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Summary
Introduction: Nijmegen breakage syndrome (NBS) is 
characterized by chromosome instability, combined im-
munodeficiency, radiosensitivity and high predisposition 
to lymphoid malignancy. A specific therapy is not avail-
able, however, hematopoietic stem cell transplantation 
(HSCT) is considered for NBS patients with refractory or 
recurrent leukemia or lymphoma. 

Purpose: We aimed to present Belarusian data in NBS di-
agnosis and management and to discuss indications for 
allo-HSCT treatment.

Patients and Methods: A total of 238 patients were regis-
tered with primary immune deficiency (PID), including 
19 cases of NBS. DNA was analyzed for mutation in NBN 
gene by direct sequencing of exon 6. Histological classifi-
cation of lymphoid neoplasms was performed according 
to World Health Organization classification (2008). The 
patients were treated according to modified pediatric reg-
imens or individually.

Results: NBS accounted for 8.0% of all PID cases and was 
diagnosed at the age from 0.3 to 21.6 years (median 7.1). 
Mutation 657-661delACAAA in NBN gene and combined 
immunodeficiency of various degrees was confirmed in all 
patients. Lymphoid malignancy developed in 9 (47.4%) 
NBS patients ageing from 4.3 to 21.6 years (median 10.7). 
Acute leukemia was diagnosed in 4 patients, and stage III 

non-Hodgkin’s lymphoma in 5. Lymphoma/leukemia were 
in 7 out of 9 cases of T-cell origin. Complete remission 
(CR) was achieved in 66.7% of the patients.. Events were: 
death from infections in induction or in CR1 in 3 patients, 
progression/relapse in 3, second lymphoma in 1. Totally 7 
NBS patients died, all after the development of malignan-
cies. Two patients with T-mature lymphoma/leukemia did 
not respond to induction chemotherapy, were treated with 
unrelated HSCT in the 1CT and alive disease free within 6 
and 13 months after transplantation. HSCT from a sibling 
donor was performed 9.8 years ago in a boy without malig-
nancy but with infectious and autoimmune complications. 
They all received reduced-intensity conditioning regimens, 
which were well tolerated.

Conclusions: NBS needs to be diagnosed early. With respect 
to progressive immunodeficiency and high risk of lymphoid 
malignancies with uncertain curative prospective, an al-
lo-HSCT approach with reduced-intensity conditioning 
could be proposed as a treatment option for NBS patients 
with severe defects of immune function, and for all NBS pa-
tients with lymphoid malignancy in 1st  complete remission.
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Introduction
Nijmegen breakage syndrome (NBS) is a rare autosomal 
recessive chromosome instability disorder which occurs 
worldwide with prevalence among Eastern and Central Eu-
ropean population and caused by mutation in NBN gene at 
8q21, the most often mutation 657-661delACAAA in 6 exon, 
named Slavic mutation [1-4]. Except of progressing micro-
cephaly, low birth weight, growth retardation and character-
istic bird-like facial features, it is characterized by combined 
immunodeficiency, radiosensitivity and high predisposition 
to malignancy development in childhood, mostly of lym-
phoid origin [5-6]. NBN gene encoding the nibrin protein 
plays a key role in DNA double-strand break repair and the 
maintenance of genomic stability. Insufficient function of 
defective nibrin decreases cellular response to DNA damage 
and results in genomic instability and finally can lead to can-
cer, which remains the most common cause of death in pa-
tients with NBS [7-8]. Other known causes of death are fatal 
infections and bone marrow aplasia [8]. Currently, no spe-
cific therapy is available for NBS. Substitution therapy with 
immunoglobulins is indicated in patients with agammaglob-
ulinemia. Antibiotic prophylaxis is considered in patients 
with recurrent respiratory tract and urinary tract infections. 
Cancer treatment is accompanied by severe toxic complica-
tions and should be adapted to individual risk factors and 
tolerance [9-13]. The NBS patients are usually not subject to 
hematopoietic stem cells transplantation (HSCT), owing to 
concerns about increased toxicity. European experience of 
HSCT performed with reduced-intensity conditioning reg-
imens in order to correct severe immunodeficiency or to 
treat refractory or recurring malignancy is limited but quite 
successful [14-15]. But there is still no consensus on optimal 
management of NBS patient, and no recommended options 
about benefits of HSCT and appropriate protocols for indi-
vidual patients.

