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Foreword

The National Toxicology Program (NTP) is an interagency program within the Public Health
Service (PHS) of the Department of Health and Human Services (HHS) and is headquartered at
the National Institute of Environmental Health Sciences, of the National Institutes of Health
(NIEHS/NIH). Three agencies contribute resources to the program: NIEHS/NIH, the National
Institute for Occupational Safety and Health, of the Centers for Disease Control and Prevention
(NIOSH/CDC), and the National Center for Toxicological Research, of the Food and Drug
Administration (NCTR/FDA). Established in 1978, NTP is charged with coordinating
toxicological testing activities, strengthening the science base in toxicology, developing and
validating improved testing methods, and providing information about potentially toxic
substances to health regulatory and research agencies, scientific and medical communities, and
the public.

The Report on Carcinogens (RoC) is prepared in response to Section 301 of the Public Health
Service Act as amended. The RoC contains a list of identified substances (i) that either are
known to be human carcinogens or are reasonably anticipated to be human carcinogens and

(i) to which a significant number of persons residing in the United States are exposed. NTP,
with assistance from other federal health and regulatory agencies and nongovernmental
institutions, prepares the report for the Secretary, Department of HHS. The most recent RoC, the
14th Edition (2016), is available at http://ntp.niehs.nih.gov/go/roc.

Nominations for (1) listing a new substance, (2) reclassifying the listing status for a substance
already listed, or (3) removing a substance already listed in the RoC are evaluated in a scientific
review process (http://ntp.niehs.nih.gov/go/rocprocess) with multiple opportunities for scientific
and public input and using established listing criteria (http://ntp.niehs.nih.gov/go/15209). A list
of substances under consideration for listing in (or delisting from) the RoC can be obtained by
accessing http://ntp.niehs.nih.gov/go/37893.

This information is distributed solely for the purpose of soliciting public comment under applicable information i
quality guidelines. It has not been formally distributed by the National Toxicology Program.
It does not represent and should not be construed to represent any NTP determination or policy.


http://ntp.niehs.nih.gov/go/rocprocess
http://ntp.niehs.nih.gov/go/15209
http://ntp.niehs.nih.gov/go/37893

5/1/18 Draft RoC Monograph on H. pylori (chronic infection)

Table of Contents

1 ODbjective and MELNOUS .........coveiiiiieiiee e nns 1
S R O o] [T ox £ PR PRTPRT 1
1.2 Monograph development and CONTENES .........ccveuerieieeie e 1
1.3 Methods for conducting the cancer hazard evaluation ..............cccccoceeviieiiie e, 2

1.3.1 Selection of the lIterature ..........cocooeieiiiencie s 2

1.3.2 Evaluation of human cancer StUdIes ..........cccocevueririiniie e 2

1.3.3 Evaluation of cancer studies in experimental animals............c.c.cccccvevnee. 3

1.3.4 Evaluation of mechanistic and other relevant data..............cccocevvenvnnnnne. 3

1.3.5 Overall evaluation and preliminary listing recommendation.................... 3
1.4 Method for developing the section on prevention of H. pylori—associated

(072 1[0 PP PR PR PR 5

2 Helicobacter pylori (Chronic Infection) Substance Profile...........cccccoviiiiiiiciiicnns 7
P20 A = To] [T [ To: LI o] 0] o< g {[- OSSR 7
A -1 (=Tod o] SRR UP TR 7
2.3 EXPOSUIE ...ttt e 9

0 0 -V 0 01 5557 o] o TSRS 10
2.3.2 Diseases (non-cancer), treatment, and prevention ..........cccccoccevvereenenee. 10
2.4 CaICINOGENICITY ....veeiiiiiesieeieeie ettt sttt e b e sbe e e nneenrs 11
2.4.1 Cancer Studies iN NUMANS. ... 11
2.4.2 Cancer studies in experimental animals..........cccccoooeiininiinieneiccee, 13
2.4.3 Mechanisms of carcinogenesis and other relevant data.......................... 14
2.4.4 NTP’s Preliminary listing recommendation ............ccccoovevineneencinnee. 16
2.5 REGUIALIONS ....cvieiieiece ettt e ne e nrn 16
3 Prevention of H. pylori—Associated CanCer..........ccoueieeieiieenieie e 17
3.1 Prevention of H. pylori—induced cancers: State of the science.............cccccveuennee. 17
3.1.1 Screening for and treatment of H. pylori infection............ccccoovevinnne. 18
3.1.2 Efficacy and effectiveness of H. pylori eradication in preventing
SEOMACK CANCET ...t e 19
3.1.3 Cost-benefit analyses StUAIES .......ccuevverieiierieie e 24
3.1.4  ISSUES ANT CONCEIMNS.....vveueiivieieeniestee e st st e ste st sbe e b ste e sbeenaesneenes 26
3.2 Policies and recommeNndations............ccoveiiienieniiesie e 27
3.2.1 National consensus recommendations for the prevention of
H. pylori—indUCEd CANCET .........cceiieieiieiieie e 27
3.2.2  Screening and treatment Programs..........ccceeeevveeeereereeseeseseeseeseesee e 29
3.3 Summary of the recommendations of international expert working groups
(including the IARC WOrKing group)......cccccveiieieeiieiiesieeieseesie e e esresnessaesneas 29

R E (=T =] 00T PSP 31

Appendix A: Literature Search Strategy ........ccccvvevieiieeiiecie i A-1
Identification Of iNtervention STUAIES..........ccviieiieeiie s A-1
Identification of cancer and exposure studies, reviews, and meta-analyses.............. A-2

Appendix B: Summary of Human Studies of Pancreatic and Colorectal Cancer............ B-1
PANCIEALIC CANCET ....vvviiieiieiieie ettt bbbttt sb e sbe st e sbesbe e eneas B-1

ii This information is distributed solely for the purpose of soliciting public comment under applicable

information quality guidelines. It has not been formally distributed by the National Toxicology Program.
It does not represent and should not be construed to represent any NTP determination or policy.



5/1/18 Draft RoC Monograph on H. pylori (chronic infection)
COlOrECTAl CANCET ... B-1
List of Tables
Table 2-1. Methods for detection of H. pylori infection............ccccoveiieii i 8
Table 3-1. Randomized controlled trials of H. pylori eradication and the incidence of gastric
(07210 [0 SO PPPPRPPPR 19
Table 3-2. Meta-analyses of randomized controlled trials and cohort studies investigating the
effectiveness of H. pylori eradication in reducing gastric cancer incidence.............. 23
Table 3-3. Recommendations for prevention of H. pylori—induced cancer..............c.ccocvvovrvnnnnn. 27
Table A-1. Major tOpICS SEArChEM. ........c.coveiiiiice e eres A-1
Table A-2. The full search strings for H. pylori SEarches...........c.ccoceieieneninieninineseeee, A-2

This information is distributed solely for the purpose of soliciting public comment under applicable information iii

quality guidelines. It has not been formally distributed by the National Toxicology Program.

It does not represent and should not be construed to represent any NTP determination or policy.



5/1/18 Draft RoC Monograph on H. pylori (chronic infection)

This Page Left Intentionally Blank

iv This information is distributed solely for the purpose of soliciting public comment under applicable
information quality guidelines. It has not been formally distributed by the National Toxicology Program.
It does not represent and should not be construed to represent any NTP determination or policy.



Draft RoC Monograph on H. pylori (chronic infection) 5/1/18

1 Objective and Methods

1.1 Objective

Helicobacter pylori is a gram-negative, multi-flagellated bacterium that colonizes the luminal
mucosal surface of the body (corpus) and lower portion (antrum) of the stomach; if untreated, the
infection usually lasts for the individual’s lifetime. Chronic infection can cause gastritis and
peptic ulcers.

The objective of this monograph is to present NTP’s preliminary conclusions regarding the level
of evidence for carcinogenicity from studies in humans and experimental animals and its
preliminary Report on Carcinogens (RoC) listing recommendation. These conclusions were
reached by applying the RoC listing criteria to the cancer assessment.

The rationale for selecting H. pylori for review for the RoC and the approach to preparing the
monograph were outlined in the draft concept document, “Helicobacter pylori: Chronic
Infection” (NTP 2016). The draft concept document was released for public comment and
presented to the NTP Board of Scientific Counselors at its meeting on April 11, 2016, which
provided opportunity for written and oral public comments. After the meeting, the concept
document was finalized, and Helicobacter pylori (Chronic Infection) was approved by the NTP
Director as a candidate substance for review. The concept document is available on the RoC
website (NTP 2016).

1.2 Monograph development and contents

In developing the monograph, NTP relied on the International Agency for Research on Cancer
assessment (IARC 2012) and peer review of the cancer studies in humans and experimental
animals and mechanistic and other relevant data. The rationale for relying primarily upon the
IARC monograph is that the role of H. pylori as the major risk factor for stomach cancer is well
established in the scientific community (see the concept document, NTP 2016).

H. pylori infection is responsible for approximately 780,000 cancer cases annually worldwide
(Plummer et al. 2015). The current question for the health community is not about causation, but
whether H. pylori screening and eradication programs should be implemented and, if so, how
these prevention strategies should be carried out. Therefore, this monograph also reports on the
status of activities for preventing H. pylori—induced stomach cancer. Providing information on
activities to reduce exposure is consistent with the spirit of the congressional mandate for the
RoC (as the report is expected to discuss Federal agency regulations to limit exposure) and
should facilitate hazard communication efforts when the RoC monograph is published.

The monograph consists of the following sections:

¢ Objective and methods (Section 1), including methods for conducting the cancer hazard
evaluation (Section 1.3)
e Substance profile: Science supporting the preliminary listing recommendation (Section 2)

e Status and summary of cancer prevention strategies (Section 3)

This information is distributed solely for the purpose of soliciting public comment under applicable 1
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e Appendices: Literature search strategies and a summary of human studies of H. pylori
infection and pancreatic and colorectal cancer

The substance profile includes a description of the substance, discussion of exposure-related
data, a summary of the scientific information considered key to its listing, and applicable current
federal regulations and guidelines to limit exposure. If H. pylori is listed in the 15th RoC, then
the substance profile (but not the other sections of the monograph) will become part of the RoC.
The profile is written for a broad audience.

1.3 Methods for conducting the cancer hazard evaluation

As outlined in the concept document, NTP conducted several problem-formulating activities.
These included searching the peer-reviewed literature (1) to determine the extent of U.S.
exposure to H. pylori and (2) to identify any potential controversies concerning IARC’s
assessment or any reports of cancer studies published since the IARC review whose findings
were not consistent with findings from the earlier studies. Based on these literature searches, no
information was identified that would argue against using the IARC assessment as the scientific
basis for applying the RoC listing criteria and reaching a listing recommendation. NTP did not
conduct its own systematic review of the primary cancer studies in humans and experimental
animals.

The scientific information in the substance profile and cancer prevention strategies sections
underwent scientific review and quality assurance review by a separate reviewer. The
information in the profile was checked against the cited reference (e.g., IARC monograph,
primary reference, review, or meta-analysis). Any discrepancies were resolved between the
writer and the reviewer through discussion and reference to the original data source.

1.3.1 Selection of the literature

NTP supplemented the IARC assessment and peer review of the cancer studies in humans and
experimental animals and mechanistic studies (IARC 2012) with recent reviews or meta-analyses
on cancer and mechanistic studies and exposure information. NTP also reviewed individual
studies (cited in reviews, the IARC monograph, or other publications) when information in the
IARC monograph was not clear or was related to a specific scientific issue.

Details on the literature search procedures and search terms are available in Appendix A.

1.3.2 Evaluation of human cancer studies

NTP applied the RoC listing criteria (shown at the end of Section 1.3) to the body of literature to
reach a decision on the level of evidence (sufficient, limited, or inadequate) for carcinogenicity
based on cancer studies in humans. Human cancer studies on H. pylori infection were reported in
the most recent IARC monograph on H. pylori (IARC 2012). NTP supplemented this
information with a few more-recent studies that addressed key issues, such as information
regarding chronic infection.

