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Background: Several studies have shown that colorectal adenomas are the most

important precancerous lesions. The colonoscopic identification of groups with

the high risk of malignant colorectal adenomas remains a controversial issue

for clinicians.

Aims: To evaluate the basic characteristics of colorectal adenomas with

malignancy risk using high-grade dysplasia (HGD) as an alternative marker for

malignant transformation.

Methods: Data from Shanghai General Hospital between January 2017 and

December 2021 were retrospectively analyzed. The primary outcome was the

incidence of HGD in adenomas, which was used as a surrogate marker for the risk

of malignancy. Odds ratios (ORs) for the HGD rate in adenomas were analyzed in

relation to adenoma-related factors.

Results: A total of 9,646 patients identified with polyps during 57,445 screening

colonoscopies were included in the study. Patients with flat polyps, sessile polyps,

and pedunculated polyps represented 27.3% (N = 2,638), 42.7% (N = 4,114), and 30.0%

(N = 2,894) of the total number, respectively. HGD was found in 2.41% (N = 97), 0.92%

(N = 24), and 3.51% (N = 98) of sessile adenomas, flat adenomas, and pedunculated

adenomas, respectively (P < 0.001). Multivariable logistic regression showed that

polyp size (P < 0.001) but not shape (P > 0.8), was an independent predictor of

HGD. Contrast to the diameter ≤1 cm, the OR value for diameters 1–2, 2–3, and

>3 cm was 13.9, 49.3, and 161.6, respectively. The HGD incidence also increased in

multiple adenomas (>3 vs. >1, ORs 1.582) and distal adenomas (distal vs. proximal

adenomas, OR 2.252). Adenoma morphology (pedunculated vs. flat) was statistically

significant in univariate analysis but not when size was included in the multivariate

analysis. Besides, the incidence of HGD was also significantly higher in older patients

(>64 vs. <50 years old, OR = 2.129). Sex (P = 0.681) was not statistically significant.

All these associations were statistically significant (P < 0.05).

Conclusion: The malignant potential of polyps is mostly affected by their size but

not by their shape. In addition, distal location, multiple adenomas, and advanced age

were also correlated with malignant transformation.
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Introduction

Colorectal cancer (CRC) is the third most common cancer and
fourth most common cause of death globally, accounting for roughly
1.2 million new cases and 600,000 deaths per year. This trend is
further increasing as the world grows richer and humans switch to
a Western diet. Treatments for CRC are improving, but they are
still far from ideal, and identifying and preventing precancerous
lesions remains critical. In contrast to sporadic inflammatory and
hereditary CRCs, the adenoma-carcinoma pathway underlies the
development of most CRCs (1–4). More than 70% of colorectal
adenomas progressed to adenomatous carcinoma through a series of
gene mutations. Adenomas are considered precursors in most cases
of CRC (5). Patients with advanced adenoma are significantly more
likely to develop CRC and are at a significantly increased risk of CRC
death compared to patients without adenoma (6–8).

Endoscopy is still the most significant examination for the
prevention and detection of early colon cancer because it can detect
the size, shape, location, and activity of tumors and can take a biopsy
of suspicious lesions under a directional microscope (9). When
endoscopists perform colonoscopy, the early identification of high-
risk adenomas and high-risk groups is of great significance for the
selection of treatment methods and follow-up time.

This study aimed to evaluate the effect of the shape, size, location,
and number of endoscopically detected adenomas on malignant
transformation based on the adenoma-carcinoma progression
hypothesis, using high-grade dysplasia (HGD) as a surrogate marker
for CRC, combined with age and sex distribution, to provide a
theoretical basis for early identification of high-risk adenomas.

Materials and methods

Patients

We recorded the results of colonoscopies performed at the
Shanghai General Hospital from January 2017 to December 2021.
A total of 57,445 colonoscopies were documented, of which 12,442
detected polyps. A total of 2,526 pathologically suggested non-
adenomatous polyps, 169 patients diagnosed with colon cancer, and
101 patients without detailed information records were excluded. The
inclusion and exclusion criteria are shown in Figure 1. Finally, 9,646
patients were included in the study. If more than one polyp was
found, only the adenoma with the most advanced histology or the
largest polyp was recorded in detail as the target adenoma.

