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Abstract
This long-term, retrospective, single-center study evaluated real-world clinical outcomes of gastric mucosa-associated lym-
phoid tissue (MALT) lymphoma using different therapeutic modalities and analyzed factors affecting survival outcomes 
and long-term prognosis. We enrolled 203 patients with pathologically confirmed low-grade gastric MALT lymphoma and 
examined their treatment responses. Helicobacter pylori eradication was performed in all patients with H. pylori infection 
(HPI) and localized stage gastric MALT lymphoma. All patients underwent pre-treatment and physical evaluations, with 
complete blood count, biochemistry panel, and staging workup. Among 144 HPI-positive patients with stage I or II1–2 dis-
ease who underwent H. pylori eradication, 112 (77.8%) achieved complete remission (CR). All HPI-negative patients who 
received first-line radiotherapy achieved CR (100%), but only 22 of 27 first-line chemotherapy-treated patients achieved CR 
(81.5%). Lesions in the proximal upper-third or in multiple locations and an invasion depth to the submucosa or deeper were 
associated with poor response to eradication, and HPI negativity was significantly correlated with poor progression-free 
survival. HPI eradication treatment should be the first-line treatment for patients with localized stage HPI-positive gastric 
MALT lymphoma. The “watch-and-wait” strategy should be adopted for delayed responders. We suggest radiotherapy for 
patients with a localized HPI-negative status or when eradication has failed.
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Introduction

The incidence of gastric mucosa-associated lymphoid tis-
sue (MALT) lymphoma is increasing, and it accounts for 
approximately 40–50% of gastric lymphomas, 30–40% of 
extranodal lymphomas, and 1–6% of all gastric malignan-
cies [1, 2]. Its pathogenesis is related to Helicobacter pylori 
infection (HPI), and the presence of HPI determines the 
therapeutic approach for its treatment [3, 4]. The role of 
HPI in gastric MALT lymphoma tumorigenesis is associ-
ated with chronic inflammatory stimulus, and Wotherspoon 
et al. first showed that HPI eradication resulted in lymphoma 
regression [5–7]. The prognosis is known to be favorable, 
and eradication of H. pylori is recommended as the initial 
treatment for HPI-positive gastric MALT lymphoma. Both 
radiation and chemotherapy are suitable alternatives for 
HPI-negative, relapsed, refractory, or high-grade gastric 
MALT lymphoma. At the localized stage, HPI eradication 
is potentially curative and results in gastric MALT lym-
phoma regression in 60–80% of the cases [1, 8, 9]. How-
ever, approximately 10% of the gastric MALT lymphoma 
patients at the early stages with HPI-negative or t(11;18)
(p21;p21)/API2-MALT1 positive findings showed an inade-
quate response to eradication, and the best treatment strategy 
for these patients remains controversial [1, 10, 11]. Consid-
erable treatment options for HPI-negative or eradication-
resistance gastric MALT lymphoma include endoscopical 
or surgical resection, chemoimmunotherapy, or radiation. 
In this study, we describe real-world clinical outcomes of 
the management of gastric MALT lymphoma using different 
therapeutic modalities in patients with various demographic 
and endoscopic characteristics. We also analyzed the factors 
that affect survival outcomes and long-term prognosis.

Methods

Patient enrolment, diagnosis, and staging workup

This single-center retrospective analysis enrolled 203 
patients diagnosed with gastric MALT lymphoma between 
September 2001 and August 2020 at the Catholic Uni-
versity Lymphoma Group (CULG). Specimens were 
obtained by esophagogastroduodenoscopy with multiple 
biopsies taken from the gastric, junctional gastroesopha-
geal regions, and any other sites with perceptibly different 
morphology. Expert pathologists confirmed the diagnosis 
of gastric MALT lymphoma by histopathological evalua-
tion of the gastric biopsies according to the morphologi-
cal as well as immunophenotypic diagnostic criteria of 
lymphoma as defined by the World Health Organization 

classification and compatible with Wotherspoon's histolog-
ical score of 3–4 or 5, confirming B-cell monoclonality by 
immunoglobulin heavy chain rearrangement analysis [12, 
13]. The macroscopic type of lymphoma was determined 
based on endoscopic findings and classified as superficial 
erosion or ulcer, hypertrophic fold, ulceroinfiltrative, and 
ulcerofungating type [4, 14]. Gastric MALT lymphomas 
were also classified as proximal upper-third (cardia, fun-
dus, upper body), distal two-thirds (midbody, lower body, 
antrum, and pylorus), or diffuse lesions, according to their 
location in the stomach [1, 4].

