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Abstract 
Ki67 is a marker of cell proliferation that is expressed in the S, G2 and M 
phases but not in the G0 phase of the cell cycle. Several recent studies showed 
that the expression of Ki67 is closely related to the occurrence and develop-
ment of gastrointestinal tumours. The Ki67 index is closely related to the de-
gree of differentiation, invasion, metastasis and prognosis of gastrointestinal 
tumours. This review describes the relationship between the Ki67 index and 
degree of malignancy, therapeutic effect and prognosis of gastrointestinal 
tumours. 
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1. Introduction 

Despite the recent progress in the diagnosis and treatment of gastrointestinal 
tumours, the rate of incidence and mortality has not decreased significantly. 
Therefore, effective diagnostic and therapeutic targets need to be urgently iden-
tified. Screening for specific indicators guiding individualized treatment has be-
come the focus of studies on gastrointestinal tumours. Results of previous stu-
dies have shown that Ki67 is a nuclear antigen closely related to cell proliferation 
and can be used as an important marker to evaluate cell proliferation. Therefore, 
Ki67 is widely used in the research and clinical application of malignant tu-
mours. Recent studies showed that Ki67 can be used as a clinically valuable bio-
molecule to predict the prognosis of tumours of the digestive system, such as 
gastric cancer, colorectal cancer, liver cancer and oesophageal cancer; moreover, 
Ki67 can be used as an index to determine the therapeutic effect to a certain ex-
tent. In this review, we discussed recent studies on the correlation between Ki67 
and common gastrointestinal tumours to clarify its value as a tumour cell proli-
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feration and prognostic marker. 

2. Molecular Biological Characteristics of Ki67 
2.1. Structure and Function of Ki67 

Ki67 was first discovered by Gerdes J et al. [1] in the 1980s. Ki67 was identified 
as a nuclear antigen in Hodgkin’s lymphoma. Ki67 is a non-histone nuclear pro-
tein. The gene encoding Ki67 is located on chromosome 10, transcribed and 
processed by 15 exons, and encodes nuclear macromolecular proteins with rela-
tive molecular weights of 345,000 and 395,000 [2]. The half-life of Ki67 protein 
is 1 - 1.5 h. The expression of Ki67 is precisely regulated during the cell cycle. 
Ki67 is not expressed in the G0 phase and early G1 phase; however, the expres-
sion level gradually increases in the G1, G2 and S phases and reaches a peak in 
the M phase; subsequently, the Ki67 expression decreases sharply in the later and 
late stage of mitosis [3]. The expression level of Ki67 is regulated by a dynamic 
balance between synthesis and degradation. The expression of Ki67 protein is 
regulated by the process of cell mitosis, and Ki67 undergoes phosphorylation 
and dephosphorylation during mitosis. Therefore, Ki67 is vulnerable to degrada-
tion by proteases [4]. Sang D et al. [5] showed that Ki67 binds to DNA, RNA and 
other proteins in a complex manner and thus, it may play an important role in 
cell division. These characteristics make Ki67 a good cell proliferation marker. 
The expression level of Ki67 increases significantly during tumour proliferation. 

2.2. Clinical Method for Detection of Ki67 and Definition of  
Positive Rate 

Currently, two clinical methods are available to detect Ki67 expression; one is a 
semi-quantitative analysis of MKI67 messenger RNA extracted from frozen or 
formalin-fixed paraffin embedded tissues, and the other is an immunohisto-
chemical method for detecting Ki67 based on cell staining ratio [6]. Immuno-
histochemical analysis is the clinically most widely used method. Clinically, nuc-
lear staining is observed microscopically under a 40× magnification to calculate 
the Ki67 index. Most pathology departments in China use manual counting as 
the main method to evaluate the Ki67 index; however, this is a subjective me-
thod, and the pathologists involved in the counting have a varied level of exper-
tise. Therefore, a clinically more accurate and efficient method needs to be de-
veloped. To date, a consensus has not been achieved about the clinically optimal 
high and low levels of Ki67 expression. It is reported that the maximal difference 
between optimal high and low levels of Ki67 expression is more than 30% [7]. 
Therefore, determination of a more reasonable optimal level of Ki67 expression 
is a challenge that needs to be addressed. 

