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Abstract: Background: malignant peritoneal mesothelioma (MPM) is a rare peritoneal mesothelial neoplasm. Ki67 
and BCL2 are established prognostic markers in several cancers. High Ki67 expression indicates tumour progres-
sion, whilst similar expression of BCL2 retards tumour replication. Traditionally, prognosis in MPM is gauged with a 
single biomarker assessed separately in a dichotomous manner. Here, we examine prognosis with dual biomarkers 
incorporated in a model to predict survival. Materials and methods: Forty two MPM archival patient tumours were 
screened for Ki67 and BCL2 by immunohistochemistry and evaluated using standard methods. Ki67 and BCL2 
expression was incorporated into a prognostic model to develop Ki67-BCL2 index. Using this index, three hazard 
groups were identified (high, medium and low risk). Kaplan-Meier survival analysis was performed to assess the 
significance of these hazard groups in the various clinicopathological categories. Results: In all clinicopathological 
categories, high risk group showed poor prognosis compared to low risk group (p = < 0.001). Compared to medium 
risk, high risk group carried poor prognosis in all tumours, females, epitheloid tumours, peritoneal cancer index (PCI) 
< 20, ≥ 20, age at diagnosis (AAD) < 60, and ≥ 60 years. Independent of the Ki67-BCL2 index, male, sarcomatoid, 
PCI ≥ 20 and AAD ≥ 60 were poor prognostic factors. High risk group was an independent poor prognostic factor in 
all tumours, males, females and age < 60 years. The distribution of high risk: low risk group in male and female was 
3: 2 and 2: 3, respectively, indicating a gender difference. Comparing hazard ratios generated by Ki67-BCL2 index 
to that of either Ki67 or BCL2, as a single prognostic biomarker, there was a reduction of HR values. Conclusion: 
Ki67-BCL2 index seems to suggest a more sensitive method of predicting prognosis. However, the current model 
needs further evaluation in an independent large cohort sample.
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Introduction

Malignant peritoneal mesothelioma (MPM) is a 
rare disease and asbestos has been suggested 
to be a causative agent [1, 2]. However meso-
thelioma also occurs in 20% of patients without 
previous exposure to asbestos and in these 
patients, MPM seems to be more common. 
This suggests other agents to be involved such 
as mineral fibres, chronic peritonitis, remote 
abdominal radiation and simian virus 40 [3, 4]. 
Survival is poor after treatment and it ranges 
from 1-3 years [5, 6]. Treatment with rigorous 
cytoreductive surgery and hyperthermic intra-
peritoneal chemotherapy has improved surviv-
al beyond 3 years in selective patients and this 
may be due to other favourable molecular fac-
tors that are present in these cases [7, 8]. 
Hence, there is an urgent need for new thera-

pies that may eventually lead to a curative 
modality.

Several prognostic factors have been identified 
in MPM and mostly they are clinical or surgical 
factors [5, 9-11]. Although these factors enable 
to predict prognosis with probable better 
patient management, they may not lead to the 
development of therapies. In many cancers 
such as breast [12, 13], prostate [14], colon 
[15] and ovarian [16], therapies have been 
developed from identification of molecular 
prognostic factors. Pinton et al. have identified 
estrogen receptor – β and epidermal growth 
factors as prognostic factors in pleural meso-
thelioma and have suggested that therapies 
may be developed by modulating this protein 
[17-19]. Hence, the identification of molecular 
markers in MPM may lead to future develop-
ment of more effective therapies.
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Owing to the rarity of the disease compared to 
pleural mesothelioma (PM), there has been 
less emphasis on studies related to MPM. This 
is partly due to the assumption that MPM and 
PM are similar diseases. Although, they both 
originate on the mesothelial lining, the anatom-
ical differences may differentiate these two 
forms of mesothelioma. Our earlier studies 
(under review) have shown that PMP have spe-
cific cytoplasmic ER-β that portend poor sur-
vival. These have never been reported in PM. 
We have also examined the distribution of other 
biomarkers such as MUC1, Ki67 and BCL2, in 
relation to patient survival. These studies show 
a definite link between the expression of these 
biomarkers and survival (under review).

