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Abstract
Background Eradication therapy is known to be effective against Helicobacter pylori-positive gastric MALT lymphoma 
but predicting the efficacy of eradication therapy against Helicobacter pylori-negative gastric MALT lymphoma is difficult. 
Recent reports have shown that non-Helicobacter pylori helicobacter infections induce gastric MALT lymphoma, and we 
aimed to clarify whether non-Helicobacter pylori helicobacter infections are associated with the efficacy of eradication 
therapy.
Methods We analyzed eradication therapy as a first-line treatment for 182 cases of gastric MALT lymphoma, classified 
according to Helicobacter pylori infection and API2-MALT1 mutation status. We also evaluated the non-Helicobacter pylori 
helicobacter infection status in 29 Helicobacter pylori-negative cases via PCR with DNA extracted from paraffin-embedded 
biopsy tissues. Finally, we analyzed the relationship between non-Helicobacter pylori helicobacter infection status and 
eradication therapy outcome.
Results The API2-MALT1 mutation was observed in 13/182 patients (7.1%), none of whom were cured by eradication 
therapy. Helicobacter pylori-negative cases had a significantly higher non-Helicobacter pylori helicobacter infection rate 
than Helicobacter pylori-positive cases (16/29, 55% vs. 3/29, 10%; P < 0.05). Among the Helicobacter pylori-negative cases, 
non-Helicobacter pylori helicobacter-positive cases had a significantly higher complete response rate than non-Helicobacter 
pylori helicobacter-negative cases (12/16, 75% vs. 3/13, 23%; P < 0.05).
Conclusion Helicobacter pylori-negative and API2-MALT1-negative gastric MALT lymphoma cases exhibited a high rate 
of non-Helicobacter pylori helicobacter infections, which may have contributed to the success of eradication therapy. There-
fore, we recommend eradication therapy as a first-line treatment for non-Helicobacter pylori helicobacter-positive gastric 
MALT lymphoma.

Keywords Non-Helicobacter pylori helicobacter · Gastric MALT lymphoma · Helicobacter pylori · API2-MALT1 · 
Eradication therapy

Introduction

The stomach is the most common extranodal site of non-
Hodgkin lymphoma, representing 30–40% of all extranodal 
lymphomas as well as 4–20% of all non-Hodgkin lympho-
mas, and approximately 5% of primary gastric neoplasms 
[1, 2]. Among primary gastric lymphomas, marginal zone 
B-cell lymphoma of the mucosa-associated lymphoid tissue 
(MALT) is the most common histological subtype [3]. Heli-
cobacter pylori (Hp) infection and the API2-MALT1 chi-
meric gene transcript have been established as causes of gas-
tric MALT lymphoma [4]. Additionally, non-Helicobacter 
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pylori helicobacter (NHPH) infections have been recently 
reported as another cause of gastric MALT lymphoma [5–7].

NHPHs are zoonotic and transmitted from pigs, dogs, and 
cats to humans [8]. Nakamura et al. [9] reported that NHPH 
infection was found in 17.3% of gastritis cases and 33.3% 
of gooseflesh gastritis cases. Another report has shown an 
association between NHPH infection and gastric ulcers [10]. 
There is a lack of evidence demonstrating an association 
between gastric cancer and NHPH infections. Since NHPHs 
have less affinity for the epithelium of gastric mucosa than 
Hp [11–13], their effect on carcinogenesis may be lower 
than that of Hp as previously reported [9]. However, a recent 
report has shown that patients with NHPH infections develop 
gastric MALT lymphoma more often than those with Hp 
infections [14]. Approximately 25% of NHPH-infected mice 
develop low-grade MALT lymphoma, compared with 0% of 
the control group [15]. Culturing NHPHs is reported to be 
more difficult than culturing Hp, and diagnostic methods for 
NHPH infections have not yet been clinically established. 
Goji et al. reviewed 26 articles and calculated that the sen-
sitivities of the diagnostic methods equivalent to those used 
for diagnosing Hp infection, including the rapid urease test, 
urea breath test, blood antibody analysis, immunohistochem-
ical analysis, and stool antigen analysis, were only 40.0%, 
14.8%, 23.1%, 40.0%, and 0%, respectively [16]. Histologi-
cal techniques and genetic diagnosis based on PCR are the 
most effective methods for diagnosing NHPH infections 
[16], and the prevalence of NHPH infections determined 
using these methods was reported to be much lower than 
that of Hp, ranging from 0.1 to 6% [6, 17].

