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Abstract

Breast can cer at a you n g age is associated  w ith  an  u n favorable progn osis. W e stu died  th e effect of

adju van t ch em oth erapy in  you n g breast can cer patien ts in  relation  to h orm on e receptor statu s.

Paraffin  em bedded  tu m or m aterial w as collected  from  480 early stage breast can cer patien ts

you n ger th an  41 years w h o participated  in  on e of fou r EORTC trials. Estrogen  receptor- an d

progesteron e receptor statu s w ere assessed  u sin g im m u n oh istoch em istry.. Th e m edian  follow  u p

period  w as 7.3 years. Patien ts th at received  ch em oth erapy did  n ot h ave sign ifican t differen ces in

OS (HR 0.87, P = 0.63) an d  DMFS (HR 1.36, P = 0.23) rates accordin g to ER statu s. Patien ts w ith  

ER-positive tu m ors w h o did  n ot receive adju van t ch em oth erapy h ad  better OS (HR 0.41, P < 0.01)

an d  DMFS (HR 0.59, P = 0.02) rates th an  th ose w ith  ER-n egative tu m ors. Patien ts w ith  ER-positive

tu m ors ben efit less from  adju van t system ic ch em oth erapy th an  patien ts w ith  ER-n egative tu m ors.

Th ese differen ces w ere sim ilar for PgR statu s. In  con clu sion , you n g patien ts w ith  ER positive

tu m ors seem  to ben efit less from  adju van t system ic ch em oth erapy th an  patien ts w ith  ER n egative

tu m ors.

Introduction

Breast can cer in  prem en opau sal w om en  is associated  w ith  w orse ou tcom e com pared

to postm en opau sal patien ts [1]. Approxim ately 7%  of w om en  diagn osed  w ith  breast

can cer are aged  below  40 years [2]. Especially very you n g w om en , i.e. < 35 years are at

a h igh  risk of developin g distan t m etastases an d  th erefore are recom m en ded  to

receive adju van t system ic ch em oth erapy regardless of tu m or stage [3]. In  addition ,

h igh  local region al recu rren ce rates after breast con servin g th erapy h ave been

reported  in  you n g prem en opau sal breast can cer patien ts [4]. Alth ou gh  it is clear th at

you n g age is an  in depen den t progn osticator of adverse ou tcom e in  breast can cer,

con troversies exist regardin g th e optim al treatm en t in  th is popu lation .

Adju van t system ic ch em oth erapy in  prem en opau sal patien ts h as been  sh ow n  to

im prove su rvival [5], bu t con troversy still exists abou t th e role of ch em oth erapy in

h orm on e receptor positive patien ts. Sin ce ch em oth erapy alon e in  estrogen  receptor

(ER) an d/or progesteron e receptor (PgR)- positive breast can cer patien ts m ay n ot be

su fficien t [6], several trials in  prem en opau sal ER an d/or PgR- positive breast can cer

patien ts h ave stu died  th e role of ovarian  ablation  u sin g LHRH-an alogu es [7,8,9,10].

On e stu dy by Aebi et al. [6] very clearly sh ow ed  th at th e en docrin e effects of

ch em oth erapy alon e m igh t n ot be su fficien t for very you n g breast can cer patien ts. In

th is stu dy, it w as sh ow n  th at estrogen  receptor positive tu m ors in  patien ts you n ger

th an  35 years an d  treated  w ith  CMF h ad  a sign ifican tly w orse disease-free su rvival

com pared  to estrogen  receptor n egative patien ts.

To detect w h eth er w e cou ld  con firm  th ese data by fin din g sim ilar resu lts, w e stu died

th e efficacy of ch em oth erapy in  you n g breast can cer patien ts accordin g to estrogen

receptor an d  progesteron e receptor statu s, w e selected  patien ts you n ger th an  or

equ al to 40 years of age at tim e of prim ary diagn osis from  4 Eu ropean  Organ ization

for Research  an d  Treatm en t of Can cer (EORTC) trials, 10801, 10854, 10902, an d  22881,

th at w ere con du cted  by th e EORTC Breast Can cer- an d  Radioth erapy Grou p.

