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Summary

Common variable immunodeficiency disorders (CVIDs) are the most fre-
quent symptomatic primary immunodeficiencies in adults. They comprise a
heterogeneous group of pathologies, with frequent non-infectious complica-
tions in addition to the bacterial infections that usually characterize their
presentation. Complications include a high risk of malignancy, especially
lymphoma and gastric cancer. Helicobacter pylori infection and pernicious
anaemia are risk predictors for gastric cancer in the general population and
probably in patients with CVIDs. Screening for gastric cancer in a high-risk
population appears to improve survival. Given the increased risk of gastric
cancer in patients with CVIDs and prompted by a case of advanced gastric
malignancy in a patient with a CVID and concomitant pernicious anaemia,
we performed a review of the literature for gastric cancer and conducted a
cohort study of gastric pathology in 116 patients with CVIDs under long-
term follow-up in Oxford. Regardless of the presence of pernicious anaemia
or H. pylori infection, patients with CVIDs have a 10-fold increased risk of
gastric cancer and are therefore a high-risk population. Although endoscopic
screening of all patients with CVIDs could be considered, a more selective
approach is appropriate and we propose a surveillance protocol that should
reduce modifiable risk factors such as H. pylori, in order to improve the
management of patients with CVIDs at risk of gastric malignancy.
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Introduction

The common variable immunodeficiency disorders (CVIDs)
are a heterogeneous group of diseases characterized by
primary antibody failure, although many patients with
CVIDs also exhibit defects in cell-mediated immunity sug-
gesting immune dysregulation [1].

Such a diagnosis requires the exclusion of other known
causes of hypogammaglobulinaemia [2]. Presentation is
variable, both in terms of clinical features and patient age,
although patients usually present with recurrent bacterial
infections. CVIDs may also present with characteristic non-
infective complications. Based on the complications, five
distinct clinical phenotypes have been proposed: no disease-
related complications, autoimmunity, polyclonal lympho-
cytic infiltration, enteropathy and lymphoid malignancy [3].

Dyspepsia occurs in at least 50% of the patients with
CVIDs [4] and gastric pathology is found in about half of
such patients [4]. Such pathology includes chronic or atro-

phic gastritis [5], lymphocytic or granulomatous gastritis
[6], dysplasia [4], adenocarcinoma [4,6–10], mucosa-
associated lymphoid tissue (MALT)-type lymphoma [11] or
diffuse B cell lymphoma [12]. Besides a higher risk of lym-
phoma, patients with CVIDs also have a 10-fold increased
risk of gastric cancer [10].

Following the first case of gastric cancer in a local cohort
of 116 patients with CVIDs in 25 years, we review the risk
factors for gastric cancer and report a cohort study of gastric
pathology in these patients under long-term follow-up. We
propose a surveillance protocol to improve and standardize
the management of those CVID patients who have an
increased risk of gastric malignancy.

Gastric cancer risk factors in the general population

The aetiology of sporadic gastric cancer is multi-factorial,
with contributions from genetic, lifestyle and environmental
factors [13,14]. Non-modifiable risk factors include male
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gender, advancing age, genetic predisposition in some fami-
lies, lower socio-economic status, blood group A and a past
history of Epstein–Barr virus infection, radiation or gastric
surgery. Modifiable risk factors include Helicobacter pylori
infection, pernicious anaemia, diet (consumption of salt-
preserved foods and N-nitroso compounds), smoking and
geography [14]. Prognosis is generally poor and 5-year sur-
vival lies between 10 and 20% [14,15].

