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Abstract — MALT-type marginal zone lymphomas are B-cell neoplasms that include extra-nodal tissues and
exhibit a slow clinical course. The stomach is the predominant area, and most people are afflicted with Helico-
bacter pylori. Recently, there has been an increase in the bacterium’s resistance to several antibiotics, necessitat-
ing a change of treatment protocols. In regions where clarithromycin resistance surpasses 15%, it is necessary to
discontinue the traditional triple therapy, and new therapies called quadruple regimens, including or excluding
bismuth, are now suggested. Consequently, persons diagnosed with stomach MALT lymphoma linked with H.
pylori must adhere to these revised eradication treatment protocols.

Keywords: Chronic gastritis, MALT lymphoma, H. pylori infection, H. pylori eradication, Gastric MALT
lymphoma.

INTRODUCTION

Among chronic gastric infections, Infection caused by Helicobacter pylori (H. pylori) is not un-
common globally. Infection rates vary by nation; overall, 55% of the global population has H.
pylori infection'. Furthermore, the infection caused by H. pylori is the main etiologic factor for
low-grade MALT lymphoma in the gastric region'. International recommendations emphatically
advocate for the elimination of pathogens in all individuals having stomach MALT lymphoma,
particularly in the 1t stages of low-grade mucosa-associated lymphoid tissue lymphoma. Elim-
ination of H. pylori might attain a cure rate of 60%-80%2"®. Primary gastrointestinal lymphoma
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constitutes 30% to 40% of all extranodal lymphomas. The prevalence of primary gastric lym-
phoma has risen in recent decades®. The culprit found in around 75% of gastric cancers and
5.5% of all worldwide malignancies is H. pyloriinfection. Infection rates differ by country: China
exhibits rates between 55% and 80%, Hong Kong at 15%, and Taiwan at 40%’. Hispanics, Afri-
can Americans, and the elderly exhibit a higher prevalence of H. pylori infections in the United
States, with Hispanics 60%, 54% of Blacks, and 20% of Whites. Similar infection rates were
found in both sexes. The estimated prevalence in the US is 20% for those under thirty and 50%
for those over sixty years®.

Gastric mucosa-associated lymphoid tissue lymphoma is a neoplasm of clonal B-cells orig-
inating from post-germinal center B-cells inside the lymphoid follicles’ marginal zone. Over 30
years ago, people with chronic gastritis discovered H. pylori in their stomach mucosa®. Infec-
tion caused by Helicobacter pylori is regarded as a primary reason for chronic gastritis and
a significant reason for stomach MALT lymphoma. After the recognition of the correlation be-
tween H. pylori gastritis and stomach MALT lymphoma, comprehensive foundational research
and clinical trials have been undertaken globally, resulting in the establishment of treatment
protocols for H. pylori-related gastritis and stomach MALT lymphoma”'®"'. Gastric MALT lym-
phoma is a sporadic condition. The projected prevalence of stomach lymphoma in Europe
was around 0.3-0.8 per 100,000 persons'®. Recent research indicated that the prevalence of
stomach MALT lymphoma was around 0.38 per 100,000 individuals in the USA. The rate of
incidence increased with advancing age'®. This study reviewed the English-language literature
about H. pylori gastritis and stomach MALT lymphoma, assessing recent advancements in
their diagnosis and treatment. The existing difficulties in diagnosing and managing the illness
are also discussed.

HELICOBACTER PYLORI
Overview

Helicobacter pylori, a spiral-shaped bacterium that stains pink on gram staining (gram -1Ve),
is among the most common etiological agents of gastric infections worldwide, affecting 20%-
50% of individuals in the USA and Europe and up to 70% in underdeveloped nations''4. The
illness is often latent and asymptomatic, with a well-documented association with dyspepsia,
peptic ulcer, chronic gastritis, gastric MALT lymphoma, and gastric cancer. WHO has clas-
sified H. pylori as a Group | carcinogen. The elimination of H. pylori alleviates gastritis and
precludes additional complications. Currently, all individuals diagnosed with an infection of
H. pylori should get elimination therapy'. In most recent decades, this bacterium has shown
heightened resistance to the predominant medications used in the treatment. It is also strongly
linked with gastric MALT lymphoma't. Consequently, it is essential to reevaluate its current
treatment protocols.

Diagnostic Methods

Helicobacter pylori infection can be diagnosed either by invasive test or non-invasive (Table 1).
Noninvasive testing is more convenient, more endured, and cheap. The carbon-13 (13C)-labeled
urea breath test, following the addition of citric acid, is the most specific and sensitive noninva-
sive procedure., making it the ideal technique for detecting H. pylori infection’®. A monoclonal
ELISA stool test may detect its antigen and be a valid, non-invasive alternative''*. Serological
investigations for H. pylori are not universally suggested for diagnosis due to their significant vari-
ability and inadequate ability to differentiate between current infection and past exposure. They
may be beneficial for individuals with MALT lymphoma or other disorders that markedly diminish
infection risks, like severe intestine metaplasia or atrophy, individuals having recently completed
antibiotic therapy, or individuals who are unable to stop prior treatment with PPIs3. The definitive
noninvasive diagnostic method for H. pylori infections is an endoscopic stomach biopsy accom-
panied by a Giemsa stain analysis, which has a sensitivity of 95% and a specificity of 98%. More-
over, the rapid urease test is a feasible and satisfactory substitute for histological evaluation.
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TABLE 1. HELICOBACTER PYLORIDIAGNOSTIC TESTS.