The genome sequences of five NHPH species based on 
16S rRNA gene sequencing have been recently clarified 
[18–22]. Accompanied by the emergence of PCR-based 
diagnostic methods, the accuracy of NHPH infection diagno-
sis may be improved. Recently, Nakamura et al. [9] reported 
that the NHPH infection rate is over 20% in chronic gastritis, 
gastric ulcer, duodenal ulcer, and gastric MALT lymphoma 
without Hp infection, based on the results of PCR analysis. 
We also previously succeeded in diagnosing H. suis infec-
tions in gastric MALT lymphoma cases using PCR methods 
with DNA extracted from formalin-fixed paraffin-embedded 
(FFPE) tissues [23].

According to the National Comprehensive Cancer Net-
work guidelines, regardless of the presence of the API2-
MALT1 mutation, eradication treatment and radiation 
therapy (RT) are the first choices for treating Hp ( +) and 
Hp (−) gastric MALT lymphoma cases, respectively. How-
ever, a recent review reported that eradication therapy is 
expected to be effective to some extent even in Hp (−) cases. 
Therefore, it might be worthwhile to consider eradication 
therapy as a first-line treatment for Hp (−) cases because it is 
less invasive than RT [24, 25]. Choi et al. [25] reported that 
eradication therapy has an extremely poor efficacy against 

API2-MALT1 ( +) cases regardless of Hp infection status. 
According to a review article by Asano et al. the complete 
response (CR) rate achieved using eradication therapy in Hp 
([25]) gastric MALT lymphoma cases ranges from 0 to 83% 
(an average of 28%, which is lower than that achieved in Hp 
( +) cases) [24, 26].

Based on these reports, eradication therapy is considered 
unlikely to be effective against API2-MALT1 ( +) cases but 
likely to be effective against most API2-MALT1 (−) Hp ( +) 
cases and possibly effective against some API2-MALT1 (−) 
Hp (−) cases. However, it is difficult to predict the efficacy of 
eradication therapy against API2-MALT1 (−) Hp (−) cases 
before an initial course of eradication therapy is adminis-
tered. Therefore, it would be clinically valuable to identify 
a predictive marker for the efficacy of eradication therapy in 
API2-MALT1 (−) Hp (−) gastric MALT lymphoma cases.

Here, we classified gastric MALT lymphoma cases 
according to API2-MALT1 mutation status, Hp infection 
status, and NHPH infection status and evaluated the clini-
cal outcomes of eradication therapy. We aimed to clarify 
whether one of these conditions might serve as a predictive 
marker for the efficacy of eradication therapy against gastric 
MALT lymphoma, especially among API2-MALT1 (−) Hp 
(−) cases.

Materials and methods

Patients

From 1996 to 2016, 210 patients were diagnosed with 
localized gastric MALT lymphoma and followed up at the 
Hiroshima University Hospital after treatment. Among this 
cohort, we analyzed the clinicopathological features of 182 
patients who underwent eradication therapy as a first-line 
treatment and were followed for more than one year. Gastric 
MALT lymphoma was diagnosed according to the criteria of 
the World Health Organization [27] and if symptoms were 
consistent with grade 4 or 5 of the Wotherspoon histologi-
cal scoring system [28]. Our study included patients with 
atypical lymphocytes that were positive for CD20 and nega-
tive for CD3 and CD79a. After treatment, histopathological 
evaluation was performed using the Group d’Etude des Lym-
phomes deI’Adulte (GELA) grading system [29]. The CR of 
lymphoma was defined as complete histological response 
(ChR) or probable minimal residual disease (pMRD) in the 
Ann Arbor staging system [30]. Tumor stage was evaluated 
via clinical examination, full blood count, biochemical anal-
ysis, and cervical, pectoral, abdominal, and pelvic computed 
tomography scans.

