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ABSTRACT 

Introduction: soft tissue sarcomas (STSs) are a rare heterogeneous disease, Ki-67 is a 
nuclear protein highly expressed in the proliferative state of somatic cycle. We studied 
the prognostic value of Ki-67 expression and its primary tumor characteristics in adult 
patients with extremity STSs.     
Patients and Methods: We retrospectively collected the clinical data of 40 patients 
with extremity STSs treated at Ain Shams university hospital from January 2010 to De-
cember 2012 and we correlated between Ki-67 expression by immunohistochemistry 
and the clinico-pathological data.  We used a cut-off value of 20% for Ki-67 in tumor 
cells. The differences among variables were calculated by Chi-square test. 
Results’: High Ki-67 expression (>20%) was found in 20% of cases (8/40) of. High Ki-
67 was significantly correlated with age > 50 years old (p < 0.002), grade (p < 0.023), 
local recurrence (p < 0.009) and distant metastasis (p < 0.001). Multivariate analysis 
indicated that high Ki-67 expression was a significant independent prognostic factor for 
median DFS (12 months vs 4 months for low and high Ki-67 respectively with (P = 
<0.006, Cl 95% 7.87-14.13) and median OS was 28 months vs 10 months respectively 
(P = 0.001, Cl 95% 12.45-35.55). 
Conclusion: In our study we found that high expression of Ki-67 protein >20 % in ex-
tremity STSs, is frequently associated with poor prognosis, including the occurrence of 

distant metastases . 
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INTRODUCTION 

Soft tissue sarcomas (STS) are rare and heterogeneous group 
of tumors. They are characterized by mesodermal differentia-
tion (1) that account for 1% of adult cancers (2) and include 
more than 50 histologic subtypes (3). 
The treatment options include surgery, radiotherapy, and/or 
chemotherapy (2). Optimal management of soft tissue sarcoma 
relies upon an appropriately performed biopsy, accurate diag-
nosis and staging, an effective surgical plan and execution, 
rational utilization of adjuvant therapies, and close surveillance 
following resection (1). 
In spite of availability of multi-modalities of treatment, STS 
are among the most aggressive cancers with mortality rates of 
40–50% due to metastasis or local relapse (4). 
The most important prognostic factors include size, grade, 
depth of invasion, surgical resection, and resection margin. 
Moreover, grade is currently the most important factor for tu-
mor aggressiveness (5). 

Many studies have been designed to investigate the prognostic 
factors of STS by using immunohistochemically methods (6), 
and most of the published data have focused on cell cycle ki-
netics and cell cycle regulatory proteins (4). 
Ki-67 is a protein located in the nucleus and nucleolus of cells 
and is associated with proliferation of somatic cells and it is 
absent in quiescent cells(7).  For this reason, Ki-67 is an im-
portant marker of malignant cells proliferation. High expres-
sion of Ki-67 protein in STSs, is frequently associated with 
poor prognosis, including the occurrence of distant metastases 
(5). 
In this analysis, we aimed at studying the prognostic value of 
Ki-67 expression in adult patients with STS of extremities. 

METHODS 

Patients and materials 
We collected the clinical data of 46 patients with extremity 
STSs treated at Ain Shams university hospital from January 
2010 until December 2014; 40 of these patients had available 
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paraffin blocks for Ki-67 analysis.  
 
Retrospective chart review of medical records was used to 
collect patient characteristics, including demographic data 
and clinic-pathological factors were reported. The patient 
variables examined were age and gender. Tumor factors ana-
lyzed were size, site, grade and microscopic margin. Treat-
ment factors included were surgery, neo-adjuvant and adju-
vant therapy, lines of chemotherapy received. The Tumors 
were categorized based on the WHO classification (which has 
been updated during the period of this study, resulting in the 
change of some histological subtypes) and graded based the 
FNCLCC system (French Fédération Nationale des Centres 
de Lutte Contre le Cancer).   
 
Formalin-fixed and paraffin-embedded tumor specimens of 
the patients were obtained from the archives of the Depart-
ment of Pathology. Data were analyzed anonymously. Tissue 
blocks for analyses were taken from the original biopsy prior 
to neoadjuvant therapy to control potential treatment-related 
effects on gene expression. The Ki-67 immuno-quantitation 
was performed using light microscopy at 400-x magnifica-
tion. Ki-67-positive tumor cells were clearly detected by their 
characteristic diffuse granular or globular nuclear staining 
(brown). All immune-stained nuclei, independent of intensity, 
were scored as positive. The areas containing the largest 
number of Ki-67- positive cells were selected and the num-
bers of positive cells counted in 10 HPF chosen at random. 
Then the scores were averaged to give Ki-67 index (the num-
ber of Ki-67-positive tumor cells/10HPF) in each case. Ac-
cording to the Ki-67 index, the patients were divided into two 
groups: high index group with (>20/10HPF), and low index 
group (≤20/10HPF). Images of histological sections were 
captured.  

