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Abstract: Keratin pearls (KP) is an important indicator of the degree of tumor cell differentiation of esophageal 
squamous cell carcinomas (ESCC). However, the independent prognostic value of KP in ESCC patients remains un-
clear. The hematoxylin-eosin (H&E) stained tissue microarrays (TMAs) or whole slides of the patients were prepared 
to identify the existence of KP. Kaplan-Meier (KM) survival analysis as well as univariate and multivariate Cox regres-
sion analyses were used to evaluate the prognostic value of KP. A nomogram based on KP and other clinicopatho-
logic characteristics was constructed. The C-index, calibration curve, Receiver Operating Characteristic (ROC) curve, 
and Decision Curve Analysis (DCA) were used to evaluate the nomogram. The results indicated KP is a protective 
factor against lymph node metastasis and is closely associated with the differentiation degree in ESCC patients. KM 
survival analysis showed that the overall survival (OS) of patients with KP was significantly better than for patients 
without KP. In addition, multivariate Cox regression analysis revealed that KP was an independent predictor of OS. 
Furthermore, ROC curve demonstrated that KP combined with differentiation degree could more accurately predict 
the 5-year survival rate than differentiation degree alone. Importantly, the nomogram showed good discrimination 
and calibration abilities in both training and validation groups, which could more accurately predict the 3-, 5-, and 
10-year survival rates of ESCC patients and adds to the predictive value of TNM stage alone. In conclusion, KP is 
an independent predictor of prognosis in patients with ESCC and provides incremental prognostic value to degree 
of differentiation. 
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Introduction 

The prognosis of patients with esophageal 
squamous cell carcinoma (ESCC) is extremely 
poor, with a 5-year survival rate of less than 
30% [1]. Accurate prediction of a patient’s prog-
nosis is essential for the initial clinical manage-

ment and the subsequent treatment decision-
making [2]; therefore, it is imperative to identify 
factors with significant prognostic value. Path- 
ological studies have provided many important 
prognostic factors, such as pathological stage, 
lymph node metastasis, and differentiation 
degree [3].
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Keratin pearls and prognosis in esophageal cancer

8948	 Am J Transl Res 2022;14(12):8947-8958

For squamous cell carcinoma such as ESCC, 
keratin pearls (KP) is one of the most distinc-
tive pathological structures. KP are formed by 
local squamous epithelium accumulation [4], 
which is easily recognized under a microscope 
[5] and is considered a marker of well-differen-
tiated squamous cell carcinoma [6]. Since the 
degree of differentiation has been proven to be 
an important factor affecting the prognosis of 
patients with ESCC [7], we speculated that KP 
status could also serve as an independent  
predictive marker for the prognosis of ESCC 
patients. In addition, according to our long-term 
experience in the study of ESCC, Chinese 
pathologists rarely record the presence or 
absence of KP in ESCC in their pathologic diag-
nosis. Hence, if the addition of KP status may 
improve the prediction of the prognosis of ESCC 
patients. Therefore, this study aimed not only to 
evaluate the prognostic value of KP but also 
clarify the association between KP and other 
clinicopathologic characteristics in patients 
with ESCC.

Materials and methods

Patients and follow-up

All patient information in this study was 
obtained from esophageal and gastric cardia 
carcinoma clinical diagnosis, pathology, and 
follow-up databases (1973-2022) which were 
established by the State Key Laboratory of 
Esophageal Cancer Prevention & Treatment 
and Henan Key Laboratory for Esophageal 
Cancer Research of The First Affiliated Hospital, 
Zhengzhou University [8]. 

The patient inclusion criteria for this study 
were: (1) treated by esophagectomy surgery 
and confirmed as ESCC by pathologic diagnosis 
after surgery; (2) did not receive radiotherapy or 
chemotherapy before surgery; and (3) hematox-
ylin-eosin (H&E) stained tissue microarrays 
(TMAs) and whole slides of cancer tissue were 
available in our database so that we could iden-
tify the presence of KP.

The TNM stage of the patients was determined 
according to the 6th edition of the TNM staging 
system which was established by Union for 
International Cancer Control (UICC) in 2002 [9].

