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Abstract
Background. Previous analyses of TOP2A and HER2 in the Danish Breast Cancer Coopererative Group (DBCG) trial 89D
suggested that TOP2A amplifications and possible also deletions are predictive markers for the effect of adjuvant epirubicin
in patients with primary breast cancer. We present an updated and extended statistical analysis, requested for IVD-labeling
of TOP2A testing. Material and methods. In the DBCG trial 89D 980 Danish patients were randomly assigned to nine cycles
of intravenous CMF (cyclophosphamide, methotrexate, and fluorouracil) or CEF (cyclophosphamide, epirubicin, and
fluorouracil). Archival tumor tissue was collected retrospectively from 806 of these patients in a prospectively designed,
biological sub-study, and was successfully analyzed for TOP2A aberrations and HER2 status in 773 samples (96%).
Recurrence-free survival (RFS) was the primary endpoint. Results. TOP2A aberrations (amplifications and deletions) were
significantly associated with shorter RFS (pB0.0001) and overall survival (OS) (pB0.0001). Deleted cases had worse
prognosis than amplified cases. In a Cox proportional hazard model TOP2A was an independent prognostic marker for RFS
and OS. Patients with amplifications had a 61% reduction in the risk of an event (p�0.002) and a 51% reduction in the risk
of death (p�0.01) if allocated to CEF compared to 6% and 10% in TOP2A normal patients. A similar but non-significant
trend (p�0.08) was shown in patients with TOP2A deletions. Clear statistical evidence of a differential benefit, favoring
CEF among patients with TOP2A aberrations was found for RFS (p�0.02 for interaction) but not for OS (p�0.14 for
interaction). Conclusion. In conclusion, this updated analysis of TOP2A aberrations in DBCG trial 89D suggests a
differential benefit of adjuvant chemotherapy in patients with primary breast cancer, favoring treatment with epirubicin in
patients with TOP2A amplifications, and perhaps deletions. Additional studies are needed to clarify the exact importance of
TOP2A deletions on outcome, but deletions have proven to be associated with a very poor prognosis.

The TOP2A gene codes for the enzyme topoisome-

rase IIa (topo IIa), that catalyzes the breakage and

reunion of double-stranded DNA leading to relaxa-

tion of DNA supercoils. Type II topoisomerases are

essential enzymes that interconvert topological forms

of DNA by making transient double-stranded breaks

in the DNA backbone. These enzymes play impor-

tant roles in a number of fundamental nuclear

processes including DNA replication, transcription,

chromosome structure, condensation and segrega-

tion. The topoisomerase IIa gene, TOP2A, is present

in two copies in all normal diploid cells. The TOP2A

gene spans an area on chromosome 17q21 of

approximately 27.5 kb and contains 35 exons

encoding a 170 kDa protein [1].

The topo IIa protein has been recognized as a

proliferation marker and expression of topo IIa
varies during cell cycle both in normal and cancerous

cells [2]. The expression of topo IIa in breast tumors

correlates with Ki-67 expression [3]. Based on a

limited number of in vitro studies of different cancer

types, it was initially hypothesized that sensitivity to

topo IIa inhibitors was dependent on the expression

level of the topo IIa protein as cell cultures with low

levels were less sensitive to the drugs than cell

cultures with high levels [4]. Based on data from

five breast cancer cell lines it was thus concluded

that protein expression correlated with gene copy

numbers and thus with sensitivity [4]. However,

subsequent studies of patient samples have failed to
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confirm such simple relationship for topo IIa at the

protein and gene level [3]. Only 20% of the

topoisomerase IIa protein overexpressed cases have

TOP2A gene amplification but among the TOP2A

gene amplified cases 93% had overexpression of topo

IIa protein [5]. Topo IIa overexpression seems to be

composed of several contributing factors, both the

cancer-specific amplification and the elevated cell

proliferation rate. The Ki-67 and topo IIa proteins

are expressed in parallel, which can be interpreted as

a confirmation of the influence of cell proliferation

rate on topo IIa expression, even in cases with

TOP2A amplification [6].

