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14School of Medicine, University of California San Diego, San Diego, California

Abstract

BACKGROUND AND AIMS: Traditional serrated adenomas (TSAs) may confer increased risk 

for colorectal cancer (CRC). Our objective with this study was to examine clinical characteristics 

and long-term outcomes associated with TSA diagnosis.

METHODS: We conducted a retrospective cohort study of U.S. Veterans ≥18 years of age 

with ≥1 TSA between 1999 and 2018. Baseline characteristics, colonoscopy findings, and 

diagnosis of incident and fatal CRC were abstracted. Advanced neoplasia was defined by CRC or 

adenoma with high-grade dysplasia, villous histology, or size ≥1 cm. Follow-up was through CRC 

diagnosis, death, or end of study (December 31, 2018).

RESULTS: A total of 853 Veterans with a baseline TSA were identified; 74% were ≥60 years 

of age, 96% were men, 14% were Black, and 73% were non-Hispanic White. About 64% were 

current or former smokers. Over 2044 total person-years at follow-up, there were 11 incident 

CRC cases and 1 CRC death. Cumulative CRC incidence was 1.34% (95% confidence interval 

[CI], 0.67%–2.68%), and cumulative CRC death was 0.12% (95% CI, 0.00%–0.35%). Among 

the subset of 378 TSA patients with ≥1 surveillance colonoscopy, 65.1% had high-risk neoplasia 

on follow-up. CRC incidence among TSA patients was significantly higher than in a comparison 

cohort of patients with normal baseline colonoscopy at baseline (hazard ratio, 3.70; 95% CI, 1.63–

8.41) and similar to a comparison cohort with baseline conventional advanced adenoma (hazard 

ratio, 0.86; 95% CI, 0.45–1.64).

CONCLUSION: Individuals with TSA have substantial risk for CRC based on their cumulative 

CRC incidence, as well as significant risk of developing other high-risk neoplasia at follow-up 

surveillance colonoscopy. These data underscore importance of current recommendations for close 

colonoscopy surveillance after TSA diagnosis.

Graphical Abstract

Keywords

Colonoscopy; Traditional Serrated Adenoma; Conventional Advanced Adenoma; Colorectal 
Cancer

Colorectal cancer (CRC) is the second leading cause of cancer death among men and women 

combined in the United States.1 Traditional serrated adenomas (TSAs) are one of several 
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precursor epithelial polyps that can develop into CRC.2 TSAs are the least common type of 

serrated polyp, making up only 5% of all serrated polyp diagnoses, but are thought to be 

lesions that have high risk for CRC progression.2–4

The U.S. Multi-Society Task Force on Colorectal Cancer recommends individuals with a 

TSA receive a repeat colonoscopy in 3 years.5 However, the quality of evidence supporting 

that recommendation is low, mainly because long-term outcomes after TSA diagnosis have 

not been well established.6 Due in part to their rarity, few studies have been conducted 

to characterize TSAs further, and have been limited by sample size or longitudinal follow-

up.7,8 To address this knowledge gap, we conducted a retrospective observational cohort 

study of individuals with a TSA diagnosis within the Veterans Health Administration (VHA) 

to describe baseline characteristics and outcomes on subsequent surveillance exams.

Materials and Methods

Cohort Inclusion and Exclusion Criteria

We conducted a retrospective cohort study of Veterans exposed to colonoscopy between 

1999 and 2018 receiving care within the VHA—the Veterans Affairs (VA) Colonoscopy 

cohort—to identify veterans ≥18 years of age with TSA diagnosis. Prior to initiation, 

approval to conduct our study was obtained from the VA San Diego Institutional Review 

Board.

The primary data source used was the VA’s Corporate Data Warehouse (CDW), a repository 

of usual care structured and unstructured health care data that have been captured from 

clinical encounters throughout the VHA.9 To assemble the primary study cohort, we first 

identified individuals exposed to colonoscopy with any TSA diagnosis.

