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Abstract. The proliferation of the biomarker Ki67 has been
extensively studied in colorectal cancer (CRC). Although
numerous Ki67 cut-off values have previously been reported,
the optimal cut-off value remains unclear with previous studies
providing contrasting results. The present retrospective cohort
study aimed to determine the optimal cut-off value for CRC.
Ki67 levels and the prognosis of patients with non-metastatic
CRC were obtained from the Electronic Health Information
System of a tertiary hospital in Kunming City. The Restricted
Cubic Spline (RCS) model was used to analyze the non-linear
association between Ki67 levels and the risk of patient death
and metastasis. Moreover, the RCS model was used to deter-
mine the optimal cut-off value of Ki67. Cox proportional
hazards models were used to verify the effects of the cut-off
value. In total, 210 patients with CRC and a median age of
62.5 years (age range, 23.0-88.0 years) were studied. Results
of the present study demonstrated a non-linear association
between Ki67 levels and the risk of patient death based on the
RCS model, and at Ki67 levels =60%, the hazard ratio (HR) of
patient death gradually increased. Using multivariate-adjusted
Cox proportional hazards models, the results of the present
study demonstrated that Ki67 =60% indicated a high-risk ratio
for both distant metastasis and death [HR, 2.640; 95% confi-
dence interval (CI), 1.066-6.539], compared with Ki67 <60%
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(HR, 2.558; 95% CI, 1.079-6.064). Therefore, Ki67 =60%
may be the optimal cut-off value for the prediction of death
and metastasis in patients with CRC. Thus, Ki67 may act as a
biomarker for predicting the prognosis of patients with CRC,
and the optimal cut-off value for the prediction of both death
and metastasis of patients with CRC is 60%.

Introduction

Colorectal cancer (CRC) exhibits the third highest inci-
dence rate and the second highest cancer-related mortality
rate worldwide (1). The global disease burden of CRC is
expected to increase by 60% by 2035, with new cases rising
to 2.5 million (2,3). The increasing incidence of CRC will
be accompanied by an increase in mortality (4), particularly
for patients experiencing recurrence and metastasis following
curative surgery (5). At present, clinical settings and prog-
nostic indicators, including pathological indicators, are used
to guide the clinical management of patients with CRC.
Notably, pathological indicators include classic TNM stage,
differentiation, invasion, and blood and stool proteins, such as
carcinoembryonic antigen (CEA), cancer antigen (CA) 19-9,
and CA-195. Pathological indicators also include molecular
markers, such as microsatellite instability, chromosome 18q
loss of heterozygosity, P53, KRAS, BRAF, epidermal growth
factor receptor, and vascular endothelial growth factor (6,7).
However, the effect of these indicators on the accurate
prediction of patient prognosis remains unsatisfactory (8,9).
Therefore, it is necessary to explore new biomarkers for the
improved prediction of patient prognosis (9).

In 1983, Gerdes et al (10) discovered the Ki67 antigen and
determined that Ki67 was associated with the active prolif-
eration of cells (10). Ki67 is only expressed in the interphase
and mitotic phases of mitosis and is not expressed in the
resting phase (G0). During mitosis, Ki67 expression gradually
increases until expression reaches a peak (11). Thus, Ki67
expression may reflect the growth fraction of cell populations,
and results of numerous previous studies have demonstrated
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that Ki67 may serve as a prognostic or predictive biomarker for
different types of tumors (12,13). Moreover, numerous previous
studies and meta-analyses demonstrated that high expression
levels of Ki67 are associated with adverse overall survival and
disease-free survival of patients with CRC, and may therefore
be used as a valuable marker of CRC prognosis (14-16).

Investigating Ki67 expression in tumor tissues using
immunohistochemistry is a routine and reliable examina-
tion strategy for the determining the proliferative activity of
tumor cells following therapeutic surgery (17,18). However, the
results of testing have not yet been used to guide the clinical
management of patients with CRC, as the optimal cut-off value
remains undetermined (14,19). Miller et al (20) demonstrated
that Ki67 expression plays a key role in the cell cycle following
the tracking of Ki67 expression in a single cell over time (20).
Based on the different expression levels of Ki67 throughout the
cell cycle, and the results obtained by Miller ez al (20), it was
hypothesized that Ki67 may possess a non-linear association
with CRC prognosis, rather than a linear one, as previously
suggested (21). Thus, the present immunohistochemical study
aimed to use a cohort of patients with non-metastatic CRC
and the Restricted Cubic Spline (RCS) model to analyze
the association between Ki67 levels and the risk of patient
death and metastasis. The present study aimed to obtain an
evidence-based cut-off value of Ki67, to guide the clinical
management of patients with CRC.