Diagnosis
First following Sensitivity/

Investigation diagnosis treatment specificity Advantages Limitations
Noninvasive 13C-labeled +++ +++ >95%/>95% Reliable, easy, The analysis
urea breath test easily accessible, requires a specific

and rapid instrument
Antigen detection using +++ +++ >95%/>95%  Reliable, easy, Patient rejection
a monoclonal ELISA and speedy.
stool test
IgG serology + - 75%-85%/ Easily accessible Persistent +ive
79%-90% and capable findings after
of discovering eradication of
virulence factors the bacteria and
poor sensitivity
Rapid invasive urease +++ + 80%-95%/ Reliable and A high bacterial |
test 97%-99% fast. oad is required
Histology ++ ++ 60%-95%/ Excellent sensitivity Significant
>98% and secondary interobserver
diagnostic variability. This
information. An takes a long time.
immunohistochemical ~ Immunohistochemical
study boosts sensitivity. studies are more
costly and slower
Treatment

Recent revisions to the worldwide and national consensus guidelines for the treatment and
management of H. pylori infections specify that a therapy is deemed successful when it has
an eradication rate of no less than 90%, replacing the previously acceptable threshold of
80%3'+18, These underscore the bacteria’s increasing antibiotic resistance and the need to
access homegrown bacterial resistance data to choose a suitable medication in an individual
context. The consensus recommendations suggest replacing the existing triple therapy (OCA:
omeprazole, clarithromycin, and amoxicillin) with a quadruple regimen, including or excluding
bismuth, to enhance the success of treatment. H. pylori infection management can be en-
hanced by observing these three fundamental guidelines: examine the patients’ previous anti-
biotic exposure, provide substantial doses of PPIs, and refrain from continuing an unsuccessful
treatment regimen1°,

First-Line Treatment

The United States has a notable clarithromycin resistance rate of 13%2. Present global and
local guidelines for eliminating H. pylori recommend discontinuing old triple therapy with OCA
in regions with increased resistance to clarithromycin, such as the USA and Southern Europe,
and instead utilizing simultaneous quadruple therapies with or without bismuth. The international
consensus advises a fourteen-day course of treatment using a concurrent quadruple regimen
excluding bismuth (OCAM: PPlIs, clarithromycin, amoxicillin, and metronidazole), which is linked
to eradication rates of 86%-92%'%2'. A 10-day treatment of concurrent quadruple therapy of bis-
muth (OBMT: PPIs, bismuth, metronidazole, and tetracycline) is advised as well. For regions with
metronidazole-resistant bacteria, increasing the treatment period to fourteen days can enhance
effectiveness. Since 2016, bismuth subcitrate potassium, tetracycline, and metronidazole in a
fixed-dose and a single capsule combination have streamlined the therapy, accompanied by a
proton pump inhibitor for 10 days. Eradication rates of 85% are reported with the quadruple bis-
muth regimens, and they are typically tolerated well™2".
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Second-Line Treatment

2" line treatment is dependent on the results of the first. Therefore, if initial clarithromycin therapy
is ineffective, the consensus of Spain recommends a therapy course that includes levofloxacin,
ideally in a quadruple format (OLAB: PPIs, levofloxacin, amoxicillin, and bismuth); alternatively,
quadruple bismuth therapy (OBMT) is also a viable option (Table 2). In the event of a failed initial
first-line quadruple therapy using bismuth, a treatment plan comprising either quadruple or triple
therapy with levofloxacin (OLA + bismuth) is advised. These pharmacological combinations have
an eradication rate of around 90%31%21,

Third- and Fourth-Line Treatment

The necessity to eliminate the iliness, as well as the patients’ assessment of compliance with
the therapy, must be prioritized. After the unsuccessful administration of the first-line and sec-
ond-line treatments, international guidelines advocate for a quadruple therapy that incorporates
bismuth. Additionally, a treatment regimen featuring levofloxacin is advised after the ineffective-
ness of first-line clarithromycin treatment and subsequent quadruple therapy using bismuth. Pa-
tients with MALT lymphomas require a fourth-line of elimination therapy. Under these conditions,
a therapeutic regimen with rifabutin is advised, such as proton pump inhibitors, amoxicillin, and
rifabutin®#19:21,

Historical Evidence Correlating H. pylori Infection with Gastric MALT Lymphomas

The first study linking H. pylori to gastric MALT lymphoma was performed in 199122, H. pylori
infection increased the risk of stomach MALT lymphoma since most patients had it. Typical stom-
ach lymphoid tissue is unorganized. H. pylori-infected people establish lymphoid follicles and
produce morphologically similar lymphoid tissue. In addition, case-control studies have linked H.
pylori infection to primary gastric lymphoma?3. Studies that found the lymphoma B-cell clone in
biopsy specimens of chronic gastritis that preceded lymphoma and in vitro studies that showed
H. pylori strain-specific T cells could stimulate lymphoma growth in crude lymphoma cultures

TABLE 2. HELICOBACTER PYLORI TREATMENT REGIMENS™".

Treatment regimen Agents Duration
Quadruple concurrent therapy Omeprazole 20 mg every 12 hours, Clarithromycin 14 days
excluding bismuth (OCAM) 500 mg every 12 hours, Amoxicillin 1 g every 12 hours,

Metronidazole 500 mg every 12 hours.
Quadruple regimen with Omeprazole 20 mg every 12 hours; Bismuth subcitrate 10 to 14 days
bismuth (OBMT) 240 mg every 12 hours or 120 mg every 6 hours.

Metronidazole 500 mg every 8 hours; Doxycycline
100 mg every 12 hours.

A single capsule contain Omeprazole 20 mg every 12 hours Bismuth subcitrate 10 to 14 days
140 mg of bismuth subcitrate potassium 420 mg every 6 hours Metronidazole 375 mg
potassium, 125 mg of every 6 hours; Tetracycline 375 mg every 6 hours

tetracycline, and 125 mg of
metronidazole, with a dosage of
3 capsules used four times

day + omeprazole.

