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1. Introduction

Breast cancer includes a wide spectrum of lesions with
various evolutionary potentials, ranging from in situ
carcinoma to in¯ammatory tumours. In the ®rst case,
the evolution is initially local only, but in the second
case, the potential metastatic spread is immediate and
extremely frequent. Between these two extremes are the
great majority of in®ltrating carcinomas, which have a
wide range of risk of loco-regional and metastatic
relapse [1]. In this paper, we would like to argue in
favour of the use of modern radiotherapy for in®ltrating
breast cancer. Firstly, we analyse the impact of radio-
therapy after conservative breast surgery, and secondly,
we assess the in¯uence of radiotherapy on loco-regional
control and survival after mastectomy.

2. In¯uence of radiotherapy on local control and sur-
vival after conservative breast surgery (CBS)

Until now, ®ve randomised trials have compared
conservative breast surgery alone and conservative
breast surgery with breast irradiation of at least 50 Gy
[2±6]. The results are detailed in Table 1. In all cases,
radiotherapy resulted in a signi®cant reduction in the
local recurrence rates. In four out of ®ve studies, a very
small increase in long-term survival was apparent, but
the follow-up remains too short to reveal a signi®cant
di�erence. However, in the Canadian trial [2], the arm
with radiotherapy already shows a signi®cant reduction
in the subsequent metastases rate. Similarly, in the

Scottish trial [4], the disease-free survival rates at 8 years
were 73% and 53% with and without radiotherapy,
respectively. A recent Bayesian analysis of these results
con®rms that the impact of radiotherapy should appear
with a longer follow-up [7]. Moreover, whereas the local
recurrence (LR) after CBS has long been considered as
a lesser event, several recent papers con®rm the unfa-
vourable prognosis of LR, especially when it occurs
within 3 years [8±16]. In two series, the relative risk
(RR) of occurrence of metastases was three for women
who developed LR compared with others without LR
[6,15]. This point is illustrated in Table 2. Therefore, the
analysis of risk factors for local recurrence becomes
very important. With a combination of di�erent para-
meters, namely clinical, pathological and therapeutic, it
is henceforth possible to assess this risk, which varies
from 3 to 40% after 10 years. Even in very selected cases,
radiotherapy after breast conserving surgery remains
essential. In a Boston series including 87 women (with a
mean age of 67 years old) with pT1No lesions (and
excision margins exceeding 1 cm), 14 relapses (16%)
were observed with only a 56-month follow-up [17]. Thus,
until now, whole breast irradiation has been an essential
component in the breast conservative approach. The
exact role of the localised boost is still debated and a
European Organization for Research and Treatment of
Cancer (EORTC) large trial is still ongoing.

3. In¯uence of radiotherapy on loco-regional control
and survival after mastectomy

3.1. Methodological considerations

The analysis of the impact of post-mastectomy radio-
therapy is still under debate. Therefore, it is important
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to note that until now, several data have been incon-
clusive and contradictory due to major methodological
problems [18±21].
The real incidence of loco-regional recurrence (LRR)

is di�cult to assess. Indeed, there are many di�erences
in patient selection (including several subgroups with
various `levels of risk'), in treatment modalities, such as
the quality of axillary surgery (sampling or clearance
versus full dissection), in radiotherapy techniques (on
target volumes, total delivered dose and energy used)
and ®nally in the use and modalities of adjuvant medi-
cal treatment (chemotherapy and tamoxifen). More-
over, the LRR rate can vary widely according to the
de®nitions [19]. Indeed, on the one hand, some studies
only included the `isolated LRR' which generally refers
to a ®rst site of failure on the chest wall, or axillary,
supraclavicular or internal mammary nodes, without
the simultaneous presence of distant metastases. On the
other hand, some studies included `total LRR' with
patients with simultaneous distant metastases (usually
representing 15±25% of the total). Finally, the varia-
tions in the follow-up time can signi®cantly a�ect the
results.

3.2. Impact of chest wall irradiation

The chest wall is the most frequent site of relapse after
mastectomy (50±60%). It may occur as a unique nodule
(in the scar) or multiple nodules and/or zones of derm
in®ltration, together with in¯ammation. When patients
with multiple loco-regional sites of recurrence are
included, the chest wall may be involved in as many as

70±80% of patients. The prognosis of these relapses is
very unfavourable with more than 50% experiencing
subsequent metastases within 2 years [22±26].
Moreover, the psychological impact is disastrous and

the treatment often ine�ective, leading to a dramatic
and painful loco-regional evolution. In the literature,
chest wall irradiation signi®cantly reduces the recur-
rence rates, especially in cases of nodal involvement
and/or advanced lesions, with multiple foci or extensive
lymphatic emboli [27±29]. The in¯uence of chest wall
irradiation on survival is di�cult to assess because in
the majority of cases, it is combined with regional nodal
irradiation.