The follow-up with patients was through tele-
phone interview, mail (mainly in the 1970s and 

1990s), and home visits from village doctors to 
directly contact the patients or their families. In 
addition, we also sought help from public ser-
vice systems, such as the new cooperative 
medical database, the medical security bureau 
database, or the citizen death information reg-
istration management system. Patients were 
followed up every 3 months during the first year 
after surgery, followed by annual follow-up until 
their death [8]. The last follow-up was complet-
ed in January 2021. This study was conducted 
after approval from the Ethics Committee of 
Zhengzhou University and was performed in 
accordance with the Helsinki Declaration.

Construction of TMAs

All of our samples were histologically screened 
by H&E stained slides first; representative 
regions with high tumor purity were selected 
and marked in the paraffin block. Then we’ll 
take two cores (a cylinder with 1.5 mm diame-
ter and 3-5 mm height) from one paraffin block, 
and each TMA contains 150 cores (TMAs were 
constructed by Wuhan Servicebio Technology 
Co., Wuhan, China). To ensure reproducibility 
and homogeneity, we stained TMA slides and 
reviewed the histologic diagnosis. 

Identification of KP and grouping of patients

We used a combination of H&E-stained TMAs 
and whole slides to identify KP (Figure 1). We 
first examined the TMAs of all patients, and 
patients with positive KP staining in the TMA 
were classified into the group of ESCC with KP. 
For each patient with negative TMA KP staining, 
an additional H&E stained whole slide of cancer 
tissue was performed to redetermine whether 
KP existed, and patients with positive KP stain-
ing were also classified into the group of ESCC 
with KP. Patients with KP negative staining in 
both TMA and whole slide were classified into 
the group of ESCC without KP. All the TMAs and 
whole slides were examined independently by 
two experienced pathologists, and a third 
pathologist was called in if there was a 
disagreement. 

Statistical analysis

Categorical variables were given as frequency 
and percentage. Pearson’s chi-square test was 
used to assess the association between KP 
and other clinicopathologic characteristics. 
Overall survival (OS) were compared using 
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Kaplan-Meier (KM) method with log-rank test. 
Univariate and multivariate Cox regression 
analyses were carried out to estimate the haz-
ard ratios (HR) and 95% confidence intervals 
(CI). Collinearity diagnosis was conducted to 
evaluate the collinearity among the covariates 
in the multivariate Cox regression model. A 
nomogram was used to predict the prognosis 
of patients more intuitively; the C-index and 
calibration curve were used to evaluate the dis-
crimination and calibration abilities of the 
nomogram. Receiver Operating Characteristic 
(ROC) curve and Decision Curve Analysis (DCA) 
were used to compare the discrimination abili-
ties and clinical benefit between different mod-
els, and Delong’s test was used to compare dif-
ferent ROC curves. A value of P<0.05 was con-
sidered statistically significant. Statistical anal-
ysis was performed using SPSS statistical soft-
ware for Windows, version 21.0 (SPSS, Chicago, 
IL, USA) and R (version 3.6.3).

Results 

Analysis of the association between KP and 
other clinicopathologic characteristics

There were 3069 (30.0%) cases of ESCC with 
KP and 7144 (70.0%) cases of ESCC without 
KP in our cohort. There were significant differ-
ences in the distribution of regions (high inci-
dence area and low incidence area), family his-
tory, degree of tumor differentiation, and patho-
logic stage between ESCC patients with KP and 
without KP. Compared to patients without KP, 
patients with KP had slightly lower high inci-
dence area and family history (64% vs 66%, P = 
0.006; 47% vs 49%, P = 0.049). However, the 
proportion of tumor with high or moderate dif-
ferentiation was significantly higher in patients 
with KP (18% vs 8% or 68% vs 57%, respec-
tively, P<0.001), and the proportion of patients 
with stage II was significantly higher in ESCC 
with KP (67% vs 59%, P<0.001) (Table 1). The 
formation of KP varied greatly among patients 
with different degrees of tumor differentiation. 
Among cases that were well-differentiated, 
moderately differentiated, and poorly differen-
tiated, the frequencies were (49.4%, 33.8%, 
and 15.2%, respectively, P<0.001) (Table 1). 
There was a lower risk of lymph node metasta-
sis in patients with KP than in patients without 
KP [34.1% vs 43.0%, P<0.001, relative risk 
(RR) = 0.688, 95% CI: 0.630-0.751] (Table 3).

