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Abstract
Purpose. To investigate the impact of initial tumour characteristics and loco-regional radiotherapy on long-term survival
following breast cancer diagnosis. Methods and materials. This study was conducted among 6 800 French women from a
cohort of 7 711 subjects diagnosed at the IGR with breast cancer between 1954 and 1983 and followed-up until January
2004. Overall mortality in the cohort was compared with that in the French general population using Standardized
Mortality Ratios (SMR) and the Absolute Excess Risk (AER) estimated by Poisson regression. Results. During the 1954�
2004 follow-up period, 5 436 women died. Mortality was 3.15-fold higher in the cohort than in the general female
population in France. It decreased from 6.86 to 1.26 during the first 30 years of follow-up then rose again to 1.60. Both
SMRs and AERs were more than 2-fold higher in women who had received radiotherapy during initial treatment than in
those who had not, this difference being higher for women treated before 1976 than afterwards (pB0.0001). They (SMRs
and AERs) were also higher for subjects who had stage II, III or IV lesions than for those with less advanced tumours.
Conclusion. The results of this study suggest that the excess deaths observed during the first two decades are closely linked to
the initial clinical characteristics of the tumour and to radiotherapy. The late increase in mortality may be partially due to
deleterious late effects of radiotherapy.

Breast cancer is the most frequent cancer among

women in developed countries accounting for about

30% of all malignant diseases in French women [1].

Survival after breast cancer has improved over the

past few decades. This improvement is assumed to

be the result of both earlier diagnosis and treatment

effects, particularly the use of adjuvant chemo- and

hormonotherapy. Although radiotherapy is known to

reduce 3-fold the risk of loco-regional recurrence, its

real impact on long-term survival has been widely

debated [2�5]. A worldwide overview of randomised

trials on early breast cancer treatments recently

showed that radiotherapy increased long-term survi-

val mainly in patients at a high risk for loco-regional

recurrence [6]. This meta-analysis also showed an

increased risk of late heart disease and second

cancers, as previously reported in other studies

[3,7�10].

Excess mortality after breast cancer treatment, as

compared with that observed in the general popula-

tion, decreases during the first two decades after

disease onset [11�18]. Some authors claim that long-

term mortality could attain that observed in the

general population, suggesting that patients could

then be considered cured [14,19]. However, breast

cancer loco-regional recurrences or metastases can

arise decades after the initial treatment and some

authors reported on excess mortality from breast

cancer up to 40 years later among women younger

than 40 at diagnosis [20]. The long-term curability

of breast cancer therefore remains controversial.

In a previous report on a single hospital-based

cohort of patients diagnosed between 1954 and 1967

[18], we showed that excess mortality decreased

during the first two decades following treatment and

then subsequently increased. This cohort has been
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extended to include a greater number of women

treated between 1968 and 1983. Medical follow-up

was updated in 2004. The aim of the present study

was to investigate the impact of initial tumour

characteristics and of loco-regional radiotherapy on

long-term survival following breast cancer diagnosis.

Patients and methods

Patients

Between 1954 and 1983, the treatment protocol at

the Institut Gustave Roussy (IGR) was based on the

TNM (UICC) classification and on the histological

lymph node status. Patients were divided into three

groups. The first group included patients with T0,

T1, T2, T3 lesions, with a clinical tumour size

measuring less than 7 cm, and clinically classified as

N0, N1, and M0. These women had undergone

surgery (including axillary lymph node dissection

plus either a mastectomy or lumpectomy always

followed by breast radiotherapy). After surgery,

loco-regional radiotherapy, including chest wall/

breast and axillary, supraclavicular and internal

mammary chain lymph nodes, had been delivered

exclusively to patients with histologically positive

axillary lymph nodes. The second group included

patients with a clinical tumour size exceeding 7 cm

or tumour with total adherence to the pectoral

muscle or skin involvement, but no distant metas-

tases. These patients had received preoperative

radiotherapy followed by a mastectomy and axillary

lymph node dissection. The third group included all

other patients with inflammatory breast cancer and

M1 disease. These patients had generally been

treated with radiotherapy alone, combined with

chemotherapy and hormonotherapy, but some pa-

tients with metastases had not received loco-regional

irradiation.

