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TOP2A is an independent prognostic factor in patients
with operable invasive breast cancer: a large-scale study
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Abstract: Purpose: The clinical role of TOP2A as a prognostic indicator for breast cancer has not been well exam-
ined. The aims of this study were to detect expression of the topoisomerase 2A (TOP2A) protein, to investigate the
relationship between TOP2A andhuman epidermal growth factor receptor-2 (HER2) status or hormone receptor (HR)
expression, and to further explorethe prognostic ability of TOP2A in resectable invasive breast cancer. Methods:
Using an immunohistochemistry approach, TOP2A protein expression was assessed in 364 patients with invasive
breast cancer stages I-lll. Correlation between TOP2A and clinical and pathologic findings was evaluated by the X2
test or Fisher exact test. The Kaplan-Meier method and multivariate Cox regression analysiswere used for survival
analysis. Results: A total of 292 breast cancer patients were classified as overexpressing TOP2A. TOP2A overexpres-
sion was related to tumor grade (G3 vs. G2 vs. G1; P = 0.004) but showed no significant correlations with ER, PR, or
HER-2 expression. Patients with high expression of TOP2A had a longer overall survival (OS) compared with patients
with low TOP2A expression in both univariate and multivariate analyses. Conclusions: Our study showed a significant
favorable predictive and prognostic effect of TOP2A protein overexpression in patients withoperable invasive breast
cancer. Further prospective studies to validate the prognostic value of the TOP2A protein are urgently needed.
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Introduction

Breast cancer, the most frequently occurring
cancer among women and the second most
common cancer, is the fifth leading cause of
cancer-related death worldwide [1, 2]. It is also
the most frequent cause of cancer-related de-
ath in women in undeveloped regions such as
Eastern Asia [1, 2]. Breast mastectomy repre-
sents one of the standard treatments for early
disease [3], and the 21-gene Oncotype Dx test
has been demonstrated in various clinical stud-
ies as an effective model that can predict prog-
nosis and identify patients who can benefit
from chemotherapy [4, 5]. Although 21-gene
Oncotype Dx has a certain predictive value,
identifying more specific tumor markers that
could act as prognostic factors for patients
receiving radical surgery is crucial for individu-
alized treatment.

The topoisomerase Il (TOP2A) gene, located on
17921.2, is an essential DNA topoisomerase
involved in the movement and untangling of
DNA. Because of its involvement in cell division,
TOP2A is widely considered to bea direct molec-
ular target of topoisomerase inhibitors [6, 7]
and chemotherapy based on anthracycline,
which is considered fundamental to adjuvant
chemotherapy after radical mastectomy [8].

The prognostic role of TOP2A overexpression
has been investigated in various cancer types,
including hepatocellular [9] and small cell lung
[10] cancer. However, only a few studies with
small sample sizes have investigated the prog-
nostic properties of the TOP2A protein in
resectable invasive breast cancer [11], with
most of these studies reporting limited value
for TOP2A as a prognostic marker [11, 12]. For
instance, Qiao et al. [11, 12] found no prognos-
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Table 1. Correlation between TOP2A expression and clinicopathologi- cancer. Other studies have

