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Abstract  16 

The risk of esophageal adenocarcinoma (EAC) in Barrett’s esophagus (BE) 17 

varies substantially by segment length and dysplasia grade. This study 18 

evaluated the cost‑effectiveness and health impacts of dysplasia‑stratified EAC 19 

surveillance strategies for the Japanese BE population. A state‑transition model 20 

was developed comparing endoscopy, sponge test, breath test, and miRNA test 21 

with no surveillance from a healthcare payer perspective over a lifetime. 22 

Non‑invasive strategies were assessed as primary surveillance tools, with 23 

positive results triggering confirmatory endoscopy, and a scenario analysis 24 

evaluated AI‑assisted endoscopy. Five BE populations of 50‑year‑old individuals 25 

were modeled: ultra‑short segment BE (USSBE), short‑segment BE (SSBE), 26 

long‑segment nondysplastic BE (LSBE‑NDBE), LSBE with low‑grade dysplasia 27 

(LSBE‑LGD), and LSBE with high‑grade dysplasia (LSBE‑HGD). Each modality 28 

was evaluated at surveillance intervals of 1, 2, 3, 4, 5, or 10 years. Primary 29 

outcomes included net monetary benefits, costs, quality‑adjusted life‑years, 30 

incremental cost‑effectiveness ratios, and EAC deaths, with sensitivity analyses 31 

assessing parameter uncertainty. Surveillance was not cost‑effective for 32 
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USSBE, SSBE, or LSBE‑NDBE. For LSBE‑LGD, annual endoscopy was most 33 

cost‑effective, averting 83 EAC deaths per 10,000 individuals, while for 34 

LSBE‑HGD, annual breath testing was most cost‑effective, averting 295 deaths. 35 

These findings support dysplasia‑specific surveillance in LSBE with implications 36 

for global surveillance practice.  37 

 38 

Key words: Barrett’s esophagus; esophageal adenocarcinoma; dysplasia; 39 

breath test; artificial intelligence-assisted endoscopy; health economics 40 
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1. Introduction 48 

Barrett’s esophagus (BE) is the principal precursor to esophageal 49 

adenocarcinoma (EAC), a malignancy with rising incidence and poor prognosis 50 

when diagnosed at advanced stages. Globally, EAC accounted for 51 

approximately 85,700 new cases in 2020, representing about 14% of all 52 

esophageal cancers, with the highest incidence observed in high‑income 53 

regions such as North America, Western and Northern Europe, and Australia 54 

[1]. EAC began increasing sharply in Europe and the United States in the 55 

1960s, marking the beginning of a rapid epidemiological transition [2]. In 56 

contrast, EAC remains relatively uncommon across Asia; however, the 57 

prevalence of BE has increased in several East Asian countries over the past 58 

two decades. In Japan, although squamous cell carcinoma remains 59 

predominant, the incidence of EAC has shown a gradual upward trend, 60 

suggesting that Japan may be entering a phase similar to that experienced by 61 

Western countries several decades earlier [3].  62 

In Western countries, major gastroenterological societies —including the 63 

American College of Gastroenterology (ACG) [4], the American Society for 64 
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Gastrointestinal Endoscopy (ASGE) [5], and the British Society of 65 

Gastroenterology (BSG) [6]—recommend structured endoscopic surveillance 66 

for patients with BE. Surveillance intervals are primarily determined by 67 

dysplasia grade, with segment length used to further refine intervals in 68 

nondysplastic BE (NDBE). Alongside these guideline‑based strategies, several 69 

emerging technologies aim to enhance early detection of dysplasia and EAC. 70 

These innovations serve two complementary roles: improving the diagnostic 71 

performance of endoscopy, exemplified by artificial Intelligence (AI)‑assisted 72 

systems capable of real‑time identification of subtle neoplastic changes [7]; and 73 

reducing the burden of endoscopic examinations through minimally invasive 74 

pre‑endoscopic triage tools such as sponge‑based cell‑collection devices (e.g., 75 

Cytosponge) [8], breath‑analysis platforms that detect volatile organic 76 

compounds [9], and circulating biomarker assays including miRNA‑based tests 77 

[10]. 78 

In Japan, however, a standardized national surveillance framework for BE has 79 

not been established. Although BE is frequently detected in Japan, surveillance 80 

practices vary widely among institutions, and most cases represent 81 
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ultrashort‑segment BE (USSBE) [3]. This high detection rate reflects Japan’s 82 

sensitive and precise endoscopic diagnostic practices, supported by a broader 83 

endoscopic definition that classifies any visible columnar epithelium as BE. 84 

Recent epidemiological analyses suggest that the incidence of EAC in Japan is 85 

projected to increase in the coming decades [3]. Japan has long maintained a 86 

nationwide endoscopic screening program for gastric cancer, providing regular 87 

opportunities for incidental detection of esophageal neoplasia among individuals 88 

over 50 years of age. As gastric cancer incidence continues to decline due to 89 

decreasing Helicobacter pylori infection rates and widespread eradication 90 

therapy [11], accompanied by a marked increase in reflux esophagitis, the 91 

current screening system is expected to be simplified. This may reduce 92 

opportunities for incidental EAC detection, even if gastric cancer surveillance is 93 

