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Background: Accurate preoperative pathologic diagnosis is very important for making appropriate 
therapeutic decisions for patients with rectal lesions. This study aimed (I) to determine diagnostic value and 
safety of endoscopic forceps biopsy (EFB) and transrectal ultrasound (TRUS)-guided core needle biopsy 
(CNB), and (II) to analyze the risk factors for their histopathologic discrepancies, with a particular focus in 
identifying the indicators for re-biopsy using TRUS-guided CNB after EFB.
Methods: We retrospectively reviewed the records of 102 patients who received EFB and TRUS-guided 
CNB before surgery. The histopathologic concordance and risk factors for underdiagnosis by EFB and 
TRUS-guided CNB were analyzed. 
Results: Compared with postoperative pathology, the histopathologic discrepancy rate of EFB and 
TRUS-guided CNB was 51.0% (52/102 lesions) and 8.8% (9/102 lesions), respectively. The kappa value for 
consistency with postoperative pathology findings was 0.420 for EFB and 0.876 for TRUS-guided CNB. 
The multivariate analyses and receiver operating characteristic (ROC) curve indicated that lesions thickness 
≥13.5 mm [OR 1.080 (95% CI: 1.021–1.142), P=0.007] and flat/depressed shape [OR 0.206 (95% CI: 0.076–
0.564), P=0.002] were significantly associated with histopathologic discrepancies in EFB. 
Conclusions: EFB was of limited clinical value in identifying the preoperative diagnosis of rectal lesions. 
Lesions thickness and flat/depressed shape at EFB were independent risk factors for pathologic discrepancies. 
TRUS-guided CNB may serve as a safe and effective supplement to routine EFB. 
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Introduction

Colorectal cancer is one of the most common malignancies 
worldwide, and its morbidity and mortality have been 
increasing over time in China (1,2). Accurate diagnosis of 
protruding lesions, especially in cancer in the rectum, is 
crucial for preoperative clinical staging and decision making 

for initial treatment; concerns and decisions include the 
extent of surgical resection (radical or palliative), surgical 
methods (such as transanal endoscopic microsurgery (3), 
endoscopic submucosal dissection, endoscopic mucosal 
resection or total mesorectal excision (4), and the use 
of preoperative chemotherapy/radiotherapy. The most 
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common pathologic types of protruding lesions in the 
rectum include adenocarcinoma and adenoma, but other 
pathologic types [such as squamous cell carcinoma, 
mucinous adenocarcinoma, neuroendocrine cancer (5), 
and inflammatory polyps, etc.] have also been observed in 
patients. Although these other pathologic types have a low 
incidence, their treatments and prognosis are significantly 
different. Thus, preoperative pathologic diagnosis is very 
important. 

The 2018 National Comprehensive Cancer Network 
Guideline (6) recommends biopsy and pathologic 
examination in clinical examinations of rectal cancer or 
adenoma with suspected invasive cancer. Endoscopic 
forceps biopsy (EFB) is an important technique for the 
early diagnosis of rectal lesions, but it is usually limited for 
technical reasons, or is insufficient or unsatisfactory for 
diagnosis (7). Thus, in some cases, invasion of submucosa 
(ISM) cannot be confirmed in tissues collected by EFB 
although the latter may indicate histologic characteristics of 
rectal cancer. According to the WHO criteria (2000), these 
cases can be diagnosed only with high-grade intraepithelial 
neoplasia (HGIN). HGIN is characterized by a lack of 
evidence of submucosal invasion and a morphologically 
characteristic cancer (8). However, postoperative pathology 
reveals that most such lesions are invasive cancers with ISM 
or deeper layers (7,9-11). Evidence shows that invasive 
cancers can be confirmed only in 58.7–67.3% of rectal tissues 
collected by EFB before surgery (12,13). Thus, EFB cannot 
be used as the only standard in the preoperative diagnosis 
of rectal lesions, as its exclusive use may cause significant 
underdiagnosis and treatment delay (7,9-11,14,15). 

To overcome these limitations, transrectal ultrasound 
(TRUS)-guided core needle biopsy (CNB) has been 
developed. TRUS can be used for evaluation, and biopsy 
can be performed under the guidance of intraoperative 
ultrasound. In this manner, the samples collected are 
not confined to the superficial tissues, and the five-layer 
structure of the rectal wall can be harvested for further 
examination. A multicenter study found CNB has a high 
accuracy and safety in the diagnosis of gastrointestinal 
subepithelial lesions (sensitivity 85%, specificity 100%) (16).  
For these reasons, TRUS-guided CNB is an effective 
method for the initial biopsy diagnosis of rectal lesions. 