The prognostic value of KP in patients with 
ESCC 

Kaplan-Meier curves illustrated that unadjust-
ed overall survival (OS) was significantly differ-
ent between patients without KP and with dif-
ferent KP subtypes (Figure 2), as the OS of 
patients with KP was significantly better than 
for patients without KP (P<0.001) (Figure 2). 

Furthermore, we used X-tile software to select 
the best cut-off value for age, and the result 
showed that 65 years old was the best cut-off; 
hence, we used this cut-off in the univariate 
and multivariate Cox regression analyses. 
Univariate Cox regression analysis showed that 
KP, sex, age, area, smoking history, history of 
alcohol intake, family history, differentiation 
degree and tumor stage were associated with 
OS in patients with ESCC (P<0.05) (Table 2).

We then included all the above variables in a 
multivariate Cox regression analysis and found 

Figure 1. Hematoxylin-eosin (H&E) stained pictures 
of keratin pearls (KP). KP areeosinophilic whorled 
shaped aggregates of flattened keratinocytes. KP 
can separate from each other (A, magnification × 
400, labeled by black arrow) or fuse with each other 
(B, magnification × 400, labeled by blue arrow).
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Table 1. Clinicopathologic characteristics of patients with esophageal squamous cell carcinoma 
(ESCC) with keratin pearls (KP) and ESCC without KP, n (%)

Characteristic No of Patients Examined
ESCC with KP ESCC without KP

P value
3069 (30.0) 7144 (70.0)

Age, y, at diagnosis
    Male
        <40 50 (0.76) 14 (0.7) 36 (0.8) 0.706
        40- 578 (8.82) 173 (8.7) 405 (8.9)
        50- 2323 (35.45) 711 (35.6) 1612 (35.4)
        60- 2658 (40.57) 828 (41.5) 1830 (40.2)
        ≥70 943 (14.39) 271 (13.6) 672 (14.8)
    Female
        <40 26 (0.71) 7 (0.7) 19 (0.7) 0.817
        40- 226 (6.17) 74 (6.9) 152 (5.9)
        50- 1220 (33.32) 351 (32.7) 869 (33.6)
        60- 1555 (42.47) 456 (42.5) 1099 (42.4)
        ≥70 634 (17.32) 184 (17.2) 450 (17.4)
Area
    High incidence area 6699 (65.59) 1952 (63.6) 4747 (66.4) 0.006
    Low incidence area 3514 (34.41) 1117 (36.4) 2397 (33.6)
Smoking history
    No 5457 (53.43) 1634 (53.2) 3823 (53.5) 0.801
    Yes 4756 (46.57) 1435 (46.8) 3321 (46.5)
History of alcohol intake
    No 7168 (70.19) 2175 (70.9) 4993 (69.9) 0.321 
    Yes 3045 (29.81) 894 (29.1) 2151 (30.1)
Family history
    Negative 5239 (51.30) 1620 (52.8) 3619 (50.7) 0.049
    Positive 4974 (48.70) 1449 (47.2) 3525 (49.3)
Tumor location
    Cervical 45 (0.44) 11 (0.4) 34 (0.5) 0.102
    Upper 1720 (16.84) 542 (17.7) 1178 (16.5)
    Median 6636 (64.98) 1944 (63.3) 4692 (65.7)
    Lower 1812 (17.74) 572 (18.6) 1240 (17.4)
Differentiation degree of tumor
    Low 2974 (29.12) 452 (14.7) 2522 (35.3)
    Moderate 6150 (60.22) 2079 (67.7) 4071 (57.0) <0.001
    Well 1089 (10.66) 538 (17.5) 551 (7.7)
Stage
    Stage I 673 (6.59) 141 (4.6) 532 (7.4) <0.001
    Stage II 6300 (61.69) 2056 (67.0) 4244 (59.4)
    Stage III 3159 (30.93) 856 (27.9) 2303 (32.2)
    Stage IV 81 (0.79) 16 (0.5) 65 (0.9)

that KP was an independent predictor of prog-
nosis in patients with ESCC. The overall mortal-
ity was significantly lower in patients with KP 
(P<0.001, adjusted HR = 0.872, 95% CI: 0.828-