Documented data used for this analysis are as
follows

Patients were men and women divided into age groups of
<50 years, 50–64 years, and ≥65 years. The number of polyps was
divided into the following categories: 1, 2–3, and >3; polyp size was
distinguished according to the following categories: <1, 1–2, 2–3,
and >3 cm. Shape: pedunculated/sessile/flat. Lesion morphology was
classified according to the Paris classification: pedunculated (Paris
Ip), sessile (Paris Is), and flat (Paris IIa, IIb, and IIc). Location

Abbreviations: CRC, colorectal cancer; HGD, high-grade dysplasia; OR, odds
ratio.

categories included distal locations (i.e., descending colon, rectum,
and sigmoid colon) and proximal locations (above the descending
colon). Histology (shown in Figure 2): tubular, villous, tubulovillous,
serrated adenomas, and the category of HGD, with the latter
including carcinoma in situ in accordance with the World Health
Organization definition.

Statistical analysis

All statistical tests were conducted using SPSS version 26.0
(IBM Corporation, Armonk, NY, USA). Continuous variables
were expressed as mean ± standard deviation (±SD) or
median ± interquartile range (Md ± IQR). Normally distributed
data were analyzed using a 2-tailed t-test, whereas non-normally
distributed data were analyzed using the Mann–Whitney U-test.
Categorical variables are indicated as proportions and analyzed using
the χ2 test. If >20% of the expected value was less than 5, Fisher’s
exact test was used. To control for potential confounding between
predictor variables, binary logistic regression was performed to
calculate the odds ratios (ORs) with 95% confidence intervals (CIs).
Statistical significance was defined as P < 0.05.

Results

Patient and polyp characteristics

Details of the included patients and the adenomas detected are
shown in Table 1. In total, 9,646 patients with adenomas were
identified. The adenomas were ≤5 mm in size in 29.3% of cases,
and only 22.6% were >1 cm. HGD was found in 2.3% of adenomas
(N = 219).

Univariate and multivariate analysis of risk
factors for high-grade dysplasia in
adenomas

Univariate analysis
According to the presence or absence of HGD, 9,646 patients with

adenoma were divided into the adenoma group (9,427 cases) and the
HGD group (219 cases). There was no difference in sex (P = 0.681)
between the two groups; however, there were significant differences
in age, adenoma location, adenoma number, adenoma morphology,
and adenoma size (P < 0.001), as shown in Table 2.

Multivariate analysis
The Table 3 shows the percentages of adenoma sizes and HGD

with different morphologies. Table 3 also shows the distribution
of HGD in adenomas of different morphologies: flat, sessile, or
pedunculated. The overall risk of HGD diagnosis in patients with
pedunculated lesions was 3.39% (N = 98), compared to 2.41%
(N = 97) in patients with sessile lesions and 0.92% in patients with
flat lesions (P < 0.05).

In addition, there was a significant difference in the prevalence of
HGD in different sizes of the three types of adenomas. Table 3 shows
that adenomas ≤10 mm were less likely to develop HGD regardless
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Patients with at least one polyp (N=12442)

Eventually enrolled in the study (N=9,646)

Non-adenomatous polyps 
N=2,526

exclude

Colonoscopies conducted in Shanghai 

General Hospital between 2017.1-2021.12 

(N=57,445)

Pathological diagnosis of 
advanced colon cancer 
N=169

Adenomas without detailed
information N=101

exclude

exclude

FIGURE 1

Flowchart of the patients included in the study.

FIGURE 2

Histology: (A) Tubular, (B) tubulovillous, (C) villous, and (D) serrated adenomas.

of whether they were pedunculated or sessile adenomas (≤1 cm,
pedunculated vs. sessile vs. flat, 0.73% vs. 0.48% vs. 0.52%, P < 0.05).

