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The main purpose of the study was to compare topoisomerase 2o (TOP2A) status
in invasive breast carcinomas to the outcome of a therapy containing neoadjuvant
treatment with anthracyclines (a combination chemotherapy treatment for breast
cancer, namely AC {cyclophosphamide, doxorubicin}).

To achieve these goals we created a method of evaluation with criteria based on two
methods used in the present study (immunohistochemical {ITHC} and fluorescence
in situ hybridization [FISHY). The threshold for positive immunohistochemically
evaluated status was set for all cases with: nuclear stain intensity score 3+ in 10%
or more nuclei and nuclear stain intensity score 2+ in 50% or more nuclei.

Our results suggest that TOP2A status may be used as a predictive factor for
patient selection for protocols which include anthracyclines as one of the chemo-
therapeutics. Both methods, IHC and FISH, are suitable for implementation for
diagnostic purposes, but IHC positive status measured according to the criteria
presented above is the best predictor of longer disease-free survival (DFS) according
to our study. Immunohistochemical also gave satisfactory results in all analyzed
cases in comparison to only 60% of cases analyzed by FISH.
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Introduction

In the era of targeted therapy there is a need to es-
tablish predictive factors which will allow treatment
to be personalized. In breast carcinoma, according to
the St Gallen recommendation, in each case the fol-
lowing markers should be tested: estrogen receptor
(ER), progesterone receptor (PgR), HER2, as well as
the proliferation index by Ki67 protein before sys-
temic treatment is introduced [1-5}.

There are a number of potentially valuable pre-
dictive markers both for new therapeutic agents and
for those known for decades such as anthracyclines.
Topoisomerase 2a (TOP2A) for years has been con-
sidered a potential predictive factor for anthracy-
cline-containing therapies, although the results are
still inconclusive {6-11}.

Topoisomerase 20 is a nuclear enzyme that chang-
es the way the DNA is organized in nuclei. Therefore
TOP2A is required in almost all processes involving
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changes and untangling of DNA. This enzyme is en-
coded by the TOP2A gene located in the 17q12-21
region. This region is also responsible for human epi-
dermal growth factor receptor 2 (HER2). HER2 is
one of the most frequently amplified genes in breast
cancer. The exact mechanism of rearrangement of
this region is not completely understood; however,
some data suggest that even though high copy num-
bers of TOP2A and HER2 are common findings,
these genes belong to separate amplicons. HER2 sta-
tus has often been used to select patients for analysis
of TOP2A alterations. Clinical relevance has usually
been investigated in the context of HER2 overexpres-
sion or HER2 amplification. This is also the case in
the present study. It is possible because at the time
of treatment of patients from our study (2002-2005)
group, anti-HER2 therapy were given in Poland af-
ter dissemination of neoplastic disease. Both TOP2A
amplifications and deletions were shown to confer an
adverse prognosis but also a greater benefit from an-
thracycline-containing therapy. Many authors have
suggested the possibility of guiding therapy based on
TOP2A status {9, 12-15}. However, a recent meta-
analysis did not confirm the predictive value of
TOP2A alterations {9]. Information on the predic-
tive role of TOP2A status, and even the percentage
of cases of breast carcinoma which are TOP2A posi-
tive, since more than a decade have been surprising-
ly incoherent, partly because of different diagnostic
methods (immunohistochemistry — ITHC, fluorescent
in situ hybridization — FISH, other molecular biology
methods) and different thresholds for positive status
{10, 16-18}. On the other hand, particularly in re-
cent years, treatment of breast carcinoma is almost
always a combination of different chemotherapeu-
tics, radiotherapy, and different surgical techniques

Table I. Material

TOTAL NUMBER OF CASES 148
Number of cases with positive HER2 status 60 (43%)
Number of cases with negative HER2 status 88 (56%)
Number of cases with TOPA2a result 148
by IHC method

Number of cases with TOPA2a result 98

by FISH method

Table II. 5-year disease-free survival (DFS) among ana-
lyzed cases

88/148 (59.5%)

Total number of cases with 5-year
DEFS

Number of cases with 5-year DFS 38/60 (63.3%)

in HER2 positive group

Number of cases with 5-year DFS 50/88 (56.9%)

in HER2 negative group
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(e.g.: mastectomy, breast-conserving therapy, senti-
nel lymph node procedure, lymphadenectomy) {19,
20}. Recently introduced intrinsic subtypes for breast
carcinoma make constructing a homogeneous group
for such a study almost impossible {1,2}. The group
of patients in the present study was selected mainly
on the basis of the same neoadjuvant therapy which
was introduced according to the stage of the disease.