Efficacy of adjuvant chemotherapy according to hormone receptor status in young breast cancer patients
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Patients and Methods

Data was collected from four EORTC trials. In total, 9938 patients participated in these

trials and 934 of these patients were younger or equal to 40 years of age at time of

diagnosis. The trial designs are summarized below:

EORTC trial 10801 (1980-1986, median follow up 13.4 years) was conducted in order to

assess the safety of breast conserving treatment. In this trial, patients were

randomized between breast conserving surgery combined with radiotherapy and

radical mastectomy. Six cycles of adjuvant chemotherapy with cyclophosphamide 100

mg/m2 given orally on days 1-14, methotrexate 40mg/m2 given intravenously on days

1 and 8, and 5-fluorouracil 600 mg/m2 given intravenously on days 1 and 8, were

indicated for all patients under the age of 55 with positive nodes. In this study, 902

patients were randomized [11].

EORTC trial 10854 (1986-1991, median follow up 10.8 years) studied the question

whether one course of peri-operative chemotherapy given directly after surgery yields

better results in terms of treatment outcome than surgery alone. Peri-operative

chemotherapy consisted of one single course of doxorubicin 50 mg/m2, 5-fluorouracil

600 mg/m2, and cyclophosphamide 600 mg/m2 (FAC), administered intravenously

within 36 hours after surgery. For axillary lymph node-positive premenopausal

patients in the peri-operative chemotherapy group adjuvant chemotherapy consisting

of 5 cycles of cyclophosphamide, methotrexate, and 5-fluorouracil (CMF) was

recommended. For node-positive patients younger than 50 years who did not receive

peri-operative chemotherapy, one conventional course of FAC followed by five cycles

of CMF after surgery was recommended. Postmenopausal patients were

recommended to receive tamoxifen. 2795 patients were included in this trial [12].

EORTC trial 10902 (1991-1999, median follow up 6.1 years) was set up to determine the

value of pre-operative chemotherapy. Patients were randomized to receive four cycles

of chemotherapy either before or after surgery. Chemotherapy consisted of four cycles

of 5-fluorouracil 600 mg/m2, epirubicin 60 mg/m2, and cyclophosphamide 600 mg/m2

(FEC) administered intravenously, at 3-weekly intervals. In the pre-operative

chemotherapy group, surgical therapy followed within four weeks of the fourth

course of chemotherapy. In the postoperative chemotherapy group, the first cycle was

given within 36 hours after surgery. Patients ≥ 50 years received tamoxifen for 2 years.

A total number of 698 patients were randomized [13].

EORTC trial 22881 enrolled 5569 patients between 1989 and 1996. Stage I/ II breast

cancer patients were randomized between to undergo 50 Gy irradiation of the whole

breast with or without an additional dose of 16 Gy to the tumor bed after

lumpectomy. Patients with a microscopically incomplete resection were assigned to

receive a boost dose of 10 Gy or 26 Gy. Premenopausal patients with axillary lymph

node involvement received chemotherapy and postmenopausal patients received

tamoxifen [14].

In all trials if adjuvant chemotherapy was indicated, patients either received CMF or

Efficacy of adjuvant chemotherapy according to hormone receptor status in young breast cancer patients
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an anthracyclin-based regimen

(FAC or FEC). Adjuvant

hormonal therapy for

premenopausal hormone

receptor positive patients was

not yet recommend at the time

when these trials were

conducted. In the oldest two

trials tamoxifen administration

was not even recorded. This

explains the high number of

patients for which no

information was found on

tamoxifen use. In the trials

where tamoxifen use was

recorded, less than 5% of

patients ≤ 41 years received

tamoxifen.

