HARVARD BUSINESS SCHOOL

Case Histories of Significant Medical Advances:
Eradicating Helicobacter Pylori

Infections to Treat Ulcers

Amar Bhidé
Srikant Datar
Katherine Stebbins

Working Paper 20-006




Case Histories of Significant Medical Advances:
Eradicating Helicobacter Pylori

Infections to Treat Ulcers

Amar Bhidé

Harvard Business School

Srikant Datar

Harvard Business School

Katherine Stebbins

Harvard Business School

Working Paper 20-006

Copyright © 2019, 2020, 2021 by Amar Bhidé and Srikant Datar

Working papers are in draft form. This working paper is distributed for purposes of comment and discussion only. It may
not be reproduced without permission of the copyright holder. Copies of working papers are available from the author.



Case Histories of Significant Medical Advances

Eradicating Helicobacter Pylori Infections to Treat Ulcers

Amar Bhidé, Harvard Business School
Srikant Datar, Harvard Business School

Katherine Stebbins, Harvard Business School

Abstract: We describe how a chance discovery of bacteria that infect stomach linings
completely changed how physicians treat ulcers. Specifically, we chronicle how: 1) two
Australian physicians brought the bacterial infection to the world’s attention and challenged the
conventional view that stomach acidity caused ulcers; 2) a global community of researchers
helped corroborate the Australians’ findings and developed convenient tests and effective
treatments; and 3) these tests and treatments were gradually, but not immediately, adopted.

Note: This case history, like the others in this series, is included in a list compiled by Victor
Fuchs and Harold Sox (2001) of technologies produced (or significantly advanced) between
1975 and 2000 that internists in the United States said had had a major impact on patient care.
The case histories focus on advances in the 20th century (i.e. before this millennium) in the
United States, Europe, and Japan -- to the degree information was available to the researchers.
Limitations of space and information severely limit coverage of developments in emerging
economies.

Acknowledgments: This case history benefited from Catriona Jones's capstone paper (written
for her MALD degree at Tufts University’s Fletcher School).



Case Histories of Significant Medical Advances

Eradicating Helicobacter Pylori Infections to Treat Ulcers

Helicobacter pylori (H. pylori) bacteria are tiny, spiral-shaped organisms that burrow into the stomach lining,
causing the irritation and inflammation commonly known as “gastritis.” This irritation and inflammation can
eventually lead to ulcers.! Ulcers produce many debilitating symptoms, from burning pain and perforations
in the stomach to bloody vomit, bloody diarrhea, and severe inflammation that blocks digestion, causing
malnutrition. H. pylori infections can also significantly increase a person’s risk of developing stomach cancer —
which leads to death within five years in over three-quarters of cases.?

DNA evidence suggests humans have suffered H. pylori infections for more than 58,000 years - and
according to some estimates, nearly ninety-percent of the population of some countries continues to be
infected (although most developed countries now have a much lower rate).> However, it was only in the 1980s
that two physicians in Perth, Australia, brought the bacterial infection, believed to cause up to ninety-five
percent of ulcers in the stomach and small intestine,* to the world’s attention. Although the two Australians
would win the Nobel Prize in medicine in 2005, their research findings initially produced both excitement
and skepticism. Gradually, skeptics were won over and eradication of the infection became a standard
treatment by the end of the 1990s.

The three main sections of this case history describe how: 1) these two physicians challenged conventional
views about ulcers; 2) a global community of researchers helped corroborate the Australians” findings and
developed convenient tests and effective treatments; and 3) these tests and treatments came to be gradually,
but not immediately, adopted.

1. Challenging Conventional Views (1976-1985)

Early understanding of ulcers

In 1910, Croatian physician, Karl Schwartz, published research suggesting that the excess release of acid
could corrode the linings of the stomach and small intestine, causing ulcers. For decades after, researchers

and clinicians followed what became known as “Schwartz’s dictum”: “no acid, no ulcers.” Physicians further
believed that stress and certain foods increased acid production.®

Even before Schwartz proposed his theory, physicians had prescribed “antacids” -- naturally-occurring
minerals and metals that neutralize stomach acid - to alleviate ulcer symptoms. These antacids included:

o Calcium carbonate--chewed to relieve stomach pain since ancient times;®
e Magnesium hydroxide--used in Milk of Magnesia since 1872; and

e  Bismuth--taken in salts since the eighteenth century and in liquid Pepto-Bismol since 1901.

However, antacids provided only temporary relief. When treatments stopped, symptoms returned. In
addition, the dietary and lifestyle changes that many physicians suggested to patients to reduce stomach
acidity were usually ineffective.”

