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Abstract: Background: Ki67 index is one of the most important immunocytochemical markers of proliferation in tu-
mors, but the criterion of Ki67 index in GISTs was not well-defined yet. Our study aims to fully evaluate the prognostic 
value of Ki67 index in GIST patients and efficiency of imatinib adjuvant therapy. Methods: Clinicopathological data 
were confirmed by pathological diagnosis and clinical recorders. Recurrence-free survivals (RFS) were evaluated in 
418 GIST patients (370 cases only taken the surgery and 48 high-risks taken imatinib adjuvant therapy after R0 
resection). Results: Two cutoff levels of Ki67 index (> 5 and > 8%) were established in our study through statistical 
analysis. Ki67 index (≤ 5, 6-8 and > 8%) is an independent prognostic factor for RFS of GIST patients. Ki67 index 
> 8% can precisely sub-divide high-risk GISTs effectively with different outcomes, and high-risk patients with Ki67 
index > 8% showed a poorer prognosis even with imatinib adjuvant therapy. Conclusion: Ki67 index is an effective 
complementation of modified NIH criteria in predicting the prognosis of GISTs, and Ki67 index > 8% may act as an 
unfavorable factor for imatinib adjuvant therapy.
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Introduction

Gastrointestinal stromal tumor (GIST) accounts 
for more than 80% of all gastrointestinal mes-
enchymal tumors [1]. As it ranks below only 
gastric and colorectal cancers, GIST is among 
the most common types of gastrointestinal 
tumors. Recently, the incidence of GIST has 
gradually increased [2-4] and there are more 
than 5000 newly diagnosed cases each year 
since 2011 in the United States [5].

Modified NIH criteria based on NIH consensus 
criteria is wildly accepted as risk-stratification 
scheme for GIST and four categories from very 
low to high risk are used to predict prognosis of 
GIST patients. The mitosis count, tumor size, 
tumor site and tumor rupture are important 
prognostic predictors in this scheme [6, 7]. 
However, the clinical behaviors and outcomes 
of GISTs still vary, especially in the patients with 
high-risk of recurrence. With wide application 
of imatinib mesylate (IM) in clinical practice for 

high-risk GISTs, the mortality rate of GIST 
patients has decreased significantly [8]. 
Nevertheless, the recurrence and metastasis 
rates still remain high [8-10].

Human nuclear cell proliferation-associated 
antigen Ki67, which is one of the most impor-
tant immunocytochemical markers of prolifera-
tion, was already accepted in clinical for  
predicting prognosis of breast cancer or neuro-
endocrine tumors [11-14]. Ki67 was also dem-
onstrated as a prognostic predictor in GISTs 
[15-17], but the criterion of Ki67 index in GISTs 
was still not well-defined compared with its in 
breast cancer, which affect the further analysis 
of the correlation between Ki67 and GISTs, and 
limit the clinical reference and applicative value. 
Our retrospective study based on 418 GIST 
patients (370 cases only taken the surgery and 
48 high-risks taken imatinib adjuvant therapy 
after R0 resection), aims to fully evaluate the 
prognostic value of Ki67 index in GIST patients 
and efficiency of imatinib adjuvant therapy.
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Materials and methods

Patients and samples

The patient inclusion criteria were as follows: 1) 
a distinct pathologic diagnosis of GIST; 2) 
underwent R0 resection; 3) no radiotherapy, 
chemotherapy, or other anti-cancer therapies 
prior to surgery; and 4) availability of complete 
clinicopathologic and follow-up data; 5) ob- 
tained written informed consent and approval 
of the ethics committee of Renji Hospital, 
Shanghai Jiaotong University School of 
Medicine for the use of samples, approval No. 
2012031. The database comprised of param-
eters that included patient age, gender, tumor 
site, tumor size, and number of mitoses/50 
high-power fields (HPF). The risk of aggressive 
tumor behavior was calculated according to the 
modified NIH criteria, which classified GISTs 
into very low, low, intermediate, and high-risk 
categories.

