 patients
with B-cell non-Hodgkin’s lymphoma who received post-transplantation rituximab.

Patients and Methods
Genomic DNA was used for Fc�RIIIa V/F or the Fc�RIIa H/R genotyping. The Fc�R polymorphisms
were then correlated with the incidence of rituximab-induced neutropenia, event-free survival
(EFS), and overall survival (OS).

Results
The Fc�RIIIa 158 V allele dose was correlated with a higher incidence of rituximab-induced
neutropenia. The odds of neutropenia after the first or second post-transplantation rituximab
increased three-fold with each V allele (robust z � 2.08, P � .038). The Fc�RIIa polymorphism had
no impact on rituximab-induced neutropenia. We did not observe a correlation of either Fc�RIIIa or
Fc�RIIa polymorphism with EFS or OS.

Conclusion
The high affinity Fc�RIIIa 158 V allele is associated with rituximab-induced neutropenia after
autologous transplantation. This is a potential tool to identify a high-risk population for developing
neutropenia after antibody therapy.

J Clin Oncol 28:279-284. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Autologous hematopoietic cell transplantation
(HCT) is the standard of care for patients with
recurrent or refractory non-Hodgkin’s lym-
phoma (NHL).1 However, only 40% to 50% pa-
tients achieve long-term disease control. One
strategy to improve the outcome is to administer
rituximab after HCT with the goal of eradicating
minimal residual disease.2 Hypothesis is that post-
transplantation rituximab will provide better disease
control, especially for those who have not received
rituximab before transplantation. Our prior report
showed that post-transplantation rituximab infu-
sions resulted in promising clinical outcomes.2 We

previously reported that two immunoglobulin G
(IgG) Fc receptor (Fc�R), Fc�RIIIa 158 V/V and
Fc�RIIa 131 H/H genotypes, predict response to
single-agent rituximab therapy in patients with fol-
licular lymphoma, probably due to their role in me-
diating antibody-dependent cellular cytotoxicity
(ADCC).3,4 With this background, we correlated
Fc�R polymorphism with event-free survival (EFS),
overall survival (OS), and toxicity in patients receiv-
ing post-transplantation rituximab. Although post-
transplantation rituximab infusions were relatively
safe, grade 3 or 4 neutropenia was observed after
rituximab infusion in 52% of patients.2 This inci-
dence was significantly higher than previously re-
ported with single-agent rituximab.5 One possibility
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is that this is a patient population exposed to high cumulative doses of
myelotoxic agents. Indeed, high rates of rituximab-induced neutrope-
nia were also observed in a group of heavily treated patients who
underwent allogeneic HCT.6 Although the mechanism of rituximab-
induced neutropenia is unknown, several models have been proposed,
which include the toxic effect of T-large granular lymphocytes (T-
LGLs),7 development of autoantibodies against neutrophils,8,9 and
perturbations of stromal-derived factor 1 (SDF-1) and granulopoiesis
homeostasis.10 In this study, we hypothesized that Fc�R polymor-
phisms may influence the rate of rituximab-induced neutropenia
because high-affinity Fc�R genotypes have been associated with supe-
rior clinical efficacy of rituximab.3,4,11