Pre-treatment evaluation, physical examination, complete 
blood count, as well as a biochemistry panel including liver and 
renal function, lactate dehydrogenase and beta-2 microglobu-
lin levels, serum immunofixation, and the serologic status of 
chronic hepatitis B and C were evaluated according to the cur-
rent guidelines [8]. Staging workup was performed using com-
puted tomography (CT) of the neck, chest, abdomen, and pelvis, 
combined with bone marrow biopsy and fluorine-18 fluorode-
oxyglucose positron emission tomography-CT (18F-FDG PET-
CT) to detect distant lymph nodes or organ involvement. All 
enrolled patients were stratified using the MALT-lymphoma 
International Prognostic Index (MALT-IPI) with the modified 
Ann Arbor system by Musshoff to identify patients at risk of 
poor outcomes [15, 16]. We also utilized the Lugano and Paris 
TNMB staging system designed for gastric MALT lymphoma, 
more accurately demonstrating the involvement of the depth of 
the gastric wall, which may predict the response of the lym-
phoma to HPI eradication or decide the appropriate treatment 
modality in the advanced stage [17, 18]. We defined advanced-
stage gastric MALT lymphoma as the Lugano stage II2, IIE, and 
IV, and localized-stage gastric MALT lymphoma as the Lugano 
stage I and II1. The detailed modified Ann Arbor system by 
Musshoff and the Lugano and Paris TNMB staging system are 
presented in Online Resource 1.

The following tests determined the presence of HPI: 
(1) Warthin–Starry, Giemsa stain, or polymerase chain 
reaction (PCR) with electrophoresis in the gastric biopsy 
sample, (2) rapid urease test (Campylobacter-like organism 
test), or (3) 13C urea breath test combined with positive 
H. pylori IgG serology. Patients with at least one positive 
test result were defined as HPI-positive. If the presence 
of active HPI was not demonstrated by histochemistry, it 
was ruled out on showing negative results in serology and 
the 13C urea breath test [19]. We also used endoscopic 
ultrasound (EUS) to evaluate the tumor invasion depth and 
degree of perigastric lymphadenopathy for a more accurate 
diagnosis, staging, and prognosis prediction. To detect the 
t(11;18)(p21;p21)/API2-MALT1 translocation, we per-
formed fluorescence in situ hybridization studies that may 
be useful in identifying patients who might respond poorly 
to HPI eradication [19].
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Treatment strategy

The primary therapeutic modalities were determined using the 
Lugano and Paris staging system (Online Resource 1) and the 
HPI status. H. pylori eradication was performed in all patients 
with HPI and localized stage gastric MALT lymphoma. For 
first-line eradication therapy, a proton pump inhibitor (PPI)-
based triple therapy regimen was administered for 2 weeks: 
PPI (standard dose twice a day), clarithromycin (0.5 g twice 
a day), and amoxicillin (1 g twice a day). 13C urea breath 
tests were performed in all patients for 3 months or at least 
8 weeks after treatment completion, and at least 2 weeks after 
PPI withdrawal to confirm HPI eradication. For patients who 
failed first-line triple therapy, a second-line quadruple-therapy 
regimen consisting of PPI (standard dose twice a day), tri-
potassium dicitrato bismuthate (300 mg four times a day), 
metronidazole (500 mg thrice a day), and tetracycline (500 mg 
four times a day) was administered for 1–2 weeks.

Patients received radiotherapy, chemotherapy, or chemora-
diotherapy if they did not achieve lymphoma regression fol-
lowing first- and second-line HPI eradication therapy, or were 
at the localized stage without initial HPI, or had advanced-
stage gastric MALT lymphoma. For radiotherapy, the clini-
cal target volume included the entire stomach and regional 
lymph nodes and was prescribed as 30.6 Gy over 17 frac-
tions on the stomach [20]. The internal target volume (ITV) 
and planning target volume were set using the motion infor-
mation obtained from the 4-dimensional CT for assessment 
of breathing motions and defined as an expansion of 5 mm 
from the ITV considering the set-up error of the patient [20]. 
Patients with the involvement of ≥ 2 organs were excluded 
from radiotherapy. The R-CVP was the primary systemic 
chemotherapy regimen, consisting of rituximab 375 mg/m2, 
cyclophosphamide 750 mg/m2, and vincristine 1.4 mg/m2 on 
day 1, and prednisolone 60 mg/m2 on days 1–5 every 21 days. 
Localized stage lesions involving small-sized mucosal layers 
in patients with initial HPI-negative findings could be selec-
tively treated by endoscopic mucosal resection (EMR) and 
close observation. In the case of chemoradiotherapy, we only 
used additional radiotherapy for consolidation purposes after 
chemotherapy by the physicians’ decision. To investigate the 
side effects of each treatment modality, we reviewed the medi-
cal records following the National Cancer Institute’s Common 
Terminology Criteria for Adverse Events version 5.0.

Response assessment

Based on the European Gastro-Intestinal Lymphoma Study 
grading system, the post-treatment response was classi-
fied into four groups [19]. Complete remission (CR) was 
defined as no macroscopic findings of lymphoma as well 
as negative histologic findings in at least two subsequent 
follow-up investigations, and partial remission (PR) was 

defined as at least a 50% reduction in macroscopic tumor 
and its corresponding histologic findings. Stable disease 
(SD) and progressive disease (PD) were defined as unmod-
ified macroscopic and/or histologic findings and worsening 
macroscopic and/or histologic findings, respectively.