Statistical Analysis 

Statistical analyses were performed using the SPSS version 
20 for Windows (SPSS Inc, Chicago, IL) program package.  
 
The results obtained were interpreted and descriptive statis-
tics (mean, standard deviation, range, percentages) were ap-
plied wherever appropriate. Where the data was qualitative, a 
chi square test was used to assess the association between 
these parameters. Value of ‘p’<0.05 was taken as significant 
and < 0.01 as highly significant whereas the ‘p’>0.05 was 
taken as non-significant. 
 
Survival data were represented using Kaplan-Meier curves 
and correlation between groups was done using appropriate 
tests. 

RESULTS 

Patients' characteristics 

The median age at diagnosis was 44 years (range 19-74). Fe-
male patients represented 60.9% (28) and males 39.1% (18). 
Ki-67 were tested in 40 available paraffin blocks and 20% of 
patients (8 patients) had high Ki-67 expression (>20%). 
 
In multi-variant analysis, high Ki-67 expression was found in 
older patients (> 50 years), male patients, patients who pre-
sented with synchronous metastasis, all were high grade, also 
high expression of Ki-67 was associated with high incidence 
of local and distant recurrence with p values of 0.002, 0.013, 
0.002, 0.023, 0.009 and <0.0001 respectively. (Table 1). 
 
The histological type of sarcoma, size and anatomical site did 
not affect the Ki-67 expression (table 1). 

Survival analysis 

The median event free survival (EFS) was 9 months (SE 1.7; 
95% CI 5.67-12.33) (figure 1). The EFS was statistically cor-
related to size of primary tumor at presentation (less than 5 
cm or more), grade, undergoing surgery, margins at surgery, 
adjuvant radiotherapy and Ki-67 expression (cut-off value of 
20%) with p values of 0.048,0.039, 0.015, 0.026, 0.004 and 
0.006 respectively. In addition, patients with synchronous 
metastasis had statistically lower EFS of 7 months compared 
to patients with loco-regional disease at presentation (10 
months) (p value 0.034). (Figure 2) (Table 2). 
 
Median overall survival was 18 months (SE 3.9, 95% CI 
10.346-25.654) (figure 3). and OS was statistically higher 
among young patients (<50 years), small tumors (< 5 cm) low
-grade tumor (grade I compared to II and III), those who un-
derwent definitive surgery, with adequate safety margins, 
receive of adjuvant radiotherapy and low Ki-67 expression 
(≤20%) with p values of 0.008, 0.004, 0.015, 0.016, 0.023, 
0.001 and <0.001 respectively. (Figure 4) (Table 3).  

DISCUSSION: 

Soft tissue sarcoma is an aggressive disease with high mortal-
ity rates; this occurs despite the presence of various improve-
ment of treatment. The main reason for this is diversity of the 
disease with different biological behaviors (8). Prognostic 
factors of STS include size, grade, depth and other features 
like vascular invasion, necrosis and mitotic index. Prolifera-
tion which can be measured by multiple manners has been 
considered for inclusion for prognostication of STS to identi-
fy patients with high risk features who are eligible for adju-
vant treatment (9). 
 
One of the widely used markers for proliferation is the Ki-67 
which may also help to predict outcome of sarcoma patients 
(8). 
 
Several studies assessed the Ki-67 levels in STSs and they 
used several cut-off values ranged from 20-40% (8). We con-
cluded that Ki-67 in more than 20% of tumor cells in extremi-
ty STSs was demonstrated to be an independent negative 
prognostic factor for OS and EFS.  
 
The relationship between Ki-67 expression and tumor grade 
was statistically significant (P=0.023). Thus, Ki-67 had posi-
tive correlation with histological grade. Similar to our study 
Sahin et al. 1991(10) reported that low Ki-67 was seen in 
benign and low grade tumors (grade I), while it was high in 
Grade II and III tumors. In addition, Choong et al. 1994(11) 
demonstrated significant correlation between high Ki-67 
(>10% positive cancer cells) and grade. Finally Sumiti Gupta 
et al.  2015 (12)reported similar result and he correlated grade 
with Ki-67 and the correlation was significant; he used cut-
off value of 50/10HPF. 
 