NTP focused on the two cancer outcomes for which IARC concluded there was sufficient
evidence of carcinogenicity from studies in humans: stomach cancer and gastric mucosa-
associated lymphoid tissue (MALT) lymphoma (IARC 2012, Tables 2.1 to 2.7). Evidence was
considered to be lacking for H. pylori as a cause of esophageal cancer (adenocarcinoma). In
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evaluating the human cancer data, NTP considered (1) IARC working-group comments on the
strengths and limitations of the studies, (2) the consistency of a positive association across
studies, (3) patterns such as exposure-response or latency relationships, (4) effect modifiers or
co-factors, and (5) whether the association across studies could be explained by chance, bias, or
confounding. The science supporting the NTP level-of-evidence conclusions is captured in the
substance profile (Section 2).

With respect to other types of cancer, the IARC working group expressed concerns about the
quality of the studies or the small numbers of studies available (IARC 2012). NTP also reviewed
recent meta-analyses, systematic reviews, and other reviews evaluating the association of H.
pylori infection with other types of cancer, primarily pancreatic and colorectal cancer. In general,
primary studies on these two types of cancer were identified from the meta-analyses or cited
references. Based on the review of recent studies and of the IARC monograph, NTP concluded
that no formal cancer hazard evaluation of pancreatic or colorectal cancer was warranted. A short
summary of the updated findings on pancreatic and colorectal cancer is provided in Appendix B.

1.3.3 Evaluation of cancer studies in experimental animals

NTP applied the RoC listing criteria to the body of literature to reach a decision on the level of
evidence (sufficient or not sufficient) from cancer studies in experimental animals. NTP accepted
IARC’s conclusions concerning the association between H. pylori infection and specific types of
tumors (e.g., gastric adenocarcinoma and gastric lymphoma) in various animal models to
determine whether the increases in tumors occurred at multiple tissue sites or in multiple species,
or whether tumors occurred to an unusual degree with respect to incidence, site, type of tumor, or
age at onset. In evaluating the data on cancer in experimental animals, NTP considered sources
of heterogeneity across studies, such as differences in H. pylori strain, animal strain, or
experimental methods, such as study duration.

1.3.4 Evaluation of mechanistic and other relevant data

The objective of the section on mechanistic and other relevant data is to provide a concise
overview of the pathogenesis of H. pylori chronic infection and potential mechanisms of H.
pylori carcinogenicity. As mentioned above, the substance profile is written for a broad audience,
and its purpose is to provide an overview of the information that was key to the listing
recommendation. Therefore, this section does not provide a detailed, comprehensive assessment
of the mechanistic data or develop proposed modes of action. However, the section does evaluate
whether the available mechanistic data provide biological plausibility for the findings observed
in humans.

1.3.5 Overall evaluation and preliminary listing recommendation

The evidence from the cancer studies in humans and experimental animals was integrated with
the assessment of the mechanistic and other relevant data. The RoC listing criteria were then
applied to the body of knowledge to reach a listing recommendation regarding chronic infection
with H. pylori.

This information is distributed solely for the purpose of soliciting public comment under applicable 3
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RoC Listing Criteria

Known To Be Human Carcinogen:

There is sufficient evidence of carcinogenicity from studies in humans*, which indicates a causal relationship
between exposure to the agent, substance, or mixture, and human cancer.

Reasonably Anticipated To Be Human Carcinogen:

There is limited evidence of carcinogenicity from studies in humans*, which indicates that causal interpretation is
credible, but that alternative explanations, such as chance, bias, or confounding factors, could not adequately be
excluded,

OR

there is sufficient evidence of carcinogenicity from studies in experimental animals, which indicates there is an
increased incidence of malignant and/or a combination of malignant and benign tumors (1) in multiple species or at
multiple tissue sites, or (2) by multiple routes of exposure, or (3) to an unusual degree with regard to incidence,
site, or type of tumor, or age at onset,

OR

there is less than sufficient evidence of carcinogenicity in humans or laboratory animals; however, the agent,
substance, or mixture belongs to a well-defined, structurally related class of substances whose members are listed
in a previous Report on Carcinogens as either known to be a human carcinogen or reasonably anticipated to be a
human carcinogen, or there is convincing relevant information that the agent acts through mechanisms indicating it

would likely cause cancer in humans.

Conclusions regarding carcinogenicity in humans or experimental animals are based on scientific judgment, with
consideration given to all relevant information. Relevant information includes, but is not limited to, dose response,
route of exposure, chemical structure, metabolism, pharmacokinetics, sensitive sub-populations, genetic effects, or

be substances for which there is evidence of carcinogenicity in laboratory animals, but there are compelling data
indicating that the agent acts through mechanisms which do not operate in humans and would therefore not
reasonablv be anticinated to cause cancer in humans.

other data relating to mechanism of action or factors that may be unique to a given substance. For example, there may

*This evidence can include traditional cancer epidemiology studies, data from clinical studies, and/or data derived from the study
of tissues or cells from humans exposed to the substance in question that can be useful for evaluating whether a relevant cancer
mechanism is operating in people.

4 This information is distributed solely for the purpose of soliciting public comment under applicable
information quality guidelines. It has not been formally distributed by the National Toxicology Program.
It does not represent and should not be construed to represent any NTP determination or policy.



Draft RoC Monograph on H. pylori (chronic infection) 5/1/18

1.4 Method for developing the section on prevention of H. pylori—associated cancer

The purpose of the section is to provide information and summarize studies and expert working
group recommendations related to the prevention of H. pylori—-associated gastric cancers. The
IARC Working Group report, “Helicobacter pylori Eradication as a Strategy for Preventing
Gastric Cancer,” served as the basis for Section 3 of the monograph (IARC 2014). The
information was supplemented with new studies that evaluated the effectiveness of screening and
eradication, cost-benefit analysis, and expert or government recommendations or guidelines.
NTP did not make an assessment of the studies or provide its own recommendations or policies.
The scientific information in the cancer prevention strategies sections underwent scientific
review and quality assurance review by a separate reviewer, in a process similar to that described
for the substance profile.
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2 Helicobacter pylori (Chronic Infection) Substance Profile

The substance profile provides a summary of the carcinogenicity information supporting NTP’s
preliminary listing recommendation for Helicobacter pylori, together with information on
biological properties, detection methods, human exposure, and regulations to limit exposure. The
exposure information includes data on transmission and risk factors, non-cancer diseases,
treatment, and prevention.

2.1 Biological properties

H. pylori is a gram-negative, spiral- (or helical-) shaped, multi-flagellated bacterium that has
infected humans for more than 58,000 years. It is a member of the family Helicobacteraceae,
which includes over 24 Helicobacter species that colonize gastric or enterohepatic tissues (i.e.,
intestinal tract, biliary tree, and liver). Some gastric Helicobacter species from animals that can
also infect humans include H. bizzozeroni, H. salomonis, H. felis, H. candidates, and H. suis
(IARC 2012). Some Helicobacter species that cause non-gastric diseases (primarily liver
diseases) in humans include H. hepaticus, H. pullorum, and H. bilis (Mateos-Mufioz et al. 2013).

H. pylori colonizes the mucosal surface of the body (corpus) and lower portion (antrum) of the
stomach. Colonization involves an interaction between the proteins of the bacterium’s outer
membrane and the epithelial cells of the stomach lining. The major H. pylori protein involved in
colonization is blood group antigen binding adhesin (BabA), which binds to blood group

antigen A (IARC 2012). Although H. pylori triggers an immune response, the infected individual
usually is unable to clear the infection; without treatment, the infection usually lasts for the
individual’s lifetime (Logan and Walker 2001, Testerman and Morris 2014).

All H. pylori strains produce the enzyme urease, which converts urea to ammonia and carbon
dioxide, raising the pH (decreasing the acidity) of the surrounding area. A neutral pH
environment thus is created in the mucosal layer adjacent to the surface epithelium of the
stomach, allowing the bacterium to grow (Testerman and Morris 2014). Other properties of the
bacterium also facilitate a persistent infection. Its helical shape and flagella help it to propel itself
through the viscous mucosa, and a chemotaxis system (by which an organism moves in response
to a chemical stimulus) helps the bacterium avoid the acidic stomach environment and stay
closer to the surface epithelium. A non-toxic lipopolysaccharide component of the bacterium’s
outer membrane may help reduce the infected individual’s inflammatory response to the
infection.

The H. pylori genome codes for several virulence factors, including cytotoxin-associated gene A
product (CagA) and vacuolating cytotoxin A (VacA), which vary geographically and across
strains (IARC 2012, Yamaoka and Graham 2014). Humans can be infected with several H.
pylori strains, which may then exchange DNA, promoting the spread of virulence factors and
antibiotic resistance (IARC 2012).

2.2 Detection

Numerous methods for diagnosing and screening for H. pylori infection are available, including
assays to detect the bacterium itself, its DNA, antigens, antibodies, and urease activity. The types
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of samples used in these tests range in invasiveness from biopsy samples taken during
endoscopy, to blood samples, to collection of saliva, stool, urine, and expired air (Kato et al.
2001, Testerman and Morris 2014, Diaconu et al. 2017). These methods are summarized in the
table below. Biopsy samples can also be evaluated for gastric pathology. All of these tests have
moderate to high sensitivity (74% to 100%) and specificity (75% to 100%); however, sensitivity
and specificity may vary depending on the condition of the patient, and some methods require
several samples. The method of detection used depends in part on the purpose of the testing (e.g.,
selection of treatment method or population studies), cost and technical skills, and patient
considerations, such as age.

Table 2-1. Methods for detection of H. pylori infection

Test

Agent

Type of sample

Comment

Histology: staining
(e.g., Diff-QuikK,
Giemsa, hematoxylin
and eosin)

Culture

Rapid urease testing

Molecular methods
(e.g., polymerase chain
reaction)

Serology testing using
H. pylori antigens:
enzyme-linked
immuno-sorbent assay
(ELISA), immunoblot

Urea breath test

Stool antigen test (e.g.,
ELISA, immunocards)

H. pylori organism

H. pylori organism

H. pylori activity (active
organisms)

H. pylori DNA or RNA

H. pylori antibodies
(mainly immunoglobulin

G [lgG])

H. pylori urease activity
(active infection) by
measuring carbon
dioxide (COy)

H. pylori antigens
(active infection)

Stomach tissue biopsy

Stomach tissue biopsy

Stomach tissue biopsy

Stomach tissue biopsy;
stool, saliva, or oral-
cavity specimens

Serum or plasma

Expired air

Stool

Sensitivity: 93%-96%
Specificity: 98%-99%

Several samples needed; high cost;
should be performed only on
selected samples, such as from
patients with gastritis or using
certain types of antibiotics

Sensitivity: 80%-98%
Specificity: ~100%

Used for antimicrobial sensitivity
testing; high cost

Sensitivity: 88%-95%
Specificity: 95%—~100%
Sensitivity and specificity > 95%

Sensitivity: 85%-96%
Specificity: 75%-95%

False-negative results can occur
with underlying atrophic gastritis or
gastric cancer or lifelong infections

Sensitivity: 90%-99%
Specificity: 88%—-98%

Sensitivity: 94%
Specificity: 92%
Recommended for children

Sources: Reynders et al. 2012, Testerman and Morris 2014, Diaconu et al. 2017.

Serological tests (such as ELISA or immunoblot) to detect H. pylori antibodies are widely
available and relatively inexpensive. They are used in epidemiological and prevalence studies
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and are recommended for screening and treatment programs to prevent chronic disease (Areia et
al. 2013). Antibodies to H. pylori persist for up to half a year, so these tests thus detect both past
and current infections. An advantage of serological tests is that they are not affected by recent
antibiotic use or acid-suppression therapy (Testerman and Morris 2014); however, they are not
useful for measuring antibiotic treatment efficacy (Diaconu et al. 2017), as antibody titers are
slow to fall. The sensitivity and specificity of serological tests depends on the antigens used in
the assay, the type of assay (e.g., ELISA vs. immunoblot), the immunoglobulin class tested
(mainly 1gG, but also IgA), and factors that vary among infected individuals (Gonzélez et al.
2012, Reynders et al. 2012). False-negative results can occur in individuals with advanced
stomach diseases (e.g., atrophic gastritis) or cancer, because the bacteria are cleared from the
mucosa of the stomach as the disease progresses. Case-control studies using ELISA may
therefore underestimate the risk associated with H. pylori infection, because they will
underestimate the prevalence in case but not control subjects (Gonzélez et al. 2012, IARC 2012).
Studies using immunoblot with multiple antigens have high sensitivity (95% to 96%) and
specificity (93% to 96%) for detecting H. pylori infection (Siméan et al. 2007, Mitchell et al.
2008). A urine-based ELISA has also been developed to detect antibodies to H. pylori, which in
a study of over 800 children had sensitivity (~85%) and specificity (~96%) similar to that of the
serum-based test (Kato et al. 2001).