Table 1

Comparative trials on conservative breast surgery without and with radiotherapy (XRT)

Author [Ref.] Patients and inclusion criteria Protocol Follow-up (months) LR (%) OS (%)

Liljegren [5] 184 1) L+AD 120 24 90

197 2) L+AD+XRT 8.5 91

Stage I (54 Gy/27 fr) P<0.0001 NS

Veronesi [6] 273 1) Q+AD 36a 9 UK

294 2) Q+AD+XRT 0.3 UK

T<2.5 cm (50 Gy/25 fr+10 Gy/5 fr) P=0.001 NS

Clark [2] 421 1) L+AD 90a 35 76

416 2) L+AD+XRT 11 79

T=4 cm, N0 (40 Gy/16 fr+12.5/5 fr) P<0.0001 NS

Fisher [3] 589 1) MRM 144 UK 60

628 2) L+AD 37 58

634 3) L+AD+XRT 11 62

T=4 cm, N0-1 (50 Gy/25 fr) P=0.001 NS

Forrest [4] 294 1) L 68a 24.5 82

291 2) L+XRT 5.8 83

T=4 cm, N0 (50 Gy: 20±25 fr+15±30 Gy)

AD, axillary dissection; LR, local recurrence; OS, overall survival; fr, fractions; L, lumpectomy; UK, unknown; XRT, radiotherapy; Q, quad-

rantectomy; NS, non signi®cant; MRM, modi®ed radical mastectomy.
a Median follow-up.

Table 2

In¯uence of local recurrence (LR) on subsequent metastatic risk and/

or survival (these series include only isolated and operable LR, thus

approximately 85% of cases)

Author [Ref.] n 5-year survival (%)

Kurtz [12] 159 69 (57, 10 years)

Ha�ty [13] 87 55

Clark [2] 73 50a

78b

Veronesi [6] 151 69c

Chaudary [15] 45 51c

Kemperman [14] 39 66d

a LR at 4 years.
b LR after 4 years.
c For patients with LR, the relative risk (RR) of metastasis was 3

compared with patients without LR.
d Survival after LR in 72% of patients treated with curative intent.
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In a Swedish trial, 960 patients (stage I±III) were
randomised into three arms: mastectomy alone (321),
mastectomy and loco-regional irradiation (323) and
preoperative irradiation and mastectomy (316). The
chest wall and regional lymph nodes (axilla, internal
mammary chain and supraclavicular fossa) were treated
at 45 Gy in 25 fractions of 1.8 Gy [30]. With an 8-year
follow-up, the loco-regional recurrence rate was 26% in
the control arm versus 7% in both arms with radio-
therapy (P<0.001). Following chest wall irradiation
alone, the recurrence rates were 19% versus 5%,
respectively. In a subsequent analysis with a 15-year
follow-up, a survival bene®t appeared in the irradiated
patients of 4% and 9% in patients without and with
axillary nodal involvement, respectively.
The impact of chest wall irradiation in patients with

stage I±II tumours (T< 5 cm) and without or with a
low nodal involvement (one or two axillary lymph
nodes), but with a `limited' excision (<5 mm), was
analysed in a recent study with unfortunately only 34
cases [31]. Irradiation seemed to be potentially useful
for patients under 50 years of age, since in its absence,
the risk of RLP at 8 years was 28% whereas it was 0%
for women older than 50 years of age. For T2 and T1
tumours, risks were 24% and 7%, respectively. If the
excision margin was less than 2 mm, the risk of RLP was
24% whereas it was only 7% if the excision was wider.

3.3. Impact of the regional nodal irradiation

3.3.1. Radiotherapy of supraclavicular lymph nodes
The supraclavicular fossa is the second most common

site of LRR, representing 15±35% of cases. Until now,
we have known that irradiation signi®cantly reduces the
supraclavicular recurrences (which are the easiest to
diagnose) in cases with risk factors such as histological
axillary lymph node invasion and large tumours (Table
3) [32±34].

