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Abstract Anthracycline is a DNA topoisomerase 2-a
(TOP2A) inhibitor and its concomitant over expression with

Human Epidermal Growth Factor Receptor 2 (HER2) was

investigated of being predictive for the response to anthra-

cycline-based chemotherapies in breast cancer. 309 early and

local advanced breast cancer patients were treated with

anthracycline-based neoadjuvant chemotherapies in intense

dose dense (IDD) (CE, Cyclophosphamide ? Epirubicin) or

conventional (TE, Paclitaxel ? Epirubicin) regimens. HER2

proteins were qualitatively analyzed by immunohistochem-

istry (IHC) of primary tumor core biopsies, and TOP2A gene

amplification levels of HER2 over-expressing cases were

quantified by quantitative real-time polymerase chain reac-

tion (qRT-PCR). Overall pathological complete response rate

(pCR) was achieved in 14.3 %. HER2 was over expressed in

80/309 (25.9 %) cases, of which 61/80 cases have been tested

for their TOP2A status. Over expression of HER2 was sig-

nificantly positively correlated with higher pCR rates com-

pared to low HER2 expression (27.5 % vs. 9.6 %,

P \ 0.001). Concurrent high TOP2A amplification led to a

significantly higher pCR rate compared to low or no TOP2A

amplification (56.3 % vs. 13.8 %, P = 0.001). HER2 over

expression was associated with a significantly higher pCR

rate only when TOP2A was also amplified (56.3 % vs. 9.6 %,

P \ 0.001), but not when it was deleted or normal (13.8 %

vs. 9.6 %, P = 0.183) compared to HER2 low-expressing

tumors. The interaction between HER2 or TOP2A and

anthracycline-based regimen was observed in IDD and con-

ventional neoadjuvant chemotherapies. The TOP2A amplifi-

cation is related to anthracycline-based neoadjuvant

chemotherapy sensitivity, and TOP2A should be included in

future studies in breast cancer as a predictive marker.
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Introduction

During the past decade, a large number of studies have

shown that HER2-positive breast cancers may be more

sensitive to an anthracycline-based chemotherapy, com-

pared to non-anthracycline agents [1–5] and a compre-

hensive meta-analysis based on published studies has

indicated that the benefit of anthracycline-based adjuvant

therapies is largely restricted to the HER2-positive sub-

group of human breast cancers [6]. However, recent clin-

ical studies showed that the predictive value of

anthracycline efficacy in HER2-positive breast cancers

may be related to TOP2A co-expression and clinical

studies about adjuvant chemotherapy revealed that TOP2A

amplification is only occurring simultaneously with HER2

over expression which might play a role in predicting the

efficacy of anthracycline-based regimens [7–12]. The

TOP2A protein, encoded by the TOP2A gene, is a key

enzyme of DNA replication, cell-cycle progression, as well

as chromosome segregation and a target of anthracycline

[13]. However, the opinions are inconclusive concerning

the predictive role of the TOP2A status due to a lack of

measurements in primary tumors so far [14–17] and most

of the studies were performed in either the metastatic or

adjuvant settings. Therefore, we analyzed the efficacy and
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prognostic factors in patients treated with 2 anthracycline-

based neoadjuvant chemotherapy regimens and designed

pCR as a direct measure of neoadjuvant chemosensitivity.

We hypothesized that an association between the sensi-

tivity to anthracyclines and HER2 expression is mainly

derived from the chromosomal co-amplification of the

TOP2A gene [18, 19]. Preliminary results showed that

HER2 over expression was significantly related to the

efficacy of anthracycline-based neoadjuvant chemothera-

pies and the correlation between HER2 over expression

and TOP2A gene amplification in respect to treatment

sensitivity was further analyzed.

