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A B S T R A C T

Gonadotrophin-releasing hormone analogues were investigated as adjuvant treatment for

patients with node-negative, hormone-sensitive, premenopausal breast cancer. Patients

were randomised to either three cycles of cyclophosphamide, methotrexate, and 5-fluoro-

uracil (CMF) chemotherapy (n = 378) or goserelin every 28 d for 2 years (n = 393). During a

median follow-up of 4.9 years, 123 events were observed. The first-failure event of CMF ver-

sus goserelin, respectively, was ipsilateral locoregional recurrence (18 versus 20), contralat-

eral breast cancer (7 versus 6), distant failure (35 versus 24) and death without recurrence

(2 versus 2). Forty-two (23 versus 19) deaths of any cause occurred. The estimated adjusted

hazard ratio for goserelin versus CMF (intention-to-treat analysis) was 0.79 (95% CI = 0.54–

1.14; P = 0.19). It is concluded that medical ovarian ablation with goserelin represents a

valid option for premenopausal patients with node-negative breast cancer.

� 2006 Elsevier Ltd. All rights reserved.
er Ltd. All rights reserved.
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1. Introduction

Hormone manipulation has been used for more than

100 years to treat women with advanced breast cancer, but

how to translate this into adjuvant treatment remains in

doubt.1 Clearly, 5 years of tamoxifen is standard care in young

women with steroid-hormone-receptor–positive disease.2

Ovarian ablation or suppression (OA or OS) is accepted in

some cases.3,4 Methods of ovarian ablation include surgery

and irradiation, whereas OS can be accomplished by gonado-

trophin-releasing hormone (GnRH) agonists. A meta-analysis

by the Early Breast Cancer Trialists’ Collaborative Group

(EBCTCG) demonstrated clear benefit from OA/OS as mono-

therapy in the adjuvant treatment of women younger than

50 years.2

Several randomised trials have suggested that OA/OS may

have effects similar to those of cyclophosphamide, metho-

trexate, and 5-fluorouracil (CMF)-type adjuvant chemother-

apy. Six cycles of CMF was the first standard chemotherapy

for early breast cancer.4 However, to improve the risk-benefit

ratio, several studies5–7 compared six with three CMF cycles

as adjuvant treatment and found no significant survival dif-

ference. There was a trend towards greater survival of three

cycles for patients with a more favourable risk profile, e.g.

receptor-positive tumours.8

Given these results, in 1993 the German Adjuvant Breast

Cancer Group (GABG, now GBG) initiated trial IV-A-93 to com-

pare three cycles of CMF with 2 years of goserelin in premeno-

pausal patients with hormone-receptor-positive breast

cancer. The trial recruited node-negative patients only, in

contrast to the international Zoladex Early Breast Cancer Re-

search Association (ZEBRA) study,9,10 which was conducted in

node-positive breast cancer patients during an overlapping

time period in Germany.11,12

The primary aim of the study was to compare the event-

free survival (EFS); secondary objectives were the comparison

of overall survival and clinically significant toxicities.

2. Patients and methods

2.1. Study design

Initiated in 1993, GABG IV-A was one trial of a package of five

(A–E) launched throughout Germany that made it possible to

enrol patients according to menopausal status and hormone-

receptor and lymph-node status.

Premenopausal status was defined on the basis of regular

menses in the last 6 months or on the basis of hormone levels

(follicle stimulating hormone (FSH) <20 IU/l, luteinising hor-

mone (LH) >50 pg/ml).

Oestrogen receptor (ER) and progesterone receptor (PgR)

status were determined at local laboratories, either biochem-

ically by a dextran-coated charcoal assay and/or by immuno-

histochemistry.13 The tumour was defined as hormone

responsive if the biochemical analysis detected P20 fmol/

mg protein or the immunoreactive score (IRS) was 2 or high-

er.13 To be eligible, the tumour had to be positive either for

ER or PgR, or both. After an amendment in September 2000,

only patients with positive ER status were enrolled (as a con-

sequence of the results of the ZEBRA trial).9
Patients were centrally randomised and stratified based

on participating sites. Within each centre, block randomi-

sation with randomly varying block size and a 1:1 treat-

ment ratio was performed. Starting in December 1997,

retrospective and prospective 100% source data verifica-

tion was performed by an external clinical research

organisation.

