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Abstract 

Background: Endoscopic resection has been used for high‑grade intraepithelial neoplasia (HGIN) and superficial 
esophageal squamous cell carcinoma (ESCC) with limited risk of lymph node metastasis. However, some of these 
lesions cannot be accurately diagnosed based on forceps biopsy prior to treatment. In this study we aimed to investi‑
gate how to solve this histological discrepancy and avoid over‑ and under‑treatment.

Methods: The medical records of patients with superficial esophageal squamous cell neoplasia who underwent 
endoscopic resection at our hospital from January 2012 to December 2019 were reviewed retrospectively. The histo‑
logical discrepancy between the biopsy and resected specimens was calculated and its association with clinicopatho‑
logical parameters was analyzed.

Results: A total of 137 lesions from 129 patients were included. The discrepancy rate between forceps biopsy and 
resected specimens was 45.3% (62/137). Histological discrepancy was associated with the histological category of the 
biopsy (p < 0.001). In addition, 17 of the 30 (56.7%) biopsies that was diagnosed as indefinite/negative for neoplasia 
or low‑grade intraepithelial neoplasia were upgraded to HGIN or ESCC after resection. The upgrade was due to lesion 
size ≥ 10 mm (p = 0.002) and type B intrapapillary capillary loops (p < 0.001). Moreover, 34 of the 83 biopsies that were 
diagnosed with HGIN were upgraded to ESCC after resection, which was related to lesion size (p = 0.001), location 
(p = 0.018), and pink color sign (p = 0.002).

Conclusions: Histological discrepancy between forceps biopsy and resected specimens is common in clinical prac‑
tice. Recognizing the risk factors for each histological category of biopsy may reduce these discrepancies and improve 
clinical management.
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Background
Esophageal cancer is the seventh most common can-
cer worldwide [1]. In China, esophageal squamous 
cell carcinoma (ESCC) is the dominant histological 
type (approximately 90%), and accounts for more than 
half of new global cases [2, 3]. The prognosis of ESCC 
depends on the tumor stage as the five-year-survival 
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rate can exceed 90% for early-stage cancer, which is 
only 10–20% for advanced cancer [4]. Endoscopy with 
forceps biopsy is the standard procedure for early diag-
nosis, and it has been shown to decrease incidence and 
mortality of ESCC [5]. Detected lesions are managed 
based on histological evaluation of biopsy fragments 
according to the Vienna classification [6]. Superficial 
ESCC with low risk of lymph node metastasis and high-
grade intraepithelial neoplasia (HGIN) are indications 
for endoscopic resection [7–10]. Thus, careful selection 
of patients prior to treatment is essential for avoiding 
under- or over-treatment.

However, histological discrepancies between forceps 
biopsy and resected specimens in superficial esopha-
geal squamous cell neoplasia (SESCN) is not uncom-
mon [11, 12]. Jin et al. [12] reported that the diagnostic 
accuracy rate was 51% for pretreatment biopsy. A study 
in the United Kingdom(UK) showed that after endo-
scopic resection, the histological grade was changed in 
79.2% of SESCNs [13]. Korean scholars have reported 
the histological discrepancy rate to be 34.5%, related 
to upper tumor location and tumor area/biopsy [14]. 
However, these studies used different standards to cat-
egorize the histology and no consensual conclusions 
were drawn regarding management of histological 
discrepancy.

In this study, we retrospectively analyzed the clinico-
pathological features of endoscopically resected SESCN 
in our center and investigated the risk factors of histolog-
ical discrepancies between forceps biopsy and resected 
specimens.

