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Abstract

Helicobacter pylori has been proposed as a possible etiologic factor of ocular adnexa lymphoma (OAL), although with conflict-
ing results. To assess the involvement of H. pylori in OAL, as (1) H. pylori DNA positivity on OAL specimens, and (2)
prevalence of H. pylori gastric infection in patients with OAL. A systematic review of studies assessing H. pylori in patients
with OAL was conducted by searching electronic databases from their inception to May 2019. Pooled positivity for H. pylori in
OAL specimens detected by polymerase chain reaction, and pooled prevalence of H. pylori gastric infection, were calculated with
95% confidence interval (CI). Eleven studies with 308 patients were included. Pooled positivity for H. pylori was 16.8% in all
OALs and 22.7% in MALT OAL, with high heterogeneity among studies. Pooled prevalence of H. pylori gastric infection in
patients with OAL was 34.7%, with low statistical heterogeneity. In conclusion, H. pylori seems to be involved in a subset of
OAL, but the heterogeneity found needs to be investigated in further studies. The prevalence of H. pylori gastric infection in
patients with OAL does not seem to differ from that of the general population.
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Introduction

Ocular adnexal lymphoma (OAL) accounts for 5-15% of all
extranodal lymphomas. In 60-80% of cases, OAL is a mucosa
associated lymphoid tissue (MALT) lymphoma [1-3].
Several possible etiopathogenetic factors have been hy-
pothesized for OAL, with a particular emphasis for chronic
infections [1-4]. The main infectious agents studied have been
bacteria of the Chlamydia genus (in particular C. psittaci),
hepatitis viruses and Helicobacter pylori [4-15]. The impor-
tance of the identification of an etiologic infectious agent lies
in the possibility of using targeted antibiotic therapies to erad-
icate the lymphoma [7, 8, 15—17]. The best example in this
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field is gastric MALT lymphoma, in which antibiotics against
H. pylori are considered as the first-line treatment [18].

In this review, we focused on the involvement of H. pylori
in OALs. Given the contrasting results about a possible
etiopathogenetic role of H. pylori in OAL [5-15], we aimed
to define whether such role can reasonably be hypothesized.
For this purpose, we planned a systematic review and meta-
analysis to quantify both the presence of H. pylori in OAL
specimens and the prevalence of H. pylori in patients with
OAL.

Materials and Methods

For this review, methods were elaborated on the basis of our
previous studies [19-21]. Each review stage was performed
independently by three authors (AT, MP and MM)); all authors
consulted in the case of disagreement. This review was report-
ed according to the PRISMA statement [22].

Search Strategy and Study Selection

Six electronic databases (Scopus, Web of Sciences,
MEDLINE, OVID, the Cochrane library and Google
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Table 1  Characteristics of the included studies
Study Country Period of Sample Location MALT- Method for H. pylori detection
enrollment size type
H. Pylori in OAL  H. Pylori Gastritis
2004 Chan USA 1999-2002 6 5 conjunctiva. 1 orbit 5/6 PCR urease B, serology, histology,
vacA culture
2006 Chan Multicenter 1996-2003 7 3 orbit, 2 eyelid, 2 more  7/7 PCR urease B serology
than one site
2006 Ferreri Italy 1990-2004 31 12 conjunctiva, 19 orbit ~ 31/31 not assessed histology
or lacrimal gland
2006 Austria unclear 11 4 orbit, 3 conjunctiva, 3 11/11 not assessed histology, breath
Gruenberger lacrimal gland, 1 more test, serology
than one site
2007 Goebel Germany  1985-2005 40 unclear 22/40 PCR vacA not assessed
2007 Sjo Denmark  unclear 13 conjunctiva 13/13 IHC, PCR 16S not assessed
rDNA
2008 Austria 2000-2006 45 24 orbit, 11 lacrimal, 7 45/45 not assessed histology, breath
Gruenberger conjunctiva, 3 more test, serology
than one site
2008 Lee Korea 2002-2006 15 conjunctiva 15/15 PCR 16S rDNA, not assessed
vacA
2010 Decaudin France 1970-2007 51 36 conjunctiva, 32 orbit, 41/51 PCR 16S rRNA histology, PCR
10 lacrimal gland, 4 16S rRNA
eyelid
2012 Cai China 2008-2009 14 conjunctiva 14/14 PCR 16S rRNA not assessed
2012 Ferreri Multicenter 2006-2010 47 23 conjunctiva, 14 orbit, 47/47 not assessed serology, breath

5 lacrimal gland, 5
more than one site

test

OAL ocular adnexa lymphoma, /HC immunohistochemistry, PCR polymerase chain reaction

Scholar) were searched from the inception of each database to
May 2019. Several different combinations of the following
text words were used: lymphoma, ocular adnexa*, orbit, con-
junctiva, eyelid, Helicobacter, H. pylori. All studies assessing
the presence H. pylori in OAL tissue specimens, or the pres-
ence of H. pylori gastric infection in patients with OAL, were
included. Exclusion criteria, defined a priori, were: case re-
ports, reviews, data not extractable.