maintained after H. pylori eradication. Consequently, establishing a dedicated 94 

and evidence‑based surveillance strategy for BE has become increasingly 95 

important. 96 

Given the rising prevalence of BE, the anticipated increase in EAC incidence, 97 

and the absence of a unified surveillance strategy in Japan, the 98 
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cost‑effectiveness of stratified EAC surveillance approaches warrants rigorous 99 

evaluation. Therefore, the aim of this study is to evaluate the cost‑effectiveness 100 

of optimal stratified EAC surveillance strategies for the BE population in Japan, 101 

with surveillance intervals defined by segment length and dysplasia grade. 102 

 103 

2. Methods 104 

2.1 Model Overview 105 

We developed a state‑transition model to evaluate the cost‑effectiveness of 106 

stratified surveillance strategies for EAC among individuals with BE in Japan. 107 

Five BE subpopulations were modeled independently based on segment length 108 

and dysplasia grade: ultra‑short segment BE (USSBE), short‑segment BE 109 

(SSBE), long‑segment BE (LSBE) without dysplasia (LSBE-NDBE), LSBE with 110 

low‑grade dysplasia (LSBE-LGD), and LSBE with high‑grade dysplasia (LSBE-111 

HGD) (Figure 1). Each subgroup was simulated separately to reflect its distinct 112 

annual incidence of EAC [12,13]. 113 

The model followed a hypothetical cohort of 50‑year‑old individuals with BE 114 
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from a healthcare payer perspective over a lifetime. Age 50 was selected 115 

because it approximates the median age at BE diagnosis and allows evaluation 116 

of lifetime surveillance benefits. Surveillance strategies included conventional 117 

endoscopy, sponge test, breath test, and miRNA test, each evaluated at 118 

intervals of 1, 2, 3, 4, 5, or 10 years. Non‑invasive strategies were modeled as 119 

primary surveillance tools followed by confirmatory endoscopy, and a 120 

no‑surveillance strategy served as the reference comparator. A one‑year cycle 121 

length with half‑cycle correction was applied, and both costs and 122 

quality‑adjusted life‑years (QALYs) were discounted at 3% annually. 123 

 124 

2.2 Model Structure 125 

Five independent Markov models were constructed, one for each BE subgroup, 126 

to reflect subgroup‑specific EAC incidence without assuming unobserved 127 

natural‑history transitions. Individuals entered the model in their corresponding 128 

BE health state (NDBE, LGD, or HGD), underwent surveillance according to the 129 

assigned strategy, and remained in that state unless they developed EAC or 130 

died. 131 
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No transitions between BE states were assumed because the model relied 132 

solely on observed EAC incidence and mortality rather than hypothetical 133 

natural‑history progression pathways. No preclinical disease state or interval 134 

cancer construct was included; all cancers were assumed to occur and be 135 

diagnosed within the same annual cycle. Mortality incorporated stage‑specific 136 

EAC survival [14] and background mortality from Japanese life tables [15]. 137 

Primary outcomes included net monetary benefits (NMBs), costs, QALYs, 138 

incremental cost‑effectiveness ratios (ICERs), and EAC deaths. A schematic 139 

representation of health states and allowable transitions is shown in Figure 2. 140 

 141 

2.3 Surveillance Strategies 142 

Four surveillance modalities were evaluated: conventional endoscopy, sponge 143 

test, breath test, and miRNA test. Each modality was assessed at surveillance 144 

intervals of 1, 2, 3, 4, 5, or 10 years, with no surveillance as the reference. 145 

AI‑assisted endoscopy was evaluated in scenario analyses as an enhanced 146 

form of conventional endoscopy. 147 

Conventional endoscopy represented the current standard of care in Japan. 148 

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted February 22, 2026. ; https://doi.org/10.64898/2026.02.17.26346313doi: medRxiv preprint 

https://doi.org/10.64898/2026.02.17.26346313
http://creativecommons.org/licenses/by/4.0/


10 

 

Sponge test, breath test, and miRNA test were modeled as non‑invasive 149 

primary surveillance tools. A positive non‑endoscopic test triggered confirmatory 150 

endoscopy and subsequent management according to stage‑specific treatment 151 

pathways in the Japanese Guidelines for the Diagnosis and Treatment of 152 

Esophageal Cancer [16]. Individuals with negative results continued routine 153 

surveillance at the assigned interval. 154 

 155 

2.4 Diagnostic Performance 156 

Sensitivity and specificity for conventional endoscopy were obtained from 157 

meta‑analyses and large observational cohorts [17]. Sensitivity and specificity 158 

for sponge test, breath test, miRNA test, and AI‑assisted endoscopy were 159 

extracted from published studies [8,9,10,18]. 160 

False‑negative results were modeled as cancers diagnosed clinically within the 161 

same cycle, with stage distribution based on clinically detected EAC. Adherence 162 

rates for conventional endoscopy, AI‑assisted endoscopy, and breath test were 163 

obtained from published sources [19], whereas adherence for sponge test and 164 

miRNA test was assumed. All adherence parameters were varied widely (10–165 
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90%) in sensitivity analyses. 166 