Methods

Patients

Clinical data were collected from 309 eligible patients who

received neoadjuvant chemotherapy in our hospital from

2003 to 2008 in this study. The 309 patients in this trial

were randomly distributed into a CE and TE group (1:2)

and treated concurrently. All patients received either four

cycles neoadjuvant chemotherapy of cyclophosphamide

(600 mg/m2, q14d) and epirubicin (80 mg/m2, q14d) on

day 1 followed by postoperative four cycles paclitaxel

(175 mg/m2, q14d) on day 1 (CE regimen) or four cycles

TE regimen of epirubicin (75 mg/m2, q21d) on day 1, and

paclitaxel (175 mg/m2, q21d) on day 2 and 2 cycles repe-

ated after surgery. The clinical response was evaluated

according to the RECIST 1.0 criteria every 2 cycles and the

toxicity was recorded every cycle (according to CTC 3.0

version). Patients with partial response (PR) received sur-

gical treatment after 4 cycles of chemotherapy and

sequential paclitaxel or repeated TE regimen after surgery.

Patient who met the criteria for progressive disease (PD) at

the initial efficacy evaluation received surgery as soon as

possible and alternative postoperative regimens. There was

a balanced distribution in both CE and TE groups among

age, menstrual status, estrogen receptor (ER)/progesterone

receptor (PR) status, HER2 status, tumor size, and lymph

node metastasis (Table 1). Last follow-up date was Octo-

ber 2010, with median follow-up of 38 months (range:

12–39 months).

Collection and testing methods of primary tumor

specimens

All patients’ histopathological specimens of primary

tumors were obtained by core needle biopsy before the

onset of neoadjuvant chemotherapies and the ER, PR and

HER2 status of the invasive primary tumor regions were

determined. In this study, we analyzed 61 paraffin blocks

containing residual tumor tissues of 80 patients with HER2

over expression (HER2 3? detected by immunohisto-

chemistry assays).

Immunochemistry (IHC) measurements

For IHC we used a HER2-specific antibody (clone A-0485;

DAKO; dilution 1:100). HER2 staining was graded

according to staining observed in\10 % of the tumor cells

(score 0); faint/barely perceptible staining detected in

C10 % of the tumor cells (score 1?); and a moderate or

uniform, intense membrane staining observed in C10 % of

invasive cells (score 2? or 3?, respectively) [20].

TOP2A genomic copy number detection

During the study, the paraffin blocks were used to determine

TOP2A gene amplification by qRT-PCR of the HER2 over-

expressing patients with known clinical and pathological

data. We extracted total DNA from the paraffin-embedded

tissues by ambion nucleic acid isolation kit, according the

manufacturer’s protocol (Ambion, USA), and then analyzed

the DNA using TaqMan TOP2A copy number assays (ABI)

(Hs02497108_cn and Hs02221874_cn) from which one

amplification site was located adjacent to the TOP2A-coding

region and the other site was in the opposite direction, far

from the HER2 30-end. In order to account for increased

Table 1 The effect of HER2

over expression on the response

of anthracycline-based

neoadjuvant chemotherapy

HER2 status pORR % (n) P value pCR % (n) P value

Overall (309)

HER2 (3?) 86.3 % (69/80) 0.010 27.5 % (22/80) 0.000

HER2 (2?/1±) 72.9 % (167/229) 9.6 % (22/229)

EC(DD) (119)

HER2 (3?) 80.0 % (24/30) 0.097 20.0 % (6/30) 0.029

HER2 (2?/1±) 65.2 % (58/89) 5.6 % (5/89)

TE (190)

HER2 (3?) 81.8 % (45/55) 0.520 29.1 % (16/55) 0.007

HER2 (2?/1±) 80.7 % (109/135) 12.6 % (17/135)
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TOP2A gene copy number due to chromosome 17 poly-

somy, we selected the relatively stable gene COL1A1 using

TaqMan assay (Hs00453869_cn) from ABI also located on

chromosome 17 as internal marker gene. The genomic

COL1A1 gene copy number, tested by qRT-PCR, was

regarded as the number of chromosome 17. TOP2A gene

amplification was defined as a ratio of absolute genomic

TOP2A gene copy number, measured by fluorescent qRT-

PCR to the reference gene COL1A1 ([2.0). In case the ratio

was B2.0, the specimen was considered to lack gene

amplification [21].

