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Objective: To investigate the optimal cut-off value of immunohistochemical

marker Ki67 as a prognostic factor to predict the recurrence of non-muscle

invasive bladder urothelial carcinoma (NMIBUC).

Methods: A total of 331 patients diagnosed with NMIBUC who underwent

surgery in the Yongchuan Hospital and the Second Affiliated Hospital of

Chongqing Medical University from January 2012 to January 2020 were finally

included in this study. The optimal cut-off value of Ki67 for predicting recurrence

of NMIBUC was calculated by ROC curve and Youden index. According to the

cut-off value, the patients were divided into high ratio group and low ratio group,

and the clinicopathological data of the two groups were compared. Univariate

and multivariate regression analysis were used to analyze the relationship

between the expression of Ki67 and postoperative recurrence of NMIBUC. The

Kaplan-Meier curve was used for survival analysis.

Results: 18% is the optimal cut-off value of Ki67 for predicting postoperative

recurrence of NMIBUC. High Ki67 expression (Ki67>18%) was significantly

correlated with tumor stage (P=0.001), tumor grade (P=0.014), immediate

postoperative instillation (P=0.001), the expression of P53 (P=0.019) and CK20

(P=0.001). Ki67 expression greater than 18% was an independent risk factor for

high recurrence rate of NMIBUC (P=0.001). Moreover, the 1-year and 3-year

recurrence-free survival (RFS) of the high Ki67 group were 56.6% (95%CI 51.2%-

62%) and 43.6% (95%CI 37.5%-49.7%) respectively, which were significantly lower

than those in low Ki67 group which present as 92.9% (95%CI 89.0%-96.8%) and

88.3% (95%CI 82.4%-94.2%) respectively, and the difference was statistically

significant (P<0.001).
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Conclusions: 18% is the optimal cut-off value of Ki67 for predicting recurrence of

NMIBUC. Ki67>18% is an independent risk factor for high recurrence rate of

NMIBUC. This cut-off value can more accurately predict the risk of recurrence

and has the potential clinical value for guiding the postoperative adjuvant

treatment and follow-up strategy of NMIBUC.
KEYWORDS

immunohistochemical markers, ki67, non-muscular invasive bladder urothelial
carcinoma, recurrence, prognosis, optimal cut-off value
1 Introduction

According to the latest statistics, bladder cancer (BCa) is one of

the most common malignant tumors of the urinary system, with

increasing mortality and morbidity (1). Of all types of BCa, non-

muscular invasive bladder urothelial carcinoma (NMIBUC) is the

most common pathological classification, accounting for 70% of BCa

cases (2–4). Currently, transurethral resection of bladder tumor

(TURBT) is the primary therapeutic approach for NMIBUC.

Unfortunately, still approximately 60-70% of patients are reported

to develop recurrence after surgery (5). Therefore, it is particularly

critical to determine more indicators to accurately evaluate the

postoperative prognosis of NMIBUC patients and guide

management to reduce relapse.

With great advances in molecular biology and tumor biology,

immunohistochemical markers have been considered for cancer

prognostic assessments. Ki67, a nuclear antigen associated with the

cell cycle, is significantly related to cell proliferation. It contributes to

better estimation of the aggressive biological behavior of malignant

tumor cells (6, 7). Many studies have found that the expression of the

Ki67 protein is associated with tumor biological characteristics and

prognosis (8, 9). In clinical practice, Ki67 is regarded as a clinical

indicator to detect tumor cell proliferation activity and cancer

prognosis because the expression of Ki67 can be easily detected by

immunohistochemistry (7). For example, as reported in breast

cancer, the high expression of Ki67 is helpful for identifying

patients with poor prognosis (10). Similarly, Ki67, as a high-risk

factor, is already used to assess the risk of endometrial cancer

recurrence and guide the strategy effective adjuvant treatments

(11). Additionally, some studies concluded that high-expression of

Ki67 is associated with poorer prognostic indicators, including

progression free survival (PFS), cancer specific survival (CSS),

recurrence free survival (RFS), and overall survival (OS) in

NMIBUC patients, which is particularly prominent in Europe and

the United States; however, among Asian NMIBUC patients with

recurrence and progression, the correlation between Ki67 expression

and the above indicators is not obvious (12). In addition, many

studies have shown that Ki67 may also be used as a significant

predictor for postoperative recurrence of NMIBUC (13, 14).