Histological evaluation by repeated gastroendoscopic 
biopsy is an essential follow-up procedure to exclude the 
possibility of persistent disease, especially in patients 
with persistent HPI. In the HPI eradication group, 
approximately 3 months after the completion of treat-
ment, endoscopic follow-up with multiple biopsies was 
performed for the histologic and cultural evaluation of H. 
pylori along with the 13C urea breath test. We identified 
the residual presence or no regression of mucosal lesions 
based on endoscopic biopsy findings and pathological 
review at 3 and 6  months. Histological evaluation of 
post-treatment biopsies was performed by reviewing pre-
vious biopsy samples to assess cellular infiltration, lym-
phoepithelial lesions, and stromal changes according to 
the Groupe d’Etude des Lymphomes de l’Adult (GELA) 
grading system [21]. In the GELA category, clinical CR 
can be subdivided into complete histological response 
(ChR) and probable minimal residual disease (pMRD). 
Responding residual disease (rRD) and no change (NC) 
were considered clinically PR and SD, respectively [21]. 
Details of the GELA grading system for post-treatment 
evaluation of gastric MALT lymphoma are presented in 
Online Resource 2.

HPI eradication responders were defined based on 
post-treatment biopsy histology showing ChR or pMRD 
in at least two subsequent follow-ups. For delayed 
responders (rRD), we watched and waited for an addi-
tional 6 months without further treatment until 1 year. 
Patients with NC, eradication failure after second-line 
eradication, macroscopic SD/PD, or rRD with PR in mac-
roscopic findings up to 1 year were determined as non-
responders with treatment failure. They then received 
radiotherapy, chemotherapy, or chemoradiotherapy as 
salvage treatments. Regular (3–6 monthly) endoscopic 
surveillance with imaging workup (neck, chest, and 
abdomen CT) during the 1st and 2nd years under the 
discretion of a clinician, 6 monthly during the 3rd to 5th 
year, and yearly thereafter was performed in patients with 
CR. The response surveillance protocol was the same 
in HPI-negative patients, and the treatment algorithms 
summarizing the management strategies discussed above 
for either early or advanced gastric MALT lymphoma are 
presented in Fig. 1.

Statistical analysis

Overall survival (OS) was measured from the date of treatment 
initiation to the date of death from any cause or the date of the 
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last follow-up, and progression-free survival (PFS) was meas-
ured from the date of treatment initiation to treatment failure, 
relapse, last follow-up date, or death due to any reason. Cumula-
tive incidence of relapse (CIR) and treatment-related mortality 
(TRM) were also measured from the treatment initiation date, 
using cumulative incidence estimation that considered death 
without evidence of disease recurrence and relapse or death 
unrelated to treatment as competing risks. The Kaplan–Meier 
method was used to calculate OS and PFS, and between-group 
comparisons were performed using the log-rank test. Gray’s 
test was used to analyze TRM and CIR. We utilized the Cox 
or the Fine–Gray proportional hazard regression models for 
all variables reaching p < 0.05 by either of the tests to perform 
multivariate analysis. Other statistical differences were analyzed 
using the Chi-square test or Fisher’s exact test, and the Student’s 
t-test or Mann–Whitney U-test for categorical and continuous 
variables, respectively. Logistic regression analysis was used to 
identify predictive factors for responses leading to HPI eradi-
cation. All p values were two-sided, and a p < 0.05 indicated 
statistical significance. Statistical analysis was performed using 
the SPSS software version 24 (SPSS Inc., Chicago, IL, USA) 

and the “R” software version 3.4.1 (R Foundation for Statistical 
Computing, 2017).

Results

Patient baseline characteristics

A total of 203 patients with gastric MALT lymphoma were 
enrolled in this study, and all pathologic diagnoses were con-
firmed as low-grade MALT lymphoma. Their median age 
was 56 years (range, 21–87), and 120 patients (59.1%) were 
female. Most patients presented with epigastric pain (25.1%) 
or bloating (12.8%), but only 7.9% had B symptoms. The 
most frequent endoscopic findings were superficial erosions 
and ulcers (50.7%), often located in the distal two-thirds of 
the stomach (67.0%). A total of 74.4% cases of diagnosed 
gastric MALT lymphoma in this study were associated with 
HPI; the presence of HPI was confirmed by Warthin–Starry 
stain (30.6%), Giemsa stain (46.8%), PCR in the biopsy 
sample (22.6%), rapid urease test (29.1%), or combination 

Fig. 1   The consort diagram of enrolled gastric MALT lymphoma 
patients’ treatment algorithms for either localized or advanced stage 
(N = 203). *Antibiotic resistance or no lymphoma response at repeat 
EGD 3 months after eradication treatment. §Detailed treatment out-
comes are presented in Table  2 (first line) and Online Resource 2 

(second line). †One patient died during second-line chemotherapy 
due to septic shock; the other patients achieved second CR. ‡Among 
three refractory patients, one patient died after autologous HSCT 
because of septic shock. The other two patients were under the best 
supportive care only
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of both 13C Urea breath test and H. pylori IgG positivity 
(6.6%). An HPI-negative status (25.6%) was confirmed by 
negative results in all HPI diagnostic methods. At the time of 
diagnosis, the MALT-IPI score was rated low in 142 (70.0%) 
patients, intermediate in 12 (5.9%) patients, and high in 49 
(24.1%) patients. The clinical stage of most patients was 
stage I according to the Lugano and Paris staging system 
with T1–T4N0M0-1, B0 (86.7%), but 27 patients (13.4%) 
had stage ≥ II1, and 3.4% of the patients showed bone mar-
row involvement. The baseline characteristics of the enrolled 
patients are summarized in Table 1.

