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B cell subsets reconstitution and immunoglobulin levels in children and
adolescents with B non-Hodgkin lymphoma after treatment with single
anti (D20 agent dose included in chemotherapeutic protocols: single center
experience and review of the literature

Eva Hlavackova'?, Zdenka Krenova?, Arpad Kerekes?, Peter Slanina’, Marcela Vlkova'

Background. RTX, an anti-CD20 monoclonal antibody, added to chemotherapy has proven to be effective in children
and adolescents with high-grade, high-risk and matured non-Hodgkin lymphoma. RTX leads to prompt CD19+ B
lymphocyte depletion. However, despite preserved immunoglobulin production by long-lived plasmablasts after
treatment, patients remain at risk of prolonged hypogammaglobulinemia. Further, there are few general guidelines
forimmunology laboratories and clinical feature monitoring after B cell-targeted therapies. The aim of this paper is to
describe B cell reconstitution and immunoglobulin levels after pediatric B-NHL protocols, that included a single RTX
dose and to review the literature.

Methods. A retrospective single-center study on the impact of a single RTX dose included in a chemotherapeutic
pediatric B Non-Hodgkin Lymphoma (B-NHL) treatment protocols. Immunology laboratory and clinical features were
evaluated over an eight hundred days follow-up (FU) period, after completing B-NHL treatment.

Results. Nineteen patients (fifteen Burkitt lymphoma, three Diffuse large B cell ymphoma, and one Marginal zone
B cell lymphoma) fulfilled the inclusion criteria. Initiation of B cell subset reconstitution occurred a median of three
months after B-NHL treatment. Naive and transitional B cells declined over the FU in contrast to the marginal zone
and the switched memory B cell increase. The percentage of patients with IgG, IgA, and IgM hypogammaglobulinemia
declined consistently over the FU. Prolonged IgG hypogammaglobulinemia was detectable in 9%, IgM in 13%, and IgA
in 25%. All revaccinated patients responded to protein-based vaccines by specific IgG antibody production increase.
Following antibiotic prophylaxes, none of the patients with hypogammaglobulinemia manifested with either a severe
or opportunistic infection course.

Conclusion. The addition of a single RTX dose to the chemotherapeutic treatment protocols was not shown to increase
the risk of developing secondary antibody deficiency in B-NHL pediatric patients. Observed prolonged hypogamma-
globulinemia remained clinically silent. However interdisciplinary agreement on regular long-term immunology FU
after anti-CD20 agent treatment is required.
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INTRODUCTION ment of secondary antibody deficiency and infections**!!.
It also remains true that the pediatric data on long-term
Non-Hodgkin lymphomas (NHL), a heterogeneous B cell reconstitution and antibody production after RTX
group of lymphoid malignancies, is the third most com- in treatment protocols in B-NHL patients are inconsis-
mon malignancy in children, accounting for seven percent  tent>'2.
of pediatric cancer in general™. Adding rituximab (RTX) RTX, a chimeric, genetically engineered, murine/hu-
to chemotherapeutic treatment protocols has proven to  man monoclonal antibody (mAb) directed against the
be effective in children and adolescents with high-grade, membrane-embedded cluster of differentiation (CD) 20
high-risk, mature B non-Hodgkin lymphoma (B-NHL) antigen, is a B cell-targeted therapy (BCTT) (ref.!3141517),
leading to long-term complete remission in 95% (ref.’) It causes rapid complete transient depletion of CD20
of patients®3%. positive B cell subsets’. However, RTX spares premature
However, the introduction of RTX into the B-NHL  pro-B cells and long-lived plasmablasts (LLP) which lack
treatment protocols is followed by the risk of develop- CD20 expression®!7%, Its clinical efficacy depends on the
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dosage, the number of administrations, its diffusion into
the tissues and elimination kinetics*.