PATIENTS AND METHODS

Patient Population

This study included 35 patients with recurrent or refractory B-cell NHL
as previously described.2 The median age was 51 years (range, 28 to 70 years).
Twenty-five patients had diffuse large B-cell lymphoma (DLBCL), three pa-
tients had mantle-cell lymphoma, three patients had transformed large-cell
lymphoma, and four patients had other NHL (follicular mixed, n � 2; chronic
lymphatic leukemia, n � 1; and diffuse small-cell lymphoma, unspecified,
n � 1). Eighteen patients had experienced relapse after initial complete re-
sponse, 10 patients had disease that was refractory to their first chemotherapy
regimen, and seven patients were considered at high risk in first complete
response. Thirty-two patients received carmustine, etoposide, and cyclophos-
phamide, and three patients received total body irradiation in place of carmus-
tine.2 All patients received in vitro purged peripheral-blood progenitor cell
product mobilized with a single dose of cyclophosphamide 4 g/m2 and gran-
ulocyte colony-stimulating factor (G-CSF). The peripheral-blood progenitor
cell product was enriched for CD34� cells and purged with a panel of anti–B-
cell antibodies and rabbit complement.12 At day 42 after HCT, all patients
received four weekly infusions of rituximab 375 mg/m2. The first four patients
were to receive one course of rituximab, and the remaining patients were
scheduled to receive a second course of four weekly rituximab beginning 6
months after HCT. CBCs were monitored weekly during each course of
rituximab infusion, 1 week and 3 weeks after the last day of rituximab infusion
in each course, and then monthly for 9 months. This study was conducted
according to an institutional review board–approved protocol, and informed
consent was obtained from all patients.

Analysis of Fc�R Polymorphism

Genomic DNA was prepared from peripheral-blood mononuclear cells
using a Qiagen DNA extraction kit (Qiagen, Valencia, CA). Genotyping of
Fc�R polymorphisms was performed using TaqMan technology on an ABI
Prism 7900HT Sequence Detector System (Applied Biosystems, Foster City,
CA) as previously described.13,14 In brief, Fc�RIIIa, Fc�RIIa-specific primer
pairs flanking the polymorphic sites were used for amplification of genomic
DNA in the presence of probes specific to different alleles. Probes specific to
Fc�RIIIa 158 V and Fc�RIIa 131 H alleles were labeled with VIC, and probes
specific to Fc�RIIIa 158 F and Fc�RIIa 131 R alleles were labeled with FAM.
Each sample was analyzed in duplicate. The final determination of Fc�R
genotypes was performed using Allelic Discrimination protocol in SDS soft-
ware provided by Applied Biosystems.

Statistical Analysis

The EFS was defined as the time period between the day of transplanta-
tion and the time of disease relapse/progression or death from any cause. The
OS was defined as the time period from the day of transplantation to death
from any cause. The differences in EFS and OS were determined using log-
rank statistic (PRISM for Macintosh, GraphPad Software, San Diego, CA).
They were considered statistically significant for P � .05 between different
genotype groups. We analyzed the effects of Fc�R genotype on rituximab-
induced neutropenia in three ways, to account for the correlated incidence

data and imbalance in numbers receiving rituximab over time. We first used
the Generalized Estimating Equation method (GEE package for R, version
2.5.0, http://cran.r-project.org/web/packages/gee/index.html) with binomial
family and logistic links to estimate the increase in odds of neutropenia asso-
ciated with each extra V allele and report the robust z statistic that accounts for
the within-subject clustering on all 33 patients. Because GEE makes strong
assumptions about the reasons some patients do not receive a second course,
we used two additional simpler methods to reduce the data to a single sum-
mary per patient before correlating with allelic dose. In the first analysis, we
scored every patient (N � 33) by number of neutropenic episodes/number of
courses of rituximab in the following order: 0/2 � 0/1 � 1/2 � 1/1 � 2/2. In
the second analysis, we looked only at patients who received two courses of
treatment (n � 24) and counted the number of neutropenic episodes (0, 1, 2).
These “scores” were correlated with number of alleles (Spearman and Kendall
coefficients). The results of three methods were in agreement.

RESULTS

Fc�RIIIa and Fc�RIIa Polymorphisms and Survival

Thirty-five patients were treated in the study as planned. With
current median follow-up of 7.7 years, the estimated 5-year EFS
was 71% (95% CI, 55% to 86%), and the 5-year OS was 77% (95%
CI, 62% to 91%) for all patients on an intent-to-treat basis (Fig 1).
Twelve patients died: eight patients of progressive disease, one
patient in remission from pneumonitis, one patient of secondary
malignancy, one patient of suicide, and one patient of amyotrophic
lateral sclerosis. Eleven patients experienced disease progression or
relapse after transplantation (DLBCL, n � 5; mantle cell, n � 3;
transformed NHL, n � 3).