The trial protocol was approved by all associated ethical

committees.

2.2. Patient eligibility

Premenopausal women with histologically confirmed, node-

negative, hormone-responsive breast cancer were eligible if

they met the following criteria: no prior systemic, or radi-

ation treatment for breast cancer and Karnofsky index

P60.

Major exclusion criteria were distant metastases; any T4

tumour; incomplete surgical resection or resection of <10 ax-

illary lymph nodes; simultaneous contralateral breast cancer;

previous malignancy except basal cell carcinoma of the skin

or carcinoma in situ of the cervix uteri; pregnancy or lactation;

insufficient organ function; and randomisation not within

28 d of definitive primary surgery.

2.3. Study treatments

Patients received either goserelin 3.6 mg subcutaneously (s.c.)

every 28 d for 2 years or 3 cycles of CMF chemotherapy. A CMF

cycle consisted of cyclophosphamide 500 mg/m2, methotrex-

ate 40 mg/m2, 5-fluorouracil 600 mg/ m2 given intravenously

(i.v.) on days 1 and 8 of a 28-d cycle.

2.4. Evaluation criteria

Follow-up examinations were scheduled every 3 months for

the first 2 years, every 6 months up to 5 years from surgery,

and annually thereafter. Event-free survival (EFS) and overall

survival (OAS) were defined as time from definitive primary

surgery to the first event of failure (ipsilateral locoregional

recurrence, contralateral breast cancer, distant metastases,

or secondary non-breast primaries, including death) or death,

respectively.

2.5. Statistical methods

Based on preliminary data of patients selected from previous

studies,14 an 80% EFS rate at 5 years was anticipated for the

CMF group. To detect an improvement to 87% with goserelin

(a hazard ratio (HR) of 0.625 for goserelin versus CMF), 140

events would be required to achieve an 80% power for a

two-sided log-rank test at the level a = 5%.15 With 4 years of

planned recruitment and 2 years additional follow-up, it

was anticipated that 1060 patients would have to be included.

However, the study recruited more slowly than expected.

Recalculations performed in 1999 showed that, because of

the resulting prolongation of follow-up with the same

assumptions for superiority, 140 events could also be

achieved by including 770 patients in 7.5 years with 2 years

of additional follow-up.
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EFS and OAS rates were estimated by Kaplan–Meier curves,

treating patients as censored at the time of the last reported

visit if the event of failure had not yet occurred. Median fol-

low-up was based on the estimated censoring distribution,16

and the completeness of follow-up was quantified according

to Clark and colleagues.17 The treatment effect was estimated

as the hazard ratio in a Cox model with a two-sided 95% con-

fidence interval (CI). P values were based on two-tailed Wald

tests.18 An adjusted analysis of treatment and prognostic fac-

tors was performed in a multiple Cox model including treat-

ment, tumour size, tumour grade, and type of surgery as

pre-specified in the statistical analysis plan. In addition, dif-

ferential treatment effects were investigated for tumour size

and grade (pre-specified analyses) and for age and simulta-

neous expression of both steroid receptors (retrospective

analyses).

The interaction of pre-specified prognostic factors was

tested by a Wald test of equality of the treatment effects

in the resulting groups. Because of multiple testing, a sig-

nificance level of 1% was used for these tests with 99%

CIs.

Data were processed and evaluated with the Statistical

Analysis System (SAS) according to a pre-specified analysis

plan. Following the intention-to-treat principle, ineligible pa-
Table 1 – Patient characteristics according to treatment group

Age (years) 640

>40

Median

Tumour size (mm) 620

>20

Unknown

Tumour grade 1

2

3

Unknown

Oestrogen receptor status (ER) ER positive (+)

ER negative (–)

ER unknown (?)