Results

The effect of TOP2A amplification on the efficacy

of anthracycline-based neoadjuvant chemotherapy

Overall pathological complete response rate (pCR) was

achieved in 14.3 %. 80 of 309 (25.9 %) enrolled patients

were pathologically diagnosed with HER2 positivity by

core needle biopsy of primary tumors. The objective

response rates (ORR) and pathological complete response

(pCR) rates in patients with HER2 over expression were

significantly higher than in patients with low HER2

expression (ORR of 86.3 and 72.9 %, respectively,

P = 0.010; pCR of 27.5 and 9.6 %, respectively,

P \ 0.001). The higher response was observed in patients

with HER2 over expression in both the CE (IDD) and the

TE chemotherapy group. The pCR rate in patients with

versus without HER2 over expression in the CE group and

TE group were 20.0 % versus 5.6 % (P = 0.029), and

29.1 % versus 12.6 % (P = 0.007), respectively (Table 1).

A TOP2A amplification was demonstrated in 52.5 % (32/

61) and normal TOP2A coding or deletion was detected in

47.5 % (29/61) cases. A pCR could be achieved in 22 cases

with HER2 over expression. A significant difference of the

pCR rate was observed between the patients with and

without TOP2A amplification (56.2 % vs. 13.8 %,

P = 0.001). The HER2 low expression group was further

compared with HER2 over expression patients with and

without TOP2A amplification, respectively. The results

revealed that the drug response efficacy of HER2 over

expression without TOP2A amplification (pCR of 13.8 %)

was not significantly higher (P = 0.183) than in patients

with low HER2 expression (pCR of 9.5 %). In contrast,

comparing the same low HER2-expressing group (pCR of

9.5 %) with HER2 over expressing and TOP2A amplified

subgroup (pCR of 56.2 %), there was a significant differ-

ence in drug response (P \ 0.001). Therefore, the differ-

ence in efficacy between the HER2 low expression and

HER2 over expression groups was mainly derived from the

sensitivity of anthracycline-based neoadjuvant chemother-

apy in the subgroup population with both HER2 over

expression and TOP2A amplification (Table 2; Fig. 1).

Twenty-two cases with pCR in the HER2 over expression

group were included in the 61 patients whose TOP2A gene

status were identified, whereas 19 cases with unknown

TOP2A gene status did not achieve pCR. In order to adjust

for statistical bias caused by excessive cases (23.8 %) that

did not receive a TOP2A test, we did an inferiority-prior

hypothesis: Under assumption that the 19 non-PCR patients

without TOP2A test showed TOP2A amplifications, the rate

of pCR was reduced to 35.3 % (18/(32 ? 19)) in the

TOP2A amplification group, whereas the rate of pCR in no

TOP2A amplification group was kept at 13.8 %. There is a

statistically significant difference in pCR rates between

TOP2A amplification and no TOP2A amplification groups

via Chi-square test (35.3 % vs. 13.8 %, P = 0.039). This

result suggested that the cases with HER2 over expression

and TOP2A amplification obtained more benefit from

anthracycline-based neoadjuvant chemotherapy (Table 3).

The effect of HER2 over expression with TOP2A

amplification on the efficacy of different neoadjuvant

chemotherapy regimens

This study revealed that HER2 over expression had a sig-

nificant effect on the efficacy of neoadjuvant chemotherapy

in either CE intensive regimen or TE standard regimen.