Alternatives to antacids

In 1976, Smith, Kline & French, a one-hundred-and-forty-year-old American pharmaceutical company,
introduced a drug to reduce acid production, rather than neutralize the already-produced acid (as antacids
did). Many decades of research into the mechanism of acid production enabled development of the drug. In



the early 1900s, the Nobel-Prize-winning Russian physiologist Ivan Pavlov had found that signals from the
brain prompted acid production, but he had not shown how. Researchers then discovered that the brain’s
signals triggered the production of hormones, which in turn stimulated acid production by the stomach
glands.

In the mid-1960s, James W. Black, a Scottish pharmacologist working in Smith, Kline’s British laboratory
identified the specific hormone responsible: a histamine, dubbed “H2.” Black and fellow researchers at Smith,
Kline then systematically synthesized and screened compounds that stopped H2 from stimulating acid
production. Black had already used this relatively new approach of targeting the action of hormones, now
referred to as “rational drug design” at ICI Pharmaceuticals, one of the largest companies in Britain; at ICI,
Black and his colleagues developed a drug that lowered blood pressure by blocking the hormones that
stimulate the heart to pump harder. Similarly, the “H2 blockers,” developed by Black’s Smith, Kline team,
chemically bonded with the histamine to prevent it from stimulating acid production by stomach glands.?

Smith, Kline & French sought approval for its most promising H2 blocker from British regulators in 1973.
The approval process required developers of new drugs to demonstrate their safety in clinical trials, but, as it
happened, the blocker was too toxic to pass. The company’s second blocker also failed, but a third was able
to demonstrate safety in three years. This H2 blocker was so effective that ulcers healed in about six weeks,
although British regulators did not at the time require evidence of efficacy. After receiving regulatory
approval, Smith, Kline started marketing the H2 blocker, named “Tagamet,” in the UK in November 1976,
and, seven months later, in Canada (where regulators followed the lead of their British counterparts).’

In October 1976 Smith, Kline & French sought approval to market Tagamet from the U.S. Food & Drug
Administration (FDA). The FDA approved the application in an exceptionally brief ten months. Normally,
regulators would have required Smith, Kline to demonstrate both the safety and efficacy of its drug through
clinical trials in the United States. However, the FDA made an exception for Tagamet: it accepted Smith,
Kline’s data from its British trials even though these trials had only shown safety and had been conducted
outside the United States. Because the effects of long-term use had not been established, however, the FDA
took a cautious approach: it approved Tagamet as an eight-week treatment for ulcers in the small intestine.
Then, in 1979, after Smith, Kline & French submitted additional trial results, the FDA broadened its approval
to include treatment of stomach ulcers. Tagamet went on to become the best-selling drug in the world at the
time, posting global sales of USD$1 billion in 1986. Two years later, Dr. James Black would share in the 1988
Nobel Prize for Physiology and Medicine for his work on the targeted development of H2 blockers and blood-
pressure drugs. !0

Even though H2 blockers (which often were prescribed in treatment regimens that included antacids)
rapidly healed ulcers, they did not cure the underlying disease. By the mid-1980s, several studies suggested
ulcers could recur in as many as a quarter of cases after treatments ended.!!

Foundations of a lasting cure

The first step toward a lasting cure for ulcers was taken in 1979 by J. Robin Warren, a pathologist working
at the Royal Perth Hospital in Perth, Australia. Although Warren later recalled Perth was a “small, isolated
community,”1? physicians at Warren’s hospital had begun using newly-available endoscopes to diagnose
stomach diseases in the 1970s. Earlier endoscopes -- narrow tubes inserted through patients” mouths -- had
only allowed physicians to see the insides of stomachs (to, for instance, observe inflammation). The
endoscopes that became available in the 1970s enabled physicians to extract stomach tissue samples through
the inserted tubes. When Warren was examining one of these tissue samples (taken from a patient with a
stomach disorder) through a microscope he saw an unusual and hitherto-unnamed spiral-shaped bacteria.
Over the next two years, he found the same spiral-shaped bacteria in tissue samples taken from thirty-five
patients with gastritis and other stomach complaints.3



In fact, physicians had observed the bacteria, named Helicobacter pylori'* in 1989, as early as the mid-
nineteenth century. Some researchers even speculated the bacterium might cause ulcers, but they lacked the
tools to isolate and study it. By the time better tools were available, researchers had lost interest and improved
personal hygiene (and chlorination of the water supply) had reduced H. pylori infections in much of the
developed world. Throughout the twentieth century, physicians sometimes observed the bacterial infections,
but they viewed them as curious byproducts rather than a cause of disease. Others assumed that stomach
acid would not allow bacteria to survive and - unlike Warren - ignored the possibility of bacterial infections.®

In 1981, Warren recruited Barry Marshall to help study the stomach-dwelling bacterium he had recently
discovered. Marshall, who had just completed his basic medical training, had joined Royal Perth Hospital
intending to specialize in cardiology. However, he first had to complete a rotation in gastroenterology and
participate in a research project to qualify as a cardiologist. Working with Warren would satisfy his research
requirement. 16

