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TOPOISOMERASE II oo — A FUNDAMENTAL PROGNOSTIC FACTOR

IN BREAST CARCINOMA
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Because of the introduction of modern diagnostic methods, numerous prognostic
and predictive factors have been recognized and are today considered classic, yet they
seem to be insufficient in assessment of prognosis, hence the need for further
investigations. Among factors newly discovered by molecular techniques, there are
class I and II topoisomerases, the role of which as prognosticators has not been fully
determined. The objective of the present investigation was the assessment
of topoisomerase II o (TOP2A) expression in patients with infiltrating breast
carcinoma, as a prognostic factor in correlation with other recognized prognosticators
and patient survival. The study was carried out in 151 patients treated by
mastectomy and lymph node excision followed by adjuvant chemotherapy.
The material was evaluated histopathologically according to the pTNM system,
taking into consideration such parameters as grade of malignancy (G); the ER, PR as
well as HER2 and TOP2A receptors status — all of them were assessed
immunohistochemically. TOP2A was expressed with varying intensity in
the majority of infiltrating ductal carcinomas studied, more frequently in large T3
and T4, grade G2 and G3 tumours, in patients with extensive metastases to regional
N2 and N3 lymph nodes, a positive HER2 and negative ER and PR status. Five-year
mortality rates were higher and 5-year symptom-free survival rates were lower in
patients with TOP2A-postive tumours as compared to individuals with a negative
TOP2A status. The study indicates that TOP2A expression is a negative predictive

factor and may be recognized as a prognostic factor.
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Introduction

Prognostic factors allow one to evaluate the risk
of relapse or progression of the disease leading to
a fatal outcome assuming no systemic adjuvant
therapy has been employed {1-8}.

Prognostic factors are associated with the tumour
biology, the patient and environmental exposure.
The best understood and defined prognosticators are
those associated with selected carcinoma features;
among them there are those evaluated by patho-
morphologists, referred to as pathomorphological
prognostic factors {2, 3, 5, 7-91.

The introduction of new techniques to patho-
morphology, and especially the advent of immuno-
histochemistry, molecular biology and cytometry, has
made a contribution to our discovering and des-

cribing several new factors that characterize tumours
and to recognizing these factors as prognostic or
predictive {3, 4, 6, 9-111.

In 2000, the College of American Pathologists
reviewed prognostic and predictive factors based on
the body of information on their clinical value and on
results of research {11-13}, dividing the factors into
three groups:

I — tumour size, lymph node status, pTNM, histo-
logical type, grade of histological malignancy,
assessment of ER and PR receptors,

II — proliferation markers (MIB1, S phase of the cell
cycle, HER2/c-erb-B2, PT53, invasion of
lymphatic and blood vessels),

III — angiogenesis, epidermal growth factor (EGF),
transforming growth factor o (TGF-a), BCL-2,
PS2, cathepsin D.
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In 2005, group I was extended and now it
includes HER2 [4}.

According to the authors of the classification,
group I represents fundamental factors, whose pro-
gnostic value has been fully proven and which should
be taken into consideration while planning further
treatment and determining the prognosis.

Other prognostic factors in breast carcinoma that
play a significant role both in carcinogenesis and
tumour development are presently commonly used
in view of the lack of uniform standards of evaluation
and evidence of their clinical value; these factors are,
nevertheless, subject to extensive research.

Higher importance in selecting a therapeutic
modality and prognosis is ascribed to prognostic
rather than predictive factors; the mechanism
underlying the activity of the latter has not been
fully understood and it requires further studies {3, 5,
12, 131,

Although numerous prognostic and predictive
factors believed to be classic prognosticators have
been identified and understood, they seem to be
insufficient to evaluate prognosis in individual pa-
tients in view of the varied clinical course in tumours
with similar parameters. Further investigations on
breast tumour carcinogenesis are required, especially
since therapeutic methods employed to date do not
lead to anticipated results {2-5, 7, 14-16}.

Among such factors that have been newly
discovered by means of molecular studies are class
I and II topoisomerases [16-24}. A complex DNA
structure in the nuclei requires extremely precise
mechanisms responsible for spatial organization of
DNA molecules in the nucleus. Numerous active
enzymes present in the nuclei participate in these
processes, decreasing the degree of DNA spiralization,
giving access to particular regions — in spite of intense
packing — in order for transcription, translation and
recombinant repair to occur. In addition to other
substances, these functions are exercised by topoiso-
merases I and 11 {16, 17, 19, 21, 24-26}.

