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CLINICAL STUDY

COX-2, p16 and Ki67 expression in DCIS, microinvasive and 
early invasive breast carcinoma with extensive intraductal 
component
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Abstract: Background: Recent studies have showed a signifi cant association between the combination of COX-2, p16 
and Ki67 overexpression and incidence of subsequent invasive carcinoma in a subgroup of treated ductal carcinoma 
in situ (DCIS) and the indicated prognostic value of COX-2, p16 and Ki67 in early breast cancer. Based on the con-
tinual model of carcinogenesis and the mentioned results, we hypothesize, that if COX-2, p16 and Ki67 expression is 
prognostic for DCIS future behaviour, the expression level of the markers correlates also with different stages of breast 
carcinomas such as DCIS, microinvasive cancer and early invasive cancer with an extensive intraductal compound. 
The aim of this study was to compare the expression of COX-2, p16 and Ki67 in different stages of breast carci-
noma such as pure DCIS, microinvasive cancer (T1mic) and invasive ductal carcinoma with an extensive intraductal 
component (IDC with EIC). The expression was assessed only in in situ component of the three subgroups (DCIS, 
T1mic, EIC) in order to show a possible correlation of COX-2, p16 and Ki67 with different stages of carcinogenesis. 
Methods: We carried out a retrospective study using immunohistochemical staining to evaluate the expression of the 
markers COX-2, p16 and Ki67 in in situ lesions within three subgroups of tumors with the rising extant of invasive 
compound: in pure DCIS, microinvasive carcinoma (T1mic) and invasive carcinoma with extensive in situ compo-
nent (IDC with EIC). Additionally, we performed a correlation analysis between the tumor subgroups and patients 
history data (age, parity, age of menarche, family and personal cancer history, breast feeding lengths, contracep-
tion intake, chest irradiation) as well as some of the tumor characteristics (tumor grade, multicentricity, necrosis).
Results: Distribution of p16 expression differed signifi cantly among the three diagnoses. P16 score 1 was highest 
in the DCIS group whereas the lowest proportion was in IDC and p16 overexpression (score 2, 3) maintained this 
tendency (overexpression proportion in DCIS < T1mic < IDC), though this was not signifi cant. The frequency of COX-
2 and p16 overexpression (phenotype COX-2+p16+) was higher in EIC within invasive carcinoma in comparison 
to DCIS and T1mic and was rising gradually with the severity of the diagnosis (proportion in DCIS < T1mic < IDC). 
Conclusion: This is the fi rst published study ever assessing the expression of COX-2, p16 and Ki67 markers 
in different breast tumors containing DCIS compound. Our results showed an increasing expression pattern of 
COX-2 and p16 with the rising severity of the diagnosis (expression was measured exclusively in in situ lesions 
within tumors containing different extant of invasiveness). The same relationship was showed for p16 marker 
alone. These data support different expression pattern of COX-2 and p16 markers in combination and p16 marker 
alone in “in situ lesions” according to the stage of carcinogenesis. This fact might be useful in the evaluation of 
further behaviour of early breast tumors (Tab. 3, Fig. 8, Ref. 29). Text in PDF www.elis.sk.
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Ductal carcinoma in situ of the breast (DCIS) is known as 
early form of breast cancer and non-obligatory precursor of inva-
sive cancer. Incidence of DCIS has dramatically increased with 
routine mammographic screening. Regarding this fact, a question 
of optimal treatment of DCIS has come to foreground in the fi eld 
of breast cancer management.

The main aim of the treatment is to prevent invasive recur-
rence; however, understanding the biological behaviour of DCIS 
as well as prediction of prognosis is strongly inadequate. Local re-
currence occurs in 5–30 % patients after breast conserving therapy, 
half of these recurrences are represented by invasive carcinoma 
(1). Responsible markers stratifying DCIS according to the recur-
rence risk are missing.

Numerous trials aim to identify new markers, which could 
help in selection of DCIS tumors with worse prognosis requiring 
an intensive treatment. Recent studies concerning DCIS recur-
rence and invasive progression noticed a possible prognostic sig-
nifi cance of certain combination of biomarkers, of which impor-
tance alone is not clearly understood or marked as poor, such as 
COX-2, Ki67 and p16. These have shown to be associated with 
an invasive recurrence after conservative surgical treatment of 
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DCIS when overexpression occurred in combination of all three 
markers. One of the most important trials in the fi eld is the trial 
by Kerlikowske et al (2, 3).