Gastric cancer screening in practice

A population-based screening programme for gastric cancer,
introduced in Japan in 1960, where the standardized inci-
dence rates of 69·2 per 105 in males and 28·6 per 105 in
females compared to < 15 per 105 in western Europe, resulted
in a 5-year survival rate of 60% [16]. This programme invites
all individuals over the age of 40 years for an annual risk
assessment and double-contrast barium study, with endos-
copy if an abnormality is found. The standardized mortality
rates for gastric cancer decreased from 70·7 to 21·9 in males
and 37·1 to 8·4 in females between 1960 and 2006 (http://
www-dep.iarc.fr) [17]. Two cohort studies have also demon-
strated reduced mortality from gastric cancer screening
programmes, even when adjusted for confounding lifestyle
measures. In 42 150 people followed for 13 years, deaths
from gastric cancer halved with screening [relative risk (RR)
0·52; 95% confidence interval (CI) 0·36–0·74], due to a
decreased incidence of advanced gastric cancer in the
screened group (RR 0·75, 95% CI 0·58–0·96) [18]. A second
study revealed very similar results in a cohort of 41 394
subjects followed-up for 11 years with a lower risk of death
from gastric cancer in the screened group (RR 0·54, 95% CI
0·38–0·77), and a higher proportion of early gastric cancers
in the screened group (44·7%) compared with the
unscreened group (28·6%) [19]. Drawbacks to screening
include the risks of radiation (if imaging is performed) and
those associated with endoscopy. Screening is unlikely to be
cost-effective in low-risk populations [20], and is only of
value if it detects risk factors that can be modified or early-
stage disease that can be treated effectively [21]. The ques-
tion for CVID patients is whether a higher risk of gastric
cancer can be defined in particular groups.

H. pylori infection as a risk factor for gastric cancer
in the general population

H. pylori is a Gram-negative bacterium and is implicated in
the development of chronic gastritis, peptic ulceration,
gastric carcinoma and MALT lymphoma. In 1994 the World
Health Organization (WHO) classified H. pylori as a class I
(or definite) carcinogen [22]. A multi-step model for the
pathogenesis of gastric carcinoma has been proposed from
epidemiological and pathological studies [23,24]. Chronic
gastritis and gastric atrophy result from infection with
H. pylori, and a higher gastric pH appears to permit the

proliferation of nitrate-reducing anaerobic bacteria, result-
ing in the production of N-nitroso compounds [25], pro-
moting carcinogenesis through intestinal metaplasia and
dysplasia to carcinoma [26]. This suggests that gastric
pathology such as gastritis, gastric atrophy, metaplasia or
dysplasia might be regarded as precancerous lesions.

Data from prospective studies suggest that in the general
population H. pylori infection confers a two- to ninefold
increased risk of gastric cancer. A meta-analysis of three
prospective studies into the risk of gastric cancer attributable
to H. pylori demonstrated a relative risk of 9 in subjects
followed for up to 25 years [27], while a systematic review of
nested case–control studies, which included 800 gastric
cancer cases, found only a two- to threefold increased risk
(95% CI 1·9–3·4) of gastric cancer in patients chronically
infected with H. pylori [28]. More recently, an analysis of 12
case–control studies nested within prospective cohorts,
which examined H. pylori serology before gastric cancer
diagnosis in 1228 non-cardia gastric cancer cases, found that
the relative risk of non-cardia cancers associated with prior
H. pylori infection was 5·9 (95% CI 3·4–10·3); however, there
was no increased risk of cancers of the gastric cardia [29].
This means that H. pylori infection should be taken into
account in any surveillance programme.

Pernicious anaemia as a risk factor for gastric
cancer in the general population

Pernicious anaemia is a chronic autoimmune disease in
which atrophic gastritis, typically sparing the antrum, results
in a lack of intrinsic factor and vitamin B12 malabsorption
with megaloblastic anaemia. Pernicious anaemia is also a risk
factor for gastric cancer, as shown by several studies that
linked hypochlorhydria and achlorhydria with increased
concentrations of N-nitroso compounds in the gastric juice.
Nitrite concentrations in fasting gastric juice are related
inversely [30] to hydrogen ion concentrations; the nitrite
concentration can be increased up to 50-fold in the fasting
gastric juice of subjects with pernicious anaemia [31].
Studies suggest that hypochlorhydria and achlorhydria
favour bacterial overgrowth, including nitrate reducing
strains, leading to the production of N-nitroso compounds
[32] and progression from gastric atrophy to intestinal meta-
plasia, dysplasia and carcinoma.

