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Abstract
Post-transplant lymphoproliferative disorder (PTLD) is one of the most serious complications of allogeneic hematopoietic 
stem cell transplantation (HSCT). Rituximab is effective for PTLD; however, rituximab can produce adverse effects, including 
hypogammaglobulinemia. Here, we present the case of an 18-year-old female with refractory cytopenia of childhood who 
developed persistent selective hypogammaglobulinemia with low immunoglobulin G (IgG) 2 and IgG4 levels and monoclonal 
protein after rituximab therapy against probable PTLD. Despite B-cell recovery, the serum IgG levels gradually declined, 
reaching < 300 mg/dL at 33 months after rituximab treatment. In addition, class-switched memory (CD27 + IgD −) B cells 
were limited in phenotypic analysis. These findings suggest that peri-HSCT rituximab may contribute to an abnormal B-cell 
repertoire induced by impaired immunoglobulin class switch.
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Introduction

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is a curative treatment for hematological malignan-
cies and nonmalignant disorders. However, it is associated 
with various complications, including infection due to 
insufficient immune reconstitution under immunosuppres-
sive therapy or graft-versus-host disease (GVHD). Defects 
in humoral and cellular immunity may persist for months 
(even years) after allo-HSCT [1]. In a retrospective study of 
278 adult patients undergoing allo-HSCT, the cumulative 
incidence of hypogammaglobulinemia at 1 year was 24.1%. 

In stable courses of allo-HSCT without GVHD, serum 
immunoglobulin G (IgG) levels reach their lowest levels at 
6 months and recover after around 1 year [2].

Risk factors for long-term hypogammaglobulinemia after 
allo-HSCT have been studied. Previous retrospective studies 
identified acute GVHD, unrelated donor, and hypogamma-
globulinemia before allo-HSCT as risk factors for long-term 
hypogammaglobulinemia [2–5]. On the other hand, long-
lasting hypogammaglobulinemia was reported in patients 
treated with rituximab for post-transplant lymphoprolifera-
tive disorder (PTLD) and autoimmune hemolytic Hodgkin 
after allo-HSCT [6–9]. PTLD is one of the most serious 
complications of allo-HSCT and has a high mortality rate 
[10]. Fujimoto et al. reported that the probability of PTLD 
at 2 years was 0.79% in a large retrospective analysis using 
the Japanese national transplant registry [11]. Although 
EBV DNA monitoring and preemptive rituximab therapy 
improve the outcome of patients with PTLD, it is important 
to consider the side effects of rituximab, such as long-lasting 
hypogammaglobulinemia due to delayed humoral immune 
reconstitution [12].
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Here, we describe a patient with persistent hypogam-
maglobulinemia accompanied by monoclonal protein after 
rituximab therapy against probable PTLD. Serum IgG levels 
in our patient were maintained at > 400 mg/dL early after 
rituximab therapy, but declined to their lowest levels more 
than 2 years after treatment. The patient still requires immu-
noglobulin supplementation 3 years after allo-HSCT.

Case report

An 18-year-old female without remarkable medical history 
was referred to our hospital due to headache and exertional 
dyspnea. Laboratory blood analysis revealed severe pancyto-
penia (white blood cells, 0.24 × 109/L; hemoglobin, 7.1 g/dL; 
and platelets, 46 × 109/L). Blood chemistry analysis showed 
no particularly abnormal findings The IgA levels (196.8 mg/
dL) were normal, while the levels of IgG (715.9 mg/dL) and 
IgM (37.5 mg/dL) were slightly below the normal range. 
Monoclonal protein was not detected by serum protein 

electrophoresis and immunofixation electrophoresis. Bone 
marrow aspiration revealed hypocellular marrow with mild 
megaloblastoid changes in erythroid precursors, and mega-
karyocytes showed multiple widely separated nuclei. The 
bone marrow cell karyotype was normal. The patient was 
diagnosed with refractory cytopenia of childhood. She was 
treated with cyclosporine A (CsA); however, no improve-
ment in blood cell count was observed, even after 2 months 
of treatment.