However, most clinicians only pay attention to the interpretation of
02
positive or negative Ki67 expression (15). As a result, there is a lack of

theoretical consensus on the criteria for defining positive or negative

expression. Furthermore, there have been very few studies on the cut-

off value of Ki67 to predict NMIBUC recurrence, which indicates that

it is deficient to correctly assess the tumor consequence.

Therefore, this study aimed to evaluate the correlation between

NMIBUC prognosis and Ki67 expression, as well as determine the

optimal cut-off value of Ki67 to predict NMIBUC recrudescence,

thus providing guidance for clinical treatments.
2 Materials and methods

2.1 Research population

The retrospective analysis has gathered medical information of

the patients from January 2012 to January 2020 in the Yongchuan

Hospital and the Second Affiliated Hospital of Chongqing Medical

University. The pathological grading was evaluated by the WHO

bladder cancer grading system (2004/2016): UCC-LG (short for low-

grade urothelial carcinoma), UCC-HG (short for high-grade

urothelial carcinoma), and PUNLMP (short for Papillary urothelial

neoplasms of low malignant potential) (16). The inclusion criteria

were as follows: (I) patients who primarily underwent the standard

TURBT surgery; (II) the pathological type was NMIBUC (including

the stage of Ta and T1) according to the Union for International

Cancer Control (UICC); and (III) patients with sufficient medical

information and requisite immunohistochemical markers, including

CK20, P53, and Ki67. The cases that met the following criteria were

excluded: (I) incomplete medical records; (II) patients failing to

undergo TURBT surgery or receiving total or subtotal bladder

resection; (II) the pathological type was nonurothelial tumor,

including adenocarcinoma and squamous cell carcinoma; (III)

bladder carcinoma in situ (stage Tis) (17): although this type

belongs to NMIBC, it was also excluded due to its high risk of

muscle invasion, poor differentiation, and high grade of aggression;

(V) tumor metastasis; (VI;) no regular follow-up records: and (VII)

Only a small number of patients in this study underwent BCG

intravesical chemotherapy. These patients were excluded because

they could not tolerate side effects such as cystitis, hematuria, etc.
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The procedures were conducted following the principles of the

Declaration of Helsinki, and in accordance with the ethical

standards of our hospital. All patients signed informed consent

forms after the study protocol was fully explained.
2.2 Postoperative and follow-up

Approximately 60.4% (200/331) patients included in this study

underwent bladder instillation chemotherapy. One of three drugs was

selected: pirarubicin(40mg each time), epirubicin(50-80mg each time),

or gemcitabine(1000mg each time). Due to some adverse effects of

bacille Calmette-guerin vaccine such as hematuria, severe cystitis and

etc., only a few patients were treated with BCG for bladder infusion

chemotherapy, so they were excluded. Chemotherapy drugs are

infused into the bladder through a urinary catheter and retained for

0.5-2 hours (according to the label). The participants were required to

drain the bladder and drink less fluid before intravesical instillation.

The appropriate solvent was selected according to the instructions of

the drug. Standard TURBT surgery was performed in all participants.

The standard strategy for follow-up was arranged from the operation

date. The following subjects underwent foundational physical

inspections, imaging and cystoscopy. The strategy adopted in this

follow-up was: rechecking every three months within 1-2 years after

surgery, rechecking every six months within 3-4 years after surgery,

and rechecking every year after five years of surgery (18). The main

imaging techniques for rechecking were urinary tract ultrasound and

computed tomography (CT). During the follow-up, if the tests

suggested the recurrence of BCa, further cystoscopy

histopathological examination was needed (17); if clinical symptoms

or imaging examination suggested no recurrence, cystoscopy was

regularly conducted according to the established follow-up protocol.

