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Abstract

Background—Endoscopic surveillance of presumed-benign gastric ulcers may detect missed
malignancy, but its impact on long-term outcomes is uncertain.

Objective—To estimate the clinical benefits and cost-effectiveness of follow-up surveillance.
Design—State-transition model.

Setting—To simulate the clinical course of presumed-benign gastric ulcers, we estimated
prevalence and incidence of undetected gastric cancer, surveillance effectiveness, stage-specific
disease mortality rates, and costs from clinical studies and databases.

Patients—60-year-old men diagnosed with presumed-benign gastric ulcers.
Intervention—Follow-up endoscopic surveillance.

Main outcome measurements—Lifetime gastric cancer risk, life expectancy, quality-adjusted
life expectancy, lifetime costs, and incremental cost-effectiveness ratios.

Results—For a cohort of 60-year-old men with presumed-benign gastric ulcers and a 2.6%
prevalence of undetected malignancy, the lifetime gastric cancer risk was 4.4%. Surveillance
improved (undiscounted) life expectancy by 10.0 days, and increased discounted quality-adjusted
life expectancy by 3.4 days at a cost of $146,700 per quality-adjusted life year (QALY). Surveillance
cost less than $50,000 per QALY if undetected gastric cancer prevalence was 6.5%, and less than
$100,000 per QALY if prevalence was greater than 3.5%, endoscopy costs were 40% lower, or the
disutility associated with gastric cancer was 30% lower. Probabilistic sensitivity analysis suggested
that at a willingness-to-pay threshold of $100,000 per QALY, the probability that surveillance was
cost-effective was 25.2%.

Limitations—Data from multiple sources with varied study designs were used.
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Conclusions—Endoscopic surveillance of presumed-benign gastric ulcers may improve overall
survival. However, unless the prevalence of having undetected malignancy exceeds 6%, surveillance
is unlikely to be cost-effective.
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Introduction

Methods

Gastric cancer is the second leading cause of cancer-related deaths, responsible for an estimated
700,000 deaths worldwide each year.! While the incidence has declined in the U.S. over the
past several decades, the prognasis for the disease remains poor given its high case fatality rate
and limited treatment options. Survival rates vary by stage at detection. The five-year survival
rate for patients diagnosed with metastatic cancer is less than 5%. In contrast, more than 60%
of patients with localized diseased are alive 5 years after diagnosis.2 Management strategies
that can effectively detect gastric cancer at earlier stages can potentially improve overall
survival.

Clinical studies suggest that endoscopically-diagnosed benign-appearing gastric ulcers may
mask underlying malignancy.3-9 As gastric ulcer patients are also at elevated risk for
developing gastric cancer,10 patients diagnosed with benign ulcers typically undergo routine
follow-up endoscopic surveillance to detect potentially missed malignancy. While
recommended, the long-term effect on overall survival is uncertain. A recent clinical study
suggests that gastric cancers detected during follow-up gastric ulcer surveillance may be
diagnosed at earlier stages compared to cancers detected clinically via symptoms.1t While
none of the major U.S. professional gastroenterology societies specifically recommend
surveillance of presumed benign gastric ulcers, an estimated 33% of patients undergo
surveillance within 6 months of diagnosis.12 The long-term impact of surveillance on health
and economic outcomes is unclear and accompanied by rising concerns of overutilization.

By synthesizing the best available biologic, epidemiologic and economic data in a decision
analytic framework, we assessed the clinical benefits and cost-effectiveness of endoscopic
surveillance of presumed benign gastric ulcers to improve survival.

Analytic Overview

We developed a decision-analytic model to compare the clinical benefits, costs and cost-
effectiveness associated with esophagogastroduodenoscopy (EGD) surveillance after initial
gastric ulcer diagnosis to improve survival (Fig 1). The model simulates the clinical events of
patients diagnosed with presumed benign gastric ulcers based on appearance and negative
biopsy results. Transition probabilities, cost estimates and health-related quality weights were

based on the best available data after reviewing the published literature and databases (Table
1), 24,7, 8,10, 11, 13-24

Plausible ranges were established by selecting the highest and lowest values among all
available studies or data sources. Outcomes included the lifetime gastric cancer risk, life
expectancy, quality-adjusted life expectancy and lifetime costs. To assess the comparative
performance of various strategies, we calculated incremental cost-effectiveness ratios (ICERS),
defined as the additional cost of a specific strategy divided by its additional clinical benefit,
compared with the next least expensive strategy. We adopted a societal perspective and
discounted all costs and clinical consequences at a rate of 3% per year as recommended by the
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U.S. Panel of Cost-Effectiveness in Health and Medicine.2> Costs are expressed in 2007 dollars.
To assess the impact of parameter uncertainty, we conducted deterministic and probabilistic
sensitivity analyses.