We previously showed that clinical efficacy of single-agent ritux-
imab was associated with high-affinity Fc�RIIIa and Fc�RIIa geno-
types in patients with follicular lymphoma. The goal of this clinical
study was to improve clinical outcome by eliminating minimal resid-
ual disease with post-transplantation rituximab. We first determined
whether Fc�RIIIa 158 V/F or Fc�RIIa 131 H/R polymorphisms influ-
enced EFS or OS. Genomic DNA was available in 33 patients for Fc�R
genotyping. For the Fc�RIIIa, four patients (12%) were homozygous
valine/valine (158 V/V), 14 patients (42%) were heterozygous valine/
phenylalanine (158 V/F), and 15 patients (46%) were homozygous
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Fig 1. Kaplan-Meier estimates of event-free survival (EFS) and overall
survival (OS).
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phenylalanine/phenylalanine (158 F/F). For the Fc�RIIa, eight pa-
tients (24%) were homozygous histidine/histidine (131 H/H), 16 pa-
tients (49%) were heterozygous histidine/arginine (131 H/R), and
nine patients (27%) were homozygous arginine/arginine (131 R/R).
Five-year EFS by genotype were as follows: Fc�RIIIa 158 V/V, 75%
(95% CI, 50% to 100%); V/F, 70% (95% CI, 45% to 94%); F/F, 73%
(95% CI, 51% to 96%); Fc�RIIa 131 H/H, 75% (95% CI, 50% to
100%); H/R, 74% (95% CI, 53% to 96%); and R/R, 67% (95% CI,
36% to 97%). Five-year OS was not different for Fc�RIIIa 158 V/V at
75% (95% CI, 50% to 100%), V/F at 77% (95% CI, 54% to 99%), F/F
at 80% (95% CI, 60% to 100%) nor Fc�RIIa 131 H/H at 75% (95% CI,
50% to 100%), H/R at 87% (95% CI, 64% to 100%), and R/R at 67%
(95% CI, 37% to 97%).

Fc�RIIIa Genotypes and Neutropenia

Among the 33 patients studied, a total of 57 courses (four weekly
infusions) of rituximab were administered. Four patients received a
single course by study design and five patients received a single course
because of disease progression (n � 2), pneumonitis (n � 1), dissem-
inated zoster (n � 1), and excess rituximab infusion reaction (n � 1).
No difference in the actual frequency of blood count monitoring was
observed according to Fc�R genotype (data not shown). Seventeen
(52%) of the 33 patients developed grade 3 or 4 neutropenia (absolute
neutrophil count � 1,000/�L) in one or both post-transplantation
rituximab courses. As shown in Table 1 for all 33 patients, rituximab-
induced neutropenia occurred in 37% of treatment courses. The me-
dian time to develop neutropenia was 40 days (range, 7 to 117 days)
after the last rituximab infusion in each course. For patients who
developed neutropenia, the median time to neutropenia was 25 days
(range, 7 to 70 days) in V/V, 51 days (range, 27 to 102 days) in V/F, and
44 days (range, 24 to 117 days) in F/F patients after first rituximab
course. The median time to neutropenia was 18 days (range, 15 to 21
days) in V/V, 57 days (range, 27 to 102 days) in V/F, and 23 days in one
F/F patient after second rituximab course. Using Kaplan-Meier esti-
mation on all 33 patients, there was a trend for rituximab-induced
neutropenia to occur earlier after the first rituximab course with
each dose of V allele (hazard ratio for each dose of V allele � 1.92,
P � .092, in the order of V/V, V/F, F/F), but the time to neutropenia
was not statistically different between the three genotypes. All neutro-
penia episodes either resolved spontaneously or responded to 2 to 4
days of G-CSF. We then determined whether Fc�R polymorphisms
influenced the rates of rituximab-induced neutropenia. Taking ac-
count of the varying number of courses of rituximab administered, we

found that each additional V allele was associated with a three-fold
increase in the odds of neutropenia with each rituximab course using
the generalized estimating equation method (robust z � 2.08, two-
sided P � .038). For confirmation, in a nonparametric analysis, we
also scored each patient according to the number of occurrences of
neutropenia over the number of courses of rituximab, with the order
0/2 � 0/1 � 1/2 � 1/1 � 2/2. The number of V alleles is significantly
associated with this score (Spearman’s correlation coefficient � 0.39,
P � .025).