Until 1969, the surgical procedure was Halsted’s

operation and patients with a medial or internal

tumour with histologically involved axillary lymph

nodes had undergone dissection of the internal

mammary chain. After 1969, a Patey mastectomy

was performed which includes axillary node dissec-

tion. A wide tumourectomy with axillary lymph node

dissection was systematically performed in patients

with a tumour measuring less than 25 mm, after a

randomised trial comparing mastectomy and con-

servative treatment (1972�1978) [21]. Radiotherapy

delivered to the breast was indicated after breast-

conserving surgery. Lymph node irradiation de-

pended on the axillary lymph node status, as

mentioned above. A dose of 45 to 50 Gy over 4�5
weeks was delivered. For breast conservative treat-

ment, an additional boost dose of 15 Gy was usually

delivered to the tumour bed. In premenopausal

women with histologically positive lymph nodes,

ovarian ablation was performed using pelvic radio-

therapy or surgery.

From 1954 to 1957, radiotherapy was delivered

with a 200 kV x-ray machine (orthovoltage). From

1958 onwards, Cobalt-60 units were used. Since

1977, the internal mammary chain has been treated

with a direct field with a mixed beam of Co-60

photons and electrons of the appropriate energy.

Chemotherapy was not used systematically as

adjuvant therapy (less than 1% before 1977 and

around 20% per year subsequently). Tamoxifen was

introduced around 1975, mainly for postmenopausal

patients with locally advanced or metastatic breast

cancer.

A population of 7 711 consecutive breast cancer

patients initially treated at the IGR between 1954

and 1983 was prospectively followed-up through

medical records [22]. We excluded 911 women born

in a foreign country and not living in France at the

time of the breast cancer treatment, because of very

frequent loss to follow-up. All the 6 800 remaining

women were included in this analysis. Eighty-five

percent of them had been regularly seen at our long-

term follow-up clinics at the IGR, where they were

screened yearly during the first five years, then every

two or three years thereafter. Their follow-up data

were complete in the medical records. To collect

follow-up data, we first abstracted information

directly from the medical records where demogra-

phical characteristics, clinical and pathological fea-

tures of the breast cancer, initial treatment and the

health status were recorded. The vital status of

patients on January 1, 2004 was also obtained from

the medical records. Special efforts were then

expended to establish the recent medical status of

all patients who were lost to follow-up. Patients who

were still lost to follow-up after consulting their

physicians, were traced by verifying the municipal

registries which fully cover the French population.

These registries supplied information about the vital

status and the most recent address of the patient.

Next, the patients who were still alive were invited to

visit the IGR, where information on their medical

status could be completed. For 998 women who

were not regularly seen at our follow-up clinic, data

in the medical records were incomplete. These 998

women (15%) were considered lost to follow-up

before January 1, 2004. Patients’ identification data

were used to update vital status for all breast cancer

patients from the National Institute of Statistics and

Economic Studies (INSEE). This process enabled

us to obtain vital status for all breast cancer patients

on January 1, 2004 including 905 of the 998 with

incomplete medical follow-up.
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Methods

Overall survival rates were estimated with the

Kaplan-Meier method [23]. Mortality in our cohort

was compared to overall mortality in the French

general population using Standardized Mortality

Ratios (SMRs) and Excess Absolute Risks (EARs)

of death estimated by Poisson regression [24]. The

reference was the French mortality rates according

to age categories and 5-year periods obtained from

the French Institute of Health and Medical Research

(INSERM). Each woman’s contribution to person-

years at risk (PYR) began from the date of the start

of breast cancer treatment and ended when the first

of the following events occurred: January 1, 2004, or

the date of death, or the date of last medical

examination (loss to follow-up) or the 94th birthday.

This was done, because national age-specific death

rates are not accurately known for people aged

94 years or more.

Taking into account PYR of observation in the

cohort (by age and calendar period), the expected

number of deaths were computed using age and

calendar period-specific mortality rates. The SMR

was defined as the ratio between observed and

expected deaths. The EAR was defined as the

difference between the observed and expected

deaths divided by the number of PYR and was

expressed in percentage. The confidence intervals

(CI) of the SMRs and EARs were derived using the

exact maximum of likelihood method [25]. Regres-

sion analysis of variation in SMRs was performed

assuming that the observed number of deaths

followed Poisson distribution. All tests for hetero-

geneity (PHET) and trends (PTrend) were two sided.

Data analysis was performed using SAS† software

procedures for internal comparisons and the

EPICURE† statistical software package for external

comparisons [26].

