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Ki-67 and caspase expression in breast carcinoma: does
variance in locational sampling exist?

Filinte Denizt, Kaymakci Dilek?, Mollamemisoglu Hande?, Ugurlu M Umit?, Kaya Handan?

1Department of Pathology, Marmara University School of Medicine, Istanbul, Turkey; 2Department of General
Surgery, Marmara University School of Medicine, Istanbul, Turkey

Received July 5, 2015; Accepted August 20, 2015; Epub September 1, 2015; Published September 15, 2015

Abstract: Ki-67 and caspase indices are two very important prognostic variables for breast cancer. The aim of this
study was to compare the immunoexpressions of these two prognostic variables at the center, the periphery of the
tumor in comparison with each other, and additional parameters in 53 breast cancer specimens. It has been shown
that the increase of caspase immunoexpression either at the periphery or the center of the tumor correlated with
the increase of Ki-67 immunoexpression at the same areas. There was no statistically significant difference be-
tween caspase and Ki-67 immunoexpression at the center or the periphery of the tumor. No statistically significant
correlation was found between immunoexpressions of caspase and Ki-67 with the tumor grade, stage, lymph node
metastasis, lymphovascular or perineural invasion. The two very important prognostic variables of breast cancer
(caspase and Ki-67) were evenly distributed in the center and the periphery of the tumor. It is evident that there is
no need for a specific locational sampling when these two variables are considered. In accordance with this informa-

tion, the differences in sampling due to observer diversity may be prevented.
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Introduction

Invasive breast carcinoma is the most common
carcinoma among women. It is responsible for
3% of all cancers in women globally and 7% of
cancers in women in affluent countries. While a
variety of imaging modalities are used for pre-
operative radiological diagnosis of breast can-
cer, distinguishing between malignant and
benign lesions is still based on histological
studies [1].

A wide variety of prognostic factors have been
revealed. They are: invasive carcinoma versus
in situ disease, presence of distant metastases
and lymph node metastases, tumor size, locally
advanced disease, and inflammatory carcino-
ma. Histological subtype, histological grade,
estrogen and progesterone receptors, HER2/
neu immunoexpression, lymphovascular inva-
sion, response to neoadjuvant therapy, gene
expression profiling, and proliferative rate are
other prognostic and predictive factors [1-8].

The degree of tumor proliferation is one of the
most important prognostic factors in breast

carcinoma. Proliferation can be measured by
mitotic counts, immunohistochemical detection
of cellular proteins produced during the cell
cycle (e.g., cyclins or Ki-67), flow cytometry (as
the S-phase fraction), or the thymidine-labeling
index [3, 9, 10]. If proliferation is to be used as
a prognostic factor, it is important for pathology
reports to use a standard technique. Until the
reliability of new methods is confirmed, the cur-
rent standard proliferation assay should be
Ki-67 immunohistochemistry, given its simplici-
ty and wide availability [10]. Ki-67 is a reproduc-
ible, easily assessed proliferation marker and a
reliable substitute for mitotic counts [11].
Apoptosis is a genetically programmed cell
death that functions primarily to eliminate
senescent or altered cells that are useless or
harmful in a multicellular organism [12]. Specific
changes in nuclear architecture (such as the
segmentation of the nucleus) occur; however,
these nuclear features are not always easily
interpreted [12-14]. Apoptosis relies on cyste-
ine proteases called caspases. Caspases are
synthesized as performs, and become activat-
ed by cleavage at aspartate residues. Because
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progesterone (PR) hormone
receptor and cerbB2 status
was also investigated.

Materials and methods

Breast carcinoma cases
were retrieved from the
files of the pathology de-
partment and 53 invasive
ductal carcinoma cases
operated between 2009
and 2014 were examined
in this study. For each case,
paraffin embedded blocks
and slides were retrieved, 2
blocks for each case were
selected. The center and
the periphery of the tumor
were classified as follows;
infiltrated areas were clas-
sified as “periphery” and
the area containing solely
the tumor cells were classi-
fied as the “center”. The
histological subtypes of the
tumors which were deter-
mined according to World
Health Organization (WHO)
classification and grades
of the tumors which were
determined according to
Elston-Ellis histological gr-
ading system were record-
ed as reported in the origi-
nal pathology reports, and
were reevaluated by two
pathologists (DF/HK). Tu-
mors were staged accord-
ing to the TNM 2010 stag-
ing system [1].