The deadline for follow-up was January 31, 2021.
2.3 Recurrence

During the follow-up, when clinical symptoms (such as

hematuria) or imaging examination suggested BCa recurrence,

secondary TURBT or cystoscopic biopsy was further performed

to confirm tumor recurrence. The final result for recurrence should

be identified by histopathological diagnosis (19). Recurrence is

defined as any stage or grade of bladder urothelial carcinoma

found in the bladder after surgery. Tumor progression is the

occurrence of bladder wall myometrial invasion, regional lymph

node invasion or distant metastasis during tumor recurrence. RFS

was defined as the period from the initial surgical operation to

recrudescence or the following deadline, and OS was defined as the

time from the first operation to the last follow-up or death (20).
2.4 Immunohistochemistry analysis

All specimens were timely treated after an operation and were

further processed following a standard and unified procedure in the

pathology laboratory (21). Initially, specimens were fixed with formalin
Frontiers in Oncology 03
and further transformed into paraffin examples. Subsequently,

according to eosin staining and hematoxylin, the lesion location was

first identified. Next, CK20, P53 and Ki67 immunohistochemical

analysis was conducted on an automatic immunostaining instrument

(Leica Bond-Max, Milton Keynes, UK). Mouse monoclonal antibodies

such as CK20 (clone Ks20.8), P53 (clone DO-7), and Ki-67 (clone 30-9)

were used in immunohistochemistry. The tumor grade, lesion size,

histological type, and infiltration depth were evaluated by our

professional junior pathologists and then reviewed by our senior

physician. The immunohistochemistry results were independently

assessed by two expert pathologists. When the positive tumor cells

were calculated the same, the evaluation was considered consistent; and

when the initial assessment was different, the outcome was re-evaluated

until reaching a consensus. The immunohistochemical parameters were

as follows: CK20 cells without staining were negative (-); light yellow

was weakly positive (1+); brownish yellow was moderately positive (2

+), and brownish brown was strongly positive (3+) (18). The scoring

systemwas as follows: < 5% P53 positive cells was scored as -; 5% ~ 25%

was +; 26% ~ 49% was 2+; and ≥50% was 3+. Ki67 expression is shown

by the percentage of positively stained cells (0% to 100%).
2.5 Statistical analysis

Data analysis was conducted using SPSS software (Version

26.0). Numeric variable was shown as the median and mean ±

SD. The comparison was performed by t-test or rank-sum test.

Categorical variables were shown as percentages and frequencies,

and were compared by Chi-square test. The Youden index and

receiver operating characteristic (ROC) curve were used to find the

best cut-off Ki67 value. Multivariate and univariate Cox regression

analyses were performed to verify the relationship between

NMIBUC relapse and Ki67 expression. The survival analysis was

shown in the Kaplan-Meier curve and Log-rank test. Using two-

tailed tests, P<0.05 was considered statistically significant.
3 Results

3.1 Clinical and pathological features of
patients and tumors

A total of 402 patients who were diagnosed with BCa receiving

TURBT surgery were enrolled. According to the exclusion and

inclusion criteria, 331 NMIBUC cases were included in the study

Figure 1. Among these 331 patients, 138 (41.7%) reported

recurrence, and 20 (6.1%) reported death. The Ki67 expression

level ranged from 0% to 90% (median 30%). The median follow-up

time and RFS were 41 months (4-102) and 27 months (4-89),

respectively. Other clinicopathological data are shown in Table 1.
3.2 Optimal cut-off value of the Ki67 index

The correlation between postoperative NMIBUC recurrence

and Ki67 expression was calculated by the ROC curve. Finally,
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the optimal Ki67 cut-off value expression level to forecast relapse

was recognized to be 18% [N = 331, area under the curve = 0.802,

specificity 50.0%, sensitivity 92.6%, P <0.001, 95% confidence

interval (CI)=0.728-0.875] Figure 2.
3.3 Prognostic factors of recurrence based
on univariate and multivariate analyses

The clinical parameters and immunohistochemical markers

that might cause recurrence were included in the univariate
TABLE 1 Clinicopathological characteristics of patients.

Characteristics N=331 %

Gender

male
female

256
75

77.3
22.7

Age (years)

Median
Mean
Range

68
67.18
23-89

Hypertension

Yes
No

113
218

34.1
65.9

Diabetes

Yes
No

40
291

12.1
87.9

Smoking history

Yes
No

193
138

58.3
41.7

Tumor grade

PUNLMP
UCC-LG
UCC-HG

66
170
95

20.0
51.5
28.5

Tumor stage

Ta 188 56.8

T1 143 43.2

Ki67

median
Mean
Range

30
34.12
0-90

P53

-
1+

55
105

16.7
31.8

(Continued)
FIGURE 1

The flow chart for patient screening.
TABLE 1 Continued

Characteristics N=331 %

P53

2+
3+

80
91

24.2
27.3

CK20

-
1+
2+
3+

32
108
113
78

9.8
32.6
34.2
21.2

Tumor number

1
≥1

145
186

43.8
56.2

Tumor size (cm)

