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Abstract

Th e aim  of th is stu dy w as to exam in e w h eth er on e cou rse of perioperative polych em oth erapy

yields better resu lts in  term s of su rvival, progression -free su rvival (PFS) an d  locoregion al con trol

th an  su rgery alon e in  early stage breast can cer. From  1986 to 1991, 2795 patien ts w ith  stage I/II

breast can cer w ere ran dom ised  to receive eith er on e perioperative cou rse of an  an th racyclin e

con tain in g ch em oth erapeu tic regim en  w ith in  36 h rs after su rgery or su rgery alon e. Patien ts w ere

follow ed-u p  for overall su rvival, PFS an d  locoregion al recu rren ce. Th e m edian  follow -u p  period  at

tim e of th e an alysis w as 11 years. PFS an d  locoregion al con trol w ere sign ifican tly better (P=0.025

an d  P=0.004, respectively) in  th e perioperative ch em oth erapy arm . Node-n egative patien ts seem ed

to ben efit m ost from  th e perioperative FAC. Patien ts w h o received  perioperative ch em oth erapy

an d  locoregion al th erapy alon e h ad  sign ifican tly better overall su rvival rates th an  patien ts w h o

received  locoregion al th erapy alon e (P=0.004). Patien ts w h o received  addition al system ic th erapy

did  n ot seem  to ben efit from  on e cou rse of perioperative ch em oth erapy (P=0.65). On e cou rse of

perioperative polych em oth erapy does im prove PFS an d  locoregion al con trol in  early stage breast

can cers. Th is effect is still presen t after 11 years of follow -u p.

Introduction

System ic adju van t th erapy h as been  sh ow n  to im prove both  disease-free su rvival an d

overall su rvival in  breast can cer patien ts [1]. Over th e past th ree decades, m any

investigators h ave stu died  th e ben efits of adju van t ch em oth erapy in  breast can cer.

How ever, th e sign ifican ce of th e tim in g of adm in istration  of ch em oth erapy in  relation

to locoregion al treatm en t is still a m atter of debate. Experim en tal stu dies, as w ell as

m ath em atical hypoth eses [2–6], h ave dem on strated  th at early tim in g of

ch em oth erapy m ay be m ore effective th an  stan dard  postoperative adm in istration  of

ch em oth erapy.

Several ran dom ised  trials stu dyin g th e effect of th e adm in istration  of on e dose of

ch em oth erapy im m ediately after su rgery w ith  or w ith ou t su bsequ en t prolon ged

ch em oth erapy  dem on strated  better disease-free or relapse-free su rvival rates u sin g

th is th erapeu tic regim en  [7–9].

In  th e Eu ropean  Organ ization  for Research  an d  Treatm en t of Can cer (EORTC) trial

10854, of w h ich  prelim in ary resu lts h ave been  pu blish ed  previou sly, a sim ilar effect

w as observed  at a m edian  follow -u p  tim e of 41m on th s [10]. In  th is report, w e w ill

focu s on  th e effect of perioperative ch em oth erapy after lon g-term  follow -u p.

Patients and methods

Patient characteristics

Eligibility requ irem en ts, ran dom isation  procedu res, su rgical an d  radiation  tech n iqu es

u sed , ch aracteristics of patien ts an d  tu m ou rs, an d  th e distribu tion  of patien ts am on g

th e treatm en t grou ps h ave been  pu blish ed  previou sly [10]. In  brief, eligible patien ts

h ad  prim ary operable breast can cer, T1-3, N0-2, M 0, an d  h ad  to be you n ger th an  70

years of age at th e tim e of ran dom isation .

Im proved survival after one course of perioperative chem otherapy in early breast cancer patients
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Exclusion criteria were bilateral breast

cancer, previous treatment for breast

cancer and previous systemic treatment

for other cancers, distant metastases, and

a poor W orld Health Organization (W HO)

performance (>2). Patients were

randomised to either receive one course

of perioperative chemotherapy within 36

hrs after surgery or surgery alone. Patient

characteristics are shown in Table 1.

Patients who were younger than or equal

to 50 years of age at the time of diagnosis

were classified as premenopausal.