2.3. Ki67 and Tumour Prognosis 

In the recent years, many studies have shown that Ki67 is an important marker 
of tumour prognosis. Ki67 is positively correlated with the degree of malignancy 
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of the tumour. Additionally, Ki67 is an important marker for determining the 
nature and invasiveness of the tumour and for predicting the tumour prognosis. 
Qian Xia et al. [8] showed that in patients with nasal natural killer (NK)/T-cell 
lymphoma, the effect of radiotherapy was lower in Ki67-positive patients than in 
Ki67-negative patients. Ki67 can be used as an evaluation index for the prognosis 
of nasal NK/T-cell lymphoma. A study by He H et al. [9] on non-small-cell lung 
cancer revealed that Ki67 is related to pathological factors such as pathological 
classification and tumour differentiation. The 2-year survival rate and median 
survival duration of Ki67-positive patients was lower than that of Ki67-negative 
patients. A meta-analysis by Zhang Y [10] and Yan et al. revealed that patients 
with breast cancer with high expression levels of Ki67 had a significantly higher 
disease-free survival than those with low expression levels of Ki67. Zheng C et al. 
[11] showed that Ki67 is related to the FIGO stage and lymph node metastasis in 
ovarian cancer. The median survival duration of patients with ovarian cancer 
with serum levels of Ki67 ≥ 50 pg/mL was shorter than that of patients with ova-
rian cancer with serum Ki67 levels < 50 pg/mL. In a study on patients with cer-
vical cancer by Cao Q et al. [12], a statistically significant difference was ob-
served between the Ki67 expression levels and the degree of differentiation, clin-
ical stages and lymph node metastasis. The 3-year survival rate of Ki67-positive 
patients was lower than that of Ki67-negative patients. Huang T et al. [13] ex-
amined the role of Ki67 as a risk factor affecting the prognosis of prostate can-
cer. A high Ki67 index indicates a high risk of death and hence a worse progno-
sis. Results of a retrospective study in various cancers have shown that Ki67 has 
been widely used as a potential proliferation marker. 

3. Relationship between Ki67 and Gastrointestinal Tumours 
3.1. Ki67 and Gastric Cancer 

Gastric cancer is the fifth most common cancer and the third cause of can-
cer-related death worldwide [14]. Gastric cancer is associated with a relatively 
poor prognosis and thus poses a serious threat to human health. More than 70% 
of the new cases of gastric cancer occur in developing countries, and the cases in 
eastern Asia account for about 50% of those reported worldwide, and they are 
mainly concentrated in China [15]. China is a country with a high incidence of 
gastric cancer and serious disease burden. Therefore, prevention and treatment 
of gastric cancer are of prime importance. To date, reasonable and effective mo-
lecular markers to accurately reflect the prognosis of patients with gastric cancer 
have not been identified. Pathologists in China agree that the expression level of 
Ki67 can be used to evaluate the proliferation level of gastric cancer cells and 
provide a significant reference for the evaluation of the efficacy of postoperative 
chemotherapy [16]. 

Previous studies [17] have identified the known pathological factors that can 
affect the postoperative prognosis of patients with gastric cancer, including 
TNM stage, presence of lymph node metastasis, the size of the tumour tissue, the 
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degree of tumour invasion, presence of nerve invasion and presence of blood 
vessel invasion. To date, a consensus on whether a correlation exists between 
Ki67 and the above clinicopathological parameters affecting prognosis has not 
been established. Previous studies [18] [19] have shown that Ki67 is related to 
TNM stage, lymph node metastasis and degree of tumour invasion in gastric 
cancer, that is, specimens obtained from patients with late stage gastric cancer, 
lymph node metastasis and deep invasion showed high expression levels of Ki67. 
In addition, some studies showed that the level of Ki67 expression is high in gas-
tric cancer tissues in large tumour tissue [20] and vascular tumour thrombus 
[21]. Therefore, Ki67 is considered to be related to the occurrence of gastric 
cancer. To some extent, it reflects the malignant degree and prognosis of pa-
tients with gastric cancer. However, some studies have not been able to identify a 
relationship between Ki67 and pathological factors such as tissue size and TNM 
stage of gastric cancer [22]. The different conclusions obtained from different 
studies may be related to the inconsistency in the optimal value of Ki67 and ap-
plied statistical methods, which remains to be further confirmed by a large 
number of studies. 