<3
≥3

186
145

56.2
43.8

Tumor location

Vesicaltrigone
Sidewall
Anterior and posterior
Others

192
26
22
91

45.1
7.8
6.5
40.6

IPPIT

Yes
No

200
131

60.6
39.4

Recurrence

Yes
No

138
193

41.7
58.3

Death
Recurrence
Other reason

20
8
12

6.1
2.4
3.6

DFS

Median
Mean
Rank

27
31.57
4-89

Follow-up time Median

Mean
Rank

41
45.56
4-102
PUNLMP: Papillary urothelial neoplasms of low malignant potential; UCC-LG, Urothelial
carcinoma-low grade; UCC-HG, Urothelial carcinoma-high grade; IPPIT, Immediate
postoperative instillation therapy; DFS, Disease-free survival.
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analysis. Gender (P=0.091), diabetes (P=0.331), age (P=0.143),

smoking (P=0.128) and hypertension (P=0.545) did not correlate

significantly with RFS. Thus, the parameters with P<0.05, tumor

size and number, tumor stage, grade, immediate postoperative

adjuvant therapy, CK20, P53, and Ki67, were further included in

the multivariate analysis. Tumor grade (P=0.033), immediate

postoperative adjuvant therapy (P=0.031), Ki67 (P=0.030), P53
Frontiers in Oncology 05
(P=0.048) and CK20 (P=0.044) were shown to be significantly

independent risk indicators for postoperative recurrence of

NMIBC by multivariate analysis Table 2.
3.4 Comparison of clinicopathological
features between groups

According to the threshold of Ki67 (18%) concluded above, all

patients were split into two groups: patients with Ki67>18% (high-

Ki67 group) and patients with Ki67≦18% (low-Ki67 group). We

found that the expression of high Ki67 was related to more

aggressive characteristics: pathological grade (P=0.014), phase

(P=0.001), the expression of P53 (P=0.019), immediate

postoperative adjuvant therapy (P=0.001) and CK20 (P=0.001)

Table 3. Furthermore, Kaplan-Meier analysis showed that the 3-

year RFS was 43.6% (95% CI 37.5%-49.7%) in the high-Ki67 group

and 88.3% (95% CI 82.4%-94.2%) in the low-Ki67 group, and the 5-

year RFS were 30.0% (95% CI 22.7%-37.3%) and 88.3% (95% CI

82.4%-94.2%), respectively (P<0.001) Figure 3.
4 Discussion

As an indicator of cell proliferation, Ki67 is associated with the

progression of cancer cells and has been universally used as a

prognostic predictor to guide therapeutic decisions (22, 23). In this

study, 18% was validated as the optimal cut-off value of Ki67 to

predict the relapse of NMIBUC Figure 4. Even though the

specificity was only 50% when the sensitivity was 92.6%, the
FIGURE 2

The ROC curve analysis of the relationship between Ki67 expression
level and recurrence. The black dot: the area under the curve(AUC)
at this point is the largest, which indicates the optimal cut-off value
of Ki67. Dotted line: Reference line. Solid line: The ROC curve
of Ki67.
TABLE 2 The univariate and multivariate COX regression analysis of factors predicting non-muscle invasive bladder cancer recurrence.

Variables Univariate analysis

P-value

Multivariate analysis

P-valueHazard ratio 95%CI Hazard ratio 95%CI

Tumor size 0.984 0.571-1.697 0.048 1.410 0.724-2.745 0.313

Tumor number 1.525 0.872-2.669 0.039 0.995 0.545-1.818 0.118

Tumor grade 6.132 3.219-11.680 0.001 2.284 1.071-4.874 0.033

Tumor stage 1.491 0.894-2.488 0.026 1.321 0.721-2.422 0.368

Ki67(≦18% vs >18%) 1.027 1.017-1.037 0.001 1.013 1.001-1.024 0.030

P53(0) 1.000 0.001 1.000 0.048

P53(1+) 1.189 0.358-3.952 0.778 1.116 0.309-4.030 0.867

P53(2+) 2.780 0.921-8.390 0.070 2.181 0.664-7.164 0.199

P53(3+) 5.373 1.876-15.387 0.002 3.425 1.056-11.110 0.040

CK20(0) 1.000 0.001 1.000 0.044

CK20(1+) 3.342 0.423-26.408 0.253 1.481 0.161-13.634 0.729

CK20(2+) 6.262 0.842-46.592 0.073 3.871 0.469-31.928 0.209

CK20(3+) 14.595 1.962-108.56 0.009 4.387 0.505-37.920 0.180

IPPIT 0.200 0.090-0.443 0.001 0.382 0.159-0.916 0.031
IPPIT, Immediate postoperative instillation therapy.
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maximum value of the Youden index assures the greatest specificity