Results

The main characteristics of the cohort are shown in

Table I. The average age at diagnosis was 56 years

(range 21�94). Thirty-seven percent of the women

were under 50 years of age at diagnosis. The

diagnosis was stage I, stage II and stages III and IV

disease respectively in 11, 51, and 38% of patients.

During the period from 1954 to 1957, 50% of the

women had stage III or IV disease, whereas this

figure dropped to only 24% after 1977. Stage I

disease accounted for respectively 2, 5 and 21% for

the three consecutive periods of diagnosis (p for

trendB0.0001). Nine percent of the women had

distant metastases at diagnosis. Among the entire

population, 51% had left-sided and 2% synchronous

bilateral breast cancer. Seventy-six percent of wo-

men had been treated surgically and 72% had

received radiotherapy. Among the latter women,

8% had been treated with orthovoltage. Radiother-

apy was delivered to 68, 62 and 86% of cases

respectively with stage I, II and III-IV disease

(PTrendB0.0001). Radiotherapy was delivered sys-

tematically after breast-conserving surgery. Sixty-

one percent of women had received radiotherapy

before or after radical mastectomy, and 86% of those

who had never undergone surgery (stages III and

IV). Radiotherapy was more frequently delivered to

Table I. Initial characteristics of 6 800 breast cancer patients.

Mean age at diagnosis (Min-Max) 56 (21�94)

Period of diagnosis Number of patients (%)

1954�1956 378 (6)

1957�1976 3 833 (56)

1977�1983 2 589 (38)

Clinical features of the breast tumour

T UICC

0,1 1 176 (17)

2 2 944 (43)

3 1 348 (20)

4* 1 332 (20)

N UICC

0 2 356 (35)

1 3 459 (51)

2 621 (9)

3 364 (5)

M UICC

0 6 206 (91)

1 594 (09)

Laterality$

Right-sided 3 029 (45)

Left-sided 3 249 (48)

Site of the tumour%

External�Medial 5 616 (83)

Internal 1 184 (17)

First treatment of breast cancer: Number of patients (%)

Conservative surgery with radiotherapy 864 (13)

Mastectomy alone 1 692 (25)

Mastectomy before radiotherapy 1 617 (24)

Mastectomy after radiotherapy 978 (14)

Radiotherapy alone 1 452 (21)

No loco-regional treatment 197 (3)

Follow-up

Median follow-up 10 (1�48)

Number of patients lost to follow-up (%) 94 (1.4)

Number of dead patients (%) 5 436 (80)

*Including 674 inflammatory breast cancer.
$110 patients had a bilateral breast cancer and for 412

laterality was not known.
%External tumour: Includes tumours in the upper-outer

quadrant of the breast, tumours in the lower-outer quadrant

of the breast and axillary tail of the breast; Medial Tumour:

Includes tumours in the nipple (areola) and the central

portion of the breast; Internal Tumour: Includes tumours in

the upper-inner quadrant of the breast and lower-inner

quadrant of the breast.
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patients treated between 1954 and 1956 (79%)

compared to 70% during the period after 1956

(PHETB0.0001).

On January 1, 2004, less than 2% of the women

(93) were definitively lost to follow-up and 5 436

(80%) had died. For the entire cohort, the median

follow-up estimated by the inverted Kaplan-Meier

method was 10 years (1�48 years). The total number

of person-years at risk was 82 039. The 10-year,

20-year, 25-year and 30-year survival rates were

respectively 46% (95%CI: 45�47%), 31% (95%CI:

30�32%), 25% (95%CI: 24�27%) and 20%

(95%CI: 19�21%). Among the 518 women still alive

30 years after breast cancer treatment, 97% had

stage I or II disease, 86% a tumour measuring less

than 5 cm, 97% a maximum of one involved lymph

node and all of them were free of distant metastases

at diagnosis. Among the 30-year survivors, 199 had a

complete medical follow-up for at least 25 years after

breast cancer treatment. Among them, only 26

(13%) developed a local recurrence or distant

metastasis, and 34 (17%) a contralateral breast

cancer.

During the entire follow-up period, 701 women

developed a contralateral breast cancer, and it

occurred in more than 80% of them during the first

decade of follow-up. Women who developed a

contralateral breast cancer were significantly younger

at diagnosis than the others (PHETB0.0001) and

had more advanced disease (45% stage III and IV

versus 39% for the others), but the frequency of

contralateral lesions did not vary substantially ac-

cording to the period of initial treatment of the

breast cancer.

