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Introduction. Non-Hodgkin lymphoma (NHL) is the most frequent malignancy associated with primary immune deficiency disease
(PID). We aimed to present the clinical characteristics and outcomes of Belarusian children with PID who developed NHL.
Procedure. We reviewed 16 patients with PID and NHL. Eight patients had combined PID: 5—Nijmegen breakage syndrome,
1—Bloom syndrome, 1—Wiskott-Aldrich syndrome, and 1—H-linked lymphoproliferative syndrome. Results. In 75% cases PID
was diagnosed simultaneously or after the NHL was confirmed. PID-associated NHL accounted for 5.7% of all NHL and was
characterized by younger median age (6.3 versus 10.0 years, 𝑃 < 0.05) and by prevalence of large-cell types (68.8% versus 24.5%,
𝑃 < 0.001). Children with combined PID had median age of 1.3 years; 5 of them developed EBV-associated diffuse large Bcell lymphoma with lung involvement. Five of 6 patients with chromosomal breakage syndrome developed T-NHL. Six patients
died of infections; two died after tumor progression; one child had early relapse; two died of second NHL and one of secondary
hemophagocytic syndrome. Overall, 4 children are alive and disease-free after a follow-up from 1.4 to 5.7 years. Conclusions.
PID needs to be diagnosed early. Individualized chemotherapy, comprehensive supportive treatment, and hematopoietic stem cell
transplantation may improve survival of children with PID and NHL.

1. Introduction
Lymphoma is known to be the most frequent malignancy
associated with immunodeficiency, either congenital or

acquired [1–4]. Advances in diagnosis of primary immune
deficiency diseases (PID) and supportive management of
infectious complications have led to an increase in life
expectancy of children with PID but, also, to the more

2
frequent prevalence of non-Hodgkin lymphoma (NHL) as
they got older [1]. This makes the choice of treatment strategy a challenging clinical issue. Limited therapy tolerance,
infectious status, and immunodeficiency often preclude the
standard approach for pediatric NHL treatment.
In this review we aimed to present the clinical characteristics, laboratory data, treatment, and outcomes of 16 children
with different types of PID who developed NHL and were
diagnosed in our center.

2. Patients and Methods
From January, 1996, to January, 2014, the diagnosis of NHL
was established in 295 patients up to 18 years of age admitted
in Belarusian Research Center for Pediatric Oncology, Hematology and Immunology. Two of them had an HIV-associated
NHL, and 16 children suffered from some type of PID. Other
277 patients had no proven immunodeficiency disease and
were compared to immunocompromised group in regard to
clinical features and outcome.
Histological classification of lymphomas was performed
and revised according to World Health Organization classification, 2008 [6]. Immunohistochemistry on conventional
paraffin sections and/or immunophenotyping of cell suspensions were performed in 15 cases of PID-associated
NHL. Besides the panel of antilymphoid antibodies, monoclonal anti-EBV (Epstein-Barr virus) antibody (LMP CS.14, Dako, USA) was used in 9 cases. Staging was based
on criteria of St. Jude staging system [7]. Patients without
PID were treated according to modified NHL-BFM90/95
regimen and ALCL99 protocol [5, 8–13]. Before 2001, we used
methotrexate infusion 1 g/m2 /36 hours versus of 5 g/m2 /24
hours regimen. Since 2004 we used from 2 to 4 infusions of
rituximab in standard dose of 375 mg/m2 , added to BFM-like
chemotherapy courses for B-NHL. Immunocompromised
children were treated with full or reduced intensity protocol
chemotherapy depending on initial infectious status or with
R-EPOCH scheme [14]. Three children with PID received
individual treatment, detailed below.
For the same period 230 children were diagnosed as
having PID disease, including 17 cases of Nijmegen breakage
syndrome (NBS) and 26 cases of different types of combined
PID. Sixteen patients with PID, who developed NHL, were
compared with other registered PID patients.
Diagnosis of PID disease was based on diagnostic criteria of PID of the last classification from the International
Union of Immunological Societies Expert Committee for
Primary Immunodeficiency, 2013 [15]. Immunogram was
used to reveal PID as well as genetic investigations. Serum
concentrations of immunoglobulins IgG, IgA, and IgM were
measured by nephelometry. Relative and absolute numbers
of peripheral blood T- and B-lymphocytes and NK-cells
were calculated by flow-cytometry using monoclonal antibodies (Becton Dickinson, USA). Mutational analysis of
PID genes was performed; NBS1, WAS, RAG1, RAG2, ADA,
IL7Ra, IL2Ra, Jak3, SH2D1A, and DNA ligase IV genes
were sequenced. Database for evaluation the genes variants
and construct primers used Ensembl Genome Browser. The
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number of TRECs and KRECs was determined by RT-qPCR
on the Step One Plus (Applied Biosystems, USA). Combined
(severe +/−) immunodeficiency with non defined genetic
basis was diagnosed if reduced TREC level was determined
in DNA material (bone marrow or blood samples/smears)
taken before initiation of treatment. Chromosomal instability
analysis was performed to reveal high chromosomal breakage in lymphocytes. Chromosomal somatic mutations were
revealed by conventional G-banding.
Statistical data on disease cases were provided by Childhood Cancer Subregistry of Belarus (the member of International Association of Cancer Registry) and by National
Children Registry of PID Diseases.
Parents of all patients gave written informed consent
for NHL treatment according to protocols approved by the
local Ethical Committee as well as for blood sampling and
processing for PID diagnosis.
Analysis of overall survival (OS) was performed using
the Kaplan Meier method, with differences compared by the
log-rank test. Date of analysis was September l, 2014. Fisher
and Mann-Whitney tests were used to evaluate differences in
distribution of individual parameters in subsets of patients.