2.3 Exposure

More than half of the world’s population, approximately 4.4 billion in 2015, are infected with H.
pylori (Hooi et al. 2017). However, infection rates vary substantially within and among
countries. In general, infection rates are related to socioeconomic status and levels of hygiene
and are highest in low-income countries. Age-adjusted prevalence rates are particularly high
(70% to 87%) in some countries in Africa, Latin America, the Caribbean, and Asia. Prevalence
rates in most of the world (e.g., especially the United States, Korea, and Japan) have decreased
with each successive generation (referred to as the “birth cohort effect”) but have remained
stable in many lower-income countries (such as in Latin and South America). The decline in H.
pylori prevalence is related to access to clean water, improvements in sanitation, and improved
household hygiene (Balakrishnan et al. 2017).

In the United States, approximately 36% of people are infected with H. pylori, the highest
prevalence being found among minority groups (e.g., the Alaskan indigenous population,
Hispanics, and African Americans) and individuals born outside the United States, especially
recent Asian immigrants (Khalifa et al. 2010, Siao and Somsouk 2014, Krueger et al. 2015, Hooi
et al. 2017). Moreover, the prevalence of more virulent strains may be higher among minorities;
for example, in a study of mostly low-income individuals in the southeastern United States, the
risk of CagA-positive infection was higher among African-Americans than whites (Epplein et al.
2011).

The prevalence of H. pylori infection increases with increasing age (Krueger et al. 2015), and
geographic differences in H. pylori infection are related to the rate of acquisition early in life
(Khalifa et al. 2010). In low-income countries, initial infection often occurs in early childhood,
and prevalence rates peak by 50 years of age. In high-income countries, infection is more
common in adulthood, with peak prevalence among those over the age of 60 (Malnick et al.
2014). However, in a study in Colombia, two populations with different risks of stomach cancer
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(high and low) had similar prevalence patterns of H. pylori infection at an early age, suggesting
that age of acquisition of infection may not play a major role in explaining gastric cancer risk
(Camargo et al. 2004).

2.3.1 Transmission

Data from the U.S. National Health and Nutrition Examination Survey (NHANES) suggest that
risk factors for H. pylori infection include age, race or ethnicity (minority), socioeconomic status
(low family income and lower education level), and crowded housing (Krueger et al. 2015).
Studies in other countries have also identified age, socioeconomic status, crowding, and poor
sanitation as major risk factors and have suggested that gender and genetic predisposition also
may influence H. pylori prevalence rates (Khalifa et al. 2010).

The bacterium is spread by person-to-person contact, especially among family members. This
occurs primarily via oral-to-oral transmission and possibly via gastro-oral transmission mediated
by refluxed gastric juice or fecal-oral transmission. H. pylori has been isolated from the oral
cavity, gastric juices, and fecal samples (Khalifa et al. 2010). A meta-analysis of 22 studies
found that H. pylori infection in the oral cavity was significantly more common among subjects
with gastric H. pylori infection than among subjects without gastric H. pylori infection (Zou and
Li 2011).

H. pylori can also be transmitted indirectly by drinking of contaminated water or possibly in food
or from animal reservoirs (Khalifa et al. 2010, IARC 2012, Aziz et al. 2015, Bui et al. 2016).
The bacterium has been detected in surface, ground, and well water in the United States and in
treated municipal, tap, well, and bottled water in other countries (such as Peru and Sweden), and
H. pylori can remain viable in chlorinated water (reviewed by IARC 2012, Aziz et al. 2015). The
U.S. Environmental Protection Agency considers H. pylori a drinking-water contaminant and a
candidate for possible regulatory action under the Safe Drinking Water Act (Krueger et al. 2015,
EPA 2016). Some epidemiological studies, including a study using NHANES data (for people
aged 3 to 19) found that using well water or other unpurified water is a risk factor for H. pylori
infection (Khalifa et al. 2010, Aziz et al. 2015, Krueger et al. 2015). In Japan, H. pylori
prevalence was substantially lower in a cohort of individuals born between the 1960s and 1980s
(14%) than in cohorts born between 1927 (54%) and 1949 (42%), which could be the result of
improvements in sanitary conditions, such as the introduction of municipal water supply in the
1950s to 1970s (Leja et al. 2016). NHANES data also indicated that soil-related occupations
among adults are a risk factor for H. pylori infection, which suggests an environmental route of
transmission (Krueger et al. 2015).

2.3.2 Diseases (non-cancer), treatment, and prevention

In 2005, the Nobel Prize in Physiology or Medicine was awarded to Barry Marshall and Robin
Warren for their discovery that an infectious agent, H. pylori, causes gastritis and peptic ulcers
(up to 80% of gastric ulcers and over 90% of duodenal ulcers) (Nobel Prize 2005). H. pylori
infection is also associated with non-ulcer dyspepsia (indigestion) and some non-stomach
diseases, such as iron-deficiency anemia and immune thrombocytopenia purpura (a tendency to
bleed easily because of reduced numbers of blood platelets) (Testerman and Morris 2014).
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Many different therapies are used in the United States, but the American College of
Gastroenterology Clinical Guideline for Treatment of H. pylori Infection update in 2017 (Chey et
al. 2017) indicates that first-line regimens approved by the U.S. Food and Drug Administration
(FDA) are either (1) clarithromycin triple therapy, with that antibiotic in combination with a
proton-pump inhibitor (PPI) and a second antibiotic for 14 days, or (2) bismuth quadruple
therapy, with a bismuth salt, a PPI, and two antibiotics for 10 to 14 days. Eradication of H. pylori
infection in an individual can be affected by (1) patient-related factors (e.g., adherence to the
treatment regimen, smoking, diabetes, genetic factors influencing metabolism of PPIs, and past
antibiotic use) and (2) H. pylori—related factors. The susceptibility of H. pylori to specific
antibiotics is the most important determinant of successful H. pylori treatment, and patterns of
resistance to specific antibiotics can vary geographically (Chey et al. 2017, Malfertheiner et al.
2017). If first-line treatment fails, second-line or salvage therapy generally is based on local
antibiotic resistance rates (where known) and an individual’s previous antibiotic use. Globally,
H. pylori eradication rates have declined as antibiotic resistance rates have increased (Thung et
al. 2016). Currently, no H. pylori vaccine is commercially available (CDC 2016, FDA 2017);
however, vaccine development efforts are ongoing (Zeng et al. 2015, Moss 2017).

Randomized controlled trials (clinical studies with control groups that receive placebos) have
shown that screening and treatment of H. pylori reduces stomach-cancer risk by approximately
35% (Park et al. 2013, Herrero et al. 2014). Moreover, economic modeling studies, in both low-
and high-prevalence countries, have shown that H. pylori eradiation is cost-effective. However,
effectiveness in reducing cancer risk depends on several factors, such as patient characteristics,
screening methods, efficacy of H. pylori eradication, and the stage of H. pylori-associated
gastric disease. H. pylori eradication may increase bacterial resistance to antibiotics, alter the
normal gastrointestinal flora found in the body, and possibly increase the incidence of diseases
for which H. pylori infection may offer protection, such as esophageal cancer and gastro-
esophageal reflux disease (GERD). Numerous international and national working groups have
recommended that planned programs should consider objective assessments of feasibility,
effectiveness, program acceptance, cost-effectiveness, and adverse consequences relevant to the
local area before implementation. (See Section 3 for more information on prevention strategies.)

2.4  Carcinogenicity

This section reviews the evidence for carcinogenicity in humans (Section 2.4.1) and
experimental animals (Section 2.4.2) and mechanistic data (Section 2.4.3) that are key to NTP’s
preliminary listing recommendation (Section 2.4.4).

2.4.1 Cancer studies in humans

Worldwide, stomach cancer is the fifth most common type of cancer and third leading cause of
death from cancer, with most cases occurring in low- and middle-income countries.
Adenocarcinoma accounts for over 90% to 95% of all stomach cancer (Balakrishnan et al. 2017),
which can be broadly classified by the location in the stomach where the cancer develops:

(1) cardia gastric cancer develops in the first portion of the stomach, closest to the esophagus,
and (2) non-cardia gastric cancer develops in more distal parts of the stomach, closer to the small
intestine. Gastric lymphoma, which consists primarily of gastric mucosa-associated lymphoid
tissue (MALT) lymphoma and diffuse large B-cell lymphoma, accounts for approximately 2% to
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8% of all stomach tumors (Zullo et al. 2010b, Park and Koo 2014). Gastric MALT lymphoma is
a type of extranodal B-cell lymphoma (i.e., not arising in lymph nodes or other lymphoid tissue)
that is low-grade, slow growing, and very rare (with a worldwide incidence of 1 to 1.5 cases per
100,000 people) (Pereira and Medeiros 2014).

Stomach cancer

Evidence that H. pylori causes stomach (non-cardia gastric) cancer in humans is based on

(1) consistent evidence from numerous epidemiological studies on stomach cancer, (2) a pooled
analysis of 12 epidemiological studies, and (3) several meta-analyses (combined statistical
analyses of the data from several different studies).

Cohort studies found that H. pylori-infected individuals were more likely to develop stomach
cancer than were uninfected individuals (IARC 2012). These studies followed subjects with and
without H. pylori infection for 4 to 10 years. Depending on the study, the subjects were either
asymptomatic or had various types of stomach disease and were enrolled in various types of
screening programs. Numerous nested case-control studies (case-control analyses conducted
within cohorts of subjects) provided evidence that the increased risk was specifically for non-
cardia gastric cancer (IARC 2012). A pooled analysis of 12 of these nested case-control studies,
which included 762 case subjects and 2,250 control subjects, matched to the case subjects by
age, sex, and date of sample collection for H. pylori testing, found a risk factor of 2.97 (95%
confidence interval [CI] = 2.34 to 3.77) for non-cardia gastric cancer and H. pylori infection
(Helicobacter Cancer Collaborative Group 2001). The highest risk was for subjects followed for
a longer time after enrollment (odds ratio [OR] = 5.93, 95% CI = 3.41 to 10.30 for > 10 years of
follow-up, compared with OR = 2.39, 95% CI = 1.82 to 3.12 for < 10 years of follow-up).

Similar findings of an excess risk of non-cardia gastric cancer were reported in a meta-analysis
of data from eight studies (Huang et al. 2003). Nested case-control studies that either were
published after the 2001 pooled analysis or had accrued more cases since the 2001 pooled
analysis also found significantly elevated risks for non-cardia gastric cancer, confirming the
association with H. pylori infection.

Most epidemiological studies measured H. pylori infection status by the presence of antibodies to
H. pylori (i.e., seropositivity). Higher risks for non-cardia gastric cancer (increased by over
tenfold) were found when H. pylori seropositivity was measured by a more sensitive assay
(immunoblot, rather than the ELISA typically used) (Siman et al. 2007, Mitchell et al. 2008,
Gonzalez et al. 2012). In most studies that looked at infection with various strains of H. pylori,
higher risks were found for infection with strains that produced CagA than for infection with
CagA-negative strains. A meta-analysis of data on H. pylori—positive cases from nine studies
found that CagA seropositivity approximately doubled the risk of non-cardia gastric cancer over
that due to H. pylori infection alone (Huang et al. 2003).

