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cancer patients; a translational research project
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Abstract

You n g age at tim e of diagn osis of breast can cer is an  in depen den t p rogn ostic factor associated

w ith  u n favorable ou tcom e in  term s of su rvival an d  locoregion al con trol.Th is h as led  to th e gen eral

recom m en dation  to adm in ister adju van t system ic ch em oth erapy to patien ts aged  35 years or less

at tim e of diagn osis regardless of oth er tu m or ch aracteristics like tu m or size an d  axillary lym ph

n ode statu s.

How ever, sin ce breast can cer at a very you n g age, i.e. < 41 years is a relative rare even t, eviden ce

con cern in g progn ostic factors w ith in  th is su bgrou p  of patien ts is lackin g. Th erefore th e data of

fou r EORTC Breast Grou p  Trials con cern in g prim ary operable breast can cer w ere com bin ed  to

stu dy progn ostic factors on  lon g term  ou tcom e in  very you n g breast can cer patien ts. Th e total

dataset con sisted  of 9938 early breast can cer patien ts. Tu m or m aterial w as collected  from  

549 patien ts aged  u n der 41 years of age at tim e of diagn osis. In  th e m u ltivariate an alyses, on ly

h istological grade rem ain ed  a sign ifican t p rogn ostic factor for both  overall su rvival (Grade II HR

2.67; 95%  CI 0.91 to 7.80; P = 0.07, Grade III HR 3.92; 95% CI 1.38 to 11.16; P = 0.01) an d  distan t

m etastasis free su rvival (Grade II HR 2.04; 95%  CI 1.07 to 3.88; P = 0.03, Grade III HR 2.38; 95% CI 1.29

to 4.39; P < 0.01). How ever, large tu m or size rem ain ed  an  in depen den t u n favorable progn ostic

factor on  ou tcom e in  term s of distan t m etastasis free su rvival as w ell (HR 1.64 (1.17-2.31) P < 0.01).

In  th e su bgrou p  of n ode n egative very you n g breast can cer patien ts, h istological grade rem ain ed

an  in depen den t p rogn ostic factor for both  overall su rvival (Grade III HR 8.92; 95% CI 1.17 to 68.20;

P = 0.04) an d  distan t disease-free su rvival respectively (Grade III HR 4.12; 95% CI 1.42 to 11.98;  

P < 0.001). Histological grade is a stron g in depen den t p rogn ostic factor, even  in  you n g breast

can cer patien ts. Th ese fin din gs su pport th e fact th at h istological grade is an  excellen t diagn ostic

tool to assess disease ou tcom e in  th is specific su bset of very you n g breast can cer patien ts.

Introduction

Th e in ciden ce of early stage breast can cer in  very you n g w om en  is in creasin g. At

presen t breast can cer at you n g age, i.e. u n der age 35, does accou n t for approxim ately

5%  of th e total n u m ber of cases diagn osed  each  year in  th e US.

Based  u pon  m u ltiple retrospective an alyses dem on stratin g th e in depen den t

u n favorable progn ostic im pact of you n g age on  p rogn osis in  breast can cer, cu rren t

con sen su s gu idelin es h ave in clu ded  you n g age (< 35) as an  absolu te in dication  for

adju van t system ic ch em oth erapy after p rim ary rem oval of th e tu m or irrespective of

oth er tu m or ch aracteristics [1-4]. Su ch  gu idelin es im ply th at you n g patien ts w ith

favorable tu m or featu res su ch  as sm all tu m or size an d  a n egative axillary n odal

statu s w ill receive ch em oth erapy as w ell alth ou gh  absolu te treatm en t ben efits for

th ese patien ts are n ot w ell kn ow n  w h ich  is th e resu lt of th e fact th at breast can cer at

very you n g age rem ain s a relatively in frequ en t even t.

Retrospective an alyses h ave dem on strated  breast can cer at a very you n g age to be

associated  w ith  h igh er grade, ER n egative tu m ors an d  later stage disease at tim e of

diagn osis [5,6].

How ever, oth er yet u n kn ow n  factors m ay be respon sible for th e poorer ou tcom e in

th is su bset of patien ts an d  th is hypoth esis is em ph asized  by th e fact th at BRCA I an d

II m u tation  carriers on ly accou n t for 10%  in  th is popu lation  [7-9].

