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When you can’t see the wood for 
the trees — rare and not so rare 
malignancies in Nijmegen breakage 
syndrome: a review

ABSTRACT
Introduction and purpose. Nijmegen breakage syndrome (NBS) is a rare genetic disease with numerous com-

plications during its course. Patients with NBS present such clinical features as musculoskeletal abnormalities, 

cardiovascular impairments, microcephaly, as well as recurrent respiratory infections, and a significantly high risk 

of developing malignant tumors. This article aims to highlight the importance of creating guidelines and a more 

standardized approach to cancer prevention in NBS patients. 

Malignancies in the Nijmegen syndrome. Individuals affected by NBS show a strong predisposition to develop 

malignancies, especially at an early age. The most frequent are those of hematopoietic origin, but solid tumors 

(also rare ones like medulloblastoma and rhabdomyosarcoma) are also common, as are precancerous conditions. 

Conclusions. As NBS patients are prone to show the symptoms of not only lymphoid malignancies but also solid 

tumors and immunodeficiency-related diseases, a holistic preventive approach is strongly advised. The screening 

and treatment for cancer can be extremely difficult due to the radio- and chemosensitivity of individuals with NBS, 

followed by more common therapy-related side effects. 
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Introduction

Nijmegen breakage syndrome (NBS) is a rare auto-
somal recessive disease that manifests itself as micro-
cephaly at birth, usually without any primary neurologi-
cal symptoms. Other clinical features that become more 
noticeable as the patient develops include hypertelorism 
(increased distance between the eyes), a short nose with 
a convex bridge, and low-set ears [1]. Many patients 
also show abnormalities in the musculoskeletal system, 
such as short limbs, scoliosis, knee and foot defects, 
and limited joint mobility [2]. Additionally, problems 
with the cardiovascular system, mild growth delay, or 

premature ovarian failure may also occur [3]. Despite 
progressive microcephaly, psychomotor development 
is not impaired; however, cognitive impairment may 
become apparent with age [4]. Complex deficiencies of 
both cellular and humoral immunity are a characteristic 
feature of this disease and predispose to recurrent infec-
tions, particularly in the respiratory tract. In the popula-
tion of NBS patients, the most important clinical feature 
is the high risk of developing malignant tumors — most 
often of hematologic origin [5, 6].

Chromosome instability with rearrangements, 
inversions, and translocations affecting chromosomes 
7 and 14, as well as hypersensitivity to ionizing radiation, 
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are used in the clinical diagnosis of NBS. Identification 
of mutations in both alleles of the nibrin (NBN) gene 
complements indicates NBS [7]. The disease was first 
described in 1979 in a Dutch child born with micro-
cephaly, growth and development impairment, IgA 
antibody deficiency, and chromosomal rearrangements 
on chromosomes 7 and 14. It was discovered that 
the patient’s deceased brother presented similar symp-
toms. In addition to chromosomal instability, in vitro 
studies of cells from NBS patients showed similarities 
to those in ataxia-telangiectasia syndrome, including 
hypersensitivity to UV radiation or radioresistant DNA 
synthesis. For this reason, NBS was considered a variant 
of ataxia-telangiectasia syndrome, even though neither 
ataxia nor telangiectasia occurs in NBS [8–10].

Currently, there is no reliable epidemiological 
data on the incidence of NBS. However, the identi-
fication of the disease-causing gene NBN, has led to 
a significant increase in the number of patients known 
worldwide [11]. In addition to the approximately 
150 cases described in the medical literature, there 
are many patients documented in national registries, 
in particular in the Czech Republic and Poland. The 
European Immunodeficiency Society manages the larg-
est European registry of this syndrome. Although NBS 
appears to occur worldwide, cases are more frequently 
reported in Central and Eastern European popula-
tions, including the Czech Republic, Poland, Slovakia, 
Russia, and Ukraine [12]. Moreover, there were about 
35 cases reported in the Institute of Oncology in 
Warsaw, as well as many more in the Polish Registry 
of Congenital Defects. The higher incidence is likely 
due to the high frequency of the main NBN muta-
tion, known as c.657_661del5 (p.K219fsX19), which is 
estimated to affect 1 in 177 newborns. This incidence 
is thought to be the result of a founder effect [13]. 
Surprisingly, a similarly high mutation frequency was 
found among newborns in northeastern Bavaria, in-
dicating a relatively large number of people of Slavic 
origin in this area of ​​Europe. Cases of NBS have also 
been reported in North and South America, Morocco, 
and New Zealand [14].

