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Risk factor‑based optimal 
endoscopic surveillance intervals 
after endoscopic submucosal 
dissection for gastric adenoma
Choong‑Kyun Noh1,6, Eunyoung Lee2,3,4,6, Gil Ho Lee1, Sun Gyo Lim1, Kee Myung Lee1, 
Jin Roh5, Young Bae Kim5, Bumhee Park2,3* & Sung Jae Shin1*

To date, there exists no established endoscopic surveillance interval strategy after endoscopic 
submucosal dissection (ESD) for gastric adenoma. In this study, we suggest a risk factor‑based 
statistical model for optimal surveillance intervals for gastric adenoma after ESD with curative 
resection. A cox proportional hazard model was applied to identify risk factors for recurrence 
after ESD. Patients (n = 698) were categorized into groups based on the identified risk factors. The 
cumulative density of recurrence over time was computed using a cubic splined baseline hazard 
function, and the customized surveillance interval was modeled for each risk group. The overall 
cumulative incidence of recurrence was 7.3% (n = 51). Risk factors associated with recurrence were 
male (hazard ratio [HR], 2.60, P = 0.030), protruded scar (HR, 3.18, P < 0.001), and age ≥ 59 years (HR, 
1.05, P < 0.001). The surveillance interval for each group was developed by using the recurrence limit 
for the generated risk groups. According to the developed schedule, high‑risk patients would have 
a maximum of seven surveillance visits for 5 years, whereas low‑risk patients would have biennial 
surveillance for cancer screening. We proposed a simple and promising strategy for determining a 
better endoscopic surveillance interval by parameterizing diverse and group‑specific recurrence risk 
factors into a well‑known survival model.

Gastric adenoma is recognized as a premalignant lesion since it can develop into gastric  cancer1–3. The diagnosis 
of gastric adenoma is made after biopsy during the endoscopic evaluation. However, due to the discrepancy 
between the pathologic results of the endoscopic forceps biopsy and the resected specimen, the final diagnosis can 
be upgraded to  cancer4–6. In particular, adenoma with high-grade dysplasia showed higher rates of discrepancy 
after  upgradation6. Therefore, when gastric adenoma is detected through endoscopic examination, it needs to 
be removed, and the complete histopathologic work-up should be  performed7.

Endoscopic submucosal dissection (ESD) is a minimally invasive technique to remove superficial gastric 
neoplasms. Since it enables both en-bloc resection and precise histopathologic evaluation, ESD may determine 
whether curative resection was  done8. However, in studies which evaluated long-term outcomes, the recurrence 
rate of up to 20.3% was reported after removal of gastric adenomas with endoscopic  resection9. Thus, endoscopic 
surveillance is necessary after adenoma removal with ESD. However, there is no consensus on surveillance when 
gastric adenoma is removed by ESD. Especially, there is no exact guideline on the surveillance ‘interval’ in gastric 
adenoma after ESD. Surveillance is conducted in the same manner as in ealy gastric cancer (EGC)10, sometimes 
even without a follow-up.

In this study, we suggest a risk factor-based statistical model for optimal surveillance intervals for gastric 
adenoma after ESD with curative resection. We assumed that the recurrence rate would be different between 
patients with a high risk of recurrence and those with low risk, although potential risk factors for recurrence have 
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not yet been identified. Literature for risk factors of recurrence after ESD with curative resection is either rare 
or non-existent. Thus, we hypothesized that the surveillance interval could be distributed differently depending 
on the risk factors for recurrence in patients who had undergone ESD. To this end, we first identified potential 
risk factors for the recurrence and then proposed surveillance intervals developed by parameterizing the factors 
identified into the Cox proportional hazard model.

Methods
Patients. This retrospective, single-center study was conducted at the Ajou University Medical Center 
(Suwon, Republic of Korea). In total, 3331 patients underwent ESD for gastric neoplasm at our center between 
March 2005 and March 2018. The inclusion criteria for this study were as follows: (1) histopathologic confirma-
tion of adenoma; and (2) histopathological curative  resection10. Exclusion criteria were as follows: (1) perfora-
tion (both micro- and macro-) during ESD; (2) total follow-up period of 6 months or less; (3) no endoscopic 
follow-up at 3 months; and (4) non-diagnosis in the final pathology. The study protocol was approved by the 
Ajou University Hospital Institutional Review Board (approval no. AJIRB-MDB-18-104), which waived the 
requirement for individual informed consent owing to the retrospective nature of the study. All methods were 
carried out in accordance with relevant guidelines and regulations.

ESD procedures and histopathologic evaluation. Three expert endoscopists (LSG, LKM, and SSJ) 
performed all ESD procedures, with single-channel endoscopy (GIF-Q260J; Olympus, Tokyo, Japan) or two-
channel endoscopy (GIF-2TQ260M; Olympus, Tokyo, Japan). The entire stomach was examined before ESD to 
check whether there were other lesions. After identifying the lesion by narrow band imaging and chromoendos-
copy using indigo carmine, circumferential marking was performed using a needle knife (Dual knife; Olympus, 
Tokyo, Japan) or through argon plasma coagulation (Erbe Elektromedizin, Tübingen, Germany). The epineph-
rine-mixed fluid was injected for submucosal lifting, and dissection was performed using an insulated-tip knife 
(IT knife; Olympus, Tokyo, Japan). All samples were fixed in 10% buffered formalin solution and embedded in 
paraffin. A standard histopathological process including hematoxylin and eosin staining was conducted. Patho-
logical diagnoses were made according to the revised Vienna  classification11. Protuberant scars with a polypoid 
or nodular shape located at the post-ESD site were defined as protruded scars (Supplement Fig. 1)12.