Secondary antibody deficiency is widely reported as
10% to 40% (ref.>*152527) in adults treated with RTX for
autoimmune diseases and malignancies®!'*'>2*?’. The im-
paired or failed B-cell reconstitution after the B lympho-
cyte targeted treatment together with altered antibody
production sporadically requires introduction of an im-
munoglobulin replacement therapy (IGRT) in the most
severely affected patients?®2>232, Rarely, B-targeted treat-
ment of malignancies unmasks underlying inborn error
of immunity (IEI) that may be mistaken for secondary
immunodeficiency3*3.

To date howeyver, there is a limited body of evidence
that the pediatric chemotherapeutic protocols com-
monly used before the introduction of antiCD20 mAb
into pediatric B-NHL treatment, promote development
of secondary immunodeficiency, including hypogamma-
globulinemia after the end of B-NHL treatment. Published
reports have concentrated predominantly on patients
suffering from acute lymphoblastic leukemia, HIV or ac-
quired immunodeficiency syndrome and inborn errors
of immunity***’. In addition, the list of chronic health
conditions and long-term late complications of child-
hood, adolescent and young adult NHL survivors does
not specificaly include secondary immunodeficiencies*,
Evidence on the contribution of individual agents includ-
ed in B-NHL chemotherapeutic protocols (cytarabine,
etoposide, cyclophosphamide, isophosphamide, dauno-
rubicin, methotrexate, prednisolone, dexamethasone), to
the development of secondary antibody deficiency after
the B-NHL treatment is limited?®4-4,

RTX concomitant therapy with purine analogs or
mycophenolate mophetil may co-orchestrate hypogam-
maglobulinemia, whereas the synergic effect of RTX and
cyclophosphamide or corticosteroids on immunoglobulin
values remains controversial®3%434¢,

This retrospective study aimed to evaluate the clinical
and laboratory parameters during the first eight hundred
follow-up days after the end of treatment in pediatric
B-NHL, where a single anti CD20 agent dose was admin-
istered during the B-NHL treatment course.

MATERIALS AND METHODS

Eligibility

A retrospective analysis of the impact of B-NHL che-
motherapeutic protocols that included a single rituximab
dose, on clinical and laboratory immunology features was
conducted. The analyses focused on serum immunoglobu-
lin levels and CD19+ B lymphocyte subsets in pediatric
and adolescent B-NHL patients over the first 800 days of
the follow-up (FU) period after the B-NHL end-of-treat-
ment (EoT) visit. The research project was approved by
Brno University Hospital Ethics Committee.

Patients under nineteen years of age with diagnosed de
novo mature B-NHL classified by the Revised European-
American Lymphoma (REAL) criteria were eligible,
including patients with St. Jude Stages III/IV (ref.*™).
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Patients with a known acquired immunodeficiency be-
fore the B-NHL diagnosis, those with an inborn error
of immunity and those with organ transplant prior to
B-NHL diagnosis were excluded. Patients treated with
checkpoint inhibitors, anti CD19+B cell targeted thera-
pies, apart from a single RTX dose, and patients treated
with multiple anti CD20 agent doses including RTX were
also excluded.

Hypogammaglobulinemia was defined as an IgG, IgM,
and IgA decrease under the lower range of age-adjusted
reference values for each age group.

The time of B lymphocyte subset reconstitution initia-
tion was defined as the day of B cell subset evaluation
when 1% of B cells were detectable in the blood after the
CD19+B cell depletion period (CD19+ > 1%).

Severe infection was defined as febrile bacterial infec-
tion or disseminated fungal or herpetic infection neces-
sitating hospital admission and parenteral (antibiotics,
antimycotics, or virostatics) treatment.

Antibody deficiency requiring immunoglobulin
replacement therapy was defined as IgG hypogamma-
globulinemia with impaired response to protein and poly-
saccharide vaccine antigen?!.

