
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Patient selection for high-dose chemotherapy in stage II and IV breast cancer

Schrama, J.G.

Publication date
2004

Link to publication

Citation for published version (APA):
Schrama, J. G. (2004). Patient selection for high-dose chemotherapy in stage II and IV breast
cancer. [Thesis, externally prepared, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/patient-selection-for-highdose-chemotherapy-in-stage-ii-and-iv-breast-cancer(21409407-636a-477f-8cd3-2c537df96b65).html


Chapterr  3. 

Randomizedd tria l of high-dose chemotherapy and hematopoietic 
progenitor-celll  support in operable breast cancer  with extensive 

lymphh node involvement - final analysis with 7 years of follow-up 

JJ G Schrama1,1F Faneyte2, J H Schornagel,' J W Baars ', J L Peterse2, M J van de Vijver2, O 

Dalesioo 3, H van Tinteren3, E J.T. Rutgers4, D J Richel '5, S Rodenhuis \ 

'Departmentt of Medical Oncology, 
2Pathologyy Department, 
3Biometricss Department, 
4Surgicall  Oncology, 

Thee Netherlands Cancer Institute, Amsterdam, The Netherlands 
5Presentt address: Department of Medical Oncology, Academical Medical Centre, Amsterdam 

PublishedPublished in: Annals of Oncology 2002; 13: 689-698 



ChapterChapter 3 

Summary y 

Background Background 
Thee aim of this study was to present an update of overall (OS) and disease-free survival (DFS) 
andd to evaluate the correlation between outcome and pathologic findings at surgery in a 
randomizedd trial of high-dose chemotherapy following neoadjuvant chemotherapy and surgery 
inn high-risk breast cancer patients. 

PatientsPatients and methods: 
Ninety-sevenn women younger than 60 years of age with breast cancer and extensive axillary 
lymphh node involvement received three courses of FE[2oC (5-fluorouracil 500 mg/m , 
epirubicinn 120 mg/m2, cyclophoshamide 500 mg/m2) followed by surgery. Eighty-one patients 
weree randomized to receive either a fourth FE120C course alone or a fourth FE]2oC course 
followedd by high-dose chemotherapy (cyclophosphamide 6 g/m , thiotepa 480 mg/m2, 
carboplatinn 1600 mg/m"). We performed an univariate analysis on possible prognostic factors 
andd analyzed the sites of relapse. 

Results Results 
Afterr a median follow-up of 6.9 years, 47 (48%) patients were alive, of whom 36 (38%) 
withoutt disease. Sixty patients relapsed after treatment. One patient died of myelodysplastic 
syndrome,, without a relapse. In intention-to-treat analysis, the 5-year DFS rates were 47.5% in 
thee conventional treatment arm, and 49% in the high-dose arm and the 5-year OS were 62.5% 
andd 61%, respectively. In the univariate analysis, the clinical T-stage before chemotherapy and 
thee number of tumor-positive axillary lymph nodes after induction-chemotherapy (p=0.027) 
weree significant prognostic factors for OS. The same factors (both p=0.06) plus the estrogen-
receptorr (p= 0.08) were borderline significant factors for DFS. 

Conclusion Conclusion 
Afterr a median follow-up of 6.9 years there was no difference in OS or DFS rates between the 
twoo treatment groups. The number of tumor-positive axillary lymph nodes after induction 
chemotherapyy and the clinical T-stage before chemotherapy were significant factors for OS. 
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Introductio n n 

Thee value of high-dose chemotherapy as adjuvant treatment in high-risk primary breast cancer 
iss still controversial. Uncontrolled data from several phase I and II studies indicated a survival 
improvementt for high-dose chemotherapy with stem-cell support in the adjuvant treatment of 
breastt cancer. As a result, high-dose therapy was initially considered to be a promising new 
strategyy in breast cancer therapy. At the time of this writing, the results of six randomized 
adjuvantt trials [1,2,3,4,5,6] have been published, including a total of over 2000 patients. One 
off  these studies has proven to be unreliable [6]. 
Off  the remaining five randomized studies, only the Dutch National study (preliminary analysis 
off  the first 284 patients) [1] showed a modest survival benefit from the high-dose 
chemotherapy.. The American Intergroup study [2] was updated at the American Society of 
Clinicall  Oncology meeting (AS CO) meeting in 2001 and did not show a survival advantage 
forr the high-dose therapy compared with intermediate-dose therapy. They found fewer 
relapsess in the high-dose therapy group, but this was compensated by a high early toxic 
mortalityy rate. The other three randomized studies have been published in peer-reviewed 
journalss and showed no advantage for high-dose treatment [3,4,5]. One of these randomized 
trialss was performed in our institute and the results with a median follow-up of 4 years were 
publishedd in 1998 [5]. In this report, we present the updated results of this trial with a median 
follow-upp of over 6.9 years and a lead follow-up of almost 10 years. The more mature data 
alloww not only an update of survival, but also an evaluation of risk of second malignancies and 
possiblee long-term side effects of high-dose chemotherapy. 
Inn this study, surgery was performed following three courses of chemotherapy, which gave the 
opportunityy to analyze prognostic significance of the response to neoadjuvant chemotherapy. 
Ass well as response, we also analyzed other possible prognostic factors (estrogen (ER), 
progesteronee receptor (PR) [7], tumor size, the axillary nodal status [8], HER-2/neu protein 
expressionn [9], proliferation markers) in order to identify patients that will benefit most from 
high-dosee chemotherapy. 