Initially, Marshall’s assignment was routine: to extract tissue samples for Warren’s analysis and match the
analysis with patient symptoms and diagnoses. But Marshall’s role then extended far beyond what was
necessary to meet his research requirement; he stayed with Warren's project and never went back to
cardiology. For two years, he learned to search the U.S. National Library of Medicine’s online database, at a
time when tools that made searching easy were unavailable.!” Through these searches he found previous
reports of spiral stomach bacteria, the significance of which had been overlooked. Working with Warren, he
studied another hundred stomach tissue samples. Analysis of those samples showed that over half the
patients with gastritis had bacterial infections. In addition, Marshall found that bacterial infections were
present in over three quarters of patients with stomach ulcers and all the patients with small intestine
(duodenal) ulcers.™®

Skeptical reactions

Warren and Marshall reported their findings at conferences in Australia and Europe in 1982. Each also
wrote a “letter” (typically, brief reports of preliminary findings) to The Lancet, a prestigious British medical
journal, in 1983.1° Their letters immediately stirred controversy. Physicians could not believe that bacteria
could survive in stomach acid, particularly in patients with ulcers thought to be caused by excess acid. In fact,
Warren himself had expressed surprise at the bacteria’s ability to withstand the stomach’s acidity in his Lancet
letter.20

In 1984, Warren and Marshall published an article in The Lancet suggesting that the infections were causing
ulcers in the stomach and small intestine. However, this publication further increased skepticism, because
physicians considered stomach ulcers and small intestine ulcers to be separate, unrelated conditions.
Moreover, Warren and Marshall could not test their hypothesis by reproducing H. pylori infections in lab
animals.?!

In June 1984, Barry Marshall tried - and succeeded - in infecting himself. First, colleagues extracted tissue
samples showing Marshall’s stomach was infection-free. Marshall then drank a broth containing H. pylori
taken from one of his patients. In a week, he experienced fatigue and vomiting. Four days after that,
Marshall’s colleagues extracted additional samples that showed inflammation and an H. pylori infection. The
experiment became famous shortly after it was completed, because Robin Warren told the story of what his
collaborator had done to himself to a journalist from a U.S. tabloid newspaper, The Star. The tabloid’s story -
- "’Guinea Pig’ Doctor Discovers New Cure for Ulcers ... and the Cause” - was picked up by other
newspapers and magazines, including The New York Times, and was retold in popular accounts of the
discovery for years thereafter. Marshall and his colleagues published their experiment in an Australian
medical journal in April 1985.22



2. Developing Tests and Treatments (1984-1993)

Skepticism persists

Many physicians continued to question the causal connection between the bacteria and ulcers, because not
everyone who had an H. pylori infection developed stomach inflammation or ulcers. And diagnosis and
treatment were difficult. Lab analyses of the stomach tissue samples could take up to a week to complete due
to the time required to grow the bacteria in a lab dish, and standard antibiotic treatments failed to eradicate
H. pylori infections in three quarters of patients.?> However, researchers - some sympathetic, some skeptical
- continued to investigate H. pylori and provided the groundwork for better tests and treatments.

Convenient tests developed and introduced

Research supporting the development of diagnostic tests advanced first. In 1984, microbiologists at the
University of Amsterdam’s Academic Medical Center reported abnormal amounts of the digestive stomach
enzyme, “urease,” in H. pylori-infected tissue samples. Urease could be easily detected because it changes the
color of urea (excreted in urine) from bright yellow to pink, just as acid turns blue litmus paper red.?* Thus,
inferring an H. pylori infection from a urease test was potentially quicker and cheaper than testing for the
bacterium itself (although it still required extracting tissue samples).?

Marshall led the effort to develop such a urease test. He worked with an Australian diagnostics company,
Delta West, although he had by then joined the University of Virginia’s medical school, in the United States.
Delta West introduced its first a urease test kit in Australia in 1987.26

In May 1988, Delta West applied to the FDA for permission to market the test kits in the United States.
This application was quickly approved - without a clinical trial - under the so-called “510(k)” exemption.
(The FDA grants such exemptions to new devices and tests that it decides are “substantially equivalent” to
existing devices and tests). Gastroenterologists could then use the test kits to rapidly identify H. pylori-
infections (in tissue samples they took through endoscopies) in their offices, clinics, and hospitals, rather than
sending the samples to a lab.?”

Blood tests then made diagnoses even more convenient. The tests were based on the discovery, made by
German researchers in 1988, of antibodies produced by the immune systems of patients with H. pylori
infections. Unlike urease testing, which required extracting stomach tissue, detecting the antibodies only
required drawing blood.?® Quidel, a California diagnostics company, was the first to develop blood tests for
the antibodies, securing approval from the FDA in 1991, also under the 510(k) exemption. The next year, the
FDA approved Quidel’s second, so-called “finger-stick” blood test for use in doctors’ offices; that test required
just a drop of blood, rather than a vial that had to be sent out to a lab.?’ (For a summary table of H. pylori tests,
see Exhibit 1.)