Definition of ESD outcomes and recurrence. En-bloc resection was defined as the complete removal of 
a lesion in one-piece without fragmentation (single final specimen). Resection was defined as curative when spe-
cific conditions (En-bloc resection, negative horizontal and vertical margins on histologic examination, no lym-
phovascular infiltration, and no perineural invasion) were  met10. Residual disease was defined as a recurrence 
of tumor at the ESD site within one year after  ESD13. Local recurrence was defined as a recurrence at the ESD 
site for more than one year after  ESD13. Distant metastasis was defined as the recurrence or tumor outside the 
 stomach13. The synchronous lesion was defined as a new lesion that recurred at a different location from the ESD 
site in the stomach within one year after  ESD13. The metachronous lesion was defined as a new lesion that devel-
oped more than one year after ESD in the stomach. Since surveillance needs to detect all cases of recurrence, we 
defined ‘recurrence’ as all adenoma or cancer detected in surveillance endoscopy after curative resection.

Definitions of candidate risk factors for recurrence. The risk factors for recurrence after ESD of gas-
tric adenoma were sex, age, number of ESD lesion (single, multiple), presence of atrophy, presence of metaplasia, 
presence of Helicobacter pylori (H. pylori) infection, success of H. pylori eradication, tumor location (upper 
1/3, middle 1/3, lower 1/3), gross morphology (flat/elevated, depressed), lesion diameter (< 10 mm, 11–20 mm, 
21–30 mm, > 30 mm), presence of ulceration at initial work up, presence of ulceration at 3 months f/u (first fol-
low up), presence of fibrosis during ESD, pathologic grade of differentiation (low grade adenoma, high grade 
adenoma), histopathologic discrepancy between endoscopic forceps biopsy and post-ESD pathology (concord-
ant: when the initial diagnosis and ESD specimens were the same, upgraded: when the diagnoses of subsequent 
ESD specimens showed a histology of more malignant potential [e.g., from low-grade dysplasia to high-grade 
dysplasia], or down-graded: when the diagnoses of subsequent ESD specimens showed a histology of less malig-
nant potential [e.g., from high-grade dysplasia to low-grade dysplasia]), scar type at the 3 month follow-up (flat 
of protruded), safety margin space (area of the specimen − area of the lesion), and total procedure time (from 
the circumferential marking around the lesion to the completion of hemostasis after complete removal). We 
defined atrophy and metaplasia based on the endoscopic findings. When necessary, pathologic confirmation was 
performed. Atrophy was defined as visibility of the vascular pattern in the mucosa, while intestinal metaplasia 
was defined as replacement of the surface, foveolar, and glandular epithelium in the oxyntic or antral mucosa by 
intestinal  epithelium14. We defined a protruded scar as a scar formation characterized by a polypoid or nodular 
shaped protuberant scar located in the post-ESD site (Supplement Fig. 1)12. Submucosal fibrosis during ESD 
occurring following the injection of a solution containing indigo carmine into the submucosal layer was defined 
as follows: F0, no fibrosis (only observed as a blue transparent layer); F1, mild fibrosis (a white web-like struc-
ture); and F2, severe fibrosis (a white muscle-like structure without a blue transparent layer)15. We considered 
only the absence (F0) and presence (F1 and F2) of submucosal fibrosis as potential risk factors in the analysis.

Helicobacter pylori evaluation. The status of H. pylori infection was evaluated via a rapid urease test and 
histologically confirmed via hematoxylin and eosin and Wright-Giemsa staining before ESD. H. pylori infection 
status was considered positive when one or both of these tests were positive. If a patient was infected with H. 
pylori, eradication was performed after ESD, and a follow-up rapid urease test or urea breath test was conducted.
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Follow‑up schedule. In our center, follow-up endoscopy was performed at 3, 6, 12, 18, and 24 months after 
ESD and annually thereafter. At all follow-ups, four biopsy samples were taken from ESD sites. Recurrence was 
also checked in sites other than the ESD site, and a biopsy was taken at the endoscopist’s discretion.

Statistical analysis and development of proposed surveillance intervals. For baseline character-
istics, continuous variables were compared using the t-test, and categorical variables were compared using the 
chi-squared test. The surveillance interval was analyzed for each case. Risk factors were identified using a Cox 
proportional hazard model, and a stepwise selection method was used to select the best subset of predictors 
among risk factor candidates (alpha-to-enter = 0.25, alpha-to-remove = 0.15)16. Identified risk factors were clas-
sified into risk groups. If any continuous variables (age, total procedure time, safety margin space) were selected, 
they were converted to binary variables for easier classification and a quick clinical decision by determining the 
optimal cut point for a continuous variable in the Cox proportional regression  model17.