Excess mortality for the total period of follow-up

Mortality in the entire cohort was 3.15-fold higher

(95% CI [3.07�3.24]) than that of the general female

population in France (Table II); the EAR was 4.6

deaths per 100 PYR (95%CI: 4.4�4.8). SMRs

decreased significantly for an older age at diagnosis,

whereas the EARs were significantly higher for older

women at diagnosis. Women treated before 1957

had higher SMRs and EARs than the others. Both

SMRs and EARs were higher for stage III and IV

than for less advanced tumours.

SMRs and EARs were similar for patients who had

right-sided or left-sided tumours, whereas they were

statistically significantly higher in patients who had a

Table II. Standardized mortality rate (SMR) among 6 800 women according to clinical parameters and radiotherapy.

O/E PYR SMR 95% CI p AER (%) 95% CI

Total cohort 5 436/1 724 82 039 3.15 3.07�3.24 � 4.6 4.4�4.8

Age

540 498/40 10 863 12.4 11.4�13.6 4.3 4.0�4.8

41�50 1 164/227 27 517 5.1 4.8�5.4 B0.0001* 3.6 3.3�3.8

�50 3 774/1 457 43 659 2.6 2.5�2.7 5.5 5.3�5.8

Period

1954�1956 363/97 3 485 3.7 3.4�4.1 8.0 7.0�9.1

1957�1976 3 344/1 066 45 287 3.1 3.0�3.2 B0.01 5.2 4.9�5.4

1976�1983 1 729/560 33 267 3.1 2.9�3.2 3.5 3.3�3.8

Stage

0, I 367/205 13 191 1.8 1.6�2.0 1.3 1.1�1.6

II 2 563/1 110 50 202 2.3 2.2�2.4 B0.0001 3.0 2.8�3.2

III and IV 2 506/409 18 646 6.1 5.9�6.4 11.3 10.8�11.8

Laterality

Left 2 599/838 39 598 3.1 2.9�3.2 4.5 4.2�4.7

Right 2 376/763 37 137 3.1 2.9�3.2 0.92 4.4 4.2�4.7

Location

External�Medial 4 498/1 382 66 287 3.3 3.2�3.4 4.8 4.6�4.9

Internal 938/341 15 751 2.7 2.6�2.9 B0.0001 3.9 3.5�4.2

Radiotherapy

No 1 389/746 29 154 1.9 1.8�2.0 2.4 2.2�2.6

Yes 4 047/978 52 885 4.1 4.0�4.3 B0.0001 5.8 5.5�5.9

O: Observed cases.

E: Expected cases.

PYR: Number of person-years at risk.

SMR: standardised mortality rate (Ratio of observed to expected cases during the follow-up).

CI: confidence interval.

EAR: excess Absolute risk per 100 PY of follow-up.

*p: p for trend.
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tumour located in the external quadrants (3.3 and

4.8%) than in those with tumours located into the

medial or internal quadrants (2.7 and 3.9%). Both

SMRs and EARs were more than 2-fold higher for

women who had received radiotherapy than for those

who had not. This difference was higher for women

treated before 1976 than later (pB0.0001) and for

those with stage II, III or IV disease. No significant

interactions were observed between radiotherapy and

the other parameters (data not shown).

Variations in excess mortality according to follow-up

For the entire cohort, the excess deaths observed

decreased significantly with time since the diagnosis

of breast cancer (Figure 1), without ever reaching

the mortality of the general female population in

France, and rose again after 35 years of follow-up.

The EARs also decreased significantly (pB0.0001)

with time since the diagnosis and then increased

after 35 years of follow-up. The EAR was 2.8% after

35 years of follow-up. The SMR decreased signifi-

cantly faster among younger than older women but

between 21 and 25 years after treatment it was still

3.0 among women of 40 years or younger at

diagnosis (Table III). Based on few cases, we

observed an increase in SMRs after 35 years of

follow-up (Table III).

During the first 5 years of follow-up, the SMR was

significantly higher for women treated between 1954

and 1956 (Table IV), than for those treated between

1957 and 1976, and later. Up to 25 years of follow-

up, no major differences in risks were observed

between the three periods of diagnosis (Table IV).

During the first 25 years of follow-up both SMRs

and EARs decreased faster in women who had stage

III or IV breast cancer than in those who had earlier

stages (data not shown).