Patientss and methods 

Patients Patients 

Thee patient selection for this study has been described previously [5]. Briefly, 97 women 
youngerr than 60 years of age with breast cancer (operable according to classic Haagensen 
criteriaa [10] and with extensive axillary node metastases, confirmed by a tumor-positive 
infraclavicularr lymph node biopsy [11,12]) were included in the study. Women who 
underwentt a tumorectomy for histological diagnosis were eligible if no axillary dissection had 
beenn carried out. Physical examination, chest radiography, liver ultrasound examination, and a 
radionuclidee bone scan had to be negative for distant metastases. A performance status of 0 or 
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11 [according to WHO criteria] and normal bone marrow, renal and hepatic functions were 
requiredd for eligibility. 
Writtenn informed consent was obtained from all patients before enrolment in the study, 
accordingg to institutional guidelines. Patients again gave their consent before up-front 
chemotherapy,, before surgery and before randomization. The protocol was approved by the 
Netherlandss Cancer Institute's protocol review committee and the committee for Medical 
Ethicss of the Netherlands Cancer Institute. 

StudyStudy design 

Figuree I. StuJv Josigii. 

Thee study was designed as a single-institution phase II study. Earlier results concerning 
efficacyy and feasibility have been published previously [5,13]. The treatment sequence started 
withh three up-front courses of FE120C (5-fluorouracil 500 mg/m2, epirubicin 120 mg/m2, 
cyclophosphamidee 500 mg/m ) [Figure 1]. After the third course all patients underwent 
surgery.. The type of surgery (mastectomy or breast conserving therapy and axillary lymph 
nodee dissection) had been decided before the start of chemotherapy. After surgery, patients 
withh a response to chemotherapy or stable disease were randomized to either conventional 
chemotherapyy (a fourth course of FE120C, followed by radiotherapy and tamoxifen) or high-
dosee chemotherapy (the same treatment, but with additional high-dose chemotherapy and 
peripheral-bloodd progenitor-cell (PBPC) support). In the high-dose arm, the fourth FE120C 
coursee was used for mobilization of stem cells. For this purpose granulocyte-colony-
stimulatingg factor (filgrastim 300 meg, daily subcutaneous dose) was started 24 hours after the 
chemotherapy.. PBPCs were harvested by leukocytaphereses, starting when the white blood 
cellss exceeded 3 xl09/l and continued until at least 3xl06 CD34-positive cells per kg of 
bodyy weight had been collected. High-dose chemotherapy started preferentially 21 days after 
thee fourth FE120C course. The high-dose regimen consisted of cyclophosphamide 6 g/m , 
thiotepaa 480 mg/m2, and carboplatin 1600 mg/m2, divided over 4 days [14]. The PBPC 
reinfusionn was performed two days after the end of the chemotherapy. The prophylactic use of 
anti-emeticss and antibiotics has been described elsewhere [5]. Anti-emetics were used 
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prophylacticc and then as needed. All patients received prophylactic antibiotics, including oral 
ciprofloxacinn (500 mg bd.) and oral amphotericin B (500 mg qds.), starting four days before 
high-dosee treatment. Penicilline (1 x 10 U qds.) was administered two days before reinfusion 
andd amphotericin B (0.25 mg/kg daily) on the day of reinfusion. All antibiotics were 
discontinuedd when the neutrophil cell count exceeded 0.5x109/l. Patients who were positive 
forr antibodies to herpes simplex virus were given oral aciclovir 400 mg twice daily. Irradiated 
platelett transfusions were administered to maintain platelet count above 10 x \(fl\ and 
irradiatedd leukocyte-free red blood cells were given if hemoglobin was below 5.5 mmol/1. The 
chemotherapyy was followed by radiation therapy (to the chest wall, parasternal, axilla and 
supraclavicularr and infraclavicular fields) and by tamoxifen (40 milligrams/day for 2 years). 