As described in Table 2, we separately analyzed the 24 patients
who received two courses of rituximab in order to increase the power
of detecting a difference. In this analysis, the number of episodes of
rituximab-induced neutropenia was correlated with the number of
Fc�RIIIa 158 V alleles (Spearman rank correlation � 0.49, P � .014),
with the highest rates of rituximab-induced neutropenia found in
patients with V/V genotype. The number of Fc�RIIIa 158 V alleles was
also correlated with grade 4 rituximab-induced neutropenia. Grade 4
neutropenia was experienced in three (75%) of four V/V patients,
affecting 43% of their rituximab courses, and in six (42%) of 14 V/F
patients, affecting 30% of their rituximab courses. In contrast, just two
(13%) of 15 F/F patients experienced grade 4 neutropenia, affecting
only 7% of their rituximab courses. The Fc�RIIa 131 H/R polymor-
phism was not associated with rituximab-induced neutropenia.

DISCUSSION

In the pivotal trial using single-agent rituximab therapy, 4% of pa-
tients developed neutropenia after rituximab infusion, and only one
patient had grade 3 or 4 neutropenia.5 However, recent reports have
suggested the incidence of neutropenia after rituximab, especially the
late-onset neutropenia, is probably higher.15 An increasing number of
cases of rituximab-induced neutropenia has been reported in pa-
tients who received single-agent rituximab after multiple salvage
therapies, including autologous transplantation.16,17 More com-
monly, late-onset neutropenia was observed in patients receiving
rituximab-chemotherapy combinations.16,18,19 In these cases, neutro-
penia occurred between 4 and 17 weeks from last infusion after initial
recovery of neutrophil counts from chemotherapy. One Japanese
study reported a 25% incidence of late-onset neutropenia in patients
who were treated with rituximab-chemotherapy.19 In another study,
12% of patients with DLBCL who received maintenance single-agent

Table 1. Neutropenia and Fc�R Polymorphisms in 33 Patients Receiving One or Two Courses of Rituximab

Parameter

Fc�R IIIa Polymorphism Fc�R IIa Polymorphism

All Patients (N � 33)V/V (n � 4) V/F (n � 14) F/F (n � 15) H/H (n � 8) H/R (n � 16) R/R (n � 9)

Patients developing neutropenia�

No. 3 8 6 3 9 5 17
% 75 57 40 38 56 56 52

V/V (n � 7) V/F (n � 23) F/F (n � 27) H/H (n � 15) H/R (n � 27) R/R (n � 15) All Courses (N � 57)

Courses with neutropenia
No. 5 10 6 5 11 5 21
% 71 43 22 33 41 33 37

�Grade 3 or 4 (absolute neutrophil count � 1,000/�L).

Fc�R Polymorphism and Rituximab-Induced Neutropenia
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rituximab after induction rituximab plus cyclophosphamide, doxoru-
bicin, vincristine, and prednisone or cyclophosphamide, doxorubicin,
vincristine, and prednisone experienced grade 3 or 4 neutropenia
compared with 4% of observation patients.20 Similar to our observa-
tion, late-onset neutropenia was found in higher frequency in post-
transplantation patients when rituximab was given either as in vivo
purging before transplantation 16,21,22 or as consolidation immedi-
ately after transplantation.21,23,24 The collective impression is that
rituximab-induced neutropenia occurs more frequently in patients
who had more intensive prior myelotoxic therapies. However,
rituximab-induced neutropenia has been reported in patients with
autoimmune disease without intensive myelotoxic therapy.25,26

