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Abstract t 

Purpose Purpose 
Too determine the predictive value of Her-2/neu (HER-2) and Topoisomerase II alpha (Topo 
2a)) expression and amplification for the outcome of high-dose chemotherapy with peripheral-
bloodd progenitor-cell (PBPC) reinfusion in women with advanced breast cancer. 

ExperimentalExperimental design 
Wee analyzed 59 consecutive patients with hormone-refractory stage IV breast cancer who 
weree planned to receive high-dose chemotherapy. All patients started the treatment with two 
orr three courses of FE120C (fluorouracil 500 mg/m", epirubicin 120 mg/nT and 
cyclophosphamidee 500 mg/m" q 3 weeks). Patients in whom evidence of response was 
observedd or who were inevaluable for response (total: n=49) were scheduled to receive three 
subsequentt courses of high-dose chemotherapy with tCTC (cyclophosphamide 6 g/m", 
thiotepaa 480 mg/m2 and carboplatin 1600 mg/m2) followed by PBPC reinfusion. HER-2 and 
Topoo 2a status were determined by immunohistochemistry (IHC) and in a subgroup of patients 
alsoo with chromogenic in situ hybridization (CISH). 

Results Results 
Off  the 59 tumors, 17 showed HER-2 3+ overexpression. All these tumors showed HER-2 
amplificationn with CISH. Two of the five tumors that were HER-2 2+ had also HER-2 
amplification.. Topo 2a expression in more than 10% of the nuclei was seen in 16 tumors. Only 
fivee of the 59 tumors also showed Topo 2a amplification and all these tumors had also HER-2 
amplification.. No Topo 2a amplification was found in the HER-2 negative patients. No 
predictivee relation was observed between Topo 2a and HER-2 overexpression or amplification 
andd the response to FE120C or outcome (in terms of progression-free (PFS) or overall survival 
(OS)). . 

Conclusion Conclusion 
Wee conclude that the previously shown inverse relationship between HER-2 overexpression or 
amplificationn and outcome of high-dose alkylating chemotherapy could not be confirmed in 
thiss small retrospective study. More advanced techniques, such as gene expression profiling 
mayy be required to improve the selection of patients who are likely to respond to this intensive 
treatment. . 
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Introductio n n 

Althoughh high-dose chemotherapy (HD-CT) with peripheral blood progenitor cell (PBPC) 
transplantationn has been used extensively in the treatment of advanced breast cancer, its ability 
too achieve long-term disease-free survival is controversial. The evidence that this ability exists 
iss derived from information in the American and European transplant registries [1,2] and also 
fromm a large number of small phase II studies (see for review Peters et al [3]). At the moment 
off  this writing, only six randomized studies are available [4,5,6,7,8,9] and none of these has 
shownn an overall survival (OS) advantage for high-dose alkylating therapy administered as 
latee consolidation. The Canadian study [5] and the Pegase group [6] did show an improved 
Progressionn Free Survival (PFS). Some confusion about the efficacy of high-dose 
chemotherapyy may arise from heterogeneity of the patient populations and it is likely that HD-
CTT is beneficial for only a subgroup of patients with metastatic breast cancer, while it may be 
ineffectivee and even detrimental for others. Many efforts have been made to identify this 
subgroupp and most studies agree that younger age, oligometastatic disease, and metastases 
limitedd to soft tissues are favorable factors. Also, the highest disease-free survival plateaux are 
foundd when high-dose chemotherapy is given in first complete remission and when patients 
havee low volume disease [10,11,12]. 
Recently,, it has become clear that HER-2 positive tumors differ importantly in terms of 
biology,, prognosis and drug sensitivity from other breast cancers [13,14]. The HER-2 protein 
(erbB-2)) is a 185 kD transmembrane tyrosine kinase receptor and its overexpression is the 
resultt of HER-2 amplification. There is strong evidence that tumors with HER-2 amplification 
havee a worse prognosis, but a dose-dependent favorable response to anthracyclins has been 
documentedd [15,16,17,18,19]. It has been suggested that this can be explained by the recent 
findingg that the gene for Topo-isomerase 2 alpha (Topo 2a), a key enzyme in DNA replication 
andd a well known molecular target for anthracyclines, is located in the proximity of HER-2 on 
chromosomee 17. Topo 2a is frequently amplificated together with HER-2, but it can also been 
deletedd [20,21]. This supports the hypothesis that anthracyclin sensitivity of HER-2 positive 
tumorss may be mediated by overexpression of Topo 2a. 
Eightt uncontrolled studies [22,23,24,25,26,27,28,29] and the Dutch randomized study in high-
riskk breast cancer [30] have shown that HER-2 amplification predicts failure of high-dose 
alkylatingg therapy. Based on these data, several authors have recommended excluding HER-2 
positivee patients from HD-CT studies. It is of interest, that many HD-CT studies have an 
anthracyclin-basedd induction part. If response to induction therapy is used as a selection 
criterion,, than it is conceivable that this induction regimen selects for the HER-2 positive 
tumors,, which respond -paradoxically- less to this alkylating regimen. 
Sincee 1994 our institute has developed a triple high-dose alkylating chemotherapy regimen for 
selectedd hormone refractory stage IV breast cancer patients and we have reported a 30% 3-
yearr Progression Free Survival (PFS) rate for this treatment [31]. In this study, we analyze 
HER-22 and Topo 2a as predictive factors for the response to chemotherapy in this patient 
group.. Although our series is small, the strength of the HER-2 interaction with treatment 
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outcomee found in the literature encouraged us to investigate the impact of HER-2 and Topo 2a 
inn this patient group. 