Laboratory settings

B cell characteristics were based on CD19* expression
measured and analyzed by multiparameter flow cytometry
and flow cytometry software (Navios, Beckman Coulter
Inc, Brea, CA, USA). B-cell subsets were identified based
on the defined surface marker expression according to
the maturation stage and recognized as CD24++CD38++
(transitional B cells), CD27-IgM+ (naive B cells),
CD27+IgM+ (marginal zone-like B cells), CD27+IgM-
(isotype switched memory B cells), CD27++CD38++
(plasmablasts) and CD21llow CD38low (CD21low B
cells). B cell and B cell subsets’ age-adjusted reference
ranges were based on Morbach et al. data and expressed
as a percentage®®° .

Quantification of immunoglobulin class levels (IgG,
IgA, and IgM) was determined by a commercial nephelom-
etry assay (Immage 800, Beckman Coulter Inc. Brea, CA,
USA). Age-adjusted reference ranges of immunoglobulin
IgG, IgA, and IgM classes were based on the IMMAGE
800 Immunochemistry Systems, Chemistry References,
Beckman Coulter, Inc. values. Immunoglobulin values
were expressed in grams per liter (g/L).

Enzyme immunoassay kits (The Binding Site Group
Ltd, Birmingham, Great Britain, VaccZyme™ Human
Anti-Hemophilus influenzae Type b EIA Kit ref. num-
ber: MK 016, VaccZyme™ Human Anti-PCP IgG EIA
Kit, ref. number MK 012, VaccZyme™ Human Anti
Tetanus Toxoid IgG EIA Kit: MK 10) were used to quan-
tify specific antibodies, anti- tetanic toxoid IgG antibodies
(anti-TET IgG), anti-Hemophilus infuenzae type B IgG
specific antibodies (anti-HiB IgG) and anti-Streptococcus
pneumoniae capsular polysaccharide IgG specific anti-
bodies (anti-PCP IgG). Reference range values were pro-
vided by the manufacturer, The Binding Site Group Ltd,
Birmingham, Great Britain. The anti-PCP and anti-HiB
values were expressed in milligrams per liter (mg/L) and
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anti-TET antibodies were expressed in international units
per milliliter (IU/mL)

Statistical analysis

The eight hundred days follow-up period was divided
into four two hundred days follow-up (FU) intervals, to
reduce the scarcity of the dataset. For each interval the
1%, 2" (median) and the 3™ quartile (Q1, Q2 and Q3)
were calculated. The interquartile range (IQR), IQR =
(Q3-Q1), served as a measure of dispersion (variability).
The choice of medians and IQR reflected the nature of
the data, were more robust and less susceptible to outliers
than e.g, mean and standard deviation.

To overcome the age differences between the subjects
(where value difference ranges for immunoglobulins and
B cell subsets vary between define age groups) and the
limited size of the dataset, the data were standardized by
dividing the measured values of immunoglobulin levels
and B cell subsets count by the lower bound of age ad-
justed reference values. The results are displayed in ratio-
nalized (dimensionless) units.

In addition, for the three immunoglobulin classes
(IgG, IgA, and IgM), a complementary description of
temporal dynamics during each FU period was provid-
ed by calculating the proportion of patients with hypo-
gammaglobulinemia within each FU interval. For each
proportion, the corresponding 95% (Clopper-Pearson)
binomial confidence interval (CI) was calculated.

The results are illustrated by the bar graphs, and tables.

RESULTS

Of the twenty-six pediatric and adolescent patients
treated for mature B-NHL in a single pediatric oncology
university centrum between the years 2011-2019, nine-
teen patients fulfilled the inclusion criteria (14 male and
5 female).

Fifteen patients suffered from Burkitt lymphoma
B-NHL BL (median NHL onset age 8.5 years), three from
diffuse large B cell lymphoma B-NHL DLBCL (median
NHL onset age 15 years), and one from marginal zone
B cell lymphoma (B-NHL onset 16 years). Data are sum-
marized in Table 1.