Impact of established prognostic factors in early stage breast cancer in very young breast cancer patients
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Therefore, two questions remain still very much open for discussion to date. First, do

all very young breast cancer patients require adjuvant systemic chemotherapy, and

second, by which means can subsets of patients within this group of very young

women be identified who have an excellent or poor prognosis.

To study these questions we pooled the data of four randomized trials conducted by

the EORTC Breast Cancer Group and the EORTC radiotherapy Group and collected

tumor material of patients under age 41 who participated in one of these trials.

Patients and Methods

The data used in this study was obtained from 4 randomized phase III EORTC trials that

included patients with early stage breast cancer. Two trials randomized between two

types of locoregional therapy whereas two trials randomized between different timing of

the same type of systemic therapy. The detailed features of these trials have been

described in detail previously (ref). In summary, the trial protocols are listed 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. No information was

collected on hormonal therapy. In this study, 902 patients were randomized [10].

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. Axillary lymph node-positive premenopausal patients

in the peri-operative chemotherapy group were recommended to receive an extra 

5 cycles of cyclophosphamide, methotrexate, and 5-fluorouracil (CMF). Node-positive

patients, younger than 50 years, who did not receive peri-operative chemotherapy,

were advised to give one conventional course of FAC followed by five cycles of CMF

after surgery. Patients were stratified for breast conserving therapy and modified

radical mastectomy. Prolonged adjuvant systemic treatment was left to the discretion

of the local investigators. 2795 patients were included in this trial [11].

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

Impact of established prognostic factors in early stage breast cancer in very young breast cancer patients

06 Prfschrft JvdH Binnenwerk  23-04-2006  16:07  Pagina 111



112

cycle was given within 36 hours

after surgery. Stratification was

performed for planned type of

surgery instead of performed

type of surgery. This was done

because of the expected effect

of pre-operative chemotherapy

on downstaging of the tumor.

A total number of 698 patients

were randomized [12].

EORTC trial 22881 (1989 – 1996,

median follow up 5.1 years)

studied the value of a boost

dose after primary breast

conserving surgery. Patients

with breast cancer of clinical

stage T1–2,N0–1,M0 were eligible

for the trial. Patients with stage

I or II breast cancer who had

undergone macroscopically complete surgical removal of the tumor and axillary

dissection were randomly assigned to undergo 50-Gy irradiation of the whole breast

with or without an additional dose of 16 Gy to the tumor bed. Patients with a

microscopically incomplete excision were assigned to receive booster doses of 10 or

26 Gy. Patients with axillary lymph-node involvement received adjuvant systemic

therapy: premenopausal patients received chemotherapy, and postmenopausal

patients received tamoxifen. Patients not given adjuvant chemotherapy began

radiotherapy within nine weeks after lumpectomy. For patients who received

adjuvant chemotherapy, a delay of up to six months before irradiation was allowed.

This study enrolled 5569 patients [13].

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

an anthracyclin-based regimen (FAC or FEC). Adjuvant hormonal therapy for

premenopausal ER or PgR positive patients was not yet recommended at the time

when these trials were conducted. No information concerning estrogen receptor

status and tamoxifen use was available for patients who participated in EORTC trial

10801. In the trials where tamoxifen use was recorded, less than 5% of patients ≤ 41

years received tamoxifen.

Collection of tumor material and immunohistochemistry

A questionnaire was send to participating institutions to collect paraffin tumor

specimens from all patients aged under 41 at time of diagnosis except for those who

had participated in EORTC trial 10902 and received neoadjuvant chemotherapy. Tumor

tissue was collected and processed for immunohistochemistry using a tissue

microarray. Three core biopsies were taken from every tumor specimen and put in a

so-called donor block. On average, one tissue array donor block consisted of three

biopsies from sixty tumor specimens. This procedure has been described in debt by

others previously [14-17].

Impact of established prognostic factors in early stage breast cancer in very young breast cancer patients
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Histological grading, scoring of the extent of intraductal carcinoma and lymph vessel

invasion was performed on H& E colored slides according to Bloom and Richardson

[18,19]. ER, PgR, Her2 and P53 expression levels were estimated by immuno-

histochemistry. Detailed procedures have been described previously [20-22]. In

summary, a tissue microarray slide was stained and scored counting the percentage

of positive nuclei and taking the mean value of the three tumor biopsies. For

estrogen- and progesterone receptor expression, Tumors with >10% of the tumor cells

showing nuclear staining were considered positive. Tumor were deemed p53 positive

if there was  > 50% nuclear staining. Her2 expression was scored estimating the level

of membranous staining. Strong membranous staining in > 10% of tumor cells was

considered positive. Estimation of tumor grade and protein expression levels were

scored by two investigators (MJ vd V &  JA vd H) simultaneously who had to come to

an agreement in case of different views.