3. Results
Patients with PID-associated NHL accounted for 5.7% of all
registered cases of NHL. Patient characteristics and clinical
data are presented in Tables 1 and 2. There were 10 boys
and 6 girls. Median age at NHL diagnosis was younger in
children with PID (6.3 years, range 0.7–15.9 years) compared
to immunocompetent patients (10.0 years, range 1.3–17.9
years) (𝑃 < 0.05). Distribution of histologic types in
morphological spectrum of NHL was different in patients
with PID in comparison with immunocompetent patients
with the prevalence of large-cell types (68.8% versus 23.5%,
𝑃 < 0.001) including cases of NHL, which are typical for
adults. All patients except one had an advanced stage of
disease at the time of diagnosis, which is significantly more
often compared to immunocompetent cohort (93.8% versus
72.2%, 𝑃 < 0.05).
In 12 of 16 cases, PID was diagnosed simultaneously or
after the NHL was confirmed, including 6 cases of postmortem diagnosis. Inclusion criteria to perform immunological and molecular tests for PID were very young age
at diagnosis of NHL, unusual NHL type for the certain
age group, constitutional abnormalities, history of severe
recurrent infections or family history of sibling’s death due
to infections or inborn abnormalities, and thymic pathology
found at autopsy. If immunological and/or genetic data did
not confirm PID in HIV-negative patient, he was considered
as immunocompetent and eligible for comparative analysis.
Six out of 16 patients suffered chromosomal breakage
syndrome associated with immunodeficiency (Tables 2 and
3). NBS was found in 5 children (mutation 657del5 in
NBS1 gene typical for Slavic population was found in all
cases) and Bloom syndrome was found in one patient.
Median age at diagnosis of NHL in these patients was 12.5
years, which is similar enough to immunocompetent cohort.
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Table 1: Characteristics of patients with NHLa .
Characteristic
Sex
M
F
Age
0–4
5–9
10–14
≥15
Stage
I + II
III + IV
Morphology
Burkitt
T-lymphoblastic
B-lymphoblastic
DLBCLc
PMLBCLd
ALCLe systemic
ALCL cutaneous
PTCLf
B-NHL, unspecified
Immunological lineage
B
T

Patients with PIDb ,
𝑛 = 16 (%)

Immunocompetent
patients, 𝑛 = 277
(%)