Triple therapy using levofloxacin Omeprazole 20 mg every 12 hours Levofloxacin 500 mg
(OLA), with or without bismuth per 24 hours Amoxicillin 1 g every 12 hours + Bismuth

subcitrate 240 mg every 12 hours 14 days
Triple therapy using rifabutin, Omeprazole 20 mg every 12 hours, Rifabutin 150 mg 14 days
with or without bismuth every 12 hours, Amoxicillin 1 g every 12 hours +

Bismuth subcitrate 240 mg every 12 hours
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provided direct evidence for H. pylori’s role in gastric MALT lymphoma’s pathogenesis®. Finally,
Wotherspoon et al?®® in 1993 showed that antibiotics alone eliminated H. pylori and regressed
stomach MALT lymphoma by 75%. Most of these individuals with antibiotic-eradicated lympho-
mas have achieved long-term clinical remission?.

These pioneering experiments showed that antibiotics alone could remove a malignant tumor.
Additionally, sero-epidemiologic case-control studies strongly suggested that H. pylori infection
raised stomach cancer risk. In 1994, the International Agency for Research on Cancer designat-
ed H. pylori as a Group | carcinogen?®.

GASTRIC MALT LYMPHOMAS

MALT lymphomas have a very slow clinical course and arise in the stomach, salivary glands,
lungs, thyroid, and other organs. They are a kind of extranodal B-cell ymphoma that occurs from
a structure similar to Peyer’s patches. According to the WHO categorization, they are classified
as extranodal marginal zone lymphomas with the subtype of MALT?2°. Despite a recent rise in
prevalence, MALT Lymphomas have incidence rates of 1.53 and 1.61 per 100,000 individuals in
the USA for men and females, respectively*°.

Pathogenesis

After the establishment of the association between peptic ulcer, gastritis, and H. pylori infec-
tions® at the beginning of the 1990s, Peter Isaacson first reported a significant prevalence
of gastritis (in individuals with MALT lymphoma) because of Helicobacter pylori infection,
along with the presence of lymphoid follicles resembling those found in MALT of the infected
individuals, but without lymphoma?2. This study indicated the enhancement of the Malt lym-
phoma in the stomach due to the presence of H. pylori, given that the stomach typically lacks
organized lymphoid tissue. Subsequently, the same research group revealed the complete
remission of MALT lymphoma with the elimination of H. pylori, in five out of six instances?®.
Many clinical studies show that after the elimination therapy of H. pylori, there is complete
histological remission of MALT Lymphoma?'. The pathogenesis of mucosa-associated lym-
phoid tissue lymphoma has been thoroughly examined in various scholarly articles; in sum-
mary, MALT lymphoma shows a multistage progression, with the first development of chronic
gastritis triggered by H. pylori that stimulates the infiltration of the lymphocytes in gastric
mucosa?. B cells transform into the neoplasm having genetic defects under the impact of H.
pylori-specific T cells and autoantigens, which is exaggerated by the free radicals®?33. The
development of genetic aberrations may correlate with reduced reliance on antigenic stimu-
lation and histological changes®'.

MALT Lymphoma Pathogenesis Pathways

Gastric MALT lymphoma seems to develop via two primary molecular pathways originating
from the stomach’s oncogenic inflammatory environment. The other case was associated with
a methylator-prone phenotype (CIMP), the other fully dependent on the t(11;18) translocation.
In both cases, H. pylori infection leads to chronic gastritis, marked by a strong inflammato-
ry response, increased epithelial cell turnover, and oxidative damage from reactive oxygen
species. In susceptible individuals, this environment can promote the development of malig-
nancies. Clonal evolution into MALT lymphoma is more likely when the tumor exhibits a con-
verging methylator phenotype, which may result from sustained proliferation in the presence
of microorganisms. The accumulation of these genetic abnormalities — primarily gains rather
than losses — through frequent, mutually exclusive events observed with increased frequency
in specific gastric DLBCLs suggests a predisposition to histologic transformation. Alternative-
ly, the lesion may evolve into a MALT lymphoma, which can eventually grow independently of
H. pylori, often characterized by the t(11;18) translocation, a non-methylator phenotype, and
additional genetic alterations. These instances rarely evolve to DLBCL but do represent more
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advanced disease and show clinically aggressive behavior. However, a similar carcinogenic
mechanism is observed in H. pylori-negative counterparts of these MALT lymphomas (Figure
1), supporting the proposed pathogenesis of H. pylori-induced MALT lymphoma?”.

Histopathological Diagnostics and Genetic Modifications

The 79% prevalence of H. pylori infections in subjects with stomach MALT lymphoma is wide-
spread, yet from research, this varies®*. Gastric MALT lymphoma usually includes a thick, ho-
mogenous infiltration of small cytoid cells with a small round nucleus and a little or moderate
amount of pale cytoplasm. A few show a marked plasmocytic differentiation associated with
small lymphocytes. Lymphocytes often infiltrate glandular epithelial tissue to form lymphoepithe-
lial lesions that are suggestive, but not diagnostic, of MALT lymphoma because the latter may
also be caused by other lymphoma types. B cell lineage markers, such as CD79a and CD20 are
expressed by lymphocytes; abnormal CD43 expression can distinguish MALT lymphoma from
other non-neoplastic disorders, including chronic gastritis. This may allow differentiation of cer-
tain lymphomas affecting the stomach that would otherwise lack other markers, such as CD10 or
CD5, including follicular lymphoma and mantle cell lymphoma?3s. Following the documentation of
a continuum of histological alterations of the stomach mucosa, including active chronic gastritis
and MALT lymphoma (Table 3), the authors detected a TSD localization of MALT lymphomas
along the esophageal fatty streaks. If the histology findings are inconclusive, then a rearrange-
ment in the immunoglobulin heavy chain variable region (Ilg VH) and other molecular approaches
might be useful®. IgVH monoclonality has thus been suggested to be of value in the diagnosis
of MALT lymphoma®’. Lymphoid infiltration in all strong lymphomas should only be performed
when it is diagnosed, and MALT lymphoma should not be diagnosed in the absence of decisive
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TABLE 3. HISTOLOGICAL CRITERIA FOR DIAGNOSING STOMACH MALT LYMPHOMA',

