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Abstract. Primary immunodeficiencies (PIDs) are genetic

disorders that predispose to frequent and severe infections,
autoimmunity and cancer. The expanded life span of such
patients increases the overall risk for developing cancer,
which is now estimated at 4-25% . The type of malignancy
depends on the primary immunodeficiency, the age of the
patient and possible viral infection, suggesting that different
pathogenetic mechanisms are implicated in each case. NonHodgkin’s lymphomas predominate, accounting for 60% of
cases. The PIDs known to be associated with increased
incidence of malignancy are: common variable
immunodeficiency, IgA deficiency and DNA repair disorders.
During recent years other types have also been included,
such as severe combined immunodeficiency (SCID) and
Wiskott Aldrich syndrome (WAS).

Immunodeficiencies are genetic or acquired diseases that
predispose to frequent and severe infections, autoimmunity and
cancer. Patients with immunodeficiencies have an increased
risk of developing malignancy due to a defective immunity
towards cancer cells. Some types of immunodeficiencies,
however, especially those with defective cellular immunity,
predispose more frequently to cancer. The expanded life span
of patients with primary and secondary immunodeficiency, due
to recent therapeutic procedures and supportive care, has been
connected with an increased risk for malignancies.
The incidence of primary immunodeficiencies (PIDs) is
1:10.000 births. Secondary immunodeficiencies are
associated with infection with human T-cell lymphotropic
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transplantation immune dysfunction and although they are
the most frequent, they are not addressed in this review.

Risk and Type of Malignancy
in Primary Immunodeficiencies

The overall risk for children with congenital
immunodeficiency of developing malignancy is estimated at
4-25% (1). The type of malignancy is highly dependent on
the primary immunodeficiency, the age of the patient and
probably viral infection, suggesting that different
pathogenetic mechanisms are implicated in each case (1).
Non-Hodgkin’s lymphomas predominate, accounting for
60% of cases (1). However, in only a few of them have
distinctive features been described using current diagnostic
approaches (2). Prognostic factors are not well known as yet.
There are only a few studies in the literature regarding the
incidence of malignancy in primary immunodeficiencies, the
histopathological types and prognosis. Filipovich et al. have
reported the results of their research on tumours in the
Immunodeficiency Cancer Registry (3). The median age of
diagnosis was 7.1 years with a male predominance, due to an
increased frequency of X-linked disorders. Diseases more often
associated
with
cancer
were
common
variable
immunodeficiency (CVID), Wiskott Aldrich syndrome (WAS),
ataxia-telangiectasia
(AT)
and
severe
combined
immunodeficiency (SCID). Canioni et al. performed an
interesting study from 1981-1997 among 18 children with
primary immunodeficiency that developed lymphoproliferative
disease (2). The patients were diagnosed as having AT,
X-linked lymphoproliferative disease, combined immunodeficiency, CVID and hyper-IgM syndrome. The
immunological status of the patients, as indicated by low
T-cell numbers (<1000/mm3) and poor to absent lymphocyte
proliferative response to mitogens, was investigated in 33%
and 47% , respectively. The morphological, immunochemical
and molecular findings were classified as classical lymphoma,
while the others were more morphologically heterogeneous.
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The authors reported that the lymphomas developed usually
in extranodal sites and were more frequently of the diffuse
large-B cell type. The most important finding of this study
was that the overall morbidity was well correlated with low
T-cell number and dysfunction, rather than the type of
immunodeficiency, histological classification or gene
rearrangements. A third study by Frissera et al. presented
the type of malignancy that developed in 35 patients with
PIDs. Non-Hodgkin’s lymphomas (60% ), Hodgkin’s
disease (23% ) and leukaemia (6% ) were the most frequent
lymphoproliferative diseases (4). The important point
shared with the previous reports is that, although there were
some differences between immunodeficiency-associated
lymphoproliferative disorders, they had several common
features: a tendency to present in extranodal sites,
especially the central nervous system and gastrointestinal
tract, rapid clinical progression when untreated, a
polymorphic cell population, diffuse large cell histology, Bcell origin and association with Epstein Barr infection (5).

