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Background: To analyse the relationship between the Ki-67 index of advanced non-small cell lung cancer
(NSCLC) and the objective response rate (ORR) and progression-free survival (PFS) of patients who
received chemotherapy.

Methods: The Ki-67 index of advanced NSCLC pathology was established by immunohistochemistry;
using univariate and multivariate analyses, we retrospectively analysed the relationship between the Ki-
67 index of 112 advanced NSCLC patients in our hospital and chemotherapy response and PFS. Both
epidermal growth factor receptor (EGFR) and anaplastic lymphoma kinase (ALK) were found to be wild
type in adenocarcinoma patients, and no gene testing was performed for those with squamous cell carcinoma.
All selected patients received four cycles of platinum-based chemotherapy, and according to the Response
Evaluation Criteria in Solid Tumors (RECIST, version 1.1), the curative effect was evaluated after every two
cycles.

Results: In the univariate and multivariate analyses, the Ki-67 index was significantly associated with the
objective response to chemotherapy (B =-0.069, P=0.000). Ki-67 expression could also accurately predict
the ORR of chemotherapy [P<0.0001, area under the curve (AUC) =0.7467, 95% confidence interval (CI):
0.6578-0.8356]: squamous cell carcinoma group [P=0.0003, AUC =0.8065 (95% CI: 0.6922-0.9208)],
adenocarcinoma group [P=0.0193, AUC =0.6810 (95% CI: 0.5360-0.8262)]. The overexpression of Ki-
67 was a negative prognostic factor for PFS in advanced NSCLC (P<0.0001): squamous cell carcinoma
(P=0.0055), adenocarcinoma (P<0.0001). According to the multivariate Cox analysis, Ki-67 index (P=0.000)
and stage (P=0.001) were negative factors of PFS.

Conclusions: The Ki-67 index might be a clinically significant biomarker in advanced NSCLC and may
be able to predict the efficacy of chemotherapy. High expression of Ki-67 might also be an indicator of
shortened PFS time.
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Introduction

Lung cancer has become the leading cause of cancer-related
death across China and worldwide (1,2). Approximately
80% of lung cancers are non-small cell lung cancer
(NSCLC), which includes adenocarcinoma (ADC) and
squamous cell carcinoma (SQCC). Lung cancer is still a
major health threat faced by humans, and most patients
are already in the late stages of the disease at the time of
diagnosis (3). The objective response rate (ORR) of first-
line chemotherapy for advanced NSCLC is 15-50% (4).
According to previous studies, the median survival time
ranges from 7.7 to 10.3 months, and the 1-year survival
rate is approximately 30% (4,5). Ten years have passed
since those studies were published, and cures for glandular
cancer have changed because of the discovery of molecular
markers that affect the disease’s biological behaviours (6,7).
For example, epidermal growth factor receptor (EGFR)
mutations serve as biomarkers for the use of tyrosine
kinase inhibitors (TKIs), which have established TKIs
as a first-line treatment for EGFR-positive NSCLC (8).
The discovery of the anaplastic lymphoma kinase (ALK)
rearrangement has laid the foundation for the development
of TKIs that are aimed at ALK. Crizotinib has become the
first-line treatment for patients with ALK rearrangement-
positive tumours (9).

Although enormous progress has been made in
molecular biology and targeted therapy, half of lung
cancer patients have tumours that are devoid of specific
molecular mutations. Moreover, although we can ascertain
some molecular mechanisms, targeted therapy for some
mutant genes is still impossible to achieve (e.g., RAS) (10).
Currently, the platinum-based regime of third-generation
cytotoxic chemotherapies is the standard treatment for
patients lacking EGFR mutations or ALK rearrangement (4).
For such patients, predictions of chemosensitivity have
not involved specific biological markers (11). Ki-67 is a
DNA-binding nucleoprotein that is expressed throughout
the cell cycle but not in resting (GO) cells. It is a well-
known potent biomarker and has great predictive value
in cancers such as small lung cell cancer (12) and breast
cancer (13). Therefore, in multiple solid tumour types,
the Ki-67 index has directly influenced clinical treatment
decision-making and prognosis. However, use of the Ki-
67 index has led to heated controversies in various studies
regarding its ability to predict curative effects and prognosis
of patients with advanced NSCLC. To further understand
the clinical significance of Ki-67 in advanced NSCLC, we
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retrospectively analysed the relationship between Ki-67
index and the ORR and PFS based on data of 112 advanced
NSCLC patients collected by Anhui Chest Hospital from
2014 to 2017.