Markov Model

We developed a Markov state-transition model to estimate the lifetime prognosis of patients
originally diagnosed with a presumed benign gastric ulcer 3 month prior. At the start of the
simulation, a representative cohort of men enters the model and is distributed among the health
states based on the prevalence of undetected gastric cancer during initial endoscopy (the cohort
does not include individuals for which cancer is clinically detected during initial EGD). For
the base case, the cohort consists of 60-year olds, the approximate median age of a clinical
study upon which we based the prevalence of undetected gastric cancers.3 Health states include
no gastric cancer, clinically undetected gastric cancer, clinically detected gastric cancer at
localized, regional and distant stages, and death. Each month, individuals transition among the
health states based on probabilities that are age- and sex-specific. Individuals with no cancerous
lesions face a risk of developing gastric cancer based on sex- and age-specific gastric cancer
incidence from the Surveillance, Epidemiology and End Results (SEER) Program,? adjusted
to reflect the elevated risk among gastric ulcer patients.10 Once gastric cancer becomes
clinically symptomatic, individuals face stage-specific disease mortality risks. All individuals
face a risk of dying from all other causes based on U.S. life tables.18 The model is run separately
for cohorts of men and women.

EGD Surveillance Strategy

Compared to no surveillance, we evaluated EGD surveillance which consisted of a single
follow-up endoscopy, to detect gastric cancer previously missed or masked by a gastric ulcer.
Three months after initial diagnosis, we assumed that all patients with presumed benign, non-
bleeding gastric ulcers would undergo EGD, and in accordance with the updated Sydney
classification system,26 five biopsies would be taken to evaluate the ulcer and other visible
lesions for malignancy. We assumed that patients with bleeding ulcers would seek medical
care for symptoms and would be ineligible for routine follow-up EGD surveillance. Using data
from a clinical study on patients with presumed benign gastric ulcers (based on appearance
and negative biopsy results) and who underwent at least one follow-up endoscopy, we
estimated that compared to no surveillance, (1) the proportion of cancers diagnosed at stage |
and Il (TMN classification) was greater (41.7% combined vs. 17.9% combined) and (2) the
proportions at stages 111 (16.6% vs. 23.0%) and IV (41.7% vs. 59.1%) were lower.1! These
cancers were either missed or masked cancerous lesions at time of original diagnosis, or
existing precancerous lesions, such as dysplasia, which then progressed to invasive cancer
between original diagnosis and follow-up endoscopy. Upon detection of cancer, patients were
referred to a gastrointestinal surgeon for treatment. We assumed that at the time of original
diagnosis, all surveillance patients received acid-suppressive medication, were evaluated and
successfully treated for Helicobacter pylori infection, and had ulcers that were not suspected
to be precipitated by nonsteroidal anti-inflammatory drugs (NSAIDs). Since a proportion of
patients will experience clinically relevant complications from endoscopy, such as bleeding or
perforation,15: 16 we assumed that 50% of these patients would require surgery and face a risk
of surgical mortality, and varied this assumption in sensitivity analysis.1’

Other Clinical Data

Other clinical data, including prevalence of undetected gastric cancer, biopsy test sensitivity
and specificity, and stage-specific disease mortality rates, were obtained from the published
literature (Table 1). We used age-specific quality of life weights derived from population-based
data?3 and weights for symptomatic gastric cancer?4 to estimate quality-adjusted life years
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(QALYs). For endoscopic and surgical procedures, we assumed a 50% reduction in quality of
life for 1 day and 2 weeks, respectively.