Purpose

This article aims to highlight the importance of 
providing complex care for NBS patients. Affected 
individuals may present not only with recurrent res-
piratory infections and musculoskeletal malformations 
but also with hematopoietic cancers as well as solid tu-
mors. There is a strong need for continued research on 
effective treatment options for NBS patients to lengthen 
their life expectancy and improve their quality of life, as 
well as create standardized treatment protocols. 

Cause of the disease

Nijmegen breakage syndrome, like ataxia-telangiec-
tasia syndrome, Fanconi anemia, and Bloom’s syndrome, 
belongs to a group of diseases associated with chro-
mosomal instability, inherited mainly in an autosomal 
recessive manner. In NBS, a mutation in the NBN gene, 
encoding the protein nibrin, causes impaired repair of 
double-strand breaks (DSBs) — a disruption of phospho-
diester bonds in both strands of the DNA double helix. As 
a result of the above-mentioned instability, DNA repair 
mechanisms are weakened, which results in an increased 
risk of cancer and immune deficiencies. Patients with NBS 
have a particular predisposition to cancers of the lym-
phatic system, and the most common cancers developing 
in this group are non-Hodgkin’s lymphomas. Cancer is 
one of the most common causes of death in this group 
of patients; it is estimated that 40% of patients under 
20 years of age will develop cancer [15–19]. Figure 1 de-
picts the pathogenesis of malignancies in NBS. 

Most NBS patients have a common founder muta-
tion — a deletion of 5 nucleotide pairs in exon 6 of 
the NBN gene (c.657_661del5, p.K219fsX19), which 
occurs mainly in the Czech, Polish, Slovak, Russian, 
and Ukrainian populations. Cases of the disease are 
diagnosed all over the world, but due to the founder 
effect and the resulting higher frequency of mutations 
in the population (according to sources about 1/177 new-
borns), most diagnoses of the syndrome are recorded 
in the region of Central and Eastern Europe [16–18]

Malignancies in 
Nijmegen breakage 
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Figure 1. Malignancies in Nijmegen breakage syndrome
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Protein NBN is part of the MRE11-RAD50-NBN 
(MRN) protein complex, which is involved in the re-
pair of DSBs. Physiologically occurring DSBs play an 
important role in DNA replication, the recombination 
of genetic material occurring during meiotic divisions, 
and the development and adaptation of immune sys-
tem cells [16]. The c.657_661del5 mutation, charac-
teristic of NBS, leads to the expression of fragments 
of nibrin molecules with a molecular weight of 26kDa 
(p26) and 70kDa (p70). The smaller fragment, p26, 
contains the FHA domain and the BRCT-1 domain. 
The BRCT-2 domain is present in the p70 fragment 
and allows it to bind to MRE11, maintaining the func-
tion of normal nibrin. Thanks to this arrangement, 
despite mutations in the NBN gene, the MRN complex 
remains active and plays its role in recognizing, signal-
ing, and participating in DSB repair pathways, such as 
non-homologous end joining (NHEJ) and homologous 
recombination (HR). The separation of BRCT domains 
(Fig. 2) is the probable cause of impaired interactions 
of cell cycle regulation proteins, such as p53, BRCA1, 
and CHK2, which in turn translates into disturbances 
in the genetic stability of cells and an increased risk of 
cancer [15, 16, 19].

Malignancies — the lymphatic system

The majority of cancers in NBS occur in the lymphat-
ic system (nearly 90%), mainly T-cell non-Hodgkin’s 
lymphomas. The most frequently observed subtypes 
of lymphomas in Nijmegen syndrome are diffuse 
large B-cell lymphoma (DLBCL), T-lymphoblastic 
lymphoma (T-LBL), and peripheral T-cell lymphoma 
(PTCL). Burkitt’s lymphoma, Burkitt-like lymphomas, 
and Hodgkin’s lymphoma are less common. The most 

common leukemia occurring in NBS is acute lympho-
blastic leukemia (ALL). Approximately 25% of patients 
are diagnosed with another cancer within 10 years of 
achieving remission of the first cancer. It is worth not-
ing that oncological treatment in NBS is significantly 
difficult due to the accompanying immunodeficiencies, 
hypersensitivity to ionizing radiation, and chemotherapy. 
Patients with NBS require modification of standard treat-
ment regimens due to developing complications, such 
as infectious diseases or organ failure [15, 17, 18, 20].