Patientss and Methods 

PatientPatient Selection 
Wee analyzed 59 patients who were treated in three closely related treatment protocols in our 
institutionn between September 1994 and December 2001. The results of two of these studies 
havee been published previously [31,32] and the third one is still ongoing. All patients had 
biopsy-provenn stage IV breast cancer. Patients previously treated with chemotherapy were 
excluded,, except patients who had received non-anthracyclin-based adjuvant therapy more 
thann one year before the diagnosis of recurrence. All patients were younger than 56 years and 
theirr performance status was excellent (WHO 0 or 1). Eligibilit y required estrogen-receptor 
negativityy of the tumor or failure of at least one line of hormonal therapy. Further eligibility 
criteriaa have been described previously [31,32]. Tumor-tissue specimens were obtained 
retrospectivelyy by request from the pathology departments where the resection of the primary 
tumorr or diagnostic biopsy of the metastases had been done. In this study, only those patients 
weree included from whom the pathologic specimens of the biopsies or surgery could be 
obtained.. In the first protocol, 37 of the 41 the pathologic specimens were available, and in the 
secondd study all 14 specimens were available. From the ongoing protocol we selected the 
patientss that started the treatment at least one year ago. The pathologic specimens were 
availablee in eight of these 12 patients 

TreatmentTreatment schedule 
Thee treatment started with two or three courses of intensive FE120C (fluorouracil 500 mg/m", 
epirubicinn 120 mg/m2 and cyclophosphamide 500 mg/m"), all given as an intravenous push 
injectionn on day 1 with a 3-week interval. The second FE120C course was used for stem cell 
mobilization.. Patients responsive to FE120C and patients with stable or inevaluable disease 
wentt on to treatment with high-dose chemotherapy. Patients with progressive disease after 
FE120CC did not proceed to the high-dose regimen and were taken off protocol treatment. 
Resectionn or irradiation of any residual disease was performed whenever possible after the last 
course,, and sites of previous bulky disease (>5 cm) were also irradiated when possible. The 
patientss in the second study received immunotherapy as well [32], and those participating in 
thee ongoing study were additionally treated with 12 courses of weekly oral paclitaxel and 
cyclosporinee A, starting about 4 weeks after the last HD-CT course. 