10 (62.5)
6 (37.5)

220 (79.2)
57 (20.8)

6 (37.5)
5 (31.25)
2 (12.5)
3 (18.75)

52 (18.8)
85 (30.7)
86 (31.0)
54 (19.5)

1 (6.25)
15 (93.75)

77 (27.8)
200 (72.2)

2 (12.5)
3 (18.75)
0
6 (37.5)
0
2 (12.5)
1 (6.25)
2 (12.5)
0

135 (48.7)
52 (18.8)
19 (6.9)
16 (5.8)
14 (5.1)
33 (11.9)
0
2 (0.7)
6 (2.2)

8 (50.0)
8 (50.0)

190 (68.6)
87 (31.4)

a

Non-Hodgkin lymphoma, b primary immune deficiency disease, c diffuse
large B-cell lymphoma, d primary mediastinal large B-cell lymphoma,
e
anaplastic large cell lymphoma, and f peripheral T-cell lymphoma.

T-cell NHL dominated (found in 5 out of 6 children) and
was T-mature in most cases. Just in one case lymphoma cells
had immunophenotype of immature cortical T-cells. Despite
full dosage of chemotherapy, complete remission (CR) was
achieved only in 50% cases (in 3 out of 6) and progression
was observed in 1 patient. Every child with chromosomal
breakage syndrome had severe infectious outbreaks during
induction therapy, which happened to be fatal complications
for two children with unrecognized NBS. One girl developed
the second lymphoma 4.5 years after the first NHL, and
one boy developed secondary hemophagocytic syndrome 7
months after intensive chemotherapy was completed.
Out of total 17 NBS patients registered in the National
Children Registry of PID Diseases lymphoproliferative disorders occurred in 9 (52.9%) patients ranging from 4 to 21 years.
Except 5 children with NHL included to analyzing group, we
observed 4 patients with acute lymphoblastic leukemia (of
T-cell differentiation in 3 cases: pro-T in 2 and T-mature in
1). Age of other observed NBS patients without malignancies
ranged from 5 months to 20 years. Unfortunately there is no
data of any living older people with NBS in Belarus.

There were 8 children with different types of combined
PID. These patients were the youngest of the whole group
with median age of 1.3 years. Six of 8 children had very aggressive large cell lymphomas with focal pulmonary lesions: 5 had
diffuse large B-cell lymphoma (DLBCL) and 1 had peripheral
T-cell lymphoma. Five cases were tested for EBV infection
and in all cases EBV-associated lymphoma was confirmed
by immunohistochemistry. Four children had symptoms of
generalized EBV infection at the time of NHL diagnosis.
Management of those patients was complicated by very young
age, low weight (from 4.5 to 9.3 kg in represented cohort
of children with high grade large cell lymphomas), multiple
previous infectious episodes, and severity of EBV infection,
which seemed to be hardly possible to cure after NHL development. Reduced intensity chemotherapy regimens were
used in this group. Complete clinical recovery was achieved
only in one case of 7-month-old girl, who had no symptoms of
active EBV infection at the time of initiation of chemotherapy
(Tables 2 and 3, patient number 1). All other died of infectious
complications without CR achievement.
NHL developed in 30.8% of children (in 8 out of 26) with
combined PID registered in PID database. Currently there are
only 4 children under our observation ranging from 1.9 to
11.8 years of age, who did not undergo hematopoietic stem
cell transplantation (HSCT) and have no signs of malignant
disorders.
We observed malignant transformation and DLBCL
development in a 10-month-old boy with combined PID and
generalized EBV infection (Tables 2 and 3, patient number
6). The time interval between appearance of the first signs of
EBV infection and appearance of pulmonary tumor lesions
was 2.5 months. The patient died after the first course of
chemotherapy (R-EPOCH with 25% reduction of all agents)
due to the sepsis, EBV-infection, and multiple organ failure.
We also observed a case of abdominal Burkitt lymphoma
in a 6-year-old boy with X-linked lymphoproliferative syndrome (XLPS-1) without regard to EBV infection (Tables 2
and 3, patient number 16). Patient had no family or infectious
anamnesis and tolerated chemotherapy well. Lymphoma cells
were EBV-negative by immunohistochemistry. His PID was
recognized only a year later after NHL diagnosis. Absence of
IgG serum level recovery within a year after the chemotherapy treatment combined with rituximab, while the level of
CD19 and CD20 positive cells became normal within six
months after the end of treatment, was the reason to perform
genetic investigations and mutation in SH2D1A gene on
Xq25 was found. The parents of the child refused alloHSCT.
Patient monthly receives intravenous immunoglobulin and
has no evidence of lymphoma or severe viral infections with
a follow-up of 5.7 years.
The treatment details are given in Table 2. One girl
with primary cutaneous ALCL, anaplastic lymphoma kinase
(ALK) negative, with localized involvement of the eye lid
received only brachytherapy. Two children with combined
PID received only dexamethasone, both of them initially
had leucopenia, agranulocytosis, and generalized infection,
mixed EBV and bacterial, and both died few days after
admission. Other 13 patients received at least one course of
chemotherapy. The individually administered therapy was