It has been discovered that in NBS patients, an in-
creased level of nibrin with a higher molecular weight 
(p70) is associated with lower risk of developing lympho-
mas, so its level may be a predictive value of predisposi-
tion to cancer [17]. 

The study of the most common lymphomas in 
this group of patients, DLBCL and T-LBL, showed 
monoclonal rearrangements in the Ig or TCR loci [21]. 
Histopathological analysis of tumor tissue collected from 
children with NBS diagnosed with DLBCL showed that 
lymphomas in this group of patients resemble the adult 
variant of DLBCL. Moreover, mutations in TP53, 
STAT3, KMT2D, HIST1H1B, and amplifications in 
programmed death-ligand 1 (PD-L1) were detected  
in these cells [22].

Malignancies — solid tumors and gonadal tumors

It is worth noting that patients with NBS require 
thorough pediatric evaluation for rare cancers. There 
was a case of a 14-year-old girl with persistent abdominal 
pain who was ultimately diagnosed with primary gas-
tric Hodgkin’s lymphoma. The patient underwent two 
cycles of OEPA chemotherapy (vincristine, etoposide, 
prednisone, and doxorubicin) at doses of 30–40% of 
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Figure 2. Schematic diagram representing the wild type and mutated NBN proteins 
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the standard dose [23]. Additionally, cases of medul-
loblastoma (medulloblastoma) have been reported. 
The basis of treatment for this cancer is radiother-
apy, which in patients with NBS more often than in 
the general population, results in serious skin damage, 
post-radiation inflammation of the gastrointestinal 
mucosa, and even cardiorespiratory failure, which may 
lead to death [26, 27]. It is believed that radiotherapy 
should be avoided in patients with NBS [23]. It is 
worth mentioning that the risk of medulloblastoma has 
been shown to be several times higher in patients with 
heterozygous mutations in the NBN gene (c.511A>G 
and c.657_661del5) [26]. Additionally, several cases of 
rhabdomyosarcoma located in the perianal area can be 
found in the literature [29, 30]. This is an extremely rare 
location for this type of cancer and, therefore, should 
raise the suspicion of NBS in patients, as the diagno-
sis allows for appropriate modification of treatment 
and planning of additional tests.

Carriers of the 657del5 mutation in the NBS1 gene 
have a significantly increased risk of prostate cancer, 
and cancer cells in this group of patients lose the normal 
allele of the NBS1 gene [30].

It is worth mentioning that precancerous conditions 
may occur in patients already in the early years of life, as 
evidenced by the presence in a skin biopsy of a 9-year-old 
patient with NBS of a fibroblast cell line with numerous 
aberrations regarding their high proliferative potential 
and much shorter telomeres [32].

Pure gonadal dysgenesis is more common in girls 
with NBS because nibrin is involved in the proper 
development of the ovaries. Several cases of ovarian 
cancer have been described in this group of patients, 
including concurrent ovarian germ cell tumors — dys-
germinoma and gonadoblastoma [33]. Accurate but 
minimally invasive gynecological diagnostics is rec-
ommended in girls with NBS. It includes palpation, 
pelvic ultrasound, and basic hormonal tests [34]. 
Prophylactic gonadectomy is not recommended, but 
if a patient already has a tumor in one gonad, early 
ovariectomy of the remaining dysfunctional gonad 
should be considered to avoid tumor recurrence [35]. 
We also described a case of a 62-year-old NBS car-
rier with a heterozygous mutation in RAD50, which 
plays a key role in the recognition of double-stranded  
DNA lesions and repair by joining non-homologous DNA  
ends (NHEJ). The patient initially developed serous 
ovarian cancer and was treated with surgery and adju-
vant chemotherapy based on paclitaxel and carboplatin. 
After a few months, she developed numerous nodules 
that turned into cauliflower-like masses up to 6 cm in 
diameter. The examination showed that these were 
ovarian cancer metastases [36].