Methods
Patient characteristics and tumour samples

All selected cases were advanced NSCLC specimens from
patients who were hospitalized from 2014 to 2017. The
clinicopathological characteristics examined included
sex, age, weight, body mass index, Karnofsky status,
stage, presence of distant metastasis, histologic type,
chemotherapy, Ki-67 index, complete remission (CR),
partial remission (PR), stable disease (SD), progressive
disease (PD), ORR and PFS. All tumour samples were
obtained by bronchoscopy and were thus suitable for
immunohistochemistry. All patients received four cycles
of chemotherapy. Tumours were staged according to the
Seventh Edition of the Union for International Cancer
Control (U.I.C.C.)/American Joint Committee on Cancer
Tumor, Node, Metastasis (TINM) staging system. After
patients received two cycles of chemotherapy, all target
lesions were imaged by our hospital’s chest CT scanner.
The curative effect was assessed by Response Evaluation
Criteria in Solid Tumors (RECIST versionl.1) of the
European Organization for Research and Treatment of
Cancer (EORTC). This study was authorized by the Ethics
Committee of Anhui Chest Hospital (No. K2020002), and
all patients signed an informed consent.

Immunobistochemistry and Ki-67 analysis

Immunohistochemistry was performed using the
streptavidin peroxidase (SP) method. Ki-67 antibody
[anti-Ki-67 (30-9) rabbit monoclonal antibody, Ventana
Medical Systems, Inc., USA] was purchased. Experimental
procedures and operations were strictly performed
according to reagent specification; the monoclonal
antibodies against Ki-67 were diluted 1:100. The Ki-67
index was calculated as follows: 10 sections in each field
were selected under 400x magnification, and 100 cells per
field were counted until counts reached 1,000 cells; the
percentage of positive expression in each section was then
calculated. Next, we determined the percentage of positive
expression in each section, and any value over 10% was
identified as positive expression. In the negative control, we
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Tablel Clinicopathological parameters of patients
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Characteristic CR+PR (n=69) SD+PR (n=43) P value
Ki-67 (%), mean + SEM 62.61+2.433 47.21+2.503 0.000
Stage (IIB/IV) 28/41 9/34 0.025
Pathology (squamous/adenocarcinoma) 38/31 17/26 0.112
Sex (male/female) 42/27 32/11 0.179
Age (years), mean + SEM 62.81+1.139 58.98+1.679 0.053
Weight (kg), mean + SEM 64.54+0.814 66.19+0.947 0.202
Body mass index, mean + SEM 23.23+0.222 22.99+0.241 0.495
Karnofsky, mean + SEM 86.67+1.004 84.65+1.261 0.215
Tumor location (left/right) 32/37 23/20 0.242

CR, complete remission; PR, partial remission; SD, stable disease; PD, progressive disease; SEM standard error of the mean.

substituted PBS for the primary antibody.

Statistics

The values in each group were expressed as ¥ = s5; a
comparison of the clinicopathological characteristics
between the objective response group and the non-
response group was performed by unpaired #-test, and
related factors that affected the ORR of chemotherapy
were analysed using a logistic regression model. A receiver
operating characteristic (ROC) curve was constructed by
plotting sensitivity vs. [100%-specificity (%)]. The ROC
curves were used to evaluate the accuracy of the Ki-67
index in predicting ORR and to derive the corresponding
best cut-off values. PFS was analysed for all possible cut-
off values using the Kaplan-Meier method, with a log-
rank test to probe for significance. A Cox proportional
hazards regression model was used for the univariate and
multivariate analyses of PFS. All tests were bilateral and
were performed using SPSS 16.0 IBM SPSS, Chicago, IL,
USA) and GraphPad Prism 7.0 (GraphPad Software, Inc.,
USA). P values <0.05 were considered significant.

Results

Clinicopathological characteristics

The test cohort included 112 NSCLC specimens: 57 ADC
(50.9%) and 55 SQCC (49.1%). The mean age of the
patients was 61.3 years (range, 30-79 years), and 75 patients
were male (67.0%) and 37 were female (33.0%). Thirty-
three (29.5%) tumours were classified as stage IIIB and
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79 (70.5%) were classified as stage IV. After two cycles
of palliative chemotherapy with a platinum-containing
regimen, the ORR was evaluated clinically (61.6%, 69/112)
and included the following: 0 cases of CR (0%, 0/112),
69 cases of PR (61.6%, 69/112), 41 cases of SD (36.6%,
41/112), and 2 cases of PD (1.8%, 2/112). In the SQCC
group, 38 subjects exhibited an objective response (remission
rate was 69.1%, 38/55): 0 cases of CR (0%, 0/112), 38 cases
of PR (69.1%, 38/55), 16 cases of SD (29.1%, 16/55), and
1 case of PD (1.8%, 1/55). In the ADC group, 31 subjects
exhibited an objective response (remission rate was 54.4%,
31/57): 0 cases of CR (0%, 0/57), 31 cases of PR (54.4%,
31/57), 25 cases of SD (43.9%, 25/57), and 1 case of PD
(1.8%, 1/57).