Data Extraction

Original data were extracted without modifications. Main ex-
tracted data were the total number of patients with OAL, the
number of patients with H. pylori-positive OAL specimens,
and the number of patients with both OAL and H. pylori gas-
tric infection. Secondary data extracted were country, period
of enrollment, methods for H. pylori detection in OAL spec-
imens, methods for H. pylori gastric infection detection.

Risk of Bias within Studies Assessment
The risk of bias within studies was assessed by using the
QUADAS-2 [23]. The four domains assessed in each study

were: 1) “Patient selection” (i.e. if patients were selected consec-
utively, or if at least inclusion criteria and period of enrollment
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were reported.); 2) “Index test” (i.e. if methods for H. pylori
detection were clearly described); 3) “Reference standard” (i.c.
if histological slides of OALs were reviewed to confirm the
diagnosis); 4) “Flow” (i.e. if all OALs were assessed for the
presence of H. pylori). For each domain, and in each study, the
risk of bias was categorized as “low”, “high” or “unclear”, as
previously described [24-26]. The risk of bias in the domains 2
and 4 was assessed separately for the two outcomes of our review
(positivity for H. pylori in OAL tissue specimens and prevalence
of H. pylori gastric infection in patients with OAL).

Data Analysis

The positivity rate of H. pylori in OAL tissue specimens was
calculated as the number of H. pylori—positive OAL by the
total number of OALSs assessed. The prevalence of H. pylori
gastric infection in patients with OAL was calculated as the
number of patients with OAL and H. pylori gastric infection
by the total number of patients with OAL assessed. Both
values were calculated for each study and as pooled estimates
and reported graphically on forest plots, with 95% confidence
interval (CI). The random effect model of DerSimonian-Laird
was used to pool data.

As previously described [27-29], statistical heterogeneity
was categorized by using Higgin’s inconsistency index (I?) as
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follows: null (I2 =0%), minimal (0 < ? <25%), low (25% <
I <50%), moderate (50% < I? < 75%) or high (I* > 75%).
Data analyses were performed by using Review Manager
5.3 (Copenhagen: The Nordic Cochrane Centre, Cochrane
Collaboration, 2014) and Comprehensive Meta-Analysis
(Biostat,14 North Dean Street, Englewood, NJ 07631, USA).

Results
Study Selection and Characteristics

Eleven studies were finally included, with a total of 308 pa-
tients with OAL, out of which 279 (90.6%) were MALT-type
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Fig.1 Assessment of risk of bias. Summary of risk of bias for each study;
Plus sign: low risk of bias; minus sign: high risk of bias; question mark:
unclear risk of bias; grey boxes: not appropriate; *: domain related to the
assessment of H. pylori in ocular adnexa lymphoma tissue specimens; **:
domain related to the assessment of H. pylori gastric infection

[5-15]. The process of study selection is reported in
Supplementary Fig. 1.

Positivity for H. pylori in OAL tissue specimens was
assessed in 7 studies [5, 6, 9, 10, 12—14], by using polymerase
chain reaction (PCR) with primers for urease B gene [5, 6],
vacA gene [5, 9, 12], 16S rDNA [10, 12], or 16S rRNA [13,
14]. The presence of H. pylori gastric infection was assessed
in 7 studies [5-8, 11, 13, 15], by using serologic analyses [5,
6, 8, 11, 15], urea breath test [8, 11, 15], cultural analyses [5],
histologic examination [5, 7, 8, 11, 13] or PCR [13].

Characteristics of the included studies are reported in Table 1.

Risk of Bias Assessment

For the “patient selection” domain, the risk of bias was con-
sidered low for 8 studies (it was clearly stated that patients
were consecutive [11-13, 15], or at least inclusion criteria and
period of enrollment were reported [5, 7, 9, 14]), and unclear
for 3 studies [6, 8, 10].

For the “index test” domain, with regard to the assessment
of H. pylori on OAL tissue specimens, the risk of bias was
considered low for all studies (methods for H. pylori detection
clearly reported). With regard to the assessment of H. pylori
gastric infection, the risk of bias was considered low for 4
studies (methods clearly reported [5,7,13,15) and unclear for
3 studies (it was not clear if each patient was assessed with all
methods [6, 8, 11]).

For the “reference standard” domain, the risk of bias was
considered low for 8 studies (histological slides reviewed to
confirm the diagnosis [5-8,10,11,13,15) and unclear for 3
studies [9, 12, 14].