Direct medical costs associated with surveillance and gastric cancer treatment were based on
2007 U.S. average Medicare reimbursement rates!® and the published literature. Costs included
physician costs, pathologist costs (for biopsy evaluation), and facilities and/or hospitalization
costs for endoscopic procedures, complications and surgery. Stage-specific cancer treatment

costs were based on a published analysis of SEER patients.20 Indirect patient costs were based
on estimates of time lost from work and the 2007 median hourly wage from the US Bureau of
Labor Statistics.2! We assumed 1 day of time lost from work for endoscopic procedures and

2 weeks for surgery, and based stage-specific time lost from work for gastric cancer treatment
on an analysis of SEER patients.22

Sensitivity Analysis

Results

We performed sensitivity analyses to evaluate the impact of alternative assumptions and
uncertainty on our results, including the elevated risk for gastric cancer among patients who
remain H. pylori-positive despite antibiotic treatment at time of original ulcer diagnosis.2” For
univariate sensitivity analysis, in which one parameter was varied while all other parameters
were held constant, the plausible range for each parameter was based on upper and lower bound
estimates identified in the published literature. We also conducted a two-way sensitivity
analysis on cohort age and prevalence of undetected gastric cancer to provide insight on how
results varied by subgroup. To more fully account for uncertainty in our findings, we conducted
a probabilistic sensitivity analysis using 1000 second-order Monte Carlo simulations in which
each model parameter was simultaneously varied. We assigned distributions based on the
nature of the data informing parameter estimates (Table 2). 2» 3: 10, 11, 13,15, 17, 20-22, 24 por
probabilities, we used beta distributions based on the observed proportions of the event of
interest (i.e. the number of successfully treated cases). For resource use, indirect costs and
disutility weights, we used normal distributions. Because unit costs (e.g. cost of endoscopy)
were based on Medicare reimbursement rates, we assumed these costs were deterministic and
did not ascribe distributions.28

Lifetime gastric cancer risk and mortality

For a cohort of 60-year old men previously diagnosed with presumed benign gastric ulcers and
a 2.6% prevalence of undetected gastric cancer, the lifetime risk of gastric cancer was 4.4%.
This risk is approximately 3.6-fold higher than the risk for like-aged individuals of the general
population.? Prevalent gastric cancer cases previously undetected (versus incident cases)
accounted for majority of overall risk (58%). Follow-up EGD surveillance increased
(undiscounted) life expectancy by 10.0 days (0.1%; see Table 3). For a similar cohort of 60-
year of women, the lifetime risk was 4.1%.

Cost-effectiveness analysis

Compared to no surveillance, EGD surveillance increased discounted quality-adjusted life
expectancy by 2.6 days at a cost of $146,700 per quality-adjusted life year (QALY) for a cohort
of 60-year old men (see Table 3). Results varied by cohort age, with surveillance being more
attractive for younger individuals (ICER=$121,400/QALY for 40-year old men). For women,
the gain in quality-adjusted life days was marginally higher (3.5 days) and surveillance cost
$113,100 per QALY.
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Results were most sensitive to the prevalence of undetected gastric cancer, cost of endoscopy
and biopsies, cohort age, proportion of localized cancers detected with endoscopy, and biopsy
specificity (Figure 2). For example, with a biopsy specificity of 0.98, surveillance was less
effective and more costly (e.g., dominated) than no surveillance, and resulted in a loss of
quality-adjusted life expectancy due to the excess mortality risks and decrease in quality of life
associated with endoscopic procedures among false positives. Results were insensitive to
biopsy sensitivity, probability of endoscopic complications, proportion of complications
requiring surgery, incident gastric cancer risk, and medical and patient costs. For example, if
despite receiving antibiotic treatment at time of original diagnosis, patients remained H.
pylori-positive and had a 34.5-fold greater risk of developing gastric cancer,?’ the ICER for
EGD surveillance declined less than 10% to $136,800 per QALY (base case=$146,700 per
QALY). Similarly, if the risk of perforation, bleeding or both complications was negligible, or
none of the endoscopic complications required surgery, EGD surveillance was still unattractive
with ICERs exceeding $130,000 per QALY.