Some studies found a higher risk of stomach cancer among H. pylori—infected individuals who
smoked or who consumed salted, smoked, processed foods, or red meat, and a lower risk among
those with diets high in vegetables or intake of vitamins, suggesting that these exposures (diet or
types of food) may be co-factors for H. pylori—-induced stomach cancer (IARC 2012, Epplein et
al. 2014). Several studies controlled for known risk factors for stomach cancer, and increased
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risks were found in studies in various geographical locations, which increases confidence that the
elevated risks observed in these studies are not explained by bias, chance, or confounding.

Evidence for a role of H. pylori in cardia gastric cancer is less clear and may be restricted to
specific subtypes of cardia gastric cancer. Neither the Helicobacter Cancer Collaborative Group
pooled analysis of nested case-control studies (274 cases and 827 controls) nor the meta-analysis
by Huang et al. (2003) of 16 published studies found an excess risk of cardia gastric cancer and
H. pylori infection. However, a meta-analysis of all type of studies (primarily case-control
studies) found that H. pylori infection increased the risk of cardia gastric cancer in high-risk
countries (adjusted RR = 1.59, 95% CI = 1.03 to 1.45; 11 studies) but not in low-risk countries
(RR =0.80, 95% CI = 0.63 to 1.02; 14 studies) (Cavaleiro-Pinto et al. 2011). The differences in
the risk patterns might be due to different subtypes of cardia gastric cancer or inclusion of
esophageal adenocarcinoma or the gastroesophageal junction with cardia gastric cancer;
however, few studies have addressed these anatomical distinctions (Malfertheiner et al. 2017).

Gastric MALT lymphoma

Evidence that H. pylori causes gastric MALT lymphoma comes primarily from 16 intervention
(non-controlled) studies (as reviewed by IARC 2012), which found that eradication of H. pylori
infection in gastric MALT lymphoma patients resulted in high rates (62% to 100%) of complete
remission of the cancer. A pooled analysis of patients with gastric MALT lymphoma from 32
studies found that remission occurred in approximately 78% of the patients who were cured of H.
pylori infection (Zullo et al. 2010a). Because of the rarity of this cancer, the number of
observations is limited. Two small case-control analyses (a prospective nested case-control study
and a hospital-based case-control study) found a positive association between H. pylori infection
and gastric MALT lymphoma, which provides additional support for a causal relationship
(Parsonnet et al. 1994 and de Sanjose et al. 2004, as cited by IARC 2012).

2.4.2 Cancer studies in experimental animals

H. pylori infection (orally administered by gavage) caused malignant tumors in two different
types of stomach tissue in rodents. Importantly, the types of cancer observed in animals infected
with H. pylori — gastric tumors and gastric lymphoma — are similar to those linked with H.
pylori infection in humans. Some of these animal models are thought to mimic tumor
progression in humans, as they also show similar types of H. pylori-induced gastric lesions.

H. pylori infection increased the incidences of malignant stomach tumors (mainly
adenocarcinoma and some carcinoid) (1) in Mongolian gerbils in some, but not all, studies and
(2) in transgenic (genetically altered) mice. Differences in the findings in gerbils may be due to
differences in the H. pylori strain, gerbil strain, dose, and/or duration of exposure. A gerbil-
adapted strain of H. pylori (derived from a human gastric ulcer strain) increased the incidence of
malignant stomach tumors in Mongolian gerbils as early as 8 to 12 weeks after infection (Franco
et al. 2005, Franco et al. 2008, Romero-Gallo et al. 2008, as cited by IARC 2012). In general,
findings in gerbils infected with other H. pylori strains were mixed; positive findings were more
common in studies of longer duration, conducted in Asia, or using higher doses. IARC (2012)
noted that the genetic background of the Mongolian gerbils may have evolved differently among
colonies established in different geographic locations and that the pathology grading varied
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among studies. H. pylori infection caused gastric carcinoma in several studies in INS-GAS
transgenic mice, which have been genetically modified to produced more gastrin (a peptide that
increases the secretion of gastric acid). In studies of other types of transgenic mice (TGF-B- or
p27-deficient mice, which have increased susceptibility to carcinogens), H. pylori infection
increased the incidence of combined gastric dysplasia (a precancerous lesion) and carcinoma
(IARC 2012). Two studies, one in Mongolian gerbils (Romero-Gallo et al. 2008, as cited by
IARC 2012) and the other in transgenic mice (Lee et al. 2008, as cited by IARC 2012), found
that H. pylori eradication therapy, when given early, inhibited the development of malignant
stomach tumors (adenocarcinoma), which increases confidence that H. pylori causes stomach
cancer in experimental animals.

There is strong evidence that H. pylori given in combination with other carcinogens (N-methyl-
N-nitrosourea [MNU], N-methyl-N ~nitro-N-nitrosoguanidine, or ethylnitronitrosoguanidine)
increased the incidences of stomach tumors over those in rodents (IARC 2012) and non-human
primates (Liu et al. 2009) exposed only to the other carcinogens. Early H. pylori eradication
therapy reduced the incidence of stomach tumors (adenocarcinoma) induced by combined
administration of H. pylori and MNU (Nozaki et al. 2002, as cited by IARC 2012). The addition
of a high-salt diet also increased the incidence of stomach tumors in H. pylori—-infected gerbils.

H. pylori infection caused gastric lymphoma in two different strains of inbred mice (Wang et al.
2003, as cited by IARC 2012) and in neonatal mice that had had their thymus glands removed
(Fukui et al. 2004). In the latter study, all of the mice developed gastric MALT lymphoma by the
age of 12 months.

2.4.3 Mechanisms of carcinogenesis and other relevant data

The mechanisms by which H. pylori causes stomach cancer are complex and involve many
different factors. They involve interactions between (1) direct effects of the toxic action of H.
pylori virulence factors (e.g., the effects of CagA, VacA, and outer inflammatory protein),

(2) indirect effects due to modification of the infected individual’s inflammatory responses to
chronic H. pylori infection, which can be influenced by the genes regulating immune processes
and by lifestyle and dietary habits, and (3) changes in acid secretion in the stomach. Collectively,
this information may help to explain why only a small fraction of H. pylori-infected individuals
(10% in high-risk countries and 1% to 3% in other countries) develop stomach cancer (IARC
2012, Servetas et al. 2016, Balakrishnan et al. 2017).

H. pylori infection is usually acquired in childhood and can cause inflammation or irritation of
the lining (mucosa) of the stomach (chronic infection, or gastritis). This gastritis is associated
with recruitment of various types of immune cells (e.g., neutrophils and lymphocytes).
Progression to more serious stomach diseases, such as ulcers, MALT lymphoma, and non-cardia
gastric cancer, occurs as the infected individual grows older, and it depends on factors specific to
the infected individual and to the bacterium, as well as on the acidity of the stomach
environment. Chronic inflammation of the stomach mucosa (chronic atrophic gastritis, occurring
mainly in the corpus of the stomach) is associated with increased pH (reduced acidity) in the
stomach, oxidative stress, and changes in the types of tissues and cells in the stomach. Increased
pH can favor further colonization and proliferation of H. pylori, allowing the bacterium to adapt
to the conditions of the stomach, which would otherwise be too acidic for its survival.
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Most individuals infected with H. pylori do not develop symptoms; however, in some people,
atrophic gastritis can progress to stomach ulcers or precancerous lesions (e.g., intestinal
metaplasia and dysplasia), which can progress to stomach cancer (adenocarcinoma). Several
studies provided evidence that progression of gastric lesions increased the risk of H. pylori-
induced gastric cancer. A cohort study of middle-aged Japanese men found that the risk of H.
pylori—-induced gastric cancer relative to that in uninfected men increased with increasing
severity of H. pylori lesions (i.e., from non-chronic atrophic gastritis to chronic atrophic gastritis
to metaplastic gastritis; Ohata et al. 2004, Yoshida et al. 2014). A German cohort study found
that having chronic atrophic gastritis was associated with a fivefold increase in the risk of non-
cardia gastric cancer (Chen et al. 2016b). In this study, serological biomarkers were used to
assess the stages of gastritis.

In infected individuals with higher acid secretion, gastritis is more likely to develop in the lower
part of the stomach (antrum-predominant gastritis) and can progress to ulcers in the small
intestine (duodenal ulcers). Gastric MALT lymphoma can develop from gastritis in any part of
the stomach (pangastritis) (IARC 2012, Conteduca et al. 2013, Testerman and Morris 2014,
Ishag and Nunn 2015).

H. pylori—-induced chronic inflammation can lead to oxidative stress, aberrant expression of
genes (e.g., suppression of the expression of some genes and enhancement of the expression of
others, primarily via the process of aberrant DNA methylation), and disruption of enzymes
involved in repairing DNA damage. This results in increased DNA damage in cells of the
stomach lining (epithelial cells) and can result in mutation and genetic instability (Graham 2015,
Servetas et al. 2016, Maeda et al. 2017). In addition, H. pylori either directly or indirectly (e.g.,
via inflammation) targets biological pathways involved in cell turnover, survival, and
proliferation (e.g., by inhibiting tumor-suppressor genes). H. pylori also initiates changes in the
characteristics of stomach epithelial cells (known as the “epithelial to mesenchymal transition™)
that enable the cells to proliferate as cancer cells do (Servetas et al. 2016).

Some of these biological effects vary depending on virulence factors, the production of which
can differ among H. pylori strains. For example, some H. pylori strains (such as CagA-positive
strains) can induce a high degree of chronic inflammation (Figura et al. 2016). Moreover, studies
in animals and cells have shown that CagA is an oncoprotein (i.e., when the gene is transferred
into cells or animals, it causes gastric cells to proliferate and develop into tumors) (Wang et al.
2015). Virulence factors in H. pylori strains vary geographically, which may help to explain
geographical patterns of stomach cancer risk (Yamaoka and Graham 2014, Wang et al. 2015).
As discussed above, cancer risks are higher for CagA-positive H. pylori infection than for CagA-
negative infection. A German cohort study (Chen et al. 2016b) found that people with H. pylori
CagA-positive infection who had markers in their blood for chronic atrophic gastritis had a much
higher risk of developing non-cardia gastric cancer (hazard ratio [HR] = 32.4, 95% Cl = 7.6 to
137.6) than did people without these two risk factors. These biological effects (chronic
inflammation, changes in gene expression, mutations, genomic instability, and cellular
proliferation) are associated with carcinogenesis.
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2.4.4 NTP’s Preliminary listing recommendation

Helicobacter pylori (chronic infection) is known to be a human carcinogen based on sufficient
evidence of carcinogenicity from studies in humans. This conclusion is based on epidemiological
studies showing that H. pylori infection causes stomach cancer (especially non-cardia gastric
cancer) and a specific type of lymphoma in the stomach (gastric MALT lymphoma).

H. pylori is estimated to cause 89% of non-cardia gastric cancer and 92% to 98% of all gastric
MALT lymphoma cases. It is responsible for approximately 780,000 cancer cases (primarily
gastric cancer) worldwide each year, accounting for 6.2% of all cancer cases (Testerman and
Morris 2014, Plummer et al. 2015). Mechanistic and toxicological data indicate that chronic
infection of the stomach with H. pylori is required for carcinogenicity, and they demonstrate the
biological plausibility of its carcinogenicity. Studies in experimental animals indicate that H.
pylori induces types of tumors similar to those found in humans: adenocarcinoma and lymphoma
of the stomach.

2.5 Regulations

Department of Transportation (DOT)

Infectious substances are considered hazardous materials, and special requirements have been set
for marking, labeling, and transporting these materials.

Food and Drug Administration (FDA, an agency of Health and Human Services)

Helicobacter pylori is listed as a qualifying pathogen having the potential to pose a serious threat
to public health under the Generating Antibiotic Incentives Now (GAIN) title of the Food and
Drug Administration Safety and Innovation Act (FDASIA). GAIN is intended to encourage
development of new antibacterial and antifungal drugs for the treatment of serious or life-
threatening infections.

