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Abstract
Background Rituximab is a chimeric monoclonal antibody that is used in a wide variety of conditions, ranging from non-
Hodgkin lymphoma to autoimmune diseases such as rheumatoid arthritis and multiple sclerosis. It causes depletion in B cells
via antagonism of the CD20 receptor, which is important in initiating B cell cycles and differentiation. The function of CD20 is
not entirely known, but it has been shown to be necessary for T-independent B cell immune responses. In some patients,
hypogammaglobulinemia develops after rituximab treatment for unclear reasons.
Methods We present five cases of patients who received rituximab during their treatment for B cell lymphoma.
Results All of these patients presented with recurrent infections and hypogammaglobulinemia several years after completing
chemotherapy, necessitating treatment with immunoglobulin replacement. B cell subset analysis revealed numeric B cell recon-
stitution; however, when these patients underwent B cell immunophenotyping, it revealed that the class-switched memory B cells
(CSMB) (CD27+IgM−IgD−) remained significantly depressed.
Conclusion The low class-switched memory B cells (CD27+IgM−IgD−) may serve as a potential biomarker for the need of
continued immunoglobulin replacement therapies.
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Introduction

Rituximab is a chimeric, anti-CD20 monoclonal antibody, com-
monly used and approved for use in rheumatoid arthritis, chronic
lymphocytic leukemia, and non-Hodgkin Lymphoma and is also
used off-label in a variety of autoimmune and malignant condi-
tions [1–3]. CD20 is expressed on large pre-B cells, small pre-B
cells, immature B cells, and mature B cells, including activated
andmemoryB cells [4]. CD20 is down-regulated on plasma cells
[4]. Rituximab’s primary mechanism of action is by induction of
antibody-mediated or complement-mediated cytotoxicity or via
induction of apoptosis, which reduces the total number of circu-
lating B cells [5].

Rituximab can be detected in the serum up to 9 months
following infusion; B cell levels normalize back to pretreat-
ment values approximately 1 year following infusion [4, 6].

However, the reconstituted B cells after rituximab therapy
display an immature phenotype [6] with several studies show-
ing defects in maturation with a decrease in memory B cells
following treatment with rituximab [6–9]. Some patients de-
velop hypogammaglobulinemia that requires ongoing immu-
noglobulin replacement to prevent severe infections. It is not
known what precipitates prolonged hypogammaglobulinemia
in some patients who have been treated with rituximab. To
address this question, B lymphocyte immunophenotyping was
obtained in 5 patients with hypogammaglobulinemia who had
a history of B cell lymphoma and treated with rituximab.

Methods

Patients were seen in the Immunology Clinic at Mayo Clinic,
Roches ter , Minnesota , for fur ther evaluat ion of
hypogammaglobulinemia. All patients underwent
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quantification of T, B, and natural killer lymphocyte subsets
by flow cytometry as part of standard work-up. In addition,
the patients also underwent B lymphocyte subset
immunophenotyping. The patients were all on replacement
IgG therapy through the IV route (IVIG). A retrospective chart
review was conducted for historical information.

The chart review study was conducted after IRB approval.

Results

Case 1

A 78-year-old woman was initially seen in 2012 for a diagno-
sis of hypogammaglobulinemia. She had a history of follicular
lymphoma diagnosed in 2005 that was treated with 4 cycles of
fludarabine, mitoxantrone, dexamethasone, and rituximab.
She comple ted main tenance r i tuximab in 2007.
Hypogammaglobulinemia to the immunoglobulin G (IgG)
level of 375 mg/dl was noted in 2012 during the work up of
bronchiectasis; her IgA value was 32 mg/dl, and her IgM
value was 13 mg/dl at that time. She was initiated on IVIG
and has been evaluated in clinic on an annual basis. Her IgA
values on in September of 2017 have declined to 12 mg/dl,
while her IgM value was 25 mg/dl. Assessment of her B cells
during that visit revealed a total CD19+ count of 189 (15%)
(normal 45–409 cells/mcL; 3–24%) with 1.30% of CD19+
cells expressing CD27+ (normal 6.3–52.8%). Her population
of class-switched memory B cell (CD27+, M-D-) was 0.1%
(normal 2.3–26.5%).