Type II topoisomerases are the primary targets for

anthracyclines such as doxorubicin and epirubicin,

which are also termed topoisomerase inhibitors

[7,8]. Increasing evidence indicates that TOP2A

gene aberrations rather than the topo IIa protein

amount is the determining factor for the efficacy of

the topoisomerase inhibitors. In contrast to HER2

where the gene dosage correlates with mRNA and

protein level, such simple relationship has not been

shown for TOP2A [9]. In the DBCG 89D adjuvant

study [10] patients were randomized CEF (cyclo-

phosphamide, epirubicin, and fluorouracil) versus

CMF (cyclophosphamide, methotrexate, and fluor-

ouracil) and this trial is well suited for answering the

question about TOP2A and anthracyclines. A biolo-

gical sub-study [11] was designed to investigate the

prognostic and predictive value of HER2 and

TOP2A status. Here we present an update and

supportive statistical analysis, performed in connec-

tion with the IVD-labeling of the TOP2A FISH

pharmDxTM Kit and previously presented orally at

ASCO [12].

Material and methods

The design of the original clinical trial and the

biological sub-study has been described previously in

detail [10,11]. DBCG trial 89D was an open-label

randomized, phase III, trial comparing CEF (cyclo-

phosphamide, epirubicin, and fluorouracil) against

CMF (cyclophosphamide, methotrexate, and fluor-

ouracil). Trials were run in parallel in node positive

patients with hormone receptor positive tumors, and

eligible for the 89D trial were patients who were

node positive or had tumor size ]5 cm and

hormone receptor negative breast cancer, and pre-

menopausal patients with malignancy grade II or III.

The Danish Breast Cancer Cooperative Group

prepared the original protocol (DBCG trial 89D)

as well as the biomarker sub-study protocol (DBCG

89D/TOP2A) and The Danish National Committee

on Biomedical Research Ethics approved both be-

fore activation.

Retrospective collection of tumor tissue for the DBCG

89D biomarker study

From January 1990 to January 1998, 1 224 patients

were randomized in DBCG trial 89D and 980 of

these were recruited in Denmark. Last follow-up was

December 31, 2004. Archival paraffin embedded

tissue blocks from 806 Danish patients enrolled in

the trial were collected between September 2001 and

August 2002 from the study sites and stored

centrally (Figure 1, Table I).

Assessment of HER2 and TOP2A

TOP2A and HER2 gene aberrations were identified

by FISH (K5333 TOP2A FISH pharmDxTM Kit and

K5331 HER2 FISH pharmDxTM Kit, Dako, Den-

mark) and HER2 expression was visualized by

immohistochemistry (K5201, HercepTestTM, Dako,

Denmark) according to the manufactures instruc-

tions. The FISH probes are based on combined

DNA/PNA techniques [13]. With respect to TOP2A

and HER2 gene aberrations the ratio was calculated

as the number of signals for the gene probes divided

by the number of signals for the centromere 17.

Cases were scored as HER2 or TOP2A FISH

980 patients
(460/520)

18 patients did not receive any
chemotherapy (13/5)

962 patients
(447/515)

156 patients for whom tissue blocks
were not available (78/78)

806 patients
(369/437)

33 patients with unsuccessful
TOP2A testing (17/16)

773 patients
(352/421)

6 patients with unknown
Covariates (3/3)

767 patients
(349/418)

Figure 1. The study population consisted of 980 Danish patients

randomized in the DBCG-89D protocol. A total of 767 patients

were available for multivariate analysis. Numbers in brackets gives

number of patients in the 2 treatment arms (CEF/CMF).
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amplified when the ratio was ]2. A TOP2A deletion

was considered present when the ratio was B0.8.

For the HercepTestTM all 1�, 2� and 3� positive

specimens were subject to HER2 FISH analysis.

The scoring of HER2 positivity was defined as

HercepTest�3�, or HercepTest�2� and FISH

HER2 ratio ]2.0.

Two different counting methods [14] leads to

identical results: Either the signals were counted in

60 nuclei or a total of 60 red signals were counted

along with the green signals in the same nuclei. The

latter method was used in the DBCG 89D/TOP2A

study and has the advantage, that the highest

number of cells will be counted in the deleted and

normal cases, while the lowest number of cells will

be counted in the amplified cases. Amplified cases

are often obvious to identify just by looking in the

microscope, but are more time demanding to

evaluate if 60 nuclei should be scored. The counting

methods are described in details in the package

insert of the TOP2A FISH pharmDxTM Kit (down-

load at www.dako.com).

