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Abstract

Background Rituximab (RTX) is efficient in steroid-dependent nephrotic syndrome (SDNS) in pediatric and adult patients. The
aim of this study is to describe hypogammaglobulinemia as a side effect of RTX treatment.

Methods All pediatric patients (< 18 years old) of four French pediatric nephrology centers who received RTX for SDNS
between 2010 and 2015 have been included. Clinical and biological data have been analyzed retrospectively before, during,
and after RTX treatment. Hypogammaglobulinemia was defined as an IgG level < — 2 standard deviations for patient age.
Results A total of 107 pediatric patients have been included, 65.9% were boys, median age at nephrotic syndrome diagnosis was
3.1 interquartile range [IQ 2.24-5.45] years and age at RTX introduction was 11.7 [IQ 8.6—14.2] years. Twenty-one patients had
hypogammaglobulinemia before the initiation of RTX. Of the patients, 25/86 had at least one hypogammaglobulinemia during B
cell depletion or after B cell recovery while IgG levels at initiation were normal with a persisting hypogammaglobulinemia for 13
patients 1 year after B cell recovery. Patients who developed hypogammaglobulinemia were younger at RTX initiation with a
median age of 8.2 years [IQ 6.3-12.4]. Among all the 46 patients with hypogammaglobulinemia during follow-up, 13 had a
concomitant infection.

Conclusions Hypogammaglobulinemia is a frequent complication of RTX treatment in younger children treated for SDNS. The
use of RTX in children has to be carefully evaluated and their clinical and biological follow-up should be adapted to the age-
dependent risk profile for hypogammaglobulinemia.
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Introduction the CD20 expressing cell. B cell depletion after RTX injection is
usually complete and lasts in most cases from 2 to 8 months [1].
Rituximab (RTX) is an anti-CD20 monoclonal antibody, which ~ In the treatment of steroid-dependent nephrotic syndrome
binds to the CD20 antigen and leads to immediate destruction of ~ (SDNS), a single RTX course has been proposed, but long-
term remission rate after the first 6 months post RTX injection
decreases considerably and is not satisfactory [2]. Disease relapse
04 Tim Ulinski is presumably related to B cell recovery and particularly the
tim.ulinski @aphp.fr recovery of switched memory B cells was also strongly predic-
tive of relapse [3]. Therefore, either repeated RTX injections after
a fixed time interval or RTX re-injection depending on B cell
recovery have been successfully performed [4-6].
At treatment onset, immunoglobulin levels are generally
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In SDNS children, we performed a previous monocentric
study in 12 patients, in which RTX treatment seemed to ag-
gravate pre-existing hypogammaglobulinemia, whereas im-
munoglobulin G (IgG) levels were normal in patients without
pre-existing hypogammaglobulinemia [11]. In another
monocentric retrospective study by Fujigana et al. in 60 chil-
dren with SDNS [12], 16.7% had low IgG levels at 6 months
after a single dose of RTX and the incidence of
hypogammaglobulinemia in patients with pre-existing low
IgG levels was significantly higher than that in patients with
normal baseline IgG levels. However, the true frequency of
hypogammaglobulinemia is unknown due to the lack of pro-
spective studies in different patient cohorts and the clinical
significance remains controversial. Indeed, some patients
have recurrent infections while others are asymptomatic.
Here, we report hypogammaglobulinemia, and concomitant
infections before, during, and after RTX in children with “dif-
ficult-to-treat” SDNS and their relation to RTX dose, time of
B cell depletion and patient age.

Patients and methods
Study population

All pediatric patients (< 18 years old) who received a first
course of RTX for SDNS between January 2010 and
December 2015 in four pediatric nephrology departments
were included. We did not include steroid-resistant patients
which were defined as persistent nephrotic proteinuria despite
30 days of oral prednisone at 60 mg/m” and 3 intravenous (IV)
methylprednisolone pulses of 1 g/1.73 m*. RTX infusion was
performed during remission phases with negative proteinuria.
Initial RTX course was performed as one to two infusions of
375 mg/m*. CD19 depletion was confirmed by flow cytome-
try assay after RTX infusion. Where B cells reconstituted
(CD19-positive cells > 10 mm3), a repeat RTX infusion was
performed. From the medical records, we collected retrospec-
tively clinical data, including date of birth, gender, date of
idiopathic nephrotic syndrome (INS) diagnosis, date of first
RTX injection, number of RTX injections, cumulative RTX
dose, total B cell depletion duration, number of relapses prior
to, during, and after RTX treatment, oral immunosuppressive
treatments, intravenous immunoglobulin (IVIg) supplementa-
tion, date and characteristics of clinical infections concurrent
with a low IgG level.