The main purpose of the study was to compare
TOP2A status in invasive breast carcinomas to out-
come of a therapy containing neoadjuvant treatment
with anthracyclines (a combination chemotherapy
treatment for breast cancer, namely AC (cyclophos-
phamide, doxorubicin)), in analyzed cases. Because of
the published information on a correlation between
the status of HER2 and TOP2A with the outcome of
the therapy, the study group was subdivided into two
tiers: HER2 positive and HER2 negative. We also
wanted to find out if there is any influence of these
factors on outcome of the therapy.

To achieve these goals we wanted to create an
easy method of evaluation with criteria based on two
methods used in the present study IHC and FISH).

Material and methods

All 150 cases selected for the study were clinically
locally advanced (clinical stage IIT) breast carcinoma.
Neoadjuvant therapy containing anthracyclines (AC)
was introduced in all cases. All patients were treat-
ed in the Maria Sklodowska-Curie Cancer Center,
Warsaw, Poland, between 2002 and 2005. Primary
diagnosis took place in the years 2002-2004. In that
period in the Maria Sklodowska-Curie Cancer Center
anti-HER2 therapy was given only to patients after
recurrence. Therefore, in our group both HER2 posi-
tive and HER2 negative tumors were treated similarly
in the time of follow-up. HER2 status was positive in
62 of the analyzed cases. In 88 cases HER2 status was
negative. At least 5-year observation was available
for the study. Evaluation of TOP2A was performed
retrospectively. Finally 148 cases (60 HER2 positive
cases, 88 HER2 negative cases) were analyzed due
to lack of valuable tissue block material in two cas-
es. We divided our cases according to HER2 status
because of published information on the correlation
of HER2 status and TOP2A status in invasive breast
carcinoma (Tables I and II).

A list of 150 consecutive patients with invasive
breast carcinoma, stage III according to the AJCC/
UICCclassification, treated with chemotherapy (AC),
was prepared in the Breast Cancer Clinic of the
Maria Sklodowska-Curie Cancer Center (Table II).
In all but two cases, paraffin blocs containing tumor
tissue were selected for IHC and FISH evaluation
of TOP2A status. Both methods were used in all
148 cases, but, due to technical reasons, FISH re-
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sults were obtained in 92 cases in contrast to IHC,
in which satisfactory results were obtained in 148
cases. In all cases we decided to use only diagnos-
tic material for evaluation of TOP2A status. In 138
cases material came from a core biopsy (CB) and in
10 cases from surgical biopsy. Histologic slides from
all cases were reviewed. In the period of interest
(2002-2004) histologic grade and histologic type
were seldom part of the pathology report for CB
material. In reviewed slides two pathologists evalu-
ated histologic types of tumors (130 cases of ductal
carcinoma (no special type according to the 2012
WHO Breast Tumor Histologic Classification),
10 cases of classical lobular carcinoma and 8 cases
of metaplastic carcinoma), tumor grades (100 cases
of grade 2 tumors, 38 cases of grade 3 tumors, and
10 cases of grade 1 tumors — grade 1 cases were all
lobular carcinoma). Because of known discordance
between CB evaluation of grade and histologic type,
these data were not analyzed statistically. Data on
HER?2 status originated from medical documenta-
tion. Slides for the study were prepared from rou-
tinely made paraffin blocs for diagnostic purposes.
Both IHC and FISH methods of evaluation were
applied in each case. The results were then com-
pared to clinical response (DFS). We decided to use
DEFS because of relatively long overall survival (OS),
which makes 5-year observation invalid statistically
as there were only a few breast cancer related deaths
in the studied group.