The aim of our review article was to share our experience in 
NBS management and to discuss indications for allo-HSCT 
performance. We presented here general clinical characteris-
tics, laboratory data, treatment details and clinical outcomes 
of 19 Belarusian NBS patients. 

Patients and Methods
According to data, provided by the Belarusian National 
Children Registry of primary immune deficiency (PID) dis-
eases, a total of 238 children were diagnosed with PID until 
December 2014, including 18 cases of NBS. A single adult 
patient (21 years old) was diagnosed in our center as hav-
ing NBS. The diagnosis of PID was based on the diagnostic 
PID criteria, as described in the last classification issued by 
the International Union of Immunological Societies Expert 
Committee for Primary Immunodeficiencies, 2013 [16]. 

To reveal and classify the PID condition, we used immuno-
logical criteria as well as genetic studies. Serum concentra-
tions of immunoglobulins IgG, IgA and IgM were measured 
by immunonephelometry. Analysis of peripheral blood lym-
phocyte subpopulations was performed by flow cytometry. 

The blood cells were incubated with specific monoclonal 
antibodies (MoAbs) against CD45, CD3, CD4, CD8, CD16/
CD56, CD19, CD31, CD45RA (obtained from Beckman 
Coulter and Beckton Dickinson). Recent thymic emigrants 
(RTE) were determined as CD4+CD45RA+CD31+ T cells.

Quantification of TRECs and KRECs was determined by 
RT-qPCR. Healthy age-matched donors of peripheral blood 
lymphocytes (n = 4) were taken as a control. RT-qPCR data 
were normalized with albumin control gene and calculated 
by 2-∆Ct [17]. Average values of TREC/KREC expression in 
healthy control group were taken as 100%, the patients’ re-
sults were presented as a percentage of control values. Statis-
tical analysis was performed by Mann-Whitney U test and 
Spearman rank test.

Mutational analysis of exon 6 of the NBN gene was per-
formed in all patients. Chromosomal instability assays re-
flecting increased chromosomal breakage in peripheral lym-
phocytes was evaluated in 5 patients. Chromosomal somatic 
mutations (translocations and/or inversions involving chro-
mosomes 7 and 14) were revealed in 6 cases by conventional 
G-banding.

Nine NBS patients were diagnosed as having acute leukemia 
or non-Hodgkin lymphoma (NHL). Histological classifica-
tion of haematopoietic neoplasms was performed and re-
vised, according to World Health Organization classification, 
2008 [18]. Immunophenotyping was carried out in eight cases 
by immunohistochemical analysis or by flow cytometry. The 
NHL staging was based on St.Jude criteria [19]. Chemother-
apy was performed according to ALL-BFM 90/2000, ALL-MB 
2008 (Moscow-Berlin), AML-MM 2003 (Moscow-Minsk) 
and NHL-BFM 90/95 regimens with some modifications [20-
26]. One patient with peripheral T-cell lymphoma received 
individual chemotherapy (see below). Clinical data and out-
comes are presented as by January l, 2015.

Parents of the patients provided written informed consent 
for leukemia/lymphoma treatment, as well as for blood sam-
pling and processing for PID diagnostics, in accordance with 
protocols approved by the local Ethical Committee. 

Results
NBS accounted for 8.0% of all the registered PID cases. A 
specific 657del5 mutation in the NBN gene was found in all 
19 patients. Patient characteristics and immunological data 
are presented in Table 1. NBS occurrence was nearly equal 
in boys and girls (M:F ratio of 1.1:1). Median age at the NBS 
diagnosis was 7.1 years. NBS has been revealed only in 4 pa-
tients (21%) under 1 year old. In most cases, examination for 
PID and NBS was performed after recurrent infections or 
development of autoimmune disease, or in connection with 
lymphoma or leukemia diagnosis. In four cases the diagnosis 
of NBS was confirmed only post mortem. 