Class I topoisomerases are responsible for relaxing
tensions resulting from coiling and uncoiling DNA
molecules. Class II topoisomerases specialize in
untangling DNA in the nucleus, allowing one DNA
helix to pass through the other one, cutting both
strands of one DNA helix, passing the other DNA
strand through the gap and subsequently reattaching
both formerly cut ends of the DNA strand {17, 19,
21, 24-271.

Topoisomerase II has two isoforms encoded by
various genes: o and 3, which differ by their location
in the nucleus, type of DNA binding and amount
of enzyme, which depends on the physiological state
of the cell. The level of topoisomerase II B is almost
constant throughout the entire cell cycle, but
the level of topoisomerase II a clearly increases in an
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unplanned manner in dividing cells {17, 19, 21, 24,
25, 28, 291

Topoisomerase determinations in neoplastic tumours
may be performed in archival paraffin blocks both by
immunohistochemistry and FISH, which allows for
retrospective assessment of the patients {15, 17, 18,
22, 29-34}.

The literature evaluating the prognostic value
of TOP2A status determinations is extremely scant,
and the results of such studies are frequently
divergent {30, 35-40}.

Reported data indicate that evaluation of TOP2A
status using immunohistochemistry and hybridiza-
tion 7z situ yields varying, at times discordant results
[15, 29, 32, 38, 41-43].

Various methods of evaluating TOP2A status in
breast carcinoma, as well as absence of uniform criteria
of assessing the level of overexpression or even of an
unequivocal definition of borderline values of the
number of gene copies or results of immunohisto-
chemistry, justify the necessity of further research.

A review of the literature indicates that, despite
the theoretical background, the prognostic importance
of TOP2A in breast carcinoma has not been
sufficiently documented to date, which favours
further studies.

The objective of the study was assessment
of topoisomerase II oo (TOP2A) expression in patients
with breast carcinoma as a prognostic factor in
correlation with other recognized prognosticators,
such as tumour size (pT), metastases to regional
lymph nodes (pN), histological grade of malignancy
(G) and expression of oestrogen (ER) and pro-
gesterone (PR) receptors, as well as HER2.

Material and methods

The study was carried out in archival material
originating from 151 patients treated surgically in
Podkarpacki Oncology Centre in the years 1999-
2001 by means of mastectomy combined with lymph
node excision followed by chemotherapy. Patients
without preoperative chemotherapy or radiotherapy
and with histopathologically confirmed infiltrating
ductal breast carcinoma were selected for the in-
vestigation.

The study did not include patients with other
histopathological types of breast tumours or with
mixed types, in which another component accounted
for more than 10% of the tumour structure, or
patients above 70 years of age in view of problems
involved in establishing the cause and time of death.
In this way, a relatively clinically and morpholo-
gically homogeneous group was formed.

The age of the investigated patients was within
the range of 28-70 years, mean age 506.5 years,
standard deviation =7 years. In the age range from
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49.5 to 63.5 years were 82 females (54.3%), while
30 patients were below 49.5 years (19.8%), and
39 were above 63.5 years (25.8%).

Postoperative materials originating from patients
with infilerating ductal breast carcinoma were
assessed histopathologically in keeping with the pTNM
staging system, according to the WHO classification
{81, while the grade of histological malignancy was
evaluated following the three-score grading system
developed by Bloom and Richardson and modified
by Elston and Ellis {81, which is presented in Table I.

Oestrogen and progesterone receptors were de-
termined by immunohistochemistry using commer-
cially available kits produced by Dako and following
procedures recommended by the manufacturer.
Immunohistochemical assessment of preparations
was performed in keeping with the manufacturer’s
recommendations, determining the percentage of
stained nuclei per 10 fields of vision (40 X) and
employing a four-score scale:

* 0 — 0-10% of stained nuclei, 17 — 11-30% of
stained nuclei,
* 2% _31-60% of stained nuclei, 3" — more than

60% of stained nuclei.

HER?2 was assessed by immunohistochemistry on
slides obtained from paraffin blocks, employing
a Herceptest kit by Dako (K5207) and following
the manufacturer’s recommendations.