Grade Description Histological findings

0 Normal Plasma cells dispersed inside the lamina propria.
Lack of lymphoid follicles

1 Active chronic gastritis Lymphocytes minor aggregates inside the
amina propria. Lack of lymphoid follicles or
lymphoepithelial lesions

2 Active chronic gastritis with prominent Distinguished lymphoid follicles encircled by
lymphoid follicles a mantle zone and plasma cells
3 Suspicious and possibly reactive Centrocyte-like cells encircling Lymphoid
lymphoid infiltrate follicles that widely infiltrate the lamina
propria and, intermittently, the epithelium.
4 Suspicious lymphoid infiltrate Centrocyte-like cells encircling the Lymphoid
suggestive of lymphoma follicles that diffusely penetrating the |

amina propria and epithelium in small clusters.

5 MALT lymphoma Presence of a diffuse dense infiltration of
centrocyte-like cells into the lamina propria,
together with significant lymphoepithelial lesions

histological evidence. Gastric MALT lymphoma is typically slow-growing but has the potential to
progress in approximately 4-8% of cases to more aggressive forms, such as diffuse large B-cell
lymphoma (DLBCL)%%*°. Therefore, we consider that the former ‘high-grade MALT lymphoma’
has become dated and that this term is now replaced by DLBCL with or without regions of MALT
lymphoma in accordance with the latest WHO classification. The major numerical change iden-
tified in stomach MALT lymphoma is 3 trisomy (30%), and the most frequent translocation is t(11;
18)(g21;921), seen in 20% of patients. In MALT lymphomas, where afflicted patients usually do
not respond to H. pylori eradication therapy and do not develop DLBCL, the translocation has
been detected*.

Extension Studies and Staging Systems

Like other lymphomas, gastric MALT lymphoma is staged. Waldeyer’s tonsillar ring is assessed,
as well as CBC, LFTs, RFTs, serum LDH, 2-microglobulin, and blood coagulation profile. As-
sessment of the co-morbidities that can affect the treatment, for example, the infection caused
by HBV, HCV, and HIV must be made. All cases are recommended to undergo a CT of the chest,
abdomen, and pelvis*'. Patients without regional lymphadenopathy do not require a bone marrow
biopsy since the role of bone marrow in stomach MALT lymphoma is considered. Musshoff and
Ann Arbor revised the traditional staging method for gastric MALT lymphomas*2. Most cases are
in the early local stages, i.e., stage I1E — lymphoma localized to the stomach mucosa or lamina
propria — or stage I2E, involving the superficial lamina propria, according to the standardized use
of endoscopic ultrasonography*®. The diagnostic research toward a more accurate assessment
of disease infiltration to the gastric wall has resulted in staging systems that included Lugano and
Paris staging (Table 4)*.

Treatment

Precise diagnosis and staging are critical before starting treatment*64’. As infiltration is restricted
to mucosa and submucosa of MALT lymphoma (stage I1E)#, it often provides full remission after
eradication of H. pylori. Therefore, surgical and chemotherapeutic intervention is deferred until
after H. pylori eradication (Table 4). More than 90% of primary MALT lymphomas are low-grade
and usually limited to the mucosal or submucosal layers, and eradicating H. pylori becomes less
effective with deeper infiltration. Evaluations of gastric wall involvement by EUS are therefore
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o}
TABLE 4. STAGING SYSTEMS FOR GASTRIC LYMPHOMA®*.

Ann Arbor by Musshoff Paris system Tumor size

HE T1m NO MO Mucosa

HE T1sm NO MO Submucosa

I2E T2 NO MO Muscularis propia, subserosa

I12E T3 NO MO Serosa

IHE T1-3 N1 MO Lymph nodes of Peri gastric area

I2E T1-3 N2 MO Distant regional lymph nodes

12E T4 NO-2 MO Adjacent invasion of surrounding organs with
without involvement of abdominal lymph nodes

NE T1-4 N3 MO Extra abdominal lymph nodes

\Y, T1-4 N3 M1 Diffuse or disseminated invasion of remote or

extragastrointestinal organs

B1 Involvement of bone marrow

important, and MALT lymphoma often has modest progression with a favorable prognosis when
the disease is localized before the advanced stage*¢“¢-5°. However, the progress high-grade lym-
phoma progresses with the duration of the disease with increased incidence. Therefore, early
identification and intervention are essential.

Eradication of H. pylori

Multiple research studies have shown that MALT lymphoma of the stomach may achieve com-
plete regression, endoscopically and histologically, and on molecular criteria after H. pylori
eradication'#®. Additional research assessing the efficacy of eradicating H. pylori in stage IE1
demonstrated complete remission rates ranging from 60% to 92%%"%2. Typically, H. pylori-pos-
itive patients get triple or quadruple therapy for a duration of 1-2 weeks, followed by retesting
4-8 weeks thereafter*®. Bismuth-based quadruple therapy (that excludes antibiotics that have
already been administered) is indicated if the first medication proves unsuccessful®®. Gastric
MALT lymphoma H. pylori prevalence rates documented range from 0% to 38%°%. Factors
contributing to false negative H. pylori include eradication of H. pylori, recovery of H. pylori
infection, and recovery from non-H. pylori infections such as Helicobacter felis or Helicobacter
heilmannii, and autoimmunity may cause false negative H. pyloriin early gastric MALT lympho-
ma. That’s why carrying out various evaluations for H. pylori infection and a detailed medical
history is essential.