Immunological investigations revealed highly variable im-
munological features of the NBS patients, without evident 
correlations between immune markers and degree of clini-
cal immunodeficiency, or malignancy development. Abnor-
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malities in immunoglobulin concentrations were found in 
62.5% of examined patients. Just one child with hypogam-
maglobulinemia who received regular substitution therapy 
with intravenous immunoglobulin had no severe infections 
in anamnesis. All other patients had frequent or chronic 
respiratory infections. All NBS patients with autoimmune 
pathology, and half of the children with lymphoid malignan-
cies had decreased serum immunoglobulin level. Moreover, 
two patients from our cohort developed lymphoid neoplasia 
at the age of 16 and 21 years, despite normal immunoglobu-
lin serum levels and absence of frequent infections in anam-
nesis. Two other patients (without evidence of malignancy 
at the age of 3.7 and 5.7 years) had low numbers of CD3+ 
T cells (<300 cells/µL), thus indicative for pronounced ab-
normalities of T-cell immunity, similar to severe combined 
immunodeficiency. Expression of TREC and KREC mR-
NAs was detected at very low levels in all examined patients, 
including 5 children without malignancies. Immunophe-
notyping was performed to 13 NBS patients. A reduction 
of T- and/or B-cell immunity was revealed in all cases but 
the majority of patients had normal percentage and abso-
lute number of CD3+ T-lymphocytes. Seven patients with 
low RTE level were analyzed for TRECs quantity. We found 
statistically significant decrease of the number of TRECs in 
NBS patients compared with healthy donors (p = 0.01). And 
a high correlation between RTE (%) and TRECs’ level was 
revealed (R = 0.89, p < 0.05). 

Lymphoproliferative disorders occurred in 47.4% of all regis-
tered NBS patients and in 60.0% patients older than 4 years. 
The median age at the time of malignancy diagnosis was 10.7 
years (ranged from 4 to 21). In 7 of 9 cases, NBS was diag-
nosed simultaneously or after the lymphoid neoplasm was 
confirmed. T cell malignancies prevailed in our series (7 out 
of 8 cases with identified immunophenotype, including one 
case with mixed phenotype, i.e., early T/myeloid leukemia), 
being T-mature in half of the cases. Some details of treat-
ment and outcomes are presented in Table 2. 

Despite full chemotherapy dosage, a complete remission 
(CR) was achieved only in 66.7% cases (6 out of 9 cases). 
Two patients died of infectious complications before CR was 
achieved, and one patient was lost with sepsis in the 1s CR, 
while on maintenance therapy. A patient with peripheral T 
cell lymphoma developed rapid tumor growth after short-
term partial clinical response to chemotherapy and died of 
progression. One girl developed a secondary lymphoma 4.5 
years after the treatment of diffuse large B-cell lymphoma. 
Three patients (two cases of T-mature lymphoblastic lym-
phoma, and one patient with ETP-ALL) did not respond to 
standard induction chemotherapy; their blast cells also had 
poor in vitro sensitivity to most cytostatics, as measured by 
MTT-test. In these patients, CR was achieved only after in-
tensive chemotherapy (HR-blocks). The patient with ETP-
ALL developed early relapse prior HSCT, and two others 
underwent unrelated HSCT and are alive with no evidence 
of disease at, resp., 6 and 13 months after transplantation. 
Overall, only two NBS patients (22.2%) with malignancy are 
alive in CR1 with a follow-up of 12 and 20 months.

All NBS patients exhibited grade 3 to 4 complications after 
chemotherapy. Of those, most common were neutropenic 

infections and hemostatic disorders. Three fatal outcomes 
were related to first-line treatment, two from sepsis and 
one patient with invasive aspergillosis and massive pulmo-
nary bleeding. Unrecognized NBS was the main reason for 
non-reduced dose regimens during induction therapy.