At present, little is known about the risk factors for 
histopathologic discrepancies of these two biopsy methods, 
nor is much clear concerning the diagnostic value and 
safety of TRUS-guided CNB after EFB diagnosis of rectal 
lesions. Consequently, this study aimed (I) to determine the 

diagnostic value and safety of EFB and TRUS-guided CNB, 
and (II) to analyze the risk factors of their histopathologic 
discrepancies, with a particular focus in identifying the 
indicators for re-biopsy using TRUS-guided CNB after EFB.

Methods 

Patients 

From October 2017 and January 2019, 132 consecutive 
patients with diagnoses of rectal lesions who received initial 
EFB and TRUS-guided CNB diagnosis before surgery in 
our hospital were included in this study. Informed consent 
was obtained before surgery and biopsy. Approval for the 
study protocol was given by the hospital ethics committee. 
Routine blood tests, coagulation tests, and examination 
for infectious diseases were performed before biopsy. 
The exclusion criteria were as follows: (I) high position 
beyond the scope of rectal probe biopsy; (II) incomplete 
preoperative or postoperative clinicopathologic information; 
(III) postoperative recurrence; (IV) familial adenomatous 
polyposis or inflammatory bowel disease; (V) preoperative 
assessment showing an elevated risk for bleeding and 
infection after biopsy. Finally, a total of 102 patients were 
enrolled in this study.

Instruments and methods 

Olympus FB-24Q-1 biopsy forceps were used for EFB 
(Olympus CF-Q260A I, Tokyo, Japan) of rectal lesions. 
According to tumor condition and patients’ tolerance, 
2–3 blocks of tissues were collected, but the lesion en bloc 
was not resected. An ultrasound instrument (UV800; B-K 
Medical, Herlev, Denmark) with a rectal three-plane probe 
(Type 8838, 4–12 MHz) was used. The probe had a real-
time double-plane plus end scan plane and a double-plane 
puncture frame. A disposable CNB needle (18G, 20 mm; 
Bard, Arizona, USA) was used to collect 2–3 strip-like tissue 
samples 15 mm in length. A cleaning enema was performed 
before biopsy, and the interval between the original ENB 
and the TRUS-guided CNB was about 4–6 days. After 
surgery, body temperature, blood pressure, white blood cell 
count, and platelet count were monitored, and postoperative 
bleeding and infection were evaluated. 

Pathologic diagnosis 

The macroscopic shapes of lesions were classified into three 
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groups: elevated, flat and depressed (17). Rectal tissues 
were fixed in formalin and embedded in paraffin, and 5-µm 
consecutive sections were obtained for hematoxylin-eosin 
staining. According to the WHO diagnostic criteria, HGIN 
was diagnosed if highly heterotypic glands confined to the 
lamina propria and the epithelial layer were present, but 
evidence for ISM was not observed (8). If the tumor had 
invaded submucosa through the mucosal myometrium, 
invasive carcinoma was diagnosed. The diagnostic criteria 
for ISM were as follows: longitudinal stripe-like, mass-
like, or focal eosinophilic smooth muscle fibers mixed with 
heterotypic glands or arranged around the heterotypic 
glands (Figure 1). 

Statistical analysis 

Statistical analysis was performed with SPSS, (version 
21.0, IBM, Chicago, IL, USA) and Medcalc Statistics 

(version11.4, MedCalc, Inc., bvba, Belgium). Categorical 
variables are presented as counts and percentages, whereas 
continuous variables are expressed as medians with 
interquartile ranges. Cohen’s kappa value was used as a test of 
consistency as follows: 0.20, poor; 0.21–0.40, fair; 0.41–0.60, 
moderate; 0.61–0.80, good; and 0.81–1.00, excellent (18). 
Univariate analysis with chi-square test or Fisher’s exact test 
for categorical variables and Student’s t-test for continuous 
variables were performed to compare the clinicopathologic 
characteristics histopathologic discrepancies between EFB 
and TRUS-guided biopsy. Multivariate analysis with a 
multiple logistic regression model was performed to identify 
risk factors for histopathologic discrepancies. Odds ratios 
(ORs) and 95% confidence intervals (CIs) were calculated. 
Cut-off values were defined using a receiver operating 
characteristic (ROC) curve to determine the critical value 
of risk factors. A value of P<0.05 was considered statistically 
significant. 