Zhou Y et al. [23] selected 155 samples from patients with gastric cancer (76 
patients with liver metastasis of gastric cancer were in the liver metastasis group 
and 79 patients with non-liver metastasis of gastric cancer were in the 
non-metastasis group) for study. The chi-square test revealed that the number of 
Ki67-positive patients was significantly higher in the metastasis group than in 
the non-metastasis group, suggesting that upregulation of Ki67 may be involved 
in the occurrence of liver metastasis in gastric cancer Thus, Ki67 may be used to 
predict liver metastasis of gastric cancer. Chen T et al. [21] collected 167 speci-
mens from patients with gastric cancer; they performed Kaplan–Meier analysis 
and showed that patients with low expression levels of Ki67 had a statistically 
significantly longer 5-year recurrence-free survival time. Furthermore, the re-
sults of multivariate Cox regression analysis revealed that the recurrence risk of 
patients with expression level of Ki67 < 10% was 0.318 times that of patients 
with Ki67 expression level ≥ 10%. Therefore, detection of Ki67 may be helpful in 
predicting the prognosis of patients with gastric cancer and providing a refer-
ence for formulating corresponding treatment strategies. When combined with 
forkhead box P1 (FOXP1), which is a new biomarker, Ki67 may improve the 
ability of predicting prognosis to a certain extent. Hua Y [24] examined 69 pa-
tients with advanced gastric cancer treated with fluorouracil-based combined 
adjuvant chemotherapy after operation. The progression-free survival duration 
of Ki67-positive patients was significantly lower than that of Ki67-negative pa-
tients, and Ki67-positive patients were more predisposed to disease progression. 
Moreover, the sensitivity and short-term efficacy of chemotherapy in Ki67-positive 
patients was higher than that in Ki67-negative patients, suggesting that the Ki67 
expression level can provide a reference for the evaluation of efficacy of chemo-
therapy. 

Most studies have shown that the rate of Ki67 positivity is high in gastric can-
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cer specimens with late stage, lymph node metastasis and deep infiltration. The 
upregulation of Ki67 expression level can predict liver metastasis of gastric can-
cer to a certain extent. Compared with Ki67-negative patients, Ki67-positive pa-
tients have shorter relapse-free survival time, progression-free survival time, 
high sensitivity to fluorouracil drugs and good short-term curative effect. 
Therefore, when used in combination with other biomarkers, Ki67 may show 
better results. 

3.2. Ki67 and Colorectal Cancer 

Colorectal cancer (CRC) has the highest rate of incidence and mortality in China 
[25]. The current therapeutic approach of CRC is mainly based on surgery and a 
combination of chemotherapy and radiotherapy. TNM staging developed by the 
American Joint Committee on cancer is currently one of the most widely used 
system for staging of CRC, which is of great significance for evaluation of the 
prognosis and providing guidance for follow-up treatment. However, in clinical 
practice, patients with the same stage of cancer may have different prognosis 
[26]. Therefore, the prognosis should be evaluated along with other indicators to 
formulate an appropriate treatment plan. Ki67 is closely related to the occur-
rence and development of human CRC and is considered to be an important 
predictor of CRC [27]. 