The results of the Kerlikowske’s trial showed a signifi cantly 
higher invasive recurrence rate in subgroup of primary DCIS tu-
mors with COX-2+Ki67+p16+ phenotype, no association was 
noticed between an invasive recurrence and age or tumor grade. 
A signifi cant association was noticed between p16+COX-2-Ki67+ 
tumors and pure DCIS recurrence. The results of various trials 
showed shared characteristics between COX-2+p16+Ki67+DCIS 
and basal-like IDC tumors (with worse prognosis) (2).

One of the most consistent models of carcinogenesis hypo-
thesizes gradual non obligatory progression of abnormal changes 
in terminal ductolobular unit through different stages. One of these 
important stages between non invasive precursors and invasive 
breast carcinoma is DCIS. Even though the carcinogenesis seems 
to be more complex, continual model is supported also by recent 
discoveries such as shared genetic alterations between precursor 
lesions and invasive breast carcinoma or an escalating risk of in-
vasive cancer with precursor lesions (3).

Based on these facts, we suggest an association between COX-2,
p16 and Ki67 markers with different stages of breast cancer and 
their perspective use in the evaluation of early breast tumors be-
haviour. 

We decided to compare the expression of mentioned mark-
ers (COX-2, p16, Ki67 individually and in combinations) in dif-
ferent stages of breast cancer containing in situ component – in 
pure DCIS, microinvasive carcinoma (DCIS with microinvasive 
focuse/s up to1mm) and in extensive in situ component of IDC 
(EIC, means DCIS comprising > 25 % of tumor). We also per-
formed a correlative analysis between the markers themselves 
and the characteristics regarded as prognostic or risk factors, 
such as patient´s age, tumor grade, tumor necrosis, age of men-
arche, parity.

Materials and methods

40 patients with diagnosis of DCIS, microinvasive ductal 
carcinoma and invasive ductal carcinoma with EIC treated at 2nd 
Department of Gynaecology and Obstetrics, University hospital 
of Bratislava, from year 2000 to 2010, were included in this study. 
Immunohistochemical staining of paraffi n-embedded tissue slides 
was used to assess and compare the expression of COX-2, p16 and 
Ki67. Clinical and historic data regarding the premorbid period, 
the course of the treatment and postoperative period were gained 
via questionnaire sent to all patients.

The study was offi cially approved as a retrospective clinical 
trial by the Independent Ethics Committee of Medical faculty, 
Comenius University and University Hospital of Bratislava on 
7.2.2012. All patients participating in the study signed a written 
consent acknowledging the aspects of the trial. 

Three patients were excluded from the study since their tis-
sue samples were inadequate for histological analysis. There were 
15 patients in the group of pure DCIS, 11 patients in the group 
of microinvasive carcinoma (pT1mic) and 11 patients with IDC 

with EIC. Paraffi n tissue blocks from each patient were found in 
cooperation with the Department of Pathology according to his-
tological examination after surgery. Four new series slides were 
made for each patient. One of the slides was stained with standard 
haematoxylin-eosin staining, acting as a background for diagnostic 
orientation. Slides were newly reviewed by pathologist in order to 
confi rm the diagnosis and assess the analytic adequacy. 

Patients’ documentation review and primary postoperative 
pathologic results were used as source of information regarding 
diagnostic and surgical management, patient’s age at the time of 
diagnosis and tumor characteristics (grade, size, comedo-necroses, 
multicentricity). Additionally, a questionnaire was sent to each 
patient in order to obtain history data such as parity, age of men-
arche, breast feeding, previous benign or malignant breast dis-
eases, any previous malignancy, family history, use of hormonal 
contraception, previous irradiation of the chest and postoperative 
course of the disease. 