Although prognostic studies using single bio-
markers are widely used in cancer, mainly for 
convenience and ease of application, the accu-
racy of predicting survival may be compromised 
[20]. The use of more than one marker in vali-
dating prognosis may be a more reliable meth-
od. Ki67 is an immunohistochemical biomarker 
that has been widely used in prognostic evalua-
tion of a number of cancers [21-25]. It is an indi-
cator of the proliferation status of the cell and 

is found to be expressed in only replicating cells 
[26]. B-cell lymphoma 2 protein (BCL2) is an 
anti-apoptotic protein which also possesses an 
anti-proliferative effect influencing cell cycle 
entry [27-30]. BCL2 has been shown to be pre-
dictive of favourable outcome, particularly in 
breast cancer [31]. Hence, the evaluation of 
BCL2 along with Ki67 could add valuable infor-
mation to prognosis. In fact BCL2 has recently 
been combined with mitotic index as a method 
of modifying tumour grade [32]. Further, more 
recent work with breast cancer, has indicated 
the value of combining Ki67 and BCL2 as a 
prognostic index in breast cancer [20].

Hence, in the current study, we set out to evalu-
ate the prognostic value of combining Ki67 and 
BCL2 as an index to test our hypothesis that 
the combinatorial evaluation of these markers 
would provide a more robust method of mea-
suring actively dividing cell is MPM.

Materials and method

Study population

This study was conducted with the approval of 
ethics committee of St. George Hospital 

Table 1. Ki67-BCL2 index for various clinicopathological categories of 42 MPM patients 
VARIABLES TOTAL LR P MR P HR P
Patients 42 14 (33%) 13 (31%) 5 (36%)
Median Age 57 50 49 50
Range 23-71 (33-63) (23-71) (37-70)
GENDER 
Male 20 (48%) 6 (14%) 0.049 5 (12%) 0.041 9 (21%) 0.049
Female 22 (52%) 8 (19%) 8 (19%) 6 (14%)
HISTOLOGY
Epithelial 35 (83%) 12 (28%) 11 (26%) 12 (28%)
Male-Epithelial 16 (38%) 5 (12%) 0.063 4 (9.5%) 0.054 7 (17%) 0.062
Female 19 (45%) 7 (16%) 7 (16%) 5 (12%)
Sarcomatoid 7 (17%) 2 (5%) 2 (5%) 3 (7%)
Male 4 (10%) 1 (2.5%) 1 (2.5%) 2 (5%)
Female 3 (7%) 1 (2.5%) 1 (2.5%) 1 (2.5%)
PERITONEAL CANCER INDEX (PCI)
PCI < 20 25 (59%) 7 (17%) 0.081 8 (19%) 0.042 10 (24%) 0.044
PCI > 20 17 (41%) 7 (17%) 5 (12%) 5 (12%)
AGE AT DIAGNOSIS (AAD)
AAD < 60 years 30 (71%) 12 (28%) 0.032 8 (19%) 0.039 10 (24%) 0.025
AAD > 60 years 12 (29%) 2 (5%) 5 (12%) 5 (12%)
LOW RISK (LR) = Immunohistochemical score (IHCS) 0f -2 to -1; MEDIUM RISK (MR) = IHCS of 0 to +1; HIGH RISK (HR) = IHCS 
of +2; χ2 = Student T test or Mann Whitney U test when sample is small (P values < 0.05 are considered significant).
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(SESIAH), Kogarah, NSW, Australia. The study 
participants included 20 males and 22 females, 
with a median age of 57 years (range 23-69), 
that were diagnosed with MPM in St George 
Hospital, Jan 1999-Dec 2011. All participants 
were uniformly treated (within < weeks after 
diagnosis) with cytoreductive surgery and 
hyperthermic intraperitoneal chemotherapy 
(cisplatin and doxorubicin). Of the 42 patients, 
40 (95%) had an optimal cytoreduction 
(CCRO/1) whilst 2 patients (5%) had incomplete 
cytoreduction (CCR2). The clinical features of 
these patients are summarized in Table 1.