Figure 1 The same case with microphotograph shows the following: (A,B) adenoma with high-grade intraepithelial neoplasia (HGIN) 
using endoscopic forceps biopsy (EFB); (C,D) moderately differentiated adenocarcinoma using TRUS-guided CNB; (E,F) moderately 
differentiated adenocarcinoma with partly mucinous adenocarcinoma, and tumor cell infiltration into the deep muscular layer of the 
intestine with postoperative pathology (A,C,E) low-power view (HE staining, ×4); (B,D,F) high-power view (HE staining, ×20). TRUS, 
transrectal ultrasound; CNB, core needle biopsy.

Endoscopic forceps biopsy (EFB) TRUS-guided CNB Postoperative pathology
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Table 1 Clinicopathologic characteristics of patients and the rectal 
lesions

Characteristic Value 

Gender, n (%)

Male 63 (61.8)

Female 39 (38.2)

Age, years, mean ± SD [range] 53.68±15.29 [12–77]

Length, cm, mean ± SD [range] 3.72±1.67 [0.7–9.5]

Thickness, cm, mean ± SD [range] 1.82±0.94 [0.3–5.7]

Distance, cm, mean ± SD [range] of lower 
border from anal verge

5.11±2.56 [1–11]

Location, n (%)

<5 cm 53 (52.0)

5–10 cm 42 (41.2)

≥10 cm 7 (6.9)

Circumference, n (%)

≤1/4 23 (22.5)

1/4–1/2 36 (35.3)

1/2–1 15 (14.7)

1 28 (27.5)

Table 1 (continued)

Table 1 (continued)

Characteristic Value 

Orientation, n (%)

Anterior 43 (42.2)

Right 21 (20.6)

Left 28 (27.5)

Posterior 10 (9.8)

Macroscopic shape, n (%)

Elevated 72 (70.6)

Flat 18 (17.6)

Depressed 12 (11.8)

Pathological pattern, n (%)

High-grade intraepithelial neoplasia 
(HGIN)

8 (7.8)

Adenoma 8 (7.8)

Adenocarcinoma 51 (50.0)

Other types of malignant lesions 18 (17.6)

Squamous carcinoma 4 (3.9)

Mucinous adenocarcinoma 4 (3.9)

Signet-ring cell carcinoma 3 (2.9)

Neuroendocrine neoplasm 1 (1.0)

Gastrointestinal stromal tumors (GIST) 2 (2.0)

Metastatic tumor 4 (3.9)

Other types of benign lesions 17 (16.7)

Inflammation 12 (11.8)

Endometriosis 5 (4.9)

SD, standard deviation.

Results

The clinicopathologic characteristics of 102 patients 
included in this study are summarized in Table 1. Of the 102 
patients, 63 were males and 39 were females; the mean age 
was 53.68±15.29 years (range, 12–77). The main location of 
the lesions was the lower third of the rectum (52.0%). The 
main macroscopic shape was elevated 70.6%. Postoperative 
pathology pattern showed HGIN in 8 patients (7.8%), 
adenoma in 8 patients (7.8%), adenocarcinoma in 51 
patients (50.0%), other malignant lesions in 18 patients 
(17.6%), and other benign lesions in 17 patients (including 
inflammation 11.8% and endometriosis 4.9%).

Comparison pathology type of EFB and TRUS-guided 
CNB with postoperative pathology 

The initial EFB diagnoses of the 102 lesions were HGIN 
in 29 lesions, adenoma in 21 lesions, adenocarcinoma in 20 
lesions, other types of malignant lesions in 5 lesions, and 
other benign lesions in 27 lesions (Table 2). The TRUS-

guided CNB diagnoses of these lesions were HGIN in 13 
lesions, adenoma in 11 lesions, adenocarcinoma in 43 lesions, 
other types of malignant lesions in 18 lesions, and other 
benign lesions in 17 lesions. The kappa value for consistency 
with postoperative pathology findings was 0.420 for EFB and 
0.876 for TRUS-guided CNB, which showed a significant 
difference (P<0.01). When the EFB and TRUS-guided CNB 
diagnoses were compared with those from the postoperative 
pathology, the histopathologic discrepancy rate was 51.0% 
(52/102 lesions) and 8.8% (9/102 lesions), respectively 
(Table 3). The most common discordant diagnosis involved 
upgrades from HGIN to adenocarcinoma (23/29, 79.3%) 
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Table 2 Comparison of EFB and TRUS-guided CNB for postoperative pathology type