We collected biological data, including immunoglobulin
(IgG, IgA, and IgM) levels before the first RTX injection for
all patients, date and level of IgG during and after RTX treat-
ment. IgG levels were collected during remission while serum
albumin level was > 30 g/L. All patients had a follow-up of at
least 6 months after the first RTX injection.
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Methods

Our primary outcome was the first episode of
hypogammaglobulinemia during follow-up, defined as I1gG
< -2 standard deviations (SD) for age. We used the following
normal values depending on age [13, 14]: 0-2 years, [gG < 3.5
g/L; 2—-6 years, 1gG < 4.0 g/L; > 6 years, [gG < 5.0 g/L.
Infections were considered as concomitant with
hypogammaglobulinemia when the diagnosis of infection
was made in a patient with concomitant low IgG serum levels.
Patients’ characteristics are presented as median and inter-
quartile range (IQ) for continuous variables, and counts and
percent for categorical variables. Results were compared by
Wilcoxon-analysis and the x* test using SAS 9.4 and a p value
less than 0.05 was considered statistically significant.

Results
Patients’ characteristics

Patients’ characteristics at the time of RTX treatment are pre-
sented in Table 1. The median follow-up was 4.02 years [1Q
2.7-5.8] after the first RTX infusion and only 6/107 patients
had less than 18 months follow-up. One hundred seven pa-
tients, 37 (34.5%) girls, treated by RTX for SDNS were in-
cluded. The median age of the study population at the time of
INS diagnosis was 3.1 years [IQ 2.2-5.4]. Prior to RTX, all
patients received other immunosuppressive drugs aside from
oral steroids, including levamisole (19.6%), mycophenolate
mofetil (MMF) (74.8%), cyclophosphamide (29%), and cal-
cineurin inhibitors (86.9%). All patients had “difficult-to-
treat” SDNS and were treated with the first RTX dose at a
median age of 11.7 years [IQ 8.6-14.2]. The median time
range on B cell depletion in our cohort was 16.9 months [IQ
6.0-24.0] with 1500 mg/m? [IQ 1125-1875] median cumula-
tive RTX dose and median CD19 depletion period was 19.8
months [IQ 13.2-26.4]. Ninety-six patients required repeat
infusions of RTX, 11 patients only received a single infusion
because of different RTX treatment protocols in the participat-
ing centers

Patients with hypogammaglobulinemia

During follow-up, including the time before and after RTX
initiation, 46/107 (43%) patients had at least one episode of
hypogammaglobulinemia detected (Fig. 1). Twenty-one pa-
tients had hypogammaglobulinemia before RTX, with a me-
dian IgG level of 4.6 g/L [1Q 3.6—4.8] (Table 1).
Hypogammaglobulinemia persisted in 12/21 patients during
RTX treatment and in 8 patients 1 year after B cell recovery.
Among the 82 patients with a normal IgG level at RTX initi-
ation, 25/82 developed hypogammaglobulinemia after RTX
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Table 1  Patients’ characteristics

Patients’ characteristics before RTX initiation Population Hypo-IgG before RTX Hypo-IgG during RTX Normal IgG during RTX
Number of patients 107 21 (19.6) 25(23.4) 61 (57.0)

Age at diagnostic (years) (median-IQR) 3.1[2.2-54] 3.1 [2.5-5.3] 2.8 [1.8-5.4] 3.4 [2.28-5.48]
Female, n (%) 37 (34.5) 10 (47.6) 11 (44) 11 (44)

Prior treatments

Cyclophosphamide, n (%) 31(29) 6 (28,6) 5(20) 21 (20)
Mycophenolate Mofetil, n (%) 80 (74.8) 13 (61.9) 20 (80) 48 (79)
Calcineurin inhibitor, 7 (%) 93 (86.9) 18 (85.7) 22 (88) 54 (88)
Levamisole, n (%) 21 (19.6) 2(9.5) 3(12) 16 (26)