AssessmentAssessment of response 
Clinicall  complete response (cCR) was defined as disappearance of all palpable tumors in the 
breastt and in the axilla, as assessed by a surgeon and a medical oncologist. A clinical partial 
remissionn (cPR) was defined as a decrease of at least 50 % of the sum of all perpendicular 
diameterss of palpable lesions in breast and axilla. Progressive disease (PD) was defined as an 
increasee of 25 % of all palpable tumor or the appearance of new tumor lesions. Stable disease 
(SD)) was a decrease of less than 50% or an increase less than 25%. All patients with a cCR, 
cPR,, or SD were offered randomization. To begin with, randomization was only offered to 
patientss with stable disease if they showed minimal clinical response, a subjective response or 
pathologicall  evidence of response. Because of lack of reproducibility of the evaluations, 
randomizationn was later offered to all patients with SD. 

PathologicPathologic examination 
Alll  breast specimens were handled according to institutional protocols. Tumor size was 
measuredd in fresh specimen, and the largest diameter was used to assess pathological tumor-
stagee (pT). pT was checked microscopically by complete cross sections of the gross tumor. At 
leastt 10 lymph nodes were harvested from the axillary specimens; all lymph nodes were 
completelyy embedded and evaluated by hematoxylin-eosin (HE) and immunohistochemic 
stainingg using CAM 5.2. Immunohistochemistry was performed in case of residual carcinoma 
too assess estrogen and progesterone receptors, HER-2/neu, p 53 overexpression, Ki67 and 
BCL-2.. Pathologic response was evaluated and scored as complete in case of absence of 
invasivee tumor in the breast and lymph nodes. Histologic classification was carried out 
accordingg to the WHO criteria. Grading was carried out according to criteria described by 
Elstonn and Ellis [15]. The results of the proliferation markers (Ki67 and BCL-2) and the 
pathologicc response will be published elsewhere. 

Immunohistochemistry Immunohistochemistry 
Formalin-fixedd paraffin-embedded tissue samples were stained with antibodies against HER-
2/neuu (3B5;1:10,000), p53 (D07; 1:8000; mouse IgG2b; DAKO, Copenhagen, Denmark), 
estrogenn receptor (1D5; l:150;mouse IgGl;DAKO), Ki67(MIB-l;l:1000;DAKO) and BCL-2 
(clonee 124; 1:100 mouse IgGl;DAKO). The methods of the immunohistochemical staining 
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wil ll  be published elsewhere. Briefly, 5 îm sections were deparaffinized in xylol and alcohol 
andd endogenous peroxidase was quenched in methanol-peroxide (3%;20'). Slides were pre-
treatedd (antigen retrieval) in citrate buffer, blocked with normal goat serum and then incubated 
withh the primary antibody, overnight at 4°C. Binding of the monoclonal antibody was detected 
withh biotin labeled goat anti-mouse IgG (1:200;30' DAKO) and horseradish peroxidase 
avidin-biotinn complex (1:100;30' DAKO). Bound peroxidase was developed with 3,3'-
diaminobenzidinee tetrachloride (Sigma, USA) and 0.02% H202 in PBS. All reagents were 
dilutedd in a 1% bovine albumin solution in PBS. Anti-mouse IgG solution was admixed with 
10%% normal human serum to prevent non-specific binding. Replacement of the primary 
antibodyy with 1% bovine albumin solution in PBS served as negative control. 
Immunohistochemicall  results were mostly scored semi-quantitatively on a six-point scale for 
percentagee of positively staining tumor cells (0; 1= <10%; 2=10-25%; 3=25-50%; 4=50-75%; 
5=75-100%).. HER-2/neu was scored according to the system that has recently come to use for 
clinicall  testing (0; 1+ = > 10% cells weakly positive; 2+ = moderate homogenous staining; 3+ 
== strong homogenous staining). 

StatisticalStatistical analysis 
Thiss report is an update of our study published in 1998 [5]. Treatment assignment was done by 
thee minimization technique with stratification for clinically complete response (yes or no) and 
postmenopausall  status (yes or no). The primary endpoints were overall (OS) and relapse-free 
survival. . 
Thee treatment comparisons were done by intention-to-treat analysis. Survival curves were 
constructedd by the Kaplan-Meier method and compared by the log-rank test. We used Cox's 
modell  to analyze the factors predictive of progression or death and adjust the comparison of 
treatmentt for the patients' baseline characteristics. 
Inn the univariate analysis, possible prognostic factors for relapse and overall disease free 
survivall  from the start of treatment were examined. For each variable, Kaplan- Meier curves 
andd the graph of the log (-log survival function) versus log (time) were plotted and checked for 
proportionalityy of hazards. For these plots, each variable was screened univariately by means 
off  Cox's proportional hazards model. Discrete variables with more than two categories were 
analyzedd by means of the categories or indicator variables. A forward stepwise procedure was 
plannedd with those variables found to be significant in the screening. No variable passed this 
step. . 