A previous study [28] showed that the overall survival and the 5-year survival 
rate of patients with CRC with pathological types of low differentiation, vascular 
tumour thrombus, nerve invasion, lymph node metastasis and TNM stages III - 
IV were significantly lower than those with high differentiation, no vascular tu-
mour thrombus, nerve invasion, lymph node metastasis and TNM stages I - II. 
Previous studies investigating the relationship between Ki67 and pathological 
features affecting the prognosis of patients [29] [30] have revealed that Ki67 is 
related to TNM stage, lymph node metastasis and degree of differentiation of 
CRC, that is, the later the stage, the more lymph node metastasis and the lower 
the degree of differentiation, the higher the expression level of Ki67, suggesting 
that Ki67 may be involved in the invasion and metastasis of CRC. It is related to 
the malignant degree and clinical stage of CRC, which provides certain guiding 
significance for clinical treatment and prognosis. Other related studies [31] have 
shown that the clinical stage and degree of differentiation are independent of 
Ki67 but are related to small sample size and regional differences. 

Tong G [30] examined 1090 patients with CRC, and their results of Cox mul-
tivariate regression analysis revealed that the risk of recurrence of CRC in pa-
tients with Ki67 expression levels of 25% - 50%, 50% - 75% and 75% - 100% was 
2.59, 4.732 and 6.762 times higher, respectively, than that of patients with Ki67 
expression levels of 0% - 25%. CRC patients with high Ki67 expression levels 
have a higher risk of recurrence. Therefore, Ki67 was proven to be an indepen-
dent predictor of the prognosis of CRC. Wei X [31] performed a study with 195 
patients with CRC. The results of univariate analysis revealed that the overall 
survival and the risk of death in Ki67-positive patients were 1.610 times that in 
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Ki67-negative patients, which indicates that the Ki67 expression level was related 
to the overall survival. The risk of death in Ki67-positive patients was signifi-
cantly higher than that in Ki67-negative patients; however, Ki67 was not an in-
dependent risk factor for poor prognosis of CRC. Li H performed a study with 
[28] 311 CRC patients; they performed univariate survival analysis and showed 
that the overall survival and 5-year survival rate of CRC patients with high levels 
of Ki67 were significantly lower than those of patients expressing low levels of 
Ki67. The results of multivariate analysis revealed that patients positive for car-
cinoembryonic antigen (CEA) + Ki67 and carbohydrate antigen 19-9 (CA19-9) 
+ Ki67 were independent prognostic factors of CRC, suggesting that the combi-
nation of CEA, CA199 and Ki67 may yield better results for the evaluation of 
prognosis of patients with CRC. 

Ki67 is related to TNM stage, lymph node metastasis and degree of differen-
tiation of CRC, suggesting that Ki67 is related to the degree of malignancy. The 
risk of recurrence and death is higher in patients with high expression levels of 
Ki67 than in those with low levels of Ki67 expression, suggesting that patients 
with high Ki67 expression should take more active treatment even if other 
high-risk factors are absent. Using a combination of tumour markers may in-
crease the level of accuracy to evaluate the prognosis of CRC, which is a new 
field worthy of exploration. 

3.3. Ki67 and Liver Cancer 

According to the latest data of global cancer, the incidence rate of primary liver 
cancer is 4.7%; liver cancer is the sixth most common cancer worldwide with a 
mortality rate of 8.3%, which is the third common cause of cancer-related deaths 
[25]. Primary liver cancer is a malignant tumour that occurs primarily in hepa-
tocytes or the intrahepatic bile duct epithelial cells. More than 90% of primary 
liver cancer is hepatocellular carcinoma (HCC). Surgical resection and liver 
transplantation are the more effective methods for the treatment of liver cancer. 
The symptoms of primary liver cancer are not evident in the early stages; there-
fore, patients in the advanced stage do not have the opportunity of undergoing 
surgery. Therefore, identification of effective molecular markers and key biolog-
ical therapeutic targets of HCC is of great significance to improve the outcomes 
of patients with hepatocellular carcinoma. 