The mechanism of rituximab-induced neutropenia is unclear.
Because CD20 is not expressed by neutrophils or their precursors,
direct rituximab-mediated killing is unlikely. Because neutropenia
may occur a few months after infusion, production of autoantibodies
against neutrophils during recovery of a new immune repertoire has
been postulated.8,9 However, this would not explain the quick neutro-
phils recovery either without intervention or with a short course of
G-CSF. Another study suggested that an excess of T-LGL in the mar-
row may lead to apoptosis of mature neutrophils as a result of the
secretion of large amounts of Fas and Fas ligand.7 However, excess of
T-LGL is commonly observed in patients undergoing nonmyeloabla-
tive allogeneic transplantation who have normal neutrophils counts.
A recent study suggested that perturbations of SDF-1 and granulopoi-
esis homeostasis during B-cell recovery are responsible for rituximab-
induced neutropenia.10 However, in our study, neutropenia occurred
within 4 months after rituximab infusion, which is too early for B-cell
recovery. Instead, we found that the high affinity Fc�RIIIa 158 V allele
was associated with a higher incidence of rituximab-induced neutro-
penia. One question is whether pharmacokinetics of rituximab may
differ in patients with high affinity Fc�RIII 158 V allele. This is still
unknown because no study has reported the effect of Fc�R poly-
morphisms on rituximab concentration. On the other hand, phar-
macokinetics of rituximab is related to tumor burden at the time of
infusion demonstrated both in humans5 or in an animal model.27

In our study, this is not a major factor because all patients had
minimal residual disease at the time of rituximab infusion after
high-dose therapy. Although this retrospective report should be
considered hypothesis-generating rather than establishing a mech-
anism of rituximab-induced neutropenia, there are important im-
plications from our observations.

First, it is probable that patients with high-affinity Fc�Rs mediate
ADCC on both normal and malignant B lymphocytes more vigor-

ously. During this process, influx of granzyme and lysozyme released
by effector cells may kill neutrophils via a bystander effect. This model
can explain the self-limiting nature of rituximab-induced neutrope-
nia, because once the target B cells are eliminated, the ADCC will not
continue. Neutrophils themselves can mediate ADCC via an inducible
Fc�RI (CD64).28,29 In this case, neutrophils may be self-lysed after
ADCC. However, whether this occurs in rituximab-treated patients
and its relationship to Fc�RIIIa polymorphism is unknown.

Second, the Fc�RIIIa polymorphism may affect the “depth” of B
lymphocyte depletion. In patients with the high-affinity V/V geno-
type, the B-lymphocyte depletion may be more complete, which in
turn results in steering the bone marrow into lymphopoiesis and away
from granulopoiesis. Studies have demonstrated that reciprocal dy-
namics of the marrow lymphocyte and neutrophil populations were
consistent with a cellular competition within developmental niche,
which creates a balance between granulopoiesis and lymphopoiesis.30

This notion is supported by a report that showed an unusually high
serum B-cell activating factor (BAFF) level at the time of rituximab-
induced neutropenia, indicating severe B-lymphocyte depletion, be-
cause BAFF level is correlated inversely with B lymphocyte mass.31 To
support this hypothesis, one study has shown that Fc�RIIIa 158 V
allele was associated with higher degree of B-lymphocyte depletion
in patients with lupus who received low-dose rituximab.32 How-
ever, whether Fc�RIIIa 158 V allele is associated with prolonged
B-lymphocyte depletion in patients with NHL is unknown. We did
not collect information on B-lymphocyte counts routinely beyond the
first 6 months after transplantation. Therefore, we were unable to
address this question in the current study. Future studies to monitor
B-lymphocyte recovery, serum BAFF level, and SDF-1 status during
rituximab-induced neutropenia will help to elucidate its mechanism.