Figure 1 shows the clinical course, B-cell recovery, and 
immunoglobulin levels. HSCT from a fully HLA-matched 
unrelated donor was performed after a conditioning regi-
men with fludarabine (25  mg/m2, 5  days), melphalan 
(70 mg/m2, 2 days), anti-thymocyte globulin (2.5 mg/kg, 
2 days), and total body irradiation (2 Gy). The clinical 
course was uneventful without serious complications, 
including acute GVHD or infection, and the patient was 
discharged on day 55. However, she was readmitted due 
to high-grade fever and pharyngalgia on day 76. A com-
puted tomography scan revealed tonsillar hypertrophy 

Fig. 1   Clinical course including B-cell recovery and levels of IgG, IgA, and IgM. Levels of EBV DNA load are indicated below the x-axis
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and splenomegaly, and the peripheral blood Epstein–Barr 
virus (EBV) DNA levels increased to 9.36 × 105 copies/
mL. Because a pre-transplant serological analysis revealed 
she was seropositive for antibodies to EBV (the serosta-
tus of donor was not available), we diagnosed probable 
EBV–PTLD and administered four weekly doses of ritux-
imab 375 mg/m2 from day 83. The patient’s symptoms 
improved immediately, and the EBV DNA levels declined 
to undetectable levels at day 117. Because there was no 
evidence of chronic GVHD, immunesuppression was grad-
ually tapered and finally discontinued on day 439.

B-cell aplasia lasted for 6 months and B-cell recovery was 
confirmed at 2 years after rituximab administration (18% 
of total lymphocytes, 358/μL). Following B-cell recov-
ery, the serum IgM and IgA levels increased to within the 
normal range. In contrast, the serum IgG levels declined 
gradually, and finally reached < 300 mg/dL at 33 months 
after rituximab treatment. A blood cell count showed no 
abnormal findings. Chimerism analysis showed that both 
CD3+ T cells and CD19+ B cells were completely donor 
type (Fig. 2a). Immunoglobulin subtype analysis revealed 
low IgG2 (55.5 mg/dL) and IgG4 (< 2.0 mg/dL) levels. 
Serum protein immunofixation electrophoresis suggested the 

Fig. 2   Characteristics of B cells and immunoglobulins. a Chimer-
ism analysis using short tandem repeat for CD3+ and CD19+ cells at 
34  months after transplant. b Serum protein immunofixation analy-
sis at 28  months after transplant. Arrows indicate monoclonal band 

suggesting IgG lambda. c Phenotypic analysis using IgD and CD27 
at 33, 40, and 43 months. CD27−IgD+, CD27+IgD+, and CD27+IgD− 
cells indicate naive, IgM memory, and class-switched memory B 
cells, respectively



425Persistent hypogammaglobulinemia due to immunoglobulin class switch impairment by…

1 3

presence of IgG lambda-type monoclonal protein (Fig. 2b). 
Monoclonal protein was detected at 14 months after trans-
plant and continued to be detected even at 42 months after 
transplant as the latest follow-up. She has been in complete 
remission and never experienced severe infection so far. 
The EBV serostatus has been positive. Due to the persistent 
severe hypogammaglobulinemia (IgG < 400 mg/dL), she 
still requires immunoglobulin supplementation. Phenotype 
analysis of T cells showed that they were almost identical 
to those of healthy individuals (data not shown). However, 
analysis of the B cells showed that the CD27+IgD− pheno-
type (class-switched memory B cells) was limited, even in 
the sample taken at 3 years after rituximab therapy (Fig. 2c). 
These results suggest that, in this patient, hypogammaglobu-
linemia was induced by a B-cell class switch abnormality.