Possible Mechanisms of Developing
Malignancy in Patients with PIDs

The immunological response to the development of tumour
cells is based on the activity of cytotoxic cells, mainly
natural killer (NK) cells and cytotoxic cluster CD8 cells. In
addition, helper CD4 cells and chemokines, such as
interleukin 2, interleukin 12 and interferons activate
macrophages and protect against malignancy.
Chronic antigenic stimulation in a host with impaired
immunological response was thought to be the main cause
of cancer (5).
Infection induced carcinomas include some of the
commonest malignancies, accounting for over 20% of the
total. Epstein Barr virus (EBV) appears to be an important
co-factor for the development of disease and can affect the
host, either primarily or by reactivation, during an
immunocompromised state (1). EBV infection results in
polyclonal activation and proliferation of B-cells.
Immunity to this virus is mainly controlled by specific
MHC (major histocompatibility complex)-restricted
cytotoxic cells and to a lesser degree by humoral
responses, antibody dependent cellular toxicity, natural
killer activity and cytokines. When the above mechanisms
are defective, EBV-B cells can resume and continue
unfavorable proliferation (5). Oncogenic DNA viruses,
such as papoviruses, herpesviruses, adenoviruses and
retroviruses, lead to the transduction of copies of the viral
genome into cellular genes that could activate protooncogenes, inactivate tumour suppressor cells or stimulate
growth factors causing transformation of the infected cell
(1). It seems, however, that immunoregulation,
imbalanced cytokine production and genetic defects,
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resulting in imprecise or ineffective rearrangememnt of
immunoglobulin and T-cell receptor genes during
lymphopoiesis, influence cancer development.

Primary Immunodeficiencies
Associated with Cancer

The PIDs, known to be associated with the increased
incidence of malignancy are CVID, IgA deficiency and DNA
repair disorders. During recent years, patients with SCID and
WAS have also been included and the above list has been
further expanded. In most PIDs when the molecular defect
is known, the molecular mechanism leading to malignancy
can be determined.

Cancer in patients with impaired humoral immunity. Table І
summarizes the malignancies reported in the literature in
patients with humoral immunity defects. CVID is a
heterogeneous group of disorders caused by an intrinsic
defect of B-cells or B/T-cell coordination. The incidence of
cancer has been estimated to be 2.5% , when the onset is
before the age 16 years and 8.5% when it is later.
Non-Hodgkin’s lymphomas were described in 50% and
epithelial tumours, including carcinomas of the stomach,
breast, bladder and cervix, in 39% of cases (1). Lymphomas
are more often of the B-cell type and of extranodal location
(1). Recently, in patients with CVID, a low grade
malignancy was described, arising from mucosal
lymphohyperplasia due to chronic inflammatory or
autoimmune stimulation of the lungs and gastrointestinal
tract, classified as mucosa-associated lymphoid tissuelymphomas (MALT) (6). Twenty per cent of patients with
CVID and a history of diffuse parenchymal lung disease
exhibited a nearly 30% increased risk of developing B-cell
lymphoproliferative disease, especially non-Hodgkin’s
lymphoma, possibly due to human herpesvirus type 8
infection (7).
The molecular defect in patients with CVID is variable and
in most cases is not determined. Recently, it has been shown
that homozygous loss of the inducible co-stimulator (ICOS)
on activated T-cells may result in an adult onset form, in 5% of
cases of CVID. Patients present with hypogammaglobulinaemia and defective secondary responses. Murine models
have demonstrated an insufficient generation of germinal
centres in the absence of ICOS. Carcinoma of the vulva has
been described in one patient with ICOS deficiency (8).
An additional 5-10% of cases with CVID carry at least
one mutation in the tumor necrosis factor receptor
superfamily (TNFRSF13B) gene. One patient with
monoallelic mutation in this gene developed tonsillar
carcinoma of epithelial origin and died. More data from
murine and human TNFRSF13B are needed, however, to
show any possible predisposition to malignancy (9).
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Table І. Malignancies reported in the literature in patients with humoral defects.
PID