Materials and methods

Patients. A retrospective cohort study was employed for the
present analysis. Data were collected from patient medical
records stored in the Electronic Health Information System of
the First Affiliated Hospital of Kunming Medical University.
Patients with CRC included in the present study underwent
therapeutic surgery at the aforementioned hospital between
January 2014 and December 2020. The inclusion criteria for
patients were as follows: i) Patients with stage [-III CRC who
received therapeutic surgery, but did not receive preoperative
chemoradiation, and ii) patients with complete demographic,
clinical treatment, associated laboratory test, and follow-up
data, whose tumor tissue was tested for Ki67. Patients with CRC
who did not meet the aforementioned criteria were excluded
from the present analysis. The covariates included in the
present analysis consisted of demographic features, including
patient sex, age at diagnosis, race, body mass index (BMI),
CEA and Ki67, and tumor pathological features, including
type, location, differentiation, stage, vascular invasion, and
perineural invasion of CRC.

Immunohistochemistry. Immunohistochemistry was used to
detect Ki67 expression in tumor tissue following therapeutic
surgery, and this was performed according to the manufac-
turer's instructions for the antibody (ProteinTech Group,
Inc.). Briefly, tumor tissue was embedded in paraffin wax and
subsequently dewaxed using xylene and hydrated, and antigen
retrieval was performed. Endogenous peroxidase activity
was blocked using 3% H,0, and then the slides were blocked
with 5% BSA blocking buffer at room temperature for 1 h.
Subsequently, tumor tissue was incubated with Ki67 polyclonal
antibody (ProteinTech Group, Inc.; cat. no. 27309-1-AP,

RRID: AB_2756525, 1:2,000) at 37°C for 1 h followed by
incubation with anti-rabbit IgG (ProteinTech Group, Inc.;
cat. no. SA00004-2, RRID: AB_2890944; 1:200) at 37°C for
1.5 h. Immunostaining was detected using DAB substrate
solution and samples were counterstained using hematoxylin
at room temperature for 10-30 sec. Immunohistochemistry
was performed following surgery. A score was assigned to
the Ki67 testing result of each patient to represent the Ki67
level, and the guidelines recommended by the International
Ki67 in Breast Cancer Working Group were adopted as the
scoring method (22). Immunohistochemical scoring was
performed independently by two specialists in pathology
who were blinded to the clinicopathological characteristics
and prognosis of the patients. A total of five non-overlapping
high-power fields (objective, x40, Leica Microsystems GmbH)
were randomly selected in the chromatically homogeneous
area, and Ki67 expression was calculated as the proportion of
tumor cells with positive nuclear staining in all tumor cells.

Patient follow-up. Patient follow-up following therapeutic
surgery included death, distant metastasis, and survival
without metastasis. The outcome data were obtained from
the Electronic Health Information System, or by contacting
patients or family members via telephone. The survival time
was calculated from the time of diagnosis of CRC to the time
of metastasis or death. The date of the last follow-up was
recorded if metastasis or death did not occur. The last date of
follow-up was 31st August 2021.

Statistical analysis. Quantitative data was presented as the
mean + standard deviation or the median (interquartile range,
IQR), and comparisons between two groups was performed
using an independent Student's t-test or Mann-Whitney U
test, based on the distribution of data. Categorical data are
presented as the frequency (percentage), and a comparison
between groups were performed using x> or Fisher's exact test.
The RCS model was used to determine the non-linear associa-
tion between Ki67 levels in the tumor tissue and the risk ratio
of metastasis and death of patients with CRC. The association
between Ki67 expression with distant metastasis or death of
patients was analyzed using univariate and multivariate Cox
proportional hazards regression models, using hazard ratios
(HR), 95% confidence intervals (CIs) to describe the risk ratio,
and a test level a =0.05. SPSS (version, 24.0; IBM Corp) was
used for statistical analysis, baseline data comparisons, and Cox
regression analysis. R (version, 4.1.2; R Project for Statistical
Computing) and R packages (‘rms’, ‘survival’, and ‘ggplot2’)
were used to perform RCS analysis and visualization.

Results

A total of 293 patients with CRC who met the inclusion
criteria were first included in the present study; however, a
total of 83 patients were lost during the follow-up period. A
total of 210 (71.67%) patients with CRC with an age range of
23-88 years old, median age of 62.5 years old, and a BMI at
diagnosis of 22.1 kg/m? (IQR, 20.3-24.2 kg/m?) were included
in the present research. These included 107 male patients
(51.0%) and 103 female patients (49.0%). The majority (206
patients, 98.1%) of the included patients with CRC were
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Table I. Characteristics of the 210 patients with non-metastatic colorectal cancer stratified by Ki67 levels.