The side on which the breast cancer occurred did

not play a role in the temporal pattern of survival;

SMRs in two groups of patients were similar what-

ever the follow-up period (data not shown). During

the first 5-year period of follow-up, the SMR was

higher in patients with an external or medial tumour

(SMR�7.2, 95%CI: 6.9�7.5) than in those with an

internal tumour (SMR�5.3, 95% CI: 4.8�5.8), but

this difference disappeared subsequently (data not

shown).

Among the non-irradiated patients, mortality

reached that of the general population after 20 years

of follow-up, whereas it remained significantly ele-

vated during the whole follow-up period in irradiated

women. The 21�25-year EAR was significantly

higher for women who had been treated with radio-

therapy than for those who had not (Table V). There

was, however, a borderline increase after 35 years in

women who had not been treated with radiotherapy.

Multivariate analysis

In a multivariate analysis, a younger age at diagnosis,

an earlier calendar period at diagnosis, a more

advanced stage breast cancer and radiotherapy

were associated with a higher risk of death (Table

VI), whereas the location of the tumour in the breast

ceased to be associated with mortality.

The same results were obtained when data were

stratified on the treatment period and the tumour

Figure 1. Ratio of observed to expected deaths (left panel) and Excess absolute risk (right panel) between 0 and 40 years after a primary

breast cancer (n�6800).
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Table III. Total number of observed and expected deaths, SMR and EAR according to age at diagnosis and follow-up (N�6 800).

540 years (n�751) 41�50 years (n�1 754) �50 years (n�4 295)

Years of follow-up O/E PYR SMR 95% CI EAR (%) 95% CI O/E PYR SMR 95% CI EAR (%) 95% CI O/E PYR SMR 95% CI EAR (%) 95% CI

0�5 278/4 2 964 65.7 58.4�73.8 9.2 8.2�10.4 542/23 7 280 23.2 21.3�25.2 7.1 6.5�7.8 1 804/355 16 225 5.1 4.8�5.3 8.8 8.3�9.3

6�10 96/4 2 083 23.2 18.9�28.2 4.4 3.5�5.4 211/23 5 483 9.1 7.9�10.4 3.4 2.9�4.0 765/284 10 266 2.7 2.5�2.9 4.7 4.2�5.2

11�15 48/5 1 740 10.0 7.4�13.1 2.5 1.8�3.4 127/26 4 657 4.9 4.1�5.8 2.1 1.7�2.6 437/258 7 275 1.7 1.5�1.9 2.6 2.1�3.1

16�20 30/6 1 558 5.3 3.6�7.5 1.6 0.9�2.3 84/31 4 135 2.7 2.2�3.3 1.2 0.8�1.7 348/242 5 321 1.4 1.3�1.6 1.9 1.3�2.5

21�25 17/6 1 156 3.0 1.8�4.7 0.9 0.4�1.8 69/33 2 957 2.1 1.6�2.6 1.2 0.7�1.8 221/177 2 966 1.3 1.1�1.4 1.5 0.7�2.4

26�30 9/5 692 1.8 0.8�3.1 0.6 �0.03�1.6 51/31 1 644 1.7 1.3�2.2 1.3 0.5�2.2 129/91 1 134 1.4 1.2�1.7 2.6 0.9�4.5

31�35 8/5 392 1.7 0.8�3.2 0.9 �0.2�2.6 31/27 858 1.2 0.8�1.6 0.5 �0.6�1.8 47/37 368 1.3 0.9�1.7 2.8 �0.3�6.6

�35 12/6 277 2.0 1.1�3.4 2.2 0.2�5.1 49/32 503 1.5 1.1�2.0 2.9 0.6�5.8 23/15 104 1.6 1.0�2.3 8.0 0.3�18.2

O: Observed cases.

E: Expected cases.

SMR: standardised mortality rate (Ratio of observed to expected cases during the follow-up).

CI: confidence interval.

EAR: Excess Absolute Risk per 100 PY of follow-up.

Table IV. Total number of observed and expected deaths SMR and EAR according to follow-up and the period of initial treatment of breast cancer (N�6 800).