ER staining and PgR staining

Paraffin embedded tumor

material was collected from 549

patients ≤ 40 years. Tumors

were histologically graded using

H& E slides as described

previously [15].

Immunohistochemical staining for estrogen receptor and progesterone receptor

status was performed using a tissue micro array [16,17,18,19]. Three core biopsies

were taken from each tumor block and inserted into a donor block. Immuohisto-

chemical staining for estrogen receptor was performed using the monoclonal

antibody DAK O-ER, 1D5 (Dakopatts, Glostrup, Danmark); for progesterone receptor

using the monoclonal antibody mPRI (TRANSBIO, Paris, France. Immunohistochemical

staining was scored using a semiquantative system based on the percentage of

positive nuclei. After counting the percentage of positive nuclei in three core biopsies

the mean value was taken. For estrogen- and progesterone receptor, tumors with

>10% of the tumor cells showing nuclear staining were considered positive.

Statistical analysis

Analyses were performed for distant metastasis-free survival (DMFS) and overall

survival (OS). Distant metastasis-free survival was defined as the interval from time

of randomization until time of distant metastasis or death, whichever event came

first. Overall survival was defined as time from randomization to death from any

cause. Survival curves were estimated using the K aplan-Meier method [20].

Differences in survival were analysed using Cox proportional hazard models [21]. All

statistical analyses were performed using SPSS software. A direct comparison of

patients who received chemotherapy versus patients who did not receive

chemotherapy per hormone receptor status group was not feasible since this would

Efficacy of adjuvant chemotherapy according to hormone receptor status in young breast cancer patients
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introduce a selection bias in

this retrospective analysis. This

due to the fact that the vast

majority of patients receiving

chemotherapy had positive

axillary lymph nodes. Therefore,

conclusions in this explorative

analysis were based upon

indirect comparisons.

Results

Paraffin embedded tumor

specimens were collected for

480 patients ≤ 40 years at time

of diagnosis. Patient

characteristics are listed in

Table 1. For 12 patients, ER

status could not be scored and

for 16 patients PgR status could

not be scored. 288 patients were

deemed ER positive whereas 223

patients were PgR positive.

Two hundred patients received

prolonged adjuvant systemic

chemotherapy and 279 patients

did not receive adjuvant

systemic chemotherapy. Ninety-

four percent of patients that did

not receive chemotherapy were

node-negative and eighty-five

percent of patients that did

receive chemotherapy were node-positive. Characteristics related to adjuvant

systemic chemotherapy treatment are listed in Table 2.

At time of the analysis, 102 patients had died and 150 patients developed a distant

recurrence or died. The number of events stratified by estrogen receptor status is

listed in Table 3. The median-follow-up period at time of analysis was 7,3 years.

Overall, patients with ER-positive tumors had better OS rates compared to ER-

negative patients, (HR 0.63, 95%CI 0.43 - 0.93, P= 0.02, Figure 1). Survival rates after a

median follow up of 7 years were approximately 82% for the ER positive group and

77% for the ER negative group. DMFS rates were 70% and 66% respectively which was

not statistically significant (HR 0.90, 95% CI 0.65 - 1.24, P =  0.51, Figure 2).

Progesterone receptor status yielded similar results in terms of overall survival and

distant metastasis-free survival. Patients with progesterone positive tumors had

better OS (HR 0.59, 95%CI 0.4 - 0.88, P = 0.01) but for DMFS this difference was not of

statistical significance (HR 0.78, 95%CI 0.57 - 1.01, P = 0.14).