Selection of endpoints

Since this study was set up to study the impact of potential prognostic factors in very

young breast cancer patients on long term outcome, endpoints studied were overall

survival and distant metastasis free survival. Survival time was defined as the time

between randomization and death from any cause. Distant metastasis free survival

time was defined as time to distant metastasis or death if the latter event occurred

before a distant metastasis was diagnosed. Breast cancer specific survival was not

included since exact information concerning the cause of death was lacking in three

out of four trials.

Statistical analyses

All analyses were performed for overall survival and distant metastasis free survival.

Apart from patient age, covariates included consisted of tumor-, and treatment

related characteristics. Tumor characteristics were tumor size, nodal status, tumor

grade, hormone receptor status, Her2 overexpression, p53 overexpression, and

lymphangio invasion. Treatment characteristics consisted of type of surgery and the

administration of chemotherapy. Tamoxifen use was not included because of the high

rate of missing data for this covariant. Cox proportional-hazard regression models

[23] were used to estimate hazard ratios with 95% confidence intervals. A 5 %

significance level was used and all tests are two-sided. Survival analyses were

performed using the Kaplan Meyer method [24].

Results

Patient characteristics

A total of 9938 early stage breast cancer patients participated in one of four trials. The

majority of these patients, i.e. approximately 67%, were node negative. In addition,

approximately 70% of the patients whose hormone receptor status was available had

estrogen receptor positive breast cancer. Further patient characteristics are listed in

Table I. 1192 patients were aged under 41 years at time of diagnosis. Paraffin

embedded tumor material was successfully obtained and processed into a tissue

micro array for 549 patients younger than 41 years. This subgroup of patients had

Impact of established prognostic factors in early stage breast cancer in very young breast cancer patients
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similar characteristics in terms of

nodal status and hormone receptor

status as compared to the whole

group of patients. Patient

characteristics of this subgroup are

listed in Table 2. At time of the

analysis, 1837 patients have died

and 603 patients developed distant

disease and were still alive. The

median follow up period was 

7 years.

Young patients versus older patients

Univariate prognostic factor

analyses were performed using age

as a covariant to determine

whether age had significant

prognostic impact on disease

outcome in this patient population.

First, patients aged under 41 years

of age were compared with

patients older than 41 years and

secondly this group of patients was

further divided into three

subgroups; < 30 years, 31-35 years

and 36-40 years.

In the univariate analysis, age

under 41 was a significant

prognostic factor for overall

survival (HR 1.34 (1.18-1.52) P < 0.01) (Figure 1) and distant metastasis free survival

(HR 1.48 (1.33-1.65) P < 0 .01) associated with unfavorable prognosis. The unfavorable

prognostic impact was most profound in patients aged under 31 for overall survival

(HR 1.77 (1.25-2.51) P < 0.01) (Figure 2) and distant metastasis free survival (HR 2.16

(1.63-2.86) P < 0.01).

To test whether the observed prognostic impact of young would remain significant

when other tumor characteristics are taken into account, we first performed

univariate analyses for overall and distant metastasis free survival including tumor

size, nodal status, estrogen receptor status, type of surgery, and the administration of

adjuvant chemotherapy. To prevent potential confounding due to selection bias as a

result of the different trials in which patients participated; we also inserted trial as a

covariant. Trial 22881 was defined as reference trial. All the above mentioned

covariates were significantly associated with outcome for overall survival and distant

metastasis free survival (Table 3).

Next, we included all covariates, including patient age, into a multivariate analysis to

test the independent effect of age on outcome. Estrogen receptor status was not

included in the multivariate analysis since no information was available for 2942

patients including all patients who participated in EORTC trial 10801 and therefore

Impact of established prognostic factors in early stage breast cancer in very young breast cancer patients
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these data would be lost. The prognostic impact of all covariates except type of

surgery remained significant (See table 3). Tumor size > 5cm and positive axillary

lymph nodes were strong prognostic factors for poor prognosis, risk ratio’s being 2.28

and 2.37 for overall survival and 2.25 and 1.97 for distant metastasis free survival

respectively. In addition, young age remained an independent prognostic factor for

overall (RR 1.43 (1.25-1.63) P < 0.01) and distant metastasis free survival (RR 1.58 (1.41-

1.77 P < 0.01).

Prognostic factor analyses within the young age group

Next, we studied the prognostic impact of several different tumor characteristics in

the subset of 549 patients aged under 41 of which tumor material was collected.