0.918) than in patients without KP (Table 2). In 
addition, other independent predictors of prog-
nosis in ESCC patients were gender (female vs 
male, P<0.001, adjusted HR = 0.940, 95% CI: 
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Table 2. Univariate and multivariate Cox regression analyses of keratin pearls (KP) and other clinico-
pathologic characteristics

Characteristic
Univariate Analysis Multivariate Analysis

HR (95% CI) P Value Adjusted HR (95% CI) P Value
ESCC with KP/ESCC without KP 0.815 (0.774, 0.858) <0.001 0.872 (0.828, 918) <0.001
Female/Male 0.877 (0.836, 0.921) <0.001 0.940 (0.848, 0.943) <0.001
Age >65/Age ≤65 1.383 (1.316, 1.454) <0.001 1.385 (1.318, 1.456) <0.001
LIA/HIA 0.824 (0.784, 0.866) <0.001 0.874 (0.831, 0.919) <0.001
Smoking history Positive/Negative 1.119 (1.069, 1.172) <0.001 - 0.429
Alcohol intake Yes/No 1.139 (1.083, 1.198) <0.001 1.068 (1.011, 1.128) 0.018
Family history Positive/Negative 1.276 (1.218, 1.336) <0.001 1.231 (1.174, 1.290) <0.001
Differentiation degree Moderate/Low 0.812 (0.771, 0.854) <0.001 0.805 (0.765, 0.847) <0.001
Differentiation degree Well/Low 0.635 (0.583, 0.693) <0.001 0.661 (0.606, 0.722) <0.001
Stage II/Stage I 2.405 (2.135, 2.708) <0.001 2.521 (2.238, 2.841) <0.001
Stage III/Stage I 3.915 (3.467, 4.421) <0.001 3.915 (3.466, 4.423) <0.001
Stage IV/Stage I 5.950 (4.613, 7.674) <0.001 5.669 (4.394, 7.314) <0.001
ESCC: esophageal squamous cell carcinoma, LIA: low incidence area, HIA: high incidence area.

Table 3. Relationship between keratin pearls (KP) and risk of lymph 
node metastasis in esophageal squamous cell carcinoma (ESCC) 
patients, n (%)

N1 N0 P value RR and 95% CI 
ESCC with KP 1048 (34.1) 2021 (65.9) <0.001 0.688 (0.630-0.751)
ESCC without KP 3071 (43.0) 4073 (57.0) - -
RR: risk ratio, CI: confidence interval.

Figure 2. Kaplan-Meier (KM) survival analysis based 
onkeratin pearls (KP) in esophageal squamous cell 
carcinoma (ESCC) patients. KM survival curves 
of ESCC with KP and ESCC without KP. The curves 
showed that the overall survival (OS) of ESCC pa-
tients with KP was significantly better than for ESCC 
patients without KP.

0.848-0.943), age at diag-
nosis (>65 vs ≤65, P< 
0.001, adjusted HR = 
1.385, 95% CI: 1.318-
1.456), area (LIA vs HIA, 
P<0.001, adjusted HR = 
0.874, 95% CI: 0.831-
0.919), alcohol intake (yes 
vs no, P = 0.018, adjusted 

HR = 0.874, 95% CI: 0.831-0.919), family his-
tory (positive vs negative, P<0.001, adjusted 
HR = 1.231, 95% CI: 1.174-1.290), differentia-
tion degree (moderate vs low, P<0.001, adjust-
ed HR = 0.805, 95% CI: 0.765-0.847; well vs 
low, P<0.001, adjusted HR = 0.661, 95% CI: 
0.606-0.722) and TNM stage (II vs I, P<0.001, 
adjusted HR = 2.521, 95% CI: 2.238-2.841; III 
vs I, P<0.001, adjusted HR = 3.915, 95% CI: 
3.466-4.423; IV vs I, P<0.001, adjusted HR = 
5.669, 95% CI: 4.394-7.314) (Table 2).