Immunohistochemistry-BCL2

Tumour specimens of PMP, retrieved from 
patients were formalin preserved and paraffin 
embedded. 3 µm sections were cut and mount-
ed on glass slides. The slides were deparaf-
finised, rehydrated and then subjected to anti-
gen retrieval in citrate buffer at pH. 6.0. The 
sections were subsequently incubated in 3% 
aqueous hydrogen peroxide for 15 minutes to 
quench endogenous peroxide activity and with 
protein block serum-Free (Dako, Carpentaria, 
CA, USA) for 20 minutes at room temperature 
to suppress non-specific binding of subsequent 
reagents. The reaction was followed with incu-
bation of the primary BCL2 antibody, Clone 124 
(Dako, Carpentaria, CA, USA), dilutions 1: 100, 
for 40 minutes. Slides were then washed for 5 
minutes with phosphate buffer saline (PBS) 

before applying biotin labelled secondary anti-
body (goat anti-rabbit, Dako, 1: 500) for 15 
mins, then washed again and incubated for 15 
minutes with avidin – biotin – HRP complex as 
directed by Dako. Slides were the washed with 
PBS; and finally immunoprecipitation was visu-
alized by treating with aminobenzidene tetrahy-
drochloride, Dako) for 30 minutes and counter 
staining with haematoxylin.

Immunohistochemical evaluation and controls 

Three blinded and independent evaluation of 
the stained slides were carried out, without any 
knowledge of patient characteristics or other 
IHC markers. Discrepancies in evaluation were 
resolved by re-examination of the slides. 
Immunoreactivity was categorised as previous-
ly described [33-35] and compared to positive 
control (Malignant peritoneal mesothelioma). 
Brown stains were classified as positive. 
Negative controls were patient samples with-
out primary antibody.

BCL2 expression was assessed according to 
intensity (0 = no staining; 1 = weak staining; 2 
= moderate staining; 3 = strong staining) and 
proportion of staining cells were assigned as 0 
= < 1 %; 1 = > 1 – 10%, 2 = > 10 – 20%; 3 = > 
20 – 30%; 4 = > 30% – 40% and 5 = > 40%. 
The scores were added to give the final expres-
sion of BCL2. A score 4 and below, was classi-
fied as low score.

The final score was divided into three catego-
ries: 0 = None (IHC score 0 – 2); 1 = Moderate 
(IHC score 3 – 4); 2 = strong (IHC score > 4).

Immunohistochemistry (IHC), analysis & scor-
ing of Ki67

For all IHC staining, 3 µm sections mounted on 
glass slides were used. Pre-treatment of slides 
before staining were adopted as in Rabiau et al 
[36], and for pKi67 from Fasching et al [37]. 
Briefly Ki67 index was determined by labelled 
streptavidin biotin method using the Ki67 anti-
body, MIB-1 (DAKO, K5001, Copenhagen, 
Denmark). Antigen retrieval was performed in a 
microwave oven in citrate buffer for 15 min-
utes. Slides were stained in TechMate 500 
(DAKO) with an incubation time for 25 minutes 
at room temperature and with MIB-1 at 1: 200 
dilutions. Diaminobenzidene was used as a 
chromogen. Negative controls were included 
with omission of MIB-1.

Figure 1. represents a schematic pathway for the 
generation of Ki67-BCL2 index.
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All image analysis was carried out using ZEISS 
AXIO VISION 3.1. Stained sections were exam-
ined using light microscope (ZEISS Axio-Vision) 
X 40 objective using a 10 X 10 eye piece grati-
cule. Ki67 was defined as the percentage of 
total number of tumour cells (at least 1000) 
with nuclear staining over 10 high powered 
fields (X 40). Three independent evaluations 
were carried out blinded to patient outcome 
and any discrepancies were resolved by re-
examination. Scoring was as follows: (< 10%), 
(≥ 10 - < 25%), (≥ 25 - < 35%), (≥ 35 - < 45%), (≥ 
45 - < 55%), (≥ 55%). All expression below 25% 
was taken as low expression; the remaining 
was classified as high.

Ki67 IHC score was then divided into three cat-
egories: 0 = IHC score of 0-10%; 1 = IHC score 
of 11-35%; 2 = IHC score of > 35%. The final 
scores obtained for Ki67 and BCL2 were incor-
porated into a prognostic model as shown in 
Figure 1.

Statistical analysis

Statistical analysis was performed using 
GRAPHPAD PRISM (version 5.0). Association 
between two clinicopathological categories 
was evaluated using the X2  test and Mann-
Whitney U test where applicable. Overall sur-
vival of patients expressing low and high Ki67 
in different clinicopathological categories were 

compared according to Kaplan-Meier method. 
Overall survival was measured from the date of 
surgery to date of last follow up examination or 
death. Differences between the survival curves 
were tested using the log-rank test. Univariate 
and multivariate analysis were performed using 
the Cox proportional hazard regression model. 
For multivariate model, 0.05 (95% confidence 
interval) was used as the cut off P value to 
select the analysed factors as significant. 