 167 

2.5 Model Inputs 168 

Model inputs included subgroup‑specific annual EAC incidence [12,13], 169 

diagnostic performance parameters, costs, health‑state utilities, and mortality 170 

rates. Annual EAC incidence was assigned separately for each BE subgroup 171 

(USSBE, SSBE, LSBE‑NDBE, LSBE‑LGD, LSBE‑HGD). Sensitivity, specificity, 172 

and adherence were assigned independently for each surveillance modality 173 

[8,9,10,17,18]. Costs reflected testing and cancer treatment expenditures [20]. 174 

Health‑state utilities were derived from published literature [21,22]. 175 

Stage‑specific EAC survival was based on Japanese data [14], and background 176 

mortality was derived from Japanese life tables [15]. Costs and QALYs were 177 

discounted at 3% annually [23]. 178 

 179 

2.5.1 Costs 180 

Costs were derived from the Japanese national fee schedule [20] and converted 181 
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to U.S. dollars using the 2024 OECD purchasing power parity exchange rate 182 

(95.1 yen per US$1) [24]. Costs for sponge test, breath test, AI‑assisted 183 

endoscopy, and miRNA test were not available in Japan and were therefore 184 

treated as assumptions, with ranges explored in sensitivity analyses. 185 

 186 

2.5.2 Health‑State Utilities 187 

Utilities were assigned to mutually exclusive health states representing the 188 

clinical course of BE and EAC, including NDBE, LGD, HGD, four stage‑specific 189 

EAC states (I–IV), and three post‑treatment states [21,22]. Death was modeled 190 

as an absorbing state. Utility values were derived from published literature and 191 

discounted at 3% [23]. 192 

 193 

2.6 Base‑Case Analysis 194 

The base‑case analysis estimated costs, QALYs, ICERs, and NMBs. Strategies 195 

were ordered by increasing QALYs, and extended dominance was applied 196 

when appropriate. A willingness‑to‑pay threshold of US$50,000 per QALY 197 
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gained was used to determine cost‑effectiveness [25]. 198 

 199 

2.7 Markov Cohort Analyses  200 

Using a Markov cohort model, we estimated, for each surveillance strategy, the 201 

cumulative 10‑year and lifetime numbers of EAC deaths averted and the 202 

cumulative 10‑year and lifetime additional costs per EAC death averted, 203 

compared with no surveillance. Analyses were conducted separately for 204 

hypothetical cohorts of 10,000 LSBE‑LGD patients and 10,000 LSBE‑HGD 205 

patients aged 50 years. 206 

For each cohort, EAC deaths averted per 10,000 patients were calculated by 207 

multiplying the difference in the cumulative probability of EAC death between 208 

each surveillance strategy and no surveillance by 10,000. Additional costs per 209 

EAC death averted were calculated by multiplying the difference in total 210 

discounted costs between each surveillance strategy and no surveillance by 211 

10,000 and dividing this value by the number of EAC deaths averted in the 212 

corresponding 10,000‑patient cohort.  213 
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 214 

2.8 Scenario Analyses 215 

Scenario analyses evaluated AI‑assisted endoscopy by substituting its 216 

diagnostic performance parameters for those of conventional endoscopy within 217 

each model. This approach allowed us to explore how improvements in 218 

sensitivity and specificity attributable to AI would influence overall 219 

cost‑effectiveness across the surveillance strategies. 220 

 221 

2.9 Sensitivity Analyses 222 

One‑way sensitivity analyses varied key clinical and economic parameters 223 

across plausible ranges, including test sensitivity and specificity, surveillance 224 

and treatment costs, health‑state utilities, and subgroup‑specific EAC incidence. 225 

We also varied the starting age of surveillance from 40 to 80 years to evaluate 226 

how age at initiation influenced cost‑effectiveness outcomes. Deterministic 227 

results were summarized using tornado diagrams. 228 

A probabilistic sensitivity analysis was conducted using 10,000 Monte Carlo 229 
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simulations. Parameter uncertainty was represented using beta distributions for 230 

test performance, subgroup‑specific EAC incidence, and utilities, and gamma 231 

distributions for costs. For each simulation, lifetime costs and QALYs were 232 

recalculated, and cost‑effectiveness acceptability curves were generated at a 233 

willingness‑to‑pay (WTP) threshold of US$50,000 per QALY gained. 234 

All analyses were conducted using TreeAge Pro 2026 (TreeAge Software, 235 

Williamstown, MA). This economic evaluation followed the CHEERS 2022 236 

reporting guidelines [26]. 237 

 238 

2.10 Model Validation 239 

Model validation included face, internal, and external validation. Face validation 240 

assessed whether the model structure, assumptions, and parameter inputs 241 

were consistent with established frameworks for BE and EAC modeling. Internal 242 

validation evaluated whether simulated transitions, incidence patterns, and 243 

long‑term outcomes behaved as expected across all five BE subgroups. 244 

External validation compared model‑generated estimates of EAC incidence, 245 

stage distribution, and survival with published epidemiologic data. These checks 246 
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supported the credibility of the model for evaluating stratified surveillance 247 

strategies. 248 

 249 

3. Results 250 

3.1 Base‑case results 251 

Base‑case outcomes differed markedly across BE subgroups, driven primarily 252 

by variation in annual EAC incidence. 253 

 254 

USSBE  255 

No surveillance was the preferred strategy, yielding the highest NMB 256 

(US$869,600) (Table S1). Annual endoscopy increased costs substantially 257 

(US$3,942 vs US$28) with only negligible QALY gains, lowering NMB to 258 

US$865,697. Annual breath test and annual miRNA test produced even lower 259 

NMBs. 260 

 261 

SSBE 262 
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No surveillance again produced the highest NMB (US$950,019) (Table S2). 263 