For the “flow” domain, with regard to the assessment
of H. pylori on OAL tissue specimens, the risk of bias
was considered high for one study (only 8 out of 51 pa-
tients were assessed for H. pylori in OAL specimens [13])
and low for the other studies. With regard to the assess-
ment of H. pylori gastric infection, the risk of bias was
considered high for one study (only 2 out of 5 patients
were assessed [5]), unclear for two studies (number of
patients assessed not clear [6], 6 of 45 patients excluded
[11]), and low for the remaining studies.

Results of the risk of bias assessment are shown in Fig. 1.

Meta-Analysis

One-hundred-and-four patients were suitable for the analysis
of H. pylori positivity in OAL tissues. Pooled H. pylori pos-
itivity was 16.8% (95% CI, 2.7%—59.1%) (Fig. 2). Statistical
heterogeneity among studies was high (I =77.3%).
Considering only patients with MALT OAL, pooled
H. pylori positivity was 22.7% (95% Cl, 2.9%—74.3%), with
high heterogeneity (P =79.2%) (Fig. 3).
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Model Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit Total
2004 Chan 0,667 0,268 0916 4/6 ——
2006 Chan 0,143 0,020 0,581 117 B
2007 Goebel 0,012 0,001 0,167 0/40
2007 Sjo 0,036 0,002 0,384 0/13
2008 Lee 0,969 0,650 0,998 15/15 —N
2010 Decaudin 0,056 0,003 0,505 0/8
2012 Cai 0,029 0,002 0,336 0/16
Random 0,168 0,027 0,591 ’r

1,00 -0,50 0,00 0,50 1,00

Fig. 2 Forest plot reporting the percentage of H. pylori positivity detected by polymerase chain reaction in ocular adnexa lymphoma tissue specimens

Two-hundred-and-twenty patients were suitable for the
analysis of H. pylori gastric infection prevalence in patients
with OAL. Pooled prevalence of H. pylori gastric infection
was 34.7% (95% CI 26.6%—43.7%) (Fig. 4). Statistical het-
erogeneity among studies was low (I = 30%).

Discussion

This study showed that H. pylori positivity is detected by PCR
in 16.8% of all OAL specimens and in 22.7% of MALT
OALs, although with a high statistical heterogeneity among
studies. On the other hand, the prevalence of H. pylori gastric

infection in patients with OAL was 34.7%, with low statistical
heterogeneity among studies.

Most MALT lymphomas show somatic hypermutation
of immunoglobulin gene variable regions, indicating that
they may have undergone antigenic stimulation [30]. It is
thought that local chronic stimulation of B-cells either by
exogenous (e.g. infectious agents) or endogenous (e.g.
autoantigen) antigens creates the background for genetic
alterations which underlie the development of lymphoma
[31-33]. Indeed, in our previous studies we found signif-
icant associations between autoimmune disorders and
MALT lymphomas of the thyroid and salivary glands
and between infectious agents and MALT OAL [34-38].

Model Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit Total
2004 Chan 0,800 0,309 0,973 4/5 —
2006 Chan 0,143 0,020 0,581 1/7 44—
2007 Goebel 0,022 0,001 0,268 0/22
2007 Sjo 0,036 0,002 0,384 0/13
2008 Lee 0,969 0650 0,998 15/15 e |
2012 Cai 0,029 0,002 0,336 0/16 B—
Random 0,227 0,029 0,743 A

000 0550 1,00

Fig. 3 Forest plot reporting the percentage of H. pylori positivity detected by polymerase chain reaction in MALT-type ocular adnexa lymphoma tissue

specimens
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Model Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit Total
2004 Chan 0,500 0,059 0,941 1/2 o
2006 Chan 0,143 0,020 0,581 1/7 B —
2006 Ferreri 0,323 0,183 0,503 10/ 31 B
2006 Grunberger 0,364 0,143 0,661 4/ 11 —B—
2008 Grunberger 0,385 0,247 0,544 15/39 —+
2010 Decaudin 0,446 0,343 0,554 37/83 B
2012 Ferreri 0,213 0,118 0,352 10/47 -
Random 0,347 0,266 0,437 &
-1,00 -0,50 0,00 0,50 1,00

Fig. 4 Forest plot reporting the prevalence of H. pylori gastric infection in patients with ocular adnexa lymphoma

H. pylori is the most well-known infectious related to
MALT lymphomas development, with a major etiologic role
in gastric MALT lymphoma [31, 32]. The possible effects of
H. pylori outside the stomach are less understood, but it seems
to be associated with autoimmune disorders such as autoim-
mune thyroiditis, Henoch-Schonlein purpura and Sjogren syn-
drome [39].