The assessment of HER2 status was performed in
keeping with the Dako scale based on staining
intensity of nuclear membranes of tumour cells:

* 0 — no staining of nuclear membranes,
* 1" — poor reaction in nuclear membranes in at least

10% of cells,

* 2% _ moderate reaction in nuclear membranes in
at least 10% of cells,

* 3% _strong reaction in at least 10% or more tumour
cells.

In agreement with the previously published Dako
criteria, HER2 status was regarded as negative when
the score was 0 and 17, and positive with the score
of 27 and 3". The criteria were modified in 2006
and at present, HER2 status is regarded as negative
at 0 and 17, positive at 3" and dubious at 2 — in
this case verification by FISH is recommended.

Topoisomerase II oo (TOP2A) was determined in
paraffin sections obtained from the same paraffin
blocks as used for immunohistochemical determi-
nations of ER, PR and HER2. Immunohistochemical
staining for TOP2A was performed at the Depart-
ment of Pathomorphology, Centre of Oncology,
Warsaw, Poland.

Immunohistochemical reactions were performed
using an automatic Dako Autostainer Plus — according
to the enclosed instructions — with the DAKO
REAL™ Envision™ Detection System, Peroxidase
(DAB+) Rabbit (Mouse, catalogue no. K5007).

The specific antibody Mouse Monoclonal Anti-
Human Topoisomerase II a Clone Ki-Si (catalogue
no. M7186) diluted 1 : 50 was used.

Grading of expression intensity was based on the
following criteria (similar to those used in assessment
of ER/PR receptors):
® Grade 0 — 0-5% of stained nuclei,

* Grade 11 — 6-30% of stained nuclei,
* Grade 21 — 31-60% of stained nuclei,
* Grade 3" — above 60% of stained nuclei.

In each staining series, sections from reactive
tonsil were used as a positive tissue control; reagent
negative controls were also employed.

To describe the analyzed material, the author
used standard statistical tools, such as: frequency
tables for categorical variables, mean standard
deviation and statistical significance of differences
between particular determinations calculated by
the %2 test. Randomness of differences amounting to
p < 0.005 was considered statistically significant.

Results

Assessment of topoisomerase II a expression
in breast carcinoma

In 151 women with infiltrating ductal breast car-
cinoma, the author analyzed slides stained immuno-
histochemically for TOP2A. The assessment focused
on the intensity of tumour cell nuclei staining.

In six cases nuclear staining was completely absent;
in the remaining cases, the observed reactions were
characterized by a varying number of stained nuclei,
ranging from 1.5% to 98.5% per 10 high power

Table I. Morphological characteristics of the analyzed tumours

PT Gl G2 G3 NO N1 N2 N3

TOTAL 151 12(7.9%) 89 (58.9%) 50((33.1%) 60(39.7%) 42(28.8%) 36(23.8%) 13 (8.6%)
T1 61 6(9.8%) 42(68.8%) 13(21.3%)  40(65.6%) 12(19.7%) 8(13.3%) 1(1.6%)
T2 58 5(8.6%) 37 (63.8%) 16(27.6%) 18 (31.0%) 19 (32.7%) 15(25.8%) 6(10.3%)
T3 18 1(5.5%) 5(27.7%) 12 (66.7%) 2(11.1%) 10(55.5%) 4(222%) 2(11.1%)
T4 14 0 (0.0%) 5 (35.7%) 9 (64.3%) 0 (0.0%) 1(1.7%) 9(64.3%) 4 (28.6%)

69



MAGDALENA HAJDUK

fields (40 X), as well as by diversified staining
intensity. The number of brown-stained nuclei
within the infiltrative component was calculated,
irrespectively of staining intensity: from light brown,
through various darker hues to an almost black
colour of the “inkblot” nucleus (microscopic pictures
are presented in Figures 1-3). Discarding negative

Fig. 1. Topoisomerase II a expression — 1+

Fig. 2. Topoisomerase II o expression — 2%

Fig. 3. Topoisomerase I o expression — 3T
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cases with less than 5% of stained nuclei, a positive
reaction was seen in 99 patients (65.6%).

On the basis of the adopted criteria of TOP2A ex-
pression assessment, the following results were obtained:
* Grade 0 — 52 patients (34.4%),

* Grade 1+ — 24 patients (15.9%),
* Grade 2+ — 26 patients (17.2%),
* Grade 3+ — 49 patients (32.5%).