Frequency

CVID*

2.5-8.5 %

X-linked agammaglobulinaemia
IgA and IgG subclass deficiency

6%
Rare

Malignancy

Non-Hodgkin’s lymphoma (50% )
Epithelial tumours (carcinomas of stomach, breast, bladder,cervix) (39% )
Carcinoma of the vulva (ICOS** deficiency)
Tonsillar carcinoma of epithelial origin (TNFRSF13B***)
Lymphoproliferative disorders, gastric adenocarcinoma, colorectal cancer
Hodgkin’s disease

CVID*: common variable immunodeficiency, ICOS**: inducible co-stimulator, TNFRSF13B***:Tumour Necrosis Factor Receptor Superfamily.
Table II. Malignancies reported in the literature in patients with cellular defects.

PID

Frequency

SCID*

1.5%

X-linked lymphoproliferative disease

Autoimmune lymphoproliferative syndrome (ALPS)
Wiskott-Aldrich syndrome

Chromosome 22q11 deletion syndromes
Hyper-IgM syndromes

30%
13%

Malignancy

Non-Hodgkin’s lymphoma, Hodgkin’s disease, Leukaemia
Multiple renal and pulmonary leiomyomata
EBV**-associated lymphoma (Artemis)
Burkitt lymphoma (ADA deficiency treated with PEG-ADA***)
Hodgkin’s B cell lymphoma, non-Hodgkin lymphomas
in the intestinal region
Hodgkin’s and non-Hodgkin’s lymphoma
Diffuse large B-cell lymphomas, non-Hodgkin’s lymphoma of larynx,
leukaemia, cerebellar astrocytoma, Kaposi sarcoma, smooth muscle tumours
B-cell lymphomas, hepatoblastoma, renal cell carcinoma, neuroblastoma
Carcinomas of liver, pancreas, biliary tract

SCID*: severe combined immunodeficiency, EBV**: Epstein Barr Virus, PEG-ADA***: polyethylene glycol-adenosine deaminase.
Table Ш. Malignancies reported in the literature in patients with DNA repair defects.
Type

ATM*
ATM heterozygous
Nijmegen breakage syndrome
Fanconi anemia

Artemis
DNA ligase IV defect
Xeroderma pigmentosum, cartilage
hair hypoplasia

ATM*: ataxia telangiectasia mutated.

Frequency
33%
3.8%
rare
26%
13%
rare
rare

Malignancy

Lymphoid leukemias, lymphomas, epithelial tumours
Breast and gastrointestinal cancer
Brain tumors, lymphomas, leukemia
Acute myeloid leukaemia(10% ) MDS (10% ),
squamous cell carcinomas (6% )
Lymphoma
T-cell acute lymphoblastic leukemia, non-Hodgkin’s lymphoma

Basal cell carcinomas

IgA deficiency, which is the commonest type of
immunodeficiency, is associated with a high frequency of
epithelial tumours, due to defective defence of the mucosa
against pathogens, especially of the respiratory and
gastrointestinal tract. In addition to immunological impairment,
other local conditions such as chronic atrophic gastritis or
pernicious anaemia, usually observed in these patients, may
play an important role in tumour development (1).