Results s 

Betweenn April 1991 and December 1995, 97 patients were enrolled in the study (Figure 1). 
Eightt patients were not evaluable for clinical response because the primary tumor had been 
completelyy removed for diagnostic reasons. These patients remain in the analysis except for 
thee analysis of tumor-response. In six other patients the primary breast tumor had been 
excised,, but they had palpable axillary lymph nodes to evaluate response. One patient went 
off-studyy after the first FE120C course, due to patient's refusal. Eighty patients underwent a 
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modifiedd radical mastectomy and 16 patients had breast-conserving surgery. After surgery, 81 
patientss were randomized. Fifteen patients were not randomized, 11 because of patient's 
refusall  to undergo high-dose therapy if randomized to that arm, and four other patients 
becausee of unresponsiveness to FE^oC. Thirty-five of the 41 patients scheduled for high-dose 
chemotherapyy actually received the treatment. Five patients refused high-dose chemotherapy 
afterr initial consent. Another patient did not receive high-dose chemotherapy, because 
mobilizationn of PBPCs did not succeed in this patient. All these patients were treated with a 
fourthh FE120C only. Feasibility, toxicity and data of PBPC mobilization have been described in 
earlierr reports [5,16]. 

OverallOverall and progression-free survival 
Att the time of this analysis, 47 (48%) of the 97 patients were alive of whom 11 (11%) had 
diseasee and 36 (37%) were without disease (Table 1). The 5-years disease-free (DFS) and 
overalll  (OS) were 45 and 59 %, respectively. 

FE120CC High-dose Non- Total number  of 
Chemotherapyy randomized patients 

(n=40)) (n=41) (n=16) (n=97) 
Diedd of relapse 19 20 10 49 
Diedd without relapse 0 1' 0 1 
Aliv ee with relapse 8 2 1 11 
Aliv ee without relapse 13 18 5 36 

TableTable 1. Survival status 

Theree was no significant difference in survival rates between the two treatment groups after a 
mediann follow-up of 6.7 years from randomization (with a lead follow-up of 9.6 years). The 5-
yearr DFS rates were 47.5 and 49 % in the conventional and high-dose arm, respectively. The 
5-yearr OS rates were 62.5 and 61 % in the conventional arm and high-dose arm, respectively 
(Figuree 2 and 3). 
Thee two groups were comparable with respect to clinical and pathologic factors before and 
afterr up-front chemotherapy (Table 2 and 3). 

Onee patient died of myelodysplastic syndrome, without relapse of breast cancer 
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FigureFigure 2. Disease-free survival (DFS) by treatment (n=8I). Median follow-up 6.7 years after 
randomization randomization 
conv=conventionalconv=conventional treatment, HD= high-dose treatment 
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FigureFigure 3. Overall survival (OS) by treatment (n=81). Median follow-up 6.7 years after 
treatment.c treatment.c 
conv=conventionalconv=conventional treatment, HD= high-dose treatment 
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Stagee at surgery 
pTO O 
PT1 1 
PT2 2 
PT3 3 
PT4 4 
Nott evaluable 
PNO O 
PN1 1 
PN2 2 
PNx x 
Numberr  of tumor-positive axillar y lymph 
nodess after  chemotherapy 
0 0 
1-4 4 
5-10 0 
>10 0 
Nott evaluable 
Histologicc grade 
Low w 
Intermediate e 
High h 
Unknown n 
Estrogen-receptorr  status 
Negativee (< 10%) 
Positivee (>10%) 
Unknown n 
Progesterone-receptorr  status 
Negativee (< 10%) 
Positivee (> 10%) 
Unknown n 
P533 status 
Negativee (<10%) 
Positivee (> 10%) 
Unknown n 
HER-2/neuu status 
0 0 
+ + 
++ + 
+++ + 
unknown n 
Typee carcinoma1 

Invasivee ductal carcinome 
Invasivee lobulair carcinome 
Mixed d 
Unknown n 

High-dose e 
therapy y 
N=41 1 

3 3 
8 8 
18 8 
4 4 
1 1 
7 7 
2 2 
38 8 

1 1 

3 3 
17 7 
17 7 
4 4 
1 1 

11 1 
14 4 
8 8 
8 8 

11 1 
24 4 
6 6 

12 2 
8 8 
21 1 

22 2 
13 3 
6 6 

28 8 
1 1 
0 0 
6 6 
6 6 

17 7 
7 7 
8 8 
9 9 

Conventional l 
therapy y 
N=40 0 

5 5 
12 2 
14 4 
7 7 

2 2 
1 1 
38 8 
1 1 

1 1 
13 3 
14 4 
9 9 
2 2 

10 0 
12 2 
8 8 
10 0 

14 4 
22 2 
4 4 

9 9 
5 5 
26 6 

20 0 
18 8 
2 2 

26 6 
1 1 
2 2 
9 9 
2 2 

26 6 
2 2 
6 6 
6 6 

TableTable 3. Histologic and immunohistochemic tumor characteristics 

typee of carcinoma according to WHO classification 
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Sitee of relapse1 