Methods and patients
Patients
The medical records of consecutive patients with SESCN 
who underwent endoscopic resection at our center from 
January 2012 to December 2019 were reviewed retro-
spectively. SESCN consists of superficial ESCC and pre-
cancerous lesions. Precancerous lesions are classified 
as either low-grade intraepithelial neoplasia (LGIN) or 
HGIN. Superficial ESCC is defined as tumor cells lim-
ited to the mucosal and submucosal layers. The exclusion 
criteria for this study were as follows: (1) patients who 
received radiotherapy and photodynamic therapy prior 
to endoscopic resection, (2) patients transferred from a 
local hospital who did not have a biopsy performed at 
our center, and (3) patients without magnifying endos-
copy or chromoendoscopy. This study was designed in 
accordance with the ethical standards of the institutional 
research committee and with the 1964 Helsinki Decla-
ration and its later amendments or comparable ethical 
standards.

Histological evaluation
For forceps biopsy and endoscopic resection, the speci-
men was fixed, embedded, and cut. The hematoxylin–
eosin-stained slides were reviewed by two pathologists 
blindly to clinical information (H. J. and XL. X.). When 
the pathological diagnosis was not consistent between 
the two reviewers, an agreement was reached through 
discussion. The pathological diagnosis of ESCC and 
squamous cell intraepithelial neoplasia was based on 
the fifth edition of World Health Organization (WHO) 
classification of digestive tumors [15]. Briefly, LGIN 
involves neoplastic cells in only the lower half of the 
epithelium with only mild cytological atypia and HGIN 
involves neoplastic cells in more than half of the epi-
thelium or severe cytological atypia regardless of the 
extent of epithelial involvement. When LGIN, HGIN 
and/or ESCC coexisted, the diagnosis was made 
according to the highest grade involved. En bloc resec-
tion was defined as an intact lesion that was removed 
under endoscopy.  R0 resection was defined a lesion that 
was resected en bloc and negative for vertical and lat-
eral margins.

Endoscopic characteristics
Endoscopy examinations were carried out using GIF-
H260, GIF-Q260J, GIF-HQ290 and GIF-H260Z (Olym-
pus Corporation, Tokyo, Japan). The gross type of lesion 
was classified according to the Paris classification and cat-
egorized as elevated (type 0-I and 0-IIa), flat (type 0-IIb), 
and depressed (type 0-IIc and 0-III) [16]. The location of 
the lesion was divided into the upper, middle, and lower 
esophagus according to a previous paper [17]. The upper 
esophagus was defined as the 5 cm length of esophagus 
distal to the upper esophageal sphincter, the lower esoph-
agus was defined as the 5 cm length of esophagus proxi-
mal to the lower esophageal sphincter, and the remaining 
region between the upper and the lower esophagus was 
defined as the middle-esophagus. The color of the lesion 
was classified as reddish, whitish, or no obvious change. 
The pink color sign was determined 2–3 min after spray-
ing 1% percent Lugol’s iodine solution[18]. Intrapapil-
lary capillary loops (IPCLs) was classified as type A or 
type B according to the Japan Esophageal Society Clas-
sification of Magnified Endoscopy, and background color 
was assessed under narrow banding imaging magnifying 
endoscopy according to the reference [19]. In addition, 
the area of tumor or biopsy tissue was calculated using 
the formula for an ellipse (area = 3.14 × length × width/4
). The length and width of the tumor was from the endo-
scopic record, and the size of biopsy tissue was measured 
under microscopy based on the tissue in slides.
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Statistical analysis
IBM SPSS Statistics 26 (SPSS, Inc., Chicago, USA) was 
used for statistical analysis. The categorical data were 
analyzed using the chi-square or Fisher’s exact test. Nor-
mally distributed continuous variables were analyzed 
using the Student t test, while, abnormally distributed 
continuous variables were analyzed using the Mann–
Whitney U-test. A p value < 0.05 was regarded as statisti-
cally significant.