We also conducted a series of scenario analyses to evaluate the impact of alternative
assumptions on results. If only 5% of patients had biopsies taken which were then evaluated
by a pathologist (assuming the rest had completely healed ulcers and did not require biopsies),
the ICER remained unattractive at $123,800 per QALY. Similarly, if patients underwent two
follow-up endoscopies, and we assumed that undetected gastric lesions did not progress to
more advanced stages during the 3 month interval between procedures, the strategy was less
attractive despite the greater biopsy sensitivity and specificity (ICER=%$229,400). EGD
surveillance cost less than $50,000 per QALY if the prevalence of undetected gastric cancer
was 6.5%, and less than $100,000 per QALY if the prevalence of undetected gastric cancer
was greater than 3.5%, endoscopy costs were 40% lower, or the disutility associated with
gastric cancer was 30% lower.

Two-way sensitivity analyses suggest that for cohorts of men between the ages of 40 and 70,
the ICER for EGD surveillance was less than $50,000 per QALY if the prevalence of
undetected cancer was greater than 8.0% (Figure 3). For all age groups, if the prevalence of
undetected cancer was greater than 6%, EGD surveillance had an ICER less than $100,000 per
QALY ; for younger cohorts, the threshold prevalence was lower at 3%. Figure 4 shows results
for probabilistic sensitivity analysis. For a cohort of 60-year old men, probabilistic sensitivity
analysis suggested that at a willingness-to-pay threshold of $50,000 per QALY, the probability
that EGD surveillance was cost-effective was 6.6%. At a $100,000 per QALY threshold, the
probability was 25.2% (Table 2). These results suggest that surveillance is unlikely to be cost-
effective. Results were similar for women (data not shown).

Discussion

Endoscopic surveillance of presumed benign gastric ulcers has the potential to improve survival
by detecting cancerous lesions at earlier stages with more favorable prognosis. Using a
decision-analytic approach and synthesizing the best available clinical, epidemiologic and
economic data, we estimate that surveillance can potentially improve life expectancy by
approximately 1 to 2 weeks. The gain in life expectancy varies by age and depends on the risk
of having undetected malignancy either missed or masked during initial endoscopy for gastric
ulcer diagnosis.

Patients diagnosed with presumed benign gastric ulcers often undergo endoscopic surveillance
to detect cancerous growths potentially missed during initial examination. In fact, over half of
gastroenterologists surveyed report performing follow-up surveillance in nearly all of their
gastric ulcer patients.2® Costs associated with surveillance are estimated to exceed levels at
which surveillance would be considered cost-effective relative to its benefits on survival,
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indicating that at current rates of surveillance, resources spent on surveillance could potentially
provide more value if allocated to other gastric cancer prevention or gastric ulcer management
efforts. In fact, even with at the willingness-to-pay threshold of $500,000 per QALY, the
probability that endoscopic surveillance is cost-effective is only 60-70%, which suggests that
the benefits are so small as to potentially fail to overcome the potential harm from
complications. Our results do suggest however, that if the risk of harboring undetected
malignancy is 6% or higher, surveillance may be considered cost-effective compared to other
interventions society has elected to adopt and considered to be good value for resources
invested.30 Better characterization of these high risk patients is therefore an important research
priority in order to improve short- and long-term patient outcomes.

While we focused on the effectiveness of a single follow-up endoscopy, many patients with
presumed benign gastric cancers undergo multiple follow-up endoscopic procedures to rule
out malignancy. The benefit of additional surveillance will depend on the progression rate to
advanced disease among patients with false-negative biopsies for localized cancer between
endoscopies. Because of the high sensitivity of endoscopic biopsies to detect cancer,b: 14 31
the incremental benefit of multiple endoscopic procedures will likely be small on average,
although it will vary among patients given the underlying heterogeneity in disease. More
frequent surveillance may be an effective strategy to improve survival among patients with
inconclusive biopsies or with large gastric ulcers likely to mask underlying malignancy. In
contrast, patients successfully treated for Helicobacter pylori may be at lower risk of
disease32: 33 and require only one follow-up endoscopy. Additionally, since gastric ulcer
patients are at higher risk of developing incident gastric cancer,19 continued endoscopic
surveillance may help to identify new cancers at more treatable stages. Despite the elevated
risk however, the lifetime risk of gastric cancer is less than 2% for 60-year old men. The benefits
of surveillance may therefore be overshadowed by complications and quality of life decrements
associated with endoscopy. Identification of patient characteristics and risk factors associated
with a greater likelihood of harboring undetected malignancy and/or a higher risk of future
gastric cancer can help to identify higher-risk subgroups for which more intensive surveillance
is needed. A better understanding of ways to improve the variability of viewing conditions
among patients during initial diagnostic endoscopy can also help to identify subgroups of
patients for which surveillance is especially warranted. If no additional follow-up is planned,
ensuring the accurate characterization of potential malignancies associated with gastric ulcers
through adequate biopsies and histologic interpretation is of paramount importance.