PeripheralPeripheral blood progenitor cell (PBPC) mobilization and harvest 
Peripherall  blood progenitor cell mobilization was done after the second FE120C course by the 
administrationn of filgrastim (300 meg subcutaneously, regardless of body weight) from day 2 
onwardss until leukocytapheresis. The technique of leukocytapheresis has been described 
previouslyy [32,33]. 
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High-doseHigh-dose chemotherapy regimen: "tiny CTC" (tCTC) 
Thee high dose regimen tiny CTC was administered as published previously [33]. All agents 
weree administered during 4 consecutive days (day -6, -5, -4, and -3). Carboplatin was given 
intravenouslyy as daily one-hour infusions. The total dose of Carboplatin was 1,060 mg/nT in 
patientss with normal kidney function, but if creatinin clearance was 110 ml/min or less, the 
totall  dose for 4 days was calculated by the formula: Dose (mg)= 13.3 x (Creatinin Clearance + 
25).. Cyclophosphamide, total dose 4,000 mg/m2, was given as 4 daily one-hour infusions, and 
thiotepa,, total dose 320 mg/m2, was divided over 8 twice-daily Vi- hour infusions. Mesnum 
(5000 mg per dose) was given 6 times a day during 6 days, starting one hour before the first 
Cyclophosphamidee infusion. The first course "tiny CTC" (carboplatin, thiotepa, 
cyclophosphamide,, see below) was started 3 weeks after the last FE120C course. The second 
andd third courses were each started 4-5 weeks after the previous one. 
Supportivee care and dose adaptations have been described previously [31,32]. 

Pathology Pathology 
Immunohistochemistry Immunohistochemistry 
Formalin-fixed,, paraffin-embedded tissue samples were stained with antibodies HER-2 (3B5; 
1:10,000).. HER-2 staining was scored on a scale from 0 to 3+ using the score outlined in the 
DAKOO Hercep-test. Tumors with no staining or weak staining of less than 10% of the tumor 
celll  nuclei were scored as negative. 
Stainingg for Topo 2a was performed with the JH2.7 monoclonal antibody from Lab Vision 
Corp.. (Fremont, CA) at a dilution of 1:100. The percentage of positively staining nuclei was 
assessedd and a score > 10% was considered 'positive'. 
Al ll  59 specimens were analyzed with IHC for both HER-2 and Topo 2a. 
CISH CISH 
Inn addition to staining whole tissue sections, as described in the previous paragraph, a tissue 
microarrayy (TMA) was made; this TMA contained 38 tumor samples, but three of these 
showedd no tumor at analysis for HER-2 and Topo 2A; and one no tumor for analysis of Topo 
2A,, resulting in 34 evaluable tumor samples. 
CISHH was done on 3 fim-thick histological sections of the TMA. The slides were 
deparaffinisedd and incubated with SPOT-Light TM heat pretreatment buffer (Zymed Inc., 
Southh San Fransisco, CA, USA) in a microwave oven for 7 min at 850 Watt and 15 min at 180 
Watt.. After washing with dH20, 100 ul SPOT-Light TM tissue pretreatment enzyme (Zymed) 
wass applied at room temperature (RT) for 5 min. The slides were washed with dHiO and 
dehydratedd with ethanol. A cover slip was applied onto the slide after application of 15 (il of a 
digoxigenin-labelledd HER-2 probe (Zymed). The slides were denaturated on a 95 °C hot plate 
forr 5 min. and incubated for > 10 hours (overnight) in a humidity box at 37"C. After 
incubation,, the slides were stringent washed with 0.5 x sodium chloride citrate for 5 min at 75 
°C.. After washing with dH20 the slides were treated with 3% hydrogen peroxide for 10 min. 
1000 |il mouse antidigoxigenin (Zymed) was applied for 60 min after the application of 100 (Ltl 
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CAS-Blockk tm (Zymed) for 10 min. After washing with PBS/Tween, 100 \i\ horse radish 
peroxidase-goatt anti mouse (Zymed) was applied for 60 min. After washing with PBS, 100(il 
3,3-diaminobenzidinee tetrahydrochloride was applied for 30 min. After washing with running 
tapp water and dehydration with ethanol and xylene, the slides were counterstained with 
haematoxylin.. CISH for Topo 2a was performed using the same method and SPOT-Light 
Topoisomerasee II (Zymed). Amplification was defined as a gene copy number of more than 4. 
Thee selection of tumors to be included in the TMA was made based on the following 
considerations: : 
Inn 38 out of the 59 patients HER-2 and Topo 2a could be determined by both IHC and CISH. 
Dataa from the literature show that HER-2 gene amplification is most consistently associated 
withh a 3+ score at IHC, but in tumors with a 2+ score gene amplification can be present or 
absent.. Amplification is usually not found in tumors negative for HER-2 with IHC. For this 
reason,, we only analyzed amplification by CISH in tumors that were HER-2 2+ or 3+ with 
IHCC (13 of this 17 tumors were evaluable) and the patients that had Topo 2a overexpression 
withoutt HER-2 overexpression (7 of the 9 tumors were evaluable), resulting in 20 tumors that 
weree evaluated for HER-2 and Topo 2A gene amplification. To compare the methods of IHC 
andd CISH we also included in the TMA an additional 18 available specimens that were 
negativee or weakly positive for HER-2. All tumors that were HER-2 3+ at IHC were 
consideredd positive (also when CISH could not be performed to assess HER-2 gene copy 
number).. Tumors that were HER-2 2+ at IHC were considered positive only if CISH showed 
HER-2HER-2 gene amplification. Two tumors were excluded, because they showed HER-2 2+ 
staining,, but could not be evaluated with CISH. 