Discussion

Cancer therapy in NBS patients is particularly dif-
ficult due to mutations in the nibrin gene and impaired 
DNA repair capacity, as well as cellular (T and B cell 
deficiency) and humoral (IgA and IgG) deficiency 
[37]. Moreover, hypersensitivity to ionizing radia-
tion and chemotherapy excludes radiotherapy from 
the treatment regimen and requires a reduction in doses 
of standard chemotherapy drugs [37]. Magnetic reso-
nance imaging (MRI) and ultrasonography (USG) are 
the recommended imaging modalities for patients with 
NBS to reduce exposure to X-rays used in computed 
tomography and traditional X-rays. Care of patients 
affected by this syndrome requires a multidisciplinary 
approach and regular diagnostic tests to quickly detect 
a potentially ongoing cancer process and initiate treat-
ment based primarily on surgical resection of the tumor 
and/or chemotherapy in lower-than-standard doses.

The cause of treatment-related deaths in NBS pa-
tients is mainly sepsis, but deaths from anthracycline-in-
duced cardiomyopathy [38] have also been reported. In 
the case of lymphatic system cancers, the most common 
type of cancer in the population of NBS patients, the use 
of hematopoietic stem cell transplantation (HSCT) 
seems promising. In five of six patients, HSCT restored 
T-cell immunity. After a follow-up period of 2.2 years, 
the patients were in good condition. Experiential data 
suggest that HSCT should be considered in NBS patients 
because this form of therapy may correct immune defi-
ciencies and effectively treat cancer [39].

The authors of studies on NBS draw attention to 
methodological problems related to its specificity. One of 
the key problems affecting the current state of knowledge 
about this disease is the rarity of its occurrence, which 
translates into relatively small study groups and, there-
fore, limits the universality of the conclusions drawn in 
research. A related issue is the short follow-up period of 
these patients, resulting from the late discovery of the dis-
ease (the first case was described in 1981) and the rela-
tive newness of research and therapeutic methods to 
diagnose, treat, and monitor NBS patients. To this day, 
the molecular basis and pathophysiological mechanisms 
of NBS have not been fully understood and remain of 
interest to specialists in biochemistry, molecular biol-
ogy, genetics, oncology, and pediatrics. An additional 
difficulty is the sociological and political turmoil related 
to political changes in the Czech Republic, Slovakia, 
and Poland in the 1980s and 1990s — i.e., in the countries 
where the highest incidence of NBS is recorded‚ conse-
quentially the awareness about NBS and patient longi-
tudinal management may not have been as well-known 
as it should be. 
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Conclusions

Current medical efforts related to patients with NBS 
are aimed primarily at alleviating symptoms and sup-
porting psychomotor development. However, scientific 
activity to develop diagnostic guidelines and modify 
treatment protocols to take into account the specific 
needs of NBS patients is equally important. Databases 
collecting information on registered NBS cases should 
be consistently expanded, and therapeutic strategies 
based on analysis of praxis and the latest treatment 
methods should be improved. Moreover, it is extremely 
important to carefully monitor and document the course 
of the disease in individual cases, as well as to record 
the positive and negative effects of the treatment. Due 
to the significant radio- and chemosensitivity associated 
with NBS, it is also particularly important to moni-
tor possible complications of both the disease and its 
therapy, taking into account their nature, severity, re-
versibility, and impact on the prognosis.

Article Information and Declarations

Author contributions
All the authors present the same contribution to the ar-
ticle.

Funding
None.

Acknowledgments
None.

Conflict of interest
The authors declare no conflict of interest.

Supplementary material
None.

References

1.	 The I. Nijmegen breakage syndrome. The International Nijmegen Bre-
akage Syndrome Study Group. Arch Dis Child. 2000; 82(5): 400–406, 
doi: 10.1136/adc.82.5.400, indexed in Pubmed: 10799436.

2.	 Pincheira J, Bravo M, Santos MJ. G2 repair in Nijmegen breakage 
syndrome: G2 duration and effect of caffeine and cycloheximide in 
control and X-ray irradiated lymphocytes. Clin Genet. 1998; 53(4): 
262–267, doi: 10.1111/j.1399-0004.1998.tb02693.x, indexed in Pub-
med: 9650762.

3.	 Chrzanowska KH, Kleijer WJ, Krajewska-Walasek M, et al. Eleven 
Polish patients with microcephaly, immunodeficiency, and chromoso-
mal instability: the Nijmegen breakage syndrome. Am J Med Genet. 
1995; 57(3): 462–471, doi:  10.1002/ajmg.1320570321, indexed in 
Pubmed: 7545870.

4.	 Chrzanowska KH, Stumm M, Bekiesiska-Figatowska M, et al. Atypical 
clinical picture of the Nijmegen breakage syndrome associated with 
developmental abnormalities of the brain. J Med Genet. 2001; 38(1): 
E3, doi: 10.1136/jmg.38.1.e3, indexed in Pubmed: 11134242.