1954�1956 (n�378) 1957�1976 (n�3 833) 1977�1983 (n�2 589)

years of follow-up O/E PYR SMR 95% CI EAR (%) 95% CI O/E PYR SMR 95% CI EAR (%) 95% CI O/E PYR SMR 95% CI EAR (%) 95% CI

0�5 204/20 1 251 10.2 8.8�11.6 10.6 8.7�12.5 1 681/221 14 165 7.6 7.2�7.9 10.2 9.6�10.8 739/142 11 054 5.2 4.8�5.6 5.4 4.9�5.8

6�10 51/15 701 3.5 2.6�4.5 3.4 1.7�5.0 593/171 9 084 3.5 3.2�3.8 4.5 4.1�5.1 428/126 8 048 3.4 3.1�3.7 3.7 3.3�4.2

11�15 27/15 504 1.8 1.2�2.5 2.1 0.4�3.9 338/156 6 798 2.2 1.9�2.4 2.7 2.2�3.2 247/119 6 371 2.1 1.8�2.4 2.1 1.6�2.5

16�20 30/15 367 2.0 1.4�2.8 2.5 0.2�4.7 219/152 5 426 1.4 1.3�1.6 1.4 0.9�1.8 213/112 5 221 1.9 1.7�2.2 1.6 1.1�2.0

21�25 14/10 251 1.4 0.8�2.3 1.1 �1.1�3.4 195/147 4 395 1.3 1.2�1.5 1.1 0.6�1.5 98/59 2 433 1.7 1.4�2.0 1.5 0.8�2.2

26�30 18/7 170 2.4 1.5�3.7 2.1 �1.2�5.6 167/115 3 160 1.5 1.3�1.6 1.2 0.6�1.8 4/4 141 1.0 0.4�2.6 �0.07 �1.8�1.7

31�35 2/6 117 0.3 0.05�1.0 �0.9 �0.9�1.0 84/62 1 501 1.3 1.1�1.7 1.1 0.1�2.0 0 � � � � �
�35 17/8 124 2.0 1.2�3.2 3.1 �1.9�7.9 67/44 759 1.5 1.2�1.9 2.5 0.7�4.4 0 � � � � �

O: Observed cases.

E: Expected cases.

SMR: standardised mortality rate (Ratio of observed to expected cases during the follow-up).

CI: confidence interval.

EAR: Excess Absolute Risk per 100 PY of follow-up.
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stage. After the first two decades of follow-up, the

risk of death remained higher for women who had

received radiotherapy (RR�1.4; 95%CI: 1.3�1.5).

During the follow-up period, 567 of the 701

women who developed a contralateral breast cancer

died. The excess deaths observed were significantly

higher among these women (SMR�3.6; 95% CI:

3.3�3.9) than among the other women (SMR�3.1;

95%CI: 3.0�3.2).

This difference was observed up to 30 years after

breast cancer treatment and particularly for women

aged 50 or under: SMR: 9.2 (95% CI: 8.1�10.6) vs.

5.9 (95% CI: 5.6�6.2).

Discussion

In a cohort of 6 800 women treated for breast cancer

at the IGR between 1954 and 1983, mortality was

3.15-fold higher than that in the general female

population in France. The excess deaths observed

decreased significantly with time since the diagnosis

but never attained the mortality rate of the general

female population of France, even after 30 years of

follow-up.

A younger age at diagnosis, an earlier calendar

period during treatment, a more advanced stage

breast cancer and initial treatment including radio-

therapy were associated with a higher SMR.

Like any hospital-based study, our analysis is

subject to some biases. Initially, the cohort com-

prised 7 711 women treated for breast cancer. We

excluded from the analysis all women born in foreign

countries and not living in France since they were

more frequently lost to follow-up. However, these

limitations are counterbalanced by the advantages of

having a large hospital-based cohort with a very

long-term and complete follow-up and standardized

treatment protocols. Among the patients included,

less than 2% were lost to follow-up, which is low as

follow-up exceeded 40 years.

In a previous study [18] on 2 151 women treated

at the IGR between 1954 and 1967 and followed-up

until 1983, mortality decreased during the first two

decades after the diagnosis attaining that of the

general population after 20 years of follow-up.

However, in this first study, late mortality rose after

the 25th year of follow-up.

Other long-term studies

Of the few other studies on long-term mortality after

breast cancer treatment, all but two, published in the

70’s and 80’s, suggested that the excess mortality in

women with breast cancer compared to that of the

general population decreases during the first two

decades [9,12�17,27]. In the studies on patientsT
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treated before our series, the relative risks were

higher than those evidenced in our cohort and late

mortality remained higher than that of the general

population after a follow-up of at least 20 years

(Table VII) [12,13].

In the studies on patients treated virtually during

the same period as our series, late mortality attained

that of the general population within 10�20 years of

follow-up [14,16]. However, other studies showed

that late mortality remained higher than unity with

follow-up not exceeding 20 years [17,28]. In the

series of women treated more recently, risks were

lower than in our study [9]. For instance, in a recent

INSERM expert report [29], excess deaths ranged

from 2.4 to 4.9% during the first 12 years after

breast cancer treatment among the French women

diagnosed during the 1983�1994 period.