Table 2 The comparison of anthracycline-based neoadjuvant chemotherapy efficacy between HER2 over-expressing breast cancer with/without

TOP2A amplification and HER2 low expression breast cancer

pCR n (%) P value

4 (13.8 %)HER2 over expression without TOP2A amplification

22 (9.6 %)HER2 low expression

P 0.183

P < 0.001

P 0.001

HER2 over expression with TOP2A amplification 18 (56.2 %)
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Does the TOP2A gene also have such a predictive value for

different anthracycline-based regimens? We assigned 61

cases with TOP2A test results available in terms of neo-

adjuvant chemotherapy regimens they received. 6 of 21

cases in the CE intensive chemotherapy group achieved

pCR and had TOP2A amplifications, whereas none of the

other 8 cases without TOP2A amplification achieved pCR.

The pCR rate for patients with and without TOP2A

amplification in this group was 46.2 % and 0, respectively,

with a significant difference (P = 0.032). In the TE stan-

dard 3-week chemotherapy group, the pCR rate for cases

with TOP2A amplification was higher than in cases without

TOP2A amplification (75.0 % vs. 16.7 %, P \ 0.001)

(Table 4).

Discussion

Despite the proved association between HER2 and

anthracycline-based chemotherapies in a large number of

studies, it is still under discussion whether HER2 expres-

sion is the only cause of the sensitivity to anthracyclines. It

has been found that a complex diversity of HER2 gene

aberrations is occurring in terms of length, frequency, and

amplification. Because of its close location on chromosome

17, about half of the HER2 amplifications are accompanied

by concomitant TOP2A gene co-amplifications as an

amplicon which spans the complete genomic area of both

genes [13, 22]. On the other hand, in other cells HER2

aberration led to interstitial TOP2A deletions, probably due

to an assumed DNA repair mechanism after initial solely

HER2 amplification [13]. A recent meta-analysis of 8

independent clinical studies showed that breast cancer

patients with HER2 over expression obtained more benefits

from an anthracycline-based adjuvant chemotherapy [5].

However, this clinical finding was contradictory to the

results of preclinical studies in which the effect of a rep-

resentative anthracycline drug, doxorubicin, on the sensi-

tivity of breast cancer cell lines transfected with the HER2

gene was not higher than in HER2-negative cell lines [23].

The only explanation of this contradiction was that the cell

lines in that laboratories were transfected with the solely

HER2 gene, whereas HER2 gene amplification in clinical

breast cancers are frequently accompanied by co-amplifi-

cation or deletion of TOP2A [13]. The results of adjuvant

chemotherapy studies suggested that HER2 and TOP2A are

a harmonious gene combination. In breast cancers with

excessive tumor cell proliferation caused by HER2 ampli-

fication or over expression, a part of the cases may obtain

benefits from a concurrent TOP2A amplification [24, 25].

The result of this study supported our hypothesis that the

efficacy advantage of anthracycline-based chemotherapy

regimens presented in breast cancer with HER2 over

expression could be attributed to TOP2A amplification in

some patients, and the predictive factor for response to

anthracyclines was not only HER2, as been well known,

but also TOP2A amplification at the neoadjuvant chemo-

therapy level in primary breast cancer. A retrospective
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Fig. 1 The comparison of neoadjuvant chemotherapy efficacy

between HER2 over-expressing breast cancer with/without TOP2A

amplification and HER2 low expression breast cancer

Table 3 The correlation between TOP2A amplification and efficacy of neoadjuvant chemotherapy after inferiority-prior hypothesis (P = 0.039)

pCR (n) P value Non-pCR (n) Total

No TOP2A amplification 4 (13.8 %) 0.039 25 (86.2 %) 29

TOP2A amplification 18 (35.3 %) 14 ? 19 = 33 (64.7 %) 32 ? 19 = 51

Total 22 39 ? 19 61 ? 19 = 80

Table 4 The effect of HER2 over expression with TOP2A amplification on the efficacy of different neoadjuvant chemotherapy regimens

CE(DD) pCR % (n) P value TE regimen pCR % (n) P value

HER2 (3?) 20.0 % (6/30) 0.029 29.1 % (16/55) 0.007

HER2 (2?/1±) 5.62 % (5/89) 12.6 % (17/135)