cal characteristics

reported contradictory con-

All (number Low TOP2A High TOP2A

clusions [13, 14]. Therefo-

Characteristics of patients) expression expression | '2U¢ re, the prognostic value
Age of TOP2A expression in re-
< 55 years old 259 57 202 0.094 sectable invasive breast ca-
ncer remains controversi-
> 55 years old 105 15 90 .
) al. This prompted us to ap-
Pathological type ply immunohistochemistry
Other types 37 9 28 0.464 (IHC) to evaluate the pro
Invasive ductal carcinoma 327 63 264 gnostic capacity of TOP2A
Histological grade expression at a large scale
Grade 1 29 11 18 0.004 and in a well-defined cohort
Grade 2 211 38 173 of breast cancer patients.
Grade 3 71 7 64 .
. : Patients and methods
Venous/lymphatic invasion
No 278 60 218 0.154 Patients and treatments
Yes 83 12 71
Size of the primary tumor The study group included
T1 162 34 128 0.618 364 stage I-lll breast ca-
T2-4 196 37 159 ncer patientsat Zhejiang
Lymph node metastasis Cancer Hospital between
NO 162 38 156 0.945 2006 and 2010 (Table 1).
vo 3w s
Clinical stage P y surgery, el g
36 breast-conserving sur-
! 107 21 86 0.877 geries and 328 modified
I 178 34 144 radical operations. The pa-
I 73 16 57 tients did not receive any
Hormone therapy preoperative therapy. Am-
No 240 42 198 0.129 ong the patients, 245 indi-
Yes 124 30 94 viduals received postoper-
Adjuvant radiotherapy ative chemotherapy based
No 212 38 174 0.294 on anthra-Cycline. inC!U.ding
Yes 152 34 118 fluolrouhra0|lh+ gzwu(;ammt +
Adjuvant chemotherapy cyclop .OSp. a.ml &, doceta-
N 93 15 78 0.999 xel + epirubicin + cyclophos-
0 ) phamide, docetaxel + epi-
Yes 270 57 213 rubicin, epirubicin + cyclo-
ER phosphamide, epirubicin +
Negative 131 22 109 0.284 cyclophosphamide follow
Positive 233 50 183 docetaxel and doxorubicin
PR + cyclophosphamide and
Negative 154 28 126 0.512 so on. Another 34 patients
Positive 210 44 166 received non-anthracycli-
HER-2 ne-based regimens. Those
Negative 277 65 212 0.074 patients accepting breast-
" conserving surgery with a
Positive 87 7 80

tumor diameter greater th-

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; TOP2A, topoisom-
erase 2A; HER2, human epidermal growth factor receptor-2. Bold values indicate

statistical significance (P < 0.05).

ticvalue of changes in expression of either the
TOP2A gene or protein in 256 cases of breast
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an 5 cm or with lymph node
metastasis received radio-
therapy. Endocrine therapy
was administered to patie-
nts who had hormone receptor-positive tumors.
Two pathologists independently reviewed the
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Figure 1. Immunohistochemical staining of the TOP2A protein in human breast carcinoma tissue. Positive expres-
sion (original magnification, x200) (A) and negative expression (original magnification, x200) (B).

histological subtypes according to the 7th Am-
erican Joint of Cancer Committee (AJCC) sys-
tem [15] without any knowledge of the patient
clinical data. All patients signed informed con-
sent forms before being enrolled in this study.
Our study was approved by the Ethics Com-
mittee of Zhejiang Cancer Hospital.

Immunohistochemical staining

Expression of TOP2A, human epidermal growth
factor receptor 2 (HER-2), estrogen receptor
(ER) and progesterone receptor (PR) was
detected by IHC performed using a standard
avidin-biotin peroxidase technique (UltraView
DAB Detection Kit, Ventana, Germany). Paraffin
sections of 4-um thickness were prepared and
fixed in 10% formalin. The paraffin-embedded
tumor tissues were incubated with primary
antibodies, as follows: rabbit monoclonal anti-
ER/PR antibodies, anti-Topoisomerase lla
(JS5B4) antibodies and anti-HER-2/neu anti-
bodies. All primary antibodies applied at work-
ing concentration, were added for 34 min at
room temperature using the VENTANA platform
(Roche, Mannheim, Germany). All slides were
washed before incubation with a secondary
antibody, followed by detection using an
UltraView DAB Detection Kit (Roche, Mannheim,
Germany).
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Evaluation of immunostaining

For TOP2A expression, the percentage score
was recorded from O to 4 according to the
extent of nuclear-stained tumor cells (0 < 1%, 1
=1-10%, 2 = 11-25%, 3 = 26-50% and 4 > 51%.
The intensity score was graded from O to 3 (O =
negative; 1 = weak staining; 2 = moderate sta-
ining; 3 = strong staining). Finally, TOP2A ex-
pression was scored semi-quantitatively ac-
cording to the 0-3+ score (0 = O+; 1~4 = 1+;
5~8 = 2+; 9~12 = 3+), which was calculated by
multiplying the scores for positive cells and
staining intensity. For statistical analysis, sco-
res of > 1+ and O were considered as positive
and negative expression, respectively. HER-2
was scored from O to 3+ [5, 16]. In addition, ER
and PR positive staining was defined as stain-
ing in >1% of tumor cells. Two experienced
pathologists, blinded to the clinical informa-
tion, evaluated the results independently.