Age at RTX (years) (median-1Q) 11.7 [8.6-14.2] 10.4 [7.7-12.8] 8.2 [6.3-12.4] 13.3[9.9-14.9]
Number of relapses before RTX (median-1Q) 8.0 [5.0-11.0] 7.0 [4.0-12.0] 8.0 [5.0-9.0] 8.0 [5.0-11.0]
IgG at RTX initiation (g/l) (median-1Q) 6.4 [5.3-7.5] 4.6 [3.6-4.8] 6.1 [5.5-6.7] 7.2 [6.1-8.3]
IgA at RTX initiation (g/1) (median-1Q) 1.4 [0.9-2.2] 1.1 [0.8-1.4] 1.3 [0.8-1.8] 1.7 [1.2-2.4]
IgM at RTX initiation (g/l) (median-IQ) 1.1[0.8-1.6] 0.9 [0.7-1.6] 1.0 [0.7-1.3] 1.2 [0.8-1.8]
Patients’ characteristics during and after RTX

RTX cumulative dose (mg/m?) (median-IQ) 1500 [1125-1875] 1875 [1500-2250] 1500 [1125-2250] 1500 [750-1875]
Number of RTX injections (median-1Q) 4 [3-5] 5 [4-6] 4 [3-6] 4 2-5]
Duration of B cell depletion (months) (median-1Q) 19.8 [13.2-26.4]  24.0 [18.6-28.7] 20.2 [16.3-36.0] 17.9 [9.1-24.1]
> 1 relapse during RTX, n (%) 42 (39.3) 11 (52.4) 12 (48) 19 31)

> 1 relapse after RTX, n (%) 22 (20.5) 3(14.3) 5(20) 14 (23)
Concomitant infection with hypo-IgG, n (%) 13 (12.1) 4(19.0) 9 (36) -

RTX, rituximab; hypo-IgG, hypogammaglobulinemia; /VIg, intravenous immunoglobulin; /Q, interquartile range

initiation, with a persisting hypogammaglobulinemia in 13/25
patients and a lower IgG level 1 year after B cell recovery
compared to RTX initiation (median IgG level 4.4 g/L [1Q

Fig. 1 Patient selection criteria
and main outcome. INS,
idiopathic nephrotic syndrome;
RTX, rituximab

3.8-5.8] vs. 6.1 [5.5-6.7]). Their first episode of
hypogammaglobulinemia occurred after a median of 15
months [IQ 7.5-36.2] post RTX initiation.

INS
<18 years
First course RTX | .
2010-2015 Excluded:
N =126 - Steroid resistant patients N=8
> _NoBcell depletion =7
- Follow-up < 6 months =4
A
Inclusion
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Hypogammaglobulinemia before RTX
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N = 21 (20%)
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N = 86 (80%)
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There is no difference between patients with
hypogammaglobulinemia before RTX or during RTX related
to relapse number or immunosuppressive treatment prior
RTX, gender, and age at diagnosis (Table 1). Patients with
hypogammaglobulinemia after RTX initiation were younger
at first RTX infusion than those with normal IgG levels during
follow-up: 8.2 years [IQ 6.3—12.4] and 13.3 years [IQ 9.9-
14.9] respectively (p < 0.001) (Table 1). The percentage of
patients with low IgG levels after RTX onset decreased sig-
nificantly in those who had a RTX onset after the age of 7
years (Fig. 2).

The percentage of patients with concomitant oral immuno-
suppressive treatment during B cell depletion was not different
in patients with (32.6%) or without hypogammaglobulinemia
(29.5%), neither was the type of oral immunosuppression, with
64.3% and 55.5% of patients on calcineurin inhibitors,
respectively.

Among 63 patients without relapse during the RTX treatment,
13 (20.6%) developed hypogammaglobulinemia after RTX ini-
tiation vs. 4/29 patients (13.8%) with 1 or 2 relapses and 8/16
(50%) with 3 or more relapses during RTX treatment.