All cases were examined for Hp infection and the pres-
ence of the API2-MALT1 chimeric transcript. Hp infection 
was evaluated serologically using the anti-Hp IgG antibody. 
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Successful eradication was confirmed using the urea breath 
test. FISH analysis was conducted by LSI Medience Cor-
poration (Tokyo, Japan) on fresh biopsy samples from all 
patients to detect the API2-MALT1 chimeric transcript as 
previously described [31, 32]. Background information of 
the 182 patients included in the study is presented in Table 1.

Consequently, among these 182 cases, we focused on 
NHPH infection in API2-MALT1 (−) Hp (−) gastric MALT 
lymphoma. There were 29 cases of API2-MALT1 (−) Hp 
(−) gastric MALT lymphoma and we examined NHPH 
infection all of these cases. As controls, we randomly 

selected 29 Hp ( +) cases, which was an equal number as 
the API2-MALT1 (−) Hp (−) cases, from 140 Hp ( +) cases, 
in a similar manner as previously reported [33].

MALT lymphoma was said to exhibit CR when the 
absence of lymphoma was confirmed both macroscopi-
cally and pathologically. The characteristics, treatments, 
and outcomes of the patients were analyzed retrospectively. 
After eradication therapy, all cases were followed up endo-
scopically every three months for one year and annually 
thereafter.

Eradication therapy

To eradicate Helicobacter species, patients with gastric 
MALT lymphoma received a one-week course of orally 
administered lansoprazole (60 mg/day), vonoprazan (40 mg/
day), amoxicillin (1500  mg/day), and clarithromycin 
(400 mg/day) twice a day. In this study, treatment with this 
regimen was defined as “eradication therapy” regardless of 
Hp infection status.

DNA extraction and gastric Helicobacter 
species‑specific PCR assay

Paraffin block sections (10 × 10  μm) were collected in 
microtubes, and DNA was extracted using the Gene Read 
DNA FFPE Kit (Qiagen Japan, Tokyo, Japan) following the 
manufacturer’s instructions. PCR amplification of the ure-
ase gene from NHPH species (H. suis, H. bizzozeronii, H. 
felis, H. salomonis, and H. heilmannii s.s.) was performed 
using species-specific primers according to a previous report 
(Table 2) [34, 35]. PCR reactions were conducted using the 
buffer and DNA polymerase from KOD FX Neo (TOYOBO, 
Osaka, Japan) according to the manufacturer’s instructions. 
The PCR amplification of H. suis, H. bizzozeronii, H. felis, 
and H. heilmannii was performed under the following con-
ditions: 5 min of preincubation at 95 °C followed by 40 

Table 1  Background information of the 182 patients of localized gas-
tric MALT lymphoma analyzed in this study

HP Helicobacter pylori, U upper part of stomach, M middle part of 
stomach, L lower part of stomach

Localized gastric 
MALT lymphoma
(n = 182)

Median age (range) 62 (20–89)
Sex
 Male 103 (57%)
 Female 79 (43%)

HP infection
 Positive 148 (81%)
 Negative 34 (19%)

API2-MALT1 chimeric gene transcript
 Positive 13 (7%)
 Negative 169 (93%)

Location in the stomach
 U 59 (32%)
 M 90 (49%)
 L 33 (19%)

Number of lesions
 Single 87 (48%)
 Multiple 95 (52%)

Table 2  Primers used for non-Helicobacter pylori helicobacter detection

Target gene Target species Primer sequences (F: forward, R: reverse) Annealing tem-
perature (°C)