5.	 Demuth I, Digweed M. The clinical manifestation of a defective 
response to DNA double-strand breaks as exemplified by Nijme-
gen breakage syndrome. Oncogene. 2007; 26(56): 7792–7798, 
doi: 10.1038/sj.onc.1210876, indexed in Pubmed: 18066092.

6.	 Seemanová E, Passarge E, Beneskova D, et al. Familial microcephaly 
with normal intelligence, immunodeficiency, and risk for lymphoreticular 
malignancies: a new autosomal recessive disorder. Am J Med Genet. 
1985; 20(4): 639–648, doi:  10.1002/ajmg.1320200410, indexed in 
Pubmed: 3857858.

7.	 Varon R, Vissinga C, Platzer M, et al. Nibrin, a novel DNA double-strand 
break repair protein, is mutated in Nijmegen breakage syndrome. Cell. 
1998; 93(3): 467–476, doi: 10.1016/s0092-8674(00)81174-5, indexed 
in Pubmed: 9590180.

8.	 Hustinx TW, Scheres JM, Weemaes CM, et al. Karyotype instability 
with multiple 7/14 and 7/7 rearrangements. Hum Genet. 1979; 49(2): 
199–208, doi: 10.1007/BF00277643, indexed in Pubmed: 468251.

9.	 Taalman RD, Hustinx TW, Weemaes CM, et al. Further delineation of the 
Nijmegen breakage syndrome. Am J Med Genet. 1989; 32(3): 425–431, 
doi: 10.1002/ajmg.1320320332, indexed in Pubmed: 2786340.

10.	 Wegner RD, Metzger M, Hanefeld F, et al. A new chromosomal instabi-
lity disorder confirmed by complementation studies. Clin Genet. 1988; 
33(1): 20–32, indexed in Pubmed: 3277755.

11.	 Boyarchuk O, Kostyuchenko L, Akopyan H, et al. Nijmegen breakage 
syndrome: 25-year experience of diagnosis and treatment in Ukraine. 
Front Immunol. 2024; 15: 1428724, doi: 10.3389/fimmu.2024.1428724, 
indexed in Pubmed: 39007137.

12.	 Kondratenko I, Paschenko O, Polyakov A, et al. Nijmegen breakage 
syndrome. Adv Exp Med Biol. 2007; 601: 61–67, doi: 10.1007/978-0-
387-72005-0_6, indexed in Pubmed: 17712992.

13.	 Varon R, Seemanova E, Chrzanowska K, et al. Clinical ascertainment 
of Nijmegen breakage syndrome (NBS) and prevalence of the major 
mutation, 657del5, in three Slav populations. Eur J Hum Genet. 
2000; 8(11): 900–902, doi:  10.1038/sj.ejhg.5200554, indexed in 
Pubmed: 11093281.

14.	 Maurer MH, Hoffmann K, Sperling K, et al. High prevalence of the 
NBN gene mutation c.657-661del5 in Southeast Germany. J Appl 
Genet. 2010; 51(2): 211–214, doi: 10.1007/BF03195730, indexed in 
Pubmed: 20453309.

15.	 Taylor AM, Rothblum-Oviatt C, Ellis NA, et al. Chromosome instability 
syndromes. Nat Rev Dis Primers. 2019; 5(1): 64, doi: 10.1038/s41572-
019-0113-0, indexed in Pubmed: 31537806.

16.	 Rahman S, Canny MD, Buschmann TA, et al. A Survey of Reported 
Disease-Related Mutations in the MRE11-RAD50-NBS1 Complex. 
Cells. 2020; 9(7), doi:  10.3390/cells9071678, indexed in Pub-
med: 32668560.

17.	 Chrzanowska KH, Gregorek H, Dembowska-Bagińska B, et al. Nij-
megen breakage syndrome (NBS). Orphanet J Rare Dis. 2012; 7: 13, 
doi: 10.1186/1750-1172-7-13, indexed in Pubmed: 22373003.

18.	 Sharapova SO, Pashchenko OE, Bondarenko AV, et al. Geographical 
Distribution, Incidence, Malignancies, and Outcome of 136 Eastern Sla-
vic Patients With Nijmegen Breakage Syndrome and Founder Variant 
c.657_661del5. Front Immunol. 2020; 11: 602482, doi: 10.3389/fim-
mu.2020.602482, indexed in Pubmed: 33488600.