The role of pernicious anaemia as a risk factor for gastric
carcinoma was determined by a meta-analysis of six studies,
including 842 patients with pernicious anaemia followed for
7·8–15 years, which reported 58 cases of gastric cancer,
equivalent to a fivefold increase in the risk of gastric cancer
in these patients [33]. In a Swedish study, which followed
4517 patients with pernicious anaemia for a mean of 5·9
years, 102 (2·3%) patients developed gastric cancer, giving a
standardized incidence ratio (SIR) of 2·9 (95% CI 2·4 -3·5).
The risks of oesophageal carcinoma and gastric carcinoid
were also increased [34]. A larger Swedish retrospective
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cohort study followed 21 265 patients hospitalized for per-
nicious anaemia for an average of 7·1 years. They found an
increased risk of non-cardia gastric cancer in patients with
pernicious anaemia, with a SIR of 2·4 (95% CI 2·1–2·7); they
also found an increased risk of gastric carcinoid and squa-
mous cell carcinoma of the oesophagus [35]. It has been
proposed that the same mechanism as that for Helicobacter
may be involved [36,37].

Gastric pathology and gastric cancer risk in
patients with CVIDs

An increased risk of gastric cancer in patients with CVIDs
was recognized in 1985, when a prospective study of 220
patients with CVIDs followed for 11 years reported a 47-fold
increased risk [36]. A multi-centre study using Scandinavian
cancer and disease registries reported an SIR of 10·3 (95% CI
2·1–30·2) [10], but no increased risk in family members of
patients with CVIDs. This suggests that the increased risk of
gastric cancer in CVIDs relates to the immunodeficiency
rather than to genetic traits or H. pylori virulence shared
with relatives [10]. There are some reports of gastric cancer
presenting at a young age in patients with CVIDs [7,9].
Nevertheless, outcome studies of large CVID cohorts fol-
lowed for medians of 11 and 7 years, respectively, found only
four cases of gastric carcinoma in 472 patients [38,39], indi-
cating that the absolute risk is low (about 1% per decade). A
recent study from Australia [40] showed an even lower SIR of
6·1 (95% CI 1·26–17·84). While variability in prevalence
from different locations is not surprising [5], the consider-
able differences, especially over time, suggest that environ-
mental factors are important.

The mechanisms underlying an increased frequency of
gastric cancer in CVIDs are not understood. Specific anti-
bodies have been shown to kill H. pylori in vitro, and the
absence of such antibodies in patients with CVIDs [41] may
contribute to the risk. However H. pylori infection does not
seem to be more frequent than in the general population,
and although there are no formal studies gastric pathology
does appear to be more frequent. In 1999 an Italian group
studied gastric pathology in a cohort of 65 patients with
CVIDs after finding that more than 50% had dyspeptic
symptoms [4]. Upper gastrointestinal endoscopy revealed
that 14 of 34 patients had H. pylori infection, 80% of which
was associated with chronic atrophic gastritis. In this series,
two of 34 had neoplasia (one adenocarcinoma and one high-
grade dysplasia) [4], consistent with an increased risk of
gastric cancer in CVIDs. H. pylori infection was also
implicated in a gastric MALT lymphoma, which regressed
after bacterial eradication treatment, in one patient with a
CVID [11].

Autoimmunity is a well-recognized complication of
CVIDs, and pernicious anaemia affects approximately 10%
of patients [42]. Pernicious anaemia is readily suspected by a
low serum vitamin B12, although precise diagnosis in CVIDs

is made more difficult by the frequent absence of character-
istic autoantibodies. Interestingly, such patients may have
more severe achlorhydria (mean intragastric pH 8·2) than
non-CVID patients with pernicious anaemia (mean pH 7·3)
[37]. This may reflect an atrophic pan-gastritis in patients
with CVIDs and pernicious anaemia, in contrast to the
fundal gastritis in those with pernicious anaemia alone [43].
Intragastric bacterial metabolites may also differ, with sig-
nificantly higher amounts of ethanol, which facilitates the
penetration of N-nitroso compounds into the mucosa, in
patients with CVIDs [44] and may contribute to the
increased risk of gastric cancer.