Statistical and survival analyses

Correlations between TOP2A, ER, PR, HER-2,
and clinicopathological characteristics were
assessed using the X? testor Fisher’s exact te-
st (two-sided). The primary endpoints for this
study were disease-free survival (DFS) and
overall survival (OS). DFS was defined as the

Int J Clin Exp Pathol 2017;10(3):3344-3352
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Table 2. Univariate analysis of factors that influence disease-
free survival and overall survival in 364 invasive breast cancer

patients
Factors Patients (n)in P value of P value of
analysis DFS 0s

Age
< b5 years old 259 0.641 0.505
> 55 years old 105

Pathological type
Other types 37 0.790 0.213
Invasive ductal carcinoma 327

Histological grade
Grade 1 25 0.282 0.650
Grade 2 156
Grade 3 23

Venous/lymphatic invasion
No 278 0.120 0.132
Yes 83

Size of the primary tumor
T1 162 0.004 0.047
T2-4 196

Lymph node metastasis
NO 194 0.009 0.033
N1-3 166

Clinical stage
| 107 <0.001 <0.001
Il 178
1 73

Hormone therapy
No 240 0.269 0.019
Yes 124

Adjuvant radiotherapy
No 212 0.359 0.937
Yes 152

Adjuvant chemotherapy
No 93 0.804 0.785
Yes 270

ER expression
Negative 131 0.187 0.214
Positive 233

PR expression
Negative 154 0.037 0.004
Positive 210

HER expression
Negative 277 0.543 0.279
Positive 87

TOP2A expression
Negative 72 0.839 0.032
Positive 292

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; TOP2A, topoi-

somerase 2A; HER2, human epidermal growth factor receptor-2; PFS, disease-free
survival; OS overall survival. Bold values indicate statistical significance (P < 0.05).
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time from the date of surgery
to the first documentation of
relapse or death. OS was de-
fined as the time from the date
of surgery to death. Univariate
analysis was performed using
the Kaplan-Meier method and
log-rank tests to evaluate pro-
gnostic differences between
groups. Multivariate analysis
using the Cox hazards model
was implemented to identify
factors of independent signifi-
cance. For all analyses, a P
value < 0.05 was considered
significant by two-sided tests.
All statistical analyses were
performed using SPSS 18.0
software (IBM SPSS Inc.,
Chicago, IL, USA).

Results
Patient characteristics

Table 1 presents the main clini-
copathological characteristics
of the patients. The mean age
of the patients was 50 years
(ranging from 27 to 83 years).
The last follow-up evaluation
was December 30, 2015, with
a median follow-up of 58 mo-
nths (1.8-111.0 months). Thi-
rty-seven patients (10.2%) de-
veloped tumor recurrence, and
16 of those patients (4.4%)
died. There were 364 females
enrolled in this study. Most of
the patients were diagnosed
with invasive ductal carcinoma.
Among all patients, 29 (8.0%)
had histological grade 1, 211
(58.0%) histological grade 2,
and 71 (19.5%) histological
grade 3. One hundred and six-
ty-two patients (44.5%) were
at pathologic stage T1, 135
(45.9%) at pathologic stage T2,
21 (5.8%) at pathologic stage
T3, and 8 (2.2%) at patholo-
gic stage T4. In addition, 194
(53.3%) were at pathologic st-
age NO, 104 patients (28.6%)
at pathologic stage N1, 34
(9.3%) at pathologic stage N2,

Int J Clin Exp Pathol 2017;10(3):3344-3352
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therapy due to economic rea-
sons, with only 12 HER-2 po-
sitive patients receivingthis
therapy.