Three patients from this cohort underwent allo-HSCT 
(HLA-matched sibling donor in one case, and matched un-
related donors in two cases). A graft from sibling donor was 
transplanted 9.8 years ago to a boy without malignancy, but 
with infectious and autoimmune disorders (Table 1, patient 
#4). His sister with NBS died from leukemia ten years earlier. 
Two other patients developed T-mature ALL/NHL without 
response to induction chemotherapy, as mentioned above 
(Table 2, patients #15, 16). They all received reduced-intensi-
ty conditioning regimens (Bu 8 mg/kg, FLU 150 mg/m2, ATG 
90 mg/kg; MEL 140 mg/m2, FLU 125 mg/m2, ATG 60 mg/kg; 
MEL 140 mg/m2, FLU 150 mg/m2, ATG 60 mg/kg) that were 
well tolerated. Every patient experienced acute graft-versus 
host disease (GvHD) grade II-III. Extensive chronic GvHD 
developed in 2 patients. Cytomegalovirus infection occurred 
in 2 patients and adenovirus infection was found in one case.

Currently there are 9 NBS patients under our observation, 
ranging from 1.1 to 20.7 years of age, who did not undergo 
HSCT and have no signs of malignant disorders. Unfortu-
nately, there are no data of any living older patients with NBS 
in Belarus.

Discussion
NBS is a rare disease, but the number of patients identified 
worldwide is rapidly increasing, probably because physicians 
are becoming more aware of the disorder. The frequency of 
NBN gene mutation carriers is rather high in the population 
of Slavic origin, being estimated as 1 case in 177 newborns 
[2]. The majority of Belarusian NBS patients are residents of 
the southwestern part of the country, likely as a result of a 
founder effect. Etiopathogenesis and clinical manifestations 
of NBS are well studied, but no specific therapy is available. 
Early diagnosis of NBS is crucial, in order to avoid even di-
agnostic irradiation, and to prevent severe and recurrent in-
fections by appropriate management. Increasing number of 
newly diagnosed NBS cases and high risk of potential com-
plications makes it necessary to develop optimal therapeutic 
strategies. 

Only 21% of Belarusian patients were diagnosed as having 
NBS at the age less than 1 year. Moreover, 78% of NBS patients 
who developed lymphoma or leukemia were not recognized 
as immunodeficient before the malignancy became evident. 
Their immune status was, therefore, not tested, preventive 
measures were not complied, and they did not receive time-
ly treatment with intravenous immunoglobulin. As a result, 
their initial infectious status supposed to be worse and made 
their management more challenging. Therefore, the most 
important thing to do is to diagnose NBS as early as possible.

Combined cellular and humoral immunodeficiency is an es-
sential feature of the disease, unless the patients with NBS 
mutation had variable initial immune status with inevitably 
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increasing immune insufficiency over time [27-28]. Unlike 
some other combined immunodeficiency syndromes, HSCT 
is not a recommended therapeutic approach for immune 
system restoration in NBS patients, due to the high risk of 
toxic complications. Meanwhile, life-long monitoring of the 
immune system allows for preventive measures and main-
tains the patients in good clinical condition for a long time. 
There are patients with very mild manifestations who do 
not suffer from frequent infections and do not need immu-
noglobulin supplementation. In most patients, however, a 
number of complications increase over time. Chronic infec-
tions leading to development of respiratory or renal failure, 
severe autoimmune pathology, or malignancy cause death of 
NBS patients in childhood or in younger adults [4, 28-31].

In the presented cohort, combined immunodeficiency was con-
firmed in all patients, whereas the degree of cellular and/or hu-
moral immunodeficiency varied from very mild to severe with 
very low CD3+ cells counts or serum immunoglobulin levels, 
similar to manifestations of severe combined immunodeficien-
cy. Severity of the complications also differed individually. Our 
adult NBS patient had no particular history of infections before 
ALL diagnosed at the age of 21 years, and his clinical condi-
tion was sufficiently satisfactory to perform full dose chemo-
therapy treatment and allo-HSCT (Table 2, patient #15). We 
have also treated another NBS patient who received adequate 
immunoglobulin supplementation, but multiple infectious and 
autoimmune complications urged us to limit the intensity of 
chemotherapy in the first lymphoma episode and made it im-
possible to perform treatment of the second lymphoma (Table 
2, patient #3). This diversity in immune and clinical status im-
plies a personalized therapeutic approach. Obviously, the pa-
tients with decreased immunoglobulin concentration need a 
substitution treatment. But we suppose that HSCT should be 
taken into consideration both for NBS patients with severe cel-
lular or humoral immunodeficiency prior to the development 
of malignancies or other serious complications.