Clinical and biological data during RTX treatment

There was no difference in cumulative RTX dose (1500 mg/
m? [IQ 1125-2250] vs 1500 mg/m* [IQ 750-1875]) or in
CD19 depletion period (20.2 months [IQ 16.3-36.0] vs.17.9
months [IQ 9.1-24.1]) in patients with vs. without
hypogammaglobulinemia during RTX treatment (Table 1).
When we divided the patients into three age groups at RTX
initiation (Fig. 3) (17 patients in the group “0—6 years,” 49 in
the group “7-12 years,” and 41 in the group “> 13 years”),
there was a further decline of IgG levels in the “0—6 years
group” compared to the two other groups. At the end of

Fig. 2 Percentage and number of 5

patients with
hypogammaglobulinemia in
relation to patients’ age among 20
those with normal IgG levels at

rituximab onset (N = 86). RTX,

rituximab. Light gray bar =

patients with normal IgG levels. 15
Dark gray bar = patients with
hypogammaglobulinemia after
rituximab initiation and relative
percentage

10

0

age 3-4

Patient number
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follow-up, the median IgG serum levels were lower in the
“0—6 years group” 4.76 g/l [1Q 4.1-8.2] vs. 6.16 g/l [4.3—
8.9] and 6.37 g/l [1Q 5.3-9.4]) for two other groups respec-
tively. Moreover, 8/17 (47%) patients who were under 7 years
old at RTX onset still had hypogammaglobulinemia 1 year
after RTX discontinuation and B cell recovery. Among the
older patients, the number of persistent
hypogammaglobulinemia was 13/49 (30.4%) for “7-12
years” and 3/41 (7.3%) for “> 13 years.” The cumulative
RTX doses were similar in the “0—6 years” group compared
to the two other age groups (1875 mg/m? [IQ 1500-2625] vs.
1500 [1Q 1125-1875] vs. 1500 [IQ 750—1875]) and so was the
respective B cell depletion periods (22.1 months [IQ 11.3—
25.2] vs. 19.6 [1Q 14.9-26.4] vs. 18.7 [1Q 11.2-28.7]).

Concomitant infections during rituximab treatment

In patients with hypogammaglobulinemia, 13/46 (28%) con-
comitant infections during one episode of
hypogammaglobulinemia were reported (Fig. 1). Among
these 13 patients, 7 required hospitalizations and were treated
by intravenous antibiotics. Infections were 5 pneumonias, 1
fulminant viral myocarditis (already described elsewhere
[15]), 1 viral meningitis, 4 ENT infections (recurrent otitis in
2 patients), 1 varicella, and 1 EBV infection. All these patients
received IVIg supplementation as part of treatment during
their acute infectious episode. Among 46 patients who had
hypogammaglobulinemia, those with concomitant infections
were younger at RTX initiation with a median age of 6.5 years
[5.2-14.6] vs. 10.3 [7.2—12.4] in those without infections.
Whereas there was no difference in cumulative RTX dose
(1875 mg/m? [IQ 1500-2250] and 1875 mg/m* [QI 1500~
2625]) respectively or B cell depletion period (24.0 months
[IQ 17.3-35.8] and 24.0 months [IQ 13.5-27.8]) (Table 2).

N=86

87%

%
44% o N

age 9-10 age 11-12
Age at RTX onset

age 5-6 age 7-8 age 13-14 age>15
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Fig. 3 Changes of IgG plasma 8
levels at rituximab initiation and
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. . . —O~ 7-12 years
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period (MO to M18) and 1 year =
after B cell recovery (M12 post %
RTX) according to age at rituxi- % 61
mab initiation (0-6 years ; 712 ©
years and > 13 years). RTX, g
rituximab ‘_g_
) 54 o /v -
=
4 - . -
Lower normal limit
=== for respective age group
Mo M6 M12 M18 M12 post B cell recovery
Time post-RTX initiation (months)
Age group MO Med [IQ] | M6 Med [1Q] | M12 Med [IQ] | M18 Med [IQ] |M12 Post Med [IQ]
<6 years 6,09 [5,0-6,9] 5,43 [3,4-6,9] 4,67 [3,6-5,5] 4,86 (4,1-6,5] 4,76 (4,1-8,2]
7-12years | 6,07 [4,9-7,2] 6,8[5,5-8,6] 5,99 [5,2-9,3] 6,22 [5,4-8,9] 6,16 [4,3-8,9]
>13years | 6,98(56-8,2] 7,316,2-8,9] 7,05 [5,8-8,6] 6,23 [5,7-8,7] 6,37 [5,3-9,4]
Discussion pediatric patients with SDNS and to report a higher risk for

Among all RTX-treated SDNS patients in our study, 43% had
at least one episode of hypogammaglobulinemia, and more
than half of them developed hypogammaglobulinemia after
RTX initiation. To our knowledge, this is the first study on
hypogammaglobulinemia in a large cohort of RTX-treated

Table 2

hypogammaglobulinemia if RTX was started in younger pa-
tients. This confirms a very recent report by Fujigana et al. in
which 4 out of 6 children developed hypogammaglobulinemia
with a median age of 4.2 years at RTX initiation [16].