Case 2

This 70-year-old man was diagnosed with follicular lympho-
ma in 2000. His chemotherapeutic regimens included
chlorambucil, cyclophosphamide, prednisone, and cyclophos-
phamide, vincristine and prednisone (CVP), followed by 6 cy-
cles of cyclophosphamide, doxorubicin, vincristine and pred-
nisone (CHOP) and 3 cycles of rituximab, dexamathasone,
cytarabine and cisplatin (R-DHAP). He underwent a periph-
eral blood stem cell transplant in 2001. On recurrence of his
cancer, he enrolled in a study where he received rituximab.
Following this, he was treated with transmembrane activator
and CAML-interactor fusion protein (TACI-Fc) followed by
rituximab and concluded this treatment in 2008. After repeat-
ed sinus infections, his IgG level was assessed in 2015 and
returned at < 7 mg/dl. His IgM at that time was 147 mg/dl,
while his IgA was < 1 mg/dl. He was started on IVIG supple-
mentation and was seen in the Immunology clinic in May of
2017. B cell subsets obtained during that visit revealed total
CD19+ cells of 641 (9%) (normal 45–409 cells/mcL (3–
24%)) with CSMB cell count of 1.8 (0.7%) (normal 7.0–
61.0 cells/mcL; 2.3–26.5%).

Case 3

A 71-year-old man with a history of mantle cell lymphoma di-
agnosed in 2011 and treated with 6 cycles of rituximab, cyclo-
phosphamide, doxorubicin, vincristine and prednisone (R-
CHOP) initially presented May 2016 with recurrent sinus infec-
tions. He was found to have an IgG value of 213 mg/dl, with an
IgM of 32 mg/dl and an undetectable IgA level. His CD19+ was
213 cells/mcL comprising 13.7% of the total population (normal
45–409 cells/mcL; 3–24%). His number of CSMB cells was
reduced at 0.7 (0.4%) (normal 7.0–61.0 cells/mcL; 2.3–26.5%).
He was initiated on IgG replacement therapy and has been
followed in the Immunology clinic on a bi-annual basis.

Case 4

A 60-year-old male presented with follicular lymphoma and
was treated with rituximab in 2008. IVIG was started in 2015
with recurrent sino-pulmonary infections. Immune assessment
showed severe pan hypogammaglobinemia and low class–
switched memory B cells.

Case 5

A 44-year-old male presented to our cl inic with
hypogammaglobinemia. This patient had CVID diagnosed at
age 30, started with replacement IgG therapy in 2004, and was
diagnosed with diffuse large B cell lymphoma in 2011 and
subsequent treatment with rituximab infusions.

He also had a history of autoimmune hemolytic anemia
(AIHA). Immune assessment showed low IgA and IgM with
normal IgG levels on supplemental IgG therapy.

Table 1 summarizes the clinical characteristics of these
patients, and Table 2 describes the immunophenotyping of
this cohort.

One patient was already on IgG therapy prior to rituximab
use, and all the rest of the patients had hypogammaglobulinemia
following treatment with rituximab for B cell lymphomas. We
found amean of 5.67 years between last rituximab dose and time
of diagnosis of hypogammaglobulinemia. All of the patients
exhibited adequate numeric B cell reconstitution with mean
CD19+ cell counts by flow cytometry of 286 cells/mcL (normal
ranges 45–409 cells/mcL). Significantly, all patients exhibited a
decrease in class-switched memory B cells (CD27+, M−, D−),
with mean CSMB counts of 0.87 cells/mcL (normal range 7.0–
61.0 cells/mcL).

Discussion

Rituximab is a drug with utility in myriad of conditions.
Prolonged hypogammaglobulinemia has been reported fol-
lowing treatment with rituximab, and some patients, such as
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the patients presented here, require ongoing treatment with
supplemental immunoglobulin to prevent infectious compli-
cations. It is unclear why only certain subsets of patients de-
velop hypogammaglobinemia following rituximab therapy. It
has been speculated that patients with prolonged
hypogammaglobulinemia after rituximab use may in fact have
baseline subclinical immune deficiency or dysfunction, in-
cluding unrecognized common variable immune efficiency
(CVID), which maybe unmasked or exacerbated by
rituximab.