. High expression-
censore

Survival analysis

Using the log-rank test and
Kaplan-Meier method, pati-
ents with high TOP2A expres-
sion had longer OS (P = 0.032)
compared with patients with
low TOP2A expression (Table
2 and Figure 2). However, no
significant difference was fo-
und for DFS according to
TOP2A expression. Survival
benefits for DFS and OS were

T T T I
40.00 60.00 80.00 100.00

Overall survival (months)

T T
0.00 20.00

Figure 2. Kaplan-Meier plot for overall survival (OS) according to the level of

TOP2A expression.

and 28 (7.7%) at pathologic stage N3. Moreover,
107 (7.5%), 178 (40.4%), and 73 (52.2%) pati-
ents were categorized as stages |, Il, and lll,
respectively. Unfortunately, the TNM stage and
histological grade were unavailable for some of
the patients.

TOP2A expression and clinicopathological
characteristics

Correlations between clinicopathological char-
acteristics and TOP2A expression were investi-
gated. A total of 292 patients were classified as
overexpressing TOP2A (Figure 1), and TOP2A
overexpression was related to tumor grade (G3
vs. G2 vs. G1; P = 0.004). However, there were
no significant differences between the level of
TOP2A expression and other clinicopathologi-
cal features such as age, depth of invasion,
lymph node metastasis, venous/lymphatic in-
vasion, clinical stage, or adjuvant chemothera-
py. Additionally, TOP2A expression showed no
significant correlations with HER-2, ER, or PR
expression. Table 1 presents correlations bet-
ween TOP2A expression and clinicopathologi-
cal features. In total, 193 patients (66.7%) with
high TOP2A expression received anthracycline-
based chemotherapy; 53 patients (73.6%) with
low TOP2A expression received anthracycline-
based chemotherapy (P = 0.203). Most HER-2
positive patients refused trastuzumab targeted
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T
120.00

also apparent in those with
significant depth of invasion
(P =10.004 and 0.047, respec-
tively), lymphatic metastasis
(P=0.009 and 0.033, respec-
tively), clinical stages (both P
< 0.001), and PR expression (P = 0.037 and
0.004) (Table 2). In addition, hormone therapy
was correlated with breast cancer DFS (P =
0.032) (Table 2).

Cox analysis was performed toassess the
impact of the variables on survival. The Cox pro-
portional hazard model confirmed that TOP2A
expression (HR = 0.19, 95% CI 0.06-0.69, P =
0.011), PR expression (HR = 0.13, 95% CI 0.03-
0.61, P = 0.010), and adjuvant radiotherapy
(HR =0.23, 95% CI 0.06-0.99, P = 0.050) were
independent prognostic factors of favorable OS
in breast cancer. In contrast, clinical stage was
an independent unfavorable factor for both
DFS and OS (P < 0.001 and 0.004, respective-
ly) (Table 3).

Discussion

TOP2A expression and its involvement inpro-
moting the initiation and progression of cancer
havebeen widely studied. However, its value in
the prognosis of operable invasive breast can-
cer patients remains under debate. A signifi-
cant association between high TOP2A expres-
sion and poor prognosis [17, 18] as well as
suggestions of an association between high
TOP2A mRNA expression and poor prognosis
[19-21] have been reported, where as other
studies [22, 23], including the present study,

Int J Clin Exp Pathol 2017;10(3):3344-3352



TOP2A and prognosis of breast cancer

Table 3. Multivariate analysis of disease-free survival and overall survival in invasive breast cancer

Disease-free survival

Overall survival

Variables - -
Hazard ratio 95% ClI P value Hazard ratio 95% ClI P value

Clinical stage

| Reference 0.004 Reference <0.001

I 0.52 0.09-3.05 0.468 2.64 0.23-30.61 0.438

1 1.90 0.34-10.60 0.464 32.99 3.78-287.45 0.002
Hormone therapy

No Reference

Yes 0.17 0.02-1.69 0.132
Size of the primary tumor

T1 Reference

T2-4 3.71 0.88-15.69 0.075
Adjuvant radiotherapy

No Reference

Yes 0.23 0.06-0.99 0.050
PR expression

Negative Reference Reference

Positive 0.07 0.51-0.25 0.065 0.13 0.03-0.61 0.010
TOP2A expression

Negative Reference

Positive 0.19 0.05-0.69 0.011

Abbreviations: PR, progesterone receptor; TOP2A, topoisomerase 2A. Bold values indicate statistical significance (P < 0.05).

found opposite results. The main reasons for
the discordant results are as follows: (1) small
sample sizes; (2) differences in clinical stage
and pathologic type; (3) differences in the
methods used to assess TOP2A; (4) patientse-
lection bias.