Effective treatments developed

Advances in treatments followed soon after advances in tests. In 1985, microbiologists who worked in a
pathology (rather than research) lab in a major regional hospital in Birmingham, England, reported that H.
pylori had developed resistance to some antibiotics; this explained why some of the early eradication attempts
had been ineffective.3? In 1988, Marshall and his University of Virginia colleagues found that the potency of
other antibiotics that had been only moderately effective when taken alone increased when taken with an
antacid.!



Over the next few years, researchers at academic medical centers in Sweden, The Netherlands, and
Australia developed even more effective treatments that combined antibiotics with acid-reducers.! These
combinations healed ulcers in ninety-five percent or more cases —whereas previous treatments had done so
in seventy percent or fewer cases. Remarkably, after treatments ended, patients in one study had been tracked
for four years--and their ulcers had not returned.3?

Some of these combination treatments included a newly-available class of acid-reducers— “proton pump
inhibitors” (PPls) developed by Astra, a longtime Swedish pharmaceutical company. Astra researchers in
Gothenburg, Sweden, began synthesizing compounds to reduce acidity around the same time that Smith,
Kline had started H2 blocker research in England. Unlike Smith, Kline however, Astra did not “target” a
specific acid-producing molecule or mechanism. In 1974, Astra’s researchers synthesized an acid-reducing
compound, but it turned out to also suppress hormone production in the thyroid and cause cancer in the
thymus gland.?® The Swedish researchers then tried to synthesize a less toxic acid-reducing compound, but
failed.3*

Researchers from the University of Alabama helped Astra’s Swedish researchers overcome these
problems.% The Alabama researchers, who had studied the stomach’s acid secretion for ten years, discovered
that while the H2 histamine stimulated acid production by the stomach gland, an enzyme (colloquially known
as a “proton pump”) pumped out the acid that the gland had produced. A chance meeting of the Alabama
and Astra researchers at a 1977 conference in Sweden led them to speculate that Astra’s compound worked
by disrupting the action of the proton pump enzyme.3

The researchers collaborated to systematically synthesize and test less toxic compounds that targeted the
proton pump enzyme.?” By 1980, their collaboration had produced a safe proton pump inhibitor (or PPI).
Clinical trials in two Swedish university hospitals showed that the PPI healed ulcers faster than H2 blockers,
and fewer ulcers recurred after treatment ended. On the basis of these results, European regulators approved
Astra’s PPI in 1988, and American regulators followed in 1990.32 By 1993, Swedish and Australian
researchers had shown that a PPI combined with antibiotics healed ulcers and eradicated H. pylori infections
faster than other combinations, with the lowest rates of ulcer recurrence.3®

Research on drug combinations in the U.S. benefited from the FDA’s loose enforcement of rules for testing
new uses for already approved drugs. Although in principle the FDA requires pre-approval of such tests, in
practice it often does not penalize researchers who do not seek pre-approval. The drugs tested for H. pylori
treatments--antibiotics, antacids, H2 blockers, and PPIs—had already been approved. Therefore, researchers
could —and did--run trials combining these drugs without seeking FDA pre-approval.*’ (For a summary table
of H. pylori treatments, see Exhibit 2.)

Skepticism reduced

Researchers in Australia, Europe, and the United States —including a few who had started out as critics of
Marshall and Warren*!--achieved the advances described above, such as identification of the H. pylori
antibody and development of antibiotic combinations capable of eradicating H. pylori infections. They
included gastroenterologists and pathologists, like Marshall and Warren, who did clinical research, as well
as many microbiologists. Many of these researchers worked in academic centers, such as the University of
Alabama program. However, their research was supplemented by research conducted by practicing
physicians who did not normally publish research. These physicians treated patients in hospitals and clinics

1 Combinations of antibiotics had also been used to eradicate infections in the 1950s. However, studies conducted by the FDA in the
1960s found those combinations to be significantly less effective than producers had previously claimed. The FDA then required drug
companies to stop marketing these combinations and instituted strict standards for approving new combinations.

2 Astra marketed the drug in Europe under the name “Lo-Sec” and in the U.S. under the name “Prilosec.” Astra would go on to develop
and introduce an improved PPI (“Nexium”) in 2000.



in over fifty countries, including: Brazil, Chile, China, Czechoslovakia, Fiji, Greece, Hungary, India, Japan,
Kenya, Kuwait, Malaysia, Mexico, Pakistan, Panama, Poland, Romania, Rwanda, Saudi Arabia, Senegal,
South Africa, Spain, Tonga, Tunisia, and Yugoslavia. Although these practicing physicians” studies ran for
short periods and had small sample sizes, their findings helped reduce the skepticism of doubters.*?