as well as the highest sensitivity, instead of only concentrating on

the specificity or sensitivity. In addition, Ki67 expression was

Strongly associated with tumor grade and stage as well as CK20

and P53 expression. This is because Ki67 expression indicates the
Frontiers in Oncology 06
proliferation activity of tumors. When the tumor is accompanied by

more aggressive parameters such as advanced stage, worse grade,

and higher expression of P53 and CK20, the expression of Ki67 is

universally higher, which is consistent with other clinical studies

(24). Ki67 overexpression plays a leading role in the prediction of
TABLE 3 Comparison of clinicopathological parameters of patients between low Ki67 group and high Ki67 group.

Variables Ki67 labeling index ≤18%
(n=107)

% Ki67 labeling index >18%
(n=224)

% P-value

Gender 0.116

Male
Female

75
32

70.1
29.9

181
43

80.8
19.2

Age (years) 0.143

Mean ± SD 67.08 ± 10.596 65.14 ± 12.134

Hypertension 0.894

Yes
No

70
37

65.4
34.6

43
181

19.2
80.8

Diabetes 0.490

Yes
No

10
97

9.3
90.7

30
194

13.4
86.6

Smoking history 0.124

Yes
No

55
52

51.4
48.6

138
86

62.4
37.6

Tumor grade 0.014

PUNLMP
UCC-LG
UCC-HG

20
51
36

18.7
47.7
33.6

46
119
59

20.5
53.1
26.4

Tumor stage 0.001

Ta 75 70.1 113 50.4

T1 32 29.9 111 49.6

P53 0.019

-
1+
2+
3+

33
32
25
17

30.8
29.9
23.4
15.9

22
73
55
74

9.8
32.6
24.6
33.0

CK20 0.001

-
1+
2+
3+

15
33
44
15

14.0
30.8
41.2
14.0

17
75
69
63

7.6
33.5
30.8
28.1

Tumor number 0.124

1
≥1

57
50

53.3
46.7

88
136

39.3
60.7

Tumor size (cm) 0.431

<3
≥3

55
52

51.4
48.6

131
93

58.5
41.5

IPPIT 0.001

Yes
No

65
42

60.7
39.3

135
89

60.3
39.7
PUNLMP, Papillary urothelial neoplasms of low malignant potential; UCC-LG, Urothelial carcinoma-low grade; UCC-HG, Urothelial carcinoma-high grade; IPPIT, Immediate postoperative
instillation therapy.
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bladder cancer recurrence, which indicates that the optimal cut-off

value has the potential value for assessing the outcome of NMIBUC.

Moreover, in the multivariate analysis, it was further concluded that

Ki67>18% was an independent risk factor for prognosis. In other

words, if the Ki67 value is higher, the recurrence risk is suggested to

be higher. Moreover, we found that the RFS of patients with

Ki67>18% was significantly lower than that of patients with Ki67

≤ 18%, which suggests that more concern should be paid when Ki67

is over this cut-off value.

In this study, all included patients were treated with

postoperative bladder infusion chemotherapy. According to the

guidelines, for patients with low-risk BCa recurrence, only

immediate infusion chemotherapy within 24 hours after surgery

and early infusion therapy 4-8 times (once a week for 4-8 weeks)

after surgery are needed; for patients with middle- or high-risk BCa

recurrence, except for immediate postoperative bladder

chemotherapy and early infusion chemotherapy 6-12 times (once

a month, a total of 6-12 months), continuous infusion

chemotherapy should also be completed (19). To define low-,
Frontiers in Oncology 07
middle- and high-risk recurrence patients, apart from traditional

clinical parameters such as tumor number, size, tumor stage, grade

and whether it is carcinoma in situ, the immunohistochemical

marker Ki-67 can also be used as an effective tool (25, 26). For

patients with Ki67>18%, it is suggested that active and

comprehensive postoperative management be carried out, such as

adding cycles of bladder infusion chemotherapy, extending the time

of chemotherapy and performing frequent follow-up. In contrast,

patients with Ki67≦18% incorporate favorable clinical features.