The risk of cancers in this group of patients is not
restricted to the stomach, as there is a significantly higher
incidence of lymphoid malignancy as well [40]. This raises
the question of immunoregulatory T and natural killer (NK)
cells in prevention of tumours, as these cell types [45] are
abnormal in CVID patients [45,46].

Gastric pathology and risk factors for gastric cancer
in a cohort of patients with CVIDs

The Oxford database was searched to assess the numbers of
CVID patients at high risk of gastric cancer who would be
candidates for screening. From a total of 116 patients with
CVIDs, whose complications were documented and vali-
dated over 1253 patient-years [47], 28 of 116 (29%) had
undergone gastrointestinal consultation or investigations,
although only 12 of 116 (10%) had documented gastric
pathology (Table 1). Sixteen were excluded because of a lack
of documentation of biopsy results conducted elsewhere
(eight), normal endoscopy (four) or unrelated pathologies
(oesophageal candidiasis, gastric Crohn’s disease, steroid-
induced gastritis, portal hypertension with gastric varices). It
was agreed to devise a protocol for risk stratification, inves-
tigation and management of gastric pathology in patients
with CVIDs for immunologists and gastroenterologists.

Development of a surveillance protocol for gastric
cancer in patients with CVIDs

When considering risk-stratification for gastric cancer in
patients with CVIDs as an evidence base for a screening
protocol, H. pylori infection and the presence of pernicious
anaemia are the leading contenders. In 2008 strategies for
preventing gastric cancer were reviewed systematically at the
Asia-Pacific Gastric Cancer Consensus Conference [48]. It
was concluded that H. pylori screening and eradication in
high-risk populations reduced the relative risk of gastric
cancer (RR 0·56, 95% CI 0·4–0·8) [44,49]. Other studies have
shown that eradication therapy promotes regression and
prevents the progression of some precancerous gastric
lesions [49,50].

Diagnosis of H. pylori infection cannot be made by serol-
ogy in CVID patients, but depends on a urea breath test
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3© 2011 The Authors
Clinical and Experimental Immunology © 2011 British Society for Immunology, Clinical and Experimental Immunology, 165: 1–7



(UBT), faecal antigen immunoassays or endoscopic biopsy.
The UBT is the gold standard test. It is widely available,
non-invasive, cheap, sensitive (90·3%; 95% CI 83–95) and
specific (89·5%; 95% CI 81–95) [51], making it the most
suitable for detecting H. pylori infection in CVIDs [52]. The
stool test is equally sensitive (sensitivity 68·8–91·7%; speci-
ficity 75·6–88·9%) and there is little significant difference in
the cost. However, 60% of patients prefer the UBT to the
stool test [53]. Because infection is often asymptomatic,
detection and eradication of H. pylori at an early stage is
appealing. Once eradicated, H. pylori almost never recurs in
the general adult population [54], although it is unknown
whether this also applies to patients with CVIDs who lack
protective immunoglobulin (Ig)A at mucosal surfaces. Diag-
nosis of pernicious anaemia is detected by measuring iron
and serum B12 as screening tests for gastritis and vitamin
deficiency. Consequently, three simple, non-invasive tests
(UBT, serum iron and serum B12) are likely to identify
patients with CVIDs who are at the highest risk of gastric
cancer in a screening protocol.

Regardless of the presence of pernicious anaemia or H.
pylori infection, patients with CVIDs still have a 10-fold
increased risk [10] for gastric cancer, so can reasonably be
regarded as a high-risk population. Although endoscopic
screening of all patients with CVIDs could be considered, a
more selective approach is appropriate. We propose (Fig. 1)
that all patients diagnosed with CVIDs should undergo
screening for H. pylori, using the UBT, at diagnosis. If posi-
tive, H. pylori eradication should follow standard practice,
with a repeat breath test to demonstrate effective treatment.
Because recurrence of infection is exceptional in developed
countries [49] a breath test at diagnosis is likely to be suffi-
cient, although data to support this in CVID patients are
lacking. In addition, all patients should have serum B12 and
iron concentrations measured annually, as pernicious

anaemia or gastritis may develop at any age. During regular
follow-up for CVID, those in whom serum B12 is low, all
those with positive UBTs and those with dyspeptic symp-
toms or unexplained weight loss should undergo upper gas-
trointestinal (GI) endoscopy, to include biopsies of the
antrum and fundus.