418 paraffin-embedded tissue samples met 
the criteria were collected from GIST patients 
(370 cases only taken the surgery and 48 high-
risk GISTs taken imatinib adjuvant therapy after 
R0 resection) at Renji Hospital, Shanghai 
Jiaotong University School of Medicine from 
2004 to 2013 For tissue microarray and immu-
nohistochemical staining.

370 GIST cases without imatinib adjuvant ther-
apy included 199 male and 171 female patients 

Figure 1. Optimal cutoff levels of Ki67 index in GISTs from counting range 0-35% (A) and 6-35% (B).

Table 1. Characteristics of 370 GIST patients 
divided by Ki67 index

Ki 67 index (%)
P value

≤ 5 6-8 > 8
Age (years)
    ≤ 50 62 2 9 0.118
    > 50 232 31 34
Gender
    Male 152 17 30 0.082
    Female 142 16 13
Tumor site
    Stomach 175 21 15 0.030*

    Small bowel 77 8 17
    Colon 16 0 2
    Others 26 4 9
Tumor size (cm)
    ≤ 2.0 36 0 0 < 0.001**

    2.1-5.0 147 11 3
    5.1-10.0 79 15 19
    > 10.0 32 7 21
Mitoses per 50 HPFs
    ≤ 5 262 23 8 < 0.001**

    6-10 20 4 18
    > 10 12 6 17
Modified NIH criteria
    Very low risk 32 0 0 < 0.001**

    Low risk 141 10 1
    Intermediate risk 55 6 1
    High risk 66 17 41
*P < 0.05; **P < 0.01.
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with a median age of 59 years; these included 
32 very low-risk cases, 152 low-risk cases, 62 
intermediate-risk cases, and 124 high-risk 
cases. The patients were followed up for 8 to 
106 months with a median follow-up period of 
42 months.

The criterion of imatinib adjuvant therapy after 
R0 resection in our study required at least 12 
months uninterrupted drugs taking with 400 
mg/day. 48 high-risk cases met the criteria of 
imatinib adjuvant therapy since 2008 in our 
study. The follow-up median of the patients 
with imatinib therapy was 38 months (range, 
16-71 months); KIT and PDGFR gene analysis 
showed 45 cases with KIT 11 exon mutation 
and 3 cases with 9 exon mutation.

Tissue microarray construction

Tissue microarrays were constructed by Suzhou 
Xinxin Biotechnology Co., Ltd (Xinxin Biotech- 
nology Co, Suzhou, China). Tissue paraffin 
blocks of GIST samples from 418 cases were 
stained with hematoxylin-eosin to confirm the 
diagnoses and marked at fixed points with 
most typical histological characteristics under 
a microscope. Two 1.6-mm cores per donor 
block were transferred into a recipient block tis-
sue microarrayer, and each dot array contained 
fewer than 160 dots. Three-micron-thick sec-
tions were cut from the recipient block and 
transferred to glass slides with an adhesive 

(Dako, Carpinteria, CA, USA). Endogenous per-
oxidase activity was blocked using a peroxidase 
blocking reagent (Dako, Carpinteria, CA, USA) 
for 5 min. Next, an monoclonal antibody against 
Ki67 (clone MIB-1, 1:200 dilution, Dako, 
Denmark) was applied to cover the specimens 
for 1 h at room temperature, and this was fol-
lowed by incubation with a labeled polymer-
HRP goat anti-mouse secondary antibody 
(Dako, Carpinteria, CA, USA) for 30 min at room 
temperature. Thorough rinsing with Tris-
Buffered Saline and Tween 20 was performed 
after this incubation. The slides were visualized 
using diaminobenzidine substrate-chromogen 
(Dako, Carpinteria, CA, USA) and washed with 
deionized water before hematoxylin counter-
staining. The slides were then dehydrated 
through a upstaging series of ethanol concen-
trations, cleared in xylene, and coverslipped 
with Digital Picture Exchange mounting medi-
um (Leica Biosystems, Wetzlar, Germany).