Patients older than 50 years were

considered postmenopausal. Tumour

oestrogen receptor status (ER) was

measured using a biochemical assay

according to the best method locally

available at every institution. A value of

510 fmol ER per mg protein was

considered positive and a value of 

0–9 fmol ER per mg protein was

considered negative [11]. No information

on the progesterone receptor status was

collected. In the subgroup of node-

negative premenopausal patients, ER status was also measured by immunohisto-

chemistry in a central pathology review.

Treatment

Patients were treated with either (modified) radical mastectomy or breast-conserving

surgery. Perioperative chemotherapy consisted of one single course of 50 mg/m2

doxorubicin, 600 mg/m2 5-fluorouracil, and 600 mg/m2 cyclophosphamide (FAC),

administered intravenously (i.v.) within 36 h after surgery. Axillary lymph node-

positive premenopausal patients in the perioperative chemotherapy group were

recommended to receive an extra five cycles of cyclophosphamide, methotrexate and

5-fluorouracil (CMF). Node-positive patients, younger than 50 years, who did not

receive perioperative chemotherapy, were advised to have one conventional course of

FAC followed by five cycles of CMF after surgery. Adjuvant hormonal therapy at the

time was not routinely given in the management of breast cancer and the decision to

give tamoxifen was therefore left to the discretion of the respective investigators.

Radiotherapy was given in both arms. Postoperative radiation had to be started 6

weeks after surgery and was given in all cases in which surgery was considered not to

be radical. A detailed description concerning the administration of radiotherapy was

given previously [10].

Statistical considerations

The primary endpoint of the EORTC 10854 trial is overall survival. Secondary

Improved survival after one course of perioperative chemotherapy in early breast cancer patients

Table 1. Patient characteristics; all patients 

(N  = 2793)
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endpoints are progression-free survival

(PFS) and locoregional recurrence as the

first event. PFS was defined as the time

between the date of randomisation and

the date of relapse (including secondary

primary tumours and contralateral breast

cancers) or death, whichever came first. A

locoregional recurrence was defined as

any recurrence in the breast or axilla.

Only recurrences which occurred before

the diagnosis of a distant metastasis

and/or a new primary tumour were

regarded as a locoregional recurrence as

the first event and added to the analysis.

Statistical calculations were performed

using the ‘intent-to-treat principle’. This

means that all data are used in the

statistical calculations, regardless of the

fact whether a patient was eligible or not.

PFS and overall survival curves, as well as

locoregional recurrence rates, were

estimated using the K aplan–Meier

method [12] and log-rank tests for the

comparison of treatment effects were

also used [13]. Cox proportional-hazard

regression models [14] were used to

estimate hazard ratios (HR) with their

95%  confidence interval (CI). All tests

were two-sided.

Results

Main analysis

From May 1986 to March 1991, 2795

patients were enrolled from 16

institutions from nine different countries

onto this trial (Appendix). 41patien ts

were ineligible. 2793 patients were

included in the analysis. 2 patients, of

whom information concerning

randomisation was missing, were

excluded from the analysis. After a

median follow-up of 11 years, overall

survival (71%  versus 74% ) was not

significantly different between the two

treatment groups (HR=0.9; 95%  CI:

Improved survival after one course of perioperative chemotherapy in early breast cancer patients

Figure 1. Overall survival

Figure 2. Progression-free survival

Figure 3. Locoregional recurrence as first event
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0.78–1.37; P = 0.14) (Fig. 1). However, PFS rates (53% versus 59%) are significantly

different in favour of the perioperative chemotherapy group (HR=0.88; 95% CI:

0.78–0.98; P = 0.025) (Fig. 2). In line with the PFS results, locoregional control (86%

versus 91%) was significantly different also in favour of the study-arm; (HR=0.69; 95%

CI: 0.54–0.89; P = 0.004) (Fig. 3).

Subgroup analyses

To study the effect of perioperative chemotherapy in the specified groups of patients,

subgroup analyses were carried out. However, one must interpret the outcome of

these analyses with caution, as these were not preplanned analyses and are therefore

only to be regarded as exploratory analyses.

N ode-negative patients

1467 patients without axillary lymph node metastases were included in the trial.

Node-negative patients in the study-arm did not have a significant better overall

survival (HR=0.89; 95% CI: 0.70–1.13; P = 0.33) after perioperative FAC. However, a

significant effect of perioperative FAC was observed on the PFS rate (HR=0.83; 95% CI:

0.70–0.99; P = 0.035). In addition, perioperative chemotherapy did have a profound

effect on locoregional control in this subgroup, resulting in a significant difference in

the locoregional control rates (HR=0.67; 95% CI: 0.48–0.93; P = 0.018) in favour of the

study-arm.