Results of larger controlled trials, published in 1992 and 1993, then corroborated the results of these many
small studies. The results showed that ulcers did not return for at least two years after patients” H. pylori
infections had been eradicated with combination regimens.*3

In 1994, the National Institutes of Health, a U.S. government agency that funds medical research,
organized a consensus conference on H. pylori. The American College of Gastroenterology, a professional
organization that supports research and education, followed in 1996. That same year, European researchers
and public health officials also organized a consensus conference in Maastricht, Netherlands. Experts at all
three conferences declared H. pylori the cause of almost all ulcers® and recommended widespread testing and
treatment of ulcer patients.*

In 1994, the same year of the first consensus conference in the U.S., the World Health Organization
designated H. pylori a cancer-causing agent.*> The designation had been prompted by studies that tested over
5,000 patients across Europe, the United States, Japan, and China. The results revealed that those with H.
pylori infections were up to six times more likely to develop stomach cancer.4®

3. Gradual adoption (1994-2005)

Publicity increases testing

By the mid-1990s, nearly all gastroenterologists and about two-thirds of general physicians in the United
States reported testing for H. pylori. Increased testing had been spurred in part by wide media coverage. For
instance, reporters at national newspapers (e.g., The New York Times, The Wall Street Journal, and USA Today),
regional newspapers (e.g. the St. Petersburg Times), general interest magazines (e.g. The New Yorker, Reader’s
Digest, and Fortune), and on television (NBC Nightly News) interviewed pioneer Barry Marshall (who was
already well-known for his 1984 self-experiment) and other researchers.%”

FDA approval of urease breath tests in 1996 further encouraged testing. Previous urease tests required
trained gastroenterologists to extract stomach tissue. The breath tests, which could be administered by general
physicians, simply required patients to swallow tablets. The tablets released traceable particles when they
encountered urease in the stomach. Then the patients breathed into balloons that were sealed and sent to a
lab that would test for the urease-released particles.

Barry Marshall had collaborated with Tri-Med, an American startup, to develop a urease breath test in the
late 1980s. A test had also been concurrently developed by physicians at Baylor College of Medicine, in
Houston, Texas, for Meretek, an American diagnostics company. However, an FDA ruling that breath tests
were not substantially equivalent to tests that had already been approved slowed their introduction, because
Tri-Med and Meretek had to conduct clinical trials to demonstrate the safety and efficacy of their tests. The
FDA also required two applications for the tests - one for a new drug (the tablet) and one for a new device
(the balloon). In 1996, the FDA approved Meretek’s test but rejected Tri-Med’s applications on the grounds
that they had not shown effectiveness. Tri-Med conducted more trials and submitted the results to the FDA
the next year, after which its test, too, received approval.*

3 Experts acknowledged that in a small percentage of cases stomach ulcers could instead be caused by long-term use of certain pain
medications.



Blood tests for H. pylori antibodies also became more widely available. As mentioned, Quidel had offered
the first H. pylori blood test in 1991. In the next seven years, over twenty-five diagnostics companies added
blood tests to their offerings.> (See Exhibit 3 for a list of producers.)

The wider availability of improved tests helped broaden testing: in a 1998 a survey of US physicians nearly
all said they routinely tested patients with ulcer symptoms for H. pylori.5!

Treatments lag tests

Physicians did not immediately follow the treatment guidelines set in 1994 by government agencies and
professional organizations. Studies from the mid-1990s suggested physicians prescribed the recommended
combinations of antibiotics and acid-reducers only about three to fifteen percent of the time. Instead, they
prescribed H2 blockers or PPIs, which patients usually had to continue to take because H2 blockers and PPIs
alone did not eradicate H. pylori infections. Observers speculated that one reason why physicians stayed with
H2 blockers and PPIs was that pharmaceutical companies, whose representatives play an important role in
disseminating information about new treatments, did not market the eradication combinations specified by
the treatment guidelines. And indeed, FDA rules prevented such marketing: physicians could prescribe
combinations containing antibiotics that the FDA had already approved for other diseases to ulcer patients.
However, pharmaceutical companies could not market the antibiotics and antibiotic-containing combinations
recommended by guidelines as treatments for ulcers without obtaining additional FDA approvals. And
concerns about antibiotic resistance (which many physicians also shared) made the FDA reluctant to approve
the marketing of antibiotics for new uses.>

Patients who were prescribed the recommended combinations also often had difficulty following them,
because they required taking up to sixteen pills per day for ten to fourteen days. With H2 blockers or PPI
treatments, patients had to take just two to four pills per day.>*

In 1996, the FDA allowed pharmaceutical companies to market individual antibiotics as well as three
combinations containing antibiotics as treatments for ulcers.* The approvals of the combination treatments
were considered “highly unusual” by observers because the applications had been supported by studies that
had measured different outcomes. For instance, some studies measured ulcer healing rates, others eradication
rates, and still others rates of ulcer recurrence. To avoid such inconsistencies in the future, the FDA also
standardized the clinical trial requirements for H. pylori combinations that would be used to guide
pharmaceutical companies as they ran trials and submitted applications. The FDA approvals encouraged
pharmaceutical companies (who produced the individual drugs) to actively market the drugs and
combinations® that eradicated H. pylori infections to physicians.>® (See Exhibit 3 for a list of producers).