TOP2A may also prospectively serve as a pre-
dictive biomarker of beneficial effects of an-
thracycline treatment of breast cancer [22, 24].
The long-term follow-up results of the BCIRGO-
06 Study [24] revealed that breast cancer
patients with HER2 and TOP2A gene co-amplifi-
cationexhibit greater benefit from an anthracy-
cline-based regimen than from trastuzumab
treatment. However, the results for TOP2A gene
status/protein expression detected by FISH,
gPCR or IHC are inconsistent [21, 23]. TOP2A
protein expression, rather than gene amplifica-
tion, has been shown to account for a greater
proportion ofthe beneficial properties of adju-
vant anthracycline-based therapy in breast
cancer [25, 26]. Thereare several explanations
for this. One reason concerns variations in
mMRNA splicing that consequently generate dif-
ferent TOP2A protein isomers with varying
activity and subcellular localization. Second,
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TOP2A protein expression is strongly influenced
by multiple factors [27], including the cellular
proliferative rateand protein phosphorylation.
Overall, the TOP2A gene status cannot predict
protein expression. Therefore, in this study, we
examined TOP2A protein expression by IHC.

We explored the level of TOP2A expression
using IHC and its associations with clinicopath-
ological variables and survival. Previous stud-
ies [11, 14, 20, 26] have shown that TOP2A
expression correlates with ER, HER-2, Ki-67
positivity rates and nodal status, which is
inconsistent with our study. Notably, in this
study, TOP2A protein overexpression was sig-
nificantly associated with alower degree of
differentiation.

Interestingly, TOP2A overexpression served as
an independent favorable predictor for OS but
not for DFS in our study.In addition, HER and ER
expression failed to demonstrate statistically
significant predictive ability in our survival anal-
ysis. The currentstudy, which to the best of our
knowledge is the largest study to date, further
confirmed that TOP2A protein expression deter-
mined by IHC is a favorable prognostic predic-
tor for invasive breast cancer. The observed

Int J Clin Exp Pathol 2017;10(3):3344-3352
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prolongation of OS may be because patients
with  TOP2A protein overexpression experi-
encegreater benefit from anthracycline-based
therapy.

In the NEAT/BRO601 trial, Bartlett et al. [22]
investigated prospective predictive biomarkers
for patients who would benefit from anthracy-
cline. TOP2A amplification and deletion in 1762
breast patients were analyzedusing tissue
microarrays. The results indicated that TOP2A
amplification is a favorable prognostic marker,
whereas TOP2A deletion is an adverse prog-
nostic marker. TOP2A amplification was associ-
ated with increased TOP2A protein expression,
but its deletion decreased protein expression
in vitro [28]. Our results, as detected using a
more convenient and economical assay, are
highly consistent with those of Bartlett et al.
[22]. However, opposite results were observed
by Engstrom et al. [29], whereby TOP2A amplifi-
cation patients experienced poor survival out-
comescompared to TOP2A deletion patients.

TOP2A gene amplification occurs in more than
30% of tumors with concomitant HER2 gene
amplification, even though deletions are also
frequently detected [30]. A previous study [23]
revealed a favorable prognostic capacity of
HER2/TOP2A co-amplification in high-risk, ear-
ly-stage breast cancerpatients treated with
anthracycline-based adjuvant chemotherapy.
However, we found no connection between
HER2 and TOP2A protein expression. One pos-
sible explanation for this difference could be
the inconsistency in TOP2A gene application
and protein expression.