The treatment was based on B non-Hodgkin lym-
phoma Berlin-Frankfurt-Miinster (B-NHL BFM) 2013
and 2004 treatment chemotherapeutic protocols where a
single RTX dose (375 mg/m?) was included®.

The median duration of antibiotic prophylaxes
(Trimethoprim/Sulfamethoxazole TMP/SMT) after the
EoT was 4.5 months. The administered dose was 5 mg/
kg of TMP to a maximum of 160 mg TMP component
twice a day on two consecutive days per week. One patient
presented with an uncomplicated periproctal abscess.

Regarding respiratory tract infections, there were two
uncomplicated otitis media and two uncomplicated cases
of bronchitis. There were no recurrent sinopulmonary in-
fections over the FU.

None of the patients required immunoglobulin re-
placement therapy. Because of the lack of laboratory and
clinical signs, genetic analysis for IEI was not initiated,
none of the patients fulfilled IEI definitions®"3.

The dynamics of the three immunoglobulin class levels
(IgG, IgA, and IgM) over eight hundred days of FU are
displayed in Table 2. Descriptive statistics were used to
summarize the data on 41, 35, 23, and 15 measurements
for IgG (Table 2), 24, 24, 18, and 11 measurements for
IgM (Table 2), and 24, 23, 18, and 11 measurements for
IgA in I-IV FU intervals (Table 2). The median and IQR
for the four FU intervals were set. A consistent increase
in all immunoglobulin levels over the FUI is apparent
(Table 2).

The proportion of patients with hypogammaglobu-
linemia for the three immunoglobulin classes (IgG, IgA,
and IgM) over the follow-up period is illustrated in Fig.
1 with the corresponding 95% Clopper-Pearson binomial
confidence intervals. The results are shown in Table 3.
All three immunoglobulin classes consistently increased
over the follow-up intervals with diminishing hypogam-
maglobulinemia proportion/percentage of each immuno-
globulin class (Table 3). IgA hypogammaglobulinemia
predominated (Table 3).

The B cell reconstitution median was 3 months after
EOT. B cell subset medians and corresponding interquar-
tile ranges (IQRs) for the four FU intervals are displayed
in Table 4. Descriptive statistics for the FU intervals I-IV
were used for 19, 16, 12, and 5 measurements respectively
(Table 4).

Table 1. Clinical features of B-NHL patients treated with a single RTX dose included in chemotherapeutic protocols (Eight
hundred days of follow-up period after the end of B-NHL treatment).

No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

1D 1 2 3 4 5 6 7 8 9 10 11 12 13 18 22 16 17 19 20

DG B-NHL B-NHL B-NHL B-NHL B-NHL B-NHL B-NHL B-NHL B-NHL B-NHL B-NHL B-NHL B-NHL B-NHL B-NHL DL DL DL B-NHL
BL BL BL BL BL BL BL BL BL BL BL BL BL BL BL BCL BCL BCL

Age 5 11 4 9 13 4 12 10 6 8 9 11 17 8 9 15 7 16 16

Sex M M M M M M F M M F M M F F M M M F M

Protocol NHL NHL NHL NHL NHL NHL NHL NHL NHL NHL NHL NHL NHL NHL NHL NHL NHL NHL NHL
BFM BFM BFM BFM BFM BFM BFM BFM BFM BFM BFM BFM BFM BFM BFM BFM BFM BFM BFM
2013 2013 2013 2013 04 2013 2013 2013 2013 2013 2013 2013 2013 2013 2013 2013 2013 2013 2013

ID, Anonymized subject number; Dg; Diagnose - B NHL BL, Non-Hodgkin lymphoma-Burkitt lymphoma; DLBCL, Diffuse large B cell lymphoma;
B NHL other, Leukemized marginal zone B cell lymphoma; Age, Age at the time of diagnosis; F, Female; M, Male; Protocol, Non-Hodgkin
lymphoma Berlin-Frankfurt-Munster registry 2013 treatment protocol, B Non-Hodgkin lymphoma Berlin-Frankfurt-Munster registry 2004 treat-

ment protocol.
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Table 2. The impact of B-NHL chemotherapeutic protocols with a single RTX dose on IgG, IgA, and IgM immunoglobulin
levels over a follow-up period of eight hundred days after the end of B-NHL treatment.