Immunohistochemical method

For TOP2A immunocytochemistry, 4 um sections
were deparaffinized in xylene for 30 min and rinsed
in ethanol. Sections were then subjected to antigen
retrieval by immersion in citrate buffer (pH 6.0) pre-
heated to 99°C for 40 min. Endogenous peroxidase
was blocked by incubation in 3% H,O, in metha-
nol for 30 min, followed by rinsing in Tris-buffered
saline containing Tween 20. Immunohistochemical
staining was performed with the EnVision+ Sys-

Fig. 2. Topoisomerase 2a IHC 2+

tem Kit (DakoCytomation, Glostrup, Denmark).
Afterwards, the sections were incubated overnight
in a humidity chamber with a monoclonal primary
antibody against TOP2A (DakoCytomation; dilu-
tion 1 : 100) followed by incubation for 30 min with
a dextran polymer conjugated with horseradish per-
oxidase enzyme and with goat anti-rabbit antibody.
The antigen—antibody immunoreaction was revealed
with 3,3’-diaminobenzidine tetrahydrochloride as
the chromogen, and the slides were counterstained
with hematoxylin.

For analysis we implemented an original system
of IHC scoring partially based on the literature and
partially on comparison of both our IHC and FISH
results. Both a semi-quantitative intensity four-tier
system (0, 1+, 2+, 3+) (Figs. 1-3) and the percent-
age value of stained cells (nuclei) were taken into ac-
count for IHC evaluation of TOP2A in the present
study {16, 171. The threshold for positive status was
set for all cases with:

* nuclear stain intensity score 3+ in 10% or more
nuclei,

* nuclear stain intensity score 2+ in 50% or more
nuclei.

Fig. 3. Topoisomerase 20 IHC 3+
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Table III. Topoisomerase 20 criteria of interpretation of immunohistological stains

SCORE CRITERIA INTERPRETATION
0 No nuclear stain Overexpression absent
Score 0 or 1+ is present in majority of cancer cases
(often in more than 10% of cells) as well as cases of
benign breast lesions and benign cells.
1+ Weak nuclear stain (brown-blue) in carcinoma
cells visible only in high magnification (> 200X).
Nuclear structure (nucleoli and chromatin) visible
2+ Intermediate nuclear stain (brown) in carcinoma Overexpression absent < 50%
cells visible already in low magrnﬁcatlor.l (40.>.<). Overexpression > 50% 2+
Nuclear structure (nucleoli and chromatin) visible
3+ Strong nuclear stain (very dark brown, almost Overexpression > 10% 3+

black) in carcinoma cells visible already in low

magnification (40 X). Nuclear structure (nucleoli

and chromatin) in visible

The precise criteria of our original IHC scoring
system which was designed for this study is present-
ed in Table III.

FISH method

In the study the TOP2A gene was evaluated us-
ing Path Vysion Abbott probes according to the in-
structions of the producer. FISH results suitable for
interpretation in the fluorescent microscope were
obtained in 98 cases. In those cases it was possible
to calculate the ratio R = TOP2A/CEP17 — both
types of signals were acceptable for interpretation.
In 26 cases the average number of gene TOP2A sig-
nals per nucleus were calculated only — CEP17 sig-
nals were unsatisfactory. We did not include those
cases in the study group. The remaining 24 cases
were classified as non-diagnostic for TOP2A evalu-
ation because:

* there were no visible signals for the TOP2A gene,
® too few carcinoma cells were found in material for
objective evaluation.