Correlation of topoisomerase II o expression
with other prognostic factors

The correlation between TOP2A expression and
intensity and other recognized morphological pro-
gnostic factors, such as tumour size (pT), histological
grade of malignancy (G) and lymph node status
(pN), as well as oestrogen (ER) and progesterone
(PR) receptors and HER2 determined by immuno-
histochemistry, is presented in Tables II, III and IV.

As follows from Table II, an increased tumour size
was accompanied by increased TOP2A expression
and an increased, statistically significant (p < 0.005)
percentage of cases with a positive TOP2A status.

Grade 37 expression of TOP2A and the percent-
age of cases positive for TOP2A were considerably
and statistically significantly higher among patients
with histopathological grades of malignancy G2 and
G?3 as compared to cases classified as G1. Among cases
with grade G1 malignancy, a high percentage
of cases were represented by patients with a negative
TOP2A status.

With an increasing extent of involvement of re-
gional lymph nodes, there was observed an increase
of both the number of cases with TOP2A over-
expression and the percentage of patients with a po-
sitive TOP2A status; the increase was statistically
significant (p < 0.005).

Tables IIT and IV demonstrate that in cases of breast
carcinoma in which no ER expression was detected
(38 cases), TOP2A expression (34 cases) was 8.5 times
higher as compared to patients with TOP2A-
negative tumours (4 cases). No such correlation was
noted at various expression rates of ER and TOP2A.
TOP2A expression was observed much more
frequently in the case of ER receptor-negative breast
carcinomas (89.5%) in comparison to ER receptor-
positive breast cancers (57.5%), the difference being
statistically significant (p < 0.005).

Similar results were obtained when evaluating
the correlation between TOP2A expression and PR
receptor expression. Among PR receptor-negative
cases (39 patients) TOP2A expression (35 cases) was
approximately 8.7 times higher as compared to cases
negative for TOP2A expression (4 cases). No such
clear-cut dependence was observed at various inten-
sities of PR and TOP2A expression. Similarly, TOP2A
expression was noted more frequently in patients
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with PR receptor-negative disease (89.8%) in com-
parison to women with PR receptor-positive breast
tumours (57.2%), the difference being statistically
significant (p < 0.005).

When comparing TOP2A expression with HER2
expression using the 4-score scale, no unambiguous
dependencies were observed, and the too small number
of cases in particular groups did not allow for sta-
tistical calculations.

Further analysis of the tables indicates that at
a negative HER2 status there were no correlations with
TOP2A status, but in cases with a HER2 positive

status a positive TOP2A status occurred frequently
(80.4%), while a negative status was observed ap-
proximately four times less commonly (19.6%); the
differences were statistically significant (p < 0.005).
At a positive HER2 status a positive TOP2A status
was seen in 80.4% of the patients, while in HER2-
negative tumours, TOP2A positivity was observed in
56.8% of the cases, with the difference being sta-
tistically significant (p < 0.005). At a negative HER2
status, a positive TOP2A status was more common
(56.8%) as compared to TOP2A negativity (43.1%).
The differences were non-significant.

Table II. Intensity of expression and status of TOP2A vs. other recognized morphological factors

NO. OF PATIENTS

NO. (PERCENTAGE) OF PATIENTS
wITH TOP2A EXPRESSION

NO. (PERCENTAGE) OF PATIENTS
wITH TOP2A PRESENCE

1+

2+

0 3+ NEGATIVE POSITIVE
TOTAL 151 52 (34.4%) 24 (15.9%) 26 (17.3%) 49 (32.4%) 52 (34.4%) 99 (65.6%)
T1 (n = 61) 31 (58.8%) 14 (24.6%) 9 (14.7%) 7 (11.5%) 31 (50.8%) 30 (49.2%)
T2 (n = 58) 18 (31.0%) 6(10.3%) 10 (17.2%) 24 (41.3%) 18 (31.0%) 40 (70.0%)
T3 (n = 18) 2(11.1%) 2(11.1%) 6 (33.3%) 8 (44.4%) 2(11.1%) 16 (88.9%)
T4 (n = 14) 1(7.1%) 2 (14.3%) 1(7.1%) 10 (71.4%) 1(7.1%) 13 (92.9%)
pGl (n = 12) 8 (66.7%) 1 (8.3%) 2 (16.6%) 1 (8.3%) 8 (66.7%) 4(33.3%)
pG2 (n = 89) 32 (35.9%) 14 (15.7%) 15 (16.8%) 28 (31.5%) 32 (35.2%) 57 (64.0%)
pG3 (n = 50) 12 (24.0%) 9 (18.0%) 9 (18.0%) 20 (40.0%) 12 (24.0%) 38 (76.0%)
NO (n = 60) 27 (45.0%) 12 (20.0%) 10 (16.7%) 11 (16.3%) 27 (45.0%) 33 (55.0%)
N1 (n = 42) 13 (30.9%) 8 (19.0%) 10 (23.8%) 11 (26.2%) 13 (30.9%) 29 (69.0%)
N2 (n = 36) 10 (27.8%) 3 (8.3%) 4(11.1%) 19 (52.8%) 10 (27.8%) 26 (72.2%)
N3 (n = 13) 2 (15.4%) 1(7.7%) 2 (15.4%) 8 (61.5%) 2 (15.4%) 11 (84.6%)