Variable

Postoperative pathology

Total
Kappa 
value

P value
HGIN Adenoma Adenocarcinoma

Other types of  
malignant lesionsa

Other types of 
benign lesionsb

EFB

HGIN 5 0 23 1 0 29 0.420 0.000

Adenoma 3 8 7 3 0 21

Adenocarcinoma 0 0 19 1 0 20

Other types of malignant lesionsa 0 0 0 5 0 5

Other types of benign lesionsb 0 0 2 8 17 27

Total 8 8 51 18 17 102 – –

TRUS-guided CNB

HGIN 7 0 6 0 0 13 0.876 0.000

Adenoma 1 8 2 0 0 11

Adenocarcinoma 0 0 43 0 0 43

Other types of malignant lesionsa 0 0 0 18 0 18

Other types of benign lesionsb 0 0 0 17 17

Total 8 8 51 18 17 102 – –
a, other types of malignant lesions including squamous carcinoma, mucinous adenocarcinoma, signet ring cell carcinoma, neuroendocrine  
neoplasm, gastrointestinal stromal tumors and metastatic tumor; b, other types of benign lesions including inflammation and  
endometriosis. EFB, endoscopic forceps biopsy; TRUS, transrectal ultrasound; CNB, core needle biopsy; HGIN, high-grade intraepithelial 
neoplasia.

and upgrades from adenoma to adenocarcinoma (7/21, 
33.3%) and HGIN (3/21, 14.3%) in EFB, whereas in 
TRUS-guided CNB, the main discrepancies involved 
upgrades from HGIN to adenocarcinoma (6/13, 46.2%) 
and upgrades from adenoma to adenocarcinoma (2/11, 
18.2%) and HGIN (1/11, 9.1%). It was also challenging to 
distinguish other types of malignant rectal lesions (such as 
squamous cell carcinoma, mucinous adenocarcinoma, etc.) in 
EFB. Instead, false negative results were often obtained (such 
as inflammation and endometriosis) (8/27, 29.6%) (Table 2).  
In contrast, the diagnostic accuracy was high in TRUS-
guided CNB for differentiating other malignant and benign 
lesions. No major complications requiring additional care 
have been observed.

Characteristics contributing to histopathologic discrepancies 
between EFB and TRUS-guided CNB with postoperative 
pathology

As shown in Table 3, factors such as age, gender, length, 

location, circumference, orientation, and ulcer did not 
differ between the concordant and discordant groups in 
EFB. Compared with the length of lesions, the thickness 
in EFB had statistical significance. The mean thickness was 
20.9±10.2 mm in the discordant groups and 15.3±7.6 mm 
in the concordant group (P=0.003). The flat and depressed 
shape occurred more commonly in the discordant (26.9% 
and 17.3%) than in the concordant (8.0 % and 6.0%) group 
(P=0.004). However, the consistency between TRUS-
guided CNB diagnosis and postoperative pathology was 
not affected by the above factors. Risk factors associated 
with histopathologic discordant diagnosis using EFB were 
determined by multivariate analysis (Table 4). Multivariate 
analysis revealed that thicker thickness [OR 1.080 (95% CI: 
1.021–1.142), P=0.007] and flat/depressed shape [OR 0.206 
(95% CI: 0.076–0.564), P=0.002] were significantly associated 
with the discordant group in EFB. The area under the ROC 
was 0.648 (95% CI: 0.581–0.787, P=0.001) for thickness 
(Figure 2). For the best cutoff for thickness at 13.5 mm, the 
sensitivity was 83.7% and the specificity was 52.0%. 
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Table 3 Characteristics contributing to histopathologic discrepancies in postoperative pathology between EFB and TRUS-guided CNB

Variable

EFB TRUS-guided CNB

Concordant  
group (n=50)

Discordant  
group (n=52) 