Occupational Safety and Health Administration (OSHA)

First-aid training program trainees must have adequate instruction in the value of universal
precautions for minimizing exposure to blood and other potentially infectious material.
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3 Prevention of H. pylori-Associated Cancer

Stomach cancer is the fifth most common cancer worldwide, with around 1.3 million new cases
occurring annually, and the third most common cause of death from cancer — it is estimated that
over 800,000 people died of stomach cancer worldwide in 2015 (Fitzmaurice et al. 2017). An
estimated 73% of all stomach-cancer cases are non-cardia gastric cancer (Colquhoun et al.
2015). Worldwide, 70% of all stomach-cancer cases occur in low-income countries. In low-risk
areas, such as the United States, Europe, Australia, and New Zealand, the incidence of and
mortality from stomach cancer show disparities, with minority, indigenous, and immigrant
populations at higher risk (Epplein et al. 2011, Taylor et al. 2014, Balakrishnan et al. 2017, SEER
2018). In the United States, stomach cancer accounts for 1.7% of all new cancer cases, but some
minority populations have a 40% to 50% higher risk (Bjorkman 2017, SEER 2018). In addition
to disparities by geography and race, stomach-cancer incidence and mortality are higher in men
than women; worldwide, the estimated age-standardized incidence rate in men is twice that in
women (Forman and Sierra 2014, Herrero et al. 2014). Overall stomach-cancer incidence has
decreased in recent years, by approximately 2% per year; however, recent evidence suggests it
may be increasing in younger populations (Anderson et al. 2018). The estimated global burden
of the disease is expected to increase in the next 10 to 15 years, primarily as a result of
population growth and aging (Ferlay et al. 2013, as cited by IARC 2014).

H. pylori infection has been established as a cause for non-cardia gastric cancer and gastric
MALT lymphoma (IARC 2012; see Section 2) and may account for up to 6.2% of all cancer
deaths worldwide (Plummer et al. 2015). Calculated population attributable fractions range from
75% to 89%, indicating that a large majority of these cancer cases could be avoided if H. pylori
exposure were eliminated (de Martel et al. 2012, Plummer et al. 2015, Song and Zhou 2015).

This section provides an overview of the state of science for prevention of H. pylori-induced
cancer, the cost-effectiveness of this prevention, issues and concerns for large-scale prevention
programs, and current national and regional policies for stomach cancer prevention.

3.1 Prevention of H. pylori—-induced cancers: State of the science

Screening and treatment of H. pylori—infected individuals shows promise as a method for the
prevention of stomach cancer. Over the past 20 years, numerous studies have been conducted on
the effectiveness of screening and treatment methods. Three screening methods and two types of
treatment have been evaluated (see Section 3.1.1). The benefits of H. pylori eradication have
been evaluated in 10 randomized controlled trials and at least 16 cohorts. These studies support
eradication of H. pylori for the prevention of stomach cancer, and recent meta-analyses have
confirmed these findings (see Section 3.1.2). Moreover, several economic analyses have
determined that screening and treatment of H. pylori is cost-effective as a prevention method
(see Section 3.1.3). Several issues and concerns relevant to the implementation of large-scale
eradication efforts must be taken into account. These include antibiotic resistance, the likelihood
of H. pylori reinfection, the possible inverse relationship between H. pylori infection and some
other gastric illnesses, the presence of atrophic damage at the time of eradication, and the need to
tailor treatment programs to specific geographic regions (see Section 3.1.4).

This information is distributed solely for the purpose of soliciting public comment under applicable 17
Information quality guidelines. It has not been formally distributed by the National Toxicology Program.
It does not represent and should not be construed to represent any NTP determination or policy.



5/1/18 Draft RoC Monograph on H. pylori (chronic infection)

3.1.1 Screening for and treatment of H. pylori infection

H. pylori screening and treatment have been identified as candidates for population-level
intervention programs in high-prevalence areas, supported by several cost-benefit analyses;
however, additional data are needed. Several methods exist for H. pylori population screening,
including serology tests for H. pylori antibodies, a stool antigen test, and a urea breath test. Stool
antigen and urea breath tests offer greater sensitivities and specificities than the antibody tests,
but these options are more expensive and may be harder to implement at a population level. H.
pylori serological tests (for antibodies) detect past and present infections, and therefore are not
useful for determining the efficacy of H. pylori treatment (Moayyedi 2014) (see Section 2 for
more details on detection methods).

Treatment of H. pylori infection often can achieve a high rate of eradication. The most common
treatment is a standard triple therapy, which includes a PPI, clarithromycin, and either
amoxicillin or metronidazole antibiotics given for one to two weeks. This PPI triple therapy is
relatively low-cost and widely available. Early reports suggested that this treatment resulted in
eradication rates of over 90%; however, rates more recently have fallen well below 80%. In
some locations in Europe, the eradication rate for the standard PPI triple therapy is as low as
25% to 60%. This variability in effectiveness is likely due to the rise in antibiotic resistance,
specifically to clarithromycin. In many parts of the world, clarithromycin resistance is so high
that the clarithromycin-based PPI triple therapy is not recommended as the first-line treatment.
Methods to improve the effectiveness of the PPI triple therapy have been proposed, such as
increasing the dose by increasing the frequency of treatment, using second-generation PPlIs, or
increasing treatment duration (reviewed by Gisbert and Greenberg 2014). Another treatment
currently recommended as a first-line therapy (concomitant therapy) adds metronidazole or
nitroimidazole to the standard PPI treatment (Chey et al. 2017).

Another low-cost therapy (bismuth-containing quadruple therapy) combines bismuth salts,
tetracycline, a PPI, and metronidazole for 14 days, with a reported eradication rate of over 80%
to 90%. Bismuth-containing quadruple therapy is now recommended as the first-line treatment in
areas of high clarithromycin resistance, while standard PPI triple therapy may be used in areas of
low resistance. Although metronidazole resistance is high worldwide, the clinical impact of this
resistance is low, and the quadruple therapy is effective when dose and duration are increased.
Additional studies are needed on the effectiveness of bismuth-containing quadruple therapy as a
first-line treatment. The unavailability of bismuth and tetracycline in many areas also must be
considered for any population-level intervention programs. Because antibiotic resistance varies
within populations, programs should use treatment regimens that have proven reliably effective
in the target population and area, or methods based on the observed pattern of resistance
(reviewed by Gisbert and Greenberg 2014, Herrero et al. 2014).

In addition to H. pylori prevention through the use of antibiotics, a recent study of an oral
vaccination showed promising results, indicating a possible future direction for H. pylori
eradication (Moss 2017).
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3.1.2 Efficacy and effectiveness of H. pylori eradication in preventing stomach cancer

Gastric cancer

Since 1997, a number of cohort studies and randomized controlled trials have been conducted to
determine the efficacy and effectiveness of H. pylori eradication therapy in preventing gastric
cancer. These studies looked at the effectiveness of eradication among individuals who had never
had stomach cancer (primary prevention) and among patients with previous endoscopic resection
of early gastric cancer (secondary prevention, sometimes referred to as tertiary prevention). The
cohort studies were generally conducted in Japan and Korea, with one study each in Taiwan and
Finland, and enrolled between 50 and 8,000 participants, with follow-up times ranging from 2 to
10 years.

Since 2000, six randomized controlled trials have investigated the primary prevention of gastric
cancer following H. pylori eradication therapy. These trials have been primarily in China, with
one each in Colombia (Correa et al. 2000) and Japan (Saito et al. 2005); follow-up times ranged
from 3 to 14.7 years. An additional three trials, one in Japan (Fukase et al. 2008) and two in
South Korea (Choi et al. 2014b, Choi et al. 2018), looked at the efficacy of H. pylori eradication
for the secondary prevention of gastric cancer, with follow-up times of approximately 3 to 6
years.

Taken together, the nine trials demonstrated the partial effectiveness of H. pylori eradication
therapy in reducing the incidence of gastric cancer. These studies generally had adequate sample
sizes, but many had small numbers of cases in both study arms. Only two of the nine studies had
follow-up times exceeding 10 years, which may explain the lack of significant findings in several
studies. Furthermore, all of these trials used the standard PPI triple therapy for eradication, and
not the bismuth-containing quadruple therapy, which may be more effective in areas with high
levels of clarithromycin resistance. Finally, all but one trial took place in eastern Asia, which
may limit the generalizability of the results to other populations. The results of the randomized
controlled trials are summarized in Table 3-1. Additional data will be provided by several
ongoing trials, as well as long-term follow-up of the current studies. Additional data on
prevention efficacy may provide additional support for large-scale eradication programs.

Table 3-1. Randomized controlled trials of H. pylori eradication and the incidence of gastric

cancer
Reference
Geographic Study population
location No. of subjects: RR, HR, or OR (95% ClI);
Related treatment/placebo No. of cases
references Follow-up duration End points treatment/placebo

Individuals without gastric cancer

Correaetal. 2000  Asymptomatic men and women Gastric cancer [1.48 (0.25-8.83);
Colombia? aged 29-69 with advanced gastric 3/2 cases]P
lesions (CAG, IM, and DYS); IM regression 3.1(1.0-9.3)
enrolled 1991 IM progression 0.4 (0.2-0.9)
491/485 B
6 yr
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Reference
Geographic
location

Related
references

Study population

No. of subjects:
treatment/placebo

Follow-up duration

End points

RR, HR, or OR (95% ClI);
No. of cases
treatment/placebo

Wong et al. 2004
China

Saito et al. 2005
Japan

Zhou et al. 2014
China
Leung et al. 2004

Ma et al. 2012
China

You et al. 2006
(7-yr follow up)

Li et al. 2014 (sub
group analyses)

Wong et al. 2012
China

Asymptomatic men and women
aged 35-65 with mixed gastric
lesions; enrolled 1994

817/813
7.5yr

Asymptomatic men and women
aged 20-59

379/313

4yr

Asymptomatic men and women

aged 35-75 with mixed gastric
lesions; enrolled 1996

276/276 (2014); 295/292 (2004)
10 yr (2014)
5 yr (2004)

Asymptomatic men and women
aged 35-64 with mixed gastric
lesions; enrolled 1994-1995
(Shandong Intervention Trial)

1130/1128
14.7 yr

Asymptomatic men and women
aged 35-64 with advanced gastric
lesions (CAG or greater) enrolled
2002

255/285

4yr

Gastric cancer
All subjects

Baseline precancerous
lesions

No (62%)
Yes (CAG, IM, DYS)

Gastric cancer

Gastric cancer

2014 (all)
2014 (no CAG)
2004 study

IM progression

2014
2004

All subjects

Incidence
Mortality

Age>55

Incidence
Mortality

Baseline lesions

Less severe
(includes CAG)
IM, and DYS

Gastric cancer
Regression
Progression

0.63 (0.24-1.62); 7/11

P =0.02; 0/6
P=0.67;7/5

0.55 (0.09-3.27); 2/3

[0.29 0.06-1.36)]¢;2/7
0.00 (0.00-0.81); 0/6
0.66 (0.18-2.36)]; 4/6

0.85 (0.78-0.92); NR
0.63 (0.43-0.93); 104/126

0.61 (0.39-0.96); 34/52
0.68 (0.36-1.29); 16/23

0.36 (0.17-0.79); 10/24
0.26 (0.09-0.79); 4/15

1.08 (0.31-3.81); 5/5
(0.56 (0.34-0.91); 28/46

[3.04 (0.32-28.99)]% 3/1
2.19 (1.32-3.64); 96/82
1.08 (0.58-2.02); 30/50

Gastric cancer patients®

Fukase et al. 2008
Japan

Men and women aged 20-79 with
early gastric cancer resection;
enrolled 2001-2003 (secondary
prevention)

272/272

3yr

Secondary gastric cancer

0.35 (0.16-0.78); 9/24
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Reference

Geographic Study population

location No. of subjects: RR, HR, or OR (95% Cl);
Related treatment/placebo No. of cases
references Follow-up duration End points treatment/placebo
Choietal. 2014b ~ Men and women aged 20-75 with ~ Secondary gastric cancer ~ [0.61 (0.28-1.31]%; 10/17

early gastric cancer resection; (P =0.15 by log rank)
enrolled 2005-2011 (secondary
prevention)

444/457

2.6-93.3 mo (median = 38 mo)
Choi et al. 2018 Men and women aged 18-75 with ~ Secondary gastric cancer  0.50 (0.26-0.94); 14/27
early gastric cancer resection; P=0.03

enrolled 2003-2013 (secondary
prevention)

194/202
Median = 5.9 yr, Maximum = 12.9
yr

South Korea

South Korea

CAG = chronic atrophic gastritis, DYS = dysplasia, HR = hazard ratio, IM = intestinal metaplasia, IRQ = interquartile range, OR
= odds ratio, RR = relative risk.

aSubjects were followed after the intervention, and patients in the placebo group were offered treatment (Mera et al. 2005, Mera
etal. 2017).

bEffect estimate calculated by Ford et al. 2014 meta-analysis.