To confirm these findings, we performed multivariable logistic
regression analyses for polyp size and shape with additional
adjustments for age, number of adenomas, and adenoma location.
Regression analysis showed that polyp size, age, and location were
statistically significant independent risk factors for HGD (P < 0.001).

Polyp shape was a statistically significant risk factor for HGD in
the univariate model (P < 0.0001). However, polyp shape was no
longer a statistical risk factor for HGD when polyp size was included
in the multivariate model (P > 0.8), as detailed in Table 4.

Age distribution

Table 5 shows the age distribution of the adenomas. The patients
were divided into two groups: <60 years and ≥60 years. Compared
with non-elderly patients, elderly patients had a higher proportion
of proximal adenomas (47.26% vs. 41.32%), multiple adenomas
(54.26% vs. 38.45%), more macroadenomas (25.82% vs. 20.12%), and

a higher malignant transformation rate than young patients (3.11%
vs. 1.60%). The morphological distribution was not significantly
worse (pedunculated vs. sessile, 29.89% vs. 30.10%), all of which were
statistically significant (P < 0.05).

Sex distribution

Table 6 shows the sex distribution of the adenomas. The
incidence of pedunculated adenoma was higher in men than in
women (31.01% vs. 28.19%, P < 0.05), but the incidence of distal
adenoma was lower (54.25% vs. 59.29%, P < 0.05). However, there
was no significant difference in the incidence of HGD between men
and women (2.35% vs. 2.22%, P = 0.681).

Discussion

The identification of groups at high risk of colorectal adenoma
remains a controversial issue for clinicians.
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TABLE 1 Basic characteristics of patient and polyp.

Characteristic Study population (N = 9,646)

Patient age, mean (SD), range 57.35 (11.827) 17–92

Patient sex, male: female (%) Male 6,205, 64.3% Female 3,441, 35.7%

N %

Adenoma size

<0.5 cm 2,827 29.3

0.5–1 cm 4,634 48.0

1–1.5 cm 1,321 13.7

1.5–2 cm 485 5.0

2–3 cm 260 2.7

>3 cm 119 1.2

Adenoma shape

Pedunculated 2,894 30.0

Sessile 4,114 42.7

Flat 2,638 27.3

Adenoma histology

Tubular 8,877 92.0

Tubulovillous 304 3.2

Villous 15 0.2

Serrated 231 2.4

HGD 219 2.3

Adenoma location

Proximal 4,240 44.0

Distal 5,406 56.0

Adenomas reported are target adenomas (i.e., those with the most severe histology
or maximum size). HGD, high-grade dysplasia. Distal = descending colon, rectum, and sigmoid
colon; proximal = above the descending colon.

The use of HGD as a surrogate marker for the risk of cancer
development from adenomas seems to be accepted, based on the
concept of the adenoma-carcinoma sequence, although it is not fully
known how long HGD persists before it develops into carcinoma or
to what extent this is related to other risk factors (10–12). There is
evidence of an increased risk of cancer development from HGD in

TABLE 2 Univariate analysis of adenoma factors relative to the
occurrence of HGD.

Adenoma
(N = 9,427)

HGD
(N = 219)

P-value

N (%) N (%)

Sex X2 = 0.168 0.681

Male 6,067 (62.9) 138 (1.4)

Female 3,360 (34.8) 81 (0.8)

Age X2 = 27.192 <0.001

<50 2,320 (24.1) 24 (0.3)

50–64 4,266 (44.2) 102 (1.1)

≥65 2,934 (30.4) 93 (1.0)

Size X2 = 1,275.171 <0.001

≤1 cm 7,435 (77.1) 26 (0.3)

1–2 cm 1,708 (17.7) 98 (1.0)

2–3 cm 213 (2.2) 47 (0.5)

>3 cm 71 (0.7) 48 (0.5)

Amount X2 = 58.958 <0.001

1 5,187 (53.8) 73 (0.8)