Immunohistochemical analysis
Three paraffi n-embedded slides from each patient were stained 

by monoclonal antibodies in order to identify biomarker expres-
sion in in situ component of each sample. For COX-2 identifi ca-
tion, rabbit monoclonal antibody COX-2 (SP21) (Cell Marque) 
was used, CINtec Histology Kit (REF 9511) was used for p16 
examination and rabbit monoclonal primary antibody Confi rm 
Anti-KI-67 (Ventana) for evaluation of Ki67 expression. Staining 
was conducted according to corresponding protocol stated by anti-
body producers. COX-2 staining was regarded positive in case of 
cytoplasmatic staining with possibility of occasional membranous 
reaction. Besides the heterogeneity of COX-2 staining, we were 
aware of possible false COX-2 positivity in stained necrotic com-
edo-structures of DCIS or positive reaction in infl ammatory stro-
mal cells as well as intraluminal phagocytes. P16 immunopositive 
reaction was predominantly cytoplasmatic with possible nuclear 
reaction. Ki67 represents nuclear antigen, phenomenon of false 
positive reaction in proliferative lymphocytes was occasionally 
found similarly to COX-2 staining. 

Two investigators evaluated COX-2, p16 and Ki67 stains ac-
cording to the following protocols. In microinvasive carcinoma 
and IDC with EIC, marker expression was scored only in DCIS 
compound, evaluation was conducted under a standard magnifi -
cation (200x). 

For COX-2 evaluation, condensed Allred score was used simi-
larly to Kerlikowske‘s trial to evaluate cytoplasmatic expression 
and both number of stained cells (expressed as Proportion score 
– PS 0-4) as well as intensity of the reaction (Intensity score – IS 
0-3) were assessed. Allred combined score was expressed as a 
combination of PS and IS (0-8) and defi nite score was stated as 
follows: 0 = Allred 0; 1 = Allred 2, 3, 4; 2 = Allred 5, 6 and 3 = 
Allred 7, 8. Figure 1 shows a different intensity of COX-2 reaction.

Scoring of p16 was evaluated according to number of im-
munopositive cells without any regard to intensity of staining on 
the scale of 0–3 (0 = no reactive cell, 1 = < 25 % positive cells, 
2 = 25–75 % cells, 3 = 75–100 %). Different grades of p16 stain 
reactions shows Figure 2.
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Ki67 staining was similarly evaluated according to the propor-
tion of stained cells with score 0 for no immunoreactivity in the 
fi eld, 1 for monocellular positivity, 2 for 1–10 % positive cells and 
3for more than 10 % of positive cells. Figure 3 presents particular 
grades of Ki67 reaction.

Tumors were regarded to overexpress COX-2 and p16 when 
scored with at least 2, Ki67 overexpression was stated in case of 
> 10 % positive cells (score 3).

Statistical analysis
Statistical analysis was carried out using the SPSS 19.0 sta-

tistical software. For each analysed data, an appropriate statistical 
test according to the results of normality was used. 

 In single marker analyses, we examined the distribution of 
individual markers such as COX-2, p16 and Ki67 in three analysed 
groups (expression scores and overexpression incidence in DCIS, 
T1mic, IDC with EIC) as well as their association with character-
istics previously described to be of prognostic signifi cance such 
as age, grade of tumor and presence of comedo-necroses. We ex-

amined the association between the markers themselves (relation 
COX-2-p16, COX-2-Ki67, p16-Ki67 in all patients). We per-
formed multivariable analyses of combinations of two examined 
biomarkers and their distribution in the study subgroups. 

To compared the variables in two samples using a non paramet-
ric two-sided Mann-Whitney test or parametric two-sided Student 
test in case of normal distribution. In more than two samples, non 
parametric Kruskal–Wallis analysis of variance or one way vari-
ance analysis (ANOVA) as parametric test was used.

All tests were done using the signifi cance level α = 0.05.

Results

Among 37 patients in the cohort, 15 patients were diagnosed 
with DCIS according to histopathologic analyses (40.5 %), 11 with 
microinvasive carcinoma (T1mic, 29.7 %) and 11 with IDC and 
EIC (29.7 %). The mean age of the patients in all study groups 
was 52.73 (minimum 24, maximum 78, median 52) with most 
patients in the interval 60–65 years under normal distribution of 

A B

C D

Fig. 1. COX-2 immunohisochemical staining, different intensity of reaction (Ondriaš, 2013). A) Negative reaction (intensity score 0), magnifi -
cation x200, B) Low intensity of reaction (intensity score 1), magnifi cation x200, C) Intermediate intensity of reaction (intensity score 2), mag-
nifi cation x400, D) Strong intensity of reaction, (intensity score 3), magnifi cation x400.
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age in the studied groups. There was no signifi cant difference in 
age distribution between the groups.