0.6/F

2.2/F

1.4/F

1.2/M

0.7/F

1.1/M

8.3/M

15.5/F

6.3/M

2

3

4

5

6

7

8

9

Age
(years)/sex

1

Patient

III

III

III

IV

I

DLBCL,
centroblastic

DLBCL,
immunoblastic

DLBCL,
immunoblastic

f-LLr
(pro-T)
ALCLt ,
cutaneous,
ALKu - negative

Burkitt

CID, NS

WASw

CID, NS

CID, NS

CID, NS

III

III

PTCLm ,
CD8+, NOSn

CIDk , NSl

CID, NS

IV

III

Stage

DLBCL,
immunoblastic

DLBCL

e

Lymphoma

SCID, atypical

SCID , atypical

d

Type of PID

ND

Small intestine∗ ,
abdominal LN∗

ND

Peripheral LN∗ ,
abdominal LN,
retroperitoneal LN,
hepar, spleen, BMs

ND

POS

Lungs∗ , hepar, spleen,
cervical LN∗ ,
abdominal LN

Skin∗ of the left upper
eyelid

POS

Peripheral LN∗ ,
mediastinum, lungs,
salivary glands,
spleen, abdominal LN

POS

NDp

POS

CNSj (massive brain∗
tumor), mediastinum,
lung∗
Peripheral LNo∗ ,
tonsils, mediastinum,
lungs, inguinal LN,
ileac LN, spleen,
retroperitoneal LN
Peripheral LN∗ ,
mediastinum, lungs,
abdominal LN,
retroperitoneal LN,
hepar∗ , small and
large intestines

POS

f

EBVc in
tumor

Lungs, pleura, chest
soft tissues∗

Involved sites

Table 2: Characteristics of patients with PIDa and NHLb .

ND

ND

ND

POS

POS

POS

ND

POS

NEG

g

Outcome

AA–BB–AA–BB–
AA–BB# , full
dosage

Brachytherapy only

NHL-BFM 95, TG1,
full dosage

R-EPOCH, 3/4
dosage

Dexamethasone only

Dexamethasone only

AA# , 2/3 dosage

Sepsis and
generalized EBV
infection initially,
death after 5 days of
therapy
Partial response,
sepsis initially, death
of sepsis after the 1st
course of therapy
Early relapse (BM)
during maintenance,
death of sepsis in CR
2 at 2 years after the
diagnosis
CR 1, alive
disease-free for 2.0
years
Second malignancy
(B-mature leukemia)
in 15 years, died at 15.1
years after the first
diagnosis

Sepsis and
generalized EBV
infection initially,
death after 7 days of
therapy

Partial response,
death of sepsis after
the 1st course

CRh 1, alive
A# + R –5 courses
disease-free for 4.8
R-EPOCH, 2/3 dosage
years
Progression after the
Individual 5 courses
5th course, died of
with HD MTX or
disease at 6 months
ARA-C + R
after the diagnosis

EBV in blood
Treatment
(DNA)