Patients w ith T1 tumours 

Patients with small tumours who received perioperative FAC did not benefit

significantly in terms of overall survival (HR=0.86; 95% CI: 0.62–1.18; P = 0.34) and PFS

(HR=0.92; 95% CI: 0.73–1.17; P = 0.50). However, perioperative chemotherapy had a

marginally favourable effect on locoregional control (HR=0.64; 95% CI: 0.42–0.99; 

P = 0.047).

Premenopausal patients

Premenopausal patients have been established as the patients that benefit the most

from adjuvant chemotherapy for breast cancer. Patients younger than or equal to 50

years of age at the time of diagnosis were deemed to be premenopausal patients in

this study. Perioperative chemotherapy did not yield better overall survival rates

(HR=0.91; 95% CI: 0.72–1.15; P = 0.43) or PFS rates (HR=0.87; 95% CI: 0.73–1.05; P = 0.15)

in this subgroup. Moreover, the administration of one course of perioperative FAC did

not result in better locoregional control rates (HR=0.75; 95% CI: 0.53–1.05; P = 0.096).

Timing of administration

We presumed that if timing influences treatment efficiency, this effect could only be

demonstrated in patients who received extra adjuvant systemic therapy. To study the

‘timing-effect’ of one course of perioperative FAC, we therefore selected all patients

who received prolonged adjuvant systemic treatment. In total, 1198 patients were

included in the ‘timing’ analysis, but no effect of timing was found on overall survival

(HR=0.65; 95% CI: 0.78–1.17; P = 0.65) or PFS (HR=0.94; 95% CI: 0.80–1.12; P = 0.50),

respectively. In addition, no effect of timing was found on locoregional control

(HR=0.88; 95% CI: 0.59–1.31; P = 0.52).

Improved survival after one course of perioperative chemotherapy in early breast cancer patients
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Perioperative FAC as the sole systemic

therapy

To test the absolute effect of one

perioperative course of FAC, we compared

the data of the patients in the control

group who did not receive adjuvant

systemic treatment with the patients

who received perioperative chemotherapy

alone in the study-arm. Patient

characteristics are listed in Table 2. In this

subset, which consisted of 1532 patients,

a significant difference in favour of the

perioperative chemotherapy group was

shown in terms of overall survival

(HR=0.80; 95% CI: 0.64–0.98; P = 0.035) and

PFS (HR=0.79; 95% CI: 0.67–0.93; P = 0.004)

(Figs. 4 and 5). Locoregional control was

also significantly better in the study-arm

(HR=0.60; 95% CI: 0.43–0.83; P = 0.0023)

(Fig. 6).

Type of surgery

Perioperative chemotherapy did not have

a significant effect on overall survival

when patients were compared according

to type of surgery (data not shown).

Interestingly, perioperative chemotherapy

has a significant impact on PFS (HR=0.84;

95% CI: 0.72–0.98; P = 0.031) and

locoregional control (HR=0.71; 95% CI:

0.52–0.97; P = 0.029) in patients who

underwent breast-conserving surgery, but

not in patients who underwent

mastectomy (HR=0.92; 95% CI: 0.78–1.08; 

P = 0.30 and HR=0.67; 95% CI: 0.43–1.04; 

P = 0.074, respectively).

ER-status

ER-status was known in 89% of the

patients. 65% was ER-positive, 24% were

ER-negative. In the ER-positive

population, patients who received perioperative chemotherapy had a marginally

significant better locoregional control rates (HR=0.71; 95% CI: 0.52–0.98; P = 0.04).

Perioperative chemotherapy did not have a significant effect on overall survival and

PFS in ER-positive patients. In ER-negative patients, locoregional control as well as

PFS or overall survival rates were not significantly altered by perioperative

chemotherapy.

Improved survival after one course of perioperative chemotherapy in early breast cancer patients

Figure 4. Overall survival in patients with 1

course of peri-operative FAC and no further

systemic therapie versus patients treated with

locoregional therapie alone.