TSA diagnosis was identified using a previously developed natural language processing 

(NLP)–based search strategy of pathology reports demonstrated to have 95% sensitivity 

and specificity for identifying microscopic diagnoses based on polyp histology. The NLP 

strategy was developed through an iterative process that included clinical annotation of 

free text notes, development of search pipelines to extract key concepts of interest such 

as histology, and validation of the accuracy of NLP output results through manual chart 

reviews of a random sample of notes. Post-NLP processing, summary variables (such as 

for TSA diagnosis) were created. The first colonoscopy associated with a TSA diagnosis 

was defined as the baseline (index) exam. A stepwise process was implemented to assemble 

the primary analytic cohort. First, using discrete data available through queries of the VA 

CDW, we excluded patients with a history of CRC based on International Classification of 

Diseases–Ninth Revision diagnosis codes. Next, using manual chart review, we excluded 

individuals with evidence of CRC prior to baseline, CRC diagnosis within 60 days of 

baseline exam, missing documentation of TSA in a pathology report, or documentation that 

the TSA was incompletely resected at time of baseline colonoscopy. Thus, all individuals 

included had manual chart-review confirmed TSA diagnosis, and ascertainment of outcomes 

using manual chart review.
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Exposures, Outcomes, and Covariates

Colonoscopy exposure was defined by data queries which identified the date for baseline 

and surveillance exams. Manual chart reviews were performed to abstract data associated 

with baseline colonoscopy and subsequent surveillance colonoscopies. Follow-up continued 

until the time of death, CRC diagnosis, or through December 31, 2018, whichever came 

first.

We ascertained demographic characteristics of patients with TSA, as well as body mass 

index (BMI), smoking status, and aspirin exposure from CDW data, using date of TSA 

diagnosis as the reference date. Discrete data such as demographic characteristics, procedure 

and diagnostic codes, and anthropometric measurements, as well as free-text procedure and 

pathology reports, are included.9

Clinical notes 30 days before and 60 days after baseline colonoscopy were manually 

reviewed to ascertain exam data, as well as to confirm and address any missing data 

on demographics or baseline characteristics found through our CDW query. For baseline 

and surveillance exams, colonoscopy and pathology reports were reviewed to abstract 

the number, location, shape, size, and histology of polyps. Due to variabilities in clinical 

documentation on colonoscopy reports, pathology reports were used to determine polyp size. 

Data were abstracted for up to 10 polyps from each report. If an individual had multiple 

microscopic histologic diagnoses listed due to pooling of multiple polyp specimens in a 

single pathology specimen jar, each diagnosis was abstracted at least once to ensure all 

outcomes were captured. Of note, findings at follow-up colonoscopy performed within 6 

months of baseline were counted as part of baseline findings.

Conventional advanced adenoma (AA) was defined as an adenoma ≥10 mm in size, an 

adenoma with tubulovillous or villous histology, an adenoma with high-grade dysplasia, 

or carcinoma in situ. Conventional advanced neoplasia was defined as conventional AA or 

adenocarcinoma. A large serrated polyp (LSP) was defined as any serrated polyp ≥10 mm 

in size. For characterization of LSPs, the definition of serrated polyp included hyperplastic 

polyps; sessile serrated adenomas (SSAs), sessile serrated polyps (SSPs), or sessile serrated 

lesions (SSLs); and TSAs. High-risk neoplasia was defined by us as having LSP, TSA, 

or conventional AA, as these are lesions that increase risk of subsequent CRC. The worst 

baseline finding at index colonoscopy was noted for each patient based on the following 

order of lesion severity: conventional AA, LSP, and conventional nonadvanced adenoma 

(NAA). For the subset of individuals who had 2 surveillance colonoscopies subsequent 

to baseline TSA diagnosis, we characterized findings at second surveillance colonoscopy 

stratified by findings at first surveillance exam, as previously described.5

CRC diagnosis was confirmed with the presence of an adenocarcinoma diagnosis in a 

pathology report resulting from a biopsy or polypectomy, or using the Oncology Domain, a 

resource available in VHA to identify incident cancer cases.10 Deaths were ascertained using 

VA Vital Status files, which have high sensitivity for capture of mortality. CRC death was 

ascertained via linkage to National Death Index cause-specific mortality data.
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Statistical Analysis

Subject demographic and clinical characteristics were summarized for the study population 

using descriptive statistics. Colonoscopy exposure, as well as findings at follow-up among 

patients with ≥1 surveillance colonoscopy, were estimated using proportions and median 

values, as appropriate.