Table III. Comparison of TOP2A expression and ER, PR receptor and HER expression

NO. OF PATIENTS

NO. (PERCENTAGE) OF PATIENTS

WITH TOP2A EXPRESSION

NO. (PERCENTAGE) OF PATIENTS

wITH TOP2A PRESENCE

1+

2+

0 3t NEGATIVE POSITIVE
TOTAL 151 52 (34.4%) 24 (15.9%) 26(17.3%) 49 (32.4%) 52 (34.4%) 99 (65.6%)
TOTAL 151 52 (34.4%) 24 (159%) 26 (17.3%) 49 (32.4%) 52 (34.4%) 99 (65.6%)
ER-0 (n = 38) 4 (10.5%) 7 (18.4%) 7 (18.4%) 20 (52.6%) 4 (10.5%) 34 (89.4%)
ER-1+ (n = 38) 18 (47.4%) 4 (10.5%) 5 (13.7%) 11 (28.9%) 18 (47.4%) 20 (52.6%)
ER-2+ (n = 47) 18 (38.2%) 7 (14.9%) 10 (21.3%) 12 (25.5%) 18 (38.2%) 29 (61.7%)
ER-3+ (n = 28) 12 (42.8%) 6 (21.4%) 4 (14.3%) 6 (21.4%) 12 (42.8%) 16 (57.1%)
PR-0 (n = 39) 4 (10.2%) 7 (17.9%) 8 (20.5%) 20 (51.3%) 4 (10.2%) 35 (89.8%)
PR-1+ (n = 37) 18 (48.6%) 5 (13.5%) 4 (10.8%) 10 (27.0%) 18 (48.6%) 19 (51.4%)
PR-2+ (n = 49) 18 (36.7%) 7 (14.3%) 10 (20.4%) 14 (28.6%) 18 (36.7%) 31 (63.2%)
PRp3+ (n = 26) 12 (46.1%) 5 (19.2%) 4(15.4%) 5 (19.2%) 12 (46.1%) 14 (53.9%)
HER2-0 (n = 80) 40 (50.0%) 14 (17.5%) 14 (17.5%) 12 (15.0%) 40 (50.0%) 40 (50.0%)
HER2-1+ (n = 15) 1 (6.6%) 2 (13.3%) 2 (13.3%) 10 (66.2%) 1 (6.6%) 14 (93.4)
HER2-2+ (n = 15) 1 (6.6%) 1 (6.6%) 3 (20.0%) 10 (66.6%) 1(6.6%) 14 (93.4)
HER2-3+ (n = 41) 10 (24.4%) 7 (17.0%) 7 (17.0%) 17 (41.4%) 10 (24.4%) 31 (74.6)
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Table IV. Comparison of presence and absence of ER,
PR and HER2 expression in correlation with TOP2A
expression

No. orF NO. (PERCENTAGE) OF PATIENTS
PATIENTS WITH TOP2A PRESENCE
NEGATIVE POSITIVE
TOTAL 151 52 (34.4%) 99 (65.6%)
ER negative (n = 38) 4 (10.5%) 34 (89.5%)
ER positive (n = 113) 48 (42.4%) 65 (57.5%)
PR negative (n = 39) 4 (10.2%) 35 (89.8%)
PR positive (n = 112) 48 (42.8%) 64 (57.2%)
HER2 negative (0,171) 41 (43.1%) 54 (56.8%)
(n = 95)
IEIER2 p60)sitive 2,31 11 (19.6%) 45 (80.4%)
n=>5

Among 52 patients with TOP2A-negative tumours,
4 (7.7%) died within less than 5 years, while 5-year
symptom-free survival was observed in 42 cases
(80.7%). Of 99 patients with a positive TOP2A
status, 29 females (29.3%) died within 5 years, while
53 patients (55.5%) survived for 5 symptom-free
years. Both the difference in mortality rates in less
than 5 years and the 5-year symptom-free survival
rates were statistically significant.