Patient characteristics and immunohistochemistry results are listed in Table 2. To test

whether these covariant had significant impact on prognosis in young breast cancer

patients, univariate analyses for overall survival and distant metastasis free survival

were performed. Large tumor size, positive nodal status, poorly differentiated

histological grade, extensive lymphangio invasion and negative hormone receptor

status were all associated with poor survival (Table 4). In addition, adjuvant chemo-

therapy was associated with poor outcome (HR 1.90 (1.34-2.71) P < 0.01). Her2 over

expression (HR 1.09 (0.70-1.69) P = 0.71) and P53 overexpression (HR1.53 (0.90-2.04) 

P = 0.15) were not significantly associated with poor overall survival in this group of

patients.

For distant metastasis free survival, large tumor size, nodal status, poorly

differentiated histological grade, and adjuvant chemotherapy were associated with

poor outcome (Table 4). Positive ER status (HR 0.90 (0.65-1.24) P = 0.51) did not have a

significant impact on distant metastasis free survival. Similar results were found for

progesterone receptor status. In addition, Her2 and P53 overexpression did not have a

significant impact on distant metastasis free survival.

Subsequently, we tested the independent significant covariates in the univariate

Impact of established prognostic factors in early stage breast cancer in very young breast cancer patients
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analyses. Therefore, we

performed a multivariate

survival analysis for the

endpoints overall survival and

distant metastasis free survival.

In the multivariate analysis we

selected tumor size as assessed

by pathological examination

and discarded clinical tumor

size.

In the multivariate analyses,

only histological grade

remained a significant

prognostic factor for both

overall survival and distant

metastasis free survival (Table

5). However, large tumor size

remained an independent

unfavorable prognostic factor on

outcome in terms of distant

metastasis free survival as well

(HR 1.64 (1.17-2.31) P < 0.01).

Node negative patients who did

not receive chemotherapy

Young versus Old

To detect whether differences in

prognosis between young and

older patients would still exist

in node negative patients, we

selected all axillary node

negative patients who had not

received adjuvant-prolonged

chemotherapy. This subgroup

consisted of 6060 patients of

whom characteristics are listed

in Table 6. Except for estrogen

receptor status, patients

characteristics were not

significantly different between

both groups. Young age

remained of significant prognostic impact for patients bearing cT2 or cT3 tumors in

terms of distant metastasis free survival (Table 7). In terms of overall survival, young

age still showed a trend significant effect on outcome for smaller tumors but not for

larger tumors (Table 7).

Impact of established prognostic factors in early stage breast cancer in very young breast cancer patients
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Table 4. U nivariate analyses young patients
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Prognostic factors within young

node negative patients

The subgroup of young node

negative patients of whom

tumor material was collected

consisted of 341 women. Patient

characteristics are listed in Table

8. In this subgroup, univariate

analyses were performed,

including tumor size,

histological grade, vessel

invasion, hormone receptor

status, Her2 status, P53 status,

and type of surgery and

chemotherapy. In the univariate

analyses, tumor size, grade and

hormone receptor status

demonstrated to be significant

prognostic factors on overall and

distant metastasis-free survival

(See Table 9).

Next, in the multivariate

analyses, histological grade

remained an independent

prognostic factor for both

overall survival (Gr II vs Gr I NS,

Gr III vs Gr I HR 8.92 (1.17-68.20)

P 0.04) and distant disease-free

survival respectively (Gr II vs 

Gr I NS, Gr III vs Gr I HR 4.12

(1.42-11.98) P <0.001). Further

results are listed in Table 10 and

univariate Kaplan Meyer curves

for overall survival and distant

disease free survival concerning

histological grade are depicted

in Figures 3 and 4.