Efficacy of adjuvant chemotherapy according to hormone receptor status in young breast cancer patients

Table 2. Patient characteristics specified by adjuvant

chemotherapy*

Table 3. Type of events
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Patients that did not receive prolonged adjuvant chemotherapy

Estrogen receptor status

In the subset of patients that did not receive adjuvant systemic chemotherapy,

positive ER status was associated with better OS (HR 0.41, 95%CI 0.23 - 0.74, P < 0.01,

figure 3). Survival rates at 7 years were 90% for the ER positive group and 77% for the

Efficacy of adjuvant chemotherapy according to hormone receptor status in young breast cancer patients

Figure 1. O verall survival for all patients Figure 2. D istant metastasis-free survival for 

all patients

Figure 3. O verall survival in patients w ho did

not receive adjuvant chemotherapy

Figure 4. D istant metastasis-free survival in

patients w ho did not receive adjuvant

chemotherapy
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ER negative group. DMFS rates in the subset of patients that did not receive adjuvant

systemic chemotherapy were significantly better for ER positive patients as well, 80%

and 64% respectively (HR 0.59, 95%CI 0.37 - 0.92, P = 0.02, figure 4).

Progesterone receptor status

PgR positive patients who did not receive adjuvant chemotherapy had better OS (HR

0.44, 95%CI 0.24 - 0.8, P < 0.01). OS rates were 88% and 75% for ER positive and ER

negative patients. DMFS rates were 79% for PgR positive patients and 67% for PgR

negative patients respectively. However, this difference did not reach statistical

significance (HR 0.66, 95%CI 0.42 - 1.04, P = 0.07).

Patients who received prolonged adjuvant systemic chemotherapy

Estrogen receptor status

In the group of two hundred patients that did receive adjuvant systemic chemo-

therapy treatment outcome was not significantly different between ER positive- and

ER negative breast cancer patients. OS rates were 70% for the ER positive group and

75% for the ER negative group (HR 0.87, 95%CI 0.50 - 1.52, P = 0.63, figure 5) and DMFS

rates were 59% for the ER positive group and 70% for the ER negative group (HR 1.36,

95% CI 0.82 - 2.26, P = 0.23, figure 6).

Progesterone receptor status

Patients who had PgR negative tumors and received adjuvant systemic chemotherapy

did not have significant differences in terms of OS and DMFS rates. Both in the PgR

positive and PgR negative patient group, OS was 72% at 7 years of follow up (HR 0.84,

95%CI 0.49 - 1.43, P = 0.51). DMFS did not differ significantly between PgR positive

Efficacy of adjuvant chemotherapy according to hormone receptor status in young breast cancer patients

Figure 5. Overall survival in patients who

received adjuvant chemotherapy

Figure 6. Distant metastasis-free survival in

patients who received adjuvant chemotherapy
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patients and PgR negative patients who received adjuvant chemotherapy. DMFS rates

were 59% for the PgR positive group and 64% for the ER negative group (HR1.02, 95%CI

0.65 - 1.6, P = 0.93).

Multivariate analysis

Multivariate Cox regression overall survival analyses were performed for ER status

and PgR status separately. Other covariates included nodal status, tumor size, and the

administration of prolonged adjuvant chemotherapy. Both ER status (RR 1.65) and PgR

(1.56, data not shown) status remained independent prognostic factors with a

significant impact on overall survival (Table 4).

Discussion

Adjuvant systemic chemotherapy is a well-established treatment modality in

premenopausal breast cancer. In patients younger or equal to 35 years, chemotherapy

is advocated regardless of nodal status and tumor size and grade [3]. However, several

reports have questioned the efficacy of chemotherapy in premenopausal patients

with ER-positive breast cancer [6,7,10].

We demonstrated that ER–positive and/or PgR positive patients ≤ 40 years who

received prolonged adjuvant chemotherapy showed no advantage in treatment

outcome compared with ER-/PgR-negative patients, whereas ER-/PgR- positive

patients who did not receive adjuvant chemotherapy had better overall survival rates

compared with their ER-/PgR- negative counterparts. In terms of survival, figure 5

even suggests that the proportional hazards assumption is not justified in the

assessment of the effect of chemotherapy according to hormone receptor status.