In contrast to the most of the published literature, our study 
concluded that there was no significant correlation between 
Ki-67 expression and tumor size, which is consistent with the 
results, reported by Ueda et al. 1989 (13). 

CONCLUSION: 

High expression of Ki-67 protein in STSs of the extremities is 
associated with poor prognosis including overall survival and 
recurrence rates; both local, loco-regional and distant metas-
tases. It may provide a suitable tool for the clinical manage-
ment of disease progression 
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Table 1. Correlation of Ki-67 expression and different clinic-pathological features  

< 20 > 20 Chi-square test 
Total No=40  

No. = 32 % No. = 8 % X2 P-value 

Age 
< 50 years 26 81.2% 0 0.0% 

9.286 0.002 
> 50 years 6 18.8% 8 100.0% 

Sex 
Female 22 68.8% 0 0.0% 

6.111 0.013 
Male 10 31.2% 8 100.0% 

Type of sarcoma 

Fibrosarcoma 6 18.8% 0 0.0% 

13.986 0.122 

Kaposi sarcoma 4 12.5% 0 0.0% 
Leiomyosarcoma 0 0.0% 2 25.0% 

liposarcoma 6 18.8% 0 0.0% 

Malignant Peripheral Nerve 
Sheath Tumor 

2 6.2% 0 0.0% 

Myofibroblastic Sarcoma 6 18.8% 0 0.0% 
Rhabdomyosarcoma 2 6.2% 0 0.0% 
Sarcomatoid carcinoma 2 6.2% 0 0.0% 
Synovial Sarcoma 4 12.5% 2 25.0% 
MFH 0 0.0% 2 25.0% 
Undifferentiated Pleomorphic sar-
coma 

0 0.0% 2 25.0% 

Site 
Lower limb 22 68.8% 8 100.0% 

1.667 0.197 
Upper limb 10 31.2% 0 0.0% 

Size category 
<5 8 25.0% 0 0.0% 

1.25 0.263 
>5 24 75.0% 8 100.0% 

Metastatic  
from the start 

Non-metastatic 32 100.0% 4 50.0% 
8.889 0.002 

Metastatic 0 0.0% 4 50.0% 

Grade 
1 8 25.0% 0 0.0% 

7.5 0.023 2 16 50.0% 0 0.0% 
3 8 25.0% 8 100.0% 

Local  
Recurrence 

Negative 24 60.0% 0 0.0% 
6.790 0.009 

Positive 4 10.0% 8 100.0% 

Distant  
Metastases 

Negative 32 100.0% 0 0.0% 
20.00 0.000 

Positive 0 0.0% 8 100.0% 

Fig. 1. Event-free survival  (EFS), 9 months (SE 1.7; 95% CI 5.67-12.33). 
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EFS (months 
Log rank test 

Median SE 
95% Confidence Interval 

Lower Bound Upper Bound X2 P-value 

≤ 20 (no. = 32) 12 0.484 11.051 12.949 
7.453 0.006 

> 20 (no. = 8) 4 1.5 1.06 6.94 

  
  
  
  
  

Overall survival (months) 
Log rank test 

Median SE 
95% Confidence Interval 

Lower Bound Upper Bound X2 P-value 

≤ 20 (no. = 32) 28 4.33 19.51 36.49 
14.673 <0.001 

> 20 (no. = 8) 10 1.500 7.05 13.02 

Table 2. Correlation between Ki-67 expression and EFS  

Table 3. Correlation between Ki-67 expression and OS 

Fig. 2(a): correlation between tumor size 
and EFS (14 vs 8 months) p = 0.048  

Fig. 2(b): correlation between 
tumor grade and EFS (13 for 
grade I versus 10 and 9 months 
for grade II & III) p = 0.039  

Fig. 2(c): correlation between sur-
gery and EFS (14 vs 9 months) p = 
0.015.  

Fig. 2(d): correlation between mar-
gin and EFS (13 vs 9 months) p = 
0.026  

Fig. 2(e): correlation between receiving 
adjuvant radiotherapy and EFS (17 vs 10 
months) p = 0.004.  

Fig. 2(f): correlation between Ki-
67 expression and EFS (12 vs 4 
months) p = 0.006  
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