19.	 Wolska-Kuśnierz B, Gregorek H, Chrzanowska K, et al. Inborn Errors 
Working Party of the Society for European Blood and Marrow Transplan-
tation and the European Society for Immune Deficiencies. Nijmegen 
Breakage Syndrome: Clinical and Immunological Features, Long-Term 
Outcome and Treatment Options - a Retrospective Analysis. J Clin 
Immunol. 2015; 35(6): 538–549, doi:  10.1007/s10875-015-0186-9, 
indexed in Pubmed: 26271390.

20.	 Bienemann K, Burkhardt B, Modlich S, et al. Promising therapy results 
for lymphoid malignancies in children with chromosomal breakage 
syndromes (Ataxia teleangiectasia or Nijmegen-breakage syndro-
me): a retrospective survey. Br J Haematol. 2011; 155(4): 468–476, 
doi: 10.1111/j.1365-2141.2011.08863.x, indexed in Pubmed: 21923652.

21.	 Krüger L, Demuth I, Neitzel H, et al. Cancer incidence in Nijmegen bre-
akage syndrome is modulated by the amount of a variant NBS protein. 
Carcinogenesis. 2007; 28(1): 107–111, doi: 10.1093/carcin/bgl126, 
indexed in Pubmed: 16840438.

22.	 Gładkowska-Dura M, Dzierzanowska-Fangrat K, Dura WT, et al. Unique 
morphological spectrum of lymphomas in Nijmegen breakage syn-
drome (NBS) patients with high frequency of consecutive lymphoma 
formation. J Pathol. 2008; 216(3): 337–344, doi: 10.1002/path.2418, 
indexed in Pubmed: 18788073.

23.	 Distel L, Neubauer S, Varon R, et al. Fatal toxicity following radio- and 
chemotherapy of medulloblastoma in a child with unrecognized Nij-
megen breakage syndrome. Med Pediatr Oncol. 2003; 41(1): 44–48, 
doi: 10.1002/mpo.10275, indexed in Pubmed: 12764742.

http://dx.doi.org/10.1136/adc.82.5.400
https://www.ncbi.nlm.nih.gov/pubmed/10799436
http://dx.doi.org/10.1111/j.1399-0004.1998.tb02693.x
https://www.ncbi.nlm.nih.gov/pubmed/9650762
http://dx.doi.org/10.1002/ajmg.1320570321
https://www.ncbi.nlm.nih.gov/pubmed/7545870
http://dx.doi.org/10.1136/jmg.38.1.e3
https://www.ncbi.nlm.nih.gov/pubmed/11134242
http://dx.doi.org/10.1038/sj.onc.1210876
https://www.ncbi.nlm.nih.gov/pubmed/18066092
http://dx.doi.org/10.1002/ajmg.1320200410
https://www.ncbi.nlm.nih.gov/pubmed/3857858
http://dx.doi.org/10.1016/s0092-8674(00)81174-5
https://www.ncbi.nlm.nih.gov/pubmed/9590180
http://dx.doi.org/10.1007/BF00277643
https://www.ncbi.nlm.nih.gov/pubmed/468251
http://dx.doi.org/10.1002/ajmg.1320320332
https://www.ncbi.nlm.nih.gov/pubmed/2786340
https://www.ncbi.nlm.nih.gov/pubmed/3277755
http://dx.doi.org/10.3389/fimmu.2024.1428724
https://www.ncbi.nlm.nih.gov/pubmed/39007137
http://dx.doi.org/10.1007/978-0-387-72005-0_6
http://dx.doi.org/10.1007/978-0-387-72005-0_6
https://www.ncbi.nlm.nih.gov/pubmed/17712992
http://dx.doi.org/10.1038/sj.ejhg.5200554
https://www.ncbi.nlm.nih.gov/pubmed/11093281
http://dx.doi.org/10.1007/BF03195730
https://www.ncbi.nlm.nih.gov/pubmed/20453309
http://dx.doi.org/10.1038/s41572-019-0113-0
http://dx.doi.org/10.1038/s41572-019-0113-0
https://www.ncbi.nlm.nih.gov/pubmed/31537806
http://dx.doi.org/10.3390/cells9071678
https://www.ncbi.nlm.nih.gov/pubmed/32668560
http://dx.doi.org/10.1186/1750-1172-7-13
https://www.ncbi.nlm.nih.gov/pubmed/22373003
http://dx.doi.org/10.3389/fimmu.2020.602482
http://dx.doi.org/10.3389/fimmu.2020.602482
https://www.ncbi.nlm.nih.gov/pubmed/33488600
http://dx.doi.org/10.1007/s10875-015-0186-9
https://www.ncbi.nlm.nih.gov/pubmed/26271390
http://dx.doi.org/10.1111/j.1365-2141.2011.08863.x
https://www.ncbi.nlm.nih.gov/pubmed/21923652
http://dx.doi.org/10.1093/carcin/bgl126
https://www.ncbi.nlm.nih.gov/pubmed/16840438
http://dx.doi.org/10.1002/path.2418
https://www.ncbi.nlm.nih.gov/pubmed/18788073
http://dx.doi.org/10.1002/mpo.10275
https://www.ncbi.nlm.nih.gov/pubmed/12764742