Other defects of humoral immunity, rarely associated with
malignancy, are X-linked agammaglobulinaemia (XLA) and
subclass deficiency. XLA has a risk of 6% for tumour
development mainly of lymphoproliferative disorders, gastric
adenocarcinoma and colorectal cancer (10, 11). Adenocarcinoma
develops in combination with local immunological impairment
and chronic gastritis. Rapidly progressive colorectal cancer is
diagnosed 30-times more frequently in patients with XLA and
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for this reason screening of these patients has been proposed
(11). In one study two patients with selected IgA and IgG
subclass deficiency without hypoglobulinaemia developed
Hodgkin’s disease (12).
A multi-centre retrospective study in patients with
antibody deficiency and lymphoproliferative disease revealed
that B-cell lymphoma is frequent in CVID and rare in
patients with agammaglobulinemia and isolated IgG subclass
deficiency (13).
Hyper-IgM syndromes. Hyper-IgM syndromes are caused by
mutations in the genes encoding for the CD40/CD40L
interaction pathway leading to defects in the switching of the
genes of immunoglobulins in different classes. Patients with
X-linked hyper-IgM syndrome suffer from chronic hepatitis
and cholecystitis due to defective clearance of cryptosporidia
that is a possible mechanism for the development of
carcinomas of the liver, pancreas, billiary tract and associated
neoectodermal endocrine cells (14). Expression of CD40 has
been detected in most B-cell neoplasias, such as Hodgkin’s
disease and Reed-Sternberg cells (15).

Cancer in patients with combined immunodeficiencies.
Patients with SCID soon die unless successful bone marrow
transplantation is performed. The incidence of developing
cancer is 1.5% before the age of 1 year, mainly nonHodkgin lymphoma, Hodgkin’s disease and leukaemia
(Table II). A defect in variable diversity and joining [V(D)J]
recombination leads to SCID, while a deregulation of this
process may participate in the onset of lymphoid malignancy,
since this mechanism is a critical checkpoint in the
development of both B and T lymphocytes (16). It has been
reported that a child transplanted for X-linked SCID
developed multiple renal and pulmonary leiomyomata 8
years after haploidentical transplantation (17). Also, a patient
with adenosine deaminase (ADA) deficiency and
replacement therapy with PEG-ADA developed Burkitt
lymphoma 13 years later (18).
All combined immunodeficiencies are more or less
associated with malignancy. X-linked lymphoproliferative
disease is a T-cell regulatory defect that leads to uncontrolled
B-cell proliferation after EBV infection. Thirty percent of
patients develop lymphoma of B-cell phenotype at a median
age of 4.9 years. Rarely, non-Hodgkin’s lymphomas occur in
the intestinal region (19).
Autoimmune lymphoproliferative syndrome (ALPS) is a
variable clinical condition manifesting as lymphoproliferative
disease, autoimmune cytopenia and susceptibility to
malignancy and is known to be due to defective apoptosis
(20). Mutations have been described in different genes of the
Fas mediated signalling pathway, Fas gene and caspases 8
and 10. Somatic Fas mutations have been found in multiple
myeloma. The patients have an increased risk of developing
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Hodgkin and non-Hodgkin’s lymphoma, underscoring the
critical role played by cell surface receptor-mediated
apoptosis in eliminating redundant proliferating lymphocytes
with autoreactive and oncogenic potential (21, 22).
WAS is a combined immunodeficiency characterized by
thrombopenia from infancy, eczema and progressive
immunodeficiency. A function of the WAS protein is to link
signalling pathways to actin cytoskeleton reorganization which
is involved in the establishment of immunological synapses
between T lymphocytes and antigen presenting cells, as well
as between cytotoxic T and natural killer cells and their targets.
NK-cell cytotoxicity, chemotaxis and chemokinesis are also
impaired (23). An abnormal response of lymphocytes to EBV
infection and reduced surface expression and aberrant
proteolysis of CD23 in patients with WAS has also been
described (24). Approximately 13% of individuals with WAS
developed malignancy, which was the second reason of
morbidity, mainly diffuse large B-cell lymphomas, that were
extranodal and frequently involved the brain (24). These
patients may also have a variety of malignancies including nonHodgkin’s lymphoma of the larynx (25), leukaemia, cerebellar
astrocytoma, Kaposi sarcoma (26, 27) or rarely smooth muscle
tumours (24). WAS-associated malignancies have a poor
prognosis, as illustrated by the fact that only 1 of the 21
patients was alive for more than 2 years after diagnosis (24).
Chromosome 22q11 deletion syndromes are associated
with a wide variety of phenotypic abnormalities including a
variable degree of immunodeficiency. Patients with severely
impaired T-cell function are few (5-10% ) and need thymus
transplantation. However, there are also reports of
developing, usually B-cell lymphomas induced by Epstein
Barr virus (28). Hepatoblastoma and renal cell carcinoma,
as well as neuroblastoma, have also been reported (29).
The ICF syndrome (immunodeficiency, centromeric
instability and facial anomalies) is a recessive disease
affecting humoral immunity and causing DNA
rearrangements targeted to the centromere-adjacent
heterochromatin region of chromosomes 1 and 16 (30).