Ki67 level
Characteristic Total, n=210 <60%,n=97,46.2% >60%,n=113, 53.8% P-value
Age at diagnosis, median (IQR), (y) 62.5(54.0,71.3) 64.0(54.0,71.5) 62.0 (53.0,71.5) 0.708
Age, n (%) 0.524
<60 85 37 (38.1) 48 (42.5)
=60 125 60 (61.9) 65 (57.5)
Sex, n (%) 0.343
Male 107 46 (474) 61 (54.0)
Female 103 51 (52.6) 52 (46.0)
Race, n (%) 0.725
Han 206 96 (99.0) 110 (97.3)
Ethnic minority 4 1(1.0) 3@2.7)
BMI, median (IQR), kg/m? 22.1(20.3,24.2) 22.2 (20.8,24.0) 22.0(20.2,24.3) 0.660
BMI, n (%) 0.389
<184 25 10 (10.3) 15 (13.3)
18.5-23.9 124 61 (62.9) 63 (55.8)
24.0-27.9 49 23 (23.7) 26 (23.0)
>28.0 12 33.1) 9(8.0)
CEA, median (IQR), ng/ml 32(1.7,84) 32(1.7,84) 34(1.7,84) 0.958
Type, n (%) 0.501
Adenocarcinoma 208 97 (100.0) 111 (98.2)
Other 2 0(0.0) 2(1.8)
Location, n (%) 0.194
Right colon 112 57(58.8) 55 (48.7)
Left colon 53 19 (19.6) 34 (30.1)
Rectal 45 21 (21.6) 24 (21.2)
Differentiation, n (%) 0.176
High 26 16 (16.5) 10 (8.8)
Middle 163 70 (72.2) 93 (82.3)
Low 21 11(11.3) 10 (8.8)
Stage, n (%) 0.229
I 46 18 (18.6) 28 (24.8)
II 93 49 (50.5) 44 (38.9)
III 71 30 (30.9) 41 (36.3)
Vascular invasion, n (%) 0.054
No 166 71 (73.2) 95 (84.1)
Yes 44 26 (26.8) 18 (15.9)
Perineural invasion, n (%) 0.282
No 140 61 (62.9) 79 (69.9)
Yes 70 36 (37.1) 34 (30.1)

BMI, body mass index.

Han ethnic group (Table I). A total of 29 patients died and
32 patients experienced metastases during the follow-up
period; the median survival time following surgery for those
who died was 45.3 months. In addition, the median follow-up
time following surgery for patients with CRC was 42.6 months.
Patients in the Ki67 =60% group predominantly exhibited a
younger age, were male and of an ethnic minority, exhibited

a low BMI, a high CEA, non-adenocarcinoma, moderate
differentiation, stage III CRC, no vascular infiltration, and no
nerve infiltration; however, differences between groups were
not statistically significant (Table I).

RCS model analysis demonstrated a non-linear association
between Ki67 expression levels and the HR of death in patients
with CRC (P=0.039). When Ki67 was <60%, the HR of death in
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Table II. Continued.

Multivariate models

Model A Model B Model C

Univariate model

P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

HR (95% CI)

Variable

Perineural invasion

1 [Reference]
0.641 (0.281-1.467)

1 [Reference]
1.077 (0.508-2.284)

No

0.293

0.846

Yes
Ki67

1 [Reference]
2.640 (1.066-6.539)

1 [Reference]
2.637 (1.163-5.977)

1 [Reference]
2.428 (1.094-5.390)

1 [Reference]
2.328 (1.061-5.109)

<60%
>60%
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0.036*

0.02*

0.029*

0.035*

“P<0.05. HR, hazard ratio; CI, confidence interval.

patients with CRC remained low. The HR of death increased
as Ki67 expression levels increased, and when Ki67 levels
were =60%, the HR of death was markedly increased
(Figs. 1 and 2). However, the association between Ki67 expres-
sion and the HR of metastasis in patients with CRC was not
non-linear (P=0.068).

Results of the univariate Cox regression analysis demon-
strated that increased age, stage III cancer, vascular invasion,
and Ki67 =60% (P<0.05) were risk factors for death in patients
with CRC. After adjusting for different confounding factors,
Ki67 =60% was considered a risk factor for death (HR, 2.640
and 95% CI, 1.066-6.539; P=0.036; Table II).

Moreover, results of the univariate Cox regression
analysis demonstrated that increased CEA, stage III cancer,
neural invasion, and Ki67 =60% were risk factors for distant
metastasis in patients with CRC (P<0.05). After adjusting for
different confounding factors, Ki67 =60% was considered a
risk factor for metastasis (HR, 2.558; 95% CI, 1.079-6.064;
P=0.033; Table III).