Progesterone receptor status (PgR) PgR (+)

PgR (–)

PgR (?)

Steroid receptor content (ER and/or PgR) ER+, PgR+

ER+, PgR–/?

ER–/?, PgR+

Overall + (ER?, PgR?)

ER–, PgR–

Type of surgery Breast conservation

Mastectomy

Adjuvant radiotherapy Yes

No

Unknown

CMF, cyclophosphamide, methotrexate, and 5-fluorouracil; ER, oestrogen
tients were not excluded, and treatment was analysed as ran-

domised. All tests, P-values and CIs were two-sided.

3. Results

3.1. Recruitment and patient characteristics

A total of 771 patients were randomised to CMF (n = 378) or to

goserelin (n = 393) between March 1993 and February 2001 in

62 German centres. A quarter of all patients were 40 years

of age or younger at randomisation. The size of most tumours

(64%) was 20 mm or smaller. Histological grade 3 was identi-

fied in 21% of the tumours, and 85% of patients had positive

ER and 93% positive PgR status, respectively. The eligibility

criteria were not met in 4.3% of the patients.

Baseline characteristics were well balanced between treat-

ment groups (Table 1).

3.2. Compliance

Information about the actual treatment is available for 753 pa-

tients, and 717 started their treatment according to randomi-

sation. In the CMF group, almost all patients who started

treatment received three cycles (97.7%); only 7 patients
CMF n = 378 Goserelin n = 393

n % of total n % of total

103 (27) 99 (25)

275 (73) 294 (75)

45 45

248 (66) 244 (62)

130 (34) 148 (38)

0 1

50 (13) 60 (16)

244 (66) 248 (64)

78 (21) 79 (20)

6 6

315 (84) 336 (86)

59 (16) 55 (14)

4 2

353 (95) 360 (92)

20 (5) 32 (8)

5 1

294 (78) 306 (78)

21 (6) 30 (8)

59 (16) 54 (14)

3 (1) 1 (0)

1 (0) 2 (0)

282 (75) 275 (70)

96 (25) 118 (30)

280 (76) 273 (72)

89 (24) 106 (28)

9 14

receptor; PgR, progesterone receptor.
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stopped treatment early, and 1 received six cycles. In the gose-

relin group, of those who started treatment (omitting patients

who stopped for recurrence or death, n = 18), 75.4% received all

24–26 planned injections (median duration 24 months, range

22–30 months) of goserelin; 3.4% stopped early after 1–6 injec-

tions; 16.3% received 7–23 injections; and 4.9% continued long-

er for a maximum of 28 injections. Twenty-one patients

randomised to CMF did not start chemotherapy, and 12 of

these chose goserelin, while in the goserelin group 15 patients

did not start treatment and three received CMF (Fig. 1).

3.3. Follow-up and observed events

The data cut-off for this final analysis was the end of June

2003, leading to a median follow-up of 4.9 years. Complete-

ness of follow-up, measured as the ratio of observed and po-

tential follow-up information available at the data cut-off,17

was 86%. Follow-up was similar in both treatment groups

(Fig. 1). With regard to EFS, 123 events have been observed

so far. The first event of failure (CMF versus goserelin) was

an ipsilateral locoregional recurrence (18 versus 20), contra-

lateral breast cancer (7 versus 6), distant relapse (35 versus

24), and death without recurrence (2 versus 2) (Table 2). In

addition, the following secondary primaries were observed
Standard chemotherapy (CMF): 
3 x CMF 

(500/40/600 mg/m2 d 1, 8, q 29)  
n = 378 

Randomised 
n = 77

CMF received (n) 
 CMF started 350 

 3 x CMF 342 
 stopped early 7 
 6 x CMF 1 

 No CMF 21 
 Unknown 7 

Reasons for incomplete CMF (n) 
 Recurrence/death 0 
 Other medical reasons 5 
 Other reasons 1 

Unkown  1

Follow-up (FU) regarding EFS (n) 
 Complete until event 66 

Event not yet observed 312 
> 7.5 years FU 40 
> 5 to 7.5 years FU 88 
> 2.5 to 5 years FU 127 
Up to 2.5 years FU 40 
No postrand. data 17 

Median FU  4.9 years 
Completeness of FU 86%

Fig. 1 – Study p
as first events in the CMF group: leukaemia (1), colorectal

(1), bladder (1), unknown origin (1); in the goserelin group

these were endometrium (3), renal (1), and bladder (1). With

regard to OAS, 42 deaths (23 versus 19) of any cause have been

observed to date (Table 2).