H. pylori eradication and treatment responses 
in HPI‑positive group patients

The clinical responses after first-line treatment are presented in 
Table 2. Among the 151 HPI-positive patients, 7 (4.6%) were 
diagnosed with Lugano stage IIE–IV and received radiotherapy 
or chemotherapy as first-line treatment. Therefore, 144 HPI-pos-
itive patients with stage I or II1–2 disease underwent H. pylori 
eradication, and 112 (77.8%) achieved CR. However, 15 (10.4%) 
and 17 (11.8%) patients showed endoscopic and histologic find-
ings, respectively, indicative of either NC or rRD, consistent 
with resistance to HPI eradication treatment for up to 1 year after 
treatment. In addition, 8 of 112 (7.1%) patients who achieved 
CR presented with relapse during the follow-up period. One 
patient was diagnosed with myelodysplastic syndrome 2 years 
after achieving CR after HPI eradication.

The clinical characteristics of the non-responders and 
responders after HPI eradication are shown in Table 3. We 
observed that non-responders were associated with lesions 
in the proximal upper-third region or in multiple locations 
(46.9% vs. 21.4%, p = 0.004), and with deep submucosal 
invasion revealed by EUS (60.0% vs. 32.6%, p = 0.038). 
However, other characteristics such as age, sex, superficial 
macroscopic findings, Lugano stage, or MALT-IPI risk did 
not differ significantly between the two groups. Multivari-
ate logistic regression analysis showed that lesions in the 
proximal two-thirds or multiple locations were predictors 
of HPI eradication treatment failure (odds ratio [OR] 3.235, 
95% confidence interval [CI], 1.413–7.406, p = 0.005). In 66 
patients who underwent EUS, submucosa or deeper invasion 
was a predictor of resistance to HPI eradication (OR 3.100, 
95% CI, 1.046–9.187, p = 0.041). A comparison of clinical 
characteristics and HPI eradication response according to 
the level of gastric layer involvement in EUS is presented in 
Online Resource 3.

Treatment and responses of HPI‑negative group 
patients

The 59 patients diagnosed with an absence of HPI in any 
Lugano stage underwent chemotherapy (45.7%), radiation 

therapy (42.4%), or both (3.4%). Fifteen (8.5%) patients 
with a single small lesion that did not invade deeper than 
the mucosa underwent only EMR and achieved long-term 
CR. Two patients were treated with chemotherapy along 
with consolidative radiotherapy and achieved long-term CR 
without relapse. Eventually, 54 (91.5%) patients achieved 
CR, whereas five patients showed PD on CT and 18F-FDG 
PET-CT. The first-line treatment response and adverse 
events associated with radiotherapy and chemotherapy are 
presented in Table 4. Among the 25 radiotherapy-treated 
patients, except one with stage II1 96.0% (n = 24) were 
Lugano stage I, and 68.0% (n = 17) were at low risk of 
MALT-IPI. Twenty-seven patients received chemotherapy, 
and 63.0% (n = 17), 14.8% (n = 4), 3.7% (n = 1), and 18.5% 
(n = 5) of the patients were at Lugano stage IV, IIE, II2, 
and I, respectively. Five stage I patients were t(11;18)/API2-
MALT1 positive, and one stage II2 patient refused to receive 
radiotherapy.

All HPI-negative patients who received first-line radio-
therapy achieved CR (100%), and only one patient relapsed. 
However, 22 of 27 first-line chemotherapy-treated patients 
achieved CR (81.5%), five showed PD, and seven relapsed. 
Three relapsed patients showed the high-grade transforma-
tion of MALT lymphoma, which pathologically consisted of 
diffuse large B-cell lymphoma. During eight standard cycles 
of R-CVP chemotherapy treatment-related adverse events 
were mainly hematologic, with grade III–IV neutropenia, 
anemia, and thrombocytopenia in 40.7%, 14.8%, and 7.4% 
of the patients, respectively. All patients were treated with 
filgrastim injection as neutropenia prophylaxis, and three of 
them experienced febrile neutropenia without evidence of 
infection. Peripheral neuropathy was frequently reported as a 
non-hematologic adverse event (25.9%), but most cases were 
controlled well by oral gabapentin and none were in Grades 
III–IV. Three patients experienced non-neutropenic fever 
with bronchopneumonia, herpes zoster, and septic shock due 
to proctitis. The detailed treatment outcomes of patients with 
gastric MALT lymphoma who received second-line salvage 
treatments are shown in Online Resource 4.