Results

Immunohistochemistry

There was a wide variability of IHC staining in 
the tumour samples for both the BCL2 and 
Ki67 antigens. A few samples did not show any 
staining at all for the antigens that was exam-
ined and they were classified as negative (0). 
This may not be correct as the expression of 
antigens may vary with the tumour location. 
The classification of BCL2 and Ki67 expression 
has been outlined earlier in the methods sec-
tion (Figure 2).

Distribution of Ki67-BCL2 index

Examining the total tumour samples, the per-
centage distribution of tumours in the Ki67-
BCL2 index for the three groups, Low risk (LR), 
Medium risk (MR) & High risk (HR) are almost 

Figure 2. Represents immunohistochemical staining of tumour samples from different patient samples. A-D are 
BCL2 staining as described in methods section, the different samples show varying abundance and intensity of 
brown stain. E, F represents Ki67 staining from different patient tumour samples and E shows a complete absence 
of Ki67 staining whilst F-H have brown staining of varying abundance.
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similar (33, 31 and 36% respectively). There 
was also a similar median age between the 
three risk groups (50, 49 and 50). The youngest 
patient was found in MR group. (Table 1 and 
Figure 3).

There were almost an equal percentage of 
males and females (48% vs. 52%, respectively) 
in the total sample. In the males out of 48% 
tumours, 14% fell in LR group, whilst 12% in MR 
group, the remaining 21% was in HR group, indi-
cating that a high percentage of tumours in the 
males belonged to the High risk group. In the 
female, out 52% tumours, equal percentage 
(19%) belonged to LR and MR group, whilst a 
slightly smaller percentage (14%) fell into HR 
group, indicating that the females were favour-
ably distributed within the less hazardous 
group.

The histology was mainly epitheloid (83%) with 
a minority of sarcomatoid histology (17%). 

There was an even distribution of tumours in 
the three risk groups for epitheloid histology. 
However, in the male epithelial category, there 
was a higher percentage of tumours in HR 
group (17%), compared to the female  
HR – 12%).

In the sarcomatoid category, the percentage of 
males: females was almost similar (4: 3), how-
ever, there were twice the percentage of 
tumours for males in the HR group when com-
pared to females (2: 1).

Majority of the patients 59% belonged to PCI < 
20 and of which 17% fell into LR, whilst 19% 
belonged to MR group. The remaining 24% fell 
into the HR group. For the PCI ≥ 20, out of 41% 
patients, 17% fell into LR and 12% in MR group, 
the remaining (12%) went into HR group. In the 
high risk group, PCI < 20 had a higher percent-
age of tumours, compared to ≥ 20 (24%: 12%).

Figure 3. Are Kaplan-Meier Survival Curves, a depicting survival trends in total patient samples in three categories 
(High Risk, Medium Risk & Low Risk); B in male samples; C in female; D in epitheloid histological category; E For 
PCI < 20; F for PCI ≥ 20; G in age group at diagnosis < 60 years and H indicates survival within the three hazard 
categories between the gender.
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The age at diagnosis (AAD) shows that majority 
of the patients 71% were < 60 years and the 
remaining 29% were above 60 years. In the age 
group < 60 years, majority (28%) fell into LR 
group, whilst another 19% in the MR group and 
the remaining 24% in the HR group. The differ-
ence in distribution of tumours between the LR 
and HR was not very significant (28 vs. 24%, 
respectively), a difference of 4% in favour of 
age group < 60 years.

In the AAD ≥ 60 years, the total percentage of 
tumours was almost half that found in AAD < 

When medium risk group was compared to low 
risk group for survival difference, there was no 
significant difference, excepting in age at diag-
nosis < 60 years (p = 0.045).

For other variables independent of Ki67-BCL2 
index, the following carried poor prognosis: 
Males (p = 0.007); Sarcomatoid histology (p = 
0.001); PCI ≥ 20 (p = 0.013) and AAD ≥ 60 
years (p = 0.001) (Table 2).