For FISH evaluation we selected a method simi-
lar to that published by Mano ez #/. [18}]. Cases with
a ratio of 1.5 or more were considered amplified. Ad-

Fig. 5. Topoisomerase 2o FISH, low amplification
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Fig. 6. Topoisomerase 2o FISH, high amplification
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Table IV. Topoisomerase 2a results by IHC method

ToTAL HER2 NEGATIVE GROUP HER2 POSITIVE GROUP
No overexpression 79 (53.4%) 48 (54.5%) 31 (51.7%)
Overexpression 69 (46.6%) 40 (45.5%) 29 (48.3%)

Table V. Topoisomerase 2a results by FISH method

TotAL (N = 98) HER2 NEGATIVE GROUP  HER2 POSITIVE GROUP
(N = 60) (N = 38)
No amplification 63 (64.3%) 39 (65%) 24 + 2del (68.4%)
Amplification (any)  Low amplification 24 (24.5%) 13 (21.7%) 10 (26.3%)
High amplification 11(11.2%) 8 (13.3%) 2(5.3%)

ditionally, cases with a ratio of 10 or more were con-
sidered as highly amplified (HA) (Figs. 4-0).

Results

The IHC method for TOP2A gave visually accept-
able result in 100% (148) of cases. The FISH method
gave a visually acceptable result in 60% (98) of cas-
es. Cases in which results from both methods were
available and were used for “calibration” of the IHC
scoring system are presented in Table III. We selected
cases with amplification and compared them with in-
tensity and proportions of nucleus staining. The final
correlation of TOP2A status and DFS in studied cas-
es was counted for IHC and FISH results separately,
but statistically significant data were obtained for the
IHC method. The scoring system based on the IHC
method allowed clinical analysis of 138 cases in com-
parison to 92 available by FISH.

Positive status of TOP2A was found in 35.7% of
cases by FISH and 46.6% by IHC. In our material it

Table VI. Correlation of topoisomerase 2a status by FISH
and DFS

was found that there is a strong positive correlation
between amplification of TOP2A and IHC results
with positive status defined as presented in Table III
(87.4%). In the HER2 negative group we found
54.5% of cases with negative TOP2A status and
45.5% with positive TOP2A status. In the HER2
positive group we found 51.7% of cases with nega-
tive TOP2A status and 48.3% with positive TOP2A
status.

Results of TOP2A status measured by both meth-
ods IHC and FISH) are presented in Table IV and V.

Results from TOP2A status obtained by IHC and
FISH were compared with DFS in both HER2 pos-
itive and HER2 negative groups. Results for those
groups are shown in Tables VI and VII for the FISH
method and Tables VIII and IX for the IHC method.

Table X presents statistical significance of obtained
data (confidence interval CI 95%) for the whole study
group and for subgroups (TOP2A status measured
by FISH, TOP2A status measured by IHC, and for
HER?2 status according to clinical data). According

Table VII. Correlation of topoisomerase 2a status by
FISH and DFS

TOPA2A 5-YEAR DFS TOPA2a 5 YEAR DFS
(%) (%) (%) (%)
NA (no amplification) 39 (65) 23 (59) NA (no amplification) 26 (68.4) 14 (54)
LA (low amplification) 13 (21.7) 9 (69) LA (low amplification) 10 (26.3) 6 (60)
HA (high amplification) 8 (13.3) 8 (100) HA (high amplification) 2(5.3) 2 (100)

Table VIII. Correlation of topoisomerase 2a status by
IHC and DFS

Table IX. Correlation of topoisomerase 2a status by IHC
and DFS

TOPA2a 5-YEAR DFS TOPA2a 5-YEAR DFS
(%) (%) (%) (%)
No overexpression 48 (54.5) 15 (31) No overexpression 31(51.7) 15 (48)
Overexpression 40 (45.5) 35 (88) Overexpression 29 (48.3) 23 (94)
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Table X. Five-year disease-free survival (95% PU)

DFS (95% PU) P (LOG-RANK)

Whole study group  0.60 (0.52; 0.68)

TOPA2 FISH 0.091
NA 0.63 (0.51; 0.75)

LA 0.61(0.41; 0.81)

HA 1.00

TOPA2 IHC <001
NEG 0.38 (0.27; 0.49)

POS 0.84 (0.75; 0.93)

HER2 0.494
NEG 0.57 (0.46; 0.68)

POS 0.63 (0.51; 0.75)

NA — no amplification; LA — low amplification; HA — high amplification;
NEG — negative; POS — positive

to the statistical analysis TOP2A positive status mea-
sured by IHC and using the scoring system introduced
for this study correlates with longer DFS regard-
less of HER2 status (p (log-rank) < 0.001; Fig. 7).
Statistical data are shown in detail in Table XI.