3.4. Event-free survival

Five-year EFS rates are estimated as 81.0% (95% CI = 76.3–

85.7%) and 85.0% (95% CI = 81.0–88.9%) in the CMF and gosere-

lin groups, respectively. The unadjusted HR for goserelin ver-

sus CMF is 0.81 (95% CI = 0.56–1.17, calculated as 95.70% CI to

account for two interim analyses). This slight benefit for gose-

relin is not significant (P = 0.25) (Fig. 2).

In the analysis adjusted for tumour size, tumour grade,

and type of surgery, all baseline factors exhibit a strong and

statistically significant effect (P < 0.05) on EFS (Table 3). The

adjusted HR of goserelin versus CMF is 0.79 (95% CI = 0.54–

1.14, calculated as 95.70% CI to account for interim analyses).

This result is similar to the unadjusted HR; thus, no signifi-

cant effect can be demonstrated (P = 0.19).

Type of surgery was included in the model for EFS to adjust

the treatment effect for otherwise unmeasured factors. The

corresponding estimated, highly significant HR of 1.82 for
Ovarian ablation (goserelin): 
goserelin 3.6mg every 28 d 
for 2 years (26 injections) 

n = 393 

patients 
1

Goserelin received (n) 
 Goserelin started 367 

 24-26 injections 240 
 Stopped early 89 
 27-28 injections 17 
 Duration unknown 21 
 No goserelin 15 
 Unknown 11 

Reasons for incomplete goserelin (n) 
 Recurrence/death 18 
 Other medical reasons 24 
 Other reasons 46 
 Unkown 1 

Follow-up (FU) regarding EFS (n) 
Complete until event 57 
Event not yet observed 336 

> 7.5 years FU 48 
> 5 to 7.5 years FU 109 
> 2.5 to 5 years FU 123 
Up to 2.5 years FU 46 

 No postrand. data 10 
Median FU  5.0 years 
Completeness of FU 86% 

articipants.



Table 2 – Number and distribution of events

CMF n = 378 n Goserelin n = 393 n Total n = 771 n

First event

Ipsilateral locoregional recurrence 18 20 38

Contralateral breast cancer 7 6 13

Distant site 35 24 59

Second non-breast-cancer malignancy 4 5 9

Death without recurrence 2 2 4

Status

Alive without recurrence 295 326 621

Alive with recurrence 43 38 81

Death without recurrence 2 2 4

Death after recurrence 21 17 38

Number of events for event-free survival 66 57 123

Number of events for overall survival 23 19 42

CMF, cyclophosphamide, methotrexate, and 5-fluorouracil.
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mastectomy versus BCT should be interpreted as a prognostic

factor rather than as a proven protective effect of BCT. Indeed,

its size is partly to the result of the fact that patients with
Fig. 2 – Event-free (A) and overall (B
large tumours are more likely to have mastectomy (the BCT

rate in patients with tumours 620 mm and >20 mm was

78% and 62%, respectively). This association was confirmed
) survival rate by treatment arm.



Table 3 – Adjustment for prognostic factors: simultaneous effect of treatment and prognostic factors on event-free survival

Hazard ratio 95% confidence interval (CI) P-value

Treatment Goserelin versus CMF 0.79 (0.54–1.14)a 0.19

Tumour size (in mm) >20 versus 620 1.73 (1.21–2.47) 0.003

Tumour grade 3 versus 1/2 1.52 (1.02–2.26) 0.038

Type of surgery Mastectomy versus breast conservation 1.82 (1.27–2.63) 0.001

CMF, cyclophosphamide, methotrexate, and 5-fluorouracil.