Since there was a closely association between 
KP and the degree of differentiation, a collin-
earity diagnosis was conducted on the multi-
variate Cox regression model, and no strong 
collinearity was found among the covariates in 
the model [all variance inflation factor (VIF) 
<1.5].

Subgroup analysis of KP

To further evaluate the prognostic value of KP 
in ESCC patients, a subgroup analysis stratified 
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Figure 3. Kaplan-Meier (KM) survival curves of esophageal squamous cell carcinoma (ESCC) with keratin pearls 
(KP) and ESCC without KP. ESCC with KP has better survival than ESCC without KP in males (A), females (B), pa-
tients from high incidence area (HIA) (C), patients from low incidence area (LIA) (D), patients with moderately dif-
ferentiated tumor (F), and patients with poorly differentiated tumor (G), patients in stage II (I), and patients in stage 
III or IV (J). However, there is no significant difference between the survival of ESCC with KP and ESCC without KP in 
patients with high differentiation degree (E) and patients in stage I (H).

by patients’ characteristics was conducted. The 
results showed that patients with KP had better 
survival than patients without KP in most sub-
sets, including male, female, high incidence 
area (HIA), low incidence area (LIA), moderately 
differentiated, low-differentiation degree, stage 
II, and stage III or IV. However, there was no sig-
nificant difference between the survival of 
patients with KP and patients without KP in 
patients with high differentiation degrees and 
in patients in stage I (Figure 3).

Incremental prognostic value of KP in predict-
ing the survival of ESCC patients 

Moreover, we used an ROC curve to further 
investigate whether KP could provide incremen-
tal prognostic value to differentiation degree. 
We used differentiation degree as a predictor, 
and differentiation degree combined with KP as 
another way to predict the 5- and 10-year OS of 
ESCC patients. The ROC curves showed that 
differentiation degree combined with KP could 
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more accurately predict the 5-year OS 
(P<0.001) and 10-year OS (P = 0.003) than dif-
ferentiation degree alone (Figure 4).

Construction and validation of prognostic no-
mogram based on KP and other clinicopatho-
logic characteristics

Patients were randomly divided into a training 
group (n = 7149, 70%) and validation group (n = 
3064, 30%). In order to predict the prognosis of 
patients more intuitively, we used the data of 
the training group to construct a nomogram 
based on KP and other clinicopathologic char-
acteristics (Figure 5A). In the training group, 
the nomogram showed good discrimination 
ability, with a C-index of 0.624. In addition, the 
calibration curve demonstrated high consisten-
cy between the prediction and the actual obser-
vation about the probability of 3-, 5-, and 
10-year survival in the training group (Figure 
5B), indicating that the model had strong cali-
bration ability. We further validated the discrim-
inative and calibration abilities of this nomo-
gram model in the validation group and deter-
mined that the C-index of the nomogram was 
0.617. Importantly, the calibration curve also 
showed a good relation between the nomo-
gram prediction and actual observations for 
the probability of 3-, 5-, and 10-year survival 
(Figure 5C).

We also compared the nomogram model with 
TNM stage in the training group using ROC 
curve and decision curve analysis (DCA). The 
ROC curve showed that the nomogram model 
could more accurately predict the 3-, 5-, and 
10-year survival rates of ESCC patients than 
TNM stage did (all the P<0.001) (Figure 5D). 
The DCA curves illustrated that the nomogram 
could better predict the 3-, 5- and 10-year OS in 
the training group, as it added more net benefit 
compared to the TNM stage for almost all 
threshold probabilities, with both the treat-all-
patients scheme and the treat-none scheme 
(Figure 5E).

Discussion

In this study, we determined that: (1) KP is an 
independent predictor of prognosis in patients 
with ESCC; (2) KP provides incremental prog-
nostic value to differentiation degree; (3) KP  
is a protective factor against lymph node 
metastasis; and (4) KP is closely associated 
with the differentiation degree in ESCC patients. 
However, there was no strong collinearity 
between the two covariates in predicting the 
OS of ESCC patients.