In summary, our study is the largest one to
detect the prognostic utility of TOP2A in resect-
able invasive breast cancer based on IHC.
TOP2A protein expression can serve as a Sig-
nificant prognostic factor in patients with inva-
sive breast cancer. The main limitation in this
study is that it wasa single-hospital, retrospec-
tive research study. Thus, further multicenter
and prospective studies are necessary to vali-
date the prognostic role of TOP2A. Moreover,
alternative chemotherapeutic regimens and/or
novel topoisomerase inhibitors need to be
investigated.

Acknowledgements

This study was supported by the Medical
Science and Technology Project of Zhejiang
Province (No. 2015KYB054-01).

3350

Disclosure of conflict of interest
None.

Address correspondence to: De-Hong Zou, Depart-
ment of Breast Surgery, Zhejiang Cancer Hospital,
Hangzhou 310022, Zhejiang Province, China. Tel:
+86-571-88122421; Fax: +86-571-88122413;
E-mail: zoudehong1218@163.com

References

[1] Ferlay J SI, Ervik M, Dikshit R, Eser S, Mathers
C, Rebelo M, Parkin DM, Forman D, Bray F.
GLOBOCAN 2012 v1.0, Cancer Incidence and
Mortality Worldwide: IARC CancerBase No. 11
[Internet].

[2] Ferlay J, Soerjomataram |, Dikshit R, Eser S,
Mathers C, Rebelo M, Parkin DM, Forman D
and Bray F. Cancer incidence and mortality
worldwide: sources, methods and major pat-
terns in GLOBOCAN 2012. Int J Cancer 2015;
136: E359-386.

[3] van Dongen JA, Voogd AC, Fentiman IS, Le-
grand C, Sylvester RJ, Tong D, van der Schueren
E, Helle PA, van Zijl K and Bartelink H. Long-
term results of a randomized trial comparing
breast-conserving therapy with mastectomy:
European Organization for Research and Treat-
ment of Cancer 10801 trial. J Natl Cancer Inst
2000; 92: 1143-1150.

[4] Paik S, Tang G, Shak S, Kim C, Baker J, Kim W,
Cronin M, Baehner FL, Watson D, Bryant J,
Costantino JP, Geyer CE Jr, Wickerham DL, Wol-
mark N. Gene expression and benefit of che-
motherapy in women with node-negative, es-
trogen receptor-positive breast cancer. J Clin
Oncol 2006; 24: 3726-3734.

[5] Wolf I, Ben-Baruch N, Shapira-Frommer R, Ri-
zel S, Goldberg H, Yaal-Hahoshen N, Klein B,
Geffen DB and Kaufman B. Association be-
tween standard clinical and pathologic charac-
teristics and the 21-gene recurrence score in
breast cancer patients: a population-based
study. Cancer 2008; 112: 731-736.

[6] Kaplan E and Gunduz U. Expression analysis of
TOP2A, MSH2 and MLH1 genes in MCF7 cells
at different levels of etoposide resistance.
Biomed Pharmacother 2012; 66: 29-35.

[7] Pritchard KI, Messersmith H, Elavathil L,
Trudeau M, O’Malley F and Dhesy-Thind B.
HER-2 and topoisomerase |l as predictors of
response to chemotherapy. J Clin Oncol 2008;
26: 736-744.

[8] Di Leo A, Desmedt C, Bartlett JM, Piette F,
Ejlertsen B, Pritchard KI, Larsimont D, Poole C,
Isola J, Earl H, Mouridsen H, O’'Malley FP, Car-
doso F, Tanner M, Munro A, Twelves CJ, Sotiri-
ou C, Shepherd L, Cameron D, Piccart MJ,
Buyse M; Group HTAM-aS. HER2 and TOP2A as

Int J Clin Exp Pathol 2017;10(3):3344-3352


mailto:zoudehong1218@163.com

)

(10]

(11]

[12]

(13]

(14]

[17]

TOP2A and prognosis of breast cancer

predictive markers for anthracycline-contain-
ing chemotherapy regimens as adjuvant treat-
ment of breast cancer: a meta-analysis of indi-
vidual patient data. Lancet Oncol 2011; 12:
1134-1142.