After companies started marketing H. pylori eradication treatments, their use rapidly increased. In a 1998
survey, about seventy percent of American gastroenterologists and general practitioners surveyed reported
routinely prescribing eradication regimens according to guidelines (up from fewer than fifteen percent in
1995 surveys).5

In the late 1990s, Glaxo Welcome (UK), makers of an H2 blocker, and Pepto-Bismol (U.S.), makers of
bismuth, introduced FDA-approved combinations in convenient pill “packs.” The new packs increased

4 The following year (in October 1997) the FDA approved the marketing of an antiviral combination that would dramatically reduce
AlDs-related deaths (as described in our Note on the Development of HIV/AIDS Controls, Tests, and Treatments).

5 The Abbot Company, makers of clarithromycin (which according to Marshall was “the most important antibiotic for Helicobacter”)
created a comic book dramatizing the discovery of the new treatment and distributed this comic book to U.S. physicians. (“Barry J.
Marshall - Nobel Lecture: Helicobacter Connections,” accessed July 25, 2017,
https:/ /www.nobelprize.org/nobel_prizes/ medicine/laureates/2005/ marshall-lecture.html; p. 272)



patient compliance by reducing the number of pills taken by half (to eight per day, down from sixteen). Within
a few years, Astra (Sweden) and TAP (U.S./Japan), both makers of PPIs, also offered combinations in packs.%”

Testing and Treatment in Europe and Japan

As in the U. S., publicity in Europe - for instance, the 1994 BBC documentary “Ulcer Wars” - helped
promote testing but did not immediately increase the prescription of recommended treatments.5 In the mid-
1990s, European physicians tested ulcer patients for H. pylori over three-quarters of the time. However, they
prescribed the recommended eradication treatments only about four percent of the time. A few years later,
after better tests and treatments became available in Europe, surveys showed physicians tested almost all
ulcer patients. And doctors in some parts of Europe had switched to prescribing the recommended treatments
in over ninety percent of patients who had been found to have H. pylori infections.>

Adoption of both testing and treatment lagged in Japan. An estimated sixty percent of adults -relatively
high for a developed country - had infections. And, about 50,000 people died of stomach cancer each year,
leading many Japanese researchers to study H. pylori’s links to stomach cancer. However, Japanese officials
did not approve insurance payments (under the country’s insurance programs®) for eradication treatments
until 2000. In addition, for ten years the Japanese government allowed insurance reimbursement of H. pylori
testing and treatment for only patients with ulcers - but not those with stomach cancer. Government officials
expanded coverage in 2010, after a large-scale, controlled trial conducted at medical centers throughout Japan
had shown eradication of infections reduced stomach cancer rates among those treated.®

Consensus Conference

Studies conducted worldwide in the 2000s suggested eradication of H. pylori infections could prevent over
seventy-five percent of stomach cancer cases. Studies conducted in China, Japan, and the UK also suggested
that mass H. pylori screening of adults (including people who had no symptoms) and eradication of any
infections found would be cost effective in combating stomach cancer.®! Advocates of treating infected
patients before they had ulcers organized a conference in 2014 in Kyoto, Japan, to set new global guidelines
for screening and treatment. 52

6 The Japanese government required all residents to buy health insurance (either through an employer or government-run program).
The government also set the fee schedule for all health care providers.



Exhibits

Exhibit1 Overview of H. pylori Tests, 1980s-1990s

Date Test Accuracy Advantages Disadvantages

available Sensitivity Specificity

1983 Tissue sample collected in gastroenterologist’s 80-95% 98-100% Direct measure of presence of H. Requires expertise, time-consuming (3-7
office and analyzed in lab using traditional lab pylori bacteria days), expensive (~USDS$1,200/test)
methods

1987 Tissue sample collected and analyzed in 90-95% 98% Fast (15 minutes for results), Indirect measure of presence of H. pylori
gastroenterologist’s office for evidence of excess inexpensive (~USD$10/test plus cost infection
urease using rapid test kit of collecting tissue sample)