Cancer in patients with DNA repair defects. DNA doublestrand breaks, arising after ionizing radiation, are a serious
form of DNA damage, potentially leading to replication errors,
loss or rearrangement of genomic material and eventually cell
death or carcinogenesis. Syndromes well known to be
associated with cancer are those caused by DNA repair defects,
including AT, Bloom syndrome, Fanconi anaemia, Nijmegen
syndrome, Cartilage Hair Hypoplasia and other rare diseases
(Table Ш). These defects are associated with an increased risk
for malignancy, mainly the B-cell non-Hodgkin’s lymphomas.
Hodgkin’s, Burkitt and non-Hodgin’s lymphohyperplasia B- or
T- cell type have also been reported (31).
AT is a rare neurodegenerative disease. The defective
Ataxia-telangiectasia mutated protein (ATM protein) is the
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central component of the signal-transduction pathway
responding to double-strand breaks. Increased incidence of
cancer is observed in one third of AT patients, mainly
lymphoid leukaemias and lymphomas, but there is also a
substantial risk of epithelial tumours later in life (32).
Carriers are estimated to be 0.5% -1% of the population and
have an increased risk of developing malignancy, especially
breast and gastrointestinal cancer. Loss of heterozygosity has
been found in 30-40% of breast cancer cases and defective
protein in 50-70% (33).
Nijmegen breakage syndrome, a disease of the same repair
pathway, is frequently associated with brain tumours,
lymphomas and leukaemia (34).
Similar clinical phenotypes in addition to microcephaly,
developmental delay and failure to thrive have been described
in patients with DNA ligase IV defect which also
demonstrates in non homologous recombination of DNA
double strands (31).
Fanconi anaemia is a hereditary disorder that includes
bone marrow failure, congenital abnormalities and cancer
predisposition, including acute myeloid leukaemia and
squamous cell carcinomas (35). The Fanconi anaemiaBreast Cancer Risk Assessment (BCRA) pathway is
frequently implicated in human cancer, such as breast cancer
and familiar ovarian cancer (36, 37).
Mutations of the Artemis gene cause SCID and Epstein
Barr positive lymphoma in 6% of patients (38). Xeroderma
pigmentosum is also associated with an increased risk of skin
cancer (39). Cartilage hair hypoplasia is an inherited
syndrome characterized by short stature, sparse hair and
immunodeficiency, frequently associated with malignancy
and increased risk of basal cell carcinomas (40).

Cancer in patients with defects of phagocytes. Defects of
phagocytes are infrequently associated with malignancy.
Congenital neutropenia is a heterogenous disorder that
includes Kostmann syndrome and predisposes to
myelodysplasia and acute myelogenous leukaemia
especially caused by mutations of neutrophil elastase,
granulocyte-colony stimulating factor (G-CSF), RAS and
monosomy of chromosome 7 (41). Interestingly, mutations
of neutrophil elastase have been identified experimentally
in several cell lines from metastases of human breast and
lung cancer (42).
Schwahmann syndrome is associated with an increased
incidence of acute myelogenous leukaemia (43). Several
malignancies have been observed in hyper-IgE syndromes
(Job syndrome), such as anaplastic large cell lymphoma,
peripheral T- cell lymphoma and pulmonary adenocarcinoma
(44, 45). Chronic granulomatous disease is caused by a
defect of the nicotinamide adenine dinucleotide phosphate
(NADPH)-oxidase pathway that results in defective killing
of intracellular pathogens phagocytosed by neutrophils. Only

one patient with chronic granulomatous disease who
developed acute lymphoblastic leukaemia has been reported
(46). WHIN syndrome, the acronym for warts,
hypoglobulinemia, immunodeficiency and myelokathexis, is
a congenital neutropenia syndrome. Two cases of B-cell
lymphoma following EBV infection have been reported (47).
Defects of lysosomal enzymes (Chediak-Higashi, Griscelli
and perforin disorders) are known to be associated with
haemophagocytic disease and an increased risk of leukaemia.