The etiology of prolonged hypogammaglobulinemia is un-
known at this time. Certain factors may increase the risk for
development of hypogammaglobulinemia, with duration of
rituximab treatment and pretreatment IgG proposed as

potential factors. However, the literature regarding possible
risk factors is unclear. For example, in one study, pretreatment
IgG values were correlated with risk; however; this was not
shown in another study [10, 11]. Similarly, one study found
that 79% of patients requiring IVIG had received 2 or more
courses of rituximab, while another study did not find this
correlation [7, 10]. Malignancy further complicates our under-
standing of the development of hypogammaglobulinemia.
Hypogammaglobulinemia that develops prior to any treatment
has been known to occur in chronic lymphocytic leukemia
[12].

The mechanism by which rituximab can cause
hypogammaglobulinemia is also unclear. As discussed previ-
ously, in patients with lymphoma treated with rituximab,

Table 1 Clinical characteristics of the cohort

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Gender Female Male Male Male Male

Age 78 70 71 60 44

Malignancy Follicular
lymphoma

Follicular lymphoma Mantle cell
lymphoma

Follicular lymphoma Diffuse large B cell
lymphoma

Chemotherapeutic
regimen

4 cycles
fludarabine,
mitoxantrone,
rituximab
(2005),
maintenance
rituximab
completed
2007

6 cycles fludarabine
and mitoxantrone
(2002); 6 cycles
unknown with
rituximab (2006),
4 cycles of unknown
regimen (2010)

6 cycles
R-CHOP
(2011)

Chlorambucil, cyclophosphamide,
prednisone, CVP followed
by 6 cycles CHOP, 3 cycles
rituximab DHAP, and 4 other
protocols, all of which contained
rituximab (2008)

R-CHOP (2011)

Date of last
anti-CD-20
chemo

2007 2010 2011 2008 2011

Year IVIG
supplementation
initiated

2012 2013 2016 2015 2004

History of
recurrent
infections

Bronchiectasis Pneumonia, bronchiectasis,
sinus infections, shingles
× 2

Sinus
infections

Sinus infections, pneumonia **Diagnosed with
CVID age 30 on
IVIG (2004)

History of
autoimmunity

No No No No Yes AIHA

Table 2 Immunophenotyping of the cohort

Patient IgA IgG IgM CD19+ %age of CD19+ cells
with CD27+

CD27+ M+D+ CD27+M-D-
(CSMB)

Normal
ranges

61–356 mg/dL 767–1590 mg/dL 37–286 mg/dL 45–409 cells/mcL
(3–24%)

6.3–52.8% 4.0–85 cells/mcL
1.7–29.3%

7.0–61.0 cells/mcL
2.3–26.5%

1 32 375 13 189 (15%) 1.30% 1.3 (1.0%) 0.1 (0.1%)

2 2 317 292 229 (12%) NA NA NA

3 < 1 282 32 213 (13.7%) 8.10% 9.1 (4.9%) 0.7 (0.4%)

4 < 1 7 147 402 (27%) 13.70% 22.2 (8.6%) 1.8 (0.7%)

5* 3 1050* 21 641 (9%) 0.9% 2.5 (0.6%) 0.4 (0.1%)

NA not available
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patients had an increase in naïve cells 1 year after infusion [6].
This decrease in memory cells was also seen in patients with
lymphoma treated with stem cell transplant followed by ritux-
imab adjuvant therapy [9]. In that study, 3 of the 4 patients
lacked plasma cells on bone marrow biopsy [9]. This was
noted in vitro in the B cells of a patient who developed
hypogammaglobulinemia following treatment with rituximab
for follicular lymphoma [8]. In this study, B cells stimulated
with IL-6, IL-10, IL-15, and BAFF failed to differentiate into
plasma or memory B cells [8].

Conclusions

Here, we present 5 cases of patients with decreased CSMB
cells despite adequate numeric B cell reconstitution. The in-
terplay between rituximab, malignancy, and B cell reconstitu-
tion is complex, and the mechanisms of this process remain
elusive. A limitation of this report is the limited number of
patients assessed; however, this report and other studies have
demonstrated that there is a decrease in CSMB in patients with
prolonged hypogammaglobulinemia following rituximab
[7–9]. These cases serve as an important reminder to check
for IgG dysfunction in patients who have recurrent infections
and have a history of rituximab and may suggest a role for
assessment of CSMB to predict the need for IVIG replacement
in this cohort.
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