Annual endoscopy increased costs (US$4,117 vs US$225) with minimal QALY 264 

improvement, reducing NMB to US$946,232. Across both short‑segment 265 

groups, surveillance strategies increased costs with only marginal benefits and 266 

were not cost‑effective at a WTP of US$50,000 per QALY. 267 

 268 

LSBE‑NDBE 269 

No surveillance remained the preferred strategy (NMB US$938,821) (Table S3, 270 

Figure 3A). Annual endoscopy raised costs (US$5,484 vs US$1,770) and 271 

modestly improved QALYs, but resulted in a lower NMB (US$935,939). Annual 272 

breath test and annual miRNA test yielded even lower NMBs. None of the 273 

surveillance strategies were cost‑effective. 274 

 275 

LSBE‑LGD 276 

Annual endoscopy was the most cost‑effective strategy, producing the highest 277 

NMB (US$841,993) (Table S4, Figure 3B). Although no surveillance had lower 278 
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costs, it also produced fewer QALYs, resulting in a slightly lower NMB. Annual 279 

breath test and annual miRNA test generated marginally higher QALYs but 280 

substantially lower NMBs, indicating that their additional benefits did not justify 281 

their higher costs. 282 

 283 

LSBE‑HGD 284 

Annual breath test was the preferred strategy, with the highest NMB 285 

(US$598,066) and an ICER of US$16,318 per QALY gained (Table S5, Figure 286 

3C). Annual miRNA test produced the highest QALYs but was not cost‑effective 287 

due to its high ICER and lower NMB. 288 

 289 

Overall 290 

Surveillance was not cost‑effective in low‑risk subgroups (USSBE, SSBE, 291 

LSBE‑NDBE). In contrast, annual endoscopy for LSBE‑LGD and annual breath 292 

test for LSBE‑HGD offered the greatest value in higher‑risk populations. 293 

 294 
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3.2 EAC deaths averted and additional costs per death averted   295 

EAC deaths averted and additional costs per EAC death averted were 296 

evaluated for 10,000 LSBE‑LGD and 10,000 LSBE‑HGD patients over 10 years 297 

and a lifetime.  298 

In LSBE‑LGD, annual endoscopy prevented 24 EAC deaths within 10 years and 299 

83 EAC deaths over a lifetime (Table 2, Figure S6), with lifetime additional costs 300 

of US$349,308 per EAC death averted (Table 3, Figure S8). Annual breath test 301 

and annual miRNA test prevented slightly more EAC deaths (92 and 97 lifetime 302 

deaths, respectively) but required substantially higher additional costs per EAC 303 

death averted. 304 

In LSBE‑HGD, annual breath test prevented 209 EAC deaths within 10 years 305 

and 295 deaths over a lifetime (Table 2, Figure S7), costing US$5,006 over 10 306 

years but ultimately saving US$1,394 over a lifetime per EAC death averted 307 

(Table 3, Figure S9). Although annual miRNA test prevented the most deaths 308 

(311 over a lifetime), it did so at substantially higher additional costs per EAC 309 

death averted. These findings indicate that the absolute mortality benefit of 310 

surveillance rises sharply with baseline EAC incidence, with annual breath test 311 
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offering the most favorable balance of EAC death reduction and cost in HGD. 312 

 313 

3.3 Scenario analyses 314 

When AI‑assisted endoscopy was evaluated as an alternative to conventional 315 

endoscopy, no surveillance remained cost‑effective in USSBE, SSBE, and 316 

LSBE‑NDBE at a WTP threshold of US$50,000 per QALY (Table S5–S8). 317 

In LSBE‑LGD, annual AI‑assisted endoscopy yielded the highest NMB 318 

(US$842,747), whereas in LSBE‑HGD, annual breath test following AI‑assisted 319 

endoscopy produced the highest NMB (US$603,334) (Table S9 and Table S10). 320 

These effects were driven by the higher sensitivity and specificity of AI‑assisted 321 

endoscopy, which increased early detection while reducing false positives in 322 

higher‑risk subgroups. 323 

 324 

3.4 Sensitivity analyses 325 

One‑way sensitivity analyses indicated that cost‑effectiveness was primarily 326 

driven by subgroup‑specific EAC incidence and test adherence. 327 
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In LSBE‑LGD, annual endoscopy became cost‑effective relative to no 328 

surveillance when annual EAC incidence exceeded 0.009 (Figure S1). 329 

In LSBE‑HGD, annual breath test was favored over annual endoscopy when 330 

endoscopy adherence exceeded 83.5% and breath‑test adherence remained 331 

below 88.8% (Figure S2). Annual miRNA test became more cost‑effective than 332 

annual breath test when breath‑test adherence fell below 83.7% (Figure S3). 333 

Cost‑effectiveness acceptability curves showed a 79% probability that no 334 

surveillance is cost‑effective in LSBE‑NDBE (Figure 4A), a 36% probability that 335 