Patients with complete data for tumour size, grade, and type of surgery (n = 758, 372 CMF, 386 goserelin, 122 events). A hazard ratio <1 (>1)

indicates an effect in favour of the first (second) treatment group or prognostic factor group.

a Confidence interval for treatment effect calculated with nominal level 95.7% to account for sequential test procedure in two interim analyses.
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in a supplementary analysis not adjusted for type of surgery,

in which the HR for large versus small tumours rose from 1.73

(Table 3) to 1.85 (data not shown).

3.5. Analysis of differential treatment effects in prognostic
subgroups

No significant interaction was demonstrated for any of the

examined prognostic factors at the pre-specified significance

level of 1%. There is a trend to a benefit of goserelin for pa-

tients with good prognostic factors (small or grade 1–2 tu-

mours, displaying positivity for both ER and PgR) (Table 4)

and of younger age (640) (Table 4, Fig. 3).

3.6. Overall survival

Five-year OAS rates are estimated as 95.0% and 96.2% in the

CMF and goserelin groups, respectively. With only 42 deaths

observed in total to date, it is too early for any definite analy-

sis of overall survival (Fig. 2).

3.7. Tolerability and serious adverse events

The study medication was discontinued for medical reasons

(other than recurrence or death) in 5 and 24 patients in the
Table 4 – Interactions between treatment and prognostic facto

Prognostic factor Patient
population

Hazard ra
goserelin v
CMF with 9

Tumour sizeb
620 mm 0.54 (0.27–

>20 mm 1.11 (0.58–

Tumour gradeb 1/2 0.62 (0.35–

3 1.43 (0.59–

Agec
640 years 0.51 (0.23–

>40 years 1.00 (0.55–

Combined receptors ++ 0.71 (0.40–

(ER, PgR)c,d +– or –+ or – – 1.16 (0.49–

CMF, cyclophosphamide, methotrexate, and 5-fluorouracil; CI, confidenc

Patients with complete data for tumour size, grade and type of surgery

indicates a subgroup effect in favour of goserelin (CMF). The interactive

subgroup is greater than in the first subgroup.

a Two separate Cox models including the factors tumour size, tumour gr

b Prespecified analysis.

c Retrospective analysis.

d Patients with complete data and two known receptors (n = 752, 368 CM
CMF and goserelin groups, respectively. Dose reductions to

<90% of the planned dose of at least one component of CMF

occurred in 3.4% of those who started. Overall, 5 patients trea-

ted in the CMF group versus 6 patients in the goserelin group

experienced a treatment-related serious adverse event. One

patient in the CMF group experienced a life-threatening feb-

rile leukopaenia. No death occurred during treatment with

CMF, and no life-threatening adverse events were reported

in the goserelin group except two non-treatment related

deaths (alcoholic liver damage (1), suicide (1)).

4. Discussion

Here we report results on the primary endpoint of the GABG-

IV-A trial evaluating the effect of ovarian suppression for

2 years with goserelin or chemotherapy in premenopausal,

hormone-responsive, node-negative breast cancer patients.

The strength of this trial is based on the strict eligibility

criteria regarding endocrine responsiveness of the tumour.

Because the ZEBRA study analysis showed that goserelin is

effective in ER-positive patients, the inclusion criteria were

changed towards the end of the recruitment phase to require

positive ER status.9

The majority of the patients had tumours of 20 mm or

less, and only 21% of patients had poorly differentiated or
rs with regard to event-free survival

tioa

ersus
9% CI

Interactive
effect with 99% CI

P value for test
of interaction

1.09) 2.06 (0.79–5.38) 0.053

2.14)

1.08) 2.32 (0.82–6.60) 0.038

3.46)

1.15) 1.95 (0.72–5.29) 0.086

1.80)

1.26) 1.64 (0.58–4.62) 0.22

2.75)

e interval; ER, oestrogen receptor; PgR, progesterone receptor.