The role of H. pylori in OAL has been studied since 2004,
when Chan et al. reported positivity for H. pylori in 80% of
patients with MALT OAL [5]. Our study showed that
H. pylori DNA is detected overall in 16.8% of OAL.
Despite being lower than the value initially reported by
Chan et al., our result suggests the involvement of H. pylori
in a subset of OALs. This hypothesis is strengthened by the
evidence that normal conjunctival tissues, used as controls,
were found to be negative for H. pylori [5, 12]. However,
the results were extremely different among the included stud-
ies, ranging for 0% to 100% of positivity for H. pylori.
Reasons for such heterogeneity are unclear. A possible hy-
pothesis would be that results are affected by geographic dif-
ferences. This has been shown to be true for Chlamydia
psittaci, which is highly prevalent in OAL patients from
Korea and Italy but almost absent in Japan [17, 40—49].
Regarding H. pylori, geographic factors were hypothesized
by Lee et al. [12]. They postulated that the higher rates of
positivity found in Korean patients [12] than in Danish pa-
tients [10] might reflect the higher overall prevalence of
H. pylori infection in Korea than in Denmark [50].
However, the other available studies do not seem to confirm
this hypothesis. In fact, while Chan et al. found 80% of pos-
itivity for H. pylori in their American series of patients with
OAL [5], Cai et al. found no H. pylori-positive case in their
Chinese series [14]; these results did not reflect the overall
prevalence of H. pylori infection, which is sensibly lower in
the USA (35.6%) than in China (55.8%) [50].

Another cause of heterogeneity might be a site-dependent
involvement of H. pylori in OAL. The higher positivity rates
were indeed found in conjunctival OALs [5, 12]; furthermore,
in their OAL series Chan et al. found that H. pylori was pos-
itive only in conjunctival OALS, but not in an orbital OAL [4].
However, this hypothesis does not appear to be consistent, as
Sjo et al. found no H. pylori in their series of 13 conjunctival
OALs [10].

Even a histotype-dependent association cannot be an ac-
ceptable explanation; in fact, although we found that H. pylori
positivity was more common in MALT OALs, the statistical
heterogeneity among studies remained high.

Differences in the methods adopted for H. pylori detection,
and in particular in the primers used for PCR, might also be at
least in part responsible for the high heterogeneity; further
studies are necessary to investigate this point.

Regarding H. pylori gastric infection and OAL, Decaudin
et al. reported a significant association between positivity of
H. pylori in the stomach and MALT-type OAL [13]. They
postulated a mechanism of indirect infection-associated lym-
phomagenesis, where chronic local antigen stimulation would
lead to the emergence of ectopic B cell lymphoma. In the
current study, we found that the overall prevalence of
H. pylori gastric infection in patients with OAL was 34.7%.
The low statistical heterogeneity among studies gave strength
to this result. Although the prevalence found is not low, it
should be remarked that the overall global prevalence of
H. pylori infection is over 50% [50]. Even considering the
results according to the geographic setting, the prevalence of
H. pylori infection was not higher than that of the national
population. For example, the prevalence of 32.3% found in
the Italian series assessed by Ferreri et al. [7] was lower than
the overall Italian prevalence of H. pylori infection (56.2%)
[50]. The same consideration may be made for French patients
(44.6% in patients with OAL [13] vs 46.9% in the overall
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national population [50]). Even in the multicenter study by
Ferreri et al. [15], the prevalence found (21.3%) was lower
than in any of the participating countries [50]. Given these
observation, it seems unlikely that patients with H. pylori gas-
tric infection may be at increased risk of OAL.

Strengths and Limitations

To the best of our knowledge, this is the first meta-analysis on
the association between H. pylori and OAL. Given the rarity
of OAL, the number of studies (N = 11) and patients (N =308)
could be considered acceptable.

Limitations of this study may lie in the different methods
used for detecting H. pylori infection, with regard to the
primers and genes used for PCR analyses (urease B, vacA,
16S rDNA) and to the diagnosis of H. pylori gastric infection
(breath test, serology, histology, culture).

Furthermore, there were no sufficient data to perform sub-
group analyses according to the country of origin and methods
for H. pylori detection.

Conclusions

Overall, H. pylori positivity is found in 16.8% of all OAL
specimens and in 22.7% of MALT OALs, suggesting an in-
volvement of H. pylori in a subset of OALs. However, further
studies are necessary to investigate the possible causes for the
high heterogeneity observed, including geographic and meth-
odological differences among studies. Regarding H. pylori
gastric infection, its prevalence in patients with OAL is not
higher than that of the general population; this does not sup-
port the possibility of an increased risk of OAL in patients
with H. pylori gastric infection.
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