Discussion

Long-lasting hypogammaglobulinemia after rituximab treat-
ment against PTLD following HSCT has previously been 
reported in two case reports and one case series [6, 7, 9]. In 
the present case, our patient showed persistent progression 
to lowering of IgG2 and IgG4 levels, accompanied by mono-
clonal protein after rituximab therapy against PTLD. To the 
best of our knowledge, there has been no previous report of 
hypogammaglobulinemia with monoclonal protein induced 
by rituximab against PTLD.

Rituximab is a humanized anti-CD20 monoclonal anti-
body used in the treatment of B-cell non-Hodgkin’s lym-
phoma (NHL) and PTLD. While B-cell deficiency may 
persist for up to 6 months after rituximab treatment, severe 
hypogammaglobulinemia is not usually observed in a non-
HSCT setting [13]. However, rituximab maintenance for 
B-cell NHL after autologous HSCT is reported to prolong 
severe hypogammaglobulinemia [14–17]. It is speculated 
that peri-transplant rituximab and additional cellular immu-
nosuppressive background associated with HSCT affect the 
B-cell differentiation into plasma cells [15].

Agematsu et al. reported that the percentage of B-cell 
subsets was: 19.4 ± 3.2% for CD27+IgD− class-switched 
memory B cells and 12.3 ± 2.0% for CD27+IgD+ IgM 
memory B cells [18]. In other report, CD27+IgD− class-
switched memory B cells comprised 6.5% of total B cells 
in HSCT recipients who neither received rituximab and 
experienced chronic GVHD with median post-transplant 
follow-up of 48 months [19]. In our patient, the number of 
CD27+IgD− class-switched memory B cells was lower than 
that in healthy population and long-term survivors after allo-
HSCT even 3 years after rituximab treatment, suggesting 
peri-HSCT rituximab induces a delayed recovery of memory 
B cells. Because class-switched memory B-cell deficiency 
is reported to correlate with serum IgG level in allo-HSCT 

recipients [20], we believe it was one of the possible causes 
for persistent hypogammaglobulinemia.

In the present case, abnormal immune reconstitution was 
observed. First, the IgA and IgM levels decreased imme-
diately after rituximab and recovered following B-cell 
recovery. Although the patient remained in remission and 
experienced no other transplant-related complications, 
the IgG levels continued to decrease, and no improvement 
was observed for more than 3 years after the last rituxi-
mab administration. In a previous study of 17 patients who 
received rituximab within 6  months of allo-HSCT, the 
median IgG levels recovered at 24 months after HSCT [21]. 
Thus, the period of hypogammaglobulinemia, especially low 
IgG level, observed in our patient was long, compared with 
that of previous reports. Second, selective IgG2 and IgG4 
deficiencies with IgG lambda-type monoclonal protein were 
observed in our patient. Nishio et al. reported that patients 
with B-cell NHL treated with rituximab after autologous 
HSCT showed defective expression of one or more IgG iso-
types and delayed recovery of CD27+IgD− class-switched 
memory B cells among patients with hypogammaglobuline-
mia [14]. Yamazaki et al. reported that history of rituximab 
administration in the peri-HSCT period was a significant 
risk factor for decreased IgG2 levels and IgG2/IgG ratio 
after allo-HSCT [22]. The both above-mentioned reported 
may suggest peri-HSCT rituximab can also impair immu-
noglobulin class switch and induce abnormal B-cell rep-
ertoire. The limited number of CD27+IgD− class-switched 
memory B cells and unbalanced recovery of gammaglobulin 
with monoclonal protein observed in our patient may reflect 
impaired immunoglobulin class switch, resulting in abnor-
mal B-cell repertoire.