annual endoscopy is cost‑effective in LSBE‑LGD (Figure 4B and Figure S4), 336 

and a 29% probability that annual breath test is cost‑effective in LSBE‑HGD 337 

(Figure 4C and Figure S5) at a WTP threshold of US$50,000 per QALY gained. 338 

 339 

Robustness of Findings Across Subgroups 340 

Findings on which subgroups benefit from surveillance were generally robust 341 

across sensitivity analyses, with low‑risk subgroups consistently favoring no 342 

surveillance. Although the overall decision to perform surveillance remained 343 
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stable, the relative ranking of surveillance strategies within higher‑risk 344 

subgroups (LGD or HGD) shifted depending on subgroup‑specific EAC 345 

incidence and test adherence. 346 

 347 

4. Discussion 348 

4.1 Principal Findings 349 

This study demonstrates that stratified surveillance strategies for BE, defined by 350 

segment length and dysplasia grade, provide the most cost‑effective approach 351 

for the Japanese population. By incorporating Japan‑specific incidence data for 352 

USSBE and SSBE and applying Western subgroup‑specific incidence estimates 353 

for LSBE (NDBE, LGD, and HGD) derived from meta‑analyses [12], we 354 

developed a transparent incidence‑based framework across five clinically 355 

distinct subgroups. Using this framework, we identified that annual endoscopy is 356 

the optimal strategy for patients with LGD, whereas annual breath test is the 357 

most cost‑effective strategy for those with HGD. 358 

Across subgroups, differences in EAC deaths averted closely mirrored 359 
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differences in baseline EAC incidence, indicating that incidence is the primary 360 

determinant of the preferred surveillance strategy. As incidence increased, the 361 

optimal strategy shifted in a clear stepwise pattern: surveillance offered limited 362 

value in USSBE, SSBE, and LSBE‑NDBE; annual endoscopy became optimal 363 

in LSBE‑LGD; and annual breath testing became optimal in LSBE‑HGD. This 364 

pattern reflects the strong dependence of surveillance benefit on underlying 365 

cancer risk and the diagnostic performance of available tests. 366 

Because AI‑assisted endoscopy improves sensitivity and specificity from 75% 367 

and 70% to 93% and 78%, respectively, it directly replaces standard endoscopy 368 

in the incidence range where endoscopic surveillance was previously optimal. 369 

This shift illustrates how improvements in test accuracy can move the incidence 370 

thresholds that define the preferred strategy, further reinforcing the 371 

transparency and adaptability of an incidence‑based modeling approach. 372 

To our knowledge, this study provides the first fully integrated, risk‑stratified 373 

cost‑effectiveness evaluation of EAC surveillance in BE worldwide. It also 374 

incorporates both conventional and AI‑assisted endoscopic modalities, as well 375 

as emerging non‑endoscopic approaches. Importantly, because LSBE 376 
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incidence inputs are derived from Western literature, the model is not limited to 377 

Japan; substituting region‑specific cost parameters would allow direct 378 

application to Western healthcare settings. 379 

Japan provides a unique context for evaluating surveillance strategies because 380 

it has one of the world’s highest proportions of ultrashort‑segment BE [3] and a 381 

lower baseline incidence of EAC compared with Western countries. Historically, 382 

early detection of EAC in Japan has relied on incidental findings during gastric 383 

cancer screening, routine health checkups, and other clinical encounters. As 384 

opportunities for incident detection are expected to decline [3], risk‑stratified 385 

surveillance becomes increasingly important for maintaining early‑stage 386 

diagnosis while avoiding unnecessary procedures in low‑risk groups. Emerging 387 

technologies such as breath test and AI‑assisted endoscopy may further 388 

enhance surveillance efficiency, particularly in intermediate‑ and high‑risk 389 

groups. Overall, this study provides a policy‑relevant foundation for developing 390 

surveillance recommendations tailored to Japan while offering a generalizable 391 

framework applicable to Western populations. 392 

 393 
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4.2 Comparison with Previous Studies 394 

Two cost‑effectiveness analyses have previously evaluated BE surveillance. 395 

Kastelein et al. demonstrated that surveillance with endoscopic mucosal 396 

resection and radiofrequency ablation for HGD or early EAC, and 397 

oesophagectomy for advanced EAC, is cost‑effective every 5 years for NDBE 398 

and every 3 years for LGD, based on a Dutch healthcare perspective and a 399 

willingness‑to‑pay threshold of €35,000 per QALY [27]. Vissapragada et al. 400 

further identified risk‑stratified surveillance strategies as the most cost‑effective, 401 

showing that biennial surveillance for long‑segment BE (>2 cm) and 12‑month 402 

surveillance for LGD provided the best value, thereby confirming the utility of 403 

dysplasia‑based risk stratification in Australia [28]. These cost‑effectiveness 404 

models simulated the natural history from BE to EAC and required numerous 405 

structural assumptions, including progression rates, dwell times, and transition 406 

probabilities, that vary widely across studies and contribute to inconsistent 407 

estimates of surveillance benefit, particularly in NDBE. Our findings additionally 408 

identified annual breath test for LSBE‑HGD and annual endoscopy for 409 

LSBE‑LGD as the most cost‑effective strategies, and showed that AI‑assisted 410 
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endoscopy can serve as a cost‑effective alternative to conventional endoscopy. 411 