4
Lymphoma

16.9/M

14.2/M

9.1/F

15.9/M

6.0/M

12

13

14

15

16

III

III

III

f-LL
(mature CD8+)

PTCL, small cell
type, CD8+,
high grade
f-LL
(cortical)

ALCL

ALCL,
ALK-negative

Burkitt

NBS

Bloom
syndrome

XLPS-1y

NBS

NBS

III

III

III

III

DLBCL,
T-cell/rich

NBSx

NBS

Stage

Lymphoma

Type of PID
∗

NEG

ND

ND

NEG

NEG

Mediastinum∗ (bulky
disease)
Peripheral LN∗ ,
mediastinum,
abdominal LN,
retroperitoneal LN,
ileac LN
Peripheral LN∗ ,
mediastinum, lungs,
abdominal LN,
retroperitoneal LN,
ileac LN
Mesentery, jejunum∗ ,
abdominal LN∗ ,
bladder, abdominal
wall

NEG

ND

EBVc in
tumor

Mediastinum (bulky
disease), peripheral
LN∗

Mediastinum, lung,
peripheral LN∗

Peripheral LN ,
mediastinum, lungs,
spleen, abdominal
LN, retroperitoneal
LN

Involved sites

Table 2: Continued.

ND

NEG

NEG

CR 1, alive
disease-free for 5.7
years

ALCL99, HRG, full
dosage

NHL-BFM 95, TG2,
R2, full dosage, +3
doses of R

Partial response, died
of invasive pulmonary
aspergillosis after the
1st course

Progression after the
5th course, died of
disease at 5 months
after the diagnosis
Death of sepsis in
partial remission after
7 weeks of therapy

CR 1, alive
disease-free for 1.4
years

Second NHL in 4.5
years, no treatment,
died of disease at 4.6
years after the first
diagnosis

Outcome

Secondary
hemophagocytic
syndrome during
maintenance, death of
sepsis at 1.3 years after
the diagnosis

A (no MTX)

#

EBV in blood
Treatment
(DNA)
A–B# , full dosage,
stop therapy in
ND
unconfirmed
remission because of
parent’s refusal
NHL-BFM-95, TG1: I
phase I protocol,
HR1-HR2-HR3-HR1HR2-HR3 (full
ND
dosage),
nonmyeloablative
conditioning, HSCT,
unrelated
CHOP–CHOP–ICE–
DHAP–DHAP–
ND
DexaBEAM, full
dosage
NHL-BFM 95, TG1,
ND
ImRG, protocol I, full
dosage

Primary immune deficiency disease, b non-Hodgkin lymphoma, c Epstein-Barr virus, d severe combined immunodeficiency, e diffuse large B-cell lymphoma, f positive, g negative, h complete remission, j central nervous
system, k Combined immunodeficiency, l Not specified, m Peripheral T-cell lymphoma, n Not other specified, o Lymph node, p no data, r lymphoblastic lymphoma, s bone marrow, t anaplastic large cell lymphoma,
u
anaplastic lymphoma kinase, w Wiskott-Aldrich syndrome, x Nijmegen Breakage syndrome, y H-linked lymphoproliferative syndrome-1, ∗ site of biopsy, and # chemotherapy course, see [5] (Reiter et al. Blood, 1999).

5.6/M

11

a

10.9/F

10

Patient

Age
(years)/sex

Lymphoma
5

Not specified

Not specified

Not specified

Not specified

5

6

7

8

ND

ND

Not found

Not found

8.6

ND
ND

ND
0/3.49𝐸 − 06
1.52𝐸 − 04/
3.88𝐸 − 03

ND

ND

1.21𝐸 − 07/
1.31𝐸 − 05

Not specified

4

ND

ND

1.39𝐸 − 02/0

NDe

Not specified

3

ND

2.56

ND

A3V, T9I,
c.2736+3delC

DNA ligase
IV deficiency

3.6

863

ND

3381

632

ND

ND

306

2251

530

ND

734

82

ND

ND

144

145

200

ND

72

622

ND

ND

604

935

Immunological investigation
CD3+,
CD4+,
CD19+,
RTE , %
cells/𝜇L
cells/𝜇L
cells/𝜇L
Combined (severe +/−) immunodeficiencies
c

2

2.17𝐸 − 05/
5.48𝐸 − 02

TRECs/KRECs

I66T, V138I

Genetic
abnormalities

IL7Ra
deficiency

PID

1

Patient

Table 3: PIDa -related characteristics of patients with NHLb .