Immunoglobulin FU interval (days) FU interval (days) FU interval (days) FU interval (days)
classes 0-200 201-400 401-600 601-800

IeG 0.62 (0.56-0.81) 0.75 (0.46-0.89) 0.90 (0.73-1.11) 0.92 (0.72-1.01)
IgA 0.31 (0.24-0.70) 0.38 (0.29-0.85) 0.47 (0.33-0.57) 0.81 (0.48-1.03)
IgM 0.28 (0.17-0.42) 0.46 (0.31-0.69) 0.44 (0.32-0.59) 0.72 (0.36-0.91)

The median immunoglobulin values are presented in bold, while the first quartile (Q1), and the third quartile (Q3) of immunoglobulin levels in
four follow-up intervals are in brackets. Immunoglobulin levels are expressed in rationalized (dimensionless) units.

Table 3. The proportion of subjects with IgG, IgA, IgM hypogammaglobulinemia in the follow-up period of eight hundred days
after the end of B-NHL treatment.

FU 1gG IgA IgM

days Proportion Lower CI ~ Upper CI Proportion Lower CI  Upper CI Proportion Lower CI  Upper CI

0-200 0.36 0.13 0.65 0.67 0.35 0.90 0.67 0.35 0.90
201-400 0.32 0.13 0.57 0.62 0.32 0.86 0.31 0.09 0.61
401-600 0.21 0.05 0.51 0.45 0.17 0.77 0.18 0.02 0.52
601-800 0.09 0.01 0.41 0.25 0.03 0.65 0.13 0.01 0.53

The proportion of subjects with IgG, IgA and IgM hypogammaglobulinemia, along with corresponding 95% confidence intervals for four follow-up
intervals, were calculated using the Clopper-Pearson method. The exact binomial confident interval (CI) was used to calculate the proportion. It
quantifies uncertainty as a probability of success from a series outcome of success-failure experiments - Bernoulli trials. CI is a range of values,

95% CI expresses the 95 times out of 100 the proportion lies this range.

Table 4. The impact of chemotherapeutic protocols that included a single RTX dose on B-cell subset reconstitution during
eight hundred days follow-up after the end of B-NHL treatment.

FU intervals (days)
Median (Q2) and IQR (Q1-Q3) for B-cell subsets (in rationalized units)

B-cells subsets

0-200

201-400

401-600

601-800

Naive B cells

Marginal Zone B cells
Switched Memory B cells
Transitional B cells
Plasmablasts

CD21Low B cells

1.17 (0.00-1.21)
0.24 (0.00-0.42)
0.16 (0.00-0.33)
6.07 (0.00-9.45)
0.40 (0.00-0.60)
0.62 (0.00-1.32)

115 (1.10-1.17)
0.62 (0.23-0.76)
0.39 (0.29-0.54)
2.93 (2.47-3.70)
0.67 (0.40-0.88)
1.00 (0.67-1.09)

1.07 (1.01-0.59)
0.81 (0.59-1.03)
0.82 (0.44-1.38)
2.11 (1.47-3.03)
0.76 (0.39-1.46)
1.12 (1.00-1.33)

1.06 (1.05-1.06)
0.89 (0.42-1.32)
0.61 (0.42-0.64)
1.99 (1.18-2.07)
0.43 (0.30-0.57)
0.95 (0.80-1.05)

For each FU interval of two hundred days, the median values of B-cell subsets count are presented in bold, while the first quartile (Q1) and the
third quartile (Q3) are in brackets. Values are expressed in rationalized (dimensionless) units.