Therapeutic Process

The therapeutic process for patients with immunodeficiency
is not different from other patients with the same
malignancy. Short chemotherapeutic protocols, however,
are better and prophylaxis from bacteria and
pneumonocystii carinii is needed. Patients with combined
immunodeficiency can be cured with haematopoietic stem
cell transplantation. In most cases, the preparative
chemotherapy conditioning does not include radiation.
Engraftment can be accomplished in 70-90% of the cases
when an identical human leukocyte antigen (HLA) donor
is available. The risk for lymphoma, however, in the
transplanted patients is not well known (6).
The treatment of malignancy in patients with DNA repair
defects may be difficult, balancing the risk of adequate doses
of chemotherapy against toxicity. Radiomimetic agents or
treatment with cyclophosphamide, methotrexate, vincristine
and etoposide should be avoided.
It seems, however, that knowledge of the type of
malignancy developed in each patient is limited and most of
the reports are from the last decade, when both the lifespan
of these patients and the treatment have changed.
Furthermore, the most effective treatment is not as yet
known, but bone marrow transplantation with an identical
HLA donor has saved the lives of some patients (48).
Gene therapy is considered an alternative therapy to bone
marrow transplantation for the correction of single gene
defects. This curative treatment would avoid the side effects
of graft versus host disease (GVHD), allogeneic graft
rejection and toxicity of myeloablative drugs (49).
Nevertheless, the development of T-cell leukaemia, following
the otherwise successful treatment of patients with X-linked
severe combined immunodeficiency, has led to the reevaluation of this approach (50).

References

1 Mueller BU and Pizzo PA: Cancer in children with primary or
secondary immunodeficiencies. J Pediatr 126: 1-10, 1996.
2 Canioni D, Jabado N, MacIntyre E et al: Lymphoproliferative
disorders in children with primary immunodeficiencies:
immunological status may be more predictive of the outcome
than other criteria. Histopathology 38: 146-159, 2001.

1267

ANTICANCER RESEARCH 28: 1263-1270 (2008)