MIB-1 staining for Ki67 was examined with 4x 
and 10x object lenses to identify the area of 
most intense staining (“hot spot”). Scoring Ki67 
was performed by counting at least 500 tumor 
cells in high-power fields with a 40x object lens. 
All brown-stained nuclei, regardless of staining 
intensity, were counted as positive.

Statistical analysis

Statistical analyses were conducted using 
SPSS for Windows (version 17.0) and MedCalc 

Table 2. Univariate analyses of factors associated with RFS in GISTs
Variable RFS hazard ratio (95% Cl) P value
Age (≤ 50, > 50) 1.438 (0.704-2.938) 0.319
Gender (male, female) 0.424 (0.237-0.757) 0.004**

Tumor site (stomach, intestinal, colon, others) 1.745 (1.369-2.182) < 0.001**

Tumor size (≤ 2, 2-5, 6-10, > 10 cm) 3.944 (2.740-5.676) < 0.001**

Mitosis count (≤ 5, 6-10, > 10/50 HPF) 3.884 (2.907-5.188) < 0.001**

Ki67 index (≤ 5, 6-8, > 8%) 3.289 (2.464-4.390) < 0.001**

**P < 0.01.

Table 3. Multivariate analyses of factors associated with RFS in GISTs
Variable RFS hazard ratio (95% Cl) P value
Gender (male, female) 0.570 (0.317-1.023) 0.06
Tumor site (stomach, intestinal, colon, others) 1.194 (0.952-1.498) 0.125
Tumor size (≤ 2, 2-5, 6-10, > 10 cm) 2.363 (1.586-3.522) < 0.001**

Mitosis count (≤ 5, 6-10, > 10/50 HPF) 2.146 (1.475-3.123) < 0.001**

Ki67 index (≤ 5, 6-8, > 8%) 1.469 (1.031-2.094) 0.033*

*P < 0.05; **P < 0.01.

tape transfer sys-
tem for ultraviolet 
cross linkage.

Immunohistochem-
istry

The slides were ba-
ked at 56°C for 1 h, 
de-paraffinized in 
xylene for 20 min, 
and rehydrated thr- 
ough a graded se- 
ries of ethanol con-
centrations (5 min 
in 100% ethanol fol-
lowed by 5 min in 
70% ethanol). Anti- 
gen retrieval was 
performed in a 
pressure cooker for 
5 min with Target 
Retrieval Solution 
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(version 11.4.2.0). For comparisons, one-way 
analyses of variance and chi-squared tests 
were performed when appropriate. RFS was 
calculated according to the Kaplan-Meier 
method. The log-rank test was used to compare 
the survival distributions. Univariate and multi-
variate analyses were based on the Cox propor-
tional hazards regression model. Only variables 
that were significantly different in univariate 
analysis were entered into the next multivariate 
analysis. Receiver operating characteristics 
(ROC) curves were constructed to assess sensi-
tivity, specificity, and respective areas under 
the curves (AUCs) with 95% CI. All statistical 
tests were 2-sided. P-value differences < 0.05 
were considered statistically significant.

The optimum cut off value for diagnosis was 
investigated by maximizing the sum of sensitiv-
ity and specificity and minimizing the overall 
error (square root of the sum [1-sensitivity]2 + 
[1-specificity]2), and by minimizing the distance 
of the cutoff value to the top-left corner of the 
ROC curve. All statistical tests were 2-sided. 
P-value differences < 0.05 were considered 
statistically significant.