According to the ORR of the patients, we divided
them into the CR+PR group and the SD+PD group and
compared their pathological characteristics (Table I).
After comparing the two sets of data, we found significant
differences in the Ki-67 index (P=0.000) and stage (P=0.025)
between the two groups.

"Therefore, the univariate logistic regression and multivariate
logistic regression analyses showed that the main factors that
affected the ORR of chemotherapy in the two groups were Ki-
67 index (B =-0.069, P=0.000) and stage (B =2.352, P=0.001)
(Table 2). In addition, the Ki-67 index was positively correlated
with the objective efficacy of chemotherapy.

High Ki-67 index predicts significant response to
chemotherapy

Based on the differences in Ki-67 expression, we applied
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Table 2 Prognostic factors in the logistic regression model
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ORR

Variables Univariate Multivariate

HR 95% ClI P value HR 95% Cl P value
Weight 0.926 0.743-1.154 0.492 - - -
Ki-67 0.959 0.937-0.981 0.000* 0.934 0.906-0.962 0.000*
Sex 0.569 0.245-1.317 0.188 - - -
Age 0.963 0.927-1.001 0.056 - - -
Stage 2.58 1.072-6.207 0.000* 10.41 2.973-34.417 0.001*
Pathology 1.875 0.865-4.064 0.111 2.517 0.995-6.366 0.051
Karnofsky 0.970 0.925-1.018 0.214 - - -
Body mass index 0.717 0.548-0.940 0.016* - - -
Tumor location 0.636 0.293-1.357 0.238 - - -

*, P<0.05. ORR, objective response rate; Cl, confidence interval; HR, hazard ratio.

a ROC curve analysis to predict how effective the Ki-67
index was when it was used to judge objective efficacy of
chemotherapy, and we found that Ki-67 does accurately
reflect this efficacy. In all subjects, the sensitivity was
93.02% [P<0.001, area under the curve (AUC) =0.7467,
95% confidence interval (CI): 0.6578-0.8356]. In the SQCC
group, the sensitivity was 94.12% (P=0.0003, AUC =0.8065,
95% CI: 0.6922-0.9208). In the patients with ADC, the
difference in the Ki-67 index between the CR+PR group
and the SD+PD group was significant (P=0.0193, AUC
~0.6810, 95% CI: 0.5360-0.8262) (Figure I).

In the entire experimental group (both the SQCC and
ADC groups), high Ki-67 expression was significantly
associated with objective chemotherapy response. In the
overall group and in the SQCC group, the best cut-off
value for the Ki-67 index was 65% for the chemotherapy-
effective group and the poor efficacy group. In the ADC
group, the best cut-off value for the Ki-67 index was 55%
for those with good chemotherapy efficacy and those with
poor efficacy.

Low proliferation in SQCC and ADC is associated with
better survival

These cut-off values indicated that the ORR of
chemotherapy above the best cut-off value was better. All
patients were divided into two groups according to the cut-
off value of the Ki-67 index. We layered the cases and found
that in all cases, the lower the Ki-67 index, the more evident

© Translational Cancer Research. All rights reserved.

the prediction for PFS (Figure 2).

Next, we used a Cox proportional hazards regression
model to perform univariate and multivariate analyses and
found that Ki-67 index and stage together influenced PFS.
Unlike the ORR, the Ki-67 index was a hazardous factor:
the higher the Ki-67 index, the shorter the PFS time (B
~0.32, P=0.000) (Tible 3).