Clinical outcomes and prognostic factor analysis

In the median follow-up period of 51.0  months (range, 
3.0–230.4), CIR was 10.9% (95% CI, 6.3–16.8), TRM was 
1.5% (95% CI, 0.4–4.2), OS was 98.5% (95% CI, 93.9–99.6), 
and PFS was 86.1% (95% CI, 79.0–91.0). A significant differ-
ence in PFS between HPI-positive gastric MALT lymphoma 
patients treated with H. pylori eradication and HPI-negative 
patients who underwent radiotherapy, chemotherapy, chemo-
radiotherapy, or EMR (92.5% vs. 71.6%, p = 0.003) was iden-
tified. The HPI-negative group also showed a trend of elevated 
CIR (6.0% vs. 17.8%, p = 0.095). Furthermore, comparing the 
PFS and CIR of each treatment modality in the HPI-negative 
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Table 1   Characteristics of 
gastric MALT lymphoma 
patients (total n = 203)

Characteristics Values

Age, median (range) 56.0 (21.0–87.0) years
Sex

  Male 83 (40.9%)
  Female 120 (59.1%)

Lactate dehydrogenase 364.0 (198.0–1640.0) IU/L
  Elevated 27 (13.3%)
  Normal 176 (86.7%)

ECOG performance status
  0–1 198 (97.5%)
  2 5 (2.5%)

Clinical presentation
  No symptoms 112 (55.2%)
  Epigastric pain 51 (25.1%)
  Bloating 26 (12.8%)
  Weight loss 11 (5.4%)
  Nausea and vomiting 10 (4.9%)
  GI bleeding 6 (3.0%)

B-symptoms 16 (7.9%)
Initial HPI positive† 151 (74.4%)

  Diagnosis method
    Histology
       Warthin-Starry stain 38 (30.6%)
       Giemsa stain 58 (46.8%)
       PCR 28 (22.6%)
    Rapid urease test (CLO test) 44 (29.1%)
    13C Urea breath test with H. pylori IgG positive 10 (6.6%)

Initial HPI negative* 52 (25.6%)
Diagnostic location in gastroduodenoscopy

  Antrum 63 (31.0%)
  Body 66 (32.5%)
    High/middle/low body 20 (30.3%)/10 (15.2%)/36 (54.5%)
  Antrum + low body 27 (13.3%)
  Fundus 28 (13.8%)
  Diffuse 19 (9.4%)

Anatomic location
  Proximal upper-third/multiple 67 (33.0%)
  Distal two-thirds 136 (67.0%)

Endoscopic type
  Superficial 103 (50.7%)
  Others § 100 (49.3%)

Invasion depth measured by EUS (n = 89)‡
  Mucosa 49 (55.1%)
  Submucosa 25 (28.1%)
  Muscularis propria to serosa 15 (16.8%)

MALT-IPI
  Low (0) 142 (70.0%)
  Intermediate (1) 12 (5.9%)
  High (2–3) 49 (24.1%)

Lugano stage and Paris TNMB stage**
  Localized stage
    Stage I (T1–4N0M0–1, B0) 176 (86.7%)
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group revealed that radiotherapy was associated with signifi-
cantly better PFS (84.2% vs. 57.4%, p = 0.038) and a trend of 
lesser CIR (5.1% vs. 27.3%, p = 0.130) compared to chemo-
therapy. Five HPI-negative patients underwent EMR, and two 
of the chemoradiotherapy-treated patients did not experience 
relapse or non-relapse mortality and were still alive. The 
clinical outcomes between different treatment modalities are 
shown in Fig. 2.

Univariate (Online Resource 5) and multivariate (Table 5) 
analyses revealed that HPI negativity was significantly cor-
related with poor PFS (HR 3.281, 95% CI, 1.393–7.725, 
p = 0.006), and lesions in the proximal upper-third region 
or in multiple locations were significantly correlated with 
higher CIR (HR 3.442, 95% CI, 1.246–9.509, p = 0.007). 
Furthermore, lesions in the proximal upper-third or in mul-
tiple locations were identified as significant factors for poor 
PFS (84.0% vs. 95.6%, p = 0.043) and higher CIR (16.0% vs. 
3.4%, p = 0.018) in the HPI-treated subgroup in the univariate 
analysis (Online Resource 6).

Discussion

The real-world clinical outcomes of gastric MALT lymphoma 
treated with different therapeutic modalities were presented 
in this long-term, retrospective, single-center study with suf-
ficient patients regardless of the stage. It is currently widely 
accepted that eradication of HPI has become a standard treat-
ment for gastric MALT lymphoma based on chronic HPI, 
which provides antigen stimulus to gastric MALT lymphoma 

through the clonal expansion of lymphoid cells [22]. HPI-
positive patients with localized stage cancers who achieved 
long-term CR solely with eradication were supported by sev-
eral prior studies presenting a high remission rate of approxi-
mately 80% [1, 8, 9]. In our study, the HPI eradication CR 
rate was 77.8% in 144 HPI-positive stage I or II1 patients, 
consistent with recent large cohort study results. Most of these 
patients achieved CR in less than 12 months (range, 3.8–13.2). 
For a possible delay in achieving histologic remission of lym-
phoma, we also adopted the watch-and-wait strategy for at 
least 12 months according to the current European Society of 
Medical Oncology (ESMO) guidelines [8, 10].