Cycle number Fragment 
size (bp)

ureA H. suis F: CAC CAC CCC GGG GAA GTG ATC TTG 60 40 253
R: CTA CAT CAA TCA AAT GCA CGG TTT TTT CTT CG

ureA H. bizzozeronii F: CGC TTT GAA CCC GGT GAG AAAA 60 40 172
R: TAT CGC AAC CGC AAT TCA CAACA 

ureB H. felis F: TCC CAC TAC CGG GGA TCG TG 60 40 350
R: CAG CGG TTA CAA TCA AGC CCTCA 

ureAB H. salomonis F: CTT TGG GTC TGT GCC TGC CTG 62 40 219
R: CAT CGC GGA TAG TCT TAC CGCCT 

ureA H. heilmannii s.s F: CTT TCT CCT GGT GAA GTG ATT CTC 60 40 368
R: CAG TTG ATG GTG CCA AAG 
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cycles of 30 s at 94 °C, 30 s at 60 °C, and 30 s at 72 °C. A 
final extension was performed for 7 min at 72 °C. The H. 
salomonis amplification conditions were 5 min of preincuba-
tion at 95 °C followed by 40 cycles of 30 s at 94 °C, 30 s at 
62 °C, and 30 s at 72 °C. A final extension was performed 
for 7 min at 72 °C according to previous report [35].

Statistical analysis

Between-group differences were evaluated using 
Mann–Whitney U test for quantitative data and the χ2 test 
for categorical data. Fisher’s exact test was used, as required. 
All tests were two-sided, and a P value < 0.05 was consid-
ered statistically significant. All analyses were performed 
using EZR (Saitama Medical Centre, Jichi Medical Univer-
sity, Saitama, Japan) [36].

Results

Efficacy of eradication therapy against API2‑MALT1 
( +) gastric MALT lymphoma

We first examined the expression of the API2-MALT1 chi-
meric transcript in 182 patients who underwent Hp eradica-
tion therapy as a first-line treatment at Hiroshima University 
Hospital. Thirteen cases (13/182; 7.1%) were positive for 
API2-MALT1. Hp eradication therapy was not effective in 
any of the cases, regardless of Hp infection status. RT was 
chosen as a second-line therapy, and CR was obtained in all 
cases. Among the 169 API2-MALT1 (−) cases, 140 were 
infected with Hp. The CR rates after eradication therapy 

was administered to the Hp ( +) and (−) groups were 81.2% 
(113/140) and 52% (15/29), respectively. Although the CR 
rate was significantly lower among Hp (−) cases (Fig. 1), 
eradication therapy was effective in half of the Hp (−) cases.

Comparison of clinicopathological features 
between Hp (−) and Hp ( +) gastric MALT lymphoma

Next, we determined the NHPH infection status in API2-
MALT1 (−) Hp (−) cases using PCR analysis. Out of 29 
Hp (−) cases, 16 (H. suis alone: 5 cases; H. bizzozeronii 
alone: 8 cases; double-infection of H. suis and H. bizzoze-
ronii: 3 cases) were positive for an NHPH infection. To 
compare the prevalence of NHPH infections between Hp 
(−) and Hp ( +) cases, we conducted PCR analysis of 29 
Hp ( +) cases that were randomly selected from the 140 Hp 
( +) API2-MALT1(−) cases. Out of the 29 Hp ( +) cases, 
only 3 (H. bizzozeronii alone: 2 cases; double-infection of 
H. suis and H. bizzozeronii: 1 case) were positive for an 
NHPH infection.

The clinicopathological features of the Hp (−) and Hp 
( +) cases are shown in Table 3. There were no significant 
differences between the two groups in terms of the mean age, 
sex, number of lesions (single or multiple), lesion localiza-
tion, or tumor morphology. The NHPH infection rate was 
significantly higher in the Hp (−) group than in the Hp ( +) 
group (16/29, 55% vs. 3/29, 10%; P < 0.05). The CR ratio 
achieved by eradication therapy was significantly lower in 
the Hp (−) group than in the Hp ( +) group (15/29, 52% vs. 
24/29, 83%; P < 0.05). Severe atrophy was observed more 
often in the Hp ( +) group than in the Hp (−) group (20/29, 
69% vs. 1/29, 3%; P < 0.05) (Table 3).

positive 13

negative 169

Hp infection

Total cases 

182

positive 8

negative 5

positive 140

negative 29

API2-MALT1

0 (0)

0 (0)

113 (81.2)

15 (51.7)