ResponseResponse to the conventional part of chemotherapy (FE]2oC) 
Completee response was defined as disappearance of all evaluable tumor mass, partial response 
wass defined as a decrease of at least 50% of the sum of all perpendicular diameters of 
evaluablee tumor mass. In case of absence of an evaluable mass, a reduction of the tumor 
markerr (CEA or Ca 15.3) more than 50% was also considered as a response. Progressive 
diseasee was defined as an increase of 25% of the tumor mass or the appearance of new tumor 
lesions.. Stable disease was a decrease of < than 50% or an increase of < than 25%. 

StatisticalStatistical analysis 
Progressionn free survival (PFS) and overall survival (OS) was defined as the time from start of 
inductionn therapy to the appearance of the first relapse, progression of disease (PFS) or death 
(OS)) from any cause; patients known to be alive were censored at the time of their last follow-
upp visit. 
Thee Kaplan-Meier method was used to estimate curves for PFS and OS and comparisons were 
madee by the log-rank test. The Cox-regression analysis was performed to estimate hazard 
ratioss and confidence intervals. 
Thee relation between response and HER-2 and Topo 2a and the comparisons between the 
groupp with or without evidence of disease was analyzed with the Chi-squared test (Pearson). 
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Mcc Nemar's test was used to measure similarity between IHC and CISH measurements for 
Topoo 2a and HER-2. In a similarity test, a low p-value means that the measurements differ 
significantlyy from each other. 

Results s 

Wee determined HER-2 and Topo 2a in 59 tumors of the patients included in the studies. To 
evaluatee the possible relationship of HER-2 and Topo 2a with the result of HD-CT we studied 
onlyy the 49 patients of this patient group who had undergone at least one course of HD-CT 
(Tablee 1). Ten patients did not proceed to HD-CT mainly because of tumor progression (nine 
patients)) or estrogen-positive tumor (one patient). The median follow-up of all patients was 27 
monthss with a lead follow-up of 87 months. 
Twoo of the three included phase II studies were published previously [31,32]. 

Pathology Pathology 
Thee specimens of 59 patients were available for pathologic examination. In all of these tissues, 
immunohistochemicc staining (IHC) was performed for both HER-2 and Topo 2a. We 
determinedd HER-2 and Topo 2a amplification by CISH in all tumors that were HER-2 2+ or 
3+,, and all tumors that were positive for Topo 2a with IHC (n= 20) , indicating the possibility 
off  amplification. In addition, to study the correlation between IHC and CISH for Topo 2a and 
HER-2,, 18 available tumors that were HER-2 negative with IHC were evaluated by CISH (see 
methods)) and in none of these evidence of HER-2 amplification was found. In 34 of the 38 
testedd tumors HER-2 or Topo 2a gene amplification could be determined. 

HER-2HER-2 and Topo 2a and overexpression and amplification 
Thee results of the correlations between HER-2 and Topo 2a are shown in Table 2 and Figure 
1.. The IHC showed HER-2 overexpression in 17 patients (HER-2 2+ in 5 and 3+ in 12 
patients,, respectively). There was a strong correlation between HER-2 IHC and the number of 
HER-2HER-2 gene copies found by the CISH method: 10 of the 12 HER-2 3+ positive tumors (IHC) 
weree available and all showed amplification with CISH and none of the patients with a 
negativee IHC showed amplification with CISH (Table 2). In two of the five tumors with 2+ 
stainingg with IHC, no CISH result could be obtained (one no signal, one no specimen), one 
tumorr showed normal HER-2 copy number and two other tumors showed HER-2 gene 
amplification.. This is consistent with the findings in the literature. 
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HER-22 status CISH<5 gene copies or CISH>5 gene copies or 
IHCC negative IHC 3+positive 