Wong N, Yeo W, Wong WL, Wong NL, Chan KY,
Mo FK, Koh J, Chan SL, Chan AT, Lai PB, Ching
AK, Tong JH, Ng HK, Johnson PJ and To KF. TO-
P2A overexpression in hepatocellular carcino-
ma correlates with early age onset, shorter
patients survival and chemoresistance. Int J
Cancer 2009; 124: 644-652.

Mirski SE, Sparks KE, Yu Q, Lang AJ, Jain N,
Campling BG and Cole SP. A truncated cyto-
plasmic topoisomerase llalpha in a drug-resis-
tant lung cancer cell line is encoded by a TO-
P2A allele with a partial deletion of exon 34.
Int J Cancer 2000; 85: 534-539.

Qiao JH, Jiao DC, Lu ZD, Yang S and Liu ZZ.
Clinical significance of topoisomerase 2A ex-
pression and gene change in operable inva-
sive breast cancer. Tumour Biol 2015; 36:
6833-6838.

He J, Wang H, Ma F, Feng F, Lin C and Qian H.
Prognosis of lymph node-negative breast can-
cer: Association with clinicopathological fac-
tors and tumor associated gene expression.
Oncol Lett 2014; 8: 1717-1724.

Sparano JA, Goldstein LJ, Davidson NE, Sledge
GW Jr and Gray R. TOP2A RNA expression and
recurrence in estrogen receptor-positive breast
cancer. Breast Cancer Res Treat 2012; 134:
751-757.

Zaczek AJ, Markiewicz A, Seroczynska B,
Skokowski J, Jaskiewicz J, Pienkowski T, Olsze-
wski WP, Szade J, Rhone P, Welnicka-Jaskie-
wicz M and Jassem J. Prognostic significance
of TOP2A gene dosage in HER-2-negative
breast cancer. Oncologist 2012; 17: 1246-
1255.

Sobin LH, Gospodarowicz MK, Wittekind C.
TNM classification of malignant tumours. 7th
edition. 455 p 2010.

Schiffer 1B, Gebhard S, Heimerdinger CK, He-
ling A, Hast J, Wollscheid U, Seliger B, Tanner
B, Gilbert S, Beckers T, Baasner S, Brenner W,
Spangenberg C, Prawitt D, Trost T, Schreiber
WG, Zabel B, Thelen M, Lehr HA, Oesch F and
Hengstler JG. Switching off HER-2/neu in a
tetracycline-controlled mouse tumor model
leads to apoptosis and tumor-size-dependent
remission. Cancer Res 2003; 63: 7221-7231.
Fritz P, Cabrera CM, Dippon J, Gerteis A, Simon
W, Aulitzky WE and van der Kuip H. c-erbB2
and topoisomerase llalpha protein expression
independently predict poor survival in primary
human breast cancer: a retrospective study.
Breast Cancer Res 2005; 7: R374-384.

3351

(18]

[20]

[21]

[22]

(23]

(24]

[25]

Depowski PL, Rosenthal SI, Brien TP, Stylos S,
Johnson RL and Ross JS. Topoisomerase llal-
pha expression in breast cancer: correlation
with outcome variables. Mod Pathol 2000; 13:
542-547.

Sparano JA, Goldstein LJ, Childs BH, Shak S,
Brassard D, Badve S, Baehner FL, Bugarini R,
Rowley S, Perez E, Shulman LN, Martino S, Da-
vidson NE, Sledge GW Jr and Gray R. Relation-
ship between topoisomerase 2A RNA expres-
sion and recurrence after adjuvant chemo-
therapy for breast cancer. Clin Cancer Res
2009; 15: 7693-7700.

Rody A, Karn T, Ruckhaberle E, Muller V, Geh-
rmann M, Solbach C, Ahr A, Gatje R, Holtrich U
and Kaufmann M. Gene expression of topoi-
somerase |l alpha (TOP2A) by microarray anal-
ysis is highly prognostic in estrogen receptor
(ER) positive breast cancer. Breast Cancer Res
Treat 2009; 113: 457-466.