Transitional together with naive B lymphocyte subsets
culminated in the I. FU interval displaying steady decay
over the rest of the FU intervals (II-IV.) (Table 4). In
contrast, marginal zone B lymphocyte subsets continu-
ously increased over the four FU intervals (I-IV) (Table
4). Switched memory B lymphocyte subsets, plasmablasts,
and CD21" B lymphocytes increased over the first three
FU intervals (I-1II) (Table 4), decreasing again in the
last IV (Table 4).

In all nineteen subjects (Table 1), specific IgG anti-
bodies (anti-PCP, anti-TET, and anti-HiB) were evaluated
at a median of 4.5 months after the end of B-NHL treat-
ment. A decrease in specific IgG below the lower refer-
ence range value was obvious in four subjects in anti-TET
(4/19), four subjects in anti-PCP (4/19), and three sub-
jects in anti-HiB (3/19,). Two subjects (2/19) presented
with decreased combined anti-PCP and ant-TET specific
antibody decrease in specific antibody values.

A decrease under the lower reference range in previ-
ously protective specific IgG antibodies was observed in
four subjects in anti-PCP (4/19), in one subject in anti-
TET (1/19), and in one subject in anti-HiB (1/19).

Protein-based anti-tetanic toxoid vaccine was admin-
istered to six subjects (6/19), anti-Hemophilus influenzae
type B conjugated vaccine was administered to two sub-
jects (2/19). Four subjects (4/19) were revaccinated with
a protein-based anti-pneumococcal vaccine, one subject
(1/19) was administered with polysaccharide-based anti-
pneumococcal vaccine. Four subjects (4/19,) rejected
the recommended vaccination. Although all vaccinated
subjects responded to the vaccination with a significant
specific IgG increase, a secondary drop in specific IgG
levels was observed in one subject (1/6,) after an anti-TET
vaccine.
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Fig. 1. The percentage of subjects with IgG, IgA IgM hypogammaglobulinemia after B-NHL treatment with single RTX dose in-
cluded in chemotherapeutic protocols (follow-up period of eight hundred days after the end of treatment). The bar graphs display
the proportion of individual subjects with immunoglobulin class level decrease below the lower reference range along with the
corresponding 95% confidence intervals for four follow-up intervals. The horizontal line represents the median, the top end of
the box represents the upper quartile Q1, while the lower end of the box represents the lower quartile Q3. The whisker above the
box plot extends from the upper quartile to the highest actual value (75th percentile + 1.5 (IQR). The whisker below the box plot
extends from the lower quartile to lowest actual value within 25th percentile - 1.5(IQR).

DISCUSSION

We aimed to describe B cell reconstitution and im-
munoglobulin levels values development after pediatric
B-NHL protocols, which included a single RTX dose, after
the end of B-NHL treatment. Basically, due to a lack of
published data, we were unable to compare our results
to the results of RTX lacking pediatric B-NHL treatment
protocols**3. We do not deny the immunosuppressive
and cytotoxic effect of corticosteroids, alkylating agents,
and folic acid antagonists!'?341425458 However, based on
the published data, RTX appeared to be the pivotal agent
associated with long-term B-cell abnormalities and conse-
quently the antibody deficiency development in patients
treated with RTX-containing protocols®*6-3%¢4,

The reconstitution kinetics of the cellular and humoral
immunity parameters after treatment protocols that in-
clude RTX appears to be more altered in children with
underlying malignant diseases than in those with autoim-
mune diseases'. Furthermore, patients with malignant
diseases treated with RTX appear to be more prone to
clinical manifestation of immunodeficiency than RTX-
treated patients with autoimmune diseases!*%. Also,
younger age appears to favor post-RTX B lymphocyte
reconstitution!'>6¢8,

B cell compartment reconstitution

The median for B cell reconstitution in our cohort was
three months after EOT. The majority of reports on B-cell
subset reconstitution in pediatric and adolescent patients
after treatment regimens that included RTX focused on
cohorts with autoimmune diseases. In these, the timing of
B cell reconstitution was observed, similar to our study
results, as between 6-12 months after RTX administration
(1-4 doses, 375 mg/m?) (ref.'*$2¢%), In adults, multiple
RTX dose schemas led to prolonged 12-18-month immu-
norestitution'#¢1687071 "Semsenchova et al. observed the
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first B cell reconstitution in pediatric B-NHL patients four
month after RTX administration'?¢6-¢7

In the line with published observations, the B cell sub-
set proportion in our cohort dynamically changed over the
FU period reflecting the B cell subset development pattern
in infancy?..