Locall  relapse 

-- Sc Lymph nodes" 

-- Chest wall 

-- ipslateral mamma1 

-- Contralateral mamma 

-- Contralateral axilla 

Lung g 

Mediastinal l 

Abdominal l 

Liver r 

Brain n 

Bone e 

Other r 

Numberr  of patients with relapse 

Totall  sites of relapse 

High-dose e 
N=41(%) ) 

99 (22%) 

4(10%) ) 

22 (5%) 

11 (2.5%) 

22 (5%) 

22 (5%) 

00 (0%) 

22 (5%) 

33 (7%) 

22 (5%) 

88 (20%) 

6(15%) ) 

22 2 

27 7 

FE120C C 
N=40(%) ) 

7(17%) ) 

5(13%) ) 

22 (5%) 

11 (2,5%) 

11 (3%) 

11 (3%) 

11 (3%) 

77 (17%) 

22 (5%) 

155 (38%) 

88 (20%) 

27 7 

40 0 

TableTable 4. Sites of relapse. 

somee patients had more than one site of relapse 
22 Sc lymph nodes=supraclavicular lymph nodes 

thiss patient went off study because of decline in cardiac ejection fraction after FE12oC and she was treated with 
radiotherapyy in stead of surgery 
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SitesSites of relapse 
Inn theory, high-dose chemotherapy could fail to eradicate microscopic disease in 
pharmacologicall  sanctuaries, such as the central nervous system. We evaluated the sites of 
relapsee in the two treatment groups. Sixty (62%) of the 97 patients relapsed: 22 patients in the 
high-dosee group, 27 in the conventional dose group and 11 of the 16 non-randomized patients. 
Onee patient in the high-dose group died of myelodysplasic syndrome without a relapse. The 
sitess of the relapses are shown in Table 4. 
Locoregionall  relapse was seen in 16 patients as the primary site of relapse, nine patients in the 
high-dosee treatment and seven in the FE120C arm. Some patients had more than one site of 
relapse.. The number of patients with a relapse was not significantly different between the two 
treatmentt groups. Liver and bone metastases occurred more frequent in the FE120C group, but 
thee difference was not significant. 

PrognosticPrognostic factors 
Manyy (possible) prognostic factors have been described in patients receiving adjuvant therapy 
forr breast cancer [7,8,9,17,18,19,20,21]. As surgery was carried out after three courses of 
chemotherapy,, it was possible to evaluate both the clinical and the pathological response as 
predictivee factors. In our previous report only clinical T-stage approached significance [5]. In 
thee present analysis, we additionally evaluated the number of tumor-positive lymph nodes in 
thee axilla after up-front chemotherapy as a separate prognostic factor. In the univariate 
analysiss (Table 5), clinical T-stage before chemotherapy (p=0.016) and number of lymph 
nodess with residual tumor after chemotherapy (p=0.027) were significant prognostic factors 
forr overall OS. No factor reached significance for DFS, but clinical T-stage <p=0.06), number 
off  axillary lymph nodes (p=0.06) and a positive estrogen receptor status (p=0.08) were nearly 
significantt for DFS. Pathologic investigation of the number of tumor-positive lymph nodes has 
beenn performed after neoadjuvant chemotherapy, therefore the number of tumor-positive 
lymphh nodes is related to pathological response. None of the other possible prognostic factors 
(age,, surgery, hormone-receptors, HER-2/neu, p53 and pathological response) were 
significantlyy related to outcome. Because only two established prognostic factors were 
significant,, further multivariate analysis was not performed. 
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Variablee Overall survival Disease-free survival 
p-value11 p-value 

Age(n=81)) ns ns 

Clinicall  T stage 0.016 0.06 
att  diagnosis (n=73) 

Pathologicall  T stage 0.14 0.14 
afterr  chemotherapy (n=72) 

Positivee lymph nodes 0.027 0.06 
afterr  chemotherapy (n-81) 

E R : \ n = 7 l )) 0.15 0.08 

PR2 ' ( (n=34)) ns ns 

HER-2/neu_:3(n=73)) ns ns 

p533 (n=73) ns ns 

Histologicall  grade (n=63) ns ns 

Clinicall  response (n=81) ns ns 

Pathologicall  response (n=8t) ns ns 

TableTable 5. Univariate analysis. Summary of potentially prognostic factors. 