Management of High-Grade MALT Lymphoma

H. pylori changes are independent of H. pylori antigen proliferation, and there is a correlation
between increasing stage or histologic grade and decreasing rates of H. pylori infection®®. 80%
of patients with stage IIE lymphoma are documented to have undergone total gastrectomy and
have same-side lymph node invasion of the diaphragm?®. It has a very great effect on the qual-
ity of life5”. On the other hand, with extensive field radiation of 30-40 Gy over four weeks to the
stomach and perigastric nodes, there was a full remission rate of 90%-100%, with an estimated
5-year disease-free survival of 80%. In contrast, 30-40 Gy of field radiation given over 4 weeks
to stomach and perigastric nodes has yielded a full remission rate of 90 to 100% and long-term
disease-free survival of about 80%°58. Patients with severe sickness, who are H. pylori nega-
tive, or who have had H. pylori for a long time after eradication respond best to radiotherapy?®®.
Treatment alternatives include chemotherapy, immunotherapy, or a combinatorial combination of
these therapies. It was shown that a chimeric monoclonal antibody (Rituximab) targeting the B
cell-specific antigen CD20 is valid in patients with follicular lymphomas®. In addition, it has been

8



H. PYLORI-INDUCED CHRONIC GASTRITIS: A PATHWAY TO GASTRIC MALT LYMPHOMA

further used therapeutically with this antibody in a wide variety of non-Hodgkin lymphomas with
improved results as monotherapy or in combination with chemotherapy®'-¢4. MALT lymphoma of
the stomach, which is resistant to treatment, and H. pylori-negative responds to rituximab®-s. If
such high-grade MALT lymphoma is shown to be positive for H. pylori infection, H. pylori eradi-
cation treatment should be considered because the presence of H. pylori may favor recurrence,
but eradication in these patients is still disputed'.

Prevention

Although H. pylori, as a tumor-inducing pathogen, is implicated in both carcinoma and lympho-
ma, it does not lead to malignant disease in most of the patients. Hence, vaccination programs
need to take into account H. pylori’s co-evolution with humans, and various host-pathogen
interactions may be beneficial. H. pylori has been found to protect against the acidic envi-
ronment of the antrum (Cardia). Eradicating bacterium could have consequences that cannot
be envisioned. As H. pylori correlates with cancer progression, the interest in immunization
is expected to grow. A wide variety of innovative techniques have been evaluated in human
and animal subjects. Sutton et al®” showed that H. felis-infected BALB/c mice for 22 months
had devastating lymphoepithelial lesions similar to what is seen in human MALT lymphomas.
Eradication of the bacterial infection led to a noteworthy reduction in the incidence of MALT
lymphoma in mice, and mice immunized prophylactically and later exposed to H. felis have not
shown lymphocytic infiltration and follicle development in infection response, as compared with
control. As such, researchers concluded that preventive vaccination for H. felis could prevent
stomach MALT lymphoma.

CONCLUSIONS

There is a strong association between H. pyloriinfection and the development of gastric malt lym-
phoma, and there is a need for new treatment guidelines on how to treat gastric MALT lymphoma
along with new antibiotics for the elimination of H. pylori which are essential in its management.

Al Disclosure

The authors made use of Grammarly to correct the grammar issue of the manuscript, and Mendeley reference manager
was used to properly reference the manuscript and assist with the drafting of this article. Both tools were obtained from
the official websites and used without modification.

Conflict of Interest

The authors declare that they have no conflict of interest.

Funding Statement

No funding was received.

REFERENCES

1. Park JB, Koo JS. Helicobacter pylori infection in gastric mucosa-associated lymphoid tissue lymphoma. World J
Gastroenterol 2014; 20: 2751-2759.

2. Garza-Gonzélez E, Perez-Perez Gl, Maldonado-Garza HJ, Bosques-Padilla FJ. A review of helicobacter pylori diag-
nosis, treatment, and methods to detect eradication. World J Gastroenterol 2014; 20: 1438-1449.

3. Malfertheiner P, Megraud F, O’Morain CA, Atherton J, Axon ATR, Bazzoli F, Gensini GF, Gisbert JP, Graham DY,
Rokkas T. Management of Helicobacter pylori infection—the Maastricht IV/ Florence Consensus Report. Gut 2012;
61: 646-664.

4. Chey WD, Wong BCY. American College of Gastroenterology Guideline on the Management of Helicobacter pylori
Infection. Am J Gastroenterol 2007; 102: 1808-1825.



R.R

. Tirumalareddy, M.M. Badar, M. Abdullah, A.A. Kasar, M.M. Khan, S.M. Ali Haider

5.

6.

10.
11.
12.
13.
15.

16.

17.
18.
19.
20.

21.

22.
23.
24.
25.
26.
27.

28.

29.
30.

31.
32.

33.
34.

35.

36.

10

Fujioka T, Yoshiiwa A, Okimoto T, Kodama M, Murakami K. Guidelines for the management of Helicobacter pylori
infection in Japan: current status and future prospects. J Gastroenterol 2007; 42: 3-6.

Stathis A, Chini C, Bertoni F, Proserpio |, Capella C, Mazzucchelli L, Pedrinis E, Cavalli F, Pinotti G, Zucca E. Long-
term outcome following Helicobacter pylori eradication in a retrospective study of 105 patients with localized gastric
marginal zone B-cell lymphoma of MALT type. Ann Oncol 2009; 20: 1086-1093.