Discussion

Analyzing data from the literature on TOP2A
status and its role as a predictive factor in invasive
breast carcinoma is a confusing experience {18-23].
Outcomes of results both at the level of evaluation
of TOP2A as well as at the level of interpretation
are extremely different {24-331. If biology of breast
carcinoma is similar around the world, then meth-
ods of TOP2A evaluation, criteria of interpretation
and selection of patients are responsible for the dif-
ferences {34-41]1. We put emphasis on criteria of in-
terpretation, and decided to create out own system of

Table XI. Distribution of TOP2A status in HER2 nega-
tive and HER2 positive groups

HER2 NEG HER2 POS
TOPA2 FISH
NA 39 (65%) 26 (69%)
LA 13 (22%) 10 (26%)
HA 8 (13%) 2 (5%)
Total 60 (100%) 38 (100%)
TOPA2 IHC
NEG 48 (55%) 31(52%)
POS 40 (45%) 29 (48%)
Total 88 (100%) 60 (100%)

NA — no amplification; LA — low amplification; HA — high amplification;
NEG — negative; POS — positive
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Fig. 7. Disease-free survival according to topoisomerase 20
status measured by immunohistochemistry. 1 = positive
status, 0 = negative status; p < 0.001

interpretation based on comparison of the results of
two methods used in the same material.

We found in our study that cases with positive
TOP2A status measured by the IHC method for
TOP2A protein presented a statistically significantly
better response to therapy which included anthracy-
clines as one of the chemotherapeutics (AC program
in our study) in neoadjuvant therapy measured by
relapses (DFS). In our study, we had a possibility
to evaluate TOP2A in breast cancer cells using two
methods (IHC and FISH) in all cases.

Using IHC and FISH methods, we compared the
percentage of stained cells, strength of nuclear stain,
presence of co-expressed cytoplasmic and membra-
nous stain, amplification of TOP2A gene and also
response to anthracycline-containing chemotherapy
from clinical data. As the result of analysis of obtained
data, we set our own cutoff points. We assumed that
the best correlation with genomic aberrations is when
both the percentage and strength of the stain are tak-
en into account. In our study, a cutoff point for pos-
itive TOP2A status evaluated by the IHC method
is at least 10% of carcinoma cells with strong (3+)
nuclear staining or at least 50% of carcinoma with
intermediate (2+) nuclear staining. The presented
criteria as defined above correlate with amplification
(ratio > 1.5) and response to anthracycline-based neo-
adjuvant therapy (measured by DFS).

For the THC method different criteria of scoring
and different thresholds of positivity found in the
literature make it impossible to perform valuable
comparison of results achieved in numerous publica-
tions {16-21}. In the case of FISH, criteria of scor-
ing are more objective — counting dots theoretically
generates less interobserver variation than classifying
strength of the stain in THC, especially when mea-
sured without an image analyzing system [17}. Im-
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portant technical problems — there were acceptable
results in only 98 from 148 cases — derive in our
opinion mainly from quality of tissue from paraffin
blocks. In the years 2002-2004, when the paraffin
blocks were prepared, the standards of tissue fixation
in formalin (e.g.: formalin pH, time of fixation, pro-
cessing of tissue, quality of slides) in our laboratory
were suboptimal. We found uneven signal distribu-
tion in tumor tissue. This may be an important rea-
son for different outcomes of FISH and IHC results,
particularly since we worked only on limited diag-
nostic tissue material, mostly CB. Heterogeneity for
TOP2A may be an important factor for uneven dis-
tribution seen in the fluorescence microscope. On the
other hand, IHC results obtained in all 148 studied
cases were acceptable, though in the case of negative
results (0 according to our scoring system) the lack
of a proper control system makes it uncertain if some
cases are truly negative or just nondiagnostic.