11 p-value according to Cox's proportional Hazard model 
""  All immunohistochemic results are determined in post-chemotherapy specimens 

ER=estrogenn receptor, PR=progesterone receptor 
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Numberr  of patients 

Mediann age 

Treatment t 
>> High-dose chemotherapy 
>> Conventional 
>> Unrandomized patients 

Numberr  of tumor-positive lymph nodes in the 
axilla a 
<4 4 
>A >A 
Unknown' ' 

Clinicall  T stage 
Tl l 
T2 2 
T3 3 
T4 4 
Nott evaluable 
NO O 
Nl l 
N2 2 
Nx x 

Estrogenn receptor" 
negative e 
positive e 
unknown n 

HER-2/neu u 
0 0 
+ + 
++ + 
+++ + 
unknown n 

DFS<55 years 

53 3 

45 5 
(rangee 25-60) 

211 (40%) 
211 (40%) 
111 (21%) 

16(30%) ) 
32(61%) ) 
55 (9%) 

11 (2%) 
155 (28%) 
255 (47%) 
99 (17%) 
33 (6%) 
11 (2%) 
43(81%) ) 
77 (13%) 
0 0 

18(34%) ) 
266 (49%) 
99 (17%) 

333 (62%) 
22 (4%) 
11 (3%) 
10(19%) ) 
77 (13%) 

DFS>55 years 

44 4 

48 8 
(rangee 31-59) 

200 (45%) 
19(43%) ) 
55 (11%) 

166 (36%) 
288 (64%) 

33 (7%) 
14(32%) ) 
211 (48%) 
0 0 
66 (14%) 
11 (2%) 
388 (86%) 
44 (9%) 
1 1 

111 (25%) 
288 (64%) 
55 (11%) 

299 (66%) 
0 0 
22 (5%) 
99 (20%) 
44 (9%) 

TableTable 6. Characteristics of patients with a disease-free survival (DFS) < or >^5 years 

'' Unknown means that no information about the axillary lymph nodes could be obtained, mostly because no 
surgeryy of the axilla has been performed. 
22 Positive estrogen receptor is defined as more than 10 % immunohistochemic staining 
33 Estrogen receptor was not significantly different: p=0.26 (2-sided Pearson chi-square test) 
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SubgroupSubgroup of patients with a disease-free survival longer than 5 years 
Thee group of patients with a disease-free survival longer than 5 years is of special interest, 
becausee it might be that this group has one or more specific characteristics that predispose to 
long-termm survival. We performed a separate analysis of the patient-group with a disease-free 
survivall  greater or equal to 5 years (Table 6). 
Forty-fourr (45 %) of the 97 patients had a DFS > 5 years. Unsurprisingly, the group of patients 
withh a disease-free survival < 5 years contained more non-randomized patients, because 
patientss who were unresponsive to FE|i()C did not proceed to randomization. There was no 
differencee in treatment between the patients with a DFS more or less than 5 years (high-dose 
andd conventional therapy + 50% in both patient groups). Comparison between characteristics 
off  the patients with a DFS > 5 years and the remainder of the group showed no clear 
differences.. There was also no difference in relapse sites between these two groups: most 
primaryy relapses occurred in bone. Estrogen receptor positivity was not significantly different 
(p=0.26)) between the two groups. Thus, patients who remained free of disease 5 or more years 
afterr the start of treatment had no distinguishing characteristics. 

Long-termLong-term side effects and second tumors 
Thee median follow-up of 6.9 years after registration with a lead follow-up of 9.8 years is still 
tooo short for a complete evaluation of risk of second tumors (particularly solid tumors) and 
long-termm side effects (Table 7). Radiation pneumonitis is a relatively early side effect. Five 
patientss (four in the high-dose group and one in the conventional therapy arm) developed a 
radiationn pneumonitis between 3 and 12 weeks after radiation therapy; all were reversible after 
treatmentt with prednisone. Cardiac problems were reported with expected frequency: one 
patientt had a myocardial infarction. Van Dam et al. [22] have evaluated cognitive toxicity in 
thesee patients, and found that cognitive function impairment was more frequent after high-
dosee treatment for breast cancer. 
Att the time of this analysis, three solid (second) neoplasms have been diagnosed: one basal 
celll  carcinoma and one tubular adenoma of the colon (both in the high-dose therapy arm) and 
onee tubulovillous adenoma of the sigmoid in the conventional therapy arm. Two other patients 
inn the high-dose treatment group developed a myelodysplasic syndrome (MDS). One of these 
patientss already had (retrospectively) myelodysplastic features in the bone marrow before 
transplantation.. The other patient presented with MDS 8 years after high-dose chemotherapy. 
Onee patient developed antibodies against platelets and neutrophil granulocytes. She responded 
favorablyy to prednisone. 
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Alll  randomized High-dose Conventional 
patientss chemotherapy Therapy 
(n=81)) (n=41) (n=40) 