2–3 2,622 (27.2) 69 (0.7)

>3 1,618 (16.8) 77 (0.8)

Morphology X2 = 38.394 <0.001

Sessile 4,017 (41.6) 97 (1.0)

Flat 2,614 (27.1) 24 (0.2)

Pedunculated 2,796 (29.0) 98 (1.0)

Location X2 = 46.030 <0.001

Proximal 4,193 (43.5) 47 (0.5)

Distal 5,234 (54.3) 172 (1.8)

HGD, high-grade dysplasia. Distal = descending colon, rectum, and sigmoid colon;
proximal = above the descending colon.

the upper gastrointestinal tract (13). Besides, HGD is also associated
with an increased risk of colon cancer in patients with inflammatory
bowel disease (14, 15).

Research on the location of adenoma and the risk of cancer
has also been controversial. The question of the “biology” of the
left colon vs. the right colon has puzzled many scholars. Recent

TABLE 3 Size distribution of adenoma shape.

Polyp Polyp shape

Pedunculated Sessile Flat

N Of those, HGDs HGD (%) N Of those, HGDs HGD (%) N Of those, HGDs HGD (%)

Size

<0.5 256 0 0.00 1,254 1 0.08 1,317 1 0.08

0.5–1 1,507 11 0.73 1,982 8 0.40 1,145 5 0.44

1–1.5 676 22 3.25 521 22 4.22 124 2 1.61

1.5–2 276 30 10.87 178 18 10.11 31 4 12.90

2–3 139 25 17.99 111 18 16.22 10 4 40.0

>3 40 10 25.00 68 30 44.12 11 8 72.73

All cases 2,894 98 3.39 4,017 97 2.41 2,614 24 0.92

HGD, high-grade dysplasia. Distal = descending colon, rectum, and sigmoid colon; proximal = above the descending colon.
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TABLE 4 Comparison of univariate and multivariate analysis of adenoma
factors relative to the occurrence of HGD.

Univariate Multivariate

Size

P <0.001 <0.001

OR (95% CI)

≤1 cm 1

1–2 cm 16.408 (10.614–25.363) 13.890 (8.756–22.034)

2–3 cm 63.099 (38.347–103.829) 48.684 (28.641–82.755)

>3 cm 193.326 (113.632–328.913) 165.599 (95.244–287.923)

Morphology

P <0.001 >0.800

OR (95% CI)

Sessile 2.630 (1.678–4.123) 0.957 (0.580–1.579)

Pedunculated 3.818 (2.435–5.984) 0.946 (0.568–1.575)

Flat 1

Amount

P <0.001 <0.05

OR (95% CI)

1 1

2–3 2.131 (1.559–2.914) 1.261 (0.893–1.781)

>3 3.182 (2.238–4.523) 1.582 (1.070–2.339)

Age

P <0.001 <0.05

OR (95% CI)

<50 1

50–64 2.311 (1.477–3.166) 1.866 (1.152–3.022)

>64 3.164 (2.014–4.973) 2.129 (1.300–3.487)

Location

P <0.001 <0.001

OR (95% CI)

Proximal 1

Distal 2.932 (2.118–4.059) 2.252 (1.589–3.190)

HGD, high-grade dysplasia, CI, confidence interval. Distal = descending colon, rectum, and
sigmoid colon; proximal = above the descending colon.

retrospective analyses have noted that a significantly smaller volume
but a proximal location of proximal adenomas is associated with a
higher incidence of malignancy (16–19). In addition, CRC mortality
after polypectomy was lower in patients with right-sided adenomas
in the Norwegian Cancer Registry (12, 20). There is also a significant
difference in the location of adenoma between the elderly and
the young. Statistical data show that the incidence of colorectal
tumors in the young has increased year by year in recent years, and
the main incidence is concentrated in the left colon and rectum
(21). At present, advanced colon cancer has entered the era of
precision treatment under the guidance of the primary site (left
and right colon). Solving the problem of the location of colorectal
adenoma is of guiding significance for precision treatment. HGD
was significantly more common in distal adenomas than in proximal
adenomas in this study. The location of the adenoma does not fully

TABLE 5 Age distribution of adenoma location, amount, size, and shape.