Subsequent gastroenterological follow-up will depend
upon the severity of the histological findings as in the
general population. We propose the following: no follow-up
endoscopy for normal histopathology, repeat endoscopy in
5 years for chronic antral gastritis, in 3 years for atrophic
pan-gastritis, in 1–3 years for intestinal metaplasia [55] and
in 6–12 months for dysplastic lesions [43] (Fig. 1). In the
absence of current guidelines [55], the time intervals for
follow-up of gastric precancerous lesions are based upon
data on estimated rates of progression to gastric cancer.
Progression rates to cancer for atrophic gastritis vary from 0
to 1·8% per year, for intestinal metaplasia from 0 to 10%
per year and for dysplasia from 0 to 73% per year [50].
The follow-up time intervals are only a guide, so location,
severity and extent of gastric pathology or other risk factors
for gastric cancer should be taken into account when deter-
mining follow-up intervals for individual patients. The
screening protocol will be piloted in a cohort of patients
with CVIDs in Lisbon and Oxford in 2011 to assess its
value.

Conclusion

Gastric cancer risk is increased in CVIDs. The mechanisms
are not understood fully, but H. pylori infection and perni-
cious anaemia increase the risk of gastric cancer in the
general population, as well as in patients with CVIDs. A
strategy for selected screening and surveillance for gastric
cancer affords a systematic approach to patients with CVIDs.

Table 1. Summary of results from cohort study; this table shows patients’ age at diagnosis of common variable immunodeficiency disorders (CVID)

and gastric pathology, details of biopsy findings and the presence of gastric cancer risk factors, including vitamin B12 deficiency, Helicobacter pylori

infection and smoking status.

Patient

Age at CVID

diagnosis

Age at diagnosis of

Gastric pathology

Gastric biopsy findings

Vitamin B12

deficiency

H. pylori

infection

Smoking

status

Atrophic

gastritis

Chronic

gastritis Other findings

1 34 37 Diffuse + + - -
2 44 77 Antral - Intestinal metaplasia + - -
3 69 75 n.d. n.d. Adenocarcinoma + NT -
4 18 43 Diffuse + + + -
5 31 33 Diffuse - - + -
6 32 41 Diffuse + Intestinal metaplasia - NT -
7 66 67 Diffuse + - - -
8 32 42 Diffuse + High-grade dysplasia - + -
9 58 59 Antral - - - +
10 44 69 Antral + - NT -
11 45 52 Antral + Ulcers - + -
12 38 56 - + - NT +

+: present; -: absent; n.d.: not determined; NT, not tested.
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This may help to reduce the morbidity from gastric pathol-
ogy and the risk of cancer.
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Appendix

Index case

A 69-year-old woman presented to Immunology with recurrent chest infections, bronchiectasis and pernicious anaemia.
Measurement of serum immunoglobulins revealed very low levels [immunoglobulin (Ig)G < 0·4 g/l; IgA < 0·1 g/l; IgM
< 0·1 g/l]. She had no detectable antibodies to exposure or immunization antigens and no underlying cause for hypogam-
maglobulinaemia was found on investigation. She was diagnosed with a common variable immunodeficiency disorder
(CVID), and commenced on replacement immunoglobulin therapy.

At the age of 75 she lost 10 kg weight and developed iron deficiency anaemia. She did not complain of any dyspeptic
symptoms and physical examination revealed hepatomegaly. Upper gastrointestinal endoscopy showed a fungating tumour
arising 5 cm below the gastro-oesophageal junction and extending to within 2·5 cm of the pylorus. Histopathology showed
a moderately differentiated adenocarcinoma and a computed tomography scan showed extramural extension to the porta
hepatis and coeliac axis, with hepatic metastases and a right apical lung mass (T3N2M1). She received palliative radiotherapy,
but died within 6 months.

Gastric cancer risk assessment in CVIDs
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