Questionnaires with historic data were received from 25 pa-
tients (8 from the group of DCIS, 10 from T1mic group and 7 from 
IDC+EIC group). In the whole cohort, the median age of menarche 
was 13.72 (minimum 12, maximum 16), subgroups did not sig-

nifi cantly differ in this data distribution. However, all patients in 
pure DCIS group mentioned menarche at > 13 years, in the group 
of microinvasive carcinoma and IDC was higher proportion of 
menarche age < 13 years (60 % in T1mic, 57.1 % in IDC). In the 
analysis of parity, the mean number of deliveries was 2.48 for all 
patients (minimum 0, maximum 5). Concerning age at the time of 

A B C

Fig. 2. p16 immunohistochemical staining, different intensity of reaction (Ondriaš, 2013). A) Low intensity of reaction, score 1, magnifi cation 
x200, B) Intermediate intensity of reaction, score 2, magnifi cation x200, C) High intensity of reaction, score 3, magnifi cation x400.

A B

C D

Fig. 3. Ki67 staining, different expression score (Ondriaš, 2013). A) Expression score 1 (monocelular reaction), magnifi cation x200, B) Expres-
sion score 2, magnifi cation x200, C) Expression score 3, magnifi cation x200.
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the 1st delivery, we found out the mean age of 22.38 (minimum 
17, maximum 30). The mean length of breast feeding was 6.45 
months (minimum 2, maximum 18 months). 79.17 % patients did 
not ever use hormonal contraception, 20.83 % patients reported 
use of pills without length specifi cation. There was no signifi cant 
difference in these data distribution among the subgroups, nor in re-
ported positive family history (breast carcinoma, other carcinoma) 
or previous benign breast disease. No patient reported previous 
irradiation of chest area. Group characteristics regarding historic 
data shows the Table 1.

The study groups did not signifi cantly differ in the incidence of 
comedo- necrosis. There was a signifi cant difference in the tumor 
grade distribution with a higher prevalence of low grade DCIS in 
the pure DCIS group (53.0 %) in comparison to T1mic (25 %) and 
there was no low grade DCIS within EIC of DIC (0 %) tumors. There 
was a higher number of high grade tumors within IDC (44.4 %) 
than in DCIS (35.7 %); however, this was not signifi cant (Fig. 4). 

In the analysis of single marker expres-
sion among the subgroups, no statistically 
signifi cant difference was found in distribu-
tion of COX-2 score and COX-2 overex-
pression (score 2, 3) nor in Ki67. However, 
a higher number of COX-2 overexpressing 
tumors was found in IDC group in com-
parison to the other groups (Fig. 5). The 
expression of the markers was evaluated ex-
clusively in in situ component of the tumors 
(in case of IDC, expression was examined 
only in extensive intraductal component).

There was a signifi cant difference in 
p16 score distribution with a higher number 

of score 1 in the pure DCIS group (11 cases out of 15, 73.3 %) in 
comparison to T1mic (5 out of 11 cases, 45.5 %) and EIC within 
DIC (4 from 11 cases, 36.4 %). The highest score 2 proportion 
was vice versa in the DIC group (7/11, 63.6 %), 27.3 % (3 from 11 
cases) was in T1mic and low proportion was in pure DCIS (1 out 

Age Parity Menarche Age at 1st 
delivery

Breast feeding in 
months

DCIS 56, 27 2, 75 8 21, 78 7
T1mic 49,45 1,7 10 23, 28 6,7
IDC (EIC) 51,18 1,85 7 22, 16 6,6
p 0, 353 0, 436 0, 122 0, 356 0, 848
DCIS= ductal carcinoma in situ, T1mic= micorinvasive carcinoma, IDC with EIC= 
invasive ductal carcinoma with extensive intraductal component, p= p value in sta-
tistical analysis

Tab. 1. Group description – mean value of characteristic data.