6

ONCOLOGY IN CLINICAL PRACTICE

24.	 Pastorczak A, Szmyd B, Braun M, et al. Clinical and laboratory di-
versity of diffuse large B-cell lymphomas in children with Nijmegen 
breakage syndrome. Haematologica. 2023; 108(10): 2808–2813, 
doi: 10.3324/haematol.2022.282325, indexed in Pubmed: 37021541.

25.	 Batiuk E, Bassett M, Hakar M, et al. A rare case of primary gastric 
Hodgkin lymphoma in an adolescent with Nijmegen breakage syndro-
me. BMC Pediatr. 2023; 23(1): 189, doi: 10.1186/s12887-023-03929-y, 
indexed in Pubmed: 37085783.

26.	 Bakhshi S, Cerosaletti KM, Concannon P, et al. Medulloblastoma with 
adverse reaction to radiation therapy in nijmegen breakage syndrome. J 
Pediatr Hematol Oncol. 2003; 25(3): 248–251, doi: 10.1097/00043426-
200303000-00013, indexed in Pubmed: 12621246.

27.	 Bartl M, Gomez Casanovas JG, Loftis CE, et al. A Case of Hemorrhagic 
Myositis Associated With Prophylactic Heparin Use in Dermatomyosi-
tis. Cureus. 2023; 15(5): e39540, doi: 10.7759/cureus.39540, indexed 
in Pubmed: 37366458.

28.	 Ciara E, Piekutowska-Abramczuk D, Popowska E, et al. Heterozygous 
germ-line mutations in the NBN gene predispose to medulloblasto-
ma in pediatric patients. Acta Neuropathol. 2010; 119(3): 325–334, 
doi: 10.1007/s00401-009-0608-y, indexed in Pubmed: 19908051.

29.	 Meyer S, Kingston H, Taylor AM, et al. Rhabdomyosarcoma in Nij-
megen breakage syndrome: strong association with perianal primary 
site. Cancer Genet Cytogenet. 2004; 154(2): 169–174, doi: 10.1016/j.
cancergencyto.2004.02.022, indexed in Pubmed: 15474156.

30.	 Tekin M, Doğu F, Taçyíldiz N, et al. 657del5 mutation in the NBS1 gene 
is associated with Nijmegen breakage syndrome in a Turkish family. Clin 
Genet. 2002; 62(1): 84–88, doi: 10.1034/j.1399-0004.2002.620112.x, 
indexed in Pubmed: 12123493.

31.	 Cybulski C, Górski B, Debniak T, et al. NBS1 is a prostate can-
cer susceptibility gene. Cancer Res. 2004; 64(4): 1215–1219, 
doi: 10.1158/0008-5472.can-03-2502, indexed in Pubmed: 14973119.

32.	 Habib R, Neitzel H, Ernst A, et al. Evidence for a pre-malignant cell line 
in a skin biopsy from a patient with Nijmegen breakage syndrome. Mol 
Cytogenet. 2018; 11: 17, doi: 10.1186/s13039-018-0364-6, indexed 
in Pubmed: 29445421.

33.	 Krawczyk MA, Styczewska M, Birkholz-Walerzak D, et al. Bilateral 
Ovarian Germ Cell Tumor in a 46,XX Female with Nijmegen Breaka-
ge Syndrome and Hypergonadotropic Hypogonadism. J Clin Res 
Pediatr Endocrinol. 2022; 14(2): 251–257, doi:  10.4274/jcrpe.gale-
nos.2021.2021.0151, indexed in Pubmed: 34544220.