In our study we found a similar frequency of
TOP2A amplifications in both HER2 negative and
HER?2 positive breast cancers, which challenges the
common opinion that TOP2A alteration is most-
ly restricted to HER2 positive tumors. On the oth-
er hand, we have only locally advanced cases in our
study group, which is overrepresented by histologi-
cally high grade tumors. This factor alone can influ-
ence the proportion of TOP2A positive and negative
cases {22, 23}.

In our study immunohistochemically evaluated
TOP2A status statistically significantly correlates
with DFS during 5-year follow-up in breast carcino-
ma stage III patients treated with anthracyclines-con-
taining chemotherapy. Also in all cases with high
amplification of the TOP2A gene there was 5-year
DFS. However, the small number of those cases in
the studied group makes this observation statistically
irrelevant. Inconclusive results on the role of TOP2A
in breast carcinoma biology and therapy are partially
due to numerous thresholds of positivity measured by
immunohistochemical analysis {16-18}.

Analyzing methodical data, we believe that FISH
should not be used in routine diagnostic circumstanc-
es, at least alone. In around 40% of cases the results
are below the quality that allows calculation of the
TOP2A/CEP17 ratio.

Our results suggest that TOP2A status may be
used as a predictive factor for patient selection for
protocols which include anthracyclines as one of the
chemotherapeutics. Both methods are suitable for
implementation for diagnostic purposes, but THC
status measured according to criteria presented in
Table IIT is the best predictor of DFS according to
our study. IHC also gave satisfactory results in all
analyzed cases in comparison to only 60% of cases
analyzed by FISH.

The authors declare no conflict of interest.
Financial support from KBN grant No. NN 404 235734.
Contract No. 2357/B/P01/2008/3.

References

1. Goldhirsch A, Ingle JN, Gelber RD, et al. Thresholds for ther-
apies: highlights of the St Gallen International Expert Consen-
sus on the primary therapy ofearly breast cancer 2009. Ann
Oncol 2009; 20: 1319-1329.

. Goldhirsch A, Wood WC, Coates AS, et al. Strategies for sub-
types — dealing with the diversity of breast cancer: highlights
of the St. Gallen International Expert Consensus on the Pri-
mary Therapy of Early Breast Cancer 2011. Ann Oncol 2011;
22:1736-1747.

.Hammond ME, Hayes DF, Wolff AC. Clinical Notice for
American Society of Clinical Oncology-College of Ameri-
can Pathologists guideline recommendations on ER/PgR and
HER? testing in breast cancer. J Natl Cancer Inst 2008; 100:
207-212.

4. Olszewski WP. Patomorfologiczna selekcja chorych do terapii
systemowej. Pol J Pathol 2009; 60 (Suplement 1): 28-33.

5.Engstrgm M]J, Opdahl S, Hagen Al et al. Molecular subtypes,
histopathological grade and survival in a historic cohort of
breast cancer patients. Breast Cancer Res Treat 2013; 140:
463-473.

6.van de Vijver MJ, He YD, van’t Veer L], et al. A gene-expres-
sion signature as a predictor of survival in breast cancer. N Engl
J Med 2002; 347: 1999-2009.

7.Perou CM, Sgrlie T, Eisen MB, et al. Molecular portraits of
human breast tumours. Nature 2000; 406: 747-752.

8.Coon JS, Marcus E, Gupta-Burt S, et al. Amplification and
overexpression of topoisomerase II alpha predict response to
anthracycline-based therapy in locally advanced breast cancer.
Clin Cancer Res 2002; 8: 1061-1067.

9.Desmedt C, Azambuja E, Larsimont D, et al. Predicting the
efficacy of anthracyclines in breast cancer (BC) patients: results
of the neoadjuvant TOP trial. J Clin Oncol 2009; 27 (Suppl
155): 523.

10. Harris LN, Broadwater G, Abu-Khalaf M et al., Topoisomerase
I1{alpha} amplification does not predict benefit from dose-in-
tense cyclophosphamide, doxorubicin, and fluorouracil thera-
py in HER2-amplified early breast cancer: results of CALGB
8541/150013. J Clin Oncol 2009; 27: 3430-3436.

11. Jacot W, Fiche M, Zaman K, et al. The HER2 amplicon in
breast cancer: Topoisomerase IIA and beyond. Biochim Bio-
phys Acta 2013; 1836: 146-157.