Zhao W et al. [32] collected 353 paraffin-embedded specimens of primary liv-
er cancer. The results of univariate analysis revealed that the prognosis of pa-
tients with alpha-fetoprotein (AFP) levels > 400 μg/L, tumour size > 5 cm and 
TNM stage III a was worse than that of patients with AFP levels ≤ 400 μg/L, tu-
mour size ≤ 5 cm and TNM stage I/II, and these results were consistent with 
those reported by Chen W [33], in that, Ki67 was related to tumour size and 
TNM stage of liver cancer. The size of the tumour and the stage of liver cancer 
showed a significant positive correlation with Ki67 expression, indicating that a 
high level of Ki67 expression is related to poor pathological characteristics and 
invasive behaviour. The conclusions drawn in a study of Zhang X et al. [34] are 
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completely contrary to the abovementioned results, except for the differences 
caused by the small number of samples and different statistical methods, indi-
cating that large sample size should be used for further investigation. 

In a study by Zhao W et al. [32], the Kaplan–Meier curve revealed a signifi-
cant difference in the prognosis after hepatectomy between patients with high 
and low Ki67 expression levels, that is, the cumulative survival function of 
Ki67-negative patients was significantly higher than that of Ki67-positive pa-
tients. Cox univariate and multivariate analyses revealed that the prognosis of 
patients was significantly correlated with the high expression levels of Ki67 (the 
death risk of patients with high expression level of Ki67 was 2.709 times and 
1.536 times that of patients with low expression level of Ki67), that is, the overall 
survival time of Ki67-negative patients was higher than that of Ki67-positive pa-
tients, which was an independent risk factor for the prognosis of liver cancer. 
These results are consistent with those of a study by Guo F [35]. Combined de-
tection of CD147 and Ki67 may have more predictive value for the prognosis of 
liver cancer, and more active comprehensive treatment should be administered 
to patients with high expression of CD147 and Ki 67. Jia L et al. [36] reported 
that the expression of Ki67 in the recurrence group was different from that in 
the cure group, and the expression of Ki67 in the recurrence group was signifi-
cantly higher than that in the cure group, suggesting that the high expression of 
Ki67 can predict the risk of recurrence of postoperative liver cancer; the results 
of this study were similar to those of a study by Zhang X et al. [34]. 

The larger the tumour is and the later the stage of liver cancer is, the higher 
the positive rate of Ki67 expression is, suggesting that Ki67-positive patients 
with liver cancer have a poor prognosis. The risk of recurrence and death of liver 
cancer patients with high Ki67 expression in tumour tissues was higher than that 
of those with low Ki67 expression. Combined detection with CD147 or other 
markers may have more predictive value for the prognosis of liver cancer. 

3.4. Ki67 and Oesophageal Cancer 

Regional differences are present in the incidence of oesophageal cancer in China; 
moreover, oesophageal cancer is associated with a high mortality rate. The inci-
dence of oesophageal cancer has declined in the recent years, but mortality rate 
has been the 4 [37]. According to the latest epidemiological survey, the rate of 
incidence and mortality of oesophageal cancer in China is higher than that in 
western countries [38]. Although considerable progress has been made in the 
diagnosis and treatment of oesophageal cancer, it continues to remain one of the 
malignant tumours with poor prognosis, and the long-term survival rate of pa-
tients with oesophageal cancer has not significantly improved. Screening for 
specific indicators to guide individualised treatment has become a focus of stu-
dies on oesophageal cancer. 

Wang H [39] summarised the known pathological factors that can affect the 
prognosis of patients with oesophageal cancer, such as TNM stage, lymph node 

https://doi.org/10.4236/ojgas.2021.1112029


F. Y. Shi et al. 
 

 

DOI: 10.4236/ojgas.2021.1112029 302 Open Journal of Gastroenterology 
 

metastasis and venous invasion. He X [40] considered that a statistically signifi-
cant difference exists between Ki67 expression and TNM stage and the presence 
of lymph node metastasis, suggesting that Ki67 is related to poor prognosis. 