Normal

ND

Normal

Normal

ND

ND

Decreased
IgA, IgG

Decreased
IgG

Serum Ig

Omphalitis since birth, hypotrophy of
3 degrees, bronchiolitis at 1.5 months
of age, fungal stomatitis, pneumonia at
4 months of age, malabsorption,
hypotrophy of 3 degrees
Ulcerative stomatitis at 11 months of
age, necrotic stomatitis at 1.2 years of
age, EBVd meningoencephalitis at 1.6
years of age
Previous 2 sibling infants deaths due to
infections, sepsis (Staph.aureus) at 1.3
years of age, skin infections, fungal
stomatitis, malabsorption, hypotrophy
of 3 degrees. Autopsy: hypoplasia, fat
degeneration, and fibroplasia of the
thymus
Recurrent pneumonia since 3 months
of age (Pseud.aeruginosa), fungal
stomatitis and skin infection,
generalized EBV infection at 1 year of
age, malabsorption, hypotrophy of 2
degrees. Severe leucopenia. Autopsy:
dysplasia and secondary atrophy of the
thymus
Generalized CMVf + EBV infection
with meningoencephalitis since 7
months of age to death, sepsis (mixed
bacterial and fungal) since 8 months of
age to death
Congenital generalized CMV
infection, intestine infection at 9
months of age, generalized EBV
infection
Microcephaly, mental retardation.
Infections—ND.
Microcephaly, growth and mental
retardation, recurrent otitis and
respiratory infections

Associated features and PID-related
anamnesis

6
Lymphoma

2.08𝐸 − 08/
5.62𝐸 − 05
1.81𝐸 − 07/
1.64𝐸 − 04

0/0

ND

657661delACAAA
657661delACAAA

657661delACAAA

Chromosomal
instability
(30%), t(7;14)

412G>C,
17Glu>Asp

NBS

Bloom
syndrome

XLPS-1k ,
SH2D1A
deficiency

15

16

NBS

NBS

12

13

14

590

ND

ND

ND

1176

691

1640

49.2

4380

1230

59

ND

ND

ND

518

515

580

Disease of immune regulation

ND

ND

ND

ND

2.6

0.2

5.4

864

70

ND

ND

ND

103

309

370

Absence of
IgA, IgG

Very low
IgG

Very low
IgA, IgM,
and IgG

ND

ND

Normal

Very low
IgG

Decreased
IgM

Serum Ig

No severe infections before NHL

Microcephaly, mental retardation,
frequent respiratory infections
Microcephaly, multiple skeletal
anomalies, urogenital tract anomalies,
congenital cystic lung dysplasia,
chronic sinopulmonary tract infection,
chronic respiratory failure of 2 degrees.
Autopsy: thymic dysplasia
Low birthweight, microcephaly,
physical and mental retardation,
ichthyosiform dermatosis, coffee spots,
hypogonadism, thyroid hypoplasia,
frequent respiratory infections since 6
months of age, chronic sinopulmonary
tract infection, recurrent suppurative
lymphadenitis

Microcephaly. Infections—ND

Low birthweight, microcephaly,
physical and mental retardation,
recurrent herpes labialis, autoimmune
thrombocytopenia since 4 years of age,
chronic otitis and pulmonary infection
since 6 years of age, cutaneous
tuberculosis since 8 years of age,
autoimmune vasculitis since 9 years of
age
Low birthweight, microcephaly,
physical retardation, frequent
respiratory infections since 4 years of
age

Thrombocytopenia, dermatitis,
frequent respiratory infections

Associated features and PID-related
anamnesis

Primary immune deficiency disease, b non-Hodgkin lymphoma, c recent thymic emigrants (CD4+CD45RA+CD31+), d Epstein-Barr virus, e no data, f Cytomegalovirus, g Wiskott-Aldrich syndrome, h Wiskott-Aldrich
syndrome protein, j Nijmegen breakage syndrome, and k H-linked lymphoproliferative syndrome-1.