-
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Figure 2. Cytoplasmic staining with caspase (Immunohistochemistry, x 200).

caspases cleave and activate each other, the
protease cascade amplifies, ensuring proper
apoptotic cell death [12].

This study was conducted to determine the dif-
ferences of immunohistochemical expression
of Ki-67 and caspase, by means of location
(center and periphery) in the tumor. The neces-
sity for a locational sampling was questioned.
The correlation between the Ki-67 and caspase
immunoexpression and the tumor grade,
stage, mitotic activity, P53, estrogen (ER),
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Immunohistochemistry

For immunohistochemical examination, a Ki-67
+ Caspase-3 Multiplex Cocktail (Ki-67 +
Caspase-3 Prediluted Multiplex Cocktail
(4-Step), Biocare Medical, PPM 240 DS AA,
USA) was performed. In this method, 3 pm sec-
tions were deparaffinized with xylene and etha-
nol. Intrinsic peroxidase activity in tissue was
blocked by treatment with Biocare Peroxidase.
For antigen retrieval, the slides were heated
with antigen retrieval solution in a microwave
oven. The sections were washed two times in
phosphate buffered saline (PBS) for 5 minutes.
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Table 1. Patient characteristics and immunohistochemical results After protein blockage,

the sections were incu-

Age Grade pT N Wi PN TSV Ry PR, Cf(;f)z P53%  bated with the anti-body
1 a7 3 5 1 N - - 0 0 1 0 Ior 30 Tlnutesdat rohorg
emperature and washe
2 % 3 3 0 - - i 0 0 1 0 two times in PBS for 5
3 55 2 10 * . . 0 0 0 974 minutes. Then the sec-
4 5% 2 2 0 - - - 90 20 0 0 tions were incubated
5 49 1 1 0 - - - 10 0 3 0 with Biocare MACH 2
6 58 1 2 0 - - - 0 0 3 0 Double Stain 2 for 30
7 70 3 2 0 + - - 90 60 0 0 minutes, Biocare Beta-
8 56 3 2 1 + _ _ 0 0 0 0 zoid DAB for 5 minutes,
9 78 3 2 1 + : } 0 0 0 0 and Biocare Warp Red
10 47 3 5 0 N i i 0 0 5 0 for 5 mlqutes. Mayer’s
11 56 5 s 0 . ) 0 0 0 0 hematoxyll_n was u_sed to
counterstain the slides.
12 53 3 2 0 + - - 1 0 1 9.5
13 29 2 3 3 + o+ - 90 15 0 5 The immunostained sec-
14 36 3 2 3 + - - 70 40 0 1 tions were examined
15 45 3 2 1+ - . 0 40 2 0 under a light microscope
16 62 2 3 2 . ) ) 0 0 3 0 (Olympus BX53, Tokyo,
17 77 1 1 0 . ) ) 90 0 5 0 Japan), and.evaluated by
18 65 5 1 o ) ] ) % 0 0 0 2. pathologists (DF/HK).
Five hundred tumor cells
19 69 2 1 0 . . . 90 90 0 0.3 were counted both at the
20 73 1 1 1 - - 90 90 1 0 center and at the periph-
21 64 2 2 3 - 90 30 0 0 ery of the tumor (Figures
22 44 3 2 2 - - 90 70 0 0 1, 2). The following cut-
23 73 1 1 0 - - - 0 0 3 0 offs were applied for con-
24 82 2 2 0 - - 90 10 1 1 sidering  positive/nega-
25 49 3 3 1 o+ - . 70 10 0 98 tiye staining: = 14% for
26 47 2 1 0 - - 70 0 o0 0 Ki-67 and > 3% for
caspase.
27 61 2 2 3 + - 60 90 0 28
28 4. 2 2 2 + - - 40 10 1 3 Statistical analysis
29 63 3 4 0 + + + 70 0 0 0
30 72 2 2 0 o+ - - 0 0 0 83.2 Statistical analysis was
31 72 1 1 0 . } } 90 90 1 0 carried out using NCSS
32 59 5 2 0 i ) ) 70 0 0 0 (Number Cruncher Sta-
tistical System) 2007 St-
33 49 2 2 144 i 7030 0 3 atistical Software (Utah,
34 67 2 2 0 . ) ) 0 80 0 8.3 USA). Statistical compar-
3% %57 2 2 1 + - 30 10 0 0 isons between groups
36 56 2 1 1mic + - 80 90 0 0 were performed using
37 54 2 1 1 + - - 90 10 0 0 the Kruskal Wallis and
38 40 2 2 0 - - - 90 0 0 0 Mann Whitney U tests.
39 73 2 4 2 o+ % ¥ 40 O 0 0 We analyzed the correla-
40 75 2 2 0 + . ) 60 50 0 0 tion between immunoex-
M 40 5 11 + i 60 80 0 0 pressions .of Ki-67 and
12 3 3 3 N ] ] 20 90 0 0 cas.pase in both the
periphery and the center
43 30 3 1 0 . . . 0 0 2 0 of the tumors. Statistical
44 57 3 2 1mic - - + 30 10 3 2 analyses were carried
45 44 3 2 0 + - 0 0 0 0 out both with and with-
46 51 3 2 1 + - - 0 0 0 0 out cut-offs. The correla-
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100 0 0 in TC was correlated with
90 0 0 caspase immunoexpres-
70 0 0 sion at the same area,