Results
Baseline patient characteristics
A total of 137 lesions from 129 patients were included 
in this study (Table  1). The patients were aged 
62.4 ± 7.8 years (range, 43- 82) and were predominantly 
male (67.1%). The lesions were 21.9 ± 15.1  mm (from 
3 to 100  mm) in size, and 122 of the lesions (89.1%) 
involved < 50% of the circumferential extent of the esoph-
agus. A total of 105 lesions (76.6%) were located in the 
middle esophagus, 19 (13.9%) in the lower esophagus, 
and 13 (9.5%) in the upper esophagus. The lesions were 
mostly in reddish in color (72.3%) and flat in appear-
ance (70.8%). A total of 125 of the lesions (91.2%) were 
removed by endoscopic submucosal dissection (ESD) and 
the rest were multiband mucosectomy (MBM). The en 
bloc resection rate was 97.1% (133/137), and the  R0 resec-
tion rate was 94.9% (130/137). Perforations occurred in 
four patients (2.9%) during endoscopic resection and 
were closed using clips. Delayed bleeding during hospi-
talization occurred in two patients (1.5%) and was treated 
by endoscopic hemostasis. Based on resected specimens, 
2 lesions (1.6%) were histologically diagnosed as negative 
for neoplasia, 16 (11.6%) as LGIN, 60 (43.8%) as HGIN, 
and 59 (43%) as ESCC. Twelve of the 59 patients diag-
nosed with ESCC (20.3%) had submucosal cancer.

Histological discrepancy between forceps biopsy 
and resected specimens
The final histological categories of the 137 lesions accord-
ing to biopsy diagnosis are listed in Table 2. The discrep-
ancy rate between forceps biopsy and resected specimens 
was 45.3% (62/137), and 17 of the 119 (14.3%) ESCC 
and HGIN diagnoses were under diagnosed as LGIN, 
or indefinite/negative for neoplasia. For biopsy diag-
nosed LGIN, the discrepancy rate was 50% (8/16), with 
7 of 16 (43.7%) LGIN-diagnosed biopsies upgraded to 
HGIN or ESCC according to resected specimens. For the 
HGIN lesions diagnosed on biopsy, the discrepancy rate 
was 45.8% (38/83), and 34 of the 83 lesions (41.0%) were 
upgraded to ESCC. The discrepancy rate for biopsy con-
firmed ESCC is 8.4% (2/24), with one lesion downgraded 

to HGIN and for another small lesion, neoplastic cells 
could not be found in the resected specimen. We then 
investigated the factors associated with histological dis-
crepancy. We found that it was significantly associated 
with the histological category of the biopsy (p < 0.001) 
(Additional file 1: Table S1), but not associated with age 
(p = 0.128), sex (p = 0.550), lesion color (p = 0.356), loca-
tion size (p = 0.599) and location (p = 0.086), gross type 
(p = 0.353), pink color sign (p = 0.791), IPCL (p = 0.945), 
background color (p = 0.833), number of biopsies per-
formed (p = 0.364), biopsy tissue area (p = 0.261), median 
tumor area(p = 0.782) and median tumor area/number of 
biopsies(p = 0.556), or duration of time between biopsy 
and resection (p = 0.654) (Additional file 1: Table S1).

Table 1 Clinicopathological features of patients with superficial 
squamous cell neoplasia (N = 137)

ESD = endoscopic submucosal dissection, MBM = multiband mucosectomy, 
LGIN = low-grade intraepithelial neoplasia, HGIN = high-grade intraepithelial 
neoplasia, ESCC = esophageal squamous cell carcinoma, SD = standard 
deviation

Variables Results

Age, years, mean ± SD 62.4 ± 7.8

Age in subgroups, years, n (%)

 < 50/ ≥ 50, < 60/ ≥ 60, < 70/ ≥ 70 9(6.6)/37(27.0)/68(49.6)/23(16.8)

Sex, n (%)

 Male/female 92(67.1)/45(32.9)

Lesion size, mm, mean ± SD 21.9 ± 15.1

Size in subgroups (mm), n (%)

 < 10/ ≥ 10, < 20/ ≥ 20, < 30/ ≥ 30 27(19.7)/43(31.4)/30(21.9)/37(27.0)

Circumferential extent of lesions, 
n (%)

 < 50%/50–75%/ > 75% 122(89.1)/12(8.7)/3(2.2)

Location in esophagus, n (%)

 Upper/middle/lower 13(9.5)/105(76.6)/19(13.9)

Color under white light endoscopy, 
n (%)