However, the following patients should be considered 
for different treatment options: diagnosed HPI-negative, not 
achieving CR in either endoscopic or histologic findings after 
eradication, presenting positive for t(11;18)(p21;p21)/API2-
MALT1, relapse after achieving CR, or with advanced stage of 
II2, IIE or IV. Due to the uncertainty and known low efficacy 
of eradication treatment in HPI-negative patients, we did not 
perform eradication for HPI-negative patients. Instead, stage 
I or II1 HPI-negative patients showed an excellent treatment 
response with a 100% CR rate after radiotherapy. A recently 
published multicenter cohort study performed in Japan 
showed a 13.6% CR rate, and retrospective pooled analysis 
including 110 patients with HPI-negative gastric MALT lym-
phoma eradication revealed a 15.5% CR rate [1, 23]. These 
results suggest that the efficacy of eradication treatment in 
HPI-negative patients has not yet been determined and is 
questionable. Nevertheless, the EGILS group consensus and 
ESMO guidelines recommend that eradication should be 

Table 1   (continued) Characteristics Values

    Stage II1 (T1–4N1M0–1, B0) 5 (2.5%)
  Advanced stage
    Stage II2 (T1-4N2M0-1, B0) 1 (0.5%)
    Stage IIE (T1–4N1M0–1, B0) 4 (2.0%)
    Stage IV (T1–4N3M0–1B0, T1–4N0–    2M2B0 or B1) 17 (8.4%)

Bone marrow involvement 7 (3.4%)

CLO, Campylobacter-like organism test; ECOG, Eastern Cooperative Oncology Group; EUS, endoscopic 
ultrasonography; HPI, Helicobacter pylori infection; IU, international unit; MALT-IPI, mucosa-associated 
lymphoid tissue lymphoma-International Prognostic Index; PCR, polymerase chain reaction
† Patients with at least one positive test result were defined as HPI-positive
* HPI-negative was confirmed by all negative tests in histology, serology, 13C urea breath test, and/or stool 
antigen test
§ Endoscopically, other than superficial type tumors were classified as hypertrophic fold (n = 13), ulceroin-
filtrative (n = 64), and ulcerofungating type (n = 23). Ref.) Chin YJ, Chang DK, Lee KM, et al. (1996) Clin-
icopathologic study of primary gastric lymphoma of B-cell phenotype with special reference to low-grade 
B-cell lymphoma of MALT. Korean K Gastroenterol 31:463–476
‡ A total of 89 patients underwent EUS evaluation (Lugano stage I, n = 84). Two patients with Lugano stage 
IV showed muscularis propria invasion on EUS. Among the three patients with Lugano stage IIE, two 
patients also showed muscularis propria invasion, but one showed submucosal layer invasion on EUS
** A detailed contents of the Lugano stage-/Paris staging system are presented in Table S1
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considered before radiotherapy or chemotherapy, based on 
the evidence of occasional lymphoma response probably due 
to a false-negative test or infection with other Helicobacter 
species [10, 19]. Because of the indolent nature of gastric 
MALT lymphoma and guideline recommendations, clinicians 
may consider eradication treatment in HPI-negative stage I 
or II1 patients and carefully watch and wait with a routine 
endoscopic assessment. If patients with NC or rRD persist 
for 2–3 months after antibiotic administration, clinicians may 
recommend subsequent radiation therapy [19].

Radiation is mainly considered in stage I or II1, either as 
initial therapy for HPI-negative patients or for HPI-positive 
patients that experienced eradication failure [19, 20]. The 
clinical outcomes of radiotherapy in HPI-negative (n = 27) 
or eradication failure patients (n = 33) were excellent, pre-
senting a 100% CR rate and a notable safety profile with only 
one patient experiencing relapse. We also used the “watch-
and-wait” strategy for 12 months without further treatment 
for delayed responders in radiotherapy, which was previously 
presented in our institute [20]. A recent retrospective study 
also shows excellent radiotherapy outcomes in HPI-negative 
gastric MALT lymphoma patients, with a 5- and 10-year 
OS of 94% and 79%, respectively, and with only 9.6% local 
failures [24]. In our data, the OS, PFS, and CIR of first-line 
radiotherapy-treated patients (n = 25) with HPI-negative 
stage I or II1-2 were 100%, 84.2%, and 5.1%, respectively, 
at the 19-year follow-up. Systemic chemotherapy is consid-
ered only for first-line treatment in advanced-stage patients 
or for relapsed/refractory disease after prior treatments, 
including HPI eradication and radiotherapy. In 27 first-line 
R-CVP chemotherapy-treated HPI-negative stage II2, IIE, or 
IV patients, CR was observed in 81.5%, relapse after CR in 
22.2%, OS in 90.7%, and PFS in 57.4% of the patients at the 
19-years follow-up. Our results showed inferior outcomes 
with considerable hematologic adverse events compared to 