Brase JC, Schmidt M, Fischbach T, Sultmann
H, Bojar H, Koelbl H, Hellwig B, Rahnenfuhrer
J, Hengstler JG and Gehrmann MC. ERBB2 and
TOP2A in breast cancer: a comprehensive
analysis of gene amplification, RNA levels, and
protein expression and their influence on prog-
nosis and prediction. Clin Cancer Res 2010;
16: 2391-2401.

Bartlett JM, Munro AF, Dunn JA, McConkey C,
Jordan S, Twelves CJ, Cameron DA, Thomas J,
Campbell FM, Rea DW, Provenzano E, Caldas
C, Pharoah P, Hiller L, Earl H and Poole CJ. Pre-
dictive markers of anthracycline benefit: a pro-
spectively planned analysis of the UK national
epirubicin adjuvant trial (NEAT/BR9601). Lan-
cet Oncol 2010; 11: 266-274.

Fountzilas G, Valavanis C, Kotoula V, Elefthera-
ki AG, Kalogeras KT, Tzaida O, Batistatou A,
Kronenwett R, Wirtz RM, Bobos M, Timothead-
ou E, Soupos N, Pentheroudakis G, Gogas H,
Vlachodimitropoulos D, Polychronidou G, Ara-
vantinos G, Koutras A, Christodoulou C, Pecta-
sides D and Arapantoni P. HER2 and TOP2A in
high-risk early breast cancer patients treated
with adjuvant epirubicin-based dose-dense se-
quential chemotherapy. J Transl Med 2012;
10: 10.

Slamon D, Eiermann W, Robert N, Pienkowski
T, Martin M, Press M, Mackey J, Glaspy J, Chan
A, Pawlicki M, Pinter T, Valero V, Liu MC, Sauter
G, von Minckwitz G, Visco F, Bee V, Buyse M,
Bendahmane B, Tabah-Fisch |, Lindsay MA,
Riva A, Crown J; Breast Cancer International
Research G. Adjuvant trastuzumab in HER2-
positive breast cancer. N Engl J Med 2011;
365: 1273-1283.

Schindlbeck C, Mayr D, Olivier C, Rack B, En-
gelstaedter V, Jueckstock J, Jenderek C, Ander-
gassen U, Jeschke U and Friese K. Topoisomer-

Int J Clin Exp Pathol 2017;10(3):3344-3352



[26]

[27]

3352

TOP2A and prognosis of breast cancer

ase llalpha expression rather than gene
amplification predicts responsiveness of adju-
vant anthracycline-based chemotherapy in
women with primary breast cancer. J Cancer
Res Clin Oncol 2010; 136: 1029-1037.
Nikolenyi A, Sukosd F, Kaizer L, Csorgo E, Voros
A, Uhercsak G, Ormandi K, Lazar G, Thurzo L,
Brodowicz T and Kahan Z. Tumor topoisomer-
ase |l alpha status and response to anthracy-
cline-based neoadjuvant chemotherapy in
breast cancer. Oncology 2011; 80: 269-277.
Mueller RE, Parkes RK, Andrulis | and O’Malley
FP. Amplification of the TOP2A gene does not
predict high levels of topoisomerase Il alpha
protein in human breast tumor samples.
Genes Chromosomes Cancer 2004; 39: 288-
297.

[28] Jarvinen TA, Tanner M, Rantanen V, Barlund M,

[29]

[30]

Borg A, Grenman S and Isola J. Amplification
and deletion of topoisomerase llalpha associ-
ate with ErbB-2 amplification and affect sensi-
tivity to topoisomerase Il inhibitor doxorubicin
in breast cancer. Am J Pathol 2000; 156: 839-
847.

Engstrom MJ, Ytterhus B, Vatten LJ, Opdahl S
and Bofin AM. TOP2A gene copy number
change in breast cancer. J Clin Pathol 2014;
67: 420-425.

Hicks DG and Tubbs RR. Assessment of the
HER?2 status in breast cancer by fluorescence
in situ hybridization: a technical review with in-
terpretive guidelines. Hum Pathol 2005; 36:
250-261.

Int J Clin Exp Pathol 2017;10(3):3344-3352