Statistical analysis

The primary endpoint for the study was RFS,

defined as the time from randomization to an event

or censoring. An event is defined as relapse (local or

distant), second malignancy or death, whichever

comes first. A censoring is defined as ‘lost to follow-

up’, ‘patient will no longer participate’ or ‘alive

without disease at end of follow-up’. The secondary

endpoint was OS, defined as the time from rando-

mization to death or censoring. Because of the

linkage to the Danish CPR-register, no patients

are lost to follow-up in relation to OS. The effect of

treatment with CEF over CMF on RFS and OS was

quantified in terms of the hazard ratio, estimated

using the Cox proportional hazards model. The Cox

proportional hazards model was adjusted according

to the results of the goodness-of-fit procedures and

the investigation of interaction, defining the basic

multivariate Cox model for analysis of RFS and OS.

The hazards ratio (HR), the 95% confidence inter-

val and the p-value of the Wald test was given for

each covariate and interaction-term in the Cox

model. The HR for treatment with CEF vs. treat-

ment with CMF in each TOP2A-subgroup (and

HER2-subgroup) was inferred from the results, and

shown by a Forrest-plot. After the Cox proportional

hazards model on RFS and OS was adjusted

according to the results of the goodness-of-fit

procedures, and interaction investigations, 3 types

of secondary analyses were carried out: 1) Multi-

variate estimation in the 3 TOP2A-subgroups:

Deleted, Normal, Amplified. 2) Multivariate esti-

mation in the 2 HER2-subgroups: Negative, Posi-

tive. 3) Unified multivariate estimation for all

patients including TOP2A and HER2 interaction.

Correlations between TOP2A status and clinical and

pathological variables including HER2-status were

tested by x2 test. Follow-up time was quantified in

terms of a Kaplan-Meier estimate of potential

follow-up. Analyses were performed for possible

selection bias using the x2 test and log-rank test.

Patients with missing values, except for receptor

status, were excluded from the multivariate analyses

in the Cox proportional hazard model. P-values are

two-tailed. Statistical analyses were done with the

SAS 8.2 program package.

Results

Comparison of patients with and without material for

TOP2A analysis

The assessable 767 patients differed significantly

from patients not assessable due to unavailability of

tumor tissue (n�156), unsuccessfulness of TOP2A

test (n�33) or unknown covariates (n�6) with

respect to several patient and tumor characteristics

(Figure 1). The assessable patients had a significant

larger tumor size, higher grade, and were more often

postmenopausal women and had HER2-negative

tumors. Age, positive lymph nodes, TOP2A status,

hormone receptor status, treatment, the number of

events, RFS and OS showed no significant differ-

ences between assessable and non-assessable pa-

tients.

Table I. HER2 and TOP2A results (N�773) in the 2 treatment

arms of the DBCG 89D/TOP2A study.

Test result CMF N (%) CEF N (%)

HercepTest

0 118 (28.0) 91 (25.9)

1� 141 (33.5) 116 (33.0)

2� 37 (8.8) 41 (11.6)

3� 125 (29.7) 104 (29.5)

HER2 FISH ratio

B2.0 222 (52.7) 196 (55.7)

]2.0 124 (29.5) 110 (31.2)

not performed 75 (17.8) 46 (13.1)

HER2 status

Positive 135 (32.1) 111 (31.5)

Negative 286 (67.9) 241 (68.5)

TOP2A status

Deleted 50 (11.9) 37 (10.5)

Normal 325 (77.2) 269 (76.4)

Amplified 46 (10.9) 46 (13.1)
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TOP2A assessment

The TOP2A FISH analysis was successful on 773 of

the 806 (96%) breast cancer samples available

(Figure 1).There were no significant differences

between the two treatments arms and the tests

results (Table I). Amplification of TOP2A was seen

in 92 (11.9%) of the 773 patients and deletion in 87

(11.3%). Totally, 179 (23.2%) of the patients had

abnormal TOP2A status (Table II). The occurrence

of TOP2A aberrations were significantly associated

with baseline patient and tumor characteristics,

including age, menopausal status, tumor size, nodal

status, estrogen receptor status, and HER2 status.