Numberr  of patients 

Mediann age in years (range) 

Histologicc grade 
 I 
 II 
 II I 

Priorr  chemotherapy 
Priorr  hormonal therapy 
Hormonee responsiveness 

 ER negative and PR negative 
 ER negative and PR positive 
 ER positive and PR negative 
 ER positive and PR positive 
 ER unknown 

Noo of CTC courses 
 1 
 2 
 3 

Numberr  of sites of disease 
 1 site 
 2 sites 
 3 sites 
 4 or more sites 

Sitess of disease 
 local relapse 
 lymph nodes 
 bone 
 visceral 
 skin 

Responsee to FEC2 

 CR 
 PR 
 SD 
 PD 
 NE 

Conversionn to CR/ 
Noo of pt with PR or  SD after  FEC 

TableTable 1. Patient characteristics of the transplanted patients with and without HER-2 

overexpression overexpression 

11 We performed CISH and IHC for HER-2 in of the HD-CT patients. Not from all patients were specimens available for the 
CISHH method. Data from the literature show that if a tumor is Her-2 3+with IHC in the DAKO test this correlates with HER-
22 gene amplification. If a tumor was HER-2 2+ with a positive CISH we considered the tumor as Her-2 positive, if no CISH 
wass available the patient was excluded for this analysis (one patient). 
22 CR=complete response, PR=partial response, SD=stable disease, PD=progressive disease, NE= non evaluable 
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36 6 

455 (31-52) 

12 2 

44(31-55) ) 

4 4 
10 0 
22 2 
8 8 
14 4 

5 5 
5 5 
26 6 

15 5 
16 6 
4 4 
1 1 

11 1 
17 7 
10 0 
10 0 
3 3 

12 2 
5 5 
7 7 
0 0 

10 0 
16 6 
7 7 
0 0 
3 3 
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Alll  patients (n=31) HER-2 amplified HER-2 non-amplified 

HER-2=0 0 
HER-2=1+ + 
HER-2=2+ + 
HER-2=3+ + 

0 0 
0 0 
2 2 

10 0 

13 3 
5 5 

1 1 

0 0 

TableTable 2. IHC for HER-2 versus CISH for HER-2 

Sixteenn of the 59 patients had a positive IHC (>10% of the nuclei) for Topo 2a in the nuclei of 
thee tumors. Only five of these tumor also showed Topo 2a amplification and all these tumors 
showedd HER-2 amplification. This indicates that 36% of the HER-2 amplified tumors also 
showedd Topo 2a amplification. There was no correlation between Topo 2a with IHC and Topo 
2aa gene copy number assessed with CISH (Figure 1), although 16 of 18 patients with a 
negativee IHC showed a normal copy number with CISH. Six patients had both HER-2 and 
Topoo 2a overexpression with IHC staining and five patients had both HER-2 and Topo 2a 
amplificationn with the CISH method. 

Lackk of re la t ionsh ip be tween IHC and CISH fo r Topo l l 

100 20 30 40 

percentagee of positive staining cells (IHQ 

50 0 

FigureFigure 1. Lack of correlation between IHC and CISH for Topo 2a 
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ResponseResponse to chemotherapy 
ResponseResponse to FEC 
Dataa of response are summarized in Table 3 and 4. A total of 39 (66%) patients achieved a 
partiall  (PR) (46%) or complete (CR) (20%) response after FEC chemotherapy. Thirty-seven of 
thesee patients and 12 patients with stable disease (SD), minimal response (MR) or no 
evaluablee (NE) disease proceeded to high-dose chemotherapy. 
Theree was no significant relationship between response to FEC and HER-2 or Topo 2a status, 
assessedd by IHC or CISH (Table 3,4), but it is remarkable that four of the five patients with 
TopoTopo 2a amplification had CR or PR and in the group without amplification 16 of the 25 
patientss (64%). 

ResponseResponse to CTC 

Twenty-fourr patients of these 49 patients ( 49% of all patients) had a complete and 13 (27%) 
patientss had a partial remission after high-dose chemotherapy. Seventeen of the 26 (65%) 
patientss with a partial remission after FE120C courses converted to a complete response after 
tCTCC courses. There was no relation between CTC response and HER-2 or Topo 2a status, 
assessedd by IHC or CISH (data not shown). 