 Reddish/whitish/no obvious 
change

99(72.3)/23(16.8)/15(10.9)

Gross type, n (%)

 Elevated/flat/depressed 11(8.0)/97(70.8)/29(21.2)

Treatment, n (%)

 ESD/MBM 125(91.2)/12(8.8)

En bloc resection, n (%) 133(97.1)

  R0 resection, n (%) 130(94.9)

 Perforation, n (%) 4(2.9)

 Stricture, n (%) 10(7.3)

 Delayed bleeding, n (%) 2(1.5)

Final histology, n (%)

 Negative for neoplasia/LGIN/HGIN/
ESCC

2(1.6)/16(11.6)/60(43.8)/59(43)

 Mucosal cancer/Submucosal 
cancer

47(79.7)/12(20.3)
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Histological upgrade to HGIN and ESCC in patients 
diagnosed as negative/indefinite for neoplasia, and LGIN 
on biopsy
For the 30 lesions that were diagnosed as negative/
indefinite for neoplasia or LGIN on biopsy, 17 (56.7%) 
were upgraded to HGIN or ESCCs after resection. Per-
foration occurred in one patient during endoscopic 
procedure and was closed using clips, after which no 
delayed bleeding occured. One lesion was piecemeal 
resected by MBM with indefinite lateral margin, and no 
residual lesion was observed during follow-up. For the 
remaining 16 lesions, curative resections were achieved. 
Histological upgrades to HGIN or ESCC were associ-
ated with lesion size ≥ 10  mm (p = 0.002) and type B 
IPCL (p < 0.001), but were not significantly associated 
with age (p = 0.465), sex (p = 0.264), lesion location 
(p = 0.971), color (p = 0.167), gross type (p = 0.379), 
pink color sign (p = 0.613), or brownish background 
(p = 0.138) (Table  3). The positive and false predictive 
values of lesion size ≥ 10 mm for diagnosing HGIN and 
ESCC were 78.9% and 81.8% respectively. Interestingly, 
none of the lesions with type A IPCL were upgraded to 
HGIN or ESCC. The positive and false predictive values 
of type B IPCL for diagnosing HGIN and ESCC were 
85.0% and 100.0%, respectively. A representative case 
of biopsy-diagnosed indefinite neoplasia upgraded to 
HGIN is shown in Fig. 1.

Histological upgrade to ESCC in biopsy diagnosed HGIN
Among the 83 lesions that were diagnosed as HGIN 
on biopsy, 34 were upgraded to ESCC after resec-
tion, 5 of which (5/83, 6.0%) were submucosal inva-
sive cancers. Perforation occurred in three patients 
during the endoscopic procedure and were closed 
using clips, after which delayed bleeding occured 
in two patients. Six resections were non-curative 
due to indefinite or positive margins (n = 4), or deep 
submucosal invasion and vascular invasion (n = 3) 

(Additional file  2: Table  S2). Histological upgrades 
to ESCC in biopsy-demonstrated HGIN was associ-
ated with lesion size (p = 0.001), location (p = 0.018), 
and pink color sign (p = 0.002), but not with age 
(p = 0.654), sex (p = 0.326), tumor color (p = 0.090), 
gross type (p = 0.073), IPCL (p = 0.266), background 
color (p = 0.101), or number of biopsies performed 
(p = 0.131) (Table  4). A representative case of biopsy-
diagnosed HGIN upgraded to ESCC was is shown in 
Fig. 2.