The Cox regression model with interval censoring was applied to compute the cumulative density of recur-
rence after ESD. Its baseline hazard function was specified with either a cubic spline model or a piecewise-
constant  model18. The parameterization of the baseline hazard function was examined with 2 to 4 degrees of 
freedom or 2 to 5 equally spaced intervals and selected based on the lowest Akaike Information Criterion and 
Bayesian Information Criterion. With each classified risk group, the cumulative density of recurrence over time 
was estimated from fitting the Cox regression model with interval censoring. Its baseline hazard function for 
recurrence after ESD was smoothened by a cubic spline with 3 and 2 degrees of freedom, respectively. Let t  be 
the time until the recurrence which has occurred within an interval of time such that Li < t ≤ Ri where Li and 
Ri is the lower and upper bound of time interval for individual i , respectively. The Cumulative density of recur-
rence can be written as follows:

 where �0 is the baseline cumulative hazard function, Zi is the vector of explanatory covariates for  individual i , 
β  is the vector of regression coefficients.

Surveillance interval modeling required a set of recurrence limits at the follow-up. The values of the recur-
rence limit were determined on the basis of the  literature9,19–23 and our data. The surveillance model developed in 
this study assumed that there should be no recurrence at the first follow-up (3 months) after ESD. ‘Surveillance 
intervals’ were selected such that the risk of recurrence at each surveillance visit would be equal or less than the 
tolerable risk limit, and the risk at each surveillance visit should be approximately equal. Therefore, the proposed 
surveillance interval would not exceed the recurrence limit at any visit, and the mean recurrence risk per visit 
was less or equal to the limit. All statistical analyses were two-sided and were performed using SAS statistical 
software, version 9.4 (SAS Institute, Cary, NC, USA) and P-values < 0.05 were considered statistically significant.

Results
Baseline characteristics. The flow diagram of the enrolled patients is shown in Fig. 1. The incidence was 
1.9% for recurrence at the previous ESD site and recurrence in the stomach other than at the ESD site was the 
5.4%, respectively. Among the recurrence case, 14 patients (27.5%) had a cancer recurrence (EGC: 13, advanced 
gastric cancer: 1). The baseline characteristics of patients depending on recurrence are shown in Table 1. There 
were significant differences in age, sex, atrophy, metaplasia, fibrosis, and scar morphology between the non-
recurrence and recurrence groups.

Incidence and pathologic characteristics of recurrent tumor. The median follow-up period was 
24 months (interquartile range, 12 to 36 months) with a mean of 3.7 ± 1.9 visits per patient. The Kaplan–Meier 
plot shown in Fig. 2 was used to graphically examine the overall incidence of recurrence. The incidence of total 
recurrence was 7.3% and the characteristics of recurrent tumor are shown in Table 2.

Development of surveillance interval according to the risk group. We investigated risk factors 
related to the recurrence in each patient using the Cox proportional hazard model and stepwise selection 
method as provided in Supplementary Table 1. As a result, the identified risk factors among all candidate risk 
factors were male sex (hazard ratio [HR], 2.60; 95% CI 1.096–6.172, P = 0.030), protruded scar at the 1st surveil-
lance (HR, 3.18; 95% CI 1.601–6.300, P < 0.001), and age (HR, 1.05; 95% CI 1.023–1.086, P < 0.001). Age was 
converted into a binary variable to simply classification and interpretation, using a cutoff value of 59 years. On 
the basis of these results, we generated groups depending on these identified risk factors (Table 3). We inves-
tigated the cumulative density over months to find the appropriate surveillance interval for each risk group by 
conducting the Cox proportional regression model with interval censoring and a specified baseline hazard with 
smoothing by a cubic spline with 3 degrees of freedom. The development of this model enabled us to estimate 
the cumulative probability of developing recurrence over time for each risk group based on risk group-specific 
baseline hazards. The cumulative density function of recurrence plots by risk factor categories is shown in Fig. 3. 
Patients categorized as A1 (male, protruded scar at 3 months surveillance, age ≥ 59) showed the lowest survival 
rate (5-year recurrence free survival rate, 55.8%, 95% confidence interval, 39.1–79.8), which meant that they had 
the highest risks for recurrence (Table 3).

In previous studies, all recurrence rates after ESD ranged between 1.8% and 32.4% (average curative resec-
tion rates: 89.9%, average recurrence rate: 8.1%)9,19–23. After checking whether the recurrence rates in our study 
were within this range, the tolerable risk limit of recurrence was set at 7.0%. The tolerable risk limit is defined 
as the maximum risk that a patient is willing to take for recurrence. The purpose of setting follow-up schedules 

F(t) = 1− S(t) = 1− exp[−�0(t)exp
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and obeying them is to prevent a situation in which recurrence is identified too late for timely treatment. The 
risk of recurrence accumulates over time. The surveillance interval for each group was developed by using this 
recurrence limit for the generated risk groups. In the follow-up of patients in each group at the predicted time, 
patients were expected to yield a recurrence rate of less than 7.0% between the intervals. In the case of A1 (the 
highest risk group), the recurrence rate could be expected to fall below 7.0% at each surveillance visit only in 
case of surveillance at frequent intervals during the first 42 months. If there was no recurrence at first follow 
up after 3 months from ESD, the low-risk groups (A4, A5, A6, A7, and A8) did not need ESD surveillance for 
recurrence and were recommended to undergo endoscopy for cancer screening alone (Table 4). Thus, the rec-
ommended surveillance intervals can be applied according to the risk factors of the patient. We have simplified 
these results for clinical use. If the age factor is first classified, scar morphology and sex are sequentially judged; 
three categorizations can be made, and patients who do not fall under these categories are classified as “others.” 
A summary of the proposed optimal surveillance intervals according to the categorization is shown in Table 5.