TOP2A aberrations were seen in 139 (56.5%) of the

246 HER2 positive tumors and in 40 (7.6%) of the

527 HER2 negative tumors (Table II). Thus, 40

(22.3%) patients with TOP2A aberrations would

have been overlooked, if only the HER2 positive

samples had been analyzed. For patients with

TOP2A test results available the potential follow-up

time for RFS was 9.4 years and the corresponding

numbers of events were 371. The median of the

potential follow-up time for OS was 11.1 years, and

the numbers of events were 336.

Univariate analysis

Recurrence-free survival was statistically different

according to TOP2A status (pB0.0001; Figure 2).

Kaplan-Meier estimates of RFS shows that patients

with TOP2A normal tumors have a significantly

longer RFS as compared to patients with TOP2A

amplifications or deletions. The prognostic implica-

tions of TOP2A aberrations concerning RFS differed

according to treatment allocation, and RFS was

significantly longer in patients randomized to CEF

Table II. Distribution of HercepTest, HER2 FISH and TOP2A FISH tests in the 806 available tumor samples.

TOP2A FISH

HercepTest HER2 FISH Deleted Normal Amplified Unknown Total

0 Normal 11 85 5 2 103

Amplified

Unknown 107 1 4 112

1� Normal 12 222 5 1 240

Amplified 7 1 8

Unknown 1 9 5 15

2� Normal 2 56 0 1 59

Amplified 1 8 8 0 17

Unknown 0 1 2 2 5

3� Normal 5 13 2 2 22

Amplified 55 86 68 11 220

Unknown 0 0 0 4 4

Unknown Normal 0 0 0 1 1

Total 87 594 92 33 806

Figure 2. TOP2A status with respect to RFS and OS (N�767).
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compared to patients randomized to CMF (p�
0.006, Figure 3). The Kaplan-Meier plots for RFS

with respect to treatment allocation in each of the 3

TOP2A subgroups are shown in Figure 4. Patients

with TOP2A normal tumors had a significantly

longer survival (pB0.0001, Figure 2) compared to

patients with TOP2A aberrations, and among pa-

tients with TOP2A aberrations those randomized to

CEF had a significantly longer survival (p�0.03,

Figure 3).

Figure 3. RFS and OS for CMF and CEF treated patients (N�178) with TOP2A aberrations (deletions or amplifications).

Figure 4. Comparison of RFS by treatment in each TOP2A group (deleted, normal and amplified).
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Multivariate analysis

The Cox proportional hazards regression analysis of

RFS was defined as the primary analysis in the

original DBCG 89D/TOP2A sub-study protocol.

Adjustments were made in the Cox model according

to the results of the goodness-of-fit procedures and

the investigation of interaction, defining the basic

multivariate Cox model for analysis of RFS and OS.

TOP2A aberrations had an independent prognos-

tic value. Using the Cox proportional hazard model

it was demonstrated that a TOP2A gene aberration

was associated with a significant worse prognosis

both with respect to RFS (p�0.02) and OS

(p�0.01). The HR and the 95% confidence limits

based on Cox model for RFS and OS are shown in

Table III.

RFS differed significantly according to treatment

and TOP2A status (p�0.02 for interaction), favor-

ing CEF among patients with TOP2A aberrations. A

similar statistical evidence of a differential OS

according to treatment and TOP2A status was not

established (p�0.14 for interaction). The relative

effect of CEF in each of the TOP2A and HER2

subgroups are shown in Figure 5 with respect to RFS

and OS. The group of patients with TOP2A ampli-

fications had a 61% relative risk reduction in RFS

when treated with CEF compared to CMF (HR�
0.39, p�0.002). A non-significant trend was found

for patients with TOP2A deletions (HR�0.61, p�
0.08). Similar results were found for OS among

patients with TOP2A amplifications (HR�0.48, p�
0.01) and TOP2A deletions (HR�0.68, p�0.16).

The predictive value of the HER2 status was also

investigated and the data showed no significant effect

with respect to treatment interactions, neither for

RFS nor OS (Figure 5).