Discussion
Esophageal squamous cell neoplasia is thought to arise 
from the basal layer of the epithelium, with dysplastic cell 
growth that gradually extends to the full layer of epithe-
lial cells, and infiltrating into the lamina propria mucosae 
or deeper. It is recommended that HGINs and superficial 
ESCCs with limited lymph node metastases be treated 
with endoscopic resection, and the endoscopic resected 
specimens be evaluated pathologically for curability. The 
risk of lymph node metastasis is closely associated with 
the depth of tumor invasion. Superficial ESCCs classified 
as carcinoma in situ or that invade the lamina propria are 
absolute indication for endoscopic resection due to the 
near-zero risk of lymph node metastasis [8, 9, 20]. ESCCs 
invading the muscularis mucosae or submucosal layer to 
200  μm or less are relative indications [9, 20]. A meta-
analysis including 2864 superficial ESCC patients showed 
that the probability of lymph node metastasis in lesions 
invading the muscularis mucosae and submucosal layer 
to 200  μm or less reached 8.8% and 23.2%, respectively 
[21]. The risk of lymph node metastasis is associated 
with vascular or lymphatic invasion. A Japanese study 
reported that the cumulative 5-year metastasis rates in 
patients with esophageal squamous cell mucosal can-
cer without lymphovascular involvement was 0.7% [22], 
which suggests that ESCC invading muscularis mucosae 
is still an indication for endoscopic resection if no lym-
phovascular invasion is observed [8]. In our center, 

Table 2 Histology of the lesions based on forceps biopsy and resected specimens

LGIN = low grade intraepithelial neoplasm, HGIN = high grade intraepithelial neoplasm, ESCC = esophageal squamous cell carcinoma

Pre‑treatment biopsy Histology based on resected specimen n (%)

Negative for neoplasia 
(n = 2)

LGIN (n = 16) HGIN (n = 60) ESCC (n = 59)

Negative for neoplasia (n = 3) 0 (0) 0 (0) 2 (66.7) 1 (33.3)

Indefinite for neoplasia (n = 11) 0 (0) 4 (36.4) 7 (63.6) 0 (0)

LGIN (n = 16) 1 (6.3) 8 (50) 5 (31.2) 2 (12.5)

HGIN (n = 83) 0 (0) 4 (4.8) 45 (54.2) 34 (41.0)

ESCC (n = 24) 1 (4.2) 0 (0) 1 (4.2) 22 (91.7)
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endoscopic resection is recommended for patients with 
HGINs and superficial ESCCs without distant or lymph 
node metastases, excluding those with obvious submu-
cosal invasion (SM2 or deeper invasion). Additional 
treatments are recommended when pathological finding 
indicate positive vertical margins, lymphovascular inva-
sion, poor differentiated histology and submucosal inva-
sion of more than 200 μm according to the Consensus of 
the Chinese Society of Gastroenterology [10]. In addi-
tion, patients with lesions involving more than 3/4 of the 
circumferential extent with a high risk of stricture after 

endoscopic resection were offered a sufficient explana-
tion and discussion of the risks and postoperative pre-
ventative strategies prior to the operation (i.e., oral, or 
local steroids).

In routing practice, approximate biopsies are taken 
from suspected lesions to determine the histological 
category, and appropriate decisions are made regarding 
treatment. In our study, we found that the discrepancy 
rate between forceps biopsy and resected specimens was 
45.3%, which was higher than previous data (34.5%, 29/84 
lesions) from Korea [14]. This is likely because our study 

Table 3 Factors associated with HGIN and ESCC in patients diagnosed as negative/indefinite for neoplasia or LGIN on biopsy

p value < 0.05 was highlighted by bold values

LGIN = low grade intraepithelial neoplasm, HGIN = high grade intraepithelial neoplasm, ESCC = esophageal squamous cell carcinoma, IPCL = intrapapillary capillary 
loops

Variables Total (n = 30) Final histology p value

No‑IN/LGIN (n = 13) HGIN/ESCC (n = 17)

Age(years) 0.465

 < 60 12 (40) 4 (30.8) 8 (47.1)

 ≥ 60 18 (60) 9 (69.2) 9 (52.9)

Sex 0.264

 Male 18 (60) 6 (46.2) 12 (70.6)

 Female 12 (40) 7 (53.8) 5 (29.4)

Lesion size (mm) 0.002
 < 10 11 (36.7) 9 (69.2) 2 (11.8)

 ≥ 10 19 (63.3) 4 (30.8) 15 (88.2)