Further comparisons of survival between the 
genders belonging to the same hazard class 

Table 2. Univariate analysis  and prognosis in different clinicop-
thological categories of malignant peritoneal mesothelioma (N = 
42)

VARIABLES HR (CI 95%) P
ALL TUMORS
High Risk vs. Low Risk 3.13 (0.89-11.2) 0.001
Medium Risk vs.“ 3.0 (0.91-24.6) 0.057 NS
High Risk vs. Medium Risk 2.3 (4.7-14.6) 0.001
GENDER
Male vs. Female 2.0 (0.64-7.1) 0.007
Male – High Risk vs. Low Risk 1.82 (0.3-11.11) 0.016
Male – Medium Risk vs.“ 1.53 (0.42-26.6) 0.169 NS
Male – High Risk vs. Medium Risk 1.1 (0.11-3.10) 0.225 NS
Female – High Risk vs. Low Risk 4.36 (0.77-24.6) 0.005
Female – Medium Risk vs. “ -  -
Female – High Risk  vs. Medium risk 3.14 (0.56-17.0) 0.001
HISTOLOGY
Sarcomatoid vs. Epitheloid 2.0 (0.64-7.10) 0.001
Epitheloid – High Risk vs. Low Risk 2.6 (0.67-10.10) 0.002
Epithelod – Medium Risk vs.“ 2.1 (0.63-14.6) 0.101 NS
Epitheloid – High risk vs. Medium Risk 1.3 (0.37-4.64) 0.004
PERITONEAL CANCER INDEX (PCI)
PCI ≥ 20 vs. <20 1.1 (0.3-3.8) 0.013
PCI < 20 – High Risk vs. Low Risk 3.1 (0.7-13.7)   0.003
        “         Medium Risk vs. Low Risk 2.37 (0.68-20.5) 0.089 NS
        “         High Risk vs. Medium Risk 1.47 (0.38-5.69) 0.004
PCI ≥ 20 – High Risk vs. Low Risk 2.2 (1.0-20.7) 0.049
   “              Medium Risk vs. Low Risk - -
   “              High Risk vs. Medium Risk 1.5 (0.08-28.84) 0.173 NS
AGE AT DIAGNOSIS (AAD)
AAD ≥ 60 years vs. < 60 years 3.1 (1.0-9.1) 0.001
AAD < 60 – High Risk vs. Low Risk 2.9 (0.22-19.2) 0.001
AAD < 60 – Medium Risk vs. Low Risk 1.5 (0.9-12.1) 0.045
AAD < 60 – High Risk vs. Medium Risk 1.3 (0.41-4.58) 0.002
LOW RISK =  Immunohistochemical score (ICHS) of -2 to -1;  MEDIUM RISK = IHCS 
of 0 to 1; HIGH RISK = ICHS of +2. NS = Not Significant; CI = 95% confidence 
Interval; P values < 0.05 are considered significant.

60 years. (71 vs. 29%). More 
noticeably, the percentage of 
LR tumours were much lower 
compared to MR and HR 
tumours ratio being 5: 12: 12%, 
indicating that this category of 
age may carry a higher risk of 
death.

Clinical outcome

The clinical outcome in this 
study is measured by survival 
in patients as monitored from 
the date of diagnosis and treat-
ment to death or survival within 
the last 10 years. Using Kaplan-
Meier analysis, with log-Rank 
and Cox-proportional Hazard 
Tests, we were able to deter-
mine how the Ki67-BCL2 index 
affect prognosis in the three 
classification of patient groups 
(LR, MR & HR). Both univariate 
and multivariate analysis were 
carried out.

Univariate analysis

Of the clinicopathological vari-
ables examined by univariate 
analysis for Ki67-BCL2 index, 
high risk groups were correlat-
ed to poor survival when com-
pared to low risk group in the 
following categories: All 
tumours (p = 0.002); Male (p = 
0.016); Female (p = 0.005); 
Epitheloid histology (p = 
0.008); PCI < 20 (p = 0.003); 
PCI ≥ 20 (p = 0.049), and AAD 
< 60 years (p = 0.001).
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(Figure 3H) showed no statistical difference in 
survival between the sexes in high risk, low risk 
and medium risk category, indicating that no 
gender difference exists using the current 
model.