12.Park K, Kim J, Lim S, Han S. Topoisomerase II-alpha and
HER?2 amplification in breast cancers and response to preopet-
ative doxorubicin chemotherapy. Eur J Cancer 2003; 39: 631-
634.

13. Cardoso F, Durbecq V, Larsimont, et al. Correlation between
complete response to anthracycline-based chemotherapy and
topoisomerase II-alpha gene amplification and protein over-
expression in locally advanced/metastatic breast cancer. Int
J Oncol 2004; 24: 201-209.

14.Di Leo A, Isola J. Topoisomerase II alpha as a marker predict-
ing the efficacy of anthracyclines in breast cancer: are we at the
end of the beginning? Clin Breast Cancer 2003; 4: 179-186.

15. Jarvinen TA, Kononen J, Pelto-Huikko M, Isola J. Expression
of topoisomerase II alpha is associated with rapid cell prolifer-
ation, aneuploidy, and c-erbB2 overexpression in breast cancer.
Am ] Pathol 1996; 148: 2073-2082.

16. Knoop AS, Knudsen H, Balslev E, et al.; Danish Breast Cancer
Cooperative Group. Retrospective analysis of topoisomerase
IIa amplifications and deletions as predictive markers in pri-
mary breast cancer patients randomly assigned to cyclophos-

N

(o8

289



Wropzimierz T. Orszewskl, TADEUSZ PIENKOWSKI, WOJCIECH P. OLSZEWSKI, ET AL.

17.

18.

19.

20.

2

—_

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

phamide, methotrexate, and fluorouracil or cyclophosphamide,
epirubicin, and fluorouracil: Danish Breast Cancer Cooperative
Group. J Clin Oncol 2005; 23: 7483-7490.

Olsen KE, Knudsen E, Rasmussen BB, et al. Amplification of
HER2 and TOP2A and deletion of TOP2A genes in breast
cancer investigated by new FISH probes. Acta Oncol 2004;
43:35-42.

Mano SM, Rosa DD, De Azambuja E, et al. The 17q12-q21
amplicon: Her2 and topoisomerase-Ila and their importance
to the biology of solid tumours. Cancer Treat Rev 2007; 33:
64-77.

O’Malley FA, Chia S, Tu D, et al. Prognostic and predictive
value of topoisomerase II alpha in a randomized trial compar-
ing CMF to CEF in premenopausal women with node positive
breast cancer (NCIC CTG MA. 5). J Clin Oncol 2006; 24: 11s
(abstr. 533).

Di Leo A, Isola J, Piette F, et al. A meta-analysis of phase III
trials evaluating the predictive value of HER2 and topoisom-
erase II alpha in early breast cancer patients treated with CMF
or anthracycline-based adjuvant therapy. Cancer Res 2009; 69
suppl: 998.

. Arpino G, Ciocca DR, Weiss H, et al. Predictive value of apop-

tosis, proliferation, HER-2, and topoisomerase IIalpha for an-
thracycline chemotherapy inlocally advanced breast cancer.
Breast Cancer Res Treat 2005; 92: 69-75.

Durbecq V, Paesmans M, Cardoso E, et al. Topoisomerase-II
alpha expression as a predictive marker in a population of ad-
vanced breast cancer patients randomly treated either with sin-
gle-agent doxorubicin or single-agent docetaxel. Mol Cancer
Ther 2004; 3: 1207-1214.

Park K, Kim J, Lim S, Han S. Topoisomerase II-alpha (topoll)
and HER2 amplification in breast cancers and response to pre-
operative doxorubicin chemotherapy. Eur J Cancer 2003; 39:
631-634.

Burgess D, Doles J, Zender L, et al. Topoisomerase levels de-
termine chemotherapy response in vitro and in vivo. Proc Natl
Acad Sci U S A 2008; 105: 9053-9058.

Beser AR, Tuzlali S, Guzey D, et al. HER-2, TOP2A and
chromosome 17 alterations in breast cancer. Pathol Oncol Res
2007; 13: 180-185.