Fig. 4. Distribution of tumor grade among di-
agnoses DCIS, T1mic and IDC.

Fig. 5. COX-2 overexpression. Fig. 6. Distribution of p16 score.

Fig. 7. p16 overexpression. Fig. 8. Distribution of COX2+ and p16+ overex-
pression in combination (in % within groups).

Diagnosis COX-2 
overexpression

P16 
overexpression

Ki67 
overexpression

DCIS Count
%Within dg.

6
40

4
26,7

4
26,7

T1mic Count
%Within dg.

2
18,2

6
54,5

5
45,5

IDC(EIC) Count
%Within dg.

7
63,6

7
63,6

2
18,2

DCIS= ductal carcinoma in situ, T1mic= micorinvasive carcinoma, IDC with EIC= 
invasive ductal carcinoma with extensive intraductal component, p= p value in sta-
tistical analysis, dg.= diagnosis

Tab. 2. Biomarker overexpression.

Diagnosis COX-2 +p16+ COX-2+Ki67+ p16+Ki67+
DCIS Count

%Within dg.
2

13,3
2

13,3
2

13,3
T1mic Count

%Within dg.
2

18,2
0 18,2

IDC (EIC) Count
%Within dg.

6
54,5

1
9,1

1
9,1

DCIS= ductal carcinoma in situ, T1mic= micorinvasive carcinoma, IDC with EIC= 
invasive ductal carcinoma with extensive intraductal component, p= p value in sta-
tistical analysis, dg.= diagnosis

Tab. 3. Distribution of biomarker overexpression combinations.
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from 15 patients, 6.7 %) (Fig. 6). There was no difference in the 
score 3 distribution. In the defi nite p16 overexpression analysis, 
there was no signifi cant difference between the groups, however, 
we determined an obviously increasing tendency of p16 overex-
pression prevalence in the groups with invasive compound. 26.7 
% in situ lesions (4 from 15 cases) overexpressed p16 in DCIS 
group, 54.5 % (6/11) in T1mic group and 63.6 % (7/11) in EIC 
within IDC) (Fig. 7).

In the marker-combination analysis, we found a gradually in-
creasing proportion of COX-2 and p16 overexpressing tumors (COX-
2+ p16+) with severity of diagnosis (13.3 %, 2/15 COX-2+p16+ 
tumors in DCIS, 18.2 % (2 from 11) in T1mic, 54.5 % (6 from 11) in 
IDC with EIC) (Fig. 8), though this was not statistically signifi cant. 
Distribution of other combinations did not differ between the groups. 

Within the marker correlation analysis, there was a signifi cant 
difference found by comparing the patients with COX-2 and p16 
overexpression. Positive correlation was determined in the man-
ner of a higher presence of p16 overexpression among COX-2 
overexpressing tumors. 

In the correlative analysis between the single biomarkers and 
prognostic characteristics of the tumors, no statistically signifi -
cant difference was found between COX-2 or p16 expression and 
tumor grade, presence of necrosis or multicentricity. There was 
a signifi cantly higher number of multicentric tumors in lesions 
overexpressing Ki67 in comparison to those without Ki67 over-
expression (12 % of multicentric tumors among Ki67- lesions, 50 
% among Ki67+ tumors) (Tabs 2 and 3).

Discussion

Our results showed a different expression pattern of p16 marker 
and COX2 in combination with p16 in DCIS, microinvasive carci-
noma and invasive carcinoma (in its intraductal component) and the 
expression seemed to increase with the severity of the diagnosis.

P16 was the only single marker of which the score distribu-
tion correlated signifi cantly with the rising severity of the tumors 
(the highest prevalence of score 1 in pure DCIS, the lowest in EIC 
within DIC), vice-versa the highest score 2 in EIC within DIC, 
lowest in pure DCIS). Even though there was no statistical signifi -
cance in the score 3 distribution, in the defi nitive p16 overexpres-
sion analysis (overexpression = score 2, 3) the relation was main-
tained (the highest number of p16 overexpressing tumors was in 
DIC groups, the lowest in DCIS), though this was not signifi cant. 
We think, this might be due to small number of group members. 
In Kerlikowske trial (2), p16 was the only individual marker cor-
relating with an invasive recurrence after DCIS.