Multivariate analysis

Only variables that tested to be significant in 
univariate analysis were entered into multivari-
ate analysis. Of the variables tested, high risk 
group in Ki67-BCL2 index were correlated with 
poor survival in the following categories: All 
tumours, HR 4.8 (95% CI 1.2-14.2), p = 0.016; 
Males, HR 2.4 (CI 0.9-14.6), p = 0.049; Females, 
HR 5.7 (CI 1.2-30.9), p = 0.045; AAD < 60 
years, HR 3.4 (CI 1.34-26.4), p = 0.001. 
Amongst the variables tested independent of 
Ki67-BCL2 index, only AAD ≥ 60 years was a 
poor prognostic factor, HR 3.3 (CI 1.6-16.4), p = 
0.049 (Table 3).

high expression of Ki67 [41, 42]. Other reports 
indicate that pleural mesothelioma expressing 
ER-β respond to agonist (in vitro studies) [18]  
with evidence to suggest that ER is linked func-
tionally to EGFR and that the proliferative action 
of EGFR can be silenced with an antagonist, 
perifosine [19]. Although the latter studies did 
not examine Ki67 expression, there is a strong 
likelihood that these tumour cells may have 
had high expression of Ki67. The response to 
treatment modality of high Ki67 expressing 
tumour cells is an indication of the predictive 
nature of the antigen, rather than prognosis 
since in the absence of treatment, it may gener-
ally lead to poor prognosis [43]. Fast replicating 
cells (indicated by High expression of Ki67) are 
generally more receptive to treatment and 
hence response may generally be better in 
these tumours [41, 42, 44]. Hence, Ki67 seem 
to hold both a prognostic and predictive role in 
tumour cells [45, 46].

Table 3. Multivariate analysis  and prognosis in different clini-
copthological categories of malignant peritoneal mesothelioma 
(N=42)
VARIABLES HR (CI 95%) P
ALL TUMORS
High Risk vs. Low Risk 4.8 (1.2-14.2) 0.016
GENDER
Male vs. Female 2.1 (0.7-6.6) 0.166 NS
Male – High Risk vs. Low Risk 2.4 (0.9-14.6) 0.049
Female – High Risk vs. Low Risk 5.7 (1.2-30.9) 0.045
Female – High Risk vs. Medium Risk 3.22 (0.66-19.0) 0.065 NS
HISTOLOGY
Sarcomatoid vs. Epitheloid 3.3 (0.1-10) 0.117 NS
Epitheloid – High Risk vs. Low Risk 4.6 (1.6-12.8) 0.058 NS
Epitheloid – High risk vs. Medium Risk 1.9 (0.7-5.6) 0.062 NS
PERITONEAL CANCER INDEX (PCI)
PCI ≥ 20 vs. < 20 1.0 (0.3-3.8) 0.998 NS
PCI < 20 – High Risk vs. Low Risk 3.8 (1.7-23.9) 0.116 NS
PCI ≥ 20 – High Risk vs. Low Risk 4.2 (2.62-30.7) 0.086 NS
                   Medium Risk vs. Low Risk - -
AGE AT DIAGNOSIS (AAD) 3.3 (1.6-16.4) 0.049
AAD ≥ 60 years vs. < 60 years
AAD < 60 – High Risk vs. Low Risk 3.4 (1.34-26.4) 0.001
AAD < 60 – Medium Risk vs. Low Risk 2.8 (1.2-15.6) 0.089 NS
AAD < 60 – High Risk vs.  Medium Risk 1.5 (0.53-6.44) 0.036
LOW RISK = Immunohistochemical score (ICHS) of -2 to -1; MEDIUM RISK = 
IHCS of 0 to 1; HIGH RISK = ICHS of +2. NS = Not Significant; CI = 95% confi-
dence Interval; P values < 0.05 are considered significant. For all categories, 
only those that were significant (P = < 0.05) were entered into multivariate 
analysis.

Although Ki67 detection by 
immunohistochemistry has 
been used to gauge prognosis 
in several cancers [21-25], its 
utility in malignant peritoneal 
mesothelioma is totally lack-
ing. One of the main reasons 
for not using a biomarker to 
determine proliferation index 
in MPM is that the disease is 
normally confined to the 
abdominal cavity, with very lit-
tle spread beyond [38, 39]. 
However, a group has recently 
recommended the use of Ki67 
for prognostication in malig-
nant mesothelioma, based on 
their case studies [40]. We 
have examined the expression 
of Ki67 in 42 MPM tumours 
and have concluded that high 
expression of this antigen cor-
relates with poor survival and 
that its expression determines 
survival in all the individual 
clinicopathological categories 
that we have examined.