Table 2   Treatment outcomes of gastric MALT lymphoma after initial 
treatment (total n = 203)

CI, confidence interval; ChR, complete histological remission; EMR, 
endoscopic mucosal resection; HPI, Helicobacter pylori infection; 
NC, no change; pMRD, probable minimal residual disease; rRD, 
responding residual disease
* Among 151 HPI-positive patients, 7 (4.6%) were diagnosed with 
Lugano stage IIE-IV and received chemotherapy
† Histological responses of post-treatment biopsies were classified 
using the GELA grading system
‡ All patients with eradication failure showed no regression of gastric 
MALT lymphoma
§ Complete remission after HPI eradication was defined as post-treat-
ment biopsy histology showing ChR or pMRD in at least two subse-
quent follow-ups

Variables Values

HPI-positive, Stage I or II1 (n = 144)*
  First-line eradication 101 (49.8%)
  Second-line eradication 43 (21.2%)
  HPI eradication response rate 112/144 (77.8%)
  Eradication failure 15 (10.4%)
    Treatment response†
        Stable disease (NC)‡ 15 (10.4%)
        Partial remission (rRD) up to 12 months 17 (11.8%)
        Complete remission (ChR and pMRD)§ 112 (77.8%)

HPI-negative, Any stage (n = 59)
  Chemotherapy 27 (45.7%)
  Radiotherapy 25 (42.4%)
  Chemotherapy + consolidative radiotherapy 2 (3.4%)
  Observation after EMR 5 (8.5%)
    Treatment response
        Progressive disease 5 (8.5%)
        Complete remission 54 (91.5%)

Table 3   Predictive factors for HPI eradication resistance as determined by logistic regression

OR, odds ratio; CI, confidence interval; EUS, endoscopic ultrasonography; HPI, Helicobacter pylori infection; MALT-IPI, mucosa-associated 
lymphoid tissue lymphoma-International Prognostic Index; SM, submucosa
* Non-responders were defined as delayed responders (rRD) who did not achieve CR after 1-year follow-up or patients with NC, eradication fail-
ure after 2nd line therapy, macroscopic SD/PD, or rRD with PR in macroscopic findings up to 1 year
† Patients who underwent EUS workup

Variables Non-responder*
(n = 32)

Responder
(n = 112)

p-value All patients (n = 144) Selected patients (n = 66)†

OR (95% CI) p-value OR (95% CI) p-value

Age ≥ 60 8 (25.0%) 37 (33.0%) 0.387 1.567 (0.608–4.041) 0.353 1.032 (0.232–4.597) 0.967
Male 16 (50.0%) 41 (36.6%) 0.172 1.908 (0.836–4.352) 0.125 1.664 (0.541–5.116) 0.374
Proximal upper-third/multiple 15 (46.9%) 24 (21.4%) 0.004 3.235 (1.413–7.406) 0.005 2.628 (0.823–8.395) 0.103
Superficial type 15 (46.9%) 63 (56.2%) 0.348 0.835 (0.362–1.928) 0.673 0.871 (0.281–2.700) 0.811
Lugano stage I 31 (96.9%) 110 (98.2%) 0.532 0.950 (0.066–13.62) 0.950 - -
MALT IPI low risk 26 (81.3%) 89 (79.5%) 0.824 0.842 (0.268–2.643) 0.768 0.968 (0.235–3.982) 0.964
EUS (≥ SM) (n = 66) 12 (60.0%) 15 (32.6%) 0.038 3.100 (1.046–9.187) 0.041
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previous studies [19, 25, 26]. Thus, further studies utiliz-
ing different chemotherapy regimens are necessary to con-
firm the optimal treatment modalities for advanced-stage or 
relapsed/refractory gastric MALT lymphoma.

Several known predictive factors for resistance to HPI 
eradication have been identified, including male sex, negative 
HPI status, proximal gastric locations, stage II1 or advanced, 
depth of invasion by EUS beyond the submucosal layer, 

Table 4   Treatment outcomes and adverse events in HPI-negative group patients (n = 52) †

CR, complete remission; EUS, endoscopic ultrasonography; HPI, Helicobacter pylori infection; MALT-IPI, mucosa-associated lymphoid tissue 
lymphoma-International Prognostic Index; PD, progression of disease
† Two patients treated with chemotherapy with consolidative radiotherapy and five patients treated with EMR were not included in this analysis. 
All patients achieved long-term CR
‡ Five patients diagnosed with low-grade gastric MALT lymphoma showed t(11;18)/API2-MALT1 positive

Category First-line radiotherapy
(n = 25)

First-line chemotherapy
(n = 2 7)

p-value

Treatment modalities 3060 cGy dose, 17 fraction
Whole-stomach irradiation

Eight cycles of R-CVP -
-

Clinical characteristics
Age 0.554
   ≥ 60 years (n = 29) 15 (60.0%) 14 (51.9%)
   < 60 years (n = 23) 10 (40.0%) 13 (48.1%)
Sex 0.250

  Male (n = 23) 9 (36.0%) 14 (51.9%)
  Female (n = 29) 16 (64.0%) 13 (48.1%)