Over the newborn period and infancy, lymphocyte and
total B cell absolute counts reach peak values between
the first and fifth month of life continuously decreasing
until adulthood?'. Immature-transitional and naive B cells
counts culminate between the first and eleventh month
of age, progressively decreasing until adulthood?'7>7,
Switched memory B cells increase from the second month
of age, remaining stable up to five years of age but then
decreasing to adulthood values?7>7,

Anolik et al. described transitional immature B lym-
phocyte subset dominance and delayed B cell memory
pool recovery after RTX administration, stressing the
similarities between ontogenic B cell development,
B cell repopulation after allogenic stem cell transplanta-
tion, and B cell reconstitution after RTX administration?.
Identically, in our cohort, transitional and naive B cells
dominated in the first FU interval, slowly decreasing over
the FU intervals inversely followed by marginal zone
B lymphocyte increase. Our data revealed a continuous
increase in switched memory B cells over the first three
FU intervals. In contrast to our findings, Semsechenkova
at al. found prolonged switched memory B cell suppres-
sion in pediatric B-NHL patients treated with protocol
that included multiple RTX doses!'2.

Hypogammaglobulinemia

According to the literature, up to 30% to 50% (ref.>146%)
of children experience transient or prolonged hypogam-
maglobulinemia after administration of treatment proto-
cols that included RTX irrespective of normal preexisting
IgG levels® 1466,



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2024 Jun; 168(2):167-176.

In the first six months (I. FU interval) after the EoT,
the immunoglobulin level decrease under the age-adjusted
lower reference range in our cohort was 36% of subjects
for IgG, 67% in IgA and 67% in IgM (Table 3). Prolonged
1gG (9%), IgA (25%), and IgM (13%) hypogammaglobu-
linemia persisted 800 days after EoT (Table 3). In adults,
Casulo et al. reported 39% IgG hypogammaglobulinemia
after lymphoma EoT (ref.?®). Labrosse et al. observed
prolonged IgG (26.7%), IgA (22.0%) and IgM (51.2%)
hypogammaglobulinemia in a median evaluation of 2.9
years®. In contrast to Labrosse et al, instead of IgG, IgA
hypogammaglobulinemia dominated among our patients
over the FU periods®.

Decreased IgG production after RTX administration
is believed to be affected by SLP depletion, reduction
of LLP precursors (class-switched B cells) together with
limited LLP survival®®. Concerning the IgA pool, the IgA
production is influenced by LLP in the BM and IgA
producing SLP of the intestinal™™. IgM decrease after
RTX administration is predominately attributed to IgM-
producing SLP depletion®®.

In contrast to published reports, prolonged or failed
B-cell lymphocyte subset reconstitution, even long af-
ter previous RTX therapy, was not observed in our co-
hort®152:3260667 No profound IgG decrease under 4 g/L
or two standard deviations below the age group means
was observed in our patients. However, the literature pre-
dominately focuses on the prolonged impact of treatment
protocols with multiple RTX doses®.

Low IgG levels before RTX administration were asso-
ciated with prolonged IgG hypogammaglobulinemia and
increased risk of serious infection after treatment with
protocols that included RTX (ref.*-326640.39.75.76)

Because of the incomplete data on immunoglobulin
levels at the time of B-NHL diagnosis we did not evalu-
ate the pretreatment immunoglobulin levels in our trial.
Furthermore, we could not exclude the fact that the data
at the time of diagnosis could have already been influ-
enced by the disease itself.