Figure 5. Progression-free survival in patients

with 1 course of peri-operative FAC and no

further systemic therapie versus patients

treated with locoregional therapie alone.
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Discussion

This trial was set up primarily to study

whether one course of chemotherapy

given directly after surgery would yield

better results in terms of prognosis than

surgery alone in early stage breast cancer

patients. As demonstrated in the main

analyses, our results firmly demonstrate

that perioperative chemotherapy after

surgery leads to better locoregional

control than surgery alone. We also

showed that one course of perioperative

FAC significantly improves progression-

free survival rates.

Moreover, in a subset of patients who

received locoregional treatment alone,

one course perioperative FAC resulted in

significant higher survival rates for those

given perioperative chemotherapy. However, when patients who also received

prolonged courses of chemotherapy or patients who received hormonal therapy were

studied, no significant effect of perioperative administration of FAC could be shown.

Ever since chemotherapy became part

of the therapeutic strategy against

breast cancer, timing has been a

matter of discussion. Several trials

have studied early administration of

(poly) chemotherapy after surgery

[7–9,15–17]. These trials and their

overall results are listed in Table 3. To

date, however, no evidence of a

significant effect of early timing of

chemotherapy after primary tumour

removal on treatment outcome has

been demonstrated.

Since EORTC trial 10854 was initiated

in 1986, the indication guidelines of

adjuvant chemotherapy have shifted

substantially. In the 1980s,

chemotherapy was given on the basis

of nodal- and menopausal status. At

present, the decision to administrate

chemotherapy is based on a combined

evaluation of tumour stage, tumour

grade and menopausal status in order

to pursue a 10% disease-free survival

gain after 10 years [19]. This shift has

Improved survival after one course of perioperative chemotherapy in early breast cancer patients

Table 2. Patient characteristics; patients treated

with 1 course of peri-operative FAC and no further

systemic therapy versus patients treated with

locoregional therapy alone

Figure 6. Locoregional recurrence in patients

with 1 course of peri-operative FAC and no

further systemic therapie versus patients

treated with locoregional therapie alone
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led to a higher fraction of early stage breast cancer patients receiving chemotherapy

nowadays compared with two decades ago. If this trial was to be executed now, the

subgroup of patients who would not receive additional systemic therapy would be

much smaller. The question therefore is whether patients in which additional

systemic therapy is not indicated nowadays (i.e. node-negative patients with small

tumours and favourable histological parameters) would benefit from one course of

chemotherapy.

Based upon our results, this question is difficult to answer. However, the presented

results can be of use in designing future clinical trials.

However, the outcome that one course of chemotherapy as a sole systemic therapy is

able to induce a modest, but significant increase in overall survival and better

locoregional control rates in a subset of low-risk breast cancer patients regardless of

the tumour stage and menopausal status, is an important finding. One could

advocate on the basis of this finding that all patients with early stage breast cancer

should at least receive some form of chemotherapy. Arguments against this policy

have always been based on treatment-related toxicities and the long-term risks of

Improved survival after one course of perioperative chemotherapy in early breast cancer patients

Table 3. Perioperative chemotherapy trials
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developing haematological malignancies after chemotherapy that would not be

counterbalanced by the merits of systemic cytotoxic therapy in node-negative breast

cancer patients. This group of patients, however, is known to have a 70–80% long-term

survival rate after locoregional therapy alone, meaning that 20–30% of these patients

will eventually develop distant metastases and subsequently die of breast cancer. The

argument concerning toxicity may be real in a setting where adjuvant chemotherapy

consists of prolonged schemes like in the National Surgical Adjuvant Breast and

Bowel Project (NSABP) B-13 trial [20]. This trial investigated whether 12 cycles of

methotrexate and 5-fluorouracil followed by leucovorin after surgery would yield

better results than surgery alone in premenopausal, node-negative, ER-negative

patients. In accordance with our results, this trial demonstrated a significant better

disease-free survival rates and better locoregional control in favour of the adjuvant

chemotherapy group. A comparable study conducted by Amadori and colleagues [21]

using CMF showed similar data. In the EORTC trial 10854, only one course of an

anthracycline-containing chemotherapeutic regimen was given. This type of adjuvant

treatment induced a significant improvement in progression-free survival and

locoregional control in the overall analysis, as well as overall survival in a large subset

of patients without intolerable mortality and morbidity [22].

Therefore, one should be aware of these data when developing a treatment strategy

for patients with early stage node-negative breast cancer.

Improved survival after one course of perioperative chemotherapy in early breast cancer patients
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