Discussion
We conducted a study to provide optimal surveillance strategies by parameterizing diverse and group-specific 
recurrence risk factors to replace the uniform surveillance interval after ESD with curative resection for gastric 
adenoma. We found risk factors for recurrence after ESD to be distinguishable and categorized patients into 
eight groups with identified risk factors. Cumulative density function derived from the Cox proportional haz-
ard model with interval censoring and tolerable risk limit of recurrence was used to find optimal surveillance 
intervals adapted for each risk group. Our findings suggest that surveillance intervals after ESD with curative 
resection should be different from current uniform intervals, and risk group-specific surveillance strategies may 
help reduce unnecessary examinations and increase required examinations. Although frequent surveillance 
endoscopic examinations detect recurrence early, surveillance is more important for patients with identified 
recurrence-related risk factors than those without.

A few studies have reported the risk factors for recurrence and outcomes after endoscopic resection, including 
 ESD9,24–27. A study on adenoma alone found that the recurrence rate was 20.3% (27/133) (synchronous lesion: 
8.3%, metachronous lesion: 12.0%) in a follow-up for more than two years after endoscopic resection (ESD: 
94.0%, complete resection rate: 69.7%)9. In the same study, risk factors for recurrence were intestinal meta-
plasia and lesion size; however, they were not specific to curative resection cases. There are few studies on scar 
morphology. There are few studies on scar morphology. Arantes et al.12 reported that polypoid nodular scar be 
considered as a benign alteration, and no malignant recurrence was observed after curative resection. However, 
an interobserver disagreement may occur due to the ambiguity of determining scar morphology. Despite set-
ting the definition of a protruded scar in this study, it is difficult to determine scar morphology accurately. Thus, 
further research regarding scar morphology is necessary.

In our study, the rate of recurrence at the ESD site (residual disease/local recurrence) differed significantly 
between patients with protruded scars and those with flat scars (8.9% vs. 1.3%, P = 0.002). Of the 11 cases of 
recurrence in patients with protruded scars, nine were adenomas. The mechanisms underlying protruded scar 

Figure 1.  Flow diagram of enrolled patients.
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formation remain unclear, and it is difficult to explain the formation of protruded scars using risk factors for 
recurrence. Accurate pathologic evaluation may be more difficult for protruded scars than flat scars due to the 
sampling error associated with biopsies. Further studies are required to determine whether the changes reflect 
tumor formation or benign epithelial hyperplasia. At times, biopsies of ESD sites are conducted under the 
endoscopist’s discretion as well. However, in our study, biopsies of ESD sites were performed at all surveillance 
periods visits, allowing us to collect relatively accurate information for evaluation of the ESD site. Although 
further studies are required, our findings suggest that ESD site biopsy is an important component of surveillance 
endoscopy, especially in patients with protruded scars.

A few studies reported that the initial pathology, whether EGC or adenomas, had no effect on recurrence after 
endoscopic  resection9,21. These studies indicated that selecting a high-risk group for adenomas is critical, and 
surveillance at the level of EGC is required; frequent endoscopic follow-up is needed for patients with high risk 

Table 1.  Baseline characteristics of enrolled patients after endoscopic submucosal dissection with curative 
resection. ESD, endoscopic submucosal dissection; n, number; NA, not applicable; SD, standard deviation. 
*Non-recurrence vs. recurrence. **Fisher’s exact test was applied. a (Area of the specimen − area of the 
lesion)/1000. b If ulceration was observed at the first follow-up, scar morphology was evaluated according to 
endoscopy at the 6-month follow-up.

Total
(n = 698)

No recurrence
(n = 647)

Recurrence
(n = 51) P-value*

Age, mean ± SD, years 61.8 ± 10.0 61.5 ± 10.1 66.0 ± 8.7  < 0.01

Sex, n (%) 0.01

Male 498 (71.3) 454 (70.2) 44 (86.3)

Female 200 (28.7) 193 (29.8) 7 (13.7)

Location, n (%) 0.60

Upper third 28 (4.0) 27 (4.2) 1 (2.0)

Middle third 256 (36.7) 239 (36.9) 17 (33.3)

Lower third 414 (59.3) 381 (58.9) 33 (64.7)

Lesion diameter

Mean ± SD, mm 17.9 ± 8.3 17.8 ± 8.3 19.4 ± 8.5 0.17

 ≤ 10 mm, n (%) 150 (21.5) 143 (22.1) 7 (13.7)

11–20 mm, n (%) 365 (52.3) 338 (52.2) 27 (52.9)

21–30 mm, n (%) 137 (19.6) 125 (19.3) 12 (23.5)

 > 30 mm, n (%) 46 (6.6) 41 (6.3) 5 (9.8)

Gross morphology type, n (%) 0.20

Elevated/flat 669 (95.8) 618 (9.5) 51 (100.0)

Depressed 29 (4.2) 29 (4.5)

Number of lesion, n (%)

Single 634 (90.8) 592 (91.5) 42 (82.4) 0.04**

Multiple 64 (9.2) 55 (8.5) 9 (17.6)

Atrophy gastritis, n (%) 500 (71.6) 454 (70.2) 46 (90.2)  < 0.01

Antrum 180 (36.0) 171 (37.7) 9 (19.6)

Expanded to the lesser curvature of the body 269 (53.8) 240 (52.9) 29 (63.0)