Cumulative incidence of CRC and fatal CRC was estimated using Kaplan-Meier estimation, 

and bootstrapped 95% confidence intervals (CIs) among all individuals, with follow-up 

through CRC diagnosis, death, or end of study period (December 31, 2018).

In a secondary analysis, we compared cumulative risk for incident and fatal CRC among 

patients with TSA with 2 matched cohorts without baseline TSA: one cohort comprised 

patients with normal baseline colonoscopy and one cohort of patients with conventional 

AA at baseline. Normal colonoscopy and conventional AA were identified using previously 

developed NLP algorithms. TSA patients were age and sex matched at a 1:4 ratio to 

non-TSA patients. The baseline exams for these matched cohorts occurred over the same 

observation window used to identify individuals with baseline TSA (1999–2018). For the 

matched cohorts, incident and CRC on follow-up were ascertained using the methods 

described previously, or cause-specific mortality data indicating CRC. Hazard ratios (HRs) 

were used to compare CRC incidence and CRC mortality between the TSA group and 

the normal colonoscopy or conventional AA groups. We used R 4.0.2 (R Foundation for 

Statistical Computing, Vienna, Austria) to conduct all statistical analyses. This study was 

approved by the VA San Diego Institutional Review Board.

Results

Baseline Characteristics

A cohort of 853 Veterans with TSA meeting inclusion criteria were identified from a pool of 

972 Veterans initially suspected to have a baseline colonoscopy with TSA diagnosis (Figure 

1). Reasons for exclusion were presence of baseline CRC (n = 69), absence of confirmed 

TSA at baseline colonoscopy (n = 32), incomplete TSA resection at baseline colonoscopy 

(n = 17), or absence of colonoscopy report for review (n = 1). Table 1 shows the baseline 

characteristics of the study cohort. Of 853 patients with TSA, 74% were ≥60 years of 

age, 96% were men, 72.7% were non-Hispanic White, 13.8% were Black, and 13.5% were 

other. Median BMI was 29.6 kg/m2, 64% were current or former smokers, and 45% had 

documented aspirin exposure at baseline TSA diagnosis. The average size of TSA was 8.5 

mm, and 28.3% were diagnosed in the proximal colon, 44.9% in the distal colon, and 25.7% 

in the rectum.

Over 4036 total person-years at follow-up there were 10 cases of incident CRC, 1 case of 

fatal CRC, and 60 non-CRC deaths; the remaining 793 individuals included in the cohort 

were alive at end of study follow-up. Median follow-up time was 2.0 (interquartile range, 

0.6–3.5) years. Exposure to ≥1 surveillance colonoscopy was observed for 44% (n = 378) 

of the cohort. The most significant baseline findings were TSA, AA, and LSP for 3.6% of 

patients; TSA and AA for 19.2%; TSA and LSP for 6.3%; TSA and NAA for 46%; and TSA 

only for 24.7% (Table 1).
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CRC and Neoplasia Outcomes

Among the 853 patients with TSA at baseline, 3-year cumulative CRC incidence was 0.83% 

(95% confidence interval [CI], 0.40%–1.74%) (Table 2) and 5-year cumulative incidence 

was 1.3% (95% CI, 0.67%–2.7%), with all observed CRC cases occurring within the first 5 

years of follow-up. Both the 3-year and 5-year cumulative rates of fatal CRC were 0.12% 

(95% CI, 0.00%–0.35%), with the only fatal case occurring within the first 3 years of 

follow-up.

There were 378 patients that had ≥1 follow-up surveillance colonoscopy. Among individuals 

with surveillance, the most significant finding was adenocarcinoma for 1.9%, TSA for 

5.6%, conventional AA for 45.2%, LSP for 12.4%, conventional NAA for 7.4%, small 

SSL for 10.1%, and no significant neoplasia for 17.4% (Table 3). High-risk neoplasia 

(adenocarcinoma, TSA, serrated polyp ≥10 mm, villous or tubulovillous adenoma, adenoma 

with high-grade dysplasia, or conventional adenoma ≥10 mm) was found among 65.1% of 

individuals at follow-up based on all surveillance exams recorded.