Results

Ki67 index is an independent prognostic factor 
for RFS of GIST patients

By analysis of 370 cases, the counting range of 
Ki67 index was 0-30% and the median was 2%. 
Two optimum cutoff levels were adopted in our 

study. The first cutoff level of Ki67 > 5% was 
estimated as the optimum cutoff level of total 
Ki67 index (0-30%) with a sensitivity of 58.9% 
and specificity of 86.0%; the second cutoff 
level of Ki67 > 8% as the optimum cutoff level 
of relatively “high risk” Ki67 index (6-30%) with 
a sensitivity of 81.8% and specificity of 63.6% 
(Figure 1). The optimum cutoff level of Ki67 
index (0-5%) was unavailable through the sta-
tistical analysis. So we got three groups of GIST 
patients (Ki67 index ≤ 5, 6-8 and > 8%) divided 
by two cutoff levels in this study.

Characteristics of 370 GIST patients were 
shown in Table 1. Univariate analysis showed 
that gender, tumor site, tumor size, mitosis 
count and ki67 index were prognostic predic-
tors for RFS in GIST patients (Table 2). 
Furthermore, multivariate analysis found that 
tumor size, mitosis count and Ki67 index were 
independently unfavorable prognostic factors 
for RFS (Table 3).

Kaplan-Meier survival analysis with log-rank 
test showed GISTs divided by Ki67 index (≤ 5, 
6-8 and > 8%) presented different RFS (P < 
0.001), as shown in Figure 2A. ROC analysis 
showed the AUC of Ki67 was 0.744, as shown in 
Figure 2B.

Ki67 index > 8% can effectively sub-divide 
high-risk GIST patients

Since Ki67 index was an independently unfa-
vorable prognostic factor for RFS of GIST 

Figure 2. The Kaplan-Meier survival (A) and ROC (B) analysis of Ki67 index in predicting the prognosis of GISTs.
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patients, the further study was focused on 
whether Ki67 index can sub-divide high-risk 
GIST patients, which suffered from worse prog-
nosis and higher recurrence rates than very 
low, low and intermediate-risk patients, classi-
fied by NIH modified criteria (Figure 3A). To test 
our hypothesis, the high-risk GIST patients 
were divided into 3 groups by Ki67 index (≤ 5, 
6-8 and > 8%), Kaplan-Meier survival analysis 
with log-rank test showed Ki67 index > 8% can 
precisely sub-divide high-risk GISTs effectively, 
as shown in Figure 3B.

Ki67, a commonly accepted nuclear protein 
associated with cellular proliferation in malig-
nant tumors, had been reported its relationship 
to the prognosis in GISTs with the sample size 
from 55 to 94 cases [15-17]. But the criterions 
for Ki67 index judgment were various in GISTs, 
some studies use the mean of the index or cut-
off level, some refer from criterion in soft tissue 
sarcoma, which may confuse the clinical refer-
ence and application. Our study aims to fully 
evaluate the prognostic value of Ki67 index in 
predicting the prognosis of GIST patients and 

Figure 3. The Kaplan-Meier survival analysis of modified NIH criteria 
(A) and Ki67 index subgroup (B) in predicting the prognosis of high-
risk GISTs.

Ki67 index > 8% may act as a 
predictive factor for the efficacy of 
imatinib adjuvant therapy

Since high-risk GIST patients after 
R0 resection indicated adjuvant ther-
apy of imatinib, we further investigat-
ed whether Ki67 index > 8% could 
affect the efficacy of imatinib adju-
vant therapy. Kaplan-Meier survival 
analysis with log-rank test showed 
the RFS of patients with Ki67 index > 
8% appear a sharply decline of the 
curve compared with those ≤ 8% 
(P=0.018) (Figure 4). Multivariate 
analysis showed Ki67 index > 8% 
may act as an independently unfa-
vorable factor for imatinib adjuvant 
therapy (P=0.045) (Table 4).