Location 0.971

 Upper esophagus 2 (6.7) 1 (7.7) 1 (5.9)

 Middle esophagus 23 (76.7) 10 (76.9) 13 (76.5)

 Lower esophagus 5 (16.7) 2 (15.4) 3 (17.6)

Color under white light endoscopy 0.167

 Reddish 18 (60.0) 6 (46.2) 12 (70.6)

 Whitish 7 (23.3) 3 (23.1) 4 (23.5)

 No obvious change 5 (16.7) 4 (30.7) 1 (5.9)

Gross type 0.379

 Elevated 1 (3.3) 0 (0) 1 (5.9)

 Flat 25 (83.4) 12 (92.3) 13 (76.5)

 Depressed 4 (13.3) 1 (7.7) 3 (17.6)

Pink color sign 0.613

 Yes 4 (13.3) 1 (7.7) 3 (17.6)

 No 26 (86.7) 12 (92.3) 14 (82.4)

IPCL < 0.001
 Type A 10 (33.3) 10 (76.9) 0 (0)

 Type B 20 (66.7) 3 (23.1) 17 (100)

Brownish color background  0.138

 Yes 17 (56.7) 5 (38.5) 12 (70.6)

 No 13 (43.3) 8 (61.5) 5 (29.4)

Number of biopsies –

 1 30 (100) 13 (100) 17 (100)

 ≥ 2 0 (0) 0 (0) 0 (0)
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included cases of biopsies diagnosed as negative/indefi-
nite for neoplasia. However, the discrepancy rate in our 
study was lower than the 79.2% (41.7% upstaged, 37.5% 
downstaged) that was published by scholars from the 
UK, likely due to the greater number of histological grade 
levels for cancer that were grouped in their study [13].

Many factors may contribute to the histological dis-
crepancy between forceps biopsy and resected specimens. 
First, the pathological diagnostic criteria for squamous 
cell intraepithelial neoplasia are different from those of 
Western and Japanese pathologists, even among indi-
vidual pathologist. Some lesions with stromal invasion in 
resected specimens may be diagnosed as HGIN, LGIN, or 
reactive atypical lesions on biopsy according to Western 
criteria [23]. In this study, the slides of biopsy and resected 
specimens were reviewed by two pathologists according 
to the fifth edition of the WHO classification of diges-
tive tumors to reduce bias. Second, SESCN is a heteroge-
neous disease (Fig. 2), so small biopsy fragments are not 
sufficient to evaluate the pathology of the entire lesion. 
In addition, the poor tissue orientation of the biopsy also 
influences the grade of intraepithelial neoplasia [24]. Per-
forming multiple biopsy specimens may increase the 
diagnostic yield, with six biopsies likely to achieve 100% 

diagnostic accuracy in esophageal carcinoma [25]. A con-
cordant diagnosis of HGIN based on more than 4 biopsies 
was easier to achieve than that based on fewer biopsies 
[26]. However, while more biopsies is acceptable strategy 
for advanced ESCC, this may cause submucosal fibro-
sis in superficial lesions and increase the complexity of 
endoscopic resection. Park et  al. [14] recommended one 
biopsy for superficial esophageal squamous cell neoplasia 
less than 14 mm and two biopsies for larger lesions. In our 
study, most of the lesions (74.5%) were assessed with less 
than 2 biopsies, and the number of biopsies and median 
tumor area per biopsy were not statistically associated 
with histological discrepancies. Moreover, some super-
ficial lesions are covered by normalized epithelial cells, 
such as basal layer type ESCC, or mature epithelial (ver-
rucous carcinoma), causing them to be underdiagnosed as 
LGIN on biopsy [27, 28]. Thus, to increase the accuracy 
of biopsy for superficial lesions, it is recommended that 
the biopsy site be in area with pink color sign or higher 
irregular IPCLs [14].