CR cases by eradication

(rates, %)

P<0.05

eradication

eradication

eradication

eradication

RT

RT

RT

RT

CR cases by RT

(rates, %)

8 (100)

5 (100)

27 (100)

14 (100)

Fig. 1  Results of treating gastric MALT lymphoma with eradication 
therapy. Flow chart of treatment administered to patients classified by 
API2-MALT1 chimeric transcript and Hp infection status. All cases 
underwent eradication therapy as a first-line therapy. Non-responders 
to eradication therapy achieved CR after RT. There were 13 API2-
MALT1 ( +) cases. None of these patients achieved CR after eradi-

cation therapy but all did achieve CR after subsequent RT. Among 
API2-MALT1 (−) cases, 81.2% of Hp ( +) cases and 51.7% of Hp (−) 
cases achieved CR after eradication therapy. Abbreviations: API2-
MALT1, API2-MALT1 chimeric transcript; Hp, Helicobacter pylori; 
CR, complete response; RT, radiation therapy
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Comparison of clinicopathological features 
between NHPH (−) and NHPH ( +) gastric MALT 
lymphoma

The clinicopathological features of 16 NHPH ( +) and 13 
NHPH (−) cases [all Hp (−)] are shown in Table 4. Of 
note, the NHPH ( +) cases tended to have a nodular mor-
phological appearance. There were no significant differ-
ences between the two groups in terms of sex, number of 
lesions, or tumor location. Patients in the NHPH ( +) group 
were significantly younger than those in the NHPH (−) 
group (58, 32 to 71 vs. 66, 55 to 88; P < 0.05). Notably, in 
the NHPH ( +) group, the CR rate achieved by eradication 
therapy was significantly higher than that in the NHPH (−) 
group (12/16, 75% vs. 3/13, 23%; P < 0.05). There was no 
difference in the degree of background mucosal atrophy 

between NHPH (−) and NHPH ( +) groups in the 29 Hp 
(−) cases.

Discussion

In this study, we evaluated the prevalence of NHPH infec-
tions and investigated whether the efficacy of eradication 
therapy against gastric MALT lymphoma was associated 
with the API2-MALT1 gene mutation, Hp infection status, 
or NHPH infection status. We demonstrated that Hp (−) 
gastric MALT lymphoma cases had a significantly higher 
NHPH infection rate than Hp ( +) cases. For Hp (−) cases, 
some reports recommend RT as a first-line treatment due 
to the low response rate to eradication therapy. In contrast, 
others suggest eradication therapy prior to RT because of the 
invasiveness of RT. There is a lack of consensus regarding 
this issue. Eradication therapy administered to all patients 
with Hp (−) cases in this study achieved remission in 51.7% 

Table 3  Comparison between Helicobacter pylori-positive and Heli-
cobacter pylori-negative cases in API2-MALT1-negative gastric 
MALT lymphoma

HP Helicobacter pylori, CR complete response, NC no change, U 
upper part of stomach, M middle part of stomach, L lower part of 
stomach
*Statistically significant
† The significance level (P < 0.05/3) was adjusted with the Bonferroni 
correction for multiple comparisons

HP + 
(n = 29)

HP− 
(n = 29)

P value

Median age (range) 64 (45–82) 60 (32–88) 0.4483
Sex
 Male 12 (41%) 12 (41%) 1.00
 Female 17 (59%) 17 (59%)

NHPH infection status
 Positive 3 (10%) 16 (55%) 0.0003*
 Negative 26 (90%) 13 (45%)

Effect of eradication therapy
 CR 24 (83%) 15 (52%) 0.01291*
 NC 5 (17%) 14 (48%)

Number of lesions
 Single 11 (38%) 10 (34%) 1.00
 Multiple 18 (62%) 19 (66%)

Location
 U 4 (14%) 3 (10%) 1.00
 M/L 25 (86%) 26 (90%)

Morphological type
 Superficial 27 (93%) 25 (86%) 0.6664
 Nodular 0 (0%) 3 (11%) 0.2357