Patients with NBS have very high risk of cancer in child-
hood, mostly lymphoid malignancies, but medulloblastoma, 
rhabdomyosarcoma and some other tumors have been de-
scribed as well [11, 32-34]. As reported by the Internation-
al NBS Study Group and by the Polish NBS Registry, 40 to 
60% of NBS patients develop NHL by the age of 20 years 
[11, 35-36]. We have obtained similar data, with 47% of NBS 
patients who developed lymphoproliferative disorders. The 
survival of children with PID-associated NHL is much lower 
in comparison with immunocompetent patients and rang-
es from 35 to 58% [9-13]. There are no specific treatment 
protocols designed for patients with NBS and NHL. Due to 
the higher risk of treatment-related toxicity, there is a com-
mon tendency to modify treatment by reducing dosage of 
some chemotherapy agents. Complication rate during can-
cer treatment was high in our cohort of children, thus be-
ing consistent with other reports [9, 11-12]. Tolerability of 
chemotherapy was limited mostly by infectious status rath-
er than toxic side effects. In future, modified chemotherapy 
schemes combined with monoclonal antibodies should be 
designed for the treatment of patients with NBS and NHL.

Relapses or refractory cases of NHL occur more often in 
NBS than in immunocompetent patients and represent a 

major cause of treatment failure [9, 11-12]. Moreover, the 
surviving NBS patients are at increased risk for developing 
a second malignancy, more often, lymphoma [11, 37]. As 
a result, only few patients survived the whole-scale cancer 
treatment. There are some data on successful treatment of 
refractory or relapsed lymphoma with allo-HSCT in NBS 
patients [15]. Five out of 6 patients have restored T cell im-
munity and are alive, with a median follow up of 2.2 years. It 
has been suggested that HSCT should be considered for NBS 
patients with recurrent or second lymphoma.

In the present group, 87.5% patients (7 out of 8) were suf-
fering from T cell lymphoid malignancies with T-mature 
immunophenotype in a half of cases, which is different 
from normal spectrum of ALL/NHL in immunocompetent 
children, since both T and B cell lymphoid neoplasms have 
been described, with some prevalence of B-cell lineage and 
a high recurrent disease rate in T cell malignancies [11-12, 
37]. The outcome of our patients was poor with only 2 sur-
vivors (22.2%) after allo-HSCT with less than 2 years fol-
low-up term. The reasons for this poor outcome were either 
infectious complications or treatment failure. More than half 
of the patients (5 out of 9) with NBS and malignancy did 
not respond to standard full dose chemotherapy or devel-
oped early relapse. Taking into account a case of secondary 
lymphoma development as a late event in the present cohort, 
the prognosis for patients with NBS and malignancies seems 
to be poor initially. However, despite limited tolerability of 
chemotherapy and a high rate of infectious complications, 
we demonstrated the possibility of safe allo-HSCT perfor-
mance using reduced-intensity conditioning regimens.

In spite of small group under observation, we may assume 
that NBS patients are prone to develop T-ALL/NHL sub-
types with limited curative potential. These patients may 
benefit from allo-HSCT as a consolidation therapy, in order 
to prevent relapse and to partially restore immune system, 
seeking to reduce the risk of secondary malignancies.  

Conclusion
Our data show that NBS needs to be diagnosed at the early 
age. Taking into account a progressive immunodeficiency 
with deteriorating clinical state and extremely high risk of 
lymphoid malignancy with uncertain curative potential, al-
logeneic HSCT with reduced-intensity conditioning may be 
a rational therapeutic option for NBS patients with severe 
defects of immune function and for any NBS patients with 
lymphoid malignancy in first remission.
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