To our knowledge, this study was the first and 
the largest cohort to investigate the indepen-
dent prognostic value of KP in ESCC. Because 

Figure 4. Receiver operator characteristic (ROC) curves of different indicators for predicting 5-year (A) and 10-year 
(B) survival rates in patients with esophageal squamous cell carcinoma (ESCC). The red line represents differentia-
tion degree, the blue line represents keratin pearls (KP) combined with differentiation degree, and the gray line is 
the guide line. AUC: areas under the receiver operating characteristic curve.
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of the close association between KP and the 
degree of differentiation, pathologists and clini-
cians are accustomed to using the degree of 
differentiation as a proxy for the presence of 
KP, which may be the main reason why the 
independent prognostic value of KP has been 
overlooked. However, a previous study has 
found that the Aldehyde dehydrogenase-1 
(ALDH1) protein in vulvar squamous carcinoma 
tissue was always positively expressed in the 
KP, and the positive expression of ALDH1 was 
significantly associated with good prognosis in 
those patients [10], suggesting that vulvar 
squamous cell carcinomas patients with KP 
may have better survival; nevertheless, this 
remains to be further evaluated. In addition, a 
previous study showed that DNA was absent, 
and that the cell membrane fluidity was reduced 
in the center of KP [11]. Therefore, compared to 
squamous cell carcinoma without KP, squa-
mous cell carcinoma with KP may be less inva-
sive, which may explain the better prognosis of 
ESCC patients with KP. Furthermore, Yasuzumi 
et al. found that after bleomycin treatment in 
tongue cancer patients, the cancer cells in the 
lesions would gather to form cancer cell nests 
and then gradually transform into cancer pearls 
(also known as KP), followed by degeneration to 
necrosis [12]. Thus, KP may represent a stage 
in the necrosis process of squamous cell carci-
noma, and chemotherapy may promote the for-
mation of KP. For ESCC patients with KP, their 
tumor tissues have undergone changes similar 
to those seen after chemotherapy, thereby con-
tributing to a better prognosis. Consistently, our 
results suggest that ESCC patients without KP 
have a higher risk of lymph node metastasis, 
which may also attribute to the poorer progno-
sis of patients without KP. 

Furthermore, our results showed that the pro-
portion of ESCC with KP gradually decreased 
between high differentiation to low differentia-
tion. Although this result could be predicted by 
the criterion of differentiation degree, our 
results demonstrated the specific extent of the 

association between KP and the degree of dif-
ferentiation. In addition, we found that there 
was no strong collinearity between KP and dif-
ferentiation degree when predicting the OS of 
patients, suggesting that the presence of KP 
and the degree of differentiation were not inter-
changeable. Thus it is importance to obtain KP 
information when examine pathologic slides of 
ESCC patients. Notably, our results showed 
that KP combined with differentiation degree 
was more accurate than differentiation degree 
alone in predicting 5- and 10-year survival 
rates, which also better illustrated the impor-
tant prognostic value of KP for patients with 
ESCC. 

This study not only clarified the important prog-
nostic value of KP in ESCC, but also reported 
the occurrence frequency of KP, as well as ana-
lyzed the association between KP and clinico-
pathologic characteristics of ESCC patients. In 
our study cohort, patients without KP account-
ed for 70.0% of all patients, while those with KP 
accounted for 30.0%. Until now, there was no 
report on the specific occurrence frequency of 
KP in ESCC, but Sarode et al. retrospectively 
analyzed the histological sections of 147 
patients with oral squamous cell carcinoma 
and found that 99 (67.3%) of them had KP [13]. 
In this study, the frequency of KP was 30.0%, 
which may be related to the difference in tumor 
types. Additionally, some other studies were 
similar to ours but used different pathological 
material.  Cooper used TMAs to evaluate the 
presence of keratinization or basaloid differen-
tiation in oropharyngeal squamous cell carci-
noma [14], Courtiol used one whole slide from 
each patient to do deep learning-based classifi-
cation of mesothelioma [15], Vuong used TMAs 
and whole slides to identify Epstein-Barr Virus 
Status in patients with gastric cancer [16].  
Due to the large sample size of our study, we 
initially used TMAs to identify KP, which greatly 
improved our efficiency. Importantly, in a previ-
ous study, Dekker found that the concordance 
between core needle biopsy and surgical speci-