. Hu Q, Zhang Y, Zhang X, Fu K. Gastric mucosa-associated lymphoid tissue lymphoma and Helicobacter pylori infec-

tion: a review of current diagnosis and management. Biomark Res 2016; 4: 15.

. H. pylori Prevalence and Incidence [Internet]. The University of Arizona, Mel & Enid Zuckerman College of Pub-

lic Health. Available at: https://publichealth.arizona.edu/outreach/health-literacy-awareness/hpylori/transmis-
sion-spread. [cited 2025 Jan 17].

. Marshall B, Warren JR. Unidentified curved bacilli in the stomach of patients with gastritis and peptic ulceration.

Lancet 1984; 323: 1311-1315.

Ullrich A, Fischbach W, Blettner M. Incidence of gastric B-cell lymphomas: a population-based study in Germany.
Ann Oncol 2002; 13: 1120-1127.

Chey WD, Wong BCY. American College of Gastroenterology Guideline on the Management of Helicobacter pylori
Infection. Am J Gastroenterol 2007; 102: 1808-1825.

Khalil MO, Morton LM, Devesa SS, Check DP, Curtis RE, Weisenburger DD, Dores GM. Incidence of marginal zone
lymphoma in the United States, 2001-2009 with a focus on primary anatomic site. Br J Haematol 2014; 165: 67-77.
Eusebi LH, Zagari RM, Bazzoli F. Epidemiology of Helicobacter pylori Infection. Helicobacter. 2014; 19: 1-5.

. Salar A. Gastric MALT lymphoma and Helicobacter pylori. Medicina Clinica (English Edition) 2019; 152: 65-71.

Sugano K, Tack J, Kuipers EJ, Graham DY, EI-Omar EM, Miura S, Haruma K, Asaka M, Uemura N, Malfertheiner P.
Kyoto global consensus report on Helicobacter pylori gastritis. Gut 2015; 64: 1353-1367.

Gisbert JP, Calvet X, Bermejo F, Boixeda D, Bory F, Bujanda L, Castro-Fernandez M, Dominguez-Mufoz E, Elizalde
JI, Forné M, et al. lll Conferencia Espafiola de Consenso sobre la infeccién por Helicobacter pylori. Gastroenterol
Hepatol 2013; 36: 340-374.

Wang YK. Diagnosis of Helicobacter pylori infection: Current options and developments. World J Gastroenterol [In-
ternet] 2015; 21: 11221.

Chey WD, Leontiadis Gl, Howden CW, Moss SF. ACG Clinical Guideline: Treatment of Helicobacter pylori Infection.
Am J Gastroenterol 2017; 112: 212-239.

Zagari RM, Rabitti S, Eusebi LH, Bazzoli F. Treatment of Helicobacter pylori infection: A clinical practice update. Eur
J Clin Invest 2018; 48.

Huang CC, Tsai KW, Tsai TJ, Hsu PI. Update on the first-line treatment for Helicobacter pylori infection - a continuing
challenge from an old enemy. Biomark Res 2017; 5: 23.

Gisbert JP, Molina-Infante J, Amador J, Bermejo F, Bujanda L, Calvet X, Castro-Fernandez M, Cuadrado-Lavin A,
Elizalde JI, Gene E, et al. IV Spanish Consensus Conference on Helicobacter pylori infection treatment. Gastroen-
terologia y Hepatologia (English Edition) 2016; 39: 697-721.

Wotherspoon AC, Ortiz-Hidalgo C, Falzon MR, Isaacson PG. Helicobacter pylori-associated gastritis and primary
B-cell gastric ymphoma. Lancet 1991; 338: 1175-1176.

Parsonnet J, Hansen S, Rodriguez L, Gelb AB, Warnke RA, Jellum E, Orentreich N, Vogelman JH, Friedman GD.
Helicobacter pylori infection and gastric lymphoma. N Engl J Med 1994; 330: 1267-1271.

Hussell T, Isaacson PG, Crabtree JE, Spencer J. The response of cells from low-grade B-cell gastric lymphomas of
mucosa-associated lymphoid tissue to Helicobacter pylori. Lancet 1993; 342: 571-574.

Wotherspoon AC, Doglioni C, Diss TC, Pan L, Moschini A, de Boni M, Isaacson PG. Regression of primary low-grade
B-cell gastric lymphoma of mucosa-associated lymphoid tissue type after eradication of Helicobacter pylori. Lancet
1993; 342: 575-577.

Isaacson PG, Diss TC, Wotherspoon AC, Barbazza R, De Boni M, Doglioni C. Long-term follow-up of gastric MALT
lymphoma treated by eradication of H. pylori with antibodies. Gastroenterology 1999; 117: 750-751.

Farinha P, Gascoyne RD. Helicobacter pylori and MALT Lymphoma. Gastroenterology 2005; 128: 1579-1605.
Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein H, Siebert R, Advani R, Ghielmini M, Salles GA, Zelenetz AD.
The 2016 revision of the World Health Organization classification of lymphoid neoplasms. Blood 2016; 127: 2375-
2390.

Herlevic V, Reynolds SB, Morris JD. Gastric Lymphoma. 2025. StatPearls [Internet].

Jeong S-H, Hyun SY, Choi JS, Kim HM. Trends of Incidence and Survival Rrates of Mucosa-associated Lymphoid
Tissue Lymphoma in the Korean Population: Analysis of the Korea Central Cancer Registry Database. J Korean Med
Sci 2020; 35.

Du MQ, Isaccson PG. Gastric MALT lymphoma: from aetiology to treatment. Lancet Oncol. 2002; 3: 97-104.