Discussion

In this study we performed a

retrospective analysis to gain

further insight in tumor characteristics of young breast cancer patients. Young age at

onset of breast cancer is a well-known independent prognostic factor but a

genotypical explanation for this phenomenon is still lacking. Part of the more

aggressive behavior of breast cancer at a young age may be attributable to hereditary

Impact of established prognostic factors in early stage breast cancer in very young breast cancer patients

Table 5. Multivariate analyses young patients

Table 6. Node negative patients who did not receive

prolonged CT (N= 6060)

Table 7. Multivariate analyses node negative patients who

did not receive prolonged CT
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factors. However, at present

only approximately 10% of

young breast cancer cases have

a documented BRCA I or BRCA II

mutations or have a strong

positive family history of breast

cancer [7-9, 25].

W e demonstrated in approxi-

mately 10000 early stage breast

cancer patients that age > 41

years is a strong prognostic

factor on disease outcome

independent of other covariates.

This is in accordance with

previous data, which have led to

the recommendation that all

patients aged ≤ 35 years at time

of diagnosis should receive

adjuvant chemotherapy

irrespective of other tumor

characteristics. In this study the

effect was most profound for

patients aged under 31.

However, the finding that

patients aged between 35 and

41 still had a poor prognosis

compared to older patients as

well could raise the question

whether or not these patients

should also receive adjuvant

chemotherapy.

In the subgroup of node

negative patients who did not

receive prolonged adjuvant

chemotherapy the prognostic

effect of young age was less

clear. In terms of overall

survival, young age as a

prognostic factor failed to reach

statistical significance. However,

there was a significant effect on distant disease free survival. Hazard ratios varied

between 1.13 and 1.50 in these analyses which could be roughly converted in NNT’s

(numbers needed to treat) varying between 11 and 38 hypothesizing an expected 30%

event rate at 10 years. In addition, in this study young node negative patients bearing

grade I tumors had excellent 10 years survival and distant disease-free survival rates

of approximately 90% for both endpoints.

This raises the discussion whether or not all young node negative patients should

Impact of established prognostic factors in early stage breast cancer in very young breast cancer patients

Table 8. Node-negative patients aged < 41

Table 9. Univariate analyses node-negative patients aged

< 41
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receive chemotherapy. Probably

two subgroups can be defined

comprising young patients who

do not require adjuvant

chemotherapy. First, young early

breast cancer patients who have

an excellent prognosis and

second patients with

chemotherapy-resistant tumors

who do not benefit from

chemotherapy anyway. Current

research using microarray based

prognostic and predictive risk

models [26-28] may further elucidate this challenge of so-called treatment tailoring.

In this study, histological grade was the strongest prognostic factor of the covariates

studied, distinguishing young patients with a favorable prognosis from young

patients with an unfavorable prognosis. The majority of young patients had grade III

tumors (53%). In addition, large tumor size remained an independent risk factor for

distant disease free survival as well. Axillary nodal status was a prognostic factor in

the univariate analyses but did not remain significant in the multivariate analyses.

Her 2 overexpression and p53 overexpression failed to be of prognostic significance in

this subset of young patients. This is not in accordance with previous reports [29, 30].

Maru et reported a positive p53 status in 22 of 44 patients (50%), and a positive HER-

2/neu status in 18 of 41 patients (44%) scored by FISH. In our study, the p53 and Her 2

positive rates were 29% and 26% respectively estimated by immunohistochemistry.

Although Her2 overexpression is a well-known risk factor associated with poor

prognosis, we were not able to demonstrate a significant effect. This could be due to

insufficient sample size since only 121 patients had Her2 overexpressing tumors

Impact of established prognostic factors in early stage breast cancer in very young breast cancer patients

Table 10. Multivariate analyses node-negative patients

aged < 41

Figure 3. Overall survival and grade Figure 4. Distant disease-free survival and

grade

06 Prfschrft JvdH Binnenwerk  23-04-2006  16:07  Pagina 119



120

estimated by immunohistochemistry. It may also be due to other unknown factors in

young breast cancer patients, which result in a more aggressive genotype, which is

much less influenced by Her2 expression. These plausible unknown factors yet have

to be discovered [31].

In conclusion, well known established prognostic factors as tumor size and histologic

grade still remain independent prognostic factors on disease outcome in young breast

cancer patients and therefore can be a valuable tool in patient information and

education. Treatment guidelines concerning young breast cancer patients should be

refined in the future based on tumor characteristics, probably derived from

microarray driven translational research projects, and not based upon age alone.

Impact of established prognostic factors in early stage breast cancer in very young breast cancer patients
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