1991 Blood sample collected and analyzed in lab for 91%* 79%* Convenient, inexpensive Indirect measure of history of infection,
evidence of antibodies to H. pylori infection using not presence of infection; cannot detect
test kit infection until six weeks after initial

exposure; antibodies remain in system
for up to six months after bacteria
eradicated with treatments; often cannot
detect evidence of H. pyloriinfection
once pre-cancerous conditions develop
in stomach

1992 Blood drops from finger stick analyzed for 86-90% 79-88% Fast (5-10 minutes for results), Indirect measure of history of infection,
evidence of antibodies to H. pylori infection in convenient, inexpensive not presence of infection; cannot detect
physician’s office using test kit (USDS8/test) infection until six weeks after initial

exposure; antibodies remain in system
for up to six months after bacteria
eradicated with treatments

1996 Breath sample taken in physician’s office and 95-100% 95-100% Fast (30 minutes to administer, Indirect measure of H. pylori infection,
analyzed at lab for evidence of excess urease longer for results), convenient, non- more expensive than other tests

invasive administered in office setting (USD$60-
300/test), some versions of test require
exposure to radioactive particles

1998 Stool sample collected by physician and analyzed 80% 98% Direct measure of presence of Time-consuming
in lab for evidence of molecules produced by H. H. pylori infection, non-invasive
pylori

Source: Compiled from Ulcers and Gastritis: The Campylobacter Controversy.” Medical World News. December 28, 1987 (Cover Story),
pages 44-56, and Frost & Sullivan. (1998) U.S. Peptic Ulcer Therapeutics and H. pylori Diagnostics Markets.
Note: Later blood tests to detect H. pylori antibodies achieved accuracy rates of 98 % sensitivity (2% of infections undetected) and 94 %

specificity (6% of infection-free patients misdiagnosed).



Exhibit2 Overview of Selected Recommended H. Pylori Treatment Combinations, 2007-2014

Region First-line therapy Second-line (salvage) therapy

USA (2007) Clarithromycin-containing triple ther- | Bismuth-containing quadruple ther-
apy for 14 days apy for 7-10 days
Bismuth-containing quadruple ther- Levofloxacin-containing triple ther-
apy for 10-14 days apy for 10 days
Sequential therapy for 10 days

European In areas of <20 % clarithromycin resistance:

Union (2012) Clarithromycin-containing triple ther- | Bismuth-containing quadruple ther-
apy for 10-14 days apy for 10-14 days
Bismuth-containing quadruple ther- Levofloxacin-containing triple ther-
apy for 10-14 days apy for 10 days
In areas of =20 % clarithromycin resistance:

Sequential therapy for 10 days Levofloxacin-containing therapy for
Bismuth-containing quadruple ther- 10 days

apy for 10-14 days

Mon-bismuth quadruple therapy for

3-10 days

Japan (2010) Clarithromycin-containing triple ther- | Metronidazole-containing triple
apy for 7 days therapy for 7 days

Korea (2014) Clarithromycin-containing triple ther- | Bismuth-containing quadruple ther-
apy for 10-14 days apy for 7-14 days
Bismuth-containing quadruple ther- Regimen including =2 other
apy for 7-14 days antibiotics

China (2013) Bismuth-containing quadruple ther- Bismuth-containing quadruple ther-
apy for 10-14 days apy for 10-14 days

Source: H. Suzuki et al. “Helicobacter Pylori.” p. 206, Table 13.1. (2016). Japan: Springer Japan.

Exhibit 3 Companies offering H. pylori Tests and Treatments, 1988-2006

Offered Offered

Year Company (Domicile) Originating Industry Tests Treatments
1988*  Procter & Gamble (USA) Consumer goods and health care products X
1988*  Glaxo Wellcome (UK) Pharmaceuticals X
1988*  Eli Lilly (USA) Pharmaceuticals X
1988*  Merck & Company (USA) Pharmaceuticals X
1988*  Pfizer (USA) Pharmaceuticals X
1988*  Searle (USA) Pharmaceuticals and diagnostic devices X
1988*  SmithKline Beecham (UK) Pharmaceuticals X
1988 Auspharm International (Australia) Pharmaceuticals X

1988 Astra Pharmaceuticals (Sweden) Pharmaceuticals X
1989 Remel Co. (USA) Diagnostic devices and agents X

1991 Quidel Corp. (USA) Diagnostic devices X

1991 Bainbridge Laboratories (USA) Diagnostic devices X

1991 Biomerica Inc. (USA) Diagnostic devices X

1991 E-Z-EM Inc. (USA) Diagnostic devices and agents X

1991 Hycor Biomedical Inc. (USA) Diagnostic devices X

1991 Whittaker Bioproducts Inc. (USA) Diagnostic devices X

1991 Taisho Pharmaceuticals (Japan) (marketed in Pharmaceuticals X

U.S. by Abbott)