In conclusion, the findings from the current case suggest 
that peri-HSCT rituximab may induce persistent hypogam-
maglobulinemia, as well as abnormal B-cell repertoire. 
Regardless of whether relapse or transplant-related com-
plications including GVHD are observed, long-term moni-
toring of immunoglobulin including subclass analysis and 
the proportion of lymphocyte subsets should be performed 
in allo-HSCT recipients treated with rituximab during the 
peri-HSCT period. Hypogammaglobulinemia observed in 
our patient may be a novel pattern of rituximab-induced 
abnormal B-cell reconstitution, and further accumulation 
of cases is required.

Acknowledgements  The authors would like to express their apprecia-
tion for the contributions of all the doctors and nurses at Okayama 
University Hospital. The authors would like to thank Enago (www.
enago​.jp) for the English language review.

Compliance with ethical standards 

Conflicts of interest  The authors report no potential competing con-
flicts of interest.

http://www.enago.jp
http://www.enago.jp


426	 K. Mizuhara et al.

1 3

References

	 1.	 Bosch M, Khan F, Storek J. Immune reconstitution after hemat-
opoietic cell transplantation. Curr Opin Hematol. 2012;19:324–35.

	 2.	 Arai Y, Yamashita K, Mizugishi K, Kondo T, Kitano T, Hishizawa 
M, et al. Risk factors for hypogammaglobulinemia after allo-SCT. 
Bone Marrow Transplant. 2014;49:859–61.

	 3.	 Norlin A-C, Sairafi D, Mattsson J, Ljungman P, Ringde’n O, 
Remberger M, et al. Allogeneic stem cell transplantation: low 
immunoglobulin levels associated with decreased survival. Bone 
Marrow Transplant. 2008;41:267–73.

	 4.	 Frangoul H, Min E, Wang W, Chandrasekhar R, Calder C, Evans 
M, et al. Incidence and risk factors for hypogammaglobulinemia 
in pediatric patients following allo-SCT. Bone Marrow Trans-
plant. 2013;48:1456–9.

	 5.	 Storek J, Wells D, Dawson MA, Storer B, Maloney DG. Factors 
influencing B lymphopoiesis after allogeneic hematopoietic cell 
transplantation. Blood. 2001;98:489–91.

	 6.	 Masjosthusmann K, Ehlert K, Eing BR, Roth J, Koehler G, Juer-
gens H, et al. Delay in B-lymphocyte recovery and function fol-
lowing rituximab for EBV-associated lymphoproliferative disease 
early post-allogeneic hematopoietic SCT. Bone Marrow Trans-
plant. 2009;43:679–84.

	 7.	 Guérin V, Yakouben K, Lescoeur B, Pédron B, Dalle J-H, 
Baruchel A, et al. Prolonged agammaglobulinemia despite unal-
tered B-cell lymphopoiesis after peritransplant-rituximab admin-
istration in a child. Transplantation. 2008;86:1322–3.

	 8.	 Nishio M, Endo T, Fujimoto K, Sato N, Sakai T, Obara M, et al. 
Persistent panhypogammaglobulinemia with selected loss of 
memory B cells and impaired isotype expression after rituximab 
therapy for post-transplant EBV-associated autoimmune hemo-
lytic anemia. Eur J Haematol. 2005;75:527–9.

	 9.	 Imashuku S, Teramura T, Morimoto A, Naya M, Kuroda H. Pro-
longed hypogammaglobulinemia following rituximab treatment 
for post transplant Epstein-Barr virus-associated lymphoprolifera-
tive disease. Bone Marrow Transplant. 2004;33:129–30.

	10.	 Curtis RE, Travis LB, Rowlings PA, Socié G, Kingma DW, 
Banks PM, et al. Risk of lymphoproliferative disorders after 
bone marrow transplantation: a multi-institutional study. Blood. 
1999;94(7):2208–16.

	11.	 Fujimoto A, Hiramoto N, Yamasaki S, Inamoto Y, Uchida N, 
Maeda T, et al. Risk factors and predictive scoring system For 
post-transplant lymphoproliferative disorder after hematopoi-
etic stem cell transplantation. Biol Blood Marrow Transplant. 
2019;25:1441–9.