Thus, to improve their quality of life, bladder infusion

chemotherapy is not routinely recommended (27, 28).

The standard treatment regimen for NMIBUC is TURBT

followed by adjuvant bladder infusion chemotherapy. Among the

specimens obtained from TURBT, the acquisition of detrusor

muscle (DM) tissue is extremely important (29). Studies have

reported that the recurrence rates in patients with middle- and

high-risk BCa recurrence range from 24% to 61% after one to five

years of surgery (30). Currently, related studies are mainly about the

impact of DM on prognosis in patients with middle- and high-risk

BCa recurrence. For those with DM tissue deficiency, there is a

greater risk of tumor residual, which significantly increases the

possibility of tumor recurrence or progression (31). Comparatively,

the recurrence rates in patients with low-risk recurrence (including

Ta low grade) range from 15% to 31% after one to five years of

surgery (30). Since tumor infiltration can be negligible in submucosal

tissue, DM tissue plays a minimal role in postoperative recurrence in

patients with low-risk recurrence (32).

Among other scoring systems for predicting postoperative

recurrence of NMIBUC, the most commonly used is EORTC risk

scores, in which the number of tumors, tumor size, prior recurrence

rate, T category, carcinoma in situ, and grade are independent risk

factors for the prediction of recurrence (32). Although this common

model has high accuracy, it is limited to traditional clinical

parameters and does not include immunohistochemical markers.

In this study, Ki67 was an independent risk factor for predicting

postoperative recurrence of NMIBUC. By introducing Ki67 into the

above prediction model, its accuracy could be increased.

Furthermore, this study also found that immediate postoperative
FIGURE 3

The recurrence-free survival of patients according to the optimal
cut-off value of Ki67. Dotted line: The recurrence-free survival curve
of the low Ki67 group. Solid line: The recurrence-free survival of
curve the high Ki67 group.
FIGURE 4

Immunohistochemical staining for Ki67 in low Ki67 group (Ki67 ≤ 18%) and high Ki67 group (Ki67 > 18%) under electron microscope.
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adjuvant therapy, tumor stage, and the expression of P53 and CK20

are independent risk factors that affect postoperative recurrence,

which is also consistent with other studies (33, 34). Nevertheless,

this study illustrated that NMIBUC patients’ age, gender, smoking,

tumor grade, tumor number, and size were not significantly related to

postoperative recurrence. However, it does not deny the importance

of these factors in predicting relapse; in fact, many studies have

shown that they are important factors in predicting the prognosis of

NMIBUC (35, 36). Therefore, when making the decision of adjuvant

treatment, it is necessary not only to accurately evaluate the tumor’s

biological behavior, but also to consider the level of

immunohistochemistry such as Ki67 or according to the patients’

other clinicopathological indicators to reduce the risk of

postoperative recrudescence and enhance prognosis (37).

Our study has some limitations. First, this study is a retrospective

study, but it cannot be guaranteed that all data were completely and

accurately recorded through the medical record system. Second, the

postoperative specimens failed to undergo a unified review, but

all specimens were analyzed in a unified standard procedure in the

same authoritative institution. Additionally, the detection of

Ki67 expression still lacks consensus. At present, as the method

“hottest” is generally adopted, this study also used this hotspot

scoring method to prove the predictive significance of the Ki67

index. However, there is still a necessity to establish a unified

standard method for Ki67 expression. As a kind of nuclear antigen,

the immunohistochemical marker Ki67 is related to cell proliferation,

so it is closely associated with tumor progression. Regrettably,

because of the small number of tumor-progression cases in this

study, most patients with recurrence could only be diagnosed as

recurrence at the time of diagnosis; only a small number of recurrent

cases were judged as progressive and the value of Ki67 was positively

correlated with tumor progression. Therefore, our team will

strengthen the analysis of cases with tumor progression in

subsequent studies.
5 Conclusions

In conclusion, the study demonstrated that the best cut-off value

of Ki67 expression to predict NMIBUC postoperative recurrence is

18%. According to the cut-off value, clinicians can effectively

develop treatment and follow-up strategies, which is of great

clinical significance for promoting patient health.
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