<60 years
old

Of those,
HGD (%)

≥60 years
old

Of those,
HGD (%)

Location <0.001

Proximal 2,216, 41.32% 16, 0.72 2,024, 47.26% 31, 1.53

Distal 3,147, 58.68% 70, 2.22 2,259, 52.74% 102, 4.52

Amount <0.001

1 3,301, 61.55% 36, 1.09 1,959, 45.74% 37, 1.89

>1 2,062, 38.45% 50, 2.42 2,324, 54.26% 96, 4.13

Size <0.001

≤1 cm 4,284, 79.88% 11, 0.26 3,177, 74.18% 15, 0.47

1–2 cm 913, 17.02% 41, 4.49 893, 20.85% 57, 6.38

2–3 cm 118, 2.20% 18, 15.25 142, 3.32% 29, 20.42

>3 cm 48, 0.90% 16, 33.33 71, 1.66% 32, 45.07

Morphology <0.001

Pedunculated 1,614 46, 2.85 1,280 52, 4.06

Sessile 3,749 40, 1.07 3,003 81, 2.70

Flat 5,363 86, 1.60 4,283 133, 3.11

account for this contradiction (22, 23). This may be partly due to the
earlier appearance of clinical symptoms such as blood in the stool
and changes in stool shape and bowel habits in patients with distant
adenomas, which prompt people to seek more medical advice (24).

The role of adenoma shape has been debated for many years.
Some studies have shown that sessile lesions have a higher risk
of malignancy (25, 26); however, there is also evidence to support
the higher HGD rate of pedunculated adenomas (27). In the
present study, the incidence of HGD was higher in pedunculated
adenomas than in flat adenomas in the univariate analysis. This
is partly due to the higher proportion of large pedunculated
adenomas than flat adenomas (>1 cm, pedicled vs. flat, 39.08% vs.
6.81%). However, this difference was lost when size was included
in the multivariate analysis, which is consistent with the findings
of Reinhart et al. (28). The influence of adenoma morphology
is still controversial, but our results suggest that it is not an
independent risk factor for malignant transformation of adenomas.
The Paris classification was used for adenoma morphology in
this paper, but no morphological significance could be observed.
More detailed morphological classification further studies may be
needed to confirm this conclusion. Some studies have suggested that
villous components are closely related to the malignant potential of
adenomas, but whether this is also affected by the factor of adenoma
size is unknown. We cannot verify this point due to the small number
of villous adenoma samples in this study. We look forward to further
studies to analyze the role of villous components in adenomas of
similar size in the future.

Other risk factors such as adenoma size and patient age were
confirmed in this study. Both large size and advanced age were
positively correlated with HGD (29). In this study, compared with
adenomas <1 cm, the OR for polyps 2 cm and 2–3 cm were 13.890
(8.756, 22.034) and 48.684 (28.641, 82.755), respectively, and the OR
for polyps >3 cm was 165.599 (95.244, 287.923). The large CIs were
due to the low total number of HGDs. However, a high OR clearly
indicated the effect of size on HGD incidence. The effect of size on
the prevalence of advanced cancer was consistent with the data from
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TABLE 6 Sex distribution of adenoma location and shape.

All cases (mean age,
57.35 years)

Men (mean age, 56.79 years) Women (mean age,
58.35 years)