Discussion

Ki67 has been widely used as a marker of cell proliferation
in numerous types of tumors (22-24). However, there is still
heterogeneity in the use of Ki67 as a biomarker in CRC (25,26),
which is comparable to its use in breast cancer (22). Numerous
previous studies have demonstrated that increased Ki67
expression is unfavorable in the progression and prognosis of
patients with CRC (19,27-32); however, these results differ from
other previous studies (14,15,33). Notably, patients included in
different studies may possess different characteristics, such as
undergoing preoperative chemoradiotherapy or different tumor
stages. In addition, results of previous studies demonstrated
the use of different cut-off values of Ki67, varying from 5 to
62% (16,34,35). A previous meta-analysis including 34 studies
and 6,180 patients confirmed that increased Ki67 expres-
sion was associated with unfavorable disease-free survival
and overall survival in patients with CRC (16). Notably, the
present study included patients with stage I-III CRC who did
not receive preoperative chemoradiotherapy, and the results of
the present study demonstrated that increased Ki67 expression
was independently associated with distant metastasis and
death in patients with CRC.

Notably, numerous cut-off values were reported in previous
studies, and these studies selected a median or alternative
value to allocate patients into different groups (34,36-39).
However, these values may obscure important clinical features
or prognostic outcomes. The optimal cut-off value should
be derived from maximizing the difference in HRs between
groups (34). Results of the present study demonstrated a
bell-shaped association between Ki67 levels and prognostic
outcomes of CRC, which may be attributed to Ki67 expression
only occurring in interphase and mitotic phases of mitosis
(GO0). During mitosis, Ki67 expression is low in interphase (G1,
S, and G2) and gradually increases in the pre-mitotic phase
and metaphase. Ki67 expression reaches a peak and is mark-
edly decreased in anaphase and telophase (40), exhibiting a
graded longitudinal change (20). The RCS model is a powerful
tool in the analysis of non-linear dose-effect associations
between continuous exposure and outcome (41). In the present
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Table III. Continued.

Multivariate models

Model A Model B Model C

Univariate model

P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

HR (95% CI)

Variable

Perineural invasion

No

1 [Reference]
1.672 (0.777-3.600)

1 [Reference]
2.177 (1.086-4.364)

0.189

0.028*

Yes

Ki67

1 [Reference]
2.558 (1.079-6.064)

1 [Reference]
2.556 (1.164-5.610)

1 [Reference]
2.404 (1.124-5.141)

1 [Reference]
2.356 (1.104-5.029)

<60%
>60%

ONCOLOGY LETTERS 24: 420, 2022 7

0.033*

0.019*

0.024*

0.027*

P<0.05, "P<0.01. HR, hazard ratio; CI, confidence interval.
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Figure 1. Association between Ki67 expression levels and the risk of death in
patients with CRC. CRC, colorectal cancer; HR, hazard ratio; CI, confidence
interval.
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Figure 2. Immunohistochemistry for Ki67 testing in a representative CRC
tissue showing labelling of ~60% of nuclei of CRC cell. Magnification, x200.
CRC, colorectal cancer.

study, the RCS model was used to analyze the association
between Ki67 levels and the HR of patient death, and the
results of the present study determined the optimal cut-off
value for Ki67 was 60%. Moreover, this level was verified
using regression models, and the results demonstrated that
Ki67 =60% is an independent risk factor for distant metas-
tasis and death in patients with CRC (P<0.05). Notably, these
results are comparable to those obtained by Weber et al (27).
The Ki67 cut-off value may enable medical staff to accurately
identify the risk of patient prognosis. However, potential
confounding factors may affect the association between Ki67
and mortality, including comorbidities, patients receiving RO
resection, and frailty.

However, there are limitations to the present study. Notably,
the statistically significant association between Ki67 >60%
and mortality determined using multivariate Cox regression
analysis may only be a result of the small sample size used
in the present study. Thus, future studies will address this
issue. In addition, immunohistochemical scoring is subject
to an individual's experience. The objective evaluation of
immunohistochemical analysis is key for future research, and
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artificial intelligence may be a viable option (42,43). External
verification was carried out using the limited samples in the
present study; however, further verification of the accuracy
of the cut-off value is required in future research. Moreover,
selection biases may have occurred due to the samples being
obtained from only one hospital, and some patients were lost
in follow-up. The study design was also retrospective, meaning
the integrity and authenticity of data records may affect the
reliability of the results. In addition, certain prognostic factors
could not be collected, such as comorbidities, history of RO
resection, and frailty. The detection of Ki67 expression in the
tumor tissue of each patient was performed at different times,
and detection conditions may have been inconsistent.

In conclusion, the results of the present study demonstrated
that Ki67 expression may be used to predict the prognosis of
patients with CRC, and the optimal cut-off value of Ki67 is
60%. This cut-off value may be used as a classification tool to
guide the clinical management of patients with CRC.
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