Garcia M, Bellosillo B, Sanchez-Gonzalez B, Garcia-Payarols F, Seoane A, Ferrer AM, Gimeno E, Barranco LE,
Torner A, Solé F. Study of Regulatory T-Cells in Patients with Gastric Malt Lymphoma: Influence on Treatment Re-
sponse and Outcome. PLoS One 2012; 7: e51681.

Isaacson PG, Du M. Gastrointestinal lymphoma: where morphology meets molecular biology. J Pathol 2005; 205:
255-274.

Asenjo LM, Gisbert JP. [Prevalence of Helicobacter pylori infection in gastric MALT lymphoma: a systematic review].
Revista Espanola de Enfermedades Digestivas 2007; 99: 398-404.

Salar A, Juanpere N, Bellosillo B, Domingo-Domenech E, Espinet B, Seoane A, Romagosa V, Gonzalez-Barca E,
Panades A, Pedro C. Gastrointestinal Involvement in Mantle Cell Lymphoma: A Prospective Clinic, Endoscopic, and
Pathologic Study. Am J Surg Pathol 2006; 30: 1274-1280.

Evans PAS, Pott C, Groenen PJTA, Salles G, Davi F, Berger F, Garcia JF, van Krieken JHJM, Pals S, Kluin P. Signifi-
cantly improved PCR-based clonality testing in B-cell malignancies by use of multiple immunoglobulin gene targets.
Report of the BIOMED-2 Concerted Action BHM4-CT98-3936. Leukemia 2007; 21: 207-214.



H. PYLORI-INDUCED CHRONIC GASTRITIS: A PATHWAY TO GASTRIC MALT LYMPHOMA

37. Hummel M. Wotherspoon criteria combined with B cell clonality analysis by advanced polymerase chain reac-
tion technology discriminates covert gastric marginal zone lymphoma from chronic gastritis. Gut 2006; 55: 782-
787.

38. Conconi A, Franceschetti S, Aprile von Hohenstaufen K, Margiotta-Casaluci G, Stathis A, Moccia AA, Bertoni F,
Ramponi A, Mazzucchelli L, Cavalli F. Histologic transformation in marginal zone lymphomas. Ann Oncol 2015; 26:
2329-2335.

39. Maeshima AM, Taniguchi H, Toyoda K, Yamauchi N, Makita S, Fukuhara S, Munakata W, Maruyama D, Kobayashi
Y, Tobinai K. Clinicopathological features of histological transformation from extranodal marginal zone B-cell lym-
phoma of mucosa-associated lymphoid tissue to diffuse large B-cell lymphoma: an analysis of 467 patients. Br J
Haematol 2016; 174: 923-931.

40. Liu H, Ruskon-Fourmestraux A, Lavergne-Slove A, Ye H, Molina T, Bouhnik Y, Hamoudi RA, Diss TC, Dogan A, Me-
graud F. Resistance of t(11;18) positive gastric mucosa-associated lymphoid tissue lymphoma to Helicobacter pylori
eradication therapy. Lancet 2001; 357: 39-40.

41. Ferreri AUJM, Govi S, Ponzoni M. The role of Helicobacter pylori eradication in the treatment of diffuse large B-cell
and marginal zone lymphomas of the stomach. Curr Opin Oncol 2013; 25: 470-479.

42. Musshoff K, Schmidt-Vollmer H. Proceedings: Prognosis of non-Hodgkin’s lymphomas with special emphasis
on the staging classification. Z Krebsforsch Klin Onkol Cancer Res Clin Oncol 1975; 83: 323-341.

43.Nakamura S, Matsumoto T, Suekane H, Takeshita M, Hizawa K, Kawasaki M, Yao T, Tsuneyoshi M, lida M,
Fujishima M. Predictive value of endoscopic ultrasonography for regression of gastric low grade and high grade
MALT lymphomas after eradication of Helicobacter pylori. Gut 2001; 48: 454-460.

44. Rohatiner A, d’Amore F, Coiffier B, Crowther D, Gospodarowicz M, Isaacson P, Lister TA, Norton A, Salem P,
Shipp M. Report on a workshop convened to discuss the pathological and staging classifications of gastrointes-
tinal tract lymphoma. Ann Oncol 1994; 5: 397-400.

45. Musshoff K. [Clinical staging classification of non-Hodgkin’s lymphomas (author’s transl)]. Strahlentherapie.
1977; 153: 218-221.

46. Sackmann M, Morgner A, Rudolph B, Neubauer A, Thiede C, Schulz H, Kraemer W, Boersch G, Rohde P, Seifert
E. Regression of gastric MALT lymphoma after eradication of Helicobacter pylori is predicted by endosono-
graphic staging. MALT Lymphoma Study Group. Gastroenterology 1997; 113: 1087-1090.

47. Ahmad A, Govil Y, Frank BB. Gastric mucosa-associated lymphoid tissue lymphoma. Am J Gastroenterol 2003;
98: 975-986.

48. Neubauer A, Thiede C, Morgner A, Alpen B, Ritter M, Neubauer B, Windisch T, Ehninger G, Stolte M, Bay-
erdorffer E. Cure of Helicobacter pylori infection and duration of remission of low-grade gastric mucosa-associ-
ated lymphoid tissue lymphoma. J Natl Cancer Inst 1997; 89: 1350-1355.

49. Nobre-Leitdo C, Lage P, Cravo M, Cabecadas J, Chaves P, Alberto-Santos A, Correia J, Soares J, Costa-Mira
F. Treatment of gastric MALT lymphoma by Helicobacter pylori eradication: a study controlled by endoscopic
ultrasonography. Am J Gastroenterol 1998; 93: 732-736.