It is also known that high Ki67 
expression is a an indicator of 
good prognosis in breast can-
cer since the ER positive 
tumours respond better  to ER 
antagonist, when they have 
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BCL2 is an anti-apoptotic oncoprotein that 
accelerates cell proliferation and tumour 
growth [47]. Over expression is found in a vari-
ety of tumours and lymphomas [48]. However, 
in many solid organ tumours, including breast 
and colon cancers, BCL2 appears to exert a 
tumour suppressive function [49-51]. One of 
the early studies that investigated expression 
of BCL2 in malignant pleural mesothelioma, 
came to the conclusion that BCL2 did not add 
any useful information to prognosis [52]. 
However, our earlier studies on BCL2 in MPM 
seems to contradict this finding and this may be 
due to several factors, one factor being the 
anatomical difference between malignant peri-
toneal and malignant pleural mesothelioma. In 
addition the heterogeneity of tumour tissue 
sampling may add to the difference. Hence, we 
found that the expression of BCL2 to be a use-
ful prognostic marker (unpublished data).

Since, our earlier studies has indicated the 
prognostic significance of Ki67 and BCL2, with 
high expression of Ki67 leading to poor progno-
sis whilst the opposite was the case with BCL2, 
we decided to combine the expression of these 
two proteins in such a way as to give a new 
model for evaluating prognosis. A similar model 
has been demonstrated in breast cancer [20]. 
In the current study with MPM, based on their 
hazard scores, we were able to divide them into 
three groups, low risk, median risk and high 
risk. Generally patients belonging to high risk 
group had poor survival compared to low risk 
group in all the clinicopathological categories. 
Comparison of high risk to median risk groups 
indicated that the median risk group had better 
prognosis in all tumours, in females, PCI < 20 
and age at diagnosis < 60 years by univariate 
analysis, however only age at diagnosis < 60 
years persisted by multivariate analysis. 
Survival difference existed for only age at diag-
nosis < 60 years when medium risk group was 
compared to low risk by univariate analysis. 
Hence, using the Ki67/bcl2 index, there is a 
clear indication of poor prognosis in high risk 
group compared to low risk group or medium 
risk groups.

When we examined the percentage distribution 
of gender within the high and low risk groups, 
we found that a very much higher percentage of 
males belonged to the high risk group (HR), 
ratio of low to high (2: 3) as compared to 
females (3: 2 approximately). In the epitheloid 

histological category, there existed a higher 
percentage of males in the HR group compared 
to females, ratio being 3: 2. In the sarcomatoid 
category twice the amount of tumours belonged 
to high risk category for the males, compared 
to the females. Although without using the 
Ki67-BCL2 index, a gender difference is 
observed by univariate analysis, it did not per-
sist by multivariate analysis. However, using the 
Ki67-BCL2 index, both in the males and the 
females, high risk group predisposed the 
patients to poorer prognosis compared to low 
risks and this finding persisted by multivariate 
analysis, indicating that the current model is 
able to pick up gender difference that is 
observed in MPM, as reported in other studies 
[11, 53].

In MPM, sarcomatoid histology generally pre-
dicts poor patient survival, as compared to epi-
theloid histology [54]. Independent of Ki67-
BCL2 index, the comparison of survival between 
sarcomatoid and epitheloid tumours seems to 
indicate that the former histology carries poor 
prognosis, by univariate analysis that did not 
persist by multivariate analysis. However, using 
the Ki67-BCL2 index, we were able to show in 
the epitheloid category, that high risk patients 
had poorer survival compared to low risk 
patients. A similar finding existed when we com-
pared high risk to medium risk, however this 
did not persist in multivariate analysis. Hence, 
although prognosis as predicted by the current 
model seems to only persist by univariate anal-
ysis, it indicates that Ki67-BCL2 index within 
the epitheloid category may decide on survival. 
We did not examine prognosis in sarcomatoid 
category using this model since the patient 
number was very small.