HER-22 FECresponse1 

CR/PRR SD NE PD 
CISH<55 gene copies (n=21) 13 4 2 2 
CISH>55 gene copies (n= 12) 10 2 
CISH>55 gene copies or 12 4 1 
IHC>3+(n=17) ) 

TableTable 3. HER-2 and response to FEC in transplanted and non-transplanted patients 

Topoo 2a FECresponse 
CR/PRR SD NE PD 

CISH<55 gene copies (n=25) 16 5 2 2 
CISH>55 gene copies (n=5) 4 1 
CISH>55 gene copies or 25 8 2 3 
IHC>10%% (n=38) 

TableTable 4. Topo 2a and response to FEC in transplanted and non-transplanted patients 

11 CR=complete response, PR=partial response, SD=stable disease, NE =non evaluable, PD-progressive disease 

132 2 



Her-2Her-2 and TopoIIa overexpression and amplification- response to HD-CT 

SurvivalSurvival analysis 
Att the time of this analysis, the median follow-up duration in all patients was 27 months 
(rangee 2-87). Twenty (34%) of the 59 patients were still alive, of whom 11 (19%) with no 
evidencee of disease. All patients with no evidence of disease had received HD-CT. At 4 years 
afterr treatment, overall survival (OS) was 34.7% (95% confidence interval (ci) : 22.0-47.3 ) 
andd progression-free survival was 19.9% (95% ci: 9.1-30.2), in the overall patient group and 
35.4%% (95% ci: 21.3-49.5) and 24% (95% ci: 11.3-36,1), respectively, in the group treated 
withh HD-CT. The median overall survival was 32 (95% ci: 22.8-48) months and the median 
progression-freee survival was 13.9 (95% ci: 11.9-18.3) months for the patients receiving high-
dosee chemotherapy. There was no difference in overall and progression-free survival between 
thee patients with and without HER-2 overexpression or amplification (Figure 2,3). There was 
alsoo no difference between the patients with and those without Topo 2a overexpression or 
amplification. . 

Univariatee analysis was done to determine predictive factors for PFS and OS. Covariates 
included:: local treatment after HD-CT, menopausal status, age, prior chemotherapy, prior 
hormonall  therapy, sites of metastases, differentiation grade of the tumor, estrogen and 
progesteronee receptors, HER-2, Topo 2a and oligometastatic disease. Only the possibility of 
locall  treatment (defined as resection or local radiotherapy) reached significance for overall 
survivall  (hazard ratio 0.49, p=0.05, [95% ci: 0.24-1.00]) and the presence of bone metastases 
forr both overall and progression-free survival (hazard ratios 2.28 and 2.04, p=0.021, [95% ci: 
1.13-4.61]]  andp=0.032, [95 % ci: 1.06-3.91], respectively). 

Long-termLong-term survival 
Inn our previous study of multiple course HD-CT in patients with metastatic breast cancer [31 ] 
long-termm survival was seen in patients with oligometastatic disease with the possibility of 
locall  treatment. In this study, 11 of the 59 patients had no evidence of disease (NED). The 
characteristicss of these patients are shown in Table 5. It is remarkable that all these tumors 
weree estrogen receptor (ER) negative and only two were progesterone receptor [PR] positive. 
Althoughh the group was very small, this difference was even significant in the Pearson Chi-
squaree test. This is in part this is due to the inclusion criteria which required hormone receptor 
negativityy or failure after hormone therapy, but in the remaining 48 patients 16 tumors were 
ERR positive. All patients with NED had only one or two sites of metastases, and in eight of the 
patientss local relapse or supra or subclavicular lymph nodes were the sites of relapse. In the 
groupp without long term survival 16 of the 48 patients had a local relapse and there were more 
viscerall  metastases in this group. The HER-2 and Topo 2a status was not significantly 
differentt between the patients with and without evidence of disease. 
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Noo evidence of Other 
diseasee (n=ii) (n=48) 

Exactt  P Odds ratio 
Chi-squaree (ci1) 

High-dosee chemotherapy 
Hormonee receptor 

> > 

> > 

HER-2 2 
> > 

> > 

Estrogenn receptor (ER) + 
ER--
Progesteronee receptor(PR) + 
PR--

IHC>10% % 
IHC<10% % 
CISHH (5 or more genecopies) 
CISHH (<5 gene copies) 
CISHH unknown 