Our study also employs an incidence‑based framework anchored to empirically 412 

observed annual EAC incidence, avoiding assumptions about preclinical 413 

disease dynamics and providing a more transparent representation of cancer 414 

risk across clinically distinct subgroups. 415 

Evaluating the cost‑effectiveness of surveillance for USSBE and SSBE is 416 

essential because these segments represent the majority of BE cases in Japan 417 

[3]. This study is the first to demonstrate limited cost‑effectiveness of 418 

surveillance for NDBE—including USSBE and SSBE—when empirical 419 

incidence is applied without additional structural assumptions. Our model also 420 

incorporates Western dysplasia‑specific incidence estimates for LSBE [13], 421 

reflecting the limited availability of Japanese data and anticipating future 422 

increases in LGD and HGD, thereby supporting applicability to Western 423 

populations as well. Furthermore, our evaluation of emerging technologies, 424 

such as breath test and AI‑assisted endoscopy, extends previous work by 425 

demonstrating their potential value in Japan and in higher‑incidence settings 426 

[9,18]. Non‑endoscopic examinations may further alleviate the surveillance 427 
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burden for individuals with BE, particularly in settings where frequent endoscopy 428 

is difficult to sustain. 429 

 430 

4.3 Strengths and Limitations 431 

This study has several methodological strengths. First, it employs an 432 

incidence‑based framework that does not rely on unobservable progression 433 

states or assumptions about transitions between nondysplastic BE, dysplasia, 434 

and preclinical cancer. By grounding the model in empirically observed annual 435 

EAC incidence for each subgroup, the analysis avoids the structural uncertainty 436 

inherent in traditional multistate models and provides a transparent 437 

representation of cancer risk. Second, evaluating five clinically distinct BE 438 

subgroups independently allows surveillance strategies to be compared within 439 

risk strata, clarifying why surveillance yields limited benefit in low‑risk groups 440 

and substantial benefit in high‑risk groups. Third, the model incorporates 441 

modality‑specific test performance and applies consistent probability 442 

distributions across parameters, enhancing transparency and reducing reliance 443 

on unverifiable assumptions. Finally, using a fixed cohort of 10,000 individuals 444 
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per subgroup ensures comparability across analyses, allowing surveillance 445 

strategies to be evaluated independently of uncertain subgroup size estimates. 446 

This study also has limitations. First, although Japan has published EAC 447 

incidence estimates for USSBE, SSBE, and LSBE overall [12], 448 

dysplasia‑stratified incidence estimates are not available. Further research will 449 

be needed to establish reliable incidence estimates for LSBE subgroups, 450 

including separate estimates for NDBE, LGD, and HGD. Second, reliable data 451 

on the population size of each BE subgroup in Japan are lacking [3], which 452 

prevented estimation of national‑level impacts and necessitated the use of a 453 

fixed cohort size for subgroup analyses. Third, several evaluated modalities, 454 

such as sponge test, breath test, miRNA test, and AI‑assisted endoscopy, are 455 

not yet reimbursed under the Japanese national insurance system, requiring 456 

cost assumptions that may differ from future reimbursement prices. Fourth, test 457 

performance parameters were derived from heterogeneous Western studies 458 

[8,9,10,17,18], and real‑world performance in Japan may differ. However, this 459 

limitation was addressed by conducting sensitivity analyses using wide 460 

parameter ranges. Finally, patient burden associated with undergoing 461 
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surveillance tests was not incorporated into the model, although it is an 462 

important consideration, particularly for non‑invasive modalities. 463 

 464 

4.4 Clinical and Policy Implications 465 

The findings of this study have important implications for clinical practice and 466 

health policy. First, the clear stratification of surveillance benefit across Barrett’s 467 

esophagus subgroups supports a shift toward risk‑based surveillance rather 468 

than uniform intervals. The limited value of surveillance in USSBE, SSBE, and 469 

LSBE‑NDBE suggests that routine endoscopic surveillance may not be justified 470 

for these low‑risk groups in Japan. Conversely, the strong cost‑effectiveness 471 

observed in LSBE‑LGD and LSBE‑HGD reinforces the need for timely and 472 

intensive surveillance in higher‑risk patients, consistent with their substantially 473 

elevated incidence of EAC. 474 

Second, the results highlight the potential role of emerging non‑endoscopic 475 

technologies, particularly breath test, which demonstrated favorable 476 

cost‑effectiveness in high‑risk groups. These modalities may reduce the burden 477 

of repeated endoscopy, improve patient acceptability, and expand access to 478 
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surveillance in settings with limited endoscopic capacity. AI‑assisted endoscopy 479 

may further enhance diagnostic accuracy and efficiency as evidence 480 

accumulates [7]. AI‑assisted endoscopy, which surpasses the diagnostic 481 

performance of conventional endoscopy and offers greater cost‑effectiveness, is 482 

likely to replace standard endoscopy in the incidence range where it is currently 483 

preferred, further improving the efficiency of surveillance programs. 484 

Third, future integration of individualized risk‑prediction tools could further 485 

enhance precision. Although segment length and dysplasia grade remain the 486 

strongest determinants of cancer risk, additional factors, such as age, sex, 487 

obesity, and GERD severity [29,30], could refine risk stratification and guide 488 

personalized surveillance intensity. 489 

Fourth, the incidence‑based and hybrid structure of the model, which uses 490 

Japan‑specific incidence for USSBE and SSBE and Western subgroup‑specific 491 

incidence for LSBE, ensures that the framework is not restricted to Japan and 492 

can be directly applied to other regions, including Western countries, by 493 

substituting local cost parameters. This generalizability enhances the relevance 494 

of the findings beyond Japan and provides a foundation for international 495 
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comparisons of surveillance strategies.  496 