Table 2. The immunoexpressions of caspase and Ki-67 at the center

and the periphery of the tumor

and this correlation was
found to be statistically
significant (R = 0.344, P
= 0.013) (Table 2).

Immunoexpressions Ki67 TC% Kie7 TP% Caspase TC% Caspase TP% A the stud
- mong the study group,
Kie7 TC% r 0.822 0.227 0.356
’ 6 (11.3%) patients had
p 0.0001 0.102 0.009 s
) ) 59 0236 0.341 tumor positivity on pos-
K67 TP% r 0.8 : ' terior surgical margin.
p  0.0001 0.089 0.013 When the mean Ki67 TC
Caspase TC% r 0.227 0.236 0.365 (13.02 £ 9.67) and Ki 67
p 0.102 0.089 0.007 TP (14 £ 7.07) immuno-
Caspase TP% r 0.356 0.341 0.365 expressions were com-
p 0.009 0.013 0.007 pared to mean Kie7 TC

TC: tumor center, TP: tumor periphery.

tion between the immunoexpressions and the
tumor stage (T4, T2, T3, T4), histological grade
(4, 2, 3), lymph node metastasis (NO, N1, N2,
N3), lymphovascular invasion, perineural infil-
tration, surgical margin invasion, estrogen and
progesterone receptor, cerbB2 status, and p53
immunoreactivity were also studied by the
Pearson correlation test. Values are given as
mean + SD and P value of < 0.05 was consid-
ered to be statistically significant.

Results

All patients were female, having unilateral
breast cancer, neither had distant site metas-
tasis nor neoadjuvant chemotherapy. The mean
age of patients was 56.4 (range: 29-82) years.
Out of the 53 cases, 24 (45.3%) were mastec-
tomy specimens, 20 (37.7%) were lumpectomy
specimens, 5 (9.4%) were breast-conserving
surgery specimens, and 4 (7.6%) were simple
mastectomy specimens (Table 1).

The mean values of Ki67 TP (tumor periphery)
(9.1 £ 7.6) were found to be higher than Ki67 TC
(tumor center) (7.4 + 6.5); a positive correlation
was found between the groups and the correla-
tion was statistically significant (R = 0.822, P =
0.0001). Also, the mean values of caspase TP
(2.9 + 2.4) were higher than caspase TC (2.1 +
1.6) and a positive correlation was found
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(5.71 £ 6.79) and Ki67
TP (6.89 = 9.01) immu-
noexpressions of pati-
ents with negative margin status, we found sta-
tistically significant difference between the
groups regarding to the same areas (P = 0.029
and 0.015, respectively). Also, the caspase TC
(3 £ 0.89) and caspase TP (5.1 + 2.53), values
of patients with positive surgical margins were
compared to caspase TC (1.96 + 1.69) and
Ki67 TP (2.75 £ 2.24) values of patients with
negative surgical margin status, a statistically
significant difference was found between the
groups regarding the same areas (P = 0.014
and 0.007, respectively) (Table 3).

The Ki67 TC and Ki67 TP immunoexpressions
were compared with age, ER, PR, cerbB2 status
and p53 values of the patients. We didn’t find
any statistically significant correlation (P >
0.05). Also, no statistically significant correla-
tion was observed when the caspase TC values
were compared with age, cerbB2 status and
p53 values of the patients (P > 0.05). However,
the caspase TC values had negative correlation
with ER and PR expressions (R =-0.433 and P
=0.001; R=-0.355 and P = 0.009, respective-
ly). Only, the immunoexpression of caspase TP
and ER showed statistically significant negative
correlation (R =-0.299, P = 0.03). We observed
no statistically significant correlation between
caspase TP values and age, PR, cerbB2 and
p53 values of the patients (P > 0.05) (Table 4).