Topoo 2a 

> > 

> > 

IHC>10% % 
IHC<10% % 
CISH(55 or more gene copies) 
CISHH (<5 gene copies) 
CISHH unknown 

Sitee of metastases 
Onee or two sites of metastases 
Locall  relapse or supra or 
subclavicularr lymphnodes 
Bone e 
Liver r 
Lung g 

11 1 

0 0 
10 0 
2 2 
6 6 

3 3 
8 8 
3 3 
4 4 
4 4 

4 4 
7 7 
1 1 
6 6 
4 4 

11 1 
8 8 

1 1 
1 1 
1 1 

38 8 

15 5 
31 1 
11 1 
27 7 

14 4 
34 4 
8 8 
15 5 
25 5 

12 2 
36 6 
2 2 
21 1 
25 5 

39 9 
28 8 

19 9 
9 9 
10 0 

0.183 3 

0.048 8 

1.000 0 

1.000 0 

0.679 9 

0.47 7 

0.545 5 

0.186 6 
0.09 9 

0.08 8 
0.45 5 
0.43 3 

na" " 

na a 
na a 

0.822 (0.07-5.6) 
na a 

0.911 (0.14-0.68) 
na a 
na a 
na a 
na a 

1.711 (0.31-8.19) 
na a 
na a 
na a 
na a 

na a 
3.55 (0.74-18,4) 

0.155 (0.0-1.26) 
0.388 (0.01-3.35) 
0.34(0.01-1.26) ) 

ci=confidencee interval 
na=nonn applicable 
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FigureFigure 2. Progression-free survival curve -patients treated with HD-CT 
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FigureFigure 3. Overall survival curve -patients treated with HD-CT 
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Discussion n 