Fifth, structured risk‑stratified surveillance will become increasingly important for 497 

maintaining early‑stage EAC detection while avoiding unnecessary procedures 498 

in low‑risk groups, particularly as EAC incidence is expected to rise in Japan. 499 

Policymakers may consider incorporating these findings into future national 500 

guidelines to optimize resource allocation and improve patient outcomes. 501 

Finally, integrating BE/EAC surveillance into Japan’s upper gastrointestinal 502 

screening system and post–H. pylori eradication surveillance could allow these 503 

pathways to be restructured into a more comprehensive upper gastrointestinal 504 

screening framework. Such integration may improve efficiency in lower‑risk 505 

populations while maintaining appropriate monitoring for higher‑risk patients. 506 

 507 

5. Conclusions 508 

This study demonstrates that the value of surveillance for Barrett’s esophagus 509 

varies substantially across subgroups defined by segment length and dysplasia 510 

grade. Annual endoscopy is cost‑effective for LGD, whereas annual breath test 511 
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is cost‑effective for HGD. In contrast, surveillance offers limited value for NDBE. 512 

These findings support prioritizing surveillance resources for higher‑risk groups 513 

while avoiding unnecessary procedures in low‑risk populations. 514 

By grounding the model in empirically observed cancer incidence and avoiding 515 

assumptions about unobservable progression states, this study provides a 516 

transparent and reproducible framework for evaluating surveillance strategies. 517 

Its incidence‑based Markov structure makes the framework broadly 518 

generalizable and applicable beyond Japan, including to Western healthcare 519 

systems. 520 

Emerging technologies, including AI‑assisted endoscopy, sponge test, breath 521 

test, and miRNA test, may further enhance the cost‑effectiveness of 522 

surveillance, particularly in intermediate‑ and high‑risk groups. The 523 

development of non‑endoscopic procedures is also expected to reduce patient 524 

burden and expand access to surveillance. 525 

As EAC incidence is projected to rise in Japan, these findings offer timely, 526 

population‑specific evidence to guide future surveillance recommendations. 527 

Adoption of dysplasia‑stratified, incidence‑aligned strategies may help optimize 528 
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resource allocation while maximizing clinical benefit in Japan and could serve 529 

as a model for other regions with similarly low but increasing EAC incidence. 530 

 531 
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Table 1.  Baseline estimates for selected variables 678 

Variable Baseline value One-way sensitivity 

analysis range 

Distribution Reference 

Probabilities 

Annual EAC incidence in USSBE 0.000032 0.0000066-0.00013 Beta 12 

Annual EAC incidence in SSBE 0.00026 0.00011-0.00054 Beta 12 

Annual EAC incidence in LSBE-

NDBE 

0.0021 0.0012-0.0029 Beta 13 

Annual EAC incidence in LSBE-

LGD 

0.0116 0.0057-0.0175 Beta 13 

Annual EAC incidence in LSBE-

HGD 

0.1416 0.1243-0.1589 Beta 13 

Adherence rate (%)     

Endoscopy 78 10-100 Beta 19 

AI-assisted endoscopy 78 10-100 Beta 19 

Sponge test 75 10-100 Beta 19 

Breath test 95 10-100 Beta Assumption 

miRNA test 95 10-100 Beta Assumption 

Sensitivity (%)     

Endoscopy 75 60-100 Beta 17 

AI-assisted endoscopy 93 88-100 Beta 18 

Sponge test 81 76-85 Beta 8 

Breath test 91 84-95 Beta 9 

miRNA test 95.8 89.8-98.4 Beta 10 

Specificity (%)     

Endoscopy 70 55-95 Beta 17 

AI-assisted endoscopy 78 53-94 Beta 18 

Sponge test 89 82-93 Beta 8 

Breath test 74 69-79 Beta 9 

miRNA test 95.2 87.1-98.4 Beta 10 

Costs (US$) US$1 = ¥95.1 

Endoscopy 234 117-468 Gamma 20 
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 679 