Int J Clin Exp Pathol 2015;8(9):11305-11313
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Table 3. The correlation between caspase and Ki-67 immunoexpressions
and the tumor positive surgical margin group, both at the center and the

periphery of the tumor

significant differen-
ce (P = 0.710, P =
0.792, P = 0.801, P

= 0.845, respective-

Immunoexpressions Surgical margin (-) Surgical margin (+) P
Ki67 TC% Mean + SD 5.71 + 6.79 13.02+967 0020 ) The presence of
perineural involvem-
Median (IQR) 3(1-7) 9.5 (5.78-25) ent within the tumors
Ki67 TP% Mean + SD 6.89 +9.01 14 + 7.07 0,015 were compared with
Median (IQR) 3(1-9) 15 (7.5-20.5) Ki67 TC, Ki67 TP,
Caspase TC% Mean + SD 1.96 + 1.69 3+0.89 0,014 caspase TC and cas-
Median (IQR) 1.3(1-2) 3(2-4) pase TM immunoex-
Caspase TP% Mean + SD 2.75 +2.24 5.1 +2.53 0,007 pressions; no statis-
Median (IQR) 2.3 (1-3.7) 4.5 (3.45-6.25) tically significant dif-

ference was shown

TC: tumor centre, TP: tumor periphery, SD: standard deviation, IQR: interquartile range.

Table 4. The correlation of caspase and Ki-67 immunoexpressions with age,
ER, PR, cerbB2 and p53 at the center and at the periphery of the tumor

(P 0.278, P
0.277,P=0.303,P=
0.602, respectively).
The presence of lym-

phovascular involve-

Kie7 TC% Kie7 TP% Caspase TC% Caspase TP% ment within the tum-
Age R -0.193 -0.248 -0.105 -0.242 ors were compared
P 0.166 0.073 0.454 0.081 to Ki67 TC, Ki67 TP,
ER% R -0.198 -0.057 -0.433 -0.299 caspase TC and cas-
P 0.156 0.684 0.001 0.03 pase TM immunoex-
PR% R -0.133 -0.141 -0.355 -0.212 pression; we also
P 0.344 0.313 0.009 0.127 observed no statisti-
cally significant dif-
S A o R e,
P53% R -d 147 -d 136 0.136 0.057 - 0038, P 048, P
° : : : . = 0.354, respective-
P 0.295 0.331 0.333 0.687 ly) (Table 5).
TC: tumor center, TP: tumor periphery, ER: estrogen receptor, PR: progesterone receptor.
Discussion

The tumor grades (I-1I-1ll) of the patients were
compared with Ki67 TC and Ki67 TP values and
no statistically significant difference was
observed (P = 0.123, P = 0.892, respectively).
Also, the tumor grades were compared with
caspase TC and caspase TP values and no sta-
tistically significant difference was found
between the groups (P = 0.321, P = 0.455,
respectively).

The pT stages (T1 to T4) of the patients were
compared with Ki67 TC and Ki67 TP values and
no statistically significant difference was found
(P = 0.790, P = 0.803, respectively). The PT
stages were compared with caspase TC and
caspase TP values and we observed no statisti-
cally significant difference (P = 0.510, P =
0.296, respectively).

Also, the comparison of lymph node status of
the patients and Ki67 TC, Ki67 TM, caspase TC
and caspase TP values showed no statistically

11309

Breast cancer is a group of very heterogeneous
diseases that can be demonstrated at the his-
tological, molecular, and clinical levels [15].
Due to the differences in biological behaviors
of breast cancer, a wide variety of prognostic
factors have been revealed. They are: invasive
carcinoma versus in situ disease, distant
metastases, lymph node metastases, tumor
size, locally advanced disease, and inflamma-
tory carcinoma. Histological subtype, histologi-
cal grade, estrogen and progesterone recep-
tors, HER2/neu, lymphovascular invasion,
response to neoadjuvant therapy, gene expres-
sion profiling and proliferative rate are other
prognostic and predictive factors [1-8].