Discussion

The investigations were carried out on archival
material, with the author attempting to distinguish
a group that would be uniform with respect to both
morphological and clinical presentation. The study
group of 151 cases was composed of women with
infiltrating ductal breast carcinoma constituting at
least 90% of the tumour texture; in consequence, one
prognostic factor, i.e. tumour type, was constant,
while other prognosticators were analyzed in relation
to TOP2A expression and intensity. Clinically,
the patients had not been subjected to preoperative
chemotherapy or radiotherapy, which eliminated
the possible effect of these treatment modalities on
macroscopic findings and immunohistochemical re-
actions. Although the distinguished group of patients
was not representative and the collected data lacked
epidemiological value, nevertheless, in view of the
fact that the distribution of cases in keeping with
the pTNM classification system and ER/PR or HER2
expression was similar to that described in numerous
publications {3, 8, 401, the author was capable
of carrying out comparative studies and performing
a statistical analysis.

No unambiguous criteria for assessing the degree
of TOP2A expression intensity, developed by a sig-
nificant research team, were found in the available
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literature. That is why for the purpose of the present
report the author discarded negative cases chara-
cterized by up to 5% of stained nuclei in the average
number of 10 fields of vision (40 X), similarly to
the practice of some other investigators {29, 38}.

In the analyzed material of 151 cases of breast
carcinoma, TOP2A expression assessed by immuno-
histochemistry was observed at varying reaction in-
tensities and varying percentage of stained nuclei in
the majority of patients, i.e. in 99 cases (65.6%), the
percentage being statistically significant (p < 0.005).
The reported immunohistochemical TOP2A deter-
minations were performed in diversified clinical and
morphological material, using various methods, em-
ploying Dako or other antibodies and using a method
identical to that applied in the present material, yet
at varying solutions of specific antibodies (1 : 50,
1: 100 or 1 : 200), which may explain the differences
between results obtained in various centres. In the
majority of publications, TOP2A was determined in
cases with a positive HER2 status, employing FISH
or CISH complemented by immunohistochemistry.
Numerous reports have demonstrated that evaluation
of TOP2A and HER2 status by these methods
yielded different results {15, 29, 32, 35, 41, 42, 44-471.

The author analyzed the correlations between
TOP2A expression and other prognostic factors, such
as tumour size (pT), presence and extent of meta-
stases to regional lymph nodes (pN), grade of histo-
logical malignancy (G), presence and intensity
of ER/PR expression and HER2 status.

The results of these studies, as well as the analyses
and statistical calculations, indicated that the pre-
sence and expression of TOP2A correlated with
numerous recognized prognostic factors, as witnessed
by statistical significance (p < 0.005). Topoisomera-
se IT o expression was much more frequently observed
in advanced T3 and T4 tumours than in less
advanced T1 and T2 carcinomas, the difference
being statistically significant (p < 0.005). With
increasing tumour size, the percentage of cases with
3% TOP2A expression also increased.

When analyzing the association between TOP2A
and grade of histological malignancy G, the author
noted that G1 cases were characterized by negative
TOP2A reactions (66.7% of cases). On the other
hand, in the case of G2 and G3 tumours, the per-
centage of the presence and expression intensity
of TOP2A was considerably higher as compared to
the G1 group, with the difference being statistically
significant (p < 0.005).

Evaluating TOP2A presence and expression in-
tensity among cases characterized by different degrees
of lymph node involvement (N), the author noted
that with an increased extent of regional lymph node
involvement (Table IV), the percentage of cases with
3% TOP2A overexpression was also increased.
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The increased percentage of cases with a positive
TOP2A status at N2 and N3 was statistically
significant (p < 0.005). Among NO cases, TOP2A
expression was noted in 55% of the cases, while the
mean percentage for the entire group was 65.6%,
being thus higher, yet the difference was non-significant.

No investigations have been found in the litera-
ture that would be directed at evaluating interrela-
tions between the presence and expression of TOP2A
and other prognostic factors; nevertheless, in some
reports {14, 29, 49-54} attention was drawn to the
more frequent TOP2A presence in large tumours,
with a higher grade of histological malignancy, and
among patients with an increased extent of N2 and
N3 nodal involvement.