CEffect estimate calculated by Lee et al. 2016 meta-analysis.

dEffect estimate calculated by Ford et al. 2014 meta-analysis. The authors did not evaluate gastric cancer, because 7 of the 9
cancer cases across several treatment groups occurred during the treatment period.

®Patients with previous endoscopic resection of early gastric cancer.

The most informative studies were two large trials in China that evaluated primary prevention of
gastric cancer. The Shandong Intervention Trial (You et al. 2006, Ma et al. 2012, Li et al. 2014)
enrolled and randomized 2,258 H. pylori—seropositive subjects who were followed for 14.7
years, resulting in 34 cancer cases in the intervention group and 52 in the placebo group (OR =
0.61, 95% CI = 0.38 to 0.96). The next-largest trial, also conducted in China, enrolled 1,630 H.
pylori—seropositive participants who were followed for 7.5 years. A total of 7 cancer cases were
seen in the intervention group and 11 in the placebo group (HR = 0.63, 95% CI = 0.24 to 1.52)
(Wong et al. 2004). These studies stratified by the type of gastric lesion at baseline, but defined
the lesion categories differently. The Shandong Intervention Trial grouped chronic atrophic
gastritis with less severe lesions and found that H. pylori eradication was effective in preventing
gastric cancer among participants with precancerous lesions (intestinal metaplasia and dysplasia)
at baseline, but not among patients with less severe lesions; however, few cases of gastric cancer
were seen in either treatment arm (intervention or placebo) among the patients with less severe
lesions. In contrast, Wong et al. (2004) grouped chronic atrophic gastritis with the precancerous
lesions and found that H. pylori eradication was effective only among patients with less severe
lesions (see Table 3-1).

The additional four trials of primary prevention, two in China (Wong et al. 2012, Zhou et al.
2014) and one each in Columbia (Correa et al. 2000) and Japan (Saito et al. 2005), had a
combined total of 10 gastric cancer cases in the intervention groups and 13 in the placebo
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groups. Two smaller studies lacked sufficient statistical power to evaluate gastric cancer
incidence, but reported that H. pylori treatment was effective in promoting the regression of
histological gastric lesions (Correa et al. 2000, Zhou et al. 2014). Wong et al. (2012) did not
evaluate the effect of treatment on gastric cancer incidence, because 7 of the 9 cancer cases
(across several treatment options, such as COX 2 inhibitor treatment) occurred during the
treatment period.

When all six randomized controlled trials of primary prevention were included in a meta-
analysis, the risk ratio was 0.66 (95% CI = 0.46 to 0.95), indicating a beneficial effect of H.
pylori eradication therapy (Ford et al. 2014). It should be noted that these results were heavily
weighted by the results in the Shandong Intervention Trial. Ford et al. (2014) also conducted a
meta-analysis evaluating cancer mortality and found a non-statistically-significant decrease in
mortality in the intervention group (RR =0.67, 95% CI = 0.40 to 1.11); the analysis included 24
deaths in the intervention groups and 36 in the placebo groups (Ford et al. 2014).

Three trials evaluating secondary prevention of gastric cancer (in Japan and South Korea) found
a lower risk of new cancer in the H. pylori intervention group than in the control group (Fukase
et al. 2008, Choi et al. 2014b, Choi et al. 2018). The findings were statistically significant in the
Japanese study and in the Choi et al. (2018) study (see Table 3-1); additionally, when the results
of the two earliest studies (Fukase et al. 2008, Choi et al. 2014b) were combined in a meta-
analysis, a protective effect of eradication therapy was seen (RR = 0.47, 95% CI = 0.28 to 0.80)
(Wald 2014).

Meta-analyses that pooled the results of cohort studies or of cohort studies and randomized
controlled trials combined found results similar to those of the meta-analyses of the trials. An
analysis of eight primary-prevention cohort studies reported a relative risk of 0.46 (95% CI =
0.32 to 0.66) (Doorakkers et al. 2016). A meta-analysis of both trials and cohort studies found
relative risks of 0.62 (95% CI = 0.49 to 0.79) for primary prevention (6 trials and 8 cohorts) and
0.46 (95% CI = 0.35 to 0.60) for secondary prevention of gastric cancer (2 trials and 8 cohorts)
(Lee et al. 2016). Another secondary-prevention meta-analysis (Yoon et al. 2014) found a
relative risk of 0.42 (95% CI1 = 0.32 to 0.56) in a pooled analysis of 13 trials or cohort studies.
Additional meta-analyses that combined both primary- and secondary-prevention studies
(Hernandez et al. 2014, Chen et al. 20164, Lee et al. 2016) were considered to be less
informative. The results of these meta-analyses are summarized in Table 3-2. Other meta-
analysis publications were identified but are not included in Table 3-2 because they included
multiple publications of the same study in the analysis or included studies that did not evaluate
efficacy or effectiveness in cancer prevention.
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Table 3-2. Meta-analyses of randomized controlled trials and cohort studies investigating the

effectiveness of H. pylori eradication in reducing gastric cancer incidence

Reference

Type of study
(no. of studies)

Exposure group
(no. of studies)

Risk estimate

Heterogeneity

Studies on individuals without gastric cancer

Ford et al.
2014

Doorakkers
et al. 2016

Trial (6)

Cohort (8)

Type of outcome

Incidence (6)
Mortality (3)

Pre-neoplastic lesions
present

No (2)

Yes (4)

Mixed (2)
Overall analysis

Adjusted for follow-up and

confounding (4)

0.66 (0.46-0.95)
0.67 (0.40-1.11)

0.42 (0.02-7.69)
0.86 (0.47-1.59)
0.38 (0.12-1.23)

0.46 (0.32-0.66)

0.46 (0.29-0.72)

12=0%; P =0.60
12=0%; P =0.90

12=32.3%; P =0.17

12=44.4%; P = 0.15

Studies on gastric cancer patients?

Yoon et al.
2014°

Trial (2)
Cohort (8)
Other

observational (2)

Trial and prospective
cohort (3)

0.39 (0.20-0.75)

12=24.7%; P=0.27
Outcome is metachronous
gastric cancer

Combined studies of cancer and cancer-free patients

Chen et al.
2016a

Hernandez
etal. 2014

Lee et al.
2016

Trial (8)

Trial (7)

Trial (8)
Cohort (16)

All studies

Baseline diagnosis
Non-atrophic
gastritis/gastritis
IM/DYS

Overall five studies

All studies

Trial

Cohort

Primary intervention
Secondary intervention

Baseline incidence of
gastric cancer (tertiles)

Lowest
Middle
Highest

0.64 (0.48-0.85)

0.25 (0.08-0.81)
0.88 (0.59-1.31)

0.57 (0.42-0.79)

0.54 (0.46-0.65)

0.60 (0.44-0.81)
0.52 (0.41-0.64)
0.62 (0.49-0.79)
0.46 (0.35-0.60)

0.80 (0.56-1.15)
0.49 (0.38-0.64)
0.45 (0.32-0.64)

12 =32.3%; P =0.93

12=0%; P =0.48
Does not include Wong et

al. 2012, Saito et al. 2005,
or Choi et al. 2014

12=0.0%; P = 0.67

CAG = chronic atrophic gastritis; DYS = dysplasia; IM = intestinal metaplasia.

patients with previous endoscopic resection of early gastric cancer.

bBecause the meta-analysis of all studies included those that were not analytic studies, the results of that analysis are not included

in the table.
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Several additional planned or ongoing studies will investigate the efficacy of H. pylori
eradication in reducing the incidence of gastric cancer. A large-scale study in Baltic and Eastern
European countries (the GISTAR study), which has recently begun recruitment, aims to recruit
30,000 men and women aged 40 to 64 and follow them for 15 years (Leja et al. 2014, Leja et al.
2017). A study in South Korea that has also recently begun recruitment plans to recruit 11,000
men and women aged 40 to 65 who are invited to participate in the national gastric cancer
screening program. Those found to be infected with H. pylori will be randomized into the
eradication study and followed for at least 10 years (Choi et al. 2014a, Park et al. 2017). A third
ongoing study in the United Kingdom (the H. pylori Screening Study) recruited participants
between 1997 and 2006. Although this is not an eradication study, those screened for H. pylori
who tested positive were treated. All participants will be followed for 15 to 20 years (Wald
2014). Although not a placebo-controlled trial, a large study in China will compare a high-dose
treatment with a low-dose treatment in 180,000 participants followed for at least 7 years. Initial
eradication rates in the high-dose group were approximately 73% (Pan et al. 2016).

Gastric MALT lymphoma

Because MALT lymphoma is a rare cancer, no randomized controlled trials have assessed the
efficacy of H. pylori eradication therapy for its prevention and treatment; however, efficacy has
been assessed in numerous observational studies. In a meta-analysis of 32 observational studies
with 1,408 gastric MALT lymphoma patients, Zullo et al. (2009) found that H. pylori eradication
treatment resulted in an overall remission rate of 77.5% (95% CI = 75.3% to 79.7%). Remission
rates were higher for Stage 1 than Stage 2 lymphoma (75.3% vs. 55.6%), but treatment was
effective at both cancer stages. Median follow-up times for these studies ranged from one to five
years. Recently, long-term follow-up studies of gastric MALT lymphoma patients receiving H.
pylori eradication therapy have shown remission in up to 80% of cases, with 80% of these
individuals remaining disease-free after ten years (Wundisch et al. 2012, Fischbach 2014).

3.1.3 Cost-benefit analyses studies

Numerous economic models in numerous geographic locations, including both low- and high-
prevalence countries, have been published that evaluated whether H. pylori screening and
treatment are cost-effective measures for the prevention of stomach cancer in a variety of
populations. Two systematic reviews published in 2013 (Areia et al. 2013, Lansdorp-Vogelaar
and Sharp 2013) reviewed twelve cost-effectiveness studies on H. pylori screening and treatment
in the general population, including four studies each from North America, Europe, and Asia.
Avreia et al. (2013) also reviewed one South Korean cost-effectiveness study on H. pylori
eradication after endoscopic removal of gastric cancer. The IARC working group on H. pylori
eradication reviewed nine economic studies (Moayyedi 2014). Several new cost-effectiveness
studies of screening and treatment have been published since these 2013 reviews. These newer
studies were conducted in the United States (Schulz et al. 2014, Yeh et al. 2016), New Zealand
(Teng et al. 2017), Taiwan (Cheng et al. 2015), and Hong Kong (Wong et al. 2014). All studies
found H. pylori screening and treatment to be effective based on a threshold of $50,000 per life-
year saved; importantly, the findings were robust to differences in H. pylori prevalence and
patient gender and ethnicity (Lansdorp-Vogelaar and Sharp 2013). Most studies assumed 30%
effectiveness of H. pylori eradication in reducing gastric cancer incidence; however, sensitivity
analyses found that H. pylori eradication would still be cost-effective if the effectiveness of H.
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pylori eradication in reducing stomach cancer incidence were as low as 15% (Lansdorp-Vogelaar
and Sharp 2013).

Factors that may influence the cost-effectiveness of H. pylori screening and treatment include
screening methods, type of H. pylori therapy, and population characteristics such as age, race or
ethnicity, migrant status, and geographic region. Most general-population studies in both high-
and low-prevalence countries evaluated serology screening (the most available test) and found it
to be cost-effective (reviewed by Areia et al. 2013, Lansdorp-Vogelaar and Sharp 2013, Wong et
al. 2014, Cheng et al. 2015, Yeh et al. 2016, Teng et al. 2017). However, some studies reported
that the stool antigen screening method, which has greater sensitivity and specificity, was more
cost-effective than either serology or urea breath test screening (Xie et al. 2009, as cited by Areia
et al. 2013, Schulz et al. 2014). Most cost-effectiveness studies considered only the standard PPI
triple therapy; however, one study evaluated the bismuth-containing quadruple therapy and
found it to be cost-effective as well (Xie et al. 2009, as cited by Moayyedi 2014).