3 Filipovich AH, Mathur A, Kamat D et al: Primary
immunodeficiencies: genetic risk factors for lymphoma. Cancer
Res 52: 5465-5467, 1992.
4 Frizzera G, Rosai J, Dehner LP et al: Lymphoreticular disorders
in primary immunodeficiencies: new findings based on an upto-date histologic classification of 35 cases. Cancer 15: 692-699,
1980.
5 Rodriguez-Abreu D, Bordoni A and Zucca E: Epidemiology of
hematological malignancies. Ann Oncol 18: 3-8, 2007
6 Aghamohammadi A, Parvaneh N, Tirgari F et al: Lymphoma of
mucosal-associated lymphoid tissue in common variable
immunodeficiency. Pediatr Hematol Oncol 24: 337-342, 2007.
7 Wheat WH, Cool CD, Morimoto Y et al: Possible role of human
herpesvirus 8 in the lymphoproliferative disorders in common
variable immunodeficiency. J Exp Med 15: 479-484, 2005.
8 Cheng TY, Lin JT, Chen LT et al: Association of T-cell
regulatory gene polymorphisms with susceptibility to gastric
mucosa-associated lymphoid tissue lymphoma. J Clin Oncol 24:
3483-3489, 2005.
9 Rachid R, Castigli E, Geha RS and Bonilla FA: TACI mutation
in common variable immunodeficiency and IgA deficiency. Curr
Allergy Asthma Rep 6: 357-362, 2006.
10 Lavilla P, Gil A, Rodriguez MC et al: X-linked agammaglobulinemia and gastric carcinoma. Cancer 72: 1528-1531, 1993.
11 Van der Meer JW, Weening RS, Schellekens PT et al: Colorectal
cancer in patients with X-linked agammaglobulinemia. Lancet
341: 1439-1440, 1993.
12 Zenone T, Souquet J, Cunningham AM, Rudles C et al: Hodgin’s
disease associated with IgA and IgG subclass deficiency. J Inter
Med 240: 99-102, 1996.
13 Gompels MM, Hodges E, Lock RJ et al: Associated Study
Group. Lymphoproliferative disease in antibody deficiency: a
multi-centre study. Clin Exp Immunol 134: 314-320, 2003.
14 Hayward AR, Levy J, Facchetti F et al: Cholangiopathy and
tumors of the pancreas, liver, and biliary tree in boys with Xlinked immunodeficiency with hyper-IgM. J Immunol 158: 977983, 1997.
15 Gruss HJ, Herrmann F, Gattei V et al: CD40/CD40 ligand
interactions in normal, reactive and malignant lymphohematopoietic-tissues. Leuk Lymphoma 24: 393-422, 1997.
16 de Villartay JP: V(D)J recombination and DNA repair: lessons
from human immune deficiencies and other animal models. Curr
Opin Allergy Clin Immunol 2: 473-479, 2002.
17 Atluri S, Neville K, Davis M et al: Epstein-Barr-associated
leiomyomatosis and T-cell chimerism after haploidentical bone
marrow transplantation for severe combined immunodeficiency
disease. J Pediatr Hematol Oncol 29: 166-172, 2007.
18 Husain M, Grunebaum E, Naqvi A et al: Burkitt’s lymphoma in
a patient with adenosine deaminase deficiency-severe combined
immunodeficiency treated with polyethylene glycol-adenosine
deaminase. J Pediatr 151: 93-95, 2007.
19 Cohen JI: Benign and malignant Epstein-Barr virus-associated
B-cell lymphoproliferative diseases. Semin Hematol 40: 116123, 2003.
20 Rao VK and Strauss SE: Causes and consequences of the
autoimmune lymphoproliferative syndrome. Hematology 11: 1523, 2006.
21 Gronbaek K, Straten PT, Ralfkiaer E et al: Fas mutations in nonHodgkin’s lymphoma: association with extranodal disease and
autoimmunity. Blood 92: 3018-3024, 1998.