Age at breast cancer diagnosis and late mortality

As shown in Table II, the SMR in our study was

significantly higher for women younger than 40 at

diagnosis (SMR�12.4, 95%CI: 11.4�13.6), but the

EAR was significantly higher for older women

(5.5%; 95%CI: 5.3�5.8) due to the small number

of expected deaths among the youngest women. For

these younger women, the excess deaths observed

decreased significantly with time since the diagnosis

and rose again after 35 years of follow-up, as shown

in Table III (SMR�2.0: 95% CI: 1.1�3.4). The

higher number of excess deaths observed among

younger women could be partially due to the

incidence of contralateral breast cancer which af-

fected younger women more frequently. In a cohort

study conducted on the National Finnish Cancer

Registry and restricted to 18 578 women treated for

a breast cancer before the age of 50, Brenner et al.

showed that mortality remained higher than ex-

pected throughout at least 40 years after the

diagnosis [27]. This result is consistent with

the widely held belief that breast cancer is a more

aggressive disease in younger women than in older

women. In a recent study on more than 400 000

women registered in the SEER program for breast

cancer, Schairer et al. reported that the proportion of

deaths due to breast cancer decreased with age at

diagnosis [30]. Langlands et al. did not directly

study the effect of age but provided SMRs and EARs

according to the menopausal status at the diagnosis

of breast cancer. The pattern of risks they found was

similar to ours: an increasing SMR for premenopau-

sal women compared to postmenopausal women

[17]. Circulating female hormones may play a role

in the aggressiveness of breast tumours. Among

57 068 women from the nationwide Swedish cancer

registry with a breast cancer diagnosed between

1960 and 1978, Adami et al. found that relative

survival in women aged 45 to 49 years exceeded that

of the younger women and suggested that hormonal

depletion at this age might slow down the growth

rate of hormone-dependent tumours [31]. However,

they also showed that relative survival rates were

lower in older women. It has previously been shown,

Table VI. Relative risk and adjusted relative risk among 6 800 women according to clinical parameters and radiotherapy.

O/E RR 95% CI p RR* 95% CI p

Age

540 498/40 1 (Ref) � 1 (Ref) �
41�50 1 164/227 0.4 0.4�0.5 B0.0001$ 0.4 0.4�0.5 B0.0001

�50 3 774/1 457 0.2 0.2�0.3 0.2 0.2�0.3

Period

1954�1956 363/97 1 (Ref) � 1 (Ref) �
1957�1976 3 344/1 066 0.8 0.7�0.9 B0.01 0.8 0.7�0.9 B0.0001

1977�1983 1 729/560 0.8 0.7�0.9 1.0 0.9�1.1

Stage

0, I 367/205 1 (Ref) � 1 (Ref) �
II 2 563/1 110 1.3 1.2�1.4 B0.0001$ 1.5 1.3�1.7 B0.0001

III and IV 2 506/409 3.4 3.1�3.8 3.5 3.1�3.9

Radiotherapy

No 1 389/746 1 (Ref) � 1 (Ref) � B0.0001

Yes 4 047/978 2.2 2.1�2.4 B0.0001 1.7 1.6�1.8

O: Observed cases.

E: Expected cases.

PYR: Number of person-years at risk.

CI: confidence interval.

RR: relative risk.

*Multivariate analysis: Adjusted RR for other factors. Each risk estimate is adjusted to all other risk factors shown in the table.
$p: p for trend.
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based on the same registry of women treated

between 1959 and 1963, that younger women had

higher relative survival rates [32]. In agreement with

this finding, Rutqvist et al. in their study based on

the Norway cancer registry found that the propor-

tion of cured women was higher among younger

women [28].

Other factors and late mortality

In our series, mortality was significantly related to

the period of treatment, the disease stage at diag-

nosis and radiotherapy. These three parameters are

closely related. As shown in our study, breast cancer

was diagnosed at an earlier stage in more recent

periods. In addition, surgery and radiotherapy tech-

niques have improved over time and their indications

varied according to the stage of the disease. In the

multivariate analysis, and as expected, mortality

remained significantly related to the stage of the

disease after taking into account the period of

diagnosis, the initial age and radiotherapy.