Our data suggest that younger age is a risk factor for
hypogammaglobulinemia during RTX treatment, even if

Characteristics in hypogammaglobulinemic patients with or without concomitant infections

Patients’ and treatment characteristics

Hypo-IgG without infection

hypo-IgG with infection

Number of patients

Age at diagnostic (years) (Median-IQR)

Female, n (%)

Prior treatments

Cyclophosphamide, n (%)

Mycophenolate Mofetil, n (%)

Calcineurin inhibitor, n (%)

Age at RTX (years) (Median-IQR)

Number of relapses before RTX (Median-IQR)

IgG before RTX (g/l) (Median-IQR)

RTX cumulative dose (mg/mz) (Median-IQR)

Number of RTX injections (Median-IQR)

Duration of depletion B (months) (Median-IQR)
Hypo-IgG M6 after RTX initiation, 7z (%)

Hypo-IgG one years after B cell recovery, n (%)

Duration RTX initiation-infection (months) (Median-IQR)
Duration first hypo-IgG- infection (months) (Median-IQR)

33
2.9 [2.3-5.6]
18 (54.5)

9(27.3)
24 (72.7)

29 (87.8)

10.3 [7.2-12.4]
8.0 [5.0-11.0]

5.0 [4.7-6.1]

1875 [1500-2250]
5[4-6]

24.0 [17.3-35.8]
8 (14.9)

13 (39.4)

13
2.9[2.2-3.55]
3 (47.6)

1(7.7)
10 (76.9)

12 (92.3)

6.5 [5.2-14.6]

5.0 [4.0-6.0]

5.57 [4.63-6.05]
1875 [1500-2625]
5[4-7]

24.0 [13.5-27.8]
8 (42.8)

6 (46.1)
242[125-31.1]
7.1 [1.0-20.6]

Hypo-IgG, hypogammaglobulinemia; RTX, rituximab; /Q, interquartile range
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baseline IgG levels were in the normal range at treatment
onset. Further, patients with concomitant infections during
hypogammaglobulinemia had a median age of six years at
RTX initiation, whereas those without concomitant infection
had a median age of 10 years. On the other hand, in our cohort,
RTX seems to be a safe treatment for older SDNS pediatric
patients, without an increased risk for hypogammaglobulinemia
and infection compared to adults.

Patients with hypogammaglobulinemia

The incidence of hypogammaglobulinemia in our cohort was in
line with data reported in previous studies on RTX treated
SDNS patients: Those with low baseline IgG levels had a higher
risk for persistence or aggravation of hypogammaglobulinemia
during the RTX treatment [11, 12]. Similarly, in patients with
multi-system autoimmune diseases, IgG levels at the time of the
first RTX infusion were correlated with IgG concentration after
the RTX treatment period [8, 9, 17]. Moreover, in adults, data
from the French Autoimmunity and RTX registry (AIR registry)
found that hypogammaglobulinemia (< 6 g/L) at baseline has
clinical consequences and was an important risk factor for se-
vere infections during a 12-month follow-up post RTX with an
odds ratio of 4.9 [18].

The origin of hypogammaglobulinemia in patients before
RTX treatment is difficult to determine and may have several
explanations: (i) An underlying immune dysfunction may be
present at baseline. (ii) The immune dysfunction may be a
long-lasting effect of orally administered immunosuppression
before RTX initiation. (iii) Hypogammaglobulinemia second-
ary to IgG urinary loss during relapses before RTX initiation.
The time interval between the last relapse and RTX initiation
may impact initial post RTX IgG level.

Patients with initial hypogammaglobulinemia and infec-
tions after RTX may have subclinical immune deficiency or
dysfunction, which might be unmasked or exacerbated by
RTX as our results may suggest in younger children with
low IgG at baseline and a rapid decrease following RTX treat-
ment. Thus, evaluating immunoglobulin level changes after
obtaining a remission and after a longer relapse free period
may help to identify patients with underlying immune defi-
ciency and/or humoral dysfunction.

Clinical and biological data during RTX treatment

In our study, 23.4% of patients developed
hypogammaglobulinemia during RTX treatment.