Our analysis has several limitations. We used data from multiple sources with varied study
designs. We also based the stage-shift benefit of surveillance on data from a clinical study
which reported outcomes using the TNM classification system.! For comparability with stage-
specific gastric cancer costs from SEER, we assumed that stage | and Il tumors were equivalent
to localized cancers, stage Il tumors to regional cancers, and stage 1V to distant cancers. We
conducted a threshold analysis using stage distribution data from SEER,? and estimated that
for surveillance to be considered cost-effective for our base case cohort of 60-year old men,
twice as many cancers would have to be diagnosed at the earlier localized stage (approximately
50% of all detected cancers). In addition, as quality of life associated with gastric cancer likely
varies by stage of disease and treatment (i.e., surgery, chemotherapy, palliative), we may have
underestimated the benefits of surveillance by assuming the decrement in quality of life was
similar for all patients. We also focused solely on the benefits of surveillance on detecting
gastric cancer and did not include other potential benefits, such as the detection of dysplasia
or other precancerous lesions. In addition, our findings are based on data for U.S. or Western
populations for which the risk of gastric cancer is low compared to other parts of the world.
The cost-effectiveness of follow-up surveillance will vary by country depending on country-
specific risk and costs associated with gastric cancer. Because of the higher risk of developing
gastric cancer, surveillance is likely more attractive among older, H. pylori-positive individuals
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in high-risk countries, such as China or Japan, where lifetime gastric cancer risk is greater than
6%.1: 34 Although we reflected the impact of parameter uncertainty on our results using
probabilistic sensitivity analysis, our estimates can be improved with better data on surveillance
effectiveness, and our model can be updated as they become available.

In conclusion, our findings suggest that while routine surveillance in patients with presumed
benign gastric ulcers exceeds commonly cited thresholds for cost-effectiveness, in those
patients at particularly high-risk (e.g., exceeding 6%) it potentially provides good value for
resources. Better characterization of high-risk patients can help to identify subgroups for which
additional endoscopic surveillance may be effective and promising for secondary cancer
prevention.
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Fig 1. Markov state diagram for a cohort diagnosed with a presumed benign gastric ulcer 3 months
prior

At the start of the simulation, a cohort enters the model and is distributed among the health
states based on the prevalence of undetected gastric cancer. Each month, individuals transition
among the health states based on age- and sex-specific probabilities. Once gastric cancer
becomes clinically symptomatic, individuals face stage-specific disease mortality risks. All
individuals face a risk of dying from all other causes.
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Fig 2. Tornado diagram on sensitivity analysis for select variables
Graph depicts univariate sensitivity analyses for EGD surveillance 3 months after original
gastric ulcer diagnosis. Values in parentheses indicate upper and lower bounds for each
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variable. The vertical dashed line indicates the incremental cost-effectiveness ratio for the base

case. Bold line represents the commonly used $100,000 per QALY cost-effectiveness

threshold.
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Fig 3. Two-way sensitivity analysis on EGD surveillance by cohort age and prevalence of undetected
gastric cancer for men

At a $50,000 per QALY threshold, endoscopic surveillance would be considered cost-effective
for cohorts with a prevalence of undetected gastric cancer ranging between 5.5% for 40-year
old men and 8.0% for 70-year old men. At a $100,000 per QALY threshold, the prevalence of
undetected gastric cancer ranged between 3.0% for 40-year old men and 6.0% for 80-year old
men.
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Fig 4. Probabilistic sensitivity analysis using 1000 Monte Carlo simulations