Entire stomach 51 (10.2) 43 (9.4) 8 (17.4)

Intestinal metaplasia, n (%) 534 (76.5) 489 (75.6) 45 (88.2) 0.04

Helicobacter pylori infection, n (%) 0.95

Current 203 (29.1) 188 (29.1) 15 (29.4)

Previous (including eradicated) 167 (23.9) 154 (23.8) 13 (25.5)

None 328 (47.0) 301 (46.5) 23 (45.1)

Specimen area − lesion  areaa, mean ± SD,  mm2 2.4 ± 1.4 2.4 ± 1.3 2.7 ± 1.6 0.19

Total procedure time 50.8 ± 32.7 51.2 ± 33.3 46.2 ± 24.6 0.30

Fibrosis during ESD, n (%) 131 (18.8) 127 (19.6) 4 (7.8) 0.04

Presence of ulceration at 1st follow-up, n (%) 17 (2.4) 16 (2.5) 1 (2.0) 0.82

Scar morphology at 1st follow-upb, n (%)  < 0.001

Flat scar 642 (92.0) 602 (93.0) 40 (78.4)

Protruded scar 56 (8.0) 45 (7.0) 11 (21.6)

Discrepancy, n (%) 0.85

Downgrade and concordant 647 (92.8) 600 (92.9) 47 (92.2)

Upgrade 50 (7.2) 46 (7.1) 4 (7.8)
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for gastric adenomas but can be reduced in the low-risk group. In our study, 68.1% of patients (475 patients) of 
the entire adenoma group are suggested to undergo endoscopic screening through the Korean National Cancer 
Screening Program.

We estimated the cumulative density function of recurrence from the Cox proportional hazard model with 
interval censoring and cubic spline baseline hazard for each risk group. The hazard rate was limited to the num-
ber of events per unit time and already determined by estimated models and assumptions. We facilitated the 
probability of occurrence of the incidence of recurrence in a given time interval. According to current data and 
literature, the recurrence limit was assumed at 7.0%. Based on this limit, we adjusted surveillance intervals to 
not exceed this limit; thus, patients following this surveillance schedule have a lower risk of recurrence between 
surveillance intervals.

There were some limitations to our study. First, this study was a retrospective and single-center study. Thus, 
selection bias might have occurred, and population validation is needed. While our study used 13-year data, a 

Figure 2.  Incidence of recurrence after endoscopic submucosal dissection with curative resection in the 
Kaplan–Meier plot.

Table 2.  Incidence and characteristics of recurrent tumor. Values are number of cases with percent in 
parentheses.

Residual disease Local recurrence Synchronous lesion Metachronous lesion

No. of recurrence, n (%) 7 (1.0) 6 (0.9) 7 (1.0) 31 (4.4)

Median duration of recurrence, month (range) 9 (3–12) 24 (18–60) 12 (12–12) 36 (15–84)

Pathology of recurrence, n (%)

Adenoma 5 (0.7) 6 (0.9) 4 (0.6) 22 (3.2)

 Low-grade dysplasia 4 (0.6) 5 (0.7) 4 (0.6) 19 (2.7)

 High-grade dysplasia 1 (0.1) 1 (0.1) 3 (0.4)

Adenocarcinoma 2 (0.3) 3 (0.4) 9 (1.3)

 Differentiated 2 (0.3) 2 (0.3) 6 (0.9)

 Undifferentiated 1 (0.1) 3 (0.4)

Table 3.  Risk groups categorization according to the associated risk factor for recurrence after endoscopic 
submucosal dissection with curative resection gastric adenoma and five-year recurrence free survival rate. CI, 
confidence interval.

Risk group Risk factors 5-year recurrence free survival rate, % (95% CI)

A1 Male, protruded scar, age ≥ 59 years 55.8 (39.1–79.8)

A2 Female, protruded scar, age ≥ 59 years 77.2 (59.6–100)

A3 Male, flat scar, age ≥ 59 years 81.0 (74.9–87.7)

A4 Male, protruded scar, age < 59 years 84.0 (72.7–97.2)

A5 Female, flat scar, age ≥ 59 years 91.1 (84.9–97.7)

A6 Female, protruded scar, age < 59 years 92.6 (84.7–100)

A7 Male, flat scar, age < 59 years 93.9 (90.0–98.1)

A8 Female, flat scar, age < 59 years 97.3 (94.7–99.9)
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better surveillance schedule could be established if complemented by multicenter and multinational populations, 
as the selection of risk factors is significant. Second, the validation of tolerable risk limits used to determine 
the suggested surveillance intervals might have been required. Our study intervals were established based on 
recurrence rates in the literature and long-term data from our center; a difference in these values may result in a 
difference in the suggested surveillance interval. Third, the validation of tolerable risk limits used to determine 
the suggested surveillance intervals might have been required. In our study, the intervals were established based 
on recurrence rates in  literature9,19–23 and the long-term data from our center because a difference in these values 

Figure 3.  Cumulative density function plots for incidence of recurrence by risk factor categories in gastric 
adenoma after endoscopic submucosal dissection with curative resection. Current follow-up endoscopy after 
endoscopic submucosal dissection (ESD) was performed uniformly at 3, 6, 12, 18, 24 months and annually 
thereafter for all patients. The cumulative density of recurrence over time was estimated from the Cox 
proportional hazard model with interval censoring with identified risk factors. Using this estimated cumulative 
density plot, the surveillance time point when recurrence could be detected was assessed to not exceed the 
tolerance risk limit of 7%, and the cumulative risk between surveillance intervals on average was less than or 
equal to this limit. It is advised to have the risk-group specific follow-up schedule based on the risk group of a 
patient.