	12.	 Petropoulou AD, Porcher R, Peffautl de Laour R, Xhaard A, Weis-
dorf D, Ribaud P, et al. Increased infection rate after preemptive 
rituximab treatment for Epstein-Barr virus reactivation after allo-
geneic hematopoietic stem-cell transplantation. Transplantation. 
2012;94:879–83.

	13.	 Mc Laughlin P, Grillo-López AJ, Link BK, Levy R, Czucz-
man MS, Williams ME, et al. Rituximab chimeric anti-CD20 

monoclonal antibody therapy for relapsed indolent lymphoma: 
half of patients respond to a four-dose treatment program. J Clin 
Oncol. 1998;16:2835–928.

	14.	 Nishio M, Fujimoto K, Yamamoto S, Endo T, Sakai T, Obara M, 
et al. Hypogammaglobulinemia with a selective delayed recov-
ery in memory B cells and an impaired isotype expression after 
rituximab administration as an adjuvant to autologous stem cell 
transplantation for non-Hodgkin lymphoma. Eur J Haematol. 
2005;77:226–32.

	15.	 Nishio M, Fujimoto K, Yamamoto S, Endo T, Sakai T, Obara M, 
et al. Delayed redistribution of CD27, CD40 and CD80 positive 
B cells and the impaired in vitro immunoglobulin production in 
patients with non-Hodgkin lymphoma after rituximab treatment 
as an adjuvant to autologous stem cell transplantation. Br J Hae-
matol. 2007;137:349–54.

	16.	 Shortt J, Spencer A. Adjuvant rituximab causes prolonged 
hypogammaglobulinaemia following autologous stem cell trans-
plant for non-Hodgkin’s lymphoma. Bone Marrow Transplant. 
2006;38:433–6.

	17.	 Lim SH, Zhang Y, Wang Z, Esler WV, Beggs D, Pruitt B, 
et al. Maintenance rituximab after autologous stem cell trans-
plant for high-risk B-cell lymphoma induces prolonged and 
severe hypogammaglobulinemia. Bone Marrow Transplant. 
2005;35:207–8.

	18.	 Agematsu K, Nagumo H, Yang F, Nakazawa T, Fukushima K, 
et al. B cell subpopulations separated by CD27 and crucial col-
laboration of CD27+ B cells and helper T cells in immunoblobulin 
production. Eur J Immunol. 1997;27:2073–9.

	19.	 Greinix HT, Pohlreich D, Kouba M, Kormoczi U, Lobmann I, 
et al. Elevated numbers of immagure/transitional CD21- B lym-
phocytes and deficiency of memory CD27+ B cells identify 
patients with active chronic graft-versus-host disease. Biol Blood 
Marrow Transplant. 2008;14:208–19.

	20.	 D’Orsogna LJ, Wright MP, Krueger RG, McKinnon EJ, Buff-
ery SI, et al. Allogeneic hematopoietic stem cell transplantation 
recipients have defects of both switched and IgM memory B cells. 
Biol Blood Marrow Transplant. 2009;15:795–803.

	21.	 Mcver Z, Stephens N, Grim A, Barrett AJ. Rituximab admin-
istration within 6 months of T cell-depleted allogeneic SCT is 
associated with prolonged life-threatening cytopenias. Biol Blood 
Marrow Transplant. 2010;16:1549–56.

	22.	 Yamazaki R, Kato J, Koda Y, Sakurai M, Tozawa K, Okayama 
M, et al. Impact of immunoglobulin G2 subclass level on late-
onset bacterial infection after allogeneic hematopoietic stem cell 
transplantation. Transpl Infect Dis. 2019;21:e13086.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Persistent hypogammaglobulinemia due to immunoglobulin class switch impairment by peri-transplant rituximab therapy
	Abstract
	Introduction
	Case report
	Discussion
	Acknowledgements 
	References