Paik S, Taniyama Y, Geyer C. Anthracyclines in the treatment
of HER2-negative breast cancer. J Natl Cancer Inst 2008; 100:
6-8.

Du Y, Zhou Q, Yin W, et al. The role of topoisomerase Ila
in predicting sensitivity to anthracyclines in breast cancer pa-
tients: a meta-analysis of published literatures. Breast Cancer
Res Treat 2011; 129: 839-848.

Chen S, Huang L, Liu Y, et al. The predictive and prognostic
significance of pre- and post-treatment topoisomerase Ilo in
anthracycline-based neoadjuvant chemotherapy for local ad-
vanced breast cancer. Eur J Surg Oncol 2013; 39: 619-626.
Fountzilas G, Christodoulou C, Bobos M, et al. Topoisomerase
II alpha gene amplification is a favorable prognostic factor in
patients with HER2-positive metastatic breast cancer treated
with trastuzumab. J Transl Med 2012; 10: 212.

Hajduk M, Olszewski WP, Smietana A. Evaluation of the pre-
dictive value of topoisomerase II a in patients with breast car-
cinoma. Pol J Pathol 2009; 60: 115-123.

Hajduk M. Topoisomerase II alpha — a fundamental prognostic
factor in breast carcinoma. Pol J Pathol 2009; 60: 67-75.
Fountzilas G, Dafni U, Bobos M, et al. Evaluation of the prog-
nostic role of centromere 17 gain and HER2/topoisomerase II
alpha gene status and protein expression in patients with breast
cancer treated with anthracycline-containing adjuvant chemo-
therapy: pooled analysis of two Hellenic Cooperative Oncology
Group (HeCOG) phase III trials. BMC Cancer 2013; 13: 163.
Zaczek A, Markiewicz A, Jaskiewicz J, et al. Clinical evalua-
tion of developed PCR-based method with hydrolysis probes

290

34.

35.

36.

for TOP2A copy number evaluation in breast cancer samples.
Clin Biochem 2010; 43: 891-898.

Zaczek AJ, Markiewicz A, Seroczynska B, et al. Prognostic
significance of TOP2A gene dosage in HER-2-negative breast
cancer. Oncologist 2012; 17: 1246-1255.

Zaczek A, Markiewicz A, Supernat A, et al. Prognostic value
of TOP2A gene amplification and chromosome 17 polysomy
in early breast cancer. Pathol Oncol Res 2012; 18: 885-894.
Zaczek A, Markiewicz A, Jaskiewicz J, et al. Clinical evalua-
tion of developed PCR-based method with hydrolysis probes
for TOP2A copy number evaluation in breast cancer samples.
Clin Biochem 2010; 43: 891-898.

37.Jacot W, Fiche M, Zaman K, et al. The HER2 amplicon in

38.

39.

40.

41.

breast cancer: Topoisomerase IIA and beyond. Biochim Bio-
phys Acta 2013; 1836: 146-157.

Bofin AM, Ytterhus B, Hagmar BM. TOP2A and HER-2
gene amplification in fine needle aspirates from breast carcino-
mas. Cytopathology 2003; 14: 314-319.

Romero A, Martin M, Cheang MC, et al. Assessment of to-
poisomerase II o status in breast cancer by quantitative PCR,
gene expression microarrays,immunohistochemistry, and fluores-
cence in situ hybridization. Am J Pathol 2011; 178: 1453-1460.
Sparano JA, Goldstein L], Davidson NE, et al. TOP2A RNA
expression and recurrence in estrogen receptor-positive breast
cancer. Breast Cancer Res Treat 2012; 134: 751-757.

Varga Z, Moelans CB, Zuerrer-Hardi U, et al. Topoisomerase
2A gene amplification in breast cancer. Critical evaluation of
different FISH probes. Breast Cancer Res Treat 2012; 133:
929-935.

Address for correspondence

Wojciech P. Olszewski, MD, PhD
Department of Pathology

Maria Sklodowska-Curie Cancer Center
Roentgena 5

02-

781 Warsaw, Poland

e-mail: wppo(@o2.pl