Table 4 shows the follow-up findings at the first and second surveillance examinations 

among individuals who had surveillance. Of 378 patients with surveillance exams, 56.3% 

(n = 213) were found to have high-risk neoplasia at first surveillance. Among these 213 

patients, 47.4% (n = 101) received a second surveillance exam. Proportion with high-risk 

neoplasia at second surveillance was 65.3% for those with high-risk neoplasia at first 

surveillance, 68.8% among those with low-risk neoplasia at first surveillance, and 47.7% 

among those with no neoplasia at first surveillance.

Comparison of Risk With Patients With Baseline Normal Colonoscopy or Conventional AA

The matched cohort of individuals with baseline normal colonoscopy included 3412 

patients. Over 26,781 total person-years at follow-up, there were 17 cases of incident CRC 

and 8 cases of fatal CRC. The matched cohort of individuals with baseline conventional 

AA included 3405 patients. Among these individuals over 20,049 total person years at 

follow-up, 57 cases of incident CRC and 6 cases of fatal CRC were identified.

Among the 3412 patients with normal colonoscopy at baseline, cumulative CRC incidence 

was 0.28% (95% CI, 0.10%–0.46%) at both 3 and 5 years of follow-up and cumulative fatal 

CRC was 0.09% (95% CI, 0.00%–0.19%) at both 3 and 5-years of follow-up. Compared 

with patients with a normal baseline colonoscopy, patients diagnosed with TSA were more 

likely to be diagnosed with CRC (HR, 3.70, 95% CI, 1.63–8.41); however, no significant 

difference in mortality was noted (HR, 1.16, 95% CI, 0.10–7.26) (Table 5).

Among the 3405 patients with conventional AA at baseline colonoscopy, 3-year cumulative 

CRC incidence was 1.32% (95% CI, 0.93%–1.71%) and 5-year cumulative incidence was 

1.61% (95% CI, 1.16%–2.06%). The 3-year cumulative rate of fatal CRC was 0.07% (95% 

CI, 0.00%–0.16%), and the 5-year rate was 0.22% (95% CI, 0.02%–0.43%). Compared 

with patients with conventional AA on baseline colonoscopy, there was no significant 

difference in CRC incidence or mortality when compared with patients diagnosed with TSA 

(incidence: HR, 0.86, 95% CI, 0.45–1.64; mortality: HR, 0.78, 95% CI, 0.09–6.53) (Table 

5).
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Discussion

In a cohort of 853 TSA patients with 4036 person-years at follow-up, cumulative 5-year 

CRC incidence was 1.3% and cumulative CRC mortality was 0.12%. Of 378 patients who 

received follow-up surveillance colonoscopy, proportion with high-risk neoplasia was 65.1% 

overall. Further, proportion with high-risk neoplasia at second surveillance remained very 

substantial (≥47%) even among individuals with no neoplasia at first surveillance exam, 

suggestive of persistent high risk for CRC. We also found a high proportion of individuals 

with potential risk factors for TSA such as older age, BMI ≥25 kg/m2, and smoking. TSA 

patients were found to have significantly higher risk of incident CRC when compared with 

patients with normal colonoscopy at baseline, and similar risk when compared with patients 

with conventional AA at baseline.

Few studies have examined risk for CRC among patients with TSA. A previous case cohort 

study from patients seen at Mayo Clinic estimated 1.67% developed CRC within a group 

of 1390 patients with advanced SSAs or SSPs or TSA at incident colonoscopy.11 One large 

longitudinal cohort study found that among 5918 participants with serrated polyps, defined 

by having any hyperplastic polyp, TSA, or SSAs or SSPs, with or without cytological 

dysplasia, the cumulative CRC incidence at 10 years was 0.4% among those with serrated 

polyps <10 mm and 1.1% among those with serrated polyps ≥10 mm.12 In another large 

longitudinal study, Li et al13 reported cumulative CRC incidences at 10 years of 14.8, 

30.2, and 5.9 per 1000 persons for individuals with proximal serrated polyps <10 mm, 

proximal serrated polyps ≥10 mm, and distal serrated polyps, respectively, with serrated 

polyps defined as having any hyperplastic polyp, SSA or SSP, TSA, or unspecified serrated 

polyp. In all 3 of these studies, analyses restricted to individuals with only TSA at baseline 

polypectomy were not reported. In contrast to these studies, we focused on characterizing 

outcomes among individuals with confirmed TSA and found that 5-year cumulative CRC 

incidence was 1.3% and 5-year cumulative CRC mortality was 0.12%.