Population characteristics were also considered in the economic models. The overall conclusion
of Areia et al. (2013) was that screening at or above age 50 was the most cost-effective;
however, several Asian studies concluded that screening beginning at age 30 would be the most
cost-effective (Lee et al. 2007, Cheng et al. 2015, and Yeh et al. 2009, as cited by Areia et al.
2013). The effect of age may depend on the population; for example, Teng et al. (2017) found
that cost-effectiveness was highest for Maori participants aged 45 to 49 and non-Maori
participants aged 60 to 64. A study in Australia (Schulz et al. 2014) found screening and
treatment of immigrants and refugees from high-prevalence countries to be cost-effective, and
concluded that it may be an effective strategy for reducing stomach cancer in these populations.

All cost-effectiveness studies found H. pylori screening and treatment to be cost-effective,
coming in well below the threshold of $50,000 per life-year saved (Lansdorp-Vogelaar and
Sharp 2013, Yeh et al. 2016, Teng et al. 2017). In high-prevalence countries, estimated costs
ranged from $200 to $17,000 per life-year saved. The studies with the lowest assumed H. pylori
prevalence had the highest cost per life-year saved, but eradication was still cost-effective.
Likewise, studies reporting cost-effectiveness in low-prevalence countries also found screening
and treatment to be cost-effective, ranging from $10,000 to $35,000 per life-year saved. While
the cost-effectiveness estimates were, on average, higher in low-prevalence countries, they were
still well below the threshold estimates.

In many of these studies, the cost-effectiveness threshold analyses considered only stomach
cancer, and did not take into account the additional potential savings from H. pylori screening
and treatment that could result from decreases in dyspepsia, ulcers, and other H. pylori-related
disorders. The analyses also did not take into account the potential detrimental effects of
increased antibiotic resistance or the potential reinfection rates, which have not been well studied
(Lansdorp-Vogelaar and Sharp 2013). The IARC working group (IARC 2014) recommended
that further studies should evaluate benefits using quality-adjusted life-years rather than life-
years saved (Lansdorp-Vogelaar and Sharp 2013, Moayyedi 2014). Additional economic cost-
benefit analyses are needed from randomized controlled trials, especially in areas where the
eradication programs are most likely to be implemented first.
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3.1.4 Issues and concerns

Although the potential for H. pylori eradication to prevent 30% to 40% of new cases of non-
cardia gastric cancer has been demonstrated, no large-scale H. pylori eradication programs have
been implemented; however, a few smaller, targeted eradication programs have been
implemented regionally (see Section 3.2.2). This caution is partially due to concern about
unintended consequences of such programs. Three major concerns about H. pylori eradication
are the potential for increased bacterial resistance to antibiotics, a negative impact on the normal
gastrointestinal flora found in the body, and the likelihood of reinfection with H. pylori after
treatment. These concerns are compounded by the fact that many of the antibiotics used to treat
H. pylori infection are commonly used to treat other serious infections. A recent European
consensus report cautioned that use of commonly used antibiotics could create additional
resistance selection on pathogens other than H. pylori (Malfertheiner et al. 2017). In addition,
some evidence suggests an inverse relationship between H. pylori infection and GERD and its
complications, including Barrett’s esophagus and esophageal adenocarcinoma (reviewed by
Parsonnet 2014). However, eradication does not appear to worsen pre-existing GERD (Zagari et
al. 2015).

Reinfection with H. pylori has been observed to occur in more than 10% of those who were
successfully treated, and reinfection rates increased as time since treatment increased (Morgan et
al. 2013). Reinfection rates ranged from 3.4% in high-income countries to 18% in low-income
countries. Factors associated with reinfection included treatment adherence and study site, which
was likely associated with regional antibiotic resistance, which suggests that recrudescence is a
component of one-year recurrence rates in many populations (Morgan et al. 2013).

Any eradication efforts should be tailored to the specific geographic area and target population,
to guide the selection of appropriate antibiotic therapy and to develop better methods of
treatment (Thung et al. 2016). All randomized controlled trials of eradication published to date
were conducted in high-prevalence countries. However, both the short- and long-term effects of
treatment programs will differ between regions with differing prevalence levels. Factors to
consider in H. pylori eradication include the prevalence of H. pylori in the population,
identification of the most appropriate population for screening (the general population or those
showing symptoms of disease), the best age at which to begin screening, and the stage of disease
at which eradication would be most effective. In high-prevalence regions, screening and
treatment of the general population may be indicated, whereas in lower-prevalence countries
with low-to-moderate risk of gastric cancer, integration of screening into existing prevention
methods (such as colonoscopy screening) or screening those who show symptoms may be more
effective (Lee et al. 2007). The optimal age for general screening and treatment programs may
vary based on the prevalence of H. pylori in the population, and age should be taken into account
(as discussed in Section 3.1.2).

The effectiveness of H. pylori eradication therapy in the prevention of stomach cancer may
depend on the presence and severity of atrophic damage at the time of eradication (Sugano et al.
2015). H. pylori eradication therapy abolishes the inflammatory response and, in those with no
symptoms, can prevent the appearance of preneoplastic lesions. The optimal timing for stomach-
cancer prevention may be before these preneoplastic conditions appear (Malfertheiner et al.
2017); however, H. pylori eradication may offer some benefits by reducing risk in the presence
of preneoplastic conditions (Coelho et al. 2013, Malfertheiner et al. 2017). As mentioned in
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Section 3.1.1, the largest randomized controlled trial found that H. pylori eradication was
effective in reducing cancer incidence among participants with precancerous lesions at baseline
(Lietal. 2014).

3.2 Policies and recommendations

Even though H. pylori is a treatable infection, and stomach cancer is one of the leading causes of
cancer death worldwide, few national efforts at screening and prevention have been made
(Section 3.3.2). There have been, however, numerous national and regional consensus statements
on H. pylori screening and treatment in the prevention of H. pylori—-induced cancer

(Section 3.2.1).

3.2.1 National consensus recommendations for the prevention of H. pylori-induced cancer

Over the last five years, numerous publications have reported on national and regional consensus
statements on H. pylori management. Typically, these statements are the result of a workshop of
international, national, or regional experts who are charged with (1) reviewing the clinical and
other relevant studies related to H. pylori management (e.g., diagnosis, treatment, and
prevention) and (2) voting on the level of evidence (a grade reached according to specific
guidelines) and the strength of recommendations for specific statements. Recommendations
relevant to the prevention and treatment of H. pylori—induced cancer are summarized in

Table 3-3. (Not included in the table are other recommendations, such as those for diagnosis and
type of treatment.)

Table 3-3. Recommendations for prevention of H. pylori-induced cancer

Type of
recommendation Population Strength of the association/region References
Screen and treat General population  Strong: Should be considered for Coelho et al. 2013
those under 35: Brazil (Third
Brazilian Consensus)
Insufficient: Chile (Chilean Society Torres et al. 2016
of Gastroenterology)
Weak: Asia (10 ASEAN countries); Mahachai et al. 2018
Bangkok Report) (Community
screening)
Screen and treat Communities or Strong?:
individuals witha  Europe (Maastricht V/Florence Malfertheiner et al. 2017
high risk of gastric  Consensus Report 20)
(Helneey Italy (11 Working Group Consensus ~ Zagari et al. 2015
Report)©
Moderate®: Taiwan (Convened by Sheu et al. 2017
the Steering Committee)
Need more research: Chile Torres et al. 2016
Screen and treat Populations with Moderate®: Taiwan (intermediate Sheu et al. 2017
low and/or risk only)
intermediate Weak recommendation: Europe Malfertheiner et al. 2017
gastric cancer risk
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Type of
recommendation

Population

Strength of the association/region

References

Screen and treat

Screen and treat

Screen and treat

Screen and treat

Treatment of
cancer

Secondary
prevention and/or
treatment of
cancer

Individuals with
family history of

gastric cancer (e.g.,

first-degree
relatives of gastric
cancer patients)

Immigrants from
high-risk regions

Patients with
symptoms of
gastric diseases

Patients with
precancerous
gastric lesions

Patients with
gastric MALT
lymphoma

Patients with
gastric cancer

Strong or recommended: 10 ASEAN
countries, Italy®, Brazil, China
(Chinese Society of
Gastroenterology), South Korea
(Korean College of Helicobacter and
Upper Gastrointestinal Research
Guideline Steering Committee)

Insufficient: United States

Recommended: Canada (Canadian
Helicobacter Study Group and
Canadian Cancer Society)

Strong or recommended: Italy,
China, South Korea

Moderate: Brazil
Insufficient: United States

Strong: 10 ASEAN countries
Moderate: Brazil

“Favors”: Chile

Weak: South Korea

Strong or recommended: 10 ASEAN
countries, Taiwan, China, South
Korea, Japan, United States

Strong or recommended: Italy, Chile,
China, South Korea, Japan, United
States

Coelho et al. 2013, Lee 2014a,
Zagari et al. 2015, Mahachai
et al. 2018

Bjorkman and Steenblik 2017

Taylor et al. 2014 (cites
Canadian Cancer Society
2014)

Lee 2014a, Zagari et al. 2015

Coelho et al. 2013
Bjorkman and Steenblik 2017

Mahachai et al. 2018
Coelho et al. 2013
Torres et al. 2016
Choi 2013

Lee 2014a, Bjorkman and
Steenblik 2017, Sheu et al.
2017, Mahachai et al. 2018

Lee 2014a, Zagari et al. 2015,
Torres et al. 2016, Bjorkman
and Steenblik 2017

aSome reports referred to this as Group A recommendation.
bSome reports referred to this as Group B recommendation.
cStatement was “that the recommendation should be considered.”
ASEAN = Association of Southern Asian Nations. The 10 members are Brunei Darussalam, Cambodia, Indonesia, Laos,
Malaysia, Myanmar, Philippines, Singapore, Thailand, and Vietnam.

Overall, there was consensus across the working groups that H. pylori eradication could reduce
but not completely eliminate H. pylori—induced cancer, and that endoscopic or histological
surveillance may be needed after treatment (Lee et al. 2007, Sheu et al. 2017). Most, but not all,
working groups recommended screening and treatment programs for individuals with a high risk
of non-cardia gastric cancer (including those with a family history of non-cardia gastric cancer or
immigrants from high-risk regions); however, working groups from some countries (such as the
United States and Chile) thought more research was needed. Some working groups
recommended that screening and treatment programs include patients without advanced gastric
lesions, and other groups (e.g., South Korea) recommended treatment of patients with intestinal
metaplasia. Most groups recommended that the cancer-treatment program treat patients with
gastric MALT lymphoma as well as non-cardia gastric cancer.
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3.2.2 Screening and treatment programs

Worldwide, only a few countries have instituted gastric cancer prevention programs, either
regionally or nationwide, and only some of these include H. pylori screening and treatment. The
majority of these programs are in Asia. In Japan, which has high rates of stomach cancer, but
also one of the highest five-year survival rates, at 90% (Asaka 2014), an early stomach-cancer
detection screening program has been in place for many years, although participation rates have
been low. In 2013, after a successful trial showed that eradicating H. pylori reduced the
incidence of secondary non-cardia gastric cancer, Japan approved national health insurance
coverage of H. pylori eradication therapy for all patients with gastric MALT lymphoma, early
non-cardia gastric cancer, idiopathic thrombocytopenia purpura, gastric and duodenal ulcers, and
chronic gastritis. In Taiwan, a general-population stomach-cancer prevention program was pilot-
tested on Matsu Island, a high-risk population, with promising results (Lee et al. 2013, Lee and
Lin 2017). Based on these results, two additional regions of Taiwan have implemented a similar
program combining a test for H. pylori and screening for stomach cancer among those aged 50 to
69 (Lee 2014b). Another region in Taiwan is conducting a large-scale randomized controlled
trial that combines colon-cancer screening with H. pylori screening, with treatment for those who
test positive (Lee and Lin 2017). In South Korea, a national program was begun in the early
2000s to provide stomach-cancer screening every two years for all residents aged 40 and over.
Participation rates have increased each year; in 2011, about half of those eligible were screened
(Suh et al. 2013).