Squamous cell intraepithelial neoplasia is considered 
a precursor to ESCC. The risk of ESCC is related to 
the degree of dysplasia and has found to be 1.4%, 4.5% 
and 15.5% for mild, moderate, and severe dysplasia, 

Fig. 1 A patient who was diagnosed as indefinite for neoplasia on biopsy and subsequently upgraded to HGIN after resection. a A brownish area 
is observed in the middle esophagus; b the lesion is flat and reddish under white light endoscopy; c map‑like unstained area is observed after 
1% iodine spraying but negative for pink color sign. d One biopsy is taken from unstained area and is diagnosed as indefinite for neoplasia; e 
magnifying endoscopy shows type B1 IPCL; and f the lesion is diagnosed as HGIN after resection
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respectively [29]. Li et  al. applied endoscopic mucosal 
resection for esophageal squamous cell LGIN and none 
were upgraded to HGIN or ESCC, while 6 cases (9.2%) 
were upstaged to HGINs during follow-up [30]. In our 
study, we found that 17 of the 119 (14.3%) ESCC and 

HGIN cases were under-diagnosed as LGIN, or indefi-
nite/negative for neoplasia. this may be corrected using 
magnifying endoscopy. The positive and false predic-
tive value of type B IPCL for diagnosing HGIN and 
ESCC was 85.0% and 100.0% in biopsies diagnosed as 

Table 4 Risk factors associated with histological upgrade to ESCC in patients diagnosed with HGIN on biopsy

p value < 0.05 was highlighted by bold values

HGIN = high grade intraepithelial neoplasm, ESCC = esophageal squamous cell carcinoma, IPCL = intrapapillary capillary loops
* Fisher’s exact test

Variables Total (n = 83) Final histology p value

Non‑ESCC (n = 49) ESCC (n = 34)

Age(years) 0.654

 < 60 27 (32.5) 15 (30.6) 12 (35.3)

 ≥ 60 56 (67.5) 34 (69.4) 22 (64.7)

Sex 0.326

 Male 56 (67.5) 31 (63.3) 25 (73.5)

 Female 27 (32.5) 18 (36.7) 9 (26.5)

Lesion size (mm) 0.001
 < 10 13 (15.7) 13 (26.5) 0 (0)

 10–20 27 (32.5) 17 (34.7) 10 (29.4)

 ≥ 20 43 (51.5) 19 (38.8) 24 (70.6)

Circumferential extent of lesions 0.159

 < 50% 74 (89.2) 45 (91.8) 29 (85.3)

 50–75% 7 (8.4) 4 (8.2) 3 (8.8)

 > 75% 2 (2.4) 0 (0) 2 (5.9)

Location 0.018
 Upper esophagus 8 (19.7) 4 (8.2) 4 (11.8)

 Middle esophagus 65 (78.3) 43 (87.7) 22 (64.7)

 Lower esophagus 10 (12.0) 2 (4.1) 8 (23.5)

Color

 Reddish 55 (66.3) 32 (65.3) 23 (67.6) 0.090

 Whitish 15 (18.1) 8 (16.3) 7 (20.6)

 No obvious change 10 (12.0) 9 (18.4) 1 (2.8)

Gross type 0.073

 Elevated 2 (2.4) 0 (0) 2 (5.9)

 Flat 64 (77.1) 41 (83.7) 23 (67.6)

 Depressed 17 (20.5) 8 (16.3) 9 (26.5)

Pink color sign 0.002
 Yes 44 (53.0) 19 (38.8) 25 (73.5)

 No 39 (47.0) 30 (61.2) 9 (26.5)

IPCL 0.266*

 Type A 3 (3.6) 3 (6.1) 0 (0)

 Type B 80 (96.4) 46 (93.9) 34 (100)

Brownish color background  0.101

 Yes 66 (79.5) 36 (73.5) 30 (88.2)

 No 17 (20.5) 13 (26.5) 4 (11.8)

Number of biopsies 0.131

 1 61 (73.5) 39 (79.6) 22 (64.7)

 ≥ 2 22 (26.5) 10 (20.4) 12 (35.3)
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negative/indefinite for neoplasia and LGIN, respectively. 
Meanwhile, a previous study revealed that magnifying 
endoscopy had higher diagnostic accuracy than biopsy 
for esophageal lesions [31]. The above data suggest that 

patients with esophageal lesions with type B IPCL, but 
not confirmed as HGIN or ESCC on the initial biopsy, 
should be receive endoscopic resection for pathological 
assessment or a repeat biopsy to avoid under-treatment.