This analysis simultaneously varies parameters over the full range of possible values. Each
point represents the ICER generated by one simulation. The dotted lines represent cost-
effectiveness thresholds of $50,000 per QALY and $100,000 per QALY. Points below and to
the right of the line represent trials that generated an ICER below the specific threshold.
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Table 1
Select model inputs: base case and plausible range
Variables Base Case Range Reference
Clinical
Prevalence of gastric cancer, % 2.6 1.4-85 3,4,7,8
Monthly probability of developing gastric cancer  0.0000-0.0001 * 2
Relative risk among patients with gastric ulcers 1.6-2.2F 15111 10
Endoscopic test characteristics for gastric cancer
Sensitivity 0.81 0.78-0.95 13,14
Specificity 1.00 0.98-1.00 13,14
Endoscopy complications, %
Bleeding 0.0011 0.0003-0.0012 15, 16
Perforation 0.0009 0.0003-0.0012 15,16
Proportion requiring surgery 0.50 0.0-1.0 t
Stage distribution, §
No surveillance 11
Localized 0.18
Distant 0.59
EGD surveillance 11
Localized 0.42 /]
Distant 0.42 /]
Mortality
Five-year gastric cancer survival rate, % 2
Local 59.4
Regional 22.0 —
Distant 3.3
Surgical mortality risk, % 6.2 4 17
Yearly all-cause mortality rate 0.0001-0.0296 * 18
Direct medical costs, U.S. $ (2007)
Endoscopy and biopsy evaluation 871 1 19
Bleeding complications 19,040 1 19
Perforation complications 19,040 bl 19
Gastrectomy 28,770 bl
Gastric cancer treatment, per year” 20
Localized 1,940-39,240
Regional 1,940-57,040 9
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Variables Base Case Range Reference
Distant 1,940-52,702 |
Indirect costs, U.S. $ (2007)
Median hourly wage 15.1 10.1-23.9 21
Lost time, hours
Endoscopy 8 /] t
Surgery 80 /] t
Gastric cancer treatment, per year” 351-512 4 22
Quality of life
Age-related quality weight, utility* 0.782-0.928 23
Utility reductions
Endoscopy -1 day /i t
Gastrectomy -2 weeks /J t
Cancer-related quality weight, utility
Gastric cancer 0.49 /] 24

EGD=esophagogastroduodenoscopy
*

Age- and sex-specific.
t -

Sex-specific.

¢Bas.ed on expert opinion.

§Proportion of regional lesions = proportionregional = 1 — proportionjgcalized — Proportiongjstant.

I, . . L .
Varied base case value +25% in sensitivity analysis.

ﬂVaried base case value by 50% to 200% in sensitivity analysis.

*%
Specific to initial, continuation or last phase of treatment.
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Table 2

Distributions used in probabilistic sensitivity analysis

Variable Distribution  Mean SD Reference
Clinical
Prevalence of gastric cancer, % Beta 2.6 15 3
Relative risk among gastric ulcer patients 10
Men Normal 1.6 0.15
Women Normal 2.2 0.23

Endoscopy for dysplasia and gastric cancer

Sensitivity Beta 0.81 0.014 13

Specificity Beta 1.00  0.000
Endoscopic complications

Bleeding Beta 0.001  0.000 15

Perforation Beta 0.001  0.000

Stage distribution, %”*

No surveillance 11
Localized Beta 0.18 0.02
Distant Beta 0.59 0.03
EGD surveillance 11
Localized Beta 0.42 0.14
Distant Beta 0.42 0.14
Mortality
5-year gastric cancer mortality risk,% 2
Localized Beta 40.6 8.4
Regional Beta 78.0 59
Distant Beta 96.7 25
Surgical mortality risk. % Beta 6.2 3.7 17

Direct medical costs, $

Gastric cancer treatment, per year 20

Initial year

Localized Normal 3270 146

Regional Normal 4753 177

Distant Normal 4399 282
Continuing Normal 164 23
Last year

Localized Normal 3775 144

Regional Normal 4347 119

Distant Normal 6536 167
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Variable Distribution Mean SD Reference
Indirect medical costs
Median hourly wage, $ Normal 15.1 7.20 21
Lost time for gastric cancer treatment, hours 22
Initial Normal 29.3 1.0
Final Normal 42.7 1.0
Quality of life, %
Utility reduction for procedures Normal 0.5 0.13 t
Gastric cancer-related quality weight Normal 0.49 0.16 24

EGD=esophagogastroduodenoscopy

*
Proportion of regional lesions = proportionregional = 1 — proportionjocalized — Proportiongistant.

TWe assumed a standard deviation of + 0.13.
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