In 2006, Chile became the first Latin American country to institute a program that provides
stomach-cancer screening to symptomatic people aged 40 and over. The program provides
endoscopic examination for H. pylori detection, biopsy, and treatment (Ferreccio 2014). This
program has had limited success, as population coverage has been small (Torres et al. 2016). The
program is currently under review, and other strategies are being considered, including general-
population screening and eradication in high-risk populations, accompanied by more efficient
early-detection methods.

3.3 Summary of the recommendations of international expert working groups (including the
IARC working group)

Given the strong link between H. pylori and non-cardia gastric cancer, as well as the high global
burden of disease, international expert working groups have recommended that countries
worldwide should devote additional public health resources to this disease. This global burden
and the feasibility of treating the main cause of disease make H. pylori a possible target for
intervention. Recent randomized trials have provided support for H. pylori eradication in the
prevention of stomach cancer, while economic analyses have shown it to be cost-effective.
Several additional large randomized trials currently under way may add to the evidence. As well
as preventing non-cardia gastric cancer (and gastric MALT lymphoma), H. pylori eradication
may also prevent diseases such as dyspepsia and peptic ulcers, increasing its cost-effectiveness.

Although evidence for the effectiveness of screening and treatment in reducing stomach-cancer
incidence is increasing, caution should be exercised in any planned intervention program. Local
antibiotic resistance patterns should be taken into account in the choice of treatment method, as
well as in targeting of the appropriate populations for intervention. Other potential consequences
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of eradication therapy must be also considered in any program, including increases in antibiotic
resistance, changes in the natural gastrointestinal flora, and increases in diseases on which H.
pylori may have a beneficial effect, such as GERD and esophageal cancer. Before
implementation, any planned programs should consider objective assessments of feasibility,

effectiveness, program acceptance, cost-effectiveness, and adverse consequences relevant to the
local area.
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Appendix A: Literature Search Strategy

The objective of the literature-search approach was to identify published literature relevant for
evaluating the potential carcinogenicity of the Helicobacter pylori (H. pylori) bacterium. As
discussed in the Helicobacter pylori Concept Document (NTP 2016), this monograph relies on
the 2012 IARC monograph and key studies published since the monograph. Two literature
searches were conducted: (1) to identify key reviews or meta-analyses for updating exposure and
mechanistic data and for determining whether a formal review of other cancer sites was merited
and (2) to identify intervention and prevention studies published since the 2014 publication of
the IARC working group report on H. pylori eradication.

Identification of intervention studies

General approach

Database searching encompasses selecting databases and search terms, as well as conducting the
searches. Searches of several citation databases generally use search terms for the individual
topic of interest, along with search terms for cancer and/or specific topics, including
epidemiological and mechanistic studies. A critical step in the process involves consultation with
an information specialist to develop relevant search terms, which are used to search bibliographic
databases. The IARC working group report on H. pylori eradication was published in 2014, so
PubMed, Web of Science, and Scopus were searched for new information about H. pylori from
2013 through 2017. Table A-1 highlights the general concepts searched, with selected example
terms.

Table A-1. Major topics searched

Topics Example terms

H. pylori H-pylori, Helicobacter pylori, Helicobacter-pylori

Intervention/prevention  Controlled before-after studies, Interrupted time series analysis, Early medical
intervention, Treatment, Intervention, Therapy, Prevention

Study type and topics Meta-Analysis, Clinical Trial, Public Health Surveillance, Medical Economics, Markov
Chains, Statistical Models, Health Care Costs, Cost-Benefit Analysis, Review, Treatment
Outcome

Cancer Neoplasms, Carcinogenicity tests, Carcinogens

The large and complex body of literature for H. pylori was searched through the use of
narrowing terms for the relevant major topics within the bibliographic databases. The results
were then processed in EndNote to remove duplicates, before being transferred to Health
Assessment Workspace Collaboration (HAWC), a computational content management system,
for screening.

The bibliographic database search results (1,198 references) were processed in EndNote and then
imported into HAWC for first- and second-tier screening. Relevant studies found through the
citations in review articles and other secondary searches were also included. Tagging in HAWC
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categorized the useful articles into categories such as Health Assessment (66 references),
Antibiotic intervention (31 references), Other Intervention (19 references), and so on.

Search strings for H. pylori searches

Each search detailed below was limited to publication year from 2013 to 2017 and combined
with the RoC Cancer Filter.

Table A-2. The full search strings for H. pylori searches

Database Search terms

PubMed (("Meta-Analysis"[pt] OR meta-analysis[tiab] OR Meta-Analyses[tiab] OR MetaAnalysis[tiab] OR
metaanalyses[tiab]) OR ("Clinical Trial"[pt] OR Clinical-Trial*[tiab]) OR ("Public Health
Surveillance"[mh] OR "Economics, Medical”[mh]) OR ("Markov Chains"[Mh] AND "Models,
Statistical"[Mh] OR Markov-chain*[tiab]) OR ("Health Care Costs"[mh] OR "Cost-Benefit
Analysis"[mh] OR cost-benefit[tiab]) OR "Review"[pt] OR "Treatment Outcome"[mh])) AND
(("Controlled Before-After Studies"[Mh] OR "Interrupted Time Series Analysis"[Mh] OR "Early
Medical Intervention"[Mh] OR Treatment*[tiab] OR intervention*[tiab] OR therapies[tiab] OR
Therapy[tiab] OR prevent*[tiab])) AND (H-pylori[tiab] OR "Helicobacter pylori*[mh] OR
Helicobacter-pylori[tiab])

Web of (TS=("Meta-Analysis" OR "Meta-Analyses" OR "Metaanalysis" OR "metaanalyses” OR

Science "Review" OR "Clinical Trial*" OR "Public Health Surveillance" OR "Medical Economics" OR
"Markov Chain*" OR "Health Care Costs" OR "Cost-Benefit Analysis" OR cost-benefit OR
"Review" OR "Treatment Outcome")) AND (TS=("Controlled Before-After Studies" OR
"Interrupted Time Series Analysis" OR "Early Medical Intervention" OR Treatment* OR
intervention* OR therapies OR Therapy OR prevent*)) AND (TS=(H-pylori OR "Helicobacter
pylori®))

Scopus ( TITLE-ABS-KEY ( "Meta-Analysis" OR "Meta-Analyses" OR "Metaanalysis" OR
"metaanalyses” OR "Review" OR "Clinical Trial*" OR "Public Health Surveillance” OR
"Medical Economics" OR "Markov Chain*" OR "Health Care Costs" OR "Cost-Benefit Analysis"
OR cost-benefit OR "Review" OR "Treatment Outcome™)) AND ( TITLE-ABS-KEY ("Controlled
Before-After Studies” OR "Interrupted Time Series Analysis" OR "Early Medical Intervention" OR
Treatment* OR intervention* OR therapies OR Therapy OR prevent*)) AND ( TITLE-ABS-KEY
(H-pylori OR "Helicobacter pylori"))

Identification of cancer and exposure studies, reviews, and meta-analyses

Literature on cancer and exposure studies, reviews, and meta-analyses related to H. pylori
infection were identified through the use of narrowing terms for the relevant major topics within
PubMed, and the resulting citations were saved directly into HAWC. HAWC was used to screen
results and eliminate out-of-scope or duplicate references.

1. Prevalence searches in PubMed combined the MeSH term for H. pylori with the MeSH
term for prevalence, limited to reviews published in the past five years, and 69 references
were added to HAWC for evaluation.

2. Diagnosis searches used the H. pylori MeSH term and the diagnosis MeSH term, limited
to review articles published since 01/01/2017, and 19 references were added to HAWC.

3. Finally, 368 recent reviews and meta-analyses for H. pylori were identified and added to
HAWC for evaluation.
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Appendix B: Summary of Human Studies of Pancreatic and
Colorectal Cancer

As mentioned in the Objective and Methods, NTP also reviewed recent meta-analyses,
systematic reviews, and other reviews evaluating the association of H. pylori infection and other
types of cancer, primarily pancreatic and colorectal cancer. A short summary of the updated
findings on pancreatic and colorectal cancer is provided below.

Pancreatic cancer

The 2009 IARC evaluation of H. pylori included four nested case-control studies (see IARC
2012, Table 2.21) and one case-control study of pancreatic cancer (Raderer et al. 1998). Since
that time, five case-control studies (Risch et al. 2010, Shimoyama et al. 2010, Gawin et al. 2012,
Risch et al. 2014, Schulte et al. 2015), one nested case-control study (Huang et al. 2017), two
cohort studies (Hsu et al. 2014, Chen et al. 2016b), and an update of a nested case-control study
(Yu et al. 2013, which updated Stolzenberg-Solomon et al. 2001) were identified. In addition,
several recent meta-analyses were identified, of which the analysis by Schulte et al. (2015),
which included eleven studies, was considered to be the most informative. This analysis reported
meta ORs of 1.13 (95% CI = 0.86 to 1.50; 11 studies) for H. pylori infection and pancreatic
cancer, 0.78 (95% CI = 0.67 to 0.91; 6 studies) for cytotoxin-associated gene A- (CagA-)
positive strains, and 1.30 (1.02 to 1.65; 4 studies) for CagA-negative strains. The meta-analysis
did not include the recent large nested case-control study, which did not find an association with
H. pylori infection, or sub-analyses for Cag-negative or -positive strains (Huang et al. 2017), nor
the ESTHER cohort study, which found non-significant elevated risks for H. pylori infection
with CagA-negative strains (Chen et al. 2016b). NTP considered the database of studies
inadequate to evaluate the association between H. pylori infection and pancreatic cancer and did
not conduct a formal evaluation.

Colorectal cancer

The 2009 IARC working group evaluation of H. pylori included twelve case-control studies
(IARC 2012, Table 2.19) and two nested case-control studies of colorectal cancer (IARC 2012,
Table 2.18). Since that time, several meta-analyses and at least ten studies on colorectal cancer
have been published. Recent meta-analyses that were specific for colorectal cancer (i.e., did not
include colon adenoma) reported modestly increased colorectal cancer risks (~20% to 40%) with
H. pylori infection (e.g., Rokkas et al. 2013, Wu et al. 2013, Wang et al. 2014); however,
heterogeneity was observed, and many studies included in the analyses were small, cross-
sectional, hospital-based case-control studies, or did not adjust for potential confounding factors.
The most informative studies were four large population-based case-control studies (Machida-
Montani et al. 2007, Zumkeller et al. 2007, Zhang et al. 2012, Ferndndez de Larrea-Baz et al.
2017), three nested case-control studies (Limburg et al. 2002, Epplein et al. 2013, Blase et al.
2016), and a cohort study (Chen et al. 2016b) that reported adjusted risk estimates. Findings
among these studies were inconsistent. Two population-based case-control studies in Germany
(Zumkeller et al. 2007, Zhang et al. 2012) found positive associations with H. pylori infection. In
addition, two nested case-control studies, an analysis within the U.S. Southern Community
Cohort Study (Epplein et al. 2013), and an analysis of elderly Caucasians in the CPS-I1 Nutrition
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Cohort (Blase et al. 2016) reported positive associations with some specific H. pylori antigens
but not H. pylori infection in general. Few studies have looked at specific antigens, and the
results were inconsistent across studies. The other informative studies did not find an association
with H. pylori infection or specific antigens (Limburg et al. 2002, Machida-Montani et al. 2007,
Chen et al. 2016b, Fernandez de Larrea-Baz et al. 2017). The evidence for an association
between H. pylori infection and colon adenoma or polyps may be stronger, but adenoma is
outside the scope of a cancer hazard evaluation. Based on this initial review, NTP did not
conduct a formal evaluation of colorectal cancer.
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