We compared CRC incidence among patients with TSAs with matched cohorts of patients 

with baseline findings of no adenoma and conventional AAs. The incidence of CRC that 

we found in these groups was similar to those described in a large U.S. cohort study by 

Click et al,14 which demonstrated a 5-year CRC incidence of 0.28% among patients with 

no adenomas and 0.94% among patients with conventional AAs at baseline. These values 

fell within our reported ranges of CRC incidence at 5 years of 0.28% for patients with a 

normal colonoscopy at baseline and 1.6% for patients with conventional AAs at baseline. 

We also found an increased risk of incident CRC among patients with TSAs compared with 

those with no adenomas at baseline, with an HR of 3.70. These findings were consistent with 

Erichsen et al’s study7 demonstrating that patients with TSAs were nearly 5 times as likely 

to develop CRC at 10 years when compared with those with no adenomas (odds ratio, 4.84; 

95% CI, 2.36–9.93).

We found similar CRC incidence among patients with TSAs at baseline and those 

with conventional AAs at baseline, supporting the current same 3-year surveillance 

recommendation for patients with TSAs and conventional AA after baseline polypectomy.5
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Within our cohort, almost 2 in 3, or 65.1%, individuals with baseline TSA developed 

high-risk neoplasia on follow-up. Few other studies have examined risk for metachronous 

advanced neoplasia among individuals with TSA at baseline. One study with 200 TSA 

patients estimated the incidence of high-grade dysplasia or carcinoma to be 9.3%.15 

Yoon et al16 compared follow-up outcomes of 186 individuals with TSAs with an age- 

and sex-matched group of 372 individuals with conventional adenomas and found that 

proportion with a high-risk polyp (defined as having 3 or more conventional adenomas 

or any conventional AA) was 47.3% among those with TSA and 32% among those 

with conventional adenoma. Our study demonstrates a higher rate of developing high-risk 

neoplasia following a diagnosis of a TSA than seen in prior studies, further supporting 

current guideline recommendations for surveillance colonoscopy 3 years after TSA 

diagnosis, and may indicate that an even shorter follow-up interval may be needed to address 

ongoing risk during follow-up.6

Our study provides novel insights regarding the potential yield of serial surveillance 

colonoscopy among patients with TSA. In the subset of patients who underwent 

2 surveillance colonoscopies, the proportion with high-risk neoplasia at the second 

surveillance colonoscopy was 47.7% among individuals with no neoplasia at first 

surveillance, 68.8% among individuals with low-risk neoplasia at first surveillance, and 

65.3% among individuals with high-risk neoplasia at first surveillance. These findings 

suggest that regardless of findings at first surveillance, patients with a baseline TSA 

may remain at persistently increased risk for high-risk neoplasia on follow-up and merit 

continued close (eg, 3-year) surveillance after a first surveillance exam.

Importantly, we observed that fewer than 45% of patients with TSA at baseline had a 

surveillance exam, despite significant rates of high-risk neoplasia on follow-up among 

those who did complete surveillance. This suggests a need to promote greater awareness 

and adherence to current guideline recommendations for patients with TSA to receive 

surveillance colonoscopy at most 3 years from baseline.

Our findings confirm and extend results from prior studies regarding characteristics of 

patients with TSA. Other studies have identified ≥50 years of age and current smoking as 

being prevalent among patients with TSA, similar to our findings.17,18 Kim et al17 reported 

that compared with individuals with conventional adenoma, those with TSA were more 

likely to be ≥50 years of age, have hypertension, and be current smokers. A case-control 

study by Pyo et al18 reported that individuals with TSA, compared with those with normal 

colonoscopy, were more likely to be ≥50 years of age, have obesity, and have higher 

triglyceride levels; smoking was not associated with a statistically significant increased risk. 