Other 2 (7%) 1 (3%) 1.00
Atrophy of gastric mucosa
 No atrophy 0 (0%) 24 (83%) 0.0001*,†

 Closed type atrophy 9 (31%) 4 (14%) 0.2070†

 Open type atrophy 20 (69%) 1 (3%) 0.0001*,†

Table 4  Comparison between NHPH-positive and NHPH-negative 
cases in gastric MALT lymphoma being negative for API2-MALT1 
and Helicobacter pylori 

NHPH non-Helicobacter pylori helicobacter, CR complete response, 
NC no change, U upper part of stomach, M middle part of stomach, L 
lower part of stomach
*Statistically significant
† The significance level (P < 0.05/3) was adjusted with the Bonferroni 
correction for multiple comparisons

NHPH + 
(n = 16)

NHPH−
(n = 13)

P value

Median age (range) 58 (32–71) 66 (55–88) 0.048*
Sex
 Male 6 (38%) 6 (43%) 0.7163
 Female 10 (62%) 7 (57%)

Effect of eradication therapy
 CR 12 (75%) 3 (23%) 0.00921*
 NC 4 (25%) 10 (77%)

Number of lesions
 Single 5 (31%) 5 (38%) 0.714
 Multiple 11 (69%) 8 (62%)

Location
 U 1 (6%) 2 (15%) 0.5731
 M/L 15 (94%) 11 (85%)

Morphological type
 Superficial 13 (81%) 12 (92%) 0.6059†

 Nodular 3 (19%) 0 (0%) 0.0481†

 Other 0 (0%) 1 (8%) 0.4483†

Atrophy of gastric mucosa
 No atrophy 14 (87%) 10 (77%) 0.6322†

 Closed type atrophy 2 (13%) 2 (15%) 1.00†

 Open type atrophy 0 (0%) 1 (8%) 0.4483†
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of API2-MALT1 (−) cases. The efficacy rate of eradication 
therapy in Hp (−) cases reportedly ranges from 0 to 83% 
(average: 28%) [24]. The difference between our data and 
those of previous reports may be attributed to our exclu-
sion of API2-MALT1 ( +) cases. Furthermore, eradication 
therapy was more effective among API2-MALT1 (−) and 
HP (−) cases that were NHPH ( +). However, among the 
NHPH ( +) group, 4/16 cases of gastric MALT lymphoma 
were not cured by eradication therapy. As for these 4 cases, 
we additionally examined the status of NHPH infection after 
eradication therapy. Interestingly, NHPH infection was suc-
cessfully eradicated in all 4 cases (data not shown). Naka-
mura et al. [9] reported 100% eradication of NHPH in 45 
patients, showing that eradication therapy seems to be highly 
effective against NHPH. The reason MALT lymphoma was 
not cured in those 4 cases may not be related to unsuccessful 
eradication of NHPH. Although speculative, it is possible 
that bacteria other than NHPH, or other unknown factors, 
could be partially associated with the pathogenesis of MALT 
lymphoma. On the other hand, among the Hp (−) NHPH 
(−) gastric MALT lymphoma cases, there were a few cases 
(3/13; 23%) which were cured by eradication therapy. In 
this study, we investigated the five known NHPH species 
that have been reported to infect humans [8]. However, it 
is quite possible that other NHPHs that are not known to 
infect humans, or other unidentified species, may have been 
partially involved in the development of Hp (−) NHPH (−) 
gastric MALT lymphoma, for which eradication therapy was 
effective.

Regarding the API2-MALT1 ( +) cases, our results were 
consistent with previous reports [24, 25]. Eradication ther-
apy was ineffective regardless of Hp infection status, and it 
was favorable to precede treatment with RT. Among API2-
MALT1 (−) cases, those that were Hp ( +) had a high rate of 
response to eradication therapy. Thus, as has been reported, 
we believe that eradication therapy is beneficial as a first-
line treatment for Hp ( +) cases. In Hp (−) cases, although 
the rate of response to eradication therapy was low, some 
patients did achieve CR. In these cases, selecting RT as the 
first-line therapy may be an overtreatment.