PCI has been proposed as a prognostic factor 
in MPM, in several studies. Our earlier study 
comparing survival between PCI ≥ 20 to < 20 
did not show any significance by multivariate 
analysis. In the present study with Ki67/BCL2 
index, high risk patients in both the PCI catego-
ries had poor prognosis, however, it did not per-
sist by multivariate analysis. Further, our analy-
sis indicated that PCI score of < 20 had a great-
er percentage of tumours with higher risk as 
compared to PCI ≥ 20. High PCI has been 
shown to be a poor prognostic factor in MPM in 
some studies [9, 10]. PCI is an indicator of the 
spread of tumours within the thirteen quad-
rants in the abdominal cavity [55]. MPM are 
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generally diagnosed very late in the disease 
and hence progression of the disease within 
the abdominal cavity may be expected, howev-
er, progression or spread within the cavity may 
not be an indicator of tumour aggression or 
potency. Ki67 is an indicator of tumour replica-
tion, high level of Ki67 is indicative of active 
tumour turnover and hence may also reflect on 
cancer spread [56, 57]. Therefore, using the 
current model, our findings of a negative corre-
lation of PCI with prognosis is probably a true 
reflection of the nature of the disease. PCI may 
indicate the extent of local spread of the dis-
ease although it does not indicate the rate of 
progression of the disease. Ki67 expression or 
Ki67-BCL2 index would probably give an accu-
rate indication of progression and prognosis 
when compared to PCI. This may be clarified if 
a study is conducted with a large sample size.

MPM patients are normally diagnosed in their 
late 5th or 6th decade of life and hence, studies 
have indicated that older patients generally 
have poor prognosis. This is true of many other 
cancers such as bladder, lung and renal [58-
60]. This finding may be related to co-morbidi-
ties that are more common with the older 
patients [61, 62]. In the case of MPM, several 
studies have indicated that age is a significant 
prognostic factor [63, 64]. All our earlier stud-
ies have indicated that age at diagnosis is cor-
related with survival. In the current study using 
the Ki67-BCL2 index, we further confirm that 
age at diagnosis is an independent factor that 
predicts survival. High risk groups in this cate-
gory are greater at risk of death compared to 
either low or medium risk groups.

have a more conservative value for the various 
HRs. This seems to indicate that the high HRs 
of individual biomarker has been toned down 
owing to the interactive action of the two bio-
markers that are working in opposition to each 
other. This is an indication of attenuation most 
probably to produce a more reliable and accu-
rate value for prognosis.

The use of combinatorial prognostic markers 
such as Ki67-BCL2 index have been found to 
be more superior compared to the use of single 
biomarker [20] since validation of the model 
carried out on a different large cohort sample 
showed robust performance. Other studies on 
combinatorial biomarkers in prognosis also 
indicate the advantage of using more than one 
biomarker [65, 66]. The use of Ki67-BCL2 index 
has never been reported in either MPM or pleu-
ral malignant mesothelioma, hence we are the 
first to evaluate such a model. However, we 
were unable to validate the model further 
because we do not have another independent 
sample to validate the performance of the cur-
rent biomarker model. This is mainly due to the 
rarity of the disease and hence forth a small 
population sample. Hence, a multi-institutional 
study involving a substantial population is 
warranted.
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Table 4. shows the hazard ratios (HR) with 95% confidence interval for 
three biomarker models
Prognostic variable Ki67/BCL2 index Ki67 BCL2

HR vs. LR HE vs. LE LE vs. HE
All Tumours 3.13 (0.89-11.2) 4.55 (1.3-15.1) 6 (2.0-47)
Male 1.82 (0.3-11.11) 3.54 (0.7-17) 4.3 (1.15-15.9)
Female 4.36 (0.77-24.1) 2.77 (0.48-15.8) 7.0 (1.6330.25)
Epitheloid 2.6 (0.67-10.1) 6.23 (3.78-57.2) 5.5 (1.57-19.62)
PCI < 20 3.1 (0.7-13.7) 3.2 (0.8-12.7) 4.1 (1.0-16.4)
PCI ≥ 20 2.2 (1.0-20.7) 10 (1.5-58) 4.2 (0.56-31.6)
Age < 60 years 2.9 (0.22-19.2) 4.3 (0.33-57.4) 5.9 (1.72-20.47)
HR = High Risk; LR = Low Risk; HE = High Expression (immunohistochemical score = 5-8); 
LE = Low Expression (immunohistochemical score = 0-4); PCI = peritoneal cancer index. 
The p values for all HR are < 0.05.

Before developing the 
Ki67-BCL2 index, we 
have conducted bio-
marker study on indi-
vidual biomarkers. 
Hence, we made a 
comparison of the haz-
ard ratios (HR), as 
determined by univari-
ate analysis, in various 
clinicopathological cat-
egories with the three 
models as shown in 
Table 4. Based on the 
observation of hazard 
ratio values, the Ki67-
BCL2 index seems to 
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