P value
Concordant  
group (n=93)

Discordant  
group (n=9)

P value

Age, mean ± SD, years 52.9±16.2 54.4±14.5 0.627 52.9±15.5 61.9±11.1 0.245

Gender, n (%) 0.627 0.729

Male 29 (58.0) 34 (65.4) 58 (62.4) 5 (55.6)

Female 21 (42.0) 18 (34.6) 35 (37.6) 4 (44.5)

Length, mean ± SD, mm 36.9±17.3 37.5±16.2 0.843 38.3±16.8 25.3±16.1 0.122

Thickness, mean ± SD, mm 15.3±7.6 20.9±10.2 0.003 18.2±9.7 17.9±5.9 0.288

Location, n (%) 0.140 0.235

<5 cm 26 (52.0) 27 (51.9) 50 (53.8) 3 (33.3)

5–10 cm 23 (46.0) 19 (36.5) 36 (38.7) 6 (66.7)

≥10 cm 1 (2.0) 6 (11.5) 7 (7.5) 0 (0.0)

Circumference, n (%) 0.980 0.368

≤1/4 11 (22.0) 12 (23.1) 19 (20.4) 4 (44.4)

1/4–1/2 17 (34.0) 19 (36.5) 33 (35.5) 3 (33.3)

1/2–1 8 (16.0) 7 (13.5) 14 (15.1) 1 (11.1)

1 14 (28.0) 14 (26.9) 27 (29.0) 1 (11.1)

Orientation, n (%) 0.982 0.182

Anterior 22 (44.0) 21 (40.4) 42 (45.2) 1 (11.1)

Right 10 (20.0) 11 (21.2) 19 (20.4) 2 (22.2)

Left 13 (26.0) 15 (28.8) 24 (25.8) 4 (44.4)

Posterior 5 (10.0) 5 (9.6) 8 (8.6) 2 (22.2)

Macroscopic shape, n (%) 0.004 0.083

Elevated 43 (86.0) 29 (55.8) 68 (73.1) 4 (44.4)

Flat 4 (8.0) 14 (26.9) 14 (15.1) 4 (44.4)

Depressed 3 (6.0) 9 (17.3) 11 (11.8) 1 (11.1)

Ulcer, n (%) 0.785 1.000

Ulcer 42 (84.0) 45 (86.5) 79 (84.9) 8 (88.9)

No-ulcer 8 (16.0) 7 (13.5) 14 (15.1) 1 (11.1)

EFB, endoscopic forceps biopsy; TRUS, transrectal ultrasound; CNB, core needle biopsy; SD, standard deviation.

Discussion 

Our study is the first to explore the diagnostic value 
and safety of EFB and TRUS-guided CNB, and the 
first to determine the risk factors of the histopathologic 
discrepancies of these two biopsy methods for the purpose 
of identifying indicators for re-biopsy using TRUS-guided 

CNB after EFB. A total of 102 patients were included 
in this retrospective study.  No complications were 
encountered in any of the EFB and TRUS-guided CNB 
procedures.

In our study, the results showed that the consistencies 
with postoperative pathology were fair (k=0.402) for EFB, 
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which is consistent with the findings in previous reports 
(7,12,13). MacDonald et al. (7) reported that 96.6% 
of patients with preoperative diagnosis of HGIN were 
diagnosed with invasive cancers by postoperative pathology. 
In this study, 79.3% with diagnosis of HGIN in EFB 
were diagnosed with invasive cancers by postoperative 
pathology. Similarly, underestimation occurs in adenomas 
which were upgraded to adenocarcinoma (33.3%) and 
HGIN (14.3%) in EFB. However, TRUS-guided CNB 
achieved favorable consistency with postoperative pathology 
(k=0.876). The histopathologic discrepancy rate has been 
greatly reduced from the initial 51.0% in EFB to 8.8% 
in TRUS-guided CNB. It was also difficult to distinguish 
other types of malignant or benign rectal lesions (such as 
squamous cell carcinoma, mucinous adenocarcinoma, etc., 
or inflammation and endometriosis) in EFB. Nevertheless, 

it is not a problem to diagnose these pathological types in 
TRUS-guided CNB. 