1268

22 Bertinger C, Bohler T, Schrappe M et al: The role of CD95
(APO-1/fas) mutations in lymphoproliferative and malignant
lymphatic diseases. Klin Pediatr 210: 153-158, 1998.
23 Notarangelo L and Ochs H: Wiskott Aldrich syndrome: a model
for defective actin reorganization, cell trafficking and synapse
formation. Cur Opin Immunol 15: 585-591, 1998.
24 Ochs HD and Thrasher AJ: The Wiskott-Aldrich syndrome. J
Allergy Clin Immunol 117: 725-738, 2006.
25 Palenzuela G, Bernard F, Gardiner Q et al: Malignant B cell
non-Hodgkin’s lymphoma of the larynx in children with Wiskott
Aldrich syndrome. Int J Pediatr Otorhinolaryngol 67: 989-993,
2003.
26 Picard C, Mellouli F, Duprez R et al: Kaposi’s sarcoma in a child
with Wiskott-Aldrich syndrome. Eur J Pediatr 165: 453-457,
2006.
27 Meropol NJ, Hicks D, Brooks JJ et al: Coincident Kaposi
sarcoma and T-cell lymphoma in a patient with the WiskottAldrich syndrome. Am J Hematol 40: 126-134, 1992.
28 Scattone A, Caruso G, Marzullo A et al: Neoplastic disease and
deletion 22q11.2: a multicentric study and report of two cases.
Pediatr Pathol Mol Med 22: 323-341, 2003.
29 Patrone PM, Chatten J and Weinberg P: Neuroblastoma and
DiGeorge anomaly. Pediatr Pathol 10: 425-430, 1990.
30 Ehrlich M: The ICF syndrome, a DNA methyltransferase 3B
deficiency and immunodeficiency disease. Clin Immunol 109:
17-28, 2003.
31 Gennery A: Primary immunodeficiency syndromes associated
with defective DNA double-strand break repair. Br Medical
Bulletin 77 & 78: 71-85, 2006.
32 Thomson D, Duedal S, Kirner J et al: Cancer risks and mortality
in heterozygous ATM mutation carriers. J Natl Cancer Inst 97:
813-822, 2005.
33 Umesako S, Fujisawa K, Liga S et al: ATM heterozygous
deficiency enhances development of mammary carcinomas in
p53 heterozygous knockout mice. Breast Cancer Res 7: 164-170,
2005.
34 Kondratenko I, Paschenko O, Polyakov A et al: Nijmegen
breakage syndrome. Adv Exp Med Biol 601: 61-67, 2007.
35 Mathew CG: Fanconi anaemia genes and susceptibility to cancer.
Oncogene 25: 5875-5884, 2006.
36 Patel KJ: Fanconi anemia and breast cancer susceptibility. Nat
Genet 39: 142-143, 2007.
37 Song H, Ramus SJ, Kjaer SK et al: Tagging single nucleotide
polymorphisms in the BRIP1 gene and susceptibility to breast
and ovarian cancer. PLoS ONE. 7, e268, 2007.
38 Moshous D, Callebaut I, de Chasseval R, Poinsignon C, Villey I,
Fischer A and de Villartay JP: The V(D)J recombination/DNA
repair factor artemis belongs to the metallo-beta-lactamase
family and constitutes a critical developmental checkpoint of the
lymphoid system. Ann NY Acad Sci 987: 150-157, 2003.
39 Friedberg EC and Wood RD: New insights into the combined
Cockayne/xeroderma pigmentosum complex: human XPG
protein can function in transcription factor stability. Mol Cell 26:
162-164, 2007.
40 Eisner JM and Russell M: Cartilage hair hypoplasia and multiple
basal cell carcinomas. J Am Acad Dermatol 54: 8-10, 2006.
41 Horwitz M, Li FQ, Albani D et al: Leukemia in severe
congenital neutropenia: defective proteolysis suggests new
pathways to malignancy and opportunities for therapy. Cancer
Invest 21: 579-587, 2003.

Salavoura et al: Cancer in Primary Immunodeficiencies (Review)
42 Sato T, Takahashi S, Mizumoto T et al: Neutrophil elastase and
cancer. Surg Oncol 15: 217-222, 2006.
43 Shimamura A: Shwachman-Diamond syndrome. Semin Hematol
43: 178-188, 2006.
44 Onal IK, Kurt M, Altundeg K et al: Peripheral T-cell lymphoma
and Job’s syndrome: a rare association. Med Oncol 23: 141-144,
2006.
45 Grimbacher B, Holland S and Puck J: Hyper-IgE syndromes.
Immunol Rev 203: 244-250, 2005.
46 Wolach B, Ash S, Gavrieri R et al: Acute lymphoblastic
leukemia in a patient with chronic granulomatous disease and a
novel mutation in CYBB: first report. Am J Hematol 80: 50-54,
2005.
47 Diaz G: CXCR4 mutations in WHIM syndrome: a misguided
immune system? Immunological Rev 203: 235-243, 2005.

48 García JM, Español T, Gurbindo MD, Casas CC: Update on the
treatment
of
primary
immunodeficiencies. Allergol
Immunopathol 35: 184-192, 2007.
49 Chinen J, Davis J, De Ravin SS et al: Gene therapy improves
immune function in preadolescents with X-linked severe
combined immunodeficiency. Blood 110: 67-73, 2007.
50 Thrasher AJ, Gaspar HB, Baum C et al: Gene therapy: X-SCID
transgene leukaemogenicity. Nature 443: 5-6, 2007.

Received November 26, 2007
Revised January 31, 2008
Accepted February 11, 2008

1269