Specific antibody response

In our cohort of the ten subjects who received the
protein-based anti-tetanus vaccine, four showed a positive
post-vaccination response followed by prolonged anti-TET
IgG decrease. Retrospectively observed mild IgG, IgA,
and IgM hypogammaglobulinemia was present at the time
of vaccination in these subjects. These findings support
the recommendation of long-term immunology FU in
B-NHL patients after the EoT.

There is a paucity of published data on the post-vac-
cination response after treatment that included RTX in
children. Adults with hematological malignancies had
a decreased post-vaccination response to the influenza
vaccine””’®. However, impaired humoral response to the
influenza vaccine was identically detected in lymphoma
patients without RTX treatment, implying the importance
of underlying disease and therapy regime”#°. Cha et al.
found reduced B c7ell and preserved T cell proliferation
response to tetanic toxoid stimuli in adult BNHL DLBCL
patients treated with the B-NHL protocol that included
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RTX (ref.®). In one study, despite long-lasting peripheral
B cell depletion, the antigen-specific B cell response was
preserved®. In addition, the T cell compartment is also
implicated, where impaired antigen presentation could
then contribute to antibody deficiency manifestation de-
spite the temporarily preserved LLP Ab production after
RTX administration®26-82,

Infection risk

The subjects with a prolonged IgG decrease in our
cohort experienced neither recurrent respiratory tract in-
fection nor severe infection courses with one exception.
The infection burden remained low with uncomplicated
infection outbreaks. Immunodeficiency was ruled out in
the single subject with periproctal abscess.

According to the previous findings, therapeutic pro-
tocols that included rituximab seemed to increase the
infection risk in children with autoimmune diseases and
malignancies®**¢7>%2 Predominately the IgG decrease was
associated with an increased risk of clinically significant
infection courses®®”. Labrosse et al. described a serious
infection course in 23.7% (ref.%®) patients after treatment
schemas with RTX. However, the pediatric group was het-
erogeneous including autoimmune diseases, malignancies,
and Epstein-Barr virus-associated posttransplant lympho-
proliferative disease®®33,

We speculate that the administration of prophylactic
ATB in the first vulnerable three to six months after the
EoT could be beneficial in decreasing the infection bur-
den. We believe that the absence of profound prolonged
IgG hypogammaglobulinemia together with a mostly pre-
served specific antibody response to antigen led to a lower
number of infection courses in our cohort.

Secondary malignancies

In line with Fleury et al, there was no secondary malig-
nancy in our cohort over the FU period®. However, only
a small cohort over a limited time span was evaluated.

Inborn errors of immunity in hematological malignancies

Cancer, with a prevalence of hematopoietic malig-
nancies, represents the second highest cause of death in
children and adults with IEI. Incidentally B-NHL mani-
festation could precede the IEI diagnosis where antibody
deficiency after B NHL treatment could be misdiagnosed
as secondary immunodeficiency in these patients®>%¢,

Owing to the satisfactory laboratory humoral and cel-
lular immunity parameters for reconstitution and clinical
outcome, no further investigation into inborn errors of
immunity was conducted in our cohort’33. Labrosse et
al. identified in a heterogeneous cohort of 207 pediatric
patients treated with a protocol that included RTX, 4.3%
of patients with IEI (ref.%¢).

CONCLUSION
A single RTX dose included in therapeutic B-NHL

protocols appeared not to be associated with increased se-
vere infection courses in pediatric and adolescent B-NHL
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patients after the end of B-NHL treatment. Mild hypo-
gammaglobulinemia remained clinically silent, tending to
restore over time. Nonetheless, because of the persisting
risk of development of secondary immunodeficiency in
B-NHL patients with a history of anti CD20 targeted treat-
ment, expert consensus recommendation on the moni-
toring of humoral and cellular laboratory features and
immunodeficiency signs would be advantageous.
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