Further analyses showed a positive correlation between p16 and 
COX-2 overexpression. In the multivariate analysis, there was a 
higher proportion of COX-2+p16+ tumors in DIC than in T1mic and 
than in DCIS. Though in Kerlikowske trial Ki67 marker was asso-
ciated with an invasive recurrence when in combination with COX-
2 and p16, the results from our study did not confi rm a signifi cant 
relation of Ki67 with an increasing severity of breast cancer diag-
nosis. In tumor characteristics analysis, tumor grade was associated 
with severity of diagnosis corresponding to previously known data.

A systematic review of studies concerning biological mark-
ers in DCIS and risk of breast recurrence was recently published 
in order to identify candidate markers or their combination as-
sociated with an increased risk of ipsilateral DCIS recurrence or 
subsequent invasive tumors (3). Of the 623 reviewed studies, the 
study by Kerlikowske et al was marked as one of the largest and 
arguably one of the most important in the fi eld (3) as, in comparison 
to other studies, it was conducted on a group of patients who all 
underwent identical therapy. This retrospective case-control study 
showed a specifi c combination of COX-2, p16 and Ki67 mark-
ers signifi cantly associated with invasive recurrences after DCIS. 
Eight-year risk of subsequent invasive cancer was statistically 
signifi cantly higher in the group with initial DCIS lesions which 
were COX-2, p16 and Ki67 triple positive (COX-2+p16+Ki67+), 
risk of DCIS recurrence was signifi cantly higher for initial DCIS 
with ER-ERBB2+Ki67+ or p16+COX2-Ki67+ phenotype. In the 
univariate analysis, p16 was the only marker signifi cantly associ-
ated with an invasive recurrence (2).

The importance of the combination is reinforced also by other 
studies, that showed a common phenotype characteristics between 
COX-2+p16+Ki67+ tumors and basal like invasive tumors (5, 6). 

Based on the continual model of carcinogenesis and mentioned 
results we hypothesized, that if combination of the COX-2, p16 and 
Ki67 is prognostic for DCIS future behaviour, expression levels of 
the markers could correlate also with different stages of breast car-
cinomas such as DCIS, microinvasive cancer and invasive cancer. 

We examined the expression of mentioned markers within 
three groups of tumors compounding tumor compounding in situ 
component – in pure DCIS, microinvasive carcinoma (pT1mic) 
and EIC in invasive carcinoma in order to elucidate possible as-
sociation with an increasing severity of breast lesions throughout 
carcinogenesis.

We see several strengths of our study. We did not evaluate 
biomarkers in a group of DCIS recurrences (DCIS or invasive) in 
order to avoid possible bias arising from factors infl uencing recur-
rence (different treatment, margin status etc.). It is the fi rst study 
comparing the expression of biomarkers COX2, p16 and Ki67 in 
pure DCIS and in situ lesions in proximity to invasive compounds 
of various extant.

We are aware of several study limitations. It is still arguable, if 
DCIS within EIC is an entity independent from pure DCIS and if in-
vasivity comes from site of DCIS, which may complicate reproduc-
ibility of our results. However, we presume this fact as molecular 
studies show a similar molecular phenotype of DCIS and coexist-
ing invasive carcinoma (7) or same grade of DCIS within invasive 
carcinoma of the same grade (8). Also, the immunohistochemical 
interpretation of staining might be challenging due to certain level 
of subjectivity within the given evaluation scale as well as due to 
heterogeneity within the DCIS tumors. Probably the most signifi -
cant limitation comes from the small cohort of patients in the partic-
ular groups. Due to the relatively small number of group members, 
we provided statistical analysis with combinations of two instead 
of three biomarkers (in comparison to study by Kerlikowske).

COX2, p16 and Ki67 is newly discovered combination of bio-
markers with a potential prognostic value for DCIS recurrence risk.
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Our results showing different p16 and COX-2 phenotype of in 
situ lesions exisiting within different breast tumors indicate relation 
of the markers to the surrounding tissue, which may determine the 
biological behaviour of in situ lesions in future. The future research 
in greater cohorts could clarify this association and relation of p16 
and COX-2 with progression of in situ lesions.
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