50. Radaszkiewicz T, Dragosics B, Bauer P. Gastrointestinal malignant lymphomas of the mucosa-associated lym-
phoid tissue: factors relevant to prognosis. Gastroenterology 1992; 102: 1628-1638.

51. Stathis A, Chini C, Bertoni F, Proserpio |, Capella C, Mazzucchelli L, Pedrinis E, Cavalli F, Pinotti G, Zucca E.
Long-term outcome following Helicobacter pylori eradication in a retrospective study of 105 patients with local-
ized gastric marginal zone B-cell ymphoma of MALT type. Ann Oncol 2009; 20: 1086-1093.

52. Chen L-T, Lin J-T, Tai JJ, Chen G-H, Yeh H-Z, Yang S-S, Wang H-P, Kuo S-H, Sheu B-S, Jan C-M. Long-term
results of anti-Helicobacter pylori therapy in early-stage gastric high-grade transformed MALT lymphoma. J Natl
Cancer Inst 2005; 97: 1345-1353.

53. Fock KM, Katelaris P, Sugano K, Ang TL, Hunt R, Talley NJ, Lam SK, Xiao SD, Tan HJ, Wu CY. Second Asia-Pa-
cific Consensus Guidelines for Helicobacter pylori infection. J Gastroenterol Hepatol 2009; 24: 1587-1600.

54.Nakamura S, Yao T, Aoyagi K, lida M, Fujishima M, Tsuneyoshi M. Helicobacter pylori and primary gastric lym-
phoma. A histopathologic and immunohistochemical analysis of 237 patients. Cancer 1997; 79: 3-11.

55. Nakamura S, Matsumoto T, Takeshita M, Kurahara K, Yao T, Tsuneyoshi M, lida M, Fujishima M. A clinico-
pathologic study of primary small intestine lymphoma: prognostic significance of mucosa-associated lymphoid
tissue-derived lymphoma. Cancer 2000; 88: 286-294.

56. Kuo SH, Chen LT, Wu MS, Lin CW, Yeh KH, Kuo KT, Yeh PY, Tzeng YS, Wang HP, Hsu PN. Long-term follow-up
of gastrectomized patients with mucosa-associated lymphoid tissue lymphoma: need for a revisit of surgical
treatment. Ann Surg 2008; 247: 265-269.

57. Yoon SS, Coit DG, Portlock CS, Karpeh MS. The diminishing role of surgery in the treatment of gastric lympho-
ma. Ann Surg 2004; 240: 28-37.

58. Yahalom J. MALT lymphomas: a radiation oncology viewpoint. Ann Hematol 2001; 80 Suppl 3: B100-5.

59. Du M-Q, Isaccson PG. Gastric MALT lymphoma: from aetiology to treatment. Lancet Oncol 2002; 3: 97-104.

60. McLaughlin P, Grillo-Lépez AJ, Link BK, Levy R, Czuczman MS, Williams ME, Heyman MR, Bence-Bruckler I,
White CA, Cabanillas F. Rituximab chimeric anti-CD20 monoclonal antibody therapy for relapsed indolent lym-
phoma: half of patients respond to a four-dose treatment program. J Clin Oncol 1998; 16: 2825-2833.

61. Dimopoulos MA, Zervas C, Zomas A, Kiamouris C, Viniou NA, Grigoraki V, Karkantaris C, Mitsouli C, Gika D,
Christakis J. Treatment of Waldenstrom’s macroglobulinemia with rituximab. J Clin Oncol 2002; 20: 2327-2333.

62. Coiffier B, Haioun C, Ketterer N, Engert A, Tilly H, Ma D, Johnson P, Lister A, Feuring-Buske M, Radford JA.
Rituximab (anti-CD20 monoclonal antibody) for the treatment of patients with relapsing or refractory aggressive
lymphoma: a multicenter phase Il study. Blood 1998; 92: 1927-1932.

63. Czuczman MS, Grillo-L6pez AJ, White CA, Saleh M, Gordon L, LoBuglio AF, Jonas C, Klippenstein D, Dallaire
B, Varns C. Treatment of patients with low-grade B-cell lymphoma with the combination of chimeric anti-CD20
monoclonal antibody and CHOP chemotherapy. J Clin Oncol 1999; 17: 268-276.

L



R.R. Tirumalareddy, M.M. Badar, M. Abdullah, A.A. Kasar, M.M. Khan, S.M. Ali Haider

64. Vose JM, Link BK, Grossbard ML, Czuczman M, Grillo-Lopez A, Gilman P, Lowe A, Kunkel LA, Fisher RI. Phase Il
study of rituximab in combination with chop chemotherapy in patients with previously untreated, aggressive non-Hod-
gkin’s lymphoma. J Clin Oncol 2001; 19: 389-397.

65. Martinelli G, Laszlo D, Ferreri AUM, Pruneri G, Ponzoni M, Conconi A, Crosta C, Pedrinis E, Bertoni F, Calabrese L.
Clinical activity of rituximab in gastric marginal zone non-Hodgkin’s lymphoma resistant to or not eligible for anti-He-
licobacter pylori therapy. J Clin Oncol 2005; 23: 1979-1983.

66. Conconi A, Martinelli G, Thiéblemont C, Ferreri AJM, Devizzi L, Peccatori F, Ponzoni M, Pedrinis E, Dell’'Oro S,
Pruneri G. Clinical activity of rituximab in extranodal marginal zone B-cell ymphoma of MALT type. Blood 2003; 102:
2741-2745.

67. Sutton P, O’Rourke J, Wilson J, Dixon MF, Lee A. Immunisation against Helicobacter felis infection protects against
the development of gastric MALT Lymphoma. Vaccine 2004; 22: 2541-2546.

12