Dominant site of lesion 0.797
  Proximal upper-third/multiple (n = 39) 13 (52.0%) 15 (55.6%)
  Distal two-thirds (n = 105) 12 (48.0%) 12 (44.4%)

Endoscopic type 0.174
  Superficial (n = 78) 13 (52.0%) 19 (70.4%)
  Others (n = 66) 12 (48.0%) 8 (29.6%)

Lugano stage  < 0.001
  Stage I (n = 29) 24 (96.0%) 5 (18.5%) ‡
  Stage II1–2 (n = 2) 1 (4.0%) 1 (3.7%)
  Stage IIE (n = 4) 0 4 (14.8%)
  Stage IV (n = 17) 0 17 (63.0%)

MALT-IPI  < 0.001
  Low (n = 21) 17 (68.0%) 4 (14.8%)
  Intermediate to high (n = 31) 8 (32.0%) 23 (85.2%)

ECOG performance status  < 0.001
  0–1 (n = 47) 25 (100%) 22 (81.5%)
  2 (n = 5) 0 5 (18.5%)

Treatment outcomes
  CR 25 (100%) 22 (81.5%) 0.052
  PD 0 5 (18.5%) 0.165

Adverse events
AE grade
(NCI-CTC-AE ver. 5.0)

Gastric discomfort (n = 4, 16.0%)
Grade III–IV (n = 0)

Neutropenia (n = 19, 70.4%)
Grade III–IV (n = 11, 40.7%)

-

Nausea (n = 3, 12.0%)
Grade III–IV (n = 1, 4.0%)

Anemia (n = 12, 44.5%)
Grade III–IV (n = 4, 14.8%)

-

- Thrombocytopenia (n = 6, 22.2%)
Grade III–IV (n = 2, 7.4%)

-

- Peripheral neuropathy (n = 7, 25.9%)
Grade III–IV (n = 0)

-

- Infection (n = 3, 11.1%)
Grade III–IV (n = 1, 3.7%)

-
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non-superficial endoscopic type, and t(11;18)(p21;p21)/API2-
MALT1 translocation positive [1]. Our results also showed 
that lesions in the proximal upper-third or in multiple loca-
tions and invasion depth to the submucosa or deeper in EUS 
were associated with poor response to eradication. How-
ever, the endoscopic type did not show a difference between 
responders and non-responders. As most stage II1–2, IIE, or 
IV patients underwent radiation or chemotherapy regardless 
of HPI status, we could not identify advanced stage or HPI-
negative status as predictive factors of eradication response. 
Furthermore, we were unable to examine the status of the 
t(11;18)(p21;p21)/API2-MALT1 translocation in all enrolled 
patients, which is a well-known risk factor for predicting 
eradication response. Primarily due to financial constraints, 
only a proportion of patients agreed to undergo the t(11;18)

(p21;p21)/API2-MALT1 translocation FISH test. For a simi-
lar reason, EUS was also examined in a limited number of 
patients, raising the possibility of bias in the study. Given the 
low incidence of gastric MALT lymphoma, selection bias is 
also possible due to the small sample size of each treatment 
group, especially in stages II1–2 or IIE.

With respect to prognostic factors for survival out-
comes, HPI-negative gastric MALT lymphoma regardless 
of stage showed poor PFS (HR 3.281, 95% CI, 1.393–7.725, 
p = 0.006), and disease in proximal upper-third or multiple 
locations was closely related to higher CIR (HR 3.442, 95% 
CI, 1.246–9.509, p = 0.007). It is interesting that location 
also significantly affected the eradication response. Although 
gastric MALT lymphoma progresses slowly and progno-
sis tends to be favorable, HPI-negative, advanced stage, or 

Fig. 2   Kaplan–Meier survival curves according to treatment modal-
ity in gastric MALT lymphoma. Kaplan–Meier survival curves of 
PFS (a) and CIR (b) according to HPI-positive versus HPI-negative 

gastric MALT lymphoma patients. The PFS (c) and CIR (d) curves 
of patients initially treated with radiotherapy versus chemotherapy in 
gastric MALT lymphoma
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eradication-resistant patients showed relatively poor clinical 
outcomes with potential risk for high-grade transformation, 
and clear treatment guidelines are yet to be established.

In summary, our results confirm that HPI eradication 
treatment should be the first-line treatment modality for 
localized stage HPI-positive gastric MALT lymphoma, 
with a “watch-and-wait” strategy for delayed responders for 
at least 1 year. Radiotherapy is recommended for patients 
with localized HPI-negative status or with eradication fail-
ure, which may also indicate a watch-and-wait approach. 
Chemotherapy is the treatment of choice for advanced-stage 
patients regardless of HPI status, and large multicenter stud-
ies to elucidate appropriate chemotherapy regimens, includ-
ing novel agents, may help improve treatment outcomes. 
Furthermore, due to the considerable relapse rate compared 
to excellent survival outcomes, long-term regular monitor-
ing is required for all patients.
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tary material available at https://​doi.​org/​10.​1007/​s00277-​023-​05130-8.
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