HD-CTT has shown to be able to achieve long-term disease-free survival or even cure in a 
minorityy of patients. In this study we retrospectively analyzed if HER-2 or Topo 2a expression 
orr amplification in the tumor can be helpful in identifying patients that are likely to respond. 
Thee large Dutch National Randomized study [30] has shown that patients with HER-2 
negativee tumors benefited more from adjuvant high-dose alkylating chemotherapy than 
patientss with HER-2 positive patients and it may be well possible that the same is true for the 
(oligo)metastaticc setting. Therefore, we determined the relation of HER-2 and Topo 2a 
overexpressionn and amplification with outcome and response to FEC and alkylating HD-CT in 
599 patients with metastatic breast cancer who had been included in studies that incorporated 
FECC and high-dose alkylating chemotherapy. We did not find a difference in PFS and OS for 
patientss with or without HER-2 or Topo 2a overexpression or amplification in this patient 
group.. To be significant, the association had to be very strong, and obviously this small group 
off  patients was likely to be too small. Another interesting point is that in our HD-CT studies 
wee used responsiveness to anthracyclin induction therapy as a selection criterion for 
proceedingg to HD-CT. The question is whether this procedure selects relatively more HER-2 
positivee tumors for HD-CT, as the data in the literature suggest that HER-2 positive tumors 
mayy respond better to anthracyclines [15,16,17], Conceivably, by selecting based on 
anthracyclinn response, we could select the HER-2 positive patients, who probably do not 
benefitt from HD-CT. This appears not to be the case, as in the overall group of 59 patients, 17 
patientss (29%) had tumors with HER-2 amplification and in the 48 patients proceeding to HD-
CTT 12 patients (25%). This is consistent with data of the literature, indicating that 20-30% of 
thee breast tumors have HER-2 amplification. We found no increased remission rates to 
anthracyclinss in the HER-2 and Topo 2a positive patient groups. In theory, this could have 
beenn the case as it has been suggested that some of the benefit of anthracyclins in HER-2 
positivee tumors is mediated by concomitant amplification of Topo 2a gene, which is located 
adjacentlyy to HER-2 at chromosome region 17ql2-q21 [21,34], HER-2 amplification is not 
alwayss accompanied by overexpression of Topo 2a, but sometimes also by deletion [21] of the 
TopoTopo 2a gene. Therefore, we also studied the correlation between Topo 2a and HER-2 
overexpressionn and/or amplification with the responses to FEC and HD-CT in this patient 
group.. Overexpression was assayed by IHC and amplification by CISH. An increased number 
off  gene copies (amplification) is considered the golden standard for HER-2 positivity and most 
studiess have used the FISH technique for this purpose [17,21,35,36,38,40]. CISH is a novel 
lesss time-consuming technique using a IHC-like peroxidase reaction which can be done with 
thee standard equipment of a pathology laboratory. Consistent with the data in the literature 
[37],, all tumors in our study that were HER-2 3+ with IHC showed HER-2 gene amplification, 
andd 40% of the tumors that were HER-2 2+ tumors showed HER-2 amplification. Topo 2a 
amplificationn was rare (only in five tumors in the whole patient group), and it was exclusively 
seenn in patients with HER-2 amplification. This supports the assumption that the evolution 
processs of the tumor has not included selection for Topo 2a amplification, but rather for 
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amplificationn of HER-2 which may at times lead to co-amplification of Topo 2a. In contrast to 
thee strong relationship between IHC and CISH for HER-2, we found no relation at all between 
amplificationn and overexpression with Topo 2a. This is consistent with the study of Coon et al. 
[38]]  in patients with locally advanced breast cancer, where no correlation between 
overexpressionn and amplification of Topo 2a could be found. This disparity can be declared by 
thee fact that Topo 2a is also a proliferation marker and the expression level is dependent on the 
proliferatee activity of the tumor cell. 
Parkk et al. [37] also used CISH for determination of HER-2 and Topo 2a amplification in 
locallyy advanced breast cancer and found an increased response to preoperative doxorubicin 
therapyy in patients (18 of the 19 patients) with tumors with coamplification of HER-2 and 
TopoTopo 2a and a decreased response rate (17/36) without amplification. An intermediate 
responsee rate was seen in the patients with tumors with only HER-2 amplification (9/12). 
Threee other recent studies studied both overexpression and/or gene copy number of HER-2 
andd Topo 2a in locally advanced breast cancer (LABC) [38,39] and in patients with node-
positivee breast cancer [17] and all showed a positive association between coamplification of 
thesee genes and response to anthracyclin treatment. Until now, no studies of Topo 2a and 
responsee to HD-CT in primary or metastatic breast cancer have been published. Two studies 
havee evaluated the relationship of HER-2 with response to HD-CT in metastatic breast cancer. 
Harriss et al. [40] retrospectively studied HER-2 with IHC and FISH in 205 patients treated 
withh HD-CT for metastatic breast cancer, and as in our study, they found no relationship 
betweenn outcome of HD-CT and HER-2 overexpression and amplification. In contrast, Nieto 
ett al. [24] showed that HER-2 overexpression was a strong negative predictive factor for 
survivall  in stage IV oligometastatic breast cancer patients treated with HD-CT. We did not 
findfind such a relationship in this small study. The study had too few Topo 2a positive patients to 
alloww a meaningful analysis of the relation of Topo 2a with response or outcome. 
Inn the univariate analysis we found that the presence of oligometastatic disease (defined as 
limitedd disease with the possibility of local treatment [41]), was a favorable factor for overall 
andd progression-free survival. This is consistent with the literature of conventional and high-
dosee chemotherapy [4,5]. Most of the eleven patients with long-term progression-free survival 
hadd oligometastatic disease (predominantly local relapses, locoregional lymphnodes) with 
possibilityy of local treatment. It is remarkable, although not a significant difference, that the 
tumorss of these patients were all ER negative and only two were PR positive. 
Itt is important to note that our study was small and had insufficient power to state that HD-CT 
iss independent of HER-2 and Topo 2a amplification or expression. The resistance of HER-2 
positivee tumors for alkylating high-dose chemotherapy has been shown convincingly in 
previouss studies and we must regard the present one as non-conclusive in this respect. 
Thiss study does not suggest that the selection for HD-CT by documenting responsiveness to 
inductionn anthracyclin-based chemotherapy leads to an inappropriate patient selection by 
selectingg the Topo 2a and hence the HER-2 positive patients. Remission-induction therapy 
withh an anthracyclin containing regimen remains a reasonable treatment option, also in the late 
intensificationn setting with high-dose alkylating chemotherapy. The factors important for more 
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appropriatee selection of patients for HD-CT must be studied in the future with the novel 
techniquess such as mRNA expression profile analysis. 
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