Table 4.  Suggested surveillance interval according to risk factor categorization in patients with gastric 
adenoma after endoscopic submucosal dissection with curative resection. ESD, endoscopic submucosal 
dissection. a Predicted visit number by groups up to 60 months. b Mean recurrence rate between visits.

Group Risk factors

Follow-up schedules after ESD
Total 
 visita Riskb (%)3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60

A1

Male

√ √ √ √ √ √ √ 7 6.82Protruded scar

Age ≥ 59 years

A2

Female

√ √ √ √ 4 6.97Protruded scar

Age ≥ 59 years

A3

Male

√ √ √ √ 4 6.27Flat scar

Age ≥ 59 years

A4

Male

√ √ √ 3 6.96Protruded scar

Age < 59 years

A5

Female

√ √ 2 6.95Flat scar

Age ≥ 59 years

A6

Female

√ √ 2 6.77Protruded scar

Age < 59 years

A7

Male

√ √ 2 6.04Flat scar

Age < 59 years

A8

Female

√ 1 –Flat scar

Age < 59 years
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may result in a difference in the suggested surveillance interval. Fourth, we could not accurately evaluate the role 
of H. pylori infection in recurrence because this study has a retrospective design and lacks a time limit for the 
occurrence of reinfection after curative resection. The role of H. pylori infection and eradication in the recur-
rence requires further study. Fifth, although the percentage of patients with atrophic gastritis was 71.6% in our 
study, the proportion of uninfected patients with H. pylori were relatively high (47.0%). At our center, a rapid 
urease test and histopathologic evaluation are performed to check the status of H. pylori infection; however, this 
is associated with sampling error, which is insufficient to accurately confirm the infection status. Sixth, given the 
substantial duration of follow up in our study, we excluded many patients (n = 1029) due to short-term follow 
up only or the absence of 3-month endoscopic results, which may have caused selection bias. Seventh, although 
residual tumor/local recurrence and synchronous/metachronous gastric cancer are associated with different 
tumor characteristics, we did not include subdivisions based on recurrence type in the risk factor analysis, as 
we aimed to develop a simple surveillance strategy that relies on minimal risk factors for use in actual clinical 
practice. Eighth, it is difficult to clearly explain the recurrence at the ESD site (residual disease/local recurrence) 
after ESD with curative resection of the lesion. The current diagnosis was maintained in the pathologic review, 
but additional studies are needed to determine whether an evaluation is limited by cautery damage or by the 
occurrence of new lesions at the ESD site. Finally, although submucosal fibrosis did not affect recurrence, there 
was a difference in the baseline characteristics between the recurrence and non-recurrence groups, and we could 
not find the exact reason.

In conclusion, it is important to carry out surveillance endoscopy to detect recurrence after ESD with curative 
resection for gastric adenoma. Surveillance intervals could be changed depending on risk factors instead of a uni-
form surveillance endoscopic interval for all patients. The surveillance strategy should not be determined based 
on the final diagnosis alone. A surveillance interval strategy determined according to risk factors would enable 
physicians to detect recurrence in early stages, reduce the number of unnecessary surveillance examinations 
in patients and avoid additional costs, or encourage patients to undergo additional surveillance examinations 
for close monitoring and treatment. We believe this analysis is the first to provide a risk factor-based model of 
surveillance intervals after ESD by using the cumulative density of recurrence in the Cox proportional hazard 
model. Further research through multicenter and multination studies is required for validation, which will 
contribute to the development of an optimal surveillance strategy in patients with gastric adenoma after ESD.

Data availability
The datasets analyzed during the current study are available from the corresponding author on reasonable 
request.

Received: 23 April 2021; Accepted: 14 October 2021

References
 1. Fujiwara, Y. et al. Diagnosis of borderline adenomas of the stomach by endoscopic mucosal resection. Endoscopy 28, 425–430. 

https:// doi. org/ 10. 1055/s- 2007- 10055 05 (1996).
 2. Di Gregorio, C., Morandi, P., Fante, R. & De Gaetani, C. Gastric dysplasia. A follow-up study. Am. J. Gastroenterol. 88, 1714–1719 

(1993).
 3. Lauwers, G. Y. & Riddell, R. H. Gastric epithelial dysplasia. Gut 45, 784–790. https:// doi. org/ 10. 1136/ gut. 45.5. 784 (1999).
 4. Sakurai, U. et al. Gastric high-grade dysplasia can be associated with submucosal invasion: Evaluation of its prevalence in a series 

of 121 endoscopically resected specimens. Am. J. Surg. Pathol. 38, 1545–1550. https:// doi. org/ 10. 1097/ PAS. 00000 00000 000274 
(2014).

 5. Kim, Y. J. et al. Histologic diagnosis based on forceps biopsy is not adequate for determining endoscopic treatment of gastric 
adenomatous lesions. Endoscopy 42, 620–626. https:// doi. org/ 10. 1055/s- 0030- 12555 24 (2010).