Discussion

GISTs have a wide various biological 
behaviors with malignant potential, 
so it can not be simply distinguished 
as benign or malignant lesions. 
Mitotic index, tumor size, tumor site 
and tumor rupture which are from 
modified NIH criteria can be impor-
tant prognostic predictors of GISTs 
[6, 7, 18]. According to the NIH guide-
lines, all GISTs might have malignant 
potential. Moreover the recurrence 
risk in high-risk cases was signifi-
cantly higher than other cases, and 
even in the same high-risk classifica-
tion, the clinical outcomes of GIST 
patients are always variety in our 
approximate 10 years’ follow-up 
database. So it is reasonable to 
assume that there is still some unre-
vealed room which can be improve-
ment or complementation for current 
criteria.
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efficiency of imatinib adjuvant therapy based 
on 418 GIST patients (370 cases only taken the 
surgery and 48 high-risks taken imatinib adju-
vant therapy after R0 resection).

Two cutoff levels were established in our study 
through statistical analysis, the first was Ki67 > 
5% from total Ki67 index (0-30%), the second > 
8% was accepted in subdividing relatively “high 
risk” Ki67 index (6-30%). Finally, we got three 
groups of Ki67 index in GISTs: Ki67 ≤ 5, 5-8 
and > 8%. Through univariate and multivariate 
analyses of factors associated with RFS in 370 
GIST patients, Ki67 was confirmed as an inde-
pendent prognostic factors for RFS (P=0.033).

Because the current recurrence-risk criterion 
of GISTs was established on modified NIH crite-
ria, and high-risk GIST patients suffered much 
worse prognosis than very low, low or interme-
diate-risk GISTs. The further study we focused 
on whether Ki67 index can predict different 
prognosis in high-risk GISTs, which was more 

sample numbers and follow-up time in our 
study, it still need more works to verified this 
result, but the high-risk GIST patients with Ki67 
index > 8% should be noticed in clinical follow-
up because of higher possibility in recurrence 
even with imatinib adjuvant therapy.

In this study, we analyzed different ki67 index 
(≤ 5, 5-8 and > 8%) in GIST patients after R0 
resection. ki67 index > 8% can improve the 
modified NIH criteria for distinguishing different 
outcomes in high-risk GIST patients, and unfa-
vorable effect of imatinib adjuvant therapy. Our 
study demonstrated Ki67 index is an effective 
complementation of modified NIH criteria in 
predicting the prognosis of GISTs.
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Table 4. Multivariate analyses of factors associated with RFS in GIST 
patients with imatinib adjuvant therapy
Variable RFS hazard ratio (95% Cl) P value
Tumor size (≤ 2, 2-5, 6-10, > 10 cm) 1.133 (0.531-2.420) 0.749
Mitosis count (≤ 5, 6-10, > 10/50 HPF) 1.353 (0.487-3.755) 0.564
Ki67 index (≤ 8, > 8%) 3.437 (1.035-11.409) 0.045*

*P < 0.05.

Figure 4. The Kaplan-Meier survival analysis of Ki67 index in predicting the ef-
ficency of imatinib adjuvant therapy.

instructive value in clinic. 
The result showed Ki67 
index > 8% can effectively 
sub-divide high-risk GISTs 
with different prognosis, 
which suggested even in the 
same group of GISTs classi-
fied by modified NIH criteria, 
room still exist for improve-
ment or complementation 
for more precisely predicting 
the different outcomes.

With application of imatinib 
targeted adjuvant therapy in 
high-risk GISTs, the mortality 
rate had decreased but 
recurrence rate remained 
high [8-10]. We further to 
investigate whether Ki67 
index > 8% could affect effi-
ciency of imatinib adjuvant 
therapy. Kaplan-Meier sur-
vival analysis and multivari-
ate analysis showed that 
GIST patients with Ki67 
index > 8% suffered a poorer 
prognosis, indicated Ki67 
index > 8% may act as an 
unfavorable factor for ima-
tinib adjuvant therapy. Be- 
cause of the limitation of 
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