Third, by identifying the association between Fc�RIIIa polymor-
phisms and rituximab-induced neutropenia, we now have a tool to
predict who might have an increased risk of developing neutropenia.
This becomes clinically important because the use of rituximab-
chemotherapy combinations and the use of maintenance rituximab
has been expanded.20,33,34 This tool could identify patients who need
closer monitoring after rituximab-based therapies. However, confir-
mation of our observation in a larger study is needed before wider
application of this tool should be adopted. One such analysis is under-
way in a large low-grade population of patients with NHL who re-
ceived maintenance rituximab after induction cyclophosphamide,
vincristine, prednisone under Eastern Cooperative Oncology
Group 1496 protocol (S.J. Horning, personal communication, August
2009). In this analysis, Fc�R polymorphism will be correlated with

Table 2. Neutropenia and Fc�R Polymorphisms in 24 Patients Receiving Two Courses of Rituximab

Neutropenia

Fc�R IIIa Polymorphism Fc�R IIa Polymorphism

V/V (n � 3) V/F (n � 9) F/F (n � 12) H/H (n � 7) H/R (n � 11) R/R (n � 6)

No neutropenia� 1 3 9 4 5 4
Neutropenia in one course 0 4 3 1 4 2
Neutropenia in both courses 2 2 0 2 2 0
Mean 1.33 0.89 0.25 0.77 0.72 0.33
Spearman rank correlation

r 0.495 0.140
P .014 .520

�Grade 3 or 4 (absolute neutrophil count � 1,000/�L).
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rituximab-induced neutropenia and other pertinent clinical out-
comes. Recently, predictive value of the Fc�RIIIa polymorphism was
also observed after treatment with other therapeutic antibodies, in-
cluding anti–HER-2/neu antibody and cetuximab.35-37 Whether the
high-affinity Fc�RIIIa genotype is also associated with a higher rate of
antibody-induced neutropenia in these patients is of great interest.

Finally, a significant fraction of second-generation antitumor
antibodies carry a re-engineered Fc portion to enhance their affin-
ity to activating Fc�Rs.38,39 It will be important to monitor the
incidence of neutropenia after administration of these second-
generation antibodies.

Although a higher response rate after single-agent rituximab
therapy has been observed in patients with follicular lymphoma with
high-affinity Fc�RIIIa or Fc�RIIa genotypes, we found no such asso-
ciation between Fc�R polymorphism and EFS or OS in this patient
population. There are several explanations for this observation. First,
whether Fc�R polymorphisms influence the clinical outcome in
rituximab-treated patients with histology other than follicular lym-
phoma is still unclear.40,41 Because the majority (71%) of the patients
in this study had DLBCL, this is an important question. One study has
linked Fc�RIIIa polymorphism to the clinical outcomes of patients
with DLBCL who were treated with a rituximab-chemotherapy com-
bination.42 In contrast, another showed no such association.43 It is also
possible that the correlation between Fc�R polymorphisms and clin-
ical response only apply to patients who receive single-agent ritux-
imab, but not in combination with chemotherapy. One such example
was the inability to link Fc�R polymorphisms to clinical outcome even
in patients with follicular lymphoma who received a sequential cyclo-
phosphamide, doxorubicin, vincristine, prednisone–rituximab com-
bination.44 Second, the small number of Fc�RIIIa V/V homozygotes
(n � 4) in our study limits the ability to detect a difference in the EFS
and OS, even if one exists. As shown in Results, the 95% CIs for the EFS
and OS in different genotypes were quite large, which made it ex-

tremely difficult to detect even a moderate difference in EFS or OS
between different groups. Third, rituximab was used in the minimal
disease setting after autologous transplantation. To more definitely
address the impact of Fc�R polymorphisms on the clinical efficacy in
patients receiving post-transplantation rituximab, a similar analysis
from larger clinical studies, such as the ongoing Collaborative Trial in
Relapsed Aggressive Lymphoma study,45 is required.
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