Fig. 2 A patient who was diagnosed as HGIN on biopsy and subsequently upgraded to ESCC after resection. a A reddish flat lesion is observed 
in the middle esophagus; b the lesion is demarcated brownish area under narrow band imaging; c unstained area is observed after 1% iodine 
spraying. d One biopsy is taken from unstained area and is diagnosed as HGIN; e magnifying endoscopy shows type B1 IPCL; f higher irregular 
type B1 IPCL is observed within the area correspond to area (white dotted lines) in panel e; g pink color sign is positive in the area correspond 
to area (white dotted lines) in panel e; h circumferential incision was made after marking the lesions and submucosal injection; i submucosal 
dissection; j the lesion was completely removed; k resected specimen after 1% iodine spraying; l pathological diagnosed as esophageal squamous 
cell carcinoma in situ coexists with HGIN and LGIN; m the histology of No.8 slides is shown in low‑power view; and histology in high‑power view 
correspond to box in panel m was shown in n carcinoma in situ; o HGIN; and p LGIN
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While it has been believed that HGIN does not have the 
potential to metastasize to the lymph nodes or form dis-
tant metastases. the invasive foci may have been missed 
when the diagnosis of HGIN was made based on small 
endoscopic biopsy fragments. Shimizu et al. [32] reported 
that more than 30% of biopsies showed that diagnosed 
HGIN was an invasive carcinoma. Similarly, we found 
that 34 of the 83 (41%) biopsies diagnosed as HGIN were 
invasive cancers, even to the submucosal layer (5/83, 
6.0%). Histological upgrade to ESCC in biopsy-diagnosed 
HGIN was associated with lesion size, location, and pink 
color sign. In addition, a Chinese study found that 19 
of the 169 biopsy-diagnosed HGIN cases (11.24%) had 
lesions infiltrating the submucosa after resection, and 
the risk factors were lesion size > 2  cm, depressed and 
excavated patterns, and ≤ 4 biopsy samples [26]. How-
ever, local treatment, such as endoscopic resection as a 
“complete biopsy” or alternative therapies including radi-
ofrequency ablation [33] and photodynamic therapy [34] 
can be applied for HGIN. A high proportion of biopsy-
diagnosed HGIN lesions were later diagnosed as carci-
noma, therefore, carefully selecting patients based on the 
invasive depth of the lesions is essential for successful 
treatment of biopsy diagnosed HGINs. Additionally, the 
invasive depth of the lesions should be judged carefully 
by the morphology, endoscopic ultrasound and magni-
fying endoscopy prior to treatment [35]. For lesions sus-
pected to have deep submucosal invasion, a repeat biopsy 
should be considered to correct the initial histological 
category of the biopsy.

There are a few limitations to this study. First, due to 
nature of this single-center retrospective study, there is a 
potential for selection bias. Second, the number of cases 
that were diagnosed as indefinite for neoplasia and LGIN 
on biopsy was small, since most patients without pink 
color sign or type B IPCLs were managed by surveillance. 
Therefore, our results should be validated in a large pro-
spective study conducted in multiple centers.

Conclusions
Forceps biopsy is not sufficient for accurate determina-
tion of the final histology of SESCN. For lesions that are 
diagnosed as indefinite for neoplasia or LGIN on biopsy, 
type B IPCL and tumor size > 10 mm were risk factors for 
histological upgrade to higher categories, and therefore, 
re-biopsy or endoscopic resection should be undertaken 
to avoid underdiagnosis. For lesions that are diagnosed as 
HGIN or ESCC on biopsy, especially HGIN with risk fac-
tors, invasive depth should be evaluated carefully before 
endoscopic resection to avoid over treatment.
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