These findings might be explained as follows. First, 
the mean thickness of the colorectal mucosa is about  
0.7–0.8 mm (19), and the depth is generally 2–3 mm for 
EFB. It is theoretically easy to include the muscularis 
mucosae in the biopsy specimen in normal mucosa. However, 
in many colorectal cancer patients, biopsy specimens only 
present dysplastic glands without eosinophilic infiltrate 
in muscle bundles (muscularis mucosae). Degradation of 
the muscularis mucosae has also been observed in early 
colorectal cancer (20-22). In view of the above evidence, it is 
suggested that the damage of muscularis mucosae by cancer 
cells contributes to the failure to diagnose ISM. However, 
TRUS-guided CNB is helpful for the collection of samples 
containing all 5 layers of the rectal wall (generally 15–22 mm 
in biopsy depth). Thus, TRUS-guided CNB may achieve 
elevated accuracy and a lower false negative rate. 

Second, the cancerous t issues of adenomas are 
heterogeneous, and some studies have shown that colorectal 
cancer is derived from adenoma (11,23-25). Thus, in the 
malignant transformation of adenoma, some tissues may 
have characteristics of HGIN or adenocarcinoma. In 
some cases, typical cancer tissues cannot be sampled via 
EFB, and only HGIN tissues are collected, which may 
cause underdiagnosis. Evidence shows that superficial 
sampling and sampling error are the major causes of 
failure to confirm ISM (7). Furthermore, the differences in 
pathologic types and sources provide higher requirements 
for biopsy tissue and increase the difficulty of pathologic 
determination, which reduces the diagnostic efficiency of 
EFB. In contrast, TRUS-guided CNB may be carried out 
at suspect areas under the guidance of ultrasound, which 
increases the positive rate of biopsies. 

Although EFB is the most common method for clinical 
biopsy of rectal lesions, it is usually limited by inaccurate 

Table 4 Risk factors associated with histopathologic discordant diagnosis using EFB in multivariate analysis

Variable
EFB Multivariate analysis

Concordant group (n=50) Discordant group (n=52) OR 95% CI P value

Thickness 15.3±7.6 20.9±10.2 1.080 1.021–1.142 0.007

Macroscopic shape, n (%)

Elevated 43 (86.0) 29 (55.8) 1.000 – –

Flat/depressed 7 (14.0) 23 (44.2) 0.206 0.076–0.564 0.002

EFB, endoscopic forceps biopsy; OR, odds ratio; CI, confidence interval.

Figure 2 Receiver operating characteristic curve for thickness.
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diagnosis, which requires re-detect biopsies to assist in 
treatment decision-making management. Therefore, risk 
factors for histopathologic discrepancies in EFB should be 
analyzed to identify suitable patients for re-biopsy using 
TRUS-guided CNB and avoid overdiagnosis.

In several previous studies, risk factors associated 
with gastric cancer after surgery for HGIN lesions were 
discussed. Xu et al. (15) demonstrated the depressed pattern 
and lesion size ≥2 cm as independent risk factors for 
upgraded pathology from HGIN to early gastric cancer. 
Ryu et al. (26) showed that central depression, nodular 
surface, surface redness, lesion location, large tumor size, 
and submucosal fibrosis were associated with early gastric 
cancer or submucosal cancer. This study not only discussed 
HGIN or submucosal cancer, but also other malignant and 
benign lesions. In our study, the multivariate analyses and 
ROC curve indicated that lesions thickness ≥13.5 mm [OR 
1.080 (95% CI: 1.021–1.142), P=0.007] and flat/depressed 
shape [OR 0.206 (95% CI: 0.076–0.564), P=0.002] were 
significantly associated with histopathologic discrepancies 
in EFB.

This study had several limitations. First, this was a 
retrospective study. Thus, a selection bias may have been 
introduced due to the analyzed cases not being consecutive. 
Second, patients underwent TRUS-guided CNB nearly  
4–6 days later than EFB, which might have produced some 
bias. In addition, the small sample size was one of the 
limitations of this study. Further multi-center, large sample 
size studies are necessary to verify our results.

In conclusion, the current study showed that EFB was 
of limited clinical value in identifying the preoperative 
diagnosis of rectal lesions. TRUS-guided CNB is an 
effective and safe method for preoperative pathologic 
diagnosis of rectal lesions. When the lesions thickness  
≥13.5 mm and flat/depressed shape at initial EFB, TRUS-
guided CNB can be considered for application. 
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