Significant differences in mortality appear, parti-

cularly during the first 5 years of follow-up between

the different stages, with greater excess mortality for

stages III and IV. This difference in mortality does

not persist after the first decade of follow-up. Our

results are consistent with the findings of Langlands

et al. [17].

Radiotherapy effect

In our study, mortality was significantly related

to radiotherapy. The relative risk was 1.7 95%CI:

[1.6�1.8] for the entire period of follow-up and after

20 years of follow-up, the risk of death remained 1.4-

fold higher among women previously treated with

radiotherapy. Darby et al. demonstrated that the late

increase in mortality among women treated during

the past decades is mostly due to the late effects of

old radiotherapy modalities and they are observed at

least 10 years after treatment through an adverse

effect on the heart and lungs [7]. However, our study

analysed mortality whatever the cause. More de-

tailed information will be obtained when the specific

cause of death is analysed. In our series, a part of the

difference between irradiated and non-irradiated

women might be due to initially advanced disease

which has only been partially taken into account in

Table VII. Studies of long-term mortality after breast cancer compared with expected survival for the general population with the same age

distribution

Authors

Period of

diagnosis

Number of

patients

Follow-up

(years) Method Comments on late mortality

Adair et al. 1974 (USA) 1940�1943 1 458 30 Relative survival

(corrected for other

causes of death)

Survivors after 20-years are considered

cured

Duncan et al. 1976

(Edinburgh, Scotland)

1943�1953 982 �20 Age corrected survival Excess overall mortality up to 10 years

Excess mortality from breast cancer up

to 20 years

Langlands et al. 1979

(Edinburgh, Scotland)

1954�1964 3 878 20 SMR, EAR SMR�1 at 17�20 years

Ferguson et al. 1982

(USA)

1927�1978 1 259 30 Relative survival Observed curve approximately parallel

to the expected survival curve in the

neighbourhood of 15�20 years

Hibberd et al. 1983

(New Zeland)

1950�1954 2 019 30 Relative survival Relative survival flatten out after

20 years Excess mortality from breast

cancer up to 20 years

Brinkley et al. 1984

(Cambridge area, UK)

1947�1950 704 35 SMR SMR�1 at 30�35 years

Lê MG et al. 1984

(France)

1954�1967 2 151 �25 SMR SMR�1 at 25�30 years

Rutqvist et al. 1984

(Norway)

1953�1967 14 731 18 Relative survival Excess overall mortality up to 18 years

Al Fouadi et al. 1987

(Birmingham, UK)

1936�1950 4 703 �35 SMR , EAR O/E�1 after 29 years (not statistically

different from 1)

Brenner et al. 2004

(Finland)

1953�1999 18 578 40 Relative survival Excess mortality throughout at least

40 years

Hooning et al. 2006

(Netherlands)

1970�1986 7 425 �25 SMR, EAR Excess mortality from breast cancer up

to 25 years

SMR (Standardised Mortality Rate): Ratio of observed to expected cases during the follow-up.

EAR (Excess Absolute Risk): Difference between the observed and expected deaths divided by the number of person-years of follow-up.
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the multivariate analysis conducted in a non-rando-

mised population.

Can long-term survivors be considered cured of

their breast cancer in this long-term follow-up study?

Mortality in these women never reached that of the

general female population in France. However, after

30 years of follow-up, 518 women from the cohort

are still alive, and 199 of them had a complete

medical follow-up. These women had less extensive

tumours than the others, none had distant metas-

tases at diagnosis, and only 26 (13%) developed a

local recurrence or a contralateral breast cancer. A

limitation in our study is that the curability of breast

cancer could not be truly estimated as we did not

analyse the long-term effects of more recent treat-

ments, such as chemo- or hormonotherapy. How-

ever, these treatments were used for the most recent

relapses. This might explain the decrease in the

number of deaths during the last years of follow-up,

which could be related to delayed death associated

with effective treatments.

In conclusion, the total excess deaths observed

among women treated for breast cancer decreased

over time without reaching that of the general

population and seems to rise again after 35 years of

follow-up. Our data showed that the excess deaths

observed during the first two decades are closely

linked to the initial clinical characteristics of the

tumour at presentation. The late increase in mortal-

ity might partially be due to deleterious late effects of

radiotherapy, as practiced during the period ana-

lysed. The enhanced risk among long-term survivors

highlights the importance of routinely following

breast cancer patients throughout their lifetime for

early detection of late deleterious effects of breast

cancer treatments.
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