Discussion

Our results indicate a strong impact of TOP2A copy

number variation (amplifications and deletions) on

recurrence-free and overall survival in patients

receiving chemotherapy for early breast cancer. An

independent prognostic impact of TOP2A aberra-

tions was demonstrated in a multivariate Cox model

were only lymph node status surpassed the prog-

nostic importance of TOP2A. Less decisive but still

significant independent prognostic factors were tu-

mor size and menopausal status, while HER2 only

reached borderline significance. The data also de-

monstrated that patients with TOP2A deletions have

a worse prognosis those patients with TOP2A

amplifications. For recurrence-free survival there

Table III. Interaction between TOP2A aberration and treatment with CEF.

RFS OS

Variable P-value HR 95% CI P-value HR 95% CI

Menopause 0.06 0.01

Pre 1 1

Post 1.26 (0.99�1.60) 1.37 (1.07�1.75)

Tumor size B0.0001 B0.0001

pr. increasing cm 1.15 (1.09�1.22) 1.16 (1.10�1.23)

Positive lymph nodes B0.0001 B0.0001

0 1 1

1�3 2.01 (1.39�2.91) 2.62 (1.70�4.04)

4- 4.16 (2.88�6.02) 5.50 (3.58�8.45)

Treatment 0.69 0.42

CMF 1 1

CEF 0.94 (0.73�1.20) 0.90 (0.69�1.17)

TOP2A status 0.02 0.01

Deleted 1.66 (1.12�2.45) 1.82 (1.22�2.71)

Normal 1 1

Amplified 1.56 (1.00�2.42) 1.37 (0.87�2.16)

HER2 status 0.30 0.05

Negative 1 1

Positive 1.15 (0.88�1.49) 1.31 (1.00�1.72)

Interaction 0.02 0.14

TOP2A�treatment

Deleted*CEF 0.65 (0.35�1.20) 0.76 (0.42�1.38)

Amplified*CEF 0.42 (0.22 � 0.78) 0.54 (0.29�1.02)

Figure 5. Relative effect of CEF in each TOP2A and HER2 subgroups. Forest plots illustrating proportional hazard models for RFS (upper

panel) and OS (lower panel).
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Figure 5 (Continued)
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was a clear statistical significant evidence of a

differential treatment effect according to TOP2A

status, and a significant interaction was established

in the Cox model. Patients with TOP2A amplifica-

tions had a significant better recurrence-free survival

when treated with CEF compared to CMF, and the

risk of recurrence was reduced by 61% compared to

6% in patients with TOP2A normal tumors. For

overall survival the estimates concerning interaction

were similar, but did not reach statistical signifi-

cance. One possible explanation for this difference

could be that upon relapse, patients from the CMF

arm received anthracycline containing treatment. No

significant interaction was demonstrated between

HER2 status and recurrence-free or overall survival.

The strengths of the current design were primarily

that a specific hypothesis, endpoints and statistical

methods were defined prospectively, as were the

biomarkers. In addition, the evaluation of biomar-

kers were done centrally, independently and blinded.

The current design has some limitations, primarily

related to the retrospective collection of tissue

samples. The study cohort represents 78% of the

Danish patients randomized in DBCG trial 89D,

and was not entirely typical of trial population.

Patients with tissue not available for the study had

an overall better prognosis and were less likely to

have lymph nodes metastasis, large tumors or high

grade (data not shown). We adjusted for these

differences in the multivariate analysis, but residual

confounding cannot be excluded.

The present analyses confirm our earlier primary

core analysis [11] of an association between TOP2A

aberrations and benefit from epirubicin containing

adjuvant chemotherapy. With more prolonged fol-

low-up statistical evidence is provided of a differ-

ential effect on RFS from substituting methotrexate

with epirubicin in CMF based chemotherapy ac-

cording to TOP2A status.