(n = 758, 372 CMF, 386 goserelin, 122 events). A hazard ratio <1 (>1)

effect describes the factor by which the hazard ratio in the second

ade, type of surgery, and factor-specific treatment effects.

F, 384 goserelin, 119 events).



Fig. 3 – Event-free survival rate by treatment arm and age.
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undifferentiated tumours. BCT in this young age group did

not expose patients to an unacceptable risk of recurrence19

because the rate of ipsilateral locoregional recurrence was

only 4.9% (Table 2).

After approximately 5 years of follow-up, adjuvant treat-

ment with goserelin was not found to be significantly supe-

rior to CMF; however, there was a trend in favour of

goserelin. An increase in the number of events with further

follow-up might lead to statistically significant results, espe-

cially as the differences between the two arms became appar-

ent only after the fourth year of follow-up. However, further

follow-up is precluded because the analysis of the trial is

linked to the analysis of a series of clinical trials undertaken

by the GABG.20–22

In two other trials, a direct comparison of CMF with gosere-

lin in premenopausal patients was performed. In the ZEBRA

study9,23 node-positive, premenopausal patients were ran-

domised to either six cycles of CMF or 2 years of goserelin.

When only patients with ER-positive tumours (74%) were con-

sidered, ovarian suppression by goserelin showed an outcome

equivalent to CMF with respect to disease-free survival. Simi-

lar results have been observed in the International Breast Can-

cer Study Group (IBCSG) trial VIII,24 where only node-negative,

premenopausal patients were treated with either ‘classical’

CMF for six courses, goserelin for 2 years, or CMF followed

by goserelin for 18 months. A fourth arm with no adjuvant

treatment was stopped during the early conduct of the trial,

following an interim analysis and also based on results from

the EBCTCG overview.2 Again, 30% of the registered patients

had ER-negative disease. In the 475 patients with ER-positive

tumours, no difference between CMF and goserelin with re-

gard to 5-year EFS was found (81% in both treatment arms).

Two explanations are possible for the divergent results of

these three trials. At first, it may be debatable that three cy-

cles of intravenous CMF are as effective as six cycles and/or

‘classical’ CMF with oral application of cyclophosphamide.

No data are so far available that compare the adjuvant use

of these schedules.25 In a combined analysis8 of two studies
of the IBCSG and the German Breast Cancer Study Group

(GBSG), no significant difference between three and six cycles

of CMF was found in 1024 patients. These results are sup-

ported by the GABG III trial.5

Another explanation might be drawn from the results of

the performed prospective subgroup analysis. We found that

the benefit of goserelin is more pronounced in patients with

good prognostic features (grade 1 or 2, size 6 20 mm), while

there is a slightly elevated risk compared with CMF in patients

with unfavourable prognostic characteristics.

The distribution of these prognostic factors varies between

this trial and the ZEBRA study, where more patients with

poorly differentiated tumours and tumours larger than

20 mm have been included. This difference might explain

the tendency towards greater EFS in the goserelin treatment

arm in this trial.

In contrast to the ABCSG-5 trial, distant relapses were

more frequent in the CMF group, whereas local relapses were

equally distributed; however, 50% of the patients in the

ABCSG 5-trial had involved lymph nodes.26

As mentioned, we are aware of the slow recruitment of

the trial, which forced us to perform a recalculation of sam-

ple size in 1999. We recognise that CMF may not be the

standard of care today, but must emphasise that the trial

was planned in the early 1990s. Even nowadays chemother-

apy for node-negative patients is not considered to be a

must.

This trial reconfirms the efficacy of the GnRH agonists as

an adjuvant treatment in hormone-sensitive early-stage

breast cancer. Because of the higher percentage of low-risk

patients in node-negative disease, subgroups could be dis-

criminated in which goserelin might provide more benefit to

the patients compared with CMF chemotherapy.
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Gademann, for the AG Mammakarzinom); St. Vincenz und

Elisabeth Hospital Mainz (C. Leißner); Klinikum Mannheim
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