In a study by Qi X [41], among the 122 newly treated patients with advanced 
oesophageal cancer, the expression of Ki67 was significantly correlated with the 
overall survival rate. In addition, Kaplan–Meier survival analysis revealed that 
there was a significant difference in the postoperative survival curve between pa-
tients with high and low expression levels of Ki67. The overall survival of pa-
tients with oesophageal squamous cell carcinoma with high expression levels of 
Ki67 was significantly worse than that of patients with low expression levels of 
Ki67. The combined detection of Ki67 and vascular endothelial growth factor 
(VEGF) showed that the postoperative survival curve of patients with high ex-
pression levels of Ki67 and VEGF was significantly lower than that of patients 
without high expression levels of Ki67 and VEGF. Thus, the expression of Ki67 
is significantly correlated with the curative effect of radiotherapy, and high Ki67 
expression levels indicates a higher degree of tumour cell proliferation of oeso-
phageal squamous cell carcinoma, and thus a lower curative effect of radiothe-
rapy. In a study by Zhao L et al. [42] involving 33 patients with oesophageal bas-
al cell-like squamous cell carcinoma, Kaplan–Meier survival analysis revealed 
that the cumulative survival rate of patients with low expression levels of Ki67 
was significantly higher than that of patients with high expression levels of Ki67. 
These results were similar to those reported by Qi X et al. [41] A study by Wang 
H et al. [39] revealed that no significant difference was observed between the 
expression levels of Ki67 and overall survival and progression-free survival. 

Squamous cell carcinoma accounts for 90% of all oesophageal cancers; thus, 
the studies on oesophageal cancer performed thus far mainly focus on squamous 
cell carcinoma. Previous studies have focussed on oesophageal squamous cell 
carcinoma. Additionally, studies have been performed on oesophageal adeno-
carcinoma and oesophageal small cell carcinoma. In a study by Jacobsen F [43] 
involving 393 patients with oesophageal adenocarcinoma, the results of Cox re-
gression analysis revealed that age and lymph node metastasis were independent 
prognostic markers, and a statistically significant difference was observed be-
tween Ki67 levels and lymph node metastasis. The difference between Ki67 levels 
and overall survival was statistically significant. The overall survival of patients 
with high levels of Ki67 expression was shorter than that of patients with low le-
vels of Ki67 expression. In a study of 44 patients with oesophageal small cell car-
cinoma by Deng HY [44], patients with high Ki67 index (>50%) receiving adju-
vant therapy showed a significantly longer survival time than patients without 
adjuvant therapy. In addition, the results of multivariate analysis revealed that 
Ki67 index (hazard ratio [HR] = 0.314, 95% confidence interval [CI]: 0.127 - 
0.774; P = 0.012) was an independent prognostic factor in patients with oeso-
phageal small cell carcinoma; therefore, the prognosis of patients with high levels 
of Ki67 expression was worse than that of patients with low levels of Ki67 ex-
pression. 
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Ki67 is associated with adverse pathological factors in patients with oesopha-
geal cancer, suggesting that Ki67-positive patients with oesophageal cancer have 
a poor prognosis. The overall survival of patients with high expression levels of 
Ki67 in oesophageal cancer was worse than that of patients with low expression 
levels of Ki67, which was proven in oesophageal squamous cell carcinoma, ade-
nocarcinoma and small cell carcinoma. 

4. Conclusion 

Ki67 plays an important role in the occurrence and development of gastrointes-
tinal tumours and is an important factor for predicting the prognosis of patients 
with gastrointestinal tumours and designing appropriate treatment strategies. 
Most relevant studies performed to date are single-centre and retrospective stu-
dies, and these limitations may be responsible for the differences in the findings. 
Multicentre clinical trials and studies with a large sample size are required to 
demonstrate the validity of relevant research results, and establish routine, ac-
curate, economic and standardised methods for detecting Ki67. In addition, it is 
necessary to scientifically define the optimal value of Ki67 expression. 
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