The degree of tumor proliferation is one of the
most important prognostic factors in breast
carcinoma. Proliferation can be measured by
mitotic counts (as part of histological grading),
immunohistochemical detection of cellular pro-
teins produced during the cell cycle (e.g.,

Int J Clin Exp Pathol 2015;8(9):11305-11313
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Table 5. The correlation of Caspase and Ki-67 immunoexpressions with Grade, Stage, Lymphovascular Involvement and Perineural Infiltration

Grade| Gradell Gradelll p T, T, T, T, P N, N, N, N, p V() LWIEH) p  PI()  Pl(+) p

Ki67  Mean 438+ 516+ 913+ 0123 563+ 724+ 386+ 605+ 0790 6.75+ 858+ 431+ 28+ 0710 656+ 653+ 0681 7.34+ 43+ 0278
™% +SD  3.85 6.13 9.31 6.89 842 141 5.59 6.89 1033 341  1.79 6.6 7.88 8.17 4.27

Mean 25 3 47521 24(1- 3.2(L3- 4524 6.05 4 31 3(L4  3(1- 4(15 3(1.05 4(15 255

(IQR) (1.38-8.25) (1.7)  14.13) 9.75) 11.25) 5)  (1.588) (1-11) (1.43-16) 7) 4.5) 10.5)  9.25) 11)  (1-7.75)
Ki67  Mean 4.7+ 796+ 855+ 0892 823+ 752+ 32+ 85+ 0803 7.02+ 1069+ 729+ 35+ 0792 762+ 773+ 0.638 86+ 515+ 0.277
TP% +SD  3.32 1026  9.06 1153 797 164 7.78 652 14.04 745 245 7.44 9.8 9.96 5.25

Mean 4 (L.4- 4 4 4(1.25- 4(15- 4(15 85 4 2.8 5 41 65(15 3 4 3(1-

(IQR) 8.5) (2-9)  (1.25-16) 9) 11) 45) (2.25-11) (2-11) (2-19) (1-14) 5.75) 9) (2-11) (2-11)  7.25)
Caspase Mean 1.88+ 177+ 256+ 0321 1.89+ 216+ 21% 3+ 0510 1.95+ 272+ 4177+ 4144+ 0801 212+ 206+ 0480 228+ 154+ 0.303
™% +SD 155 1.27 2.02 141 185  1.67 0 1.34 2.4 122 044 145 175 1.84 0.7

Mean 1.5 (1- 13 2(1-3) 135(1- 1.6(1- 15(1- 3(2.25 1.7(1- 15(1- 1 1.5 (1- 17  1.45(1- 2(1-3) 1.35(1-

(IQR)  2.75) (1-2) 23) 255) 35) 2.75) 24) 425) (1-3) 1.85) (1-3)  2.08) 1.78)
Caspase Mean 2.81+ 3.01+ 311+ 0455 266+ 28+ 26+ 45+ 0296 341+ 265+ 271+ 236+ 0845 3.85+ 262+ 0.354 319+ 252+ 0.602
TP% +SD  3.32 2.6 1.65 244 144 192 0.71 296 174 138 0.96 363 134 2.65 1.22

Mean 1 (1- 3(1.2- 3 1.7  3(19- 2(1- 45(3- 3 2.5 (1- 3 23(15- 4 28(15 3 215(L75-

(IQR)  4.38) 3.85) (2-4) (1-4) 3.55)  4.5) 4.25) (1-45) 348) (14) 3.25) (1-5)  3.5) (1-4) 3.25)

LVI: Lymphovascular Involvement, PI: Perineural Invasion, T: T stage, N: N stage.

11310 Int J Clin Exp Pathol 2015;8(9):11305-11313
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cyclins, Ki-67), flow cytometry (as the S-phase
fraction), or the thymidine-labeling index [3, 9,
10]. Ki-67 is a reproducible, easily assessed
proliferation marker and a reliable substitute
for mitotic counts [11]. Proliferation marker
Ki-67 is an antibody, which is located in the
nucleus and can be detected at all phases of
the cell cycle except the GO phase [16-19].