1992 Amrad (Australia) Pharmaceuticals and diagnostic devices X

1992 TAP (USA/Japan) Pharmaceuticals X
1993 New Horizons Diagnostics Co. (USA) Diagnostic devices X
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Offered Offered
Year Company (Domicile) Originating Industry Tests Treatments
1993 United Biotech Inc. (USA) Diagnostic devices X
1993 Daiichi Seiyaku (Japan, marketed outside of Pharmaceuticals X
Japan by Sanofi)
1994 SmithKline Diagnostics Inc. (USA, marketed Diagnostic devices X
by Abbott)
1995 Gl Supply (USA) Diagnostic devices X
1995 Orion Diagnostica (Finland) Diagnostic devices X
1995 Schiff & Co. (USA) Pharma, and medical device consultants X
1995 Serim Research Corp (USA) Diagnostic devices and agents X
1995 Washington Biotechnology (USA) Diagnostic devices and vaccine testing X
1996 Armkel LLC (USA) Consumer good, health care products, and X
diagnostic devices
1996 Chemtrak Inc.(USA) Diagnostic devices X
1996 Cortecs LTD (UK) Pharmaceuticals X
1996 Elias USA Inc. (USA) Diagnostic devices X
1996 Meretek (USA) Diagnostic devices X
1996 Johnson & Johnson (USA) Pharmaceuticals and diagnostic devices X
1997 Consolidated Technologies (USA) Diagnostic devices X
1997 Kenlor Industries (USA) Diagnostic devices and agents X
1997 Pyramid Biological Corp. (USA) Blood products and diagnostic devices X
1997 Tri-Med Specialties (USA) Diagnostic devices X
1998 Abbott Laboratories (USA) Pharmaceuticals and diagnostic devices X
1998 AMDL Inc. (USA) Diagnostic devices X
1998 Boehringer Mannheim Corp. (Germany) Pharmaceuticals and diagnostics devices X
1998 Inova Diagnostics Inc. (USA) Diagnostic devices X
1998 Micro Detect Inc. (USA) Diagnostic devices X
1998 Princeton Biomedical (USA) Diagnostic devices X
1998 Saliva Diagnostic Systems Inc. (USA) Diagnostic devices X
1998 Shield Diagnostics LTD (USA) Laboratory services X
1998 Zeus Scientific Inc. (USA) Diagnostic devices X
1999 Columbia Bioscience (USA) Diagnostic devices X
1999 Enteric Products Inc. (USA) Diagnostic devices X
1999 Medical Instruments Corporation of America Diagnostic devices X
(division of MIC AG, Switzerland)
1999 Trinity Biotech (USA) Diagnostic devices X
2000 Biomerieux Inc. (France) Diagnostic devices and agents X
2000 Diagnostic Products Corp. (USA) Diagnostic devices X
2000 Medmira Laboratories (Canada) Diagnostic devices X
2001 Oridion Medical (Israel) Diagnostic devices X
2001 Oxoid LTD (UK) Diagnostic devices and agents X
2002 Nichols Institute Diagnostics (USA) Laboratory services X
2003 Acon Laboratories (USA) Diagnostic devices X
2003 Alfa Scientific Designs (USA) Diagnostic devices X
2003 Meridian Bioscience Inc. (USA) Diagnostic devices X
2004 Biohit (Finland) Diagnostic devices X
2004 Presutti Laboratories (USA) Pharmaceuticals X
2006 ARJ Medical Inc. (USA/Egypt) Diagnostic devices X
2006 Otsuka Pharmaceutical (Japan) Pharmaceuticals X
Source: Compiled from Frost & Sullivan. U.S. Peptic Ulcer Therapeutics and H. pylori Diagnostics Markets. (1998), the FDA PMA and
510(k) online databases.
Note: Companies marked with an asterisk (*) already had treatments approved for marketing for other indications as of 1988.

Startups are listed in bold type.
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2005,” NobelPrize.org, accessed May 10, 2019, https:/ /www.nobelprize.org/ prizes/ medicine/2005/ press-release/; Paul Moayyedi et
al., “Effect of Population Screening and Treatment for Helicobacter Pylori on Dyspepsia and Quality of Life in the Community: A
Randomised Controlled Trial,” The Lancet 355, no. 9216 (May 13, 2000): 1665-69, https:/ / doi.org/10.1016/S0140-6736(00)02236-4; J.
Mason et al., “The Cost-Effectiveness of Population Helicobacter Pylori Screening and Treatment: A Markov Model Using Economic
Data from a Randomized Controlled Trial,” Alimentary Pharmacology & Therapeutics 16, no. 3 (March 2002): 559-68; Kentaro Sugano
et al., “Kyoto Global Consensus Report on Helicobacter Pylori Gastritis,” Gut 64, no. 9 (2015): 1353, https:/ /doi.org/10.1136/ gutjnl-2015-
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