Figure 5. A nomogram based on keratin pearls (KP) and other clinicopathologic characteristics was constructed to 
predict the prognosis of esophageal squamous cell carcinoma (ESCC) patients in the training group. A. The nomo-
gram for predicting the overall survival (OS) of ESCC patients at 3, 5, and 10 years. B. The nomogram calibration 
curves of 3-, 5-, and 10-year survival probabilities in the training group. C. The nomogram calibration curves of 3-, 
5-, and 10-year survival probabilities in the validation group. D. The receiver operator characteristic (ROC) curves of 
the nomogram and TNM stage for the survival prediction of ESCC patients at 3, 5, and 10 years in the training group. 
E. Decision curve analysis (DCA) of the nomogram and TNM stage for the 3-, 5-, and 10-year survival prediction of 
ESCC patients in the training group. AUC: areas under the receiver operating characteristic curve.
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mens was high for estrogen receptor testing in 
patients with breast cancer. However, they still 
recommend retesting estrogen receptor-nega-
tive core needle biopsy results on the surgical 
specimen [17], since the results may be affect-
ed by tumor heterogeneity. Our current proce-
dure is similar to their recommendation. 
Caution should be taken when KP status is 
negative in TMAs, since the tissuesize on TMAs 
is small, possibly causing a false negative. So 
we only used the TMAs for preliminary identifi-
cation of KP. As expected, after using the cur-
rent procedure, the positive rate of KP in our 
cohort increased from the initial 27.5% to 
30.0% eventually. However, if our classification 
method is to be used in clinical work in the 
future, the procedure should be adjusted. In 
this study, compared to patients without KP, 
the proportion of patients from a high incidence 
area and patients with family history was slight-
ly lower in patients with KP, suggesting that 
ESCC with a hereditary inclination was less 
likely to form KP. In contrast, the proportion of 
patients with stage II was significantly higher in 
ESCC with KP, suggesting that patients with KP 
had a lower degree of malignancy, e.g. a lower 
N stage and TNM stage. 

However, a limitation of this study was that 
treatment method wasn’t included in the multi-
variate Cox regression analysis since we had 
not been able to obtain sufficient information 
about it due to the long time span of our cohort, 
wide geographical origin of patients, and the 
variable hospitals in which patients were treat-
ed after surgery. Therefore in the future, we will 
focus further on the effect of treatment method 
on patients’ survival and its relationship with 
KP.

In conclusion, this study revealed the important 
prognostic value of KP in patients with ESCC 
and clarified the close association among KP, 
lymph node metastasis, and differentiation 
degree. Although the independent prognostic 
value of KP is limited, the combination of KP 
and differentiation degree can more accurately 
predict the prognosis of ESCC patients, which 
is important to the treatment selection. 
Furthermore, since recent studies have shown 
that KP can be observed in the magnifying 
endoscope of superficial ESCC [18], for those 
patients who cannot be treated surgically, KP 
status in their tumor tissues will provide valu-
able prognostic information. Although the spe-

cific mechanism by which KP affects lymph 
node metastasis and the prognosis of patients 
is still unclear, our findings of the association 
between KP and lymph node metastasis risk 
might provide a novel approach for the improve-
ment of prognosis by promoting the formation 
of KP in ESCC tissue. Interestingly, this idea is 
similar to the idea of inducing differentiation, 
which is the major mechanism by which several 
of the novel therapeutic agents function in 
myeloid malignancies [19]. Moreover, the 
molecular mechanism of KP formation may be 
easier to elucidate than that of tumor differen-
tiation, as the differentiation of tumors is a very 
complicated process. Hence, promoting the for-
mation of KP may represent a new avenue in 
the treatment of ESCC and other squamous cell 
carcinomas in the future.
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