Discussion

The Ki-67 gene is located on chromosome 10 and consists
of two polypeptide chains whose molecular weights are
345 and 395 kDa, respectively. Ki-67 is expressed during
the entire cell cycle and is associated with mitosis. Its
expression reflects cell proliferation (14). In many tumours,
the Ki-67 index, as an effective biomarker, has been
used to predict curative treatment and has been used as
a prognostic indicator in breast cancer (13) and prostate
cancer (15). In recent years, a meta-analysis reported
that high expression of Ki-67 was an adverse prognostic
factor. However, the Ki-67 index still had uncertain value
in predicting postoperative chemotherapy response in
NSCLC stages I-III (16). In studies of NSCLC, in most
cases, the Ki-67 index was a predictor of short disease-free
survival (DFS) and overall survival (OS) (17,18). The Ki-
67 index was also of some value in predicting the curative
effects of neoadjuvant chemotherapy for NSCLC (19).
Nevertheless, studies that have used the Ki-67 index to
predict chemotherapeutic effects in advanced NSCLC are
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Figure 1 High Ki-67 index predicts significant response to
chemotherapy. (A) The area under the receiver operating
characteristic (ROC) curve using the Ki-67 index to predict the
accuracy of the objective therapeutic effect of chemotherapy is
shown in the entire experimental group; (B) the area under the
ROC curve is shown in the adenocarcinoma (ADC) group; (C)
the area under the ROC curve is shown in the squamous cell
carcinoma (SQCC) group. CR, complete remission; PR, partial
remission; SD, stable disease; PD, progressive disease; AUC, area

under the curve.

rare. In the current study, we also found that the Ki-67
index demonstrated independent positive relevance with
the ORR of patients with advanced NSCLC. Here, the Ki-
67 index was an adverse factor, rather than an independent
factor, that influenced PFS.
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Figure 2 Low Ki-67 level in squamous cell carcinoma (SQCC) and
adenocarcinoma (ADC) is associated with better survival. Kaplan-
Meier curves for progression-free survival (PFS) according to the
Ki-67 high expression group and the Ki-67 low expression group.
(A) Overall population; (B) adenocarcinoma; (C) squamous cell

carcinoma.

One analysis from abroad of the clinical data of 1,150
NSCLC patients indicated that Ki-67 played a vital clinical
role in NSCLC. However, that study found that Ki-67
index expression was clearly related to DFS and OS only
in stage I-II ADC (17). When predicting the relationship
between Ki-67 index and prognosis, most studies used
the average or median value of the Ki-67 index in case
stratification (20,21), while some adopted earlier Ki-67

thresholds in case stratification (22). However, in advanced
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Table 3 Prognostic factors in the Cox proportional hazards model
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Variables PFS
Univariate Multivariate

HR 95% Cl P value HR 95% Cl P value
Weight 1.011 0.982-1.042 0.457 - - -
ORR 1.127 0.745-1.705 0.572 - - -
Ki-67 1.034 1.021-1.048 0.000* 1.027 1.013-1.041 0.000*
Sex 0.992 0.640-1.539 0.972 - - -
Age 0.992 0.973-1.012 0.458 - - -
Stage 3.226 1.934-5.382 0.000* 2.405 1.400-4.130 0.001*
Pathology 1.164 0.774-1.752 0.466 - - -
Karnofsky 0.992 0.967-1.017 0.535 - - -
Body mass index 1.103 0.974-1.249 0.123 - - -
Tumor location 1.328 0.881-2.002 0.175 - - -

*, P<0.05. ORR, objective response rate; Cl, confidence interval; HR, hazard ratio; PFS, progression-free survival.

NSCLC, the best and most widely applicable Ki-67 index
threshold is not a definite tool that can be used to judge
a patient’s prognosis. Since many individual studies have
provided different results, the threshold of the Ki-67 index
varies, and therefore, the application of the Ki-67 index
in routine diagnosis and treatment of NSCLC has been
hindered.

As a result, establishing the threshold used is crucial to
assessing the ability of the Ki-67 index to predict the ORR
of chemotherapy and prognosis. In this research, we first
divided all the cases into two groups according to ORR
and then compared the clinicopathologic characteristics.
Finally, we performed univariate and multivariate regression
analyses, thereby determining the optimal Ki-67 index
threshold. Additionally, this research found that Ki-67 was
not an independent factor that affected PFS, but together
with tumour stage, it affected PFS time.

The clinical data we selected for this study were limited
and could not be systematically retrospectively analysed for
the clinical significance of Ki-67 expression in NSCLC.
The efficacy of chemotherapy for advanced NSCLC is
affected by many factors. Specifically, in the age of precision
medicine, molecular targeted drugs have become the
treatment of choice for advanced NSCLC patients. For
those patients with driver gene mutations, such as those in
EGFR, EGFR TKIs combined with chemotherapy have

© Translational Cancer Research. All rights reserved.

been a better choice (23). For such patients, further studies
should be performed to understand how the Ki-67 index
can be used to evaluate clinical curative effects.
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