N % N % N %

All patients with adenomas 9,646 100% 6,205 64.3% 3,441 35.7%

Adenoma location

Proximal 4,240 44.0 2,839 45.75 1,401 40.71

Of those, HGD 47 1.11 28 0.99 29 2.07

Distal 5,406 56.0 3,366 54.25 2,040 59.29

Of those, HGD 172 3.18 110 3.27 62 3.04

Adenoma shape

Pedunculated 2,894 30.00 1,924 31.01 970 28.19

Of those, HGD 98 3.39 67 3.48 31 3.20

Sessile 6,752 70.00 4,281 68.99 2,471 71.81

Of those, HGD 121 1.79 71 1.66 50 2.02

Adenoma shape and location

Proximal pedunculated 1,178 12.21 794 12.80 384 11.16

Of those, HGD 17 1.44 10 1.26 7 1.82

Distal pedunculated 1,716 17.79 1,130 18.21 586 17.03

Of those, HGD 81 6.88 57 5.04 24 4.10

Proximal sessile 3,062 31.74 2,045 32.96 1,017 29.56

Of those, HGD 30 0.98 18 0.88 12 1.18

Distal sessile 3,690 38.25 2,236 36.04 1,454 42.26

Of those, HGD 91 2.47 53 2.37 35 2.41

HGD, high-grade dysplasia. Distal = descending, rectum, and sigmoid colon; proximal = above the descending colon.

other studies. Nearly all studies reported a risk of severe dysplasia of
less than 1% in small (<10 mm) adenomas, and our results fall within
this range (0.59%) (27, 28).

Related studies have shown that the recurrence rate of multiple
adenomas after colonoscopic resection is significantly higher than
that of single adenomas, and adenoma recurrence is considered to
be one of the main risk factors for malignant transformation. At the
same time, our analysis found that the incidence of HGD in patients
with multiple adenomas was significantly higher than those with
single adenomas (>3 vs. 1, OR 1.582) (30–32). Patients with familial
adenomatous polyposis have a high rate of malignant transformation,
and we speculate that patients with multiple polyps may have a higher
genetic susceptibility (33, 34).

Many studies have shown that age is associated with the
development of CRC (35). Some studies have found that patients
<50 years of age are more likely to have distal CRC, while older
patients are more likely to have proximal CRC (36). In this study,
the elderly and non-elderly groups were divided using 60 years as the
baseline, and there was no significant difference in the morphological
distribution between the two groups (pedicled vs. sessile, 29.89% vs.
30.10%). In the elderly group, the proportion of proximal adenomas
was higher (> 60 vs. ≤60 years, 47.26% vs. 41.32%), multiple
adenomas were more common (> 60 vs. ≤60 years, 54.26% vs.
38.45%), and large adenomas >1 cm were more frequent (>60 vs.
≤60 years, 25.82% vs. 20.12%). The rate of HGD in the elderly group
was higher than that in the non-elderly group (>60 vs. ≤60 years,
3.11% vs. 1.60%), and the OR value was 1.539 (95% CI: 1.139–2.080).

Our results suggest that adenomas in elderly patients had more
features of high-risk, and more active treatment measures should be
taken in patients with adenomas >60 years.

In some studies, men and women had different risks of CRC,
which may be related to smoking, alcohol consumption, obesity, and
other factors (37–39). No effect of sex difference on HGD incidence
was observed in the present study, which is in line with the findings
of Rösch et al. (27).

This study had some limitations. (1) This was a retrospective
study, and there was a selection and information biases in the data
collection process due to the possibility of convenient sampling and
incomplete or missing patient records. (2) The sample population
selection and construction process were all conducted in the same
medical institution, which was a single-center study with certain
limitations. In the future, a multicentre study should be conducted
for further verification. (3) Data from only one adenoma per patient,
the one that was most important in terms of histology or size,
were analyzed. This may have introduced some bias, particularly in
patients with multiple polyps, which may have diluted some of the
observed effects.

Conclusion

In conclusion, this study shows that when HGD is used as a
surrogate marker for CRC, the effect of sex and morphology on
malignancy is controversial, but adenoma size is the most important
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factor in the development of HGD in all morphologic adenomas.
Adenomas detected in the distal colon had a higher incidence of HGD
than those detected in the proximal colon. Patients with multiple
adenomas have a higher incidence of HGD. Adenomas in elderly
patients had more features of high-risk, more active treatment and
follow-up should be performed in patients with high-risk adenomas.
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