NBS

11

a

NBSj

10

ND

5.52𝐸 − 07/0

657661delACAAA

WAS

9

g

c

Immunological investigation
CD3+,
CD4+,
CD19+,
RTE , %
cells/𝜇L
cells/𝜇L
cells/𝜇L
Well-defined syndromes with immunodeficiency

2.10𝐸 − 07/
4.52𝐸 − 03

TRECs/KRECs

657661delACAAA,
chromosomal
instability
(12,9%), t(7;14),
+der(7), inv(7),
del(7)

Genetic
abnormalities

ND

PID

Absence of
WASPh , no
mutations in
coding part

Patient

Table 3: Continued.

Lymphoma
7

8

Lymphoma

Table 4: Treatment complications in first line therapy (15 patients,
51 courses/element of chemotherapy).
Complication
Organ failure caused by sepsis
Myelosuppression (grade 3-4)
Febrile neutropenia
Sepsis
Stomatitis (grade 3-4)
Necrotic skin ulcers
Cellulitis
Systemic vasculitis
Hepatotoxicity (grade 3-4)
Pancreatitis
Steroid-induced diabetes
Gastrointestinal hemorrhage
Enterocolitis
Sinusitis
Pneumonia
Pulmonary aspergillosis
Pulmonary hemorrhage
Thrombosis
Neurotoxicity (grade 2)
Cytomegalovirus infection
Epstein-Barr virus infection

Number of episodes
4
49
19
13 (7 positive cultures)
7
2
2
1
2
4
1
5
2
1
3
2
2
2
2
4
3

given to a girl with massive central nervous system involvement and included high dose methotrexate or cytarabine,
dexamethasone, and rituximab intravenous and intrathecal,
with or without other block elements, but rapid brain tumor
growth occurred after the fifth course of chemotherapy while
EBV DNA by PCR remained positive in either blood or
cerebrospinal fluid (Tables 2 and 3, patient number 2).
All patients on chemotherapy experienced grade 3 and 4
complications (Table 4). The most common were neutropenic
infections and hemostatic disorders. There were 6 deaths
related to first line treatment, 5 from sepsis and 1 from
invasive aspergillosis with massive pulmonary bleeding.
During the treatment of PID-associated NHL CR was
achieved only in 50% of cases. Two patients died after early
tumor progression during the intensive therapy, and one child
relapsed while on maintenance therapy. We observed second
lymphoproliferative disorder in two patients and secondary
hemophagocytic syndrome in one case. Overall, 4 (25%)
children with PID are alive and disease-free with follow-up
ranging from 1.4 to 5.7 years. The probability of 10-year OS
for children with PID was 0.23 ± 0.13, which is dramatically
worse than the survival of immunocompetent patients with
NHL (OS 0.81 ± 0.02, 𝑃 < 0.00001) in our country.

4. Discussion
PID disease is known to be the strong risk factor for developing a malignancy in childhood. NHL account for more than
60% of the tumors in children with PID and develop in 2–
4% of patients at the age before 18 years. Lymphoma type and