 6. Noh, C. K. et al. Analysis of endoscopic features for histologic discrepancies between biopsy and endoscopic submucosal dissection 
in gastric neoplasms: 10-year results. Dig. Liver Dis. 51, 79–85. https:// doi. org/ 10. 1016/j. dld. 2018. 08. 027 (2019).

 7. Farinati, F., Rugge, M., Di Mario, F., Valiante, F. & Baffa, R. Early and advanced gastric cancer in the follow-up of moderate and 
severe gastric dysplasia patients. A prospective study. I.G.G.E.D.—Interdisciplinary Group on Gastric Epithelial Dysplasia. Endos-
copy 25, 261–264. https:// doi. org/ 10. 1055/s- 2007- 10103 10 (1993).

 8. Pimentel-Nunes, P. et al. Endoscopic submucosal dissection: European Society of Gastrointestinal Endoscopy (ESGE) guideline. 
Endoscopy 47, 829–854. https:// doi. org/ 10. 1055/s- 0034- 13928 82 (2015).

Table 5.  Suggested surveillance interval according to risk factor categorization in patients with gastric 
adenoma after endoscopic submucosal dissection with curative resection. The risk factors are determined 
after 3 months follow-up endoscopy in patients with endoscopic submucosal dissection. Suggested follow-up 
schedule is established when the patient has all three risk factors (risk factor 1, 2, and 3). ESD, endoscopic 
submucosal dissection. a This number excludes 3 months follow-up endoscopy (1st follow up). b Biennial 
endoscopy is recommended if a protruded scar is noted at the 3-month follow-up endoscopy after ESD.

Risk factor 1 Risk factor 2 Risk factor 3 Suggested follow-up schedules after ESD Total  visita

Age ≥ 59 years
Protruded scar

Male 12, 18, 24, 33, 42, and 54 months 6

Female 18, 33, and 54 months 3

Flat scar Male 21, 42, and 60 months 3

Others Routine endoscopic checkup is  recommendedb 2.5

https://doi.org/10.1055/s-2007-1005505
https://doi.org/10.1136/gut.45.5.784
https://doi.org/10.1097/PAS.0000000000000274
https://doi.org/10.1055/s-0030-1255524
https://doi.org/10.1016/j.dld.2018.08.027
https://doi.org/10.1055/s-2007-1010310
https://doi.org/10.1055/s-0034-1392882


9

Vol.:(0123456789)

Scientific Reports |        (2021) 11:21408  | https://doi.org/10.1038/s41598-021-00969-1

www.nature.com/scientificreports/

 9. Park, T. Y. et al. Long-term outcomes of patients with gastric adenoma in Korea: A retrospective observational study. Medicine 99, 
e19553. https:// doi. org/ 10. 1097/ MD. 00000 00000 019553 (2020).

 10. Japanese Gastric Cancer Association. Japanese gastric cancer treatment guidelines 2018 (5th edition). Gastric Cancer 24, 1–21. 
https:// doi. org/ 10. 1007/ s10120- 020- 01042-y (2021).

 11. Schlemper, R. J. et al. The Vienna classification of gastrointestinal epithelial neoplasia. Gut 47, 251–255. https:// doi. org/ 10. 1136/ 
gut. 47.2. 251 (2000).

 12. Arantes, V. et al. Polypoid nodule scar after gastric endoscopic submucosal dissection: Results from a multicenter study. Endosc. 
Int. Open 6, E1198–E1203. https:// doi. org/ 10. 1055/a- 0607- 2452 (2018).

 13. Hahn, K. Y. et al. Incidence and impact of scheduled endoscopic surveillance on recurrence after curative endoscopic resection 
for early gastric cancer. Gastrointest. Endosc. 84, 628–638.e1. https:// doi. org/ 10. 1016/j. gie. 2016. 03. 1404 (2016).

 14. Park, Y. H. & Kim, N. Review of atrophic gastritis and intestinal metaplasia as a premalignant lesion of gastric cancer. J. Cancer 
Prev. 20, 25–40. https:// doi. org/ 10. 15430/ JCP. 2015. 20.1. 25 (2015).

 15. Matsumoto, A. et al. Outcome of endoscopic submucosal dissection for colorectal tumors accompanied by fibrosis. Scand. J. 
Gastroenterol. 45, 1329–1337. https:// doi. org/ 10. 3109/ 00365 521. 2010. 495416 (2010).

 16. Mandrekar, J., Mandrekar, S. & Cha, S. Cutpoint determination methods in survival analysis using SAS®. In Proceedings of the 28th 
SAS Users Group International Conference (SUGI), Seattle, WA, Mar 30-Apr 2, 261–228, https:// suppo rt. sas. com/ resou rces/ papers/ 
proce edings/ proce edings/ sugi28/ 261- 28. pdf (2003).

 17. Contal, C. & O’Quigley, J. An application of changepoint methods in studying the effect of age on survival in breast cancer. Comput. 
Stat. Data Anal. 30, 253–270 (1999).

 18. Royston, P. & Parmar, M. K. Flexible parametric proportional-hazards and proportional-odds models for censored survival data, 
with application to prognostic modelling and estimation of treatment effects. Stat. Med. 21, 2175–2197. https:// doi. org/ 10. 1002/ 
sim. 1203 (2002).

 19. Catalano, F. et al. The impact of experience on short- and long-term outcomes on gastric ESD: A western series. Updates Surg. 71, 
359–365. https:// doi. org/ 10. 1007/ s13304- 019- 00628-1 (2019).