Many studies have investigated the signifi-
cance of the Ki-67 proliferation index. It has
been shown that the Ki-67 proliferation index
increases significantly in malignant breast
tumors compared to benign lesions. There is a
statistically significant relationship between
the risk of recurrence and death in breast carci-
noma and high Ki-67 expression and a positive
correlation between the Ki-67 proliferation
index and tumor stage, resistance to treatment,
and the Elston-Ellis histological grading system
[5, 11, 16, 20-29]. Cheang et al. determined
that the Ki-67 index and HER2 expression
could be used to determine the risk of recur-
rence and death in patients with hormone
receptor positive breast carcinoma treated with
tamoxifen and chemotherapy. Assessment of
Ki-67 has been controversial because some
studies have used 10% or 20% cut-points,
whereas others dichotomized around the mean
or median value [22]. This lack of consistency is
due to the difficulty in determining a standard
threshold in daily practice. Some authors state
that choosing the cut-off point for immunohis-
tochemistry depends on the clinical objective: if
Ki-67 is used to exclude patients with slowly
proliferating tumors from chemotherapeutic
protocols, a cut-off of 10% will help to avoid
overtreatment. In contrast, if Ki-67 is used to
identify patients sensitive to chemotherapy
protocols, it is preferable to set the cut-off at
25% [16, 30].

The caspases constitute a family of cysteine
proteases-peptidases that use a cysteine resi-
due as the catalytic nucleophile, that share an
exquisite specificity for cleaving target proteins
at sites next to aspartic acid residues. The con-
certed action of caspases is responsible for
apoptosis, a specific form of programmed cell
death that is essential for embryonic develop-
ment and the pathology of many diseases. In
addition to apoptosis, a subgroup of the cas-
pase family is involved in inflammation, where
they act as pro-cytokine activators. The apop-
totic caspases are classified as initiators or

11311

executioners, depending on their point of entry
into the apoptotic cascade [33].

Apoptosis is a highly regulated cell suicide
mechanism that is important for many biologi-
cal processes, including embryonic develop-
ment, response of tumors to cancer chemo-
therapy, and the pathogenesis of neurodegen-
erative diseases. Specific changes in nuclear
architecture, such as the segmentation of the
nucleus, have been the most specific cytologi-
cal markers of apoptosis. These nuclear fea-
tures are not always easily interpreted, espe-
cially in routinely processed paraffin sections of
archival tissues [12-14, 31]. The balance
between programmed cell death (apoptosis)
and cell proliferation determines tumor growth,
and any alteration between these two may be a
key element in the uncontrolled expansion of
malignant tumors [32].

Numerous studies have investigated the role
the apoptotic pathway plays in determining the
response of solid tumors to chemotherapy.
Meyn et al. reported that cyclophosphamide
treatment of mice bearing the murine mamma-
ry adenocarcinoma Mca-4 increased the apop-
totic index from 2.5% at baseline to more than
20% immediately after treatment. This degree
of apoptosis was also found after treatment
with cysplatin, doxorubicin, and ionizing radia-
tion [25]. Other authors subsequently reported
that taxanes also initiate early cell death after
treatment. In an in vivo study, three of four
murine mammary adenocarcinomas showed a
significant increase in apoptosis over baseline
(e.g., from 1.2% to 23.7%) shortly after treat-
ment with paclitaxel. Furthermore, the baseline
and paclitaxel induced levels of apoptosis sta-
tistically correlated with a delay in tumor
growth, whereas the peak percentage of cells
displaying mitotic arrest did not [34].

The aim of this study was to focus on the differ-
ences in cell behavior between the two loca-
tions of the tumor by immunohistochemical
analysis of two very important prognostic vari-
ables of breast cancer: caspase and Ki-67. We
investigated both variables in the center and
the periphery of the tumor and compared them
with each other and some other prognostic fac-
tors. This produced two important results: 1. It
was demonstrated that both caspase and
Ki-67 had a positive correlation in either the
center or the periphery of the tumor. 2. There

Int J Clin Exp Pathol 2015;8(9):11305-11313
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was no statistically significant difference
between caspase and Ki-67 immunoexpres-
sion at the center and the periphery of the
tumor, and expression of these markers did not
correlate with the tumor’s histological grade,
stage, lymph node metastasis, lymphovascular,
and perineural invasion status.

Conclusion

The positive correlation between caspase and
Ki-67 may help researchers use these vari-
ables interchangeably. It is clear that these two
variables are evenly distributed in the center
and the periphery of the tumor. Their correla-
tion with the tumor grade, stage, lymph node
metastasis, lymphovascular and perineural
invasion also did not differ either at the center
or the periphery of the tumor. Both the periph-
eral infiltrative areas and the center of the
tumor demonstrated similar results of caspase
and Ki-67 immunoexpression. It is evident that
there is no need for a specific locational sam-
pling when these two variables are considered.
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