Myelodysplasticc syndrome 2 2 0 

Tumorss 3 
>> basal cell carcinoma 1 
>> tubular/tubulovilleus adenoma of 1 1 

thee colon 

Autoantibodiess against platelets and 1 1 0 
leukocytes s 

Radiationn pneumonitis 5 4 1 

Myocardiall  infarction 1 0 1 

Hypothyreoidyy 2 1 1 

TableTable 7. Long term effects and second tumors/malignancies after a median follow-up 
durationduration of 6.9 years (leadfollow-up 9.8 years after registration) 

11 8 years after chemotherapy 
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Discussion n 

Thee primary aim of this study was to develop a practical approach that could be used in a 
multi-centerr study of high-dose chemotherapy in operable breast cancer with extensive lymph 
nodee involvement. All patients had a tumor-positive infraclavicular lymph node biopsy 
[11,12].. which is usually associated with extensive lymph node involvement and has a poor 
prognosiss [23,24]. We have previously published the results concerning efficacy and 
feasibilityy of this study [5,13]. 
Afterr a median follow-up of 6.9 years and a lead follow-up of almost 10 years in 97 patients 
withh breast cancer and extensive lymph adenopathy, there was no statistically significant 
relapse-freee survival advantage for high-dose chemotherapy over conventional therapy in this 
study.. Since the study was small and did not have the power to detect a difference < 30% in 
(relapse-free)) survival between the treatment groups, a smaller but clinically important 
advantagee for high-dose therapy may have been missed. In fact, 27 of 40 patients randomized 
too the conventional treatment died or relapsed, while there were only 23 (22 death or relapse of 
diseasee and one death from myelodysplasia) of 41 patients in the high-dose group who 
experiencedd such an 'event'. At the time of this writing, 32% of the conventionally treated 
patientss remain alive and free of disease versus 44% of the patients who received high-dose 
therapyy as a consolidation. This corresponds to a reduction in hazard rate of almost 20%. 
Althoughh statistically not significant, this is consistent with preliminary data of the large 
Dutchh National study, which were reported at the ASCO meeting in 2000 [1]. This study 
showedd a reduction of odds of relapse of 20% in 885 patients at a median follow-up of 35 
monthss after randomization. Thus, the present study can not be regarded as 'negative,' because 
itt is too small to reject an equivalence hypothesis. 
AA second possible reason for the absence of an effect of high-dose therapy could be the fact 
thatt chemotherapy was interrupted for an appreciable amount of time to allow surgery. 
Substantiall  regrowth of tumor cells might take place between the third and the fourth FE120C 
courses,, thereby losing some of the beneficial effect of the induction chemotherapy. It is of 
interestt that a similar interval between conventional dose induction chemotherapy and high-
dosee therapy was present in the 'Philadelphia study' [25], which showed no advantage for 
high-dosee therapy. Mathematical models of tumor growth [26,27] suggest that this could 
eliminatee most of the benefit of the induction therapy. 
Thee high-dose chemotherapy regimen used in this study and in the Dutch National study [1] is 
relatedd but not identical to the STAMP-V or CTCb regimen, which was employed in the 
Philadelphiaa study [25] and in the Scandinavian randomized adjuvant trial [3]. The main 
differencess are that the carboplatin dose in the Dutch regimen is twice as high (1600 mg/m2) 
andd that the three alkylating agents are administered as short-term infusions rather than as 96-
hourr continuous infusions. The latter difference could be important since we have recently 
shown,, that even low concentrations of thiotepa can inhibit the activation route of 
cyclophosphamidee [28]. If thiotepa is continuously present in the circulation, a sustained 
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reductionn of 4-hydroxycyclophosphamide formation may be present, accounting for less active 
metabolitess of cyclophosphamide, less toxicity and possibly a lower efficacy. 
Althoughh our study failed to show an advantage for high-dose therapy, the OS is appreciably 
betterr than that of a similar series of patients reported from our institute [29]. This could result 
fromm factors such as patient selection [30,31] and stage migration. Moreover, these patients 
weree treated with the CMF (cyclophosphamide, methotrexate and 5-fluoruracil) regimen 
insteadd of FE120C. It is likely, however, that some real improvements in adjuvant therapy such 
ass the prolonged administration of tamoxifen after chemotherapy and radiation therapy of the 
chestt wall, have contributed to the better OS. 
Ann important disadvantage of high-dose therapy or other forms of intensive chemotherapy in 
thee adjuvant treatment of breast cancer is long-term side effects, including the risk of therapy-
inducedd second malignancies. After a lead follow-up of 10 years we identified five neoplasms: 
twoo MDS and three solid tumors. Both cases of MDS developed in the high-dose therapy arm, 