 20. Nam, H. S. et al. Endoscopic predictive factors associated with local recurrence after gastric endoscopic submucosal dissection. 
Scand. J. Gastroenterol. 53, 1000–1007. https:// doi. org/ 10. 1080/ 00365 521. 2018. 14841 53 (2018).

 21. Chang, J. Y. et al. Comparison of clinical outcomes after endoscopic submucosal dissection and surgery in the treatment of early 
gastric cancer: A single-institute study. Medicine 96, e7210. https:// doi. org/ 10. 1097/ MD. 00000 00000 007210 (2017).

 22. Baek, D. H. et al. Gastric epithelial dysplasia: cCaracteristics and long-term follow-up results after endoscopic resection according 
to morphological categorization. BMC Gastroenterol. 15, 17. https:// doi. org/ 10. 1186/ s12876- 015- 0249-7 (2015).

 23. Kim, S. Y. et al. Is endoscopic mucosal resection a sufficient treatment for low-grade gastric epithelial dysplasia?. Gut Liver 6, 
446–451. https:// doi. org/ 10. 5009/ gnl. 2012.6. 4. 446 (2012).

 24. Choi, C. W. et al. Endoscopic submucosal dissection as a treatment for gastric adenomatous polyps: Predictive factors for early 
gastric cancer. Scand. J. Gastroenterol. 47, 1218–1225. https:// doi. org/ 10. 3109/ 00365 521. 2012. 666674 (2012).

 25. Moon, H. S. et al. Risk factors for metachronous gastric carcinoma development after endoscopic resection of gastric dysplasia: 
Retrospective, single-center study. World J. Gastroenterol. 23, 4407–4415. https:// doi. org/ 10. 3748/ wjg. v23. i24. 4407 (2017).

 26. Nam, H. S. et al. Characteristics of overlooked synchronous gastric epithelial neoplasia after endoscopic submucosal dissection. 
Medicine 97, e12536. https:// doi. org/ 10. 1097/ MD. 00000 00000 012536 (2018).

 27. Bae, S. E. et al. Effect of Helicobacter pylori eradication on metachronous recurrence after endoscopic resection of gastric neoplasm. 
Am. J. Gastroenterol. 109, 60–67. https:// doi. org/ 10. 1038/ ajg. 2013. 404 (2014).

Acknowledgements
The authors thank Woohyun Cho (Medical information & media center, Ajou university school of medicine) for 
providing editing services for images and illustrations. She did not receive compensation.

Author contributions
C.-K.N. and E.L. contributed equally to this work. C.-K.N.: planning the study design, reviewing the data, 
analyzing the data, and drafting the manuscript. E.L.: analyzing, reviewing the statistical data, and drafting 
the manuscript. G.H.L. and S.G.L.: planning the study design and collecting the data. J.R. and Y.B.K.: review 
of pathologic data. K.M.L.: developing the study concept and interpreting the data. B.P. and S.J.S.: drafting the 
manuscript and critically revising the manuscript. All authors approved the final version of the article and agree 
to be accountable for all aspects of the work.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 021- 00969-1.

Correspondence and requests for materials should be addressed to B.P. or S.J.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1097/MD.0000000000019553
https://doi.org/10.1007/s10120-020-01042-y
https://doi.org/10.1136/gut.47.2.251
https://doi.org/10.1136/gut.47.2.251
https://doi.org/10.1055/a-0607-2452
https://doi.org/10.1016/j.gie.2016.03.1404
https://doi.org/10.15430/JCP.2015.20.1.25
https://doi.org/10.3109/00365521.2010.495416
https://support.sas.com/resources/papers/proceedings/proceedings/sugi28/261-28.pdf
https://support.sas.com/resources/papers/proceedings/proceedings/sugi28/261-28.pdf
https://doi.org/10.1002/sim.1203
https://doi.org/10.1002/sim.1203
https://doi.org/10.1007/s13304-019-00628-1
https://doi.org/10.1080/00365521.2018.1484153
https://doi.org/10.1097/MD.0000000000007210
https://doi.org/10.1186/s12876-015-0249-7
https://doi.org/10.5009/gnl.2012.6.4.446
https://doi.org/10.3109/00365521.2012.666674
https://doi.org/10.3748/wjg.v23.i24.4407
https://doi.org/10.1097/MD.0000000000012536
https://doi.org/10.1038/ajg.2013.404
https://doi.org/10.1038/s41598-021-00969-1
https://doi.org/10.1038/s41598-021-00969-1
www.nature.com/reprints


10

Vol:.(1234567890)

Scientific Reports |        (2021) 11:21408  | https://doi.org/10.1038/s41598-021-00969-1

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

http://creativecommons.org/licenses/by/4.0/

	Risk factor-based optimal endoscopic surveillance intervals after endoscopic submucosal dissection for gastric adenoma
	Methods
	Patients. 
	ESD procedures and histopathologic evaluation. 
	Definition of ESD outcomes and recurrence. 
	Definitions of candidate risk factors for recurrence. 
	Helicobacter pylori evaluation. 
	Follow-up schedule. 
	Statistical analysis and development of proposed surveillance intervals. 

	Results
	Baseline characteristics. 
	Incidence and pathologic characteristics of recurrent tumor. 
	Development of surveillance interval according to the risk group. 

	Discussion
	References
	Acknowledgements