The prevalence of NHPH infections is much lower than 
that of Hp [6, 13, 17, 37, 38]. However, our study demon-
strated that Hp (−) gastric MALT lymphoma cases had an 
extremely high NHPH infection rate. Although an associa-
tion between NHPH and gastric MALT lymphoma has been 
previously reported [5, 39], few studies have measured the 
NHPH infection rate in as large a sample as that examined in 
this study. In the present study, we focused on NHPH infec-
tion in API2-MALT1 (−) Hp (−) gastric MALT lymphoma 
with the goal of identifying a potential predictive marker. 
Thus, as for API2-MALT1 (−) Hp ( +) gastric MALT lym-
phoma, we examined NHPH infection in randomly selected 
cases. In gastric MALT lymphoma as a whole, there is an 

interesting report from Japan that showed that the NHPH 
infection rate is 23.9% (11/46) [9]. Conventionally, frozen 
biopsy specimens are used to obtain DNA from the gastric 
mucosa for laboratory studies, and PCR-based diagnostic 
methods are relatively easy. However, frozen specimens are 
not routinely prepared from biopsies in clinical settings, and 
this limitation may have caused difficulties in evaluating the 
NHPH infection rate in large samples of gastric MALT lym-
phoma cases. In this study, the DNA used for PCR analysis 
was extracted from FFPE tissues. This technique may be 
more useful than extracting DNA from frozen sections, due 
to the widespread clinical availability of FFPE tissues.

Severe atrophy was significantly more often in Hp ( +) 
cases than in Hp (−) cases. There was no difference in the 
degree of background mucosal atrophy when comparing 
patients with and without NHPH infection in the 29 Hp (−) 
cases. Although there are reports showing that NHPH has 
only slight affinity for the epithelium and does not cause 
atrophy [16, 40, 41], NHPH infection has been found in 
17.3% of patients with chronic gastritis [9]. It is still con-
troversial whether NHPH infection causes atrophy. No clear 
association was found between atrophy and NHPH infec-
tion in this study. Atrophy was mild, regardless of whether 
NHPH infection was present.

We previously analyzed the endoscopic characteristics of 
gastric MALT lymphoma in patients infected with NHPH. 
Along with Nakamura et al., we reported that NHPH infec-
tions cause nodular gastritis and that gastric MALT lym-
phoma has a nodular gastritis-like appearance [9, 35]. In the 
present study, the three cases of gastric MALT lymphoma 
with nodular gastritis included the cases that were previously 
reported as gastric MALT lymphoma with a nodular gastri-
tis-like appearance. In this study, gastric MALT lymphoma 
cases with NHPH infections more often tended to have nod-
ules in the gastric mucosa relative to NHPH (−) cases. A 
possible cause of this nodule formation might be lymphoid 
hyperplasia, which NHPH infections have been reported to 
induce [16, 42, 43]. However, Iwamuro et al. reported two 
cases of Hp-induced gastric MALT lymphoma with mul-
tiple whitish nodules in the gastric mucosa [44]. Thus, it 
is uncertain whether the nodular gastritis-like appearance 
of MALT lymphoma is specific to NHPH-induced gastric 
MALT lymphoma. Further studies with more cases should 
be performed to evaluate this observation.

In conclusion, this study is the first to show that the preva-
lence of NHPH infections was significantly greater in Hp (−) 
cases than in Hp ( +) cases and that among Hp (−) cases, 
eradication therapy was more effective against NHPH ( +) 
cases than against NHPH (−) cases. The efficacy of eradi-
cation therapy in some Hp (−) cases may be partly due to 
the involvement of NHPH infections. Eradication therapy 
may be a treatment option for some Hp (−) gastric MALT 
lymphoma cases as well, and NHPH infection status could 
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be a useful predictive marker for the outcome of eradica-
tion therapy in Hp (−) gastric MALT lymphoma. Our data 
suggest that eradication therapy is a highly effective treat-
ment choice in API2-MALT1 (−) and HP (−) gastric MALT 
lymphoma and could be recommended particularly in NHPH 
( +) cases, given the benefit of potentially avoiding RT and 
its side effects.
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