butt one of these patients retrospectively had signs of a myelodysplastic syndrome in her bone 
marroww before high-dose therapy. This incidence is comparable to the results of Sobecks et al. 
[32],, who reported an incidence of 0.3%, and Laughlin et al. [33], who reported a 4-years 
probabilityy of developing MDS/Acute leukemia of 1.6 % after high-dose therapy. In the study 
off  Bergh et al. [3] no cases of MDS/Acute leukemia were seen in the high-dose therapy arm, 
butt in the 251 patients treated with "tailored" FEC (dose adjusted to tolerance), six cases of 
acutee myelogenous leukemia and three cases of MDS were diagnosed. This high incidence 
wass probably caused by the high cumulative dose of epirubicin in the conventional arm. 
Sincee MDS and leukemia usually develop within six years after treatment [33,34] we believe 
thatt the incidence will not appreciably rise with further follow-up in the present study. 
Onlyy three solid tumors have been diagnosed in our patient group: one basal cell carcinoma 
(high-dosee treatment) and two colorectal tubular/tubulovillous adenomas (one in the high-dose 
armm and one in the conventional treatment arm). These malignancies are also common in the 
normall  population. We found only one contralateral second breast tumors in the conventional 
dosee arm. This is remarkable, because the incidence of second contralateral breast tumors is 7-
88 per 1000 women years of follow-up [35,36,37]. In this group of 97 patients with 670 women 
yearss of follow-up, one would expect about 4-5 cases of contralateral breast cancers. So, it 
couldd be that the adjuvant hormonal and chemotherapeutic treatment has a protective effect for 
contralaterall  breast cancer. At this time it is difficult to estimate the number of second 
malignanciess after high-dose therapy in breast cancer, since there is insufficient follow-up in 
alll  of the available studies. 
AA potential complication of high-dose therapy in breast cancer is radiation pneumonitis. We 
observedd this complication in 5% of the patients: four patients in the high-dose group and one 
inn the conventional arm, all responding well to prednisone without developing clinically 
significantt long-term pulmonary toxicity. This is an important difference with the cisplatin-
BCNU-cyclophosphamidee regimen used in the American Intergroup study [2]. In this trial, 
pulmonaryy toxicity was an important cause of therapy related death. 
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Wee recently reported that neuropsychologic disorders may be present after high-dose 
chemotherapy,, although their clinical importance is as yet unclear [22]. At this point, it is 
unknownn whether or not abnormalities at neuropsychologic testing are also present after one 
off  the other high-dose regimens used in breast cancer. This would be interesting, while 
theoreticallyy it is possible that the higher dose carboplatin in our regimen has influence on 
neuropsychologicc functioning. 
Iff  high-dose chemotherapy will prove to benefit patients with breast cancer, it is quite likely 
thatt this benefit will be limited to a (possibly small) subgroup of patients. It would be 
importantt to identify or confirm prognostic factors that characterize this patient group. In the 
presentt study, pathologic specimens were taken both before and after induction chemotherapy, 
allowingg the study of a range of potential prognostic factors in relation to treatment outcome. 
Pathologicc characteristics of primary tumors have been reported to have predictive value 
[18,19,20,21]]  and similar results have been obtained in small series of patients receiving 
intensivee chemotherapy [7,8,9]. In the present study, only clinical T-stage and the number of 
tumor-positivee axillary lymph nodes were prognostic factors for OS. Clinical T-stage, the 
numberr of tumor-positive axillary lymph nodes and positivity for the estrogen-receptor were 
off  borderline prognostic value for disease-free survival. Unfortunately, it was not possible to 
identifyy a patient group that specifically benefited from high-dose therapy. Clearly, the 
numberr of patients in our study may have been too small to investigate this in a meaningful 
way,, and similar analyses will be crucial when the large American and European studies of 
high-dosee therapy and the adjuvant chemotherapy of breast cancer have reached sufficient 
follow-upp time. 
Althoughh this study did not show a benefit of high-dose therapy in patients with high-risk 
breastt cancer, the Dutch National study [1] has reported preliminary results that could be 
consistentt with a modest benefit for high-dose therapy. An update of the American Intergroup 
studyy [2] presented at ASCO 2001 showed fewer relapses in the high-dose therapy group 
comparedd with the intermediate dose group. This did not result in a survival advantage, 
probablyy because of the high early toxicity rate. The maturation of these and other ongoing 
largee studies should be awaited before the validity of the high-dose concept in breast cancer is 
abandonedd or adopted. 
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