34.	 Chrzanowska KH, Szarras-Czapnik M, Gajdulewicz M, et al. High 
prevalence of primary ovarian insufficiency in girls and young women 
with Nijmegen breakage syndrome: evidence from a longitudinal study. 
J Clin Endocrinol Metab. 2010; 95(7): 3133–3140, doi: 10.1210/jc.2009-
2628, indexed in Pubmed: 20444919.

35.	 Huang He, Wang CQ, Tian QJ. Clinical features and management of 
33 patients with 46,XX pure gonadal dysgenesis. Gynecol Endocrinol. 
2016; 32(12): 995–998, doi: 10.1080/09513590.2016.1190820, indexed 
in Pubmed: 27250571.

36.	 Chen C, Yingyao O, Yan X, et al. Metastasis of ovarian cancer to 
nasal skin and skin on the trunk: a rare case report. Front Oncol. 
2023; 13: 1266820, doi:  10.3389/fonc.2023.1266820, indexed in 
Pubmed: 37920167.

37.	 Hasbaoui BEl, Elyajouri A, Abilkassem R, et al. Nijmegen breakage syn-
drome: case report and review of literature. Pan Afr Med J. 2020; 35: 85, 
doi: 10.11604/pamj.2020.35.85.14746, indexed in Pubmed: 32537088.

38.	 Albert MH, Gennery AR, Greil J, et al. Successful SCT for Nijmegen 
breakage syndrome. Bone Marrow Transplant. 2010; 45(4): 622–626, 
doi: 10.1038/bmt.2009.207, indexed in Pubmed: 19684627.

39.	 Barth E, Demori E, Pecile V, et al. Anthracyclines in Nijmegen 
breakage syndrome. Med Pediatr Oncol. 2003; 40(2): 122–124, 
doi: 10.1002/mpo.10079, indexed in Pubmed: 12461799.

http://dx.doi.org/10.3324/haematol.2022.282325
https://www.ncbi.nlm.nih.gov/pubmed/37021541
http://dx.doi.org/10.1186/s12887-023-03929-y
https://www.ncbi.nlm.nih.gov/pubmed/37085783
http://dx.doi.org/10.1097/00043426-200303000-00013
http://dx.doi.org/10.1097/00043426-200303000-00013
https://www.ncbi.nlm.nih.gov/pubmed/12621246
http://dx.doi.org/10.7759/cureus.39540
https://www.ncbi.nlm.nih.gov/pubmed/37366458
http://dx.doi.org/10.1007/s00401-009-0608-y
https://www.ncbi.nlm.nih.gov/pubmed/19908051
http://dx.doi.org/10.1016/j.cancergencyto.2004.02.022
http://dx.doi.org/10.1016/j.cancergencyto.2004.02.022
https://www.ncbi.nlm.nih.gov/pubmed/15474156
http://dx.doi.org/10.1034/j.1399-0004.2002.620112.x
https://www.ncbi.nlm.nih.gov/pubmed/12123493
http://dx.doi.org/10.1158/0008-5472.can-03-2502
https://www.ncbi.nlm.nih.gov/pubmed/14973119
http://dx.doi.org/10.1186/s13039-018-0364-6
https://www.ncbi.nlm.nih.gov/pubmed/29445421
http://dx.doi.org/10.4274/jcrpe.galenos.2021.2021.0151
http://dx.doi.org/10.4274/jcrpe.galenos.2021.2021.0151
https://www.ncbi.nlm.nih.gov/pubmed/34544220
http://dx.doi.org/10.1210/jc.2009-2628
http://dx.doi.org/10.1210/jc.2009-2628
https://www.ncbi.nlm.nih.gov/pubmed/20444919
http://dx.doi.org/10.1080/09513590.2016.1190820
https://www.ncbi.nlm.nih.gov/pubmed/27250571
http://dx.doi.org/10.3389/fonc.2023.1266820
https://www.ncbi.nlm.nih.gov/pubmed/37920167
http://dx.doi.org/10.11604/pamj.2020.35.85.14746
https://www.ncbi.nlm.nih.gov/pubmed/32537088
http://dx.doi.org/10.1038/bmt.2009.207
https://www.ncbi.nlm.nih.gov/pubmed/19684627
http://dx.doi.org/10.1002/mpo.10079
https://www.ncbi.nlm.nih.gov/pubmed/12461799