Comparing in the investigated group the ex-
pression and presence of steroid receptors ER and PR
with TOP2A presence and expression, the author
observed that among patients with steroid receptor-
negative tumour, TOP2A was present in approxi-
mately 90% of cases, while in steroid receptor-
positive cases it was present in approximately 57%
of cases only. The differences were statistically
significant (p < 0.005), and the percentage values
for ER and PR were similar. In ER or PR receptor-
negative cases, TOP2A expression was approximately
8 times more frequently positive than negative.

Correlating the immunohistochemical status
of TOP2A with HER2 status, the author noted that
TOP2A-positive cases were much more common among
HER2-positive cases (80.4%) as compared to patients
with HER2-negative carcinomas (56.8%), the dif-
ference being statistically significant (p < 0.005).
Among HER2-positive cases, TOP2A positivity was
approximately four times as common (80.4%) as
TOP2A negativity (19.6%), and the difference was
statistically significant. Observations of other authors
confirm the present results {15, 29, 38, 42}.

Recently, numerous papers have been published
that evaluate both HER2 and TOP2A status by im-
munohistochemistry, fluorescence 7z situ hybridi-
zation (FISH) and CISH [15, 18, 29, 32, 35, 41, 50,
62-65}1. This trend is associated with the HER2 and
TOP2A genes being situated on the same chromo-
some, so they may frequently coamplify {15, 45, 53,
66-681. The results of research presented in the
literature indicate that breast carcinomas are cha-
racterized by a high correlation between positive
HER2 and TOP2A status, ranging from approxi-
mately 30% to more than 90% of cases {15, 29, 38,
42, 45-491. A proposal has been suggested to develop
an algorithm of HER2 and TOP2A evaluation in
breast carcinomas {15, 32, 36, 50, 69}. The litera-
ture still lacks a definite, uniform agreement
concerning the prognostic value of TOP2A determi-
nations by immunohistochemical methods or by
determination of gene amplification. Assessment

of the status of both TOP2A and HER2 by immuno-
histochemistry and FISH at times yields discordant
results, which points to the necessity of conducting
further studies. A search of the literature has failed to
find investigations focusing solely on the effect
of the status and expression of TOP2A on the pro-
gnosis in breast carcinoma; nevertheless, numerous
reports emphasize the prognostic importance of

TOP2A expression, which indicates a poorer pro-

gnosis {22, 29, 43, 45, 46, 52, 55-57, 64}.

The results of the present study and data from
the literature suggest that TOP2A may be added to
the other known prognostic factors. The following
data support this statement:

* correlation with other recognized prognostic factors,
such as tumour size (pT), grade of histological
malignancy (G), metastases to lymph nodes (pN),
ER, PR and HER2 receptor expression,

* statistically significant, higher mortality within 5 years
among patients with a positive TYP2A status,

® according to the literature, TOP2A actively
participates in cell proliferation in late S phase
with a further increase in G2/M phase, but it is not
detected in GO phase, when the cells do not
proliferate {17, 19, 21, 24, 39, 58-60, 62, 63, 70}.
Thus, TOP2A expression in cellular nuclei is a factor

indicating intensified proliferation and may be

regarded as a prognostic factor.

Assessment and understanding of new prognostic
factors is an important element of studies focusing
on therapeutic management of breast carcinoma.
The results of such studies allow us to improve the
therapeutic methods and in combination with assess-
ment of numerous predictors can be implemented in
target therapy, which is an enormous achievement
of the past several years.

Conclusions

1. Expression of topoisomerase II o was correlated
with numerous known prognostic factors, such as
tumour size (pT), grade of histological malignancy
(G), presence and extent of metastases to regional
lymph nodes (pN) and expression of ER, PR and
HER?2 receptors.

2. Topoisomerase II o was considerably more
frequently present in large tumours (T3 and T4), in
cases with higher histological malignancy grade (G2
and G3), as well as in patients with extensive lymph
node metastases (N2 and N3), positive HER2 status
and negative ER/PR status, which points to TOP2A
being a negative prognostic factor.

3. Topoisomerase II oo expression in breast carcinoma
may be regarded as a fundamental prognostic factor.

4. Immunohistochemical determinations of TOP2A
in tumour cells should be routinely employed in
patients with infiltrating ductal breast carcinoma.
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