A recent adult cohort study conducted in 8633 patients who
received RTX for autoimmune/rheumatologic diseases and
malignancies showed that 19.3% of patients with normal
IgG levels at baseline developed mild to severe
hypogammaglobulinemia after RTX [8].

@ Springer

In our study, patients with more relapses during RTX treat-
ment had more episodes of hypogammaglobulinemia even if
all 1gG levels were collected during remission with serum
albumin > 30 g/L. In these patients, there is probably an over-
lap of two mechanisms, i.e., IgG urinary loss and RTX in-
duced low IgG. Prospective follow-up cohort studies are need-
ed in order to improve the comprehension of differential
mechanisms leading to IgG deficiency in RTX-treated
SDNS patients.

Further, we have shown that patients with
hypogammaglobulinemia and those without did not differ in
terms of global cumulative RTX doses and duration of B cell
depletion. It has been reported previously that the cumulative
RTX dose did not impact hypogammaglobulinemia develop-
ment [10]. Moreover, different RTX treatment protocols are
currently used in “difficult-to-treat” SDNS and some studies
have assessed the effect of different RTX regimens [19] on B
cell recovery and relapse rate, but the impact of these different
RTX regimen on plasma IgG levels has never been
investigated.

Concomitant infections during rituximab treatment

Our findings, although limited, seem to indicate that pa-
tients who developed hypogammaglobulinemia have a
higher inherent risk of developing infections mostly
ENT and pulmonary. Infections represent one of the most
common adverse events of B cell depletion. A retrospec-
tive cohort study identified 2875 pediatric patients with
4639 RTX admissions across the USA and showed that
infections after RTX exposure vary depending on the un-
derlying condition. In this study, the frequency of sepsis
ranged from 2.4% in patients with autoimmune diseases
to 12.2% in those with primary immune deficiencies [20].
However, the hypogammaglobulinemia rate in these pa-
tients and the age at RTX initiation were not analyzed.

As expected from an epidemiological point of view, our
data show that younger children developed more infections
than older ones. Indeed, in the general population,
preschool-aged children also have a higher incidence of viral
infections and pneumonia than older children [21].

Furthermore, Barmettler et al. reported that 4.5% of
RTX-treated adult patients received IVIg and that among
these patients, a higher cumulative IVIg supplementation
dose was associated with a reduced risk of serious infec-
tious complications [8]. Although the role of IVIg thera-
py is not clearly established, it suggests that supplemen-
tation may be considered in those patients with low IgG
levels and/or recurrent infections. Therapy may be of
prolonged duration since hypogammaglobulinemia may
persist for years despite cessation of RTX and B cell
recovery [22].
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In addition to monitoring IgG levels and infections, vaccine
responses may help to identify high-risk patients who may
benefit from IVIg. However, in our study, we reported only
13 concomitant infections in patients with
hypogammaglobulinemia, and in the future, these data should
be compared to a control group without
hypogammaglobulinemia or SDNS in a prospective study.

Despite the relatively large patient number, there are sever-
al limitations, including the retrospective design, with possi-
bly a selection, misclassification, and sampling bias with pa-
tients” IgG levels checked more frequently as a result of a
more severe clinical presentation.

Limitations should also be considered when
interpreting the findings, in particular the absence of a
control group and unavailable data on infection in pa-
tients without hypogammaglobulinemia, on cumulative
corticosteroid or agranulocytosis which can differently
affect the risk of infection in patients treated with RTX.
Moreover, some patients did not have IgG levels tested
during the RTX treatment period especially if IgG levels
were normal at the RTX initiation. Therefore, we were
unable to assess the true prevalence of
hypogammaglobulinemia. Identically, the true prevalence
of concomitant infection with a low IgG level is proba-
bly underestimated because some infections are treated
as ambulatory and may not be listed in the medical file.

In conclusion, our findings suggest that B cell deple-
tion is a risk factor for hypogammaglobulinemia, partic-
ularly in young children. Concomitant infections occur in
a considerable number of patients with
hypogammaglobulinemia. Therefore, the use of RTX, es-
pecially in younger children, should remain prudent and
the benefit-risk ratio should be compared to alternative
treatment modalities. IgG levels should be monitored
systematically in RTX-treated patients, in order to iden-
tify those patients who may benefit from IVIg
supplementation.
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