In our study, we did not collect data on hypertension or triglyceride levels, precluding an 

analysis of the association of these factors with TSAs. Older age represents a greater time 

for potential carcinogenic exposures.17 The carcinogenic effects of cigarette smoking may 

affect the development of polyps like TSAs.17 Obesity, indicated by a BMI ≥30 kg/m2, 

and more specifically adiposity, have been previously identified as a risk factor for colon 

cancer and adenoma, with adiposity theorized to promote adenoma growth or the existence 

of some central metabolic characteristics associated with adiposity and colon cancer risk.19 

The observed association of hypertension, obesity, and elevated triglycerides may point 
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to involvement of pathophysiologic factors such as decreased insulin sensitivity in the 

development of TSAs, as has been previously postulated.17 Further research is necessary 

to investigate the mechanisms by which age, smoking, obesity, elevated triglycerides, and 

hypertension may be associated with risks for TSA.

Limitations of this study include a focus on a mostly male and White population of Veterans. 

Pathologic diagnoses were based on usual care reports, and could be subject to interobserver 

variability, which could have resulted in both under- and overdiagnosis of serrated lesions. 

Polyp size was obtained from gross measurements from pathology reports, which may 

have resulted in both under- or overestimation of polyp size. Variability in serrated lesion 

diagnosis or polyp size estimation could impact the precision of our estimates of baseline 

characteristics and follow-up outcomes, though we postulate that any variability would 

reflect what is seen in usual clinical practice, given that this was a national sample. Strengths 

include inclusion of one of the largest cohorts of TSA patients to date (N = 853), with 

over 2044 total person-years at follow-up, an analysis that included rigorous ascertainment 

and reporting of CRC specific incidence and mortality, sampling from a large, nationally 

representative cohort of Veterans, and use of manual chart review to ensure accurate capture 

of polyp, colonoscopy, and other key data.16

In conclusion, we found having a TSA was associated with substantial cumulative risk for 

incident and fatal CRC, and that approximately 2 in 3 individuals with baseline TSA had 

high-risk neoplasia at surveillance colonoscopy. These findings support close colonoscopic 

surveillance of patients with TSA.
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What You Need to Know

Background

Traditional serrated adenomas (TSAs) are understudied lesions that may confer a high 

risk of progression to colorectal cancer (CRC). We conducted a retrospective cohort 

study of U.S Veterans diagnosed with a TSA over a 17-year span to determine long-term 

outcomes after diagnosis.

Findings

Cumulative CRC incidence was 1.34%, significantly higher than in patients with a 

normal baseline colonoscopy, and similar to patients with baseline conventional advanced 

adenoma. A total of 65.1% of patients with a subsequent surveillance colonoscopy were 

diagnosed with high-risk neoplasia on follow-up.

Implications for patient care

Patients diagnosed with TSAs are at significant risk for development of CRC and 

high-risk neoplasia, underscoring the importance of current recommendations for close 

surveillance in this population.
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Figure 1. 
Study flow.
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Table 3.

Most Significant Neoplasia on Follow-Up Among TSA Patients With ≥1 Surveillance Colonoscopy (n = 378)

Variable n %

Most advanced finding by histology and sizea

 Adenocarcinoma 7 1.9

 TSA 21 5.6

 Conventional AA 171 45.2

 LSP 47 12.4

 Conventional NAA 28 7.4

 SSL <10 mm 38 10.1

 No finding 66 17.4

Aggregate most advanced findinga

 High-risk neoplasiab 246 65.1

 Low-risk neoplasiac 66 17.5

 No finding 66 17.5

AA, advanced adenoma; LSP, large serrated polyp; NAA, nonadvanced adenoma; SSL, sessile serrated lesion; TSA, traditional serrated adenoma.

a
Categories are mutually exclusive, and listed in descending order of severity.

b
Adenocarcinoma, TSA, serrated polyp ≥10 mm, villous or tubulovillous adenoma, adenoma with high-grade dysplasia, or conventional adenoma 

10 mm.

c
Conventional adenoma <10 mm or sessile serrated adenoma, sessile serrated polyp, or SSL <10 mm.
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