Therefore we conclude that treatment efficacy of adjuvant chemotherapy is less in

young hormone receptor positive patients compared to young hormone receptor

negative patients. We did not perform direct comparisons between patients who

received chemotherapy versus patients who did not receive chemotherapy according

to hormone receptor status. Axillary lymph node status would have induced a

confounding error and since the majority of patients that did receive chemotherapy

also had positive axillary lymph nodes. Hormone receptor status therefore, may not

have been of significant impact on outcome in this subgroup.

However, in the multivariate analysis including ER status, axillary lymph node status,

tumor size and the administration of prolonged adjuvant chemotherapy, ER status

remained an independent prognostic factor for overall survival (RR1.65, 95%CI 1.09 -

2.5 P = 0.02, Table 4). Since these patients participated in trials in which adjuvant

tamoxifen was not routinely given to hormone receptor positive premenopausal

patients, less than 5% of the study population received tamoxifen, the effect of

adjuvant tamoxifen could not be measured.

Similar findings were recorded if ER status was replaced by PgR status (RR 1.56,

95%CI 1.02 - 2.39, P = 0.04).

We realize that this is a retrospective analysis using heterogeneous data from

different randomized trials and therefore any conclusions have to be drawn with

Efficacy of adjuvant chemotherapy according to hormone receptor status in young breast cancer patients
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caution. Preferably, we should

have liked to compare

chemotherapy versus not in

hormone receptor positive

patients and then compare

chemotherapy versus not in

hormone receptor negative

patients. However, since this is

not a randomized comparison,

the confounding effect of

axillary lymph node status

would have induced a

significant selection bias. On the other hand, our findings are in accordance with data

from Aebi et al. [6] who demonstrated that young premenopausal breast cancer

patients treated with adjuvant CMF chemotherapy had a higher risk of relapse and

death than older premenopausal patients, especially if their tumors were ER-positive.

In this study, ER was assessed using a ligand-binding assay; in our study ER has been

assessed using immunohistochemistry. By analyzing ER status centrally, we have

provided standardized ER measurements for all tumors in the study.

In order to optimize adjuvant systemic treatment in premenopausal breast cancer

patients, several investigators have studied the role of ovarian suppression by LHRH

agonists.

The Zoladex‰  Early Breast Cancer Research Association (Zebra) trial [7,8] compared

goserelin and CMF in1640 node-positive, premenopausal and perimenopausal

patients, aged 50 years or less, with early breast cancer. After a median follow-up of 

6 years, goserelin and CMF showed equivalent disease-free survival rates in ER

positive patients (HR 1.01, 95%CI 0.84 - 1.20). However in the ER negative subgroup, a

significant advantage in favor of CMF was found (HR 1.76, 95%CI 1.27 - 2.44). A recent

update of the analysis demonstrated similar results. In addition, patients who

received LHRH agonists suffered less from treatment related side effects than

patients who received chemotherapy [22].

Other trials studying the effect of goserelin with or without tamoxifen versus CMF in

premenopausal hormone receptor positive breast cancer patients also demonstrate

equivalent or even better disease-free survival rates but this has not yet resulted in

better overall survival rates [23,24].

Although these results underline the fact that chemotherapy may be equivalent to

hormonal ovarian suppression in terms of treatment outcome in ER positive patients,

these results fail to demonstrate a superior effect of LHRH agonists over adjuvant

chemotherapy.

In conclusion, we have demonstrated in a subset of patients aged 40 years or less at

time of diagnosis that hormone receptor status is an independent prognostic factor

on distant metastasis-free survival and overall survival. Moreover, we showed that

hormone receptor status influences response to chemotherapy. Therefore, we can

conclude that chemotherapy alone is not sufficient hormone receptor positive young

breast cancer patients.

Efficacy of adjuvant chemotherapy according to hormone receptor status in young breast cancer patients

Table 4. Multivariate Cox overall survival regression

analysis
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