TOP2A amplification 46.2 % (6/13) 0.032 75.0 % (12/16) \0.001

No TOP2A amplification 0 (0/8) 16.7 % (4/24)
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study [12] of HER2 and TOP2A as predictive factors for

response to anthracyclines reported by Knoop et al. in 2005

found that there was no efficacy difference between

anthracycline-based chemotherapy and non-anthracycline

chemotherapy in patients with HER2-positive primary

breast cancer (P = 0.81); however, TOP2A amplification

(or deletion) had a potential predictive role for anthracy-

cline-based chemotherapies with a P value close to statis-

tical significance (P = 0.06). This study supports the

opinion that TOP2A rather than HER2 is the predictive

factor for anthracycline-based chemotherapy response.

Another study reported by Gottfried et al. confirmed this

opinion for neoadjuvant therapy of breast cancer. They

compared normal HER2 status breast cancer patients (pCR

of 11 %) with HER2 and TOP2A co-amplification patients

(pCR of 30 %, P = 0.002) and suggested benefits of

anthracycline-based chemotherapy for these patients rather

than for patients with HER2 over expression and normal or

deleted TOP2A (pCR of 13 %, P = 0.755) [21]. The effect

of TOP2A on the efficacy of anthracycline-based chemo-

therapy showed a high consistency between different

administration methods and dose intensity regimens. We

found that with intensive chemotherapy (CE) or standard

3-week regimen (TE), the pCR rate of a neoadjuvant

chemotherapy was significantly improved in primary

HER2 over-expressing breast cancer patients with TOP2A

amplification compared to HER2 over-expressing breast

cancer patients without TOP2A amplification. In this study,

the predictive role of HER2 positivity with TOP2A

amplification for intensive chemotherapy response con-

firmed previous studies of adjuvant chemotherapies [26–

28]. All these studies found that compared with HER2-

negative patients, patients with HER2 over-expressing

breast cancers obtained more survival benefit from an

intensive adjuvant chemotherapy. The concordance of this

neoadjuvant study with other studies also supports the view

that pathological complete response is an appropriate sur-

rogate marker for disease-free and overall survival. Our

study deeply explored the sensitivity of HER2-positive

breast cancers to intensive chemotherapy at the neoadju-

vant chemotherapy level, which was actually derived from

an efficacy advantage of anthracycline-based intensive

chemotherapy in TOP2A-amplified breast cancers. The

results of this study cannot distinguish whether the high

pCR rate for patients receiving neoadjuvant therapy in the

TOP2A amplification group was attributed to higher sen-

sitivity to anthracyclines or whether TOP2A might be only

a predictive factor for anthracycline responses. The com-

mon study design for response predictive factors to drug

regimens should be randomized to assign patients with

common pathological or biological characteristics (such as

TOP2A amplification) to receive specific chemotherapy

regimens (such as anthracyclines) or not. Both the two

neoadjuvant chemotherapy regimens in our study con-

tained anthracyclines (epirubicin), thereby not being a

predictive factor study design parameter. However, we can

come to the conclusion that anthracycline-based neoadju-

vant chemotherapy may significantly improve the pCR rate

for breast cancer patients with TOP2A amplification. In our

study, TE regimen achieved a pCR rate of 56.2 % in the

HER2 and TOP2A positive group, which is similar to

Trustuzumab as a drug used in neoadjuvant treatment [29].

It is worth to design a new clinical study to demonstrate

whether anthracycline-based neoadjuvant chemotherapy

alone is as good as a Trustuzumab-combined chemother-

apy for breast cancer with HER2 & TOP2A co-amplifica-

tion treatments.

Conclusion

Anthracycline-based neoadjuvant chemotherapy regimens

can significantly improve the pCR rate for patients with

HER2 over expression, and this efficacy advantage can be

attributed to concurrent TOP2A amplification. We suggest

that TOP2A amplification is a predictive marker for

anthracycline-based neoadjuvant chemotherapy sensitivity.
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