frequency varies among children with different types of PID.
The highest, 250-fold risk, have patients with chromosomal
breakage syndromes [1–4]. We observed 5.7% frequency of
PID-associated NHL among children with NHL, which is
higher than was previously reported [1, 16, 17]. Over 90% of
Belarusian pediatric patients with NHL received treatment in
our center which makes our data be representative for our
region with population more than ten million. In our series
of patients the diagnosis of NHL preceded the diagnosis of
PID disease in 75% cases, even in children with NBS, who
has typical features of dysmorphogenesis. In addition to progressing microcephaly, low birthweight, growth retardation,
and characteristic bird-like facial features, 2 children with
NBS had multiple congenital abnormalities of skeletal and/or
urogenital system but were still not recognized as having PID
before malignant lymphoma developed. Likewise, 4 from 8
children with different combined PID were not recognized as
having immunodeficiency before NHL developed, in spite of
history of severe infections in the past. Their immune status
was, therefore, not tested and preventive measures were not
complied and did not receive intravenous immunoglobulin.
As a result, their initial infectious status was supposed to
be worse and made their management more challenging.
Survival of children with PID-associated NHL is much lower
in comparison with immunocompetent patients in all reports
and ranges from 35 to 58% [16–21]. The outcome of our
patients was poor with only 4 survived out of 16 children. We
consider late recognition of PID was the main reason of our
bad outcomes. Attention and awareness of pediatricians can
contribute to earlier immunological and molecular genetic
testing to children with suspected PID to reveal those who
need to perform alloHSCT early to restore immune system
and to provide special management to all children with
PID keeping in mind they are at higher risk of malignancy
development.
Type of PID-associated NHL is very different with the
prevalence of typical for adults histology. Each type of
immunodeficiency has its own risk factors and is associated
with a particular type of lymphoma [3, 16–20, 22]. DLBCL
is considered to be the most common type, frequently
associated with EBV and having a predilection for extranodal
sites. We received similar data and observed series of DLBCL
accounted for 37.5% of NHL. All DLBCL cases were EBVassociated and characterized by rather massive lung involvement.
DLBCL was predominant variant of NHL, which was
occurred in young children with combined PID. Multiple
pulmonary lesions may also manifest an extensive fungal
infection or tuberculosis. We recommend performing lung
biopsy early after the detection of pulmonary foci in order
not to lose time on preventive antibacterial or antifungal
treatment in patients with combined PID and documented
EBV infection. We also observed a case of malignant transformation of EBV-associated lymphadenitis resistant to antiviral
treatment. EBV infection is a potentially premalignant event
in children with PID [23, 24]. We are convinced that the EBV
prophylaxis, early aggressive antiviral treatment, and viral
load monitoring in a case of clinical manifestation of EBV
infection increase their chance to survive.

Lymphoma
In the present group of patients 4 out of 5 patients with
NBS were suffering from T-cell lymphomas. However, both
T- and B-cell lymphomas were described in literature with
some prevalence of B-cell lineage [19–22]. But still remains
unknown whether development of T-cell or B-cell NHL
depends more on defect and degree of immunodeficiency
rather than on chromosomal instability in NBS patients.
Complication rate during the treatment of NHL was
high in our cohort of children with combined PID and
in some patients with chromosomal breakage syndrome
which is consistent with other reports [17–20]. Tolerability
of chemotherapy was limited mostly by infectious status
rather than toxic side effects. Patients with combined PID
and NBS had very low mRNA TREC and KREC expression
which explained their predisposition to both bacterial and
viral infections (Table 3). Therefore standard pediatric NHL
regimens proved to be very toxic for these patients. Modified
chemotherapy schemes combined with monoclonal antibodies should be designed for the treatment of PID-associated
NHL.
Clinically, alloHSCT has been used successfully for lymphomas arising in XLPS, combined PID, WAS, X-linked
hyper-IgM syndrome, and even NBS [16, 25–28]. Based on
our observations of developing of second lymphoproliferative
malignancies in the future in children with PID, we consider
that alloHSCT should be done in survived patients in first
remission with any type of PID who have severe defects of
immune function.

5. Conclusion
Our data shows that PID disease needs to be diagnosed as
early as possible and to be corrected with transplantation
or appropriate management to prevent severe and recurrent
infections and foremost EBV infection. These patients are at
a very high risk to develop NHL of both T and B lineage,
but of those NHL types, which are mostly typical for adults.
Unrecognized PID before NHL diagnosis and infectious
complications during chemotherapy were the main reasons
of poor outcome of our patients with PID-associated NHL.
Early PID diagnosis, individualized chemotherapy, comprehensive supportive treatment, and alloHSCT performance
may improve their survival.
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