AI, artificial intelligence; EAC, esophageal adenocarcinoma; NDBE, 680 

non‑dysplastic Barrett’s esophagus; LGD, low‑grade dysplasia; HGD, 681 

high‑grade dysplasia; USSBE, ultrashort-segment Barrett’s esophagus; SSBE, 682 

short-segment Barrett’s esophagus; LSBE, long-segment Barrett’s esophagus; 683 

miRNA, microRNA; N/A, not applicable. 684 

 685 

 686 

 687 

 688 

AI-assisted endoscopy 256 128-512 Gamma Assumption 

Sponge test 420 210-840 Gamma Assumption 

Breath test 60 30-120 Gamma Assumption 

miRNA test 700 350-1,400 Gamma Assumption 

EAC stage I treatment 7,361 3,681-14,722 Gamma 20 

EAC stage II treatment 28,391 14,196-56,782 Gamma 20 

EAC stage III treatment 10,515 5,258-21,030 Gamma 20 

EAC stage IV treatment 21,030 10,515-42,060 Gamma 20 

Health state utilities 

NDBE 0.93 0.88-0.96 Beta 

21,22 

LGD 0.88 0.82-0.92 Beta 

HGD 0.82 0.75-0.88 Beta 

EAC stage I 0.78 0.72-0.84 Beta 

EAC stage II 0.72 0.65-0.78 Beta 

EAC stage III 0.62 0.55-0.70 Beta 

EAC stage IV 0.50 0.40-0.60 Beta 

Post-treatment state NDBE 0.93 0.88-0.96 Beta 

Post-treatment state LGD 0.88 0.82-0.92 Beta 

Post-treatment state HGD 0.82 0.75-0.88 Beta 

Death  0 N/A - 
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Table 2. EAC deaths averted per 10,000 LSBE-LGD and 10,000 LSBE-HGD 689 

patients over 10 years and over a lifetime 690 

 691 

Strategy 
LGD 10-year 

(n) 

LGD Lifetime 

(n) 

HGD 10-year 

(n) 

HGD 

Lifetime (n) 

Annual endoscopy 24 83 188 266 

Annual breath test 26 92 209 295 

Annual miRNA test 27 97 220 311 

 692 

EAC, esophageal adenocarcinoma; LSBE, long-segment Barrett’s esophagus; 693 

LGD, low‑grade dysplasia; HGD, high‑grade dysplasia. 694 

 695 

 696 

 697 

Table 3. Additional costs per EAC death averted among 10,000 LSBE-LGD and 698 

10,000 LSBE-HGD patients over 10 years and over a lifetime 699 

 700 

Strategy LGD 10-year 

(US$) 

LGD Lifetime 

(US$) 

HGD 10-year 

(US$) 

HGD Lifetime 

(US$) 

Annual endoscopy 643,748 349,308 -25,993 -26,146 

Annual breath test 1,056,622 578,183 5,006 -1,394 

Annual miRNA test 2,952,059 1,628,909 147,316 112,239 

 701 

EAC, esophageal adenocarcinoma; LSBE, long-segment Barrett’s esophagus; 702 

LGD, low‑grade dysplasia; HGD, high‑grade dysplasia. 703 

 704 

 705 
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 706 

Figure 1. Classification of Barrett’s esophagus subtypes 707 

 708 

Visual representation of Barrett’s esophagus (BE) subtypes, categorized by 709 

segment length and dysplasia status. The diagram distinguishes ultrashort-710 

segment BE (USSBE), short-segment BE (SSBE), long-segment BE (LSBE) 711 

with nondysplastic BE (LSBE-NDBE), low-grade dysplasia (LGD), and high-712 

grade dysplasia (HGD). 713 

 714 

 715 
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 716 

Figure 2. State-transition diagram for Barrett’s esophagus progression 717 

 718 

Markov model structure illustrating disease progression and outcomes for 719 

patients with Barrett’s esophagus. Health states include Barrett’s esophagus, 720 

esophageal adenocarcinoma, post-treatment state, and death. Arrows indicate 721 

possible transitions between states, including progression to esophageal 722 

adenocarcinoma, treatment, and death. 723 
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 724 

Figure 3. Base-case results for LSBE subgroups 725 

A. LSBE with nondysplastic Barrett’s esophagus (LSBE-NDBE) 726 

B. LSBE with low-grade dysplasia (LSBE-LGD) 727 

C. LSBE with high-grade dysplasia (LSBE-HGD) 728 

Base-case analysis comparing screening strategies in patients with LSBE, 729 

stratified by dysplasia status. Each panel presents incremental cost and 730 

effectiveness for evaluated screening strategies. The dashed line indicates the 731 

willingness-to-pay threshold of US$50,000 per QALY. Strategies on the cost-732 

effectiveness frontier are considered undominated. LSBE, long-segment 733 

Barrett’s esophagus. 734 
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 735 

Figure 4. Cost-effectiveness acceptability curves for LSBE subgroups 736 

A. LSBE with nondysplastic Barrett’s esophagus (LSBE-NDBE) 737 

B. LSBE with low-grade dysplasia (LSBE-LGD) 738 

C. LSBE with high-grade dysplasia (LSBE-HGD) 739 

Curves show the probability that each screening strategy is cost‑effective 740 

across a range of willingness‑to‑pay thresholds, based on probabilistic 741 

sensitivity analyses. Colors are consistent across all panels to represent the 742 

same screening strategies. LSBE, long‑segment Barrett’s esophagus. 743 

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted February 22, 2026. ; https://doi.org/10.64898/2026.02.17.26346313doi: medRxiv preprint 

https://doi.org/10.64898/2026.02.17.26346313
http://creativecommons.org/licenses/by/4.0/