The DBCG 89D/TOP2A study has demonstrated

significant predictive and prognostic value of TOP2A

gene aberrations. Deletions and amplifications

showed the same negative impact on outcome and

in contrast to the initial cell culture based hypothesis

[2,4,15,16] both patients with deletions and ampli-

fications have benefit from anthracycline-based che-

motherapy. Instead of dividing the patients into 3

groups according to TOP2A status, it seems more

appropriate only to consider 2 groups: TOP2A

normal and abnormal. The topo IIa protein level

in the TOP2A deleted patients was initially assumed

to be low based on cell line data [4], but when

studied in patient samples neither mRNA nor

protein levels were decreased among patients with

TOP2A deletion [9]. This study also reports data

showing that polysomy of chromosome 17 does not

affect the HER2 expression. Similar data for topo IIa
expression is not available, but polysomy of chromo-

some 17 is a highly debated subject and is currently

under investigation in many studies including the

DBCG89/TOP2A study.

Based on the comparisons to HER2 status it can

be concluded that the HER2 status and TOP2A

status are not interchangeable neither for the pre-

dictive or the prognostic value. While HER2 is the

molecular target of Herceptin, topo IIa is the

molecular target for the pharmacological action of

epirubicin and the study has demonstrated that a

TOP2A gene aberration, especially amplifications, is

useful as a predictive marker for the response to

epirubicin. Anthracycline-based chemotherapy with

doxorubicin or epirubicin is among the most active

regimens in breast cancer [17]. However, these

compounds possess significant acute and long-term

serious side effects, such as cardiotoxicity and

leukemia.

The DBCG 89D/TOP2A study [11,12] reports

TOP2A gene amplification in 12% of breast cancers

and deletions with approximately equal frequency

when both the HER2 positive and negative tumors

are included in the studies. The Canadian NCIC

CTG MA.5 study [19] with a design very similar to

DBCG 89D, confirmed the 12% TOP2A amplifica-

tions while only 7% deletions were found. Some of

this discrepancy could be due to variations in the

selection of cells for FISH signal counting. The

Canadian and the Danish studies are among the few

that allows assessment of the clinical importance of

TOP2A deletions and in contrast to the initial

hypothesis, both studies shows that patients with

TOP2A deletion have a very poor prognosis and

seems to benefit from anthracycline-based therapy.

Initially, it was assumed that TOP2A gene copy

variants, as a result of amplification or deletion, were

restricted to HER2 amplified tumors [4,15] but copy

number variants of the TOP2A gene have been

detected in tumor samples with normal HER2 gene

status [11,12,14,18,19]. Furthermore, a number of

studies only include cases ‘‘co-amplified’’ with HER2

[16,20�24]. Also, three of the studies were pre-

formed with single color CISH which does not allow

the detection of deletions [20,22,24].

For optimal treatment with doxorubicin and epir-

ubicin it is important to have tools available that can

identify patients who are most likely to benefit from

the therapy. HER2 status is a marker for treatment

with anthracyclines [25] but the biological basis for

this link is lacking. Further, it has been discussed if

HER2 rather has to be viewed as a surrogate marker

or ‘‘pseudo-marker’’ for the real anthracycline target,

topoisomerase IIa [4,11,15,16]. The copy number

variants of TOP2A have in a number of trials been
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shown to influence the sensitivity of the tumor

towards topoisomerase inhibitors [11,12,15,16,18�
24]. These trials share many of the same methodo-

logical shortcomings, but although variable results

are found, they all point in the same direction. A

direct comparison between the data of the different

studies is hampered by the fact that most reports omit

a detailed description of the counting method used.

Reporting the cut-off values and the probe manu-

facture is not enough to make transparency of the

data. The description must also include evaluation of

the slide to select the nuclei to be scored, criteria for

omitting nuclei from scoring, and any inclusions of

rules for percentage of nuclei with a certain number

of signals. E.g. the cut-off criteria of ‘‘5 or more

signals in at least 50% of the nuclei’’ may lead to

exclusion of 50% of the amplified cases scored by a

cut-off of ‘‘TOP2A/CEN-17 ratio ]2.0’’. Further,

applying the HER2 scoring guideline to other genes

does not allow detection of all deleted cases. Future

reports should preferentially include a detailed de-

scription of the scoring or use one from an IVD (CE

or FDA) approved kit. A meta-analysis of TOP2A

results from randomized trials comparing CMF with

anthracycline-based regimens has been initiated and

the results are expected to be published soon.
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