3.3.2. Radiotherapy of the internal mammary chain
(IMC)
The e�ciency of internal mammary chain irradiation

is much harder to determine since only a computer
tomography (CT) scan may detect a recurrence. Never-
theless, in studies on systematic internal mammary dis-
section, the invasion risk at this level varied from 7 to
44% in one study [35] and from 0 to 35% in another
[24,36] and this risk is almost as important as this at the
axillary level. Both these studies have convincingly
shown the in¯uence of this involvement on disease-free
and global survival. The main risk factors of internal
mammary chain involvement are: axillary histological
involvement, histological size of the tumour above 2 cm,
age under 40 years, whereas the in¯uence of topography
is still under debate, even if central and internal lesions
are associated with slightly higher risks (Table 4).
The risk of IMC metastases is clearly correlated with

the extent of axillary nodal involvement [37]. Veronesi
and colleagues showed that internal mammary nodes
(IMN) were positive in 17% of women with only one
axillary positive node, in 25% with 2 or 3 and in 40%
with 4 or more positive nodes [35]. Noguchi and co-
workers found IMN metastases in 5% of node-negative
women. In contrast, IMN metastases were found in
19% and 52% of women with one to three and more
than three axillary-involved nodes, respectively [38].
A recent retrospective study analysed the outcome of

2396 patients treated by quadrantectomy, complete
axillary dissection and mammary irradiation, with
chemotherapy (classical cyclophosphamide, methotrex-
ate, 5-¯uorouracil (CMF)) for patients with axillary
involvement [39]. There were 1619 tumours of outer
topography and 777 sited in the centro-mammary area
or in the inner quadrants. The axillary invasion rates

Table 3

E�ectiveness of supraclavicular fossa irradiation

Recurrence rates according to treatment (%)

Author [Ref.] Surgery Surgery+XRT

Mastectomy

Fletcher [28] 12% 1% (postop: 50 Gy)

2% (preop: 40 Gy)

Salles [32] ± 1.3%

Lumpectomy

Recht [33] ± 0.6% (pNÿ)
0% (pN+)

Mazeron [34] ± 0.5% (N0)

2% (N1b)

N, Clinical axillary nodal status; pN, histological axillary nodal

status; postop, postoperative; preop, preoperative; XRT, radio-

therapy.

Table 4

Risk of internal mammary node involvement (IMN+) according to

clinical and pathological characteristicsa

IMN+ (%) P value

Tumour location

Inner 19

Central 22 NS

Outer 18

T (cm)

<2 16

>2 24 0.007

Age (years)

<40 28

41±50 20 0.01

>50 16

pN (Axilla)

ÿ 9

+ 29 0.00001

NS, non signi®cant.
a Modi®ed from Veronesi and colleagues [35].
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were 38.1% and 26.3% in both groups, respectively.
The metastasis risk and mortality rate have increased by
30% and 20% for central and inner tumours, respec-
tively. These results let us suppose that the absence of
irradiation of the internal mammary chain in this study
could be the basis of a secondary spreading. This fact
suggests that the internal mammary nodes may act as a
`sanctuary' site for metastases and, in the absence of
clinically evident recurrence, they represent a source of
distant dissemination, especially when adjuvant therapy
was not used [19].

3.3.3. Radiotherapy of axillary lymph nodes
The risk of axillary recurrence, after a complete axil-

lary dissection (including at least 10 lymph nodes
belonging to the low and medium axillary groups), is
weak, from 1 to 3% with or without histological axillary
involvement, even in cases of extracapsular invasion or
massive involvement [33]. In the case of axillary involve-
ment, the adjunction of postoperative radiotherapy
reduces the risk of axillary recurrence, but the bene®t is
weak; on the contrary, the risk of arm lymphoedema
increases signi®cantly in up to 25±30% of cases in some
series [33,34].
Therefore, after a good axillary dissection, a systema-

tic irradiation of the axilla in cases of nodal involvement
has presently been given up by most teams, all the more
so because an impact on survival has not been shown
[24].

4. Impact of loco-regional irradiation on survival

4.1. Former studies and meta-analysis

Two studies [40,41] have also shown a bene®t in loco-
regional irradiation, but in the ®rst one [40] the irradia-
tion technique had been criticised because numerous
patients had been irradiated by 200 kV photons, then by
cobalt in full, especially on the internal mammary chain
(IMC) with a total dose of 50 Gy in 20 fractions of 2.5
Gy, resulting in numerous long-term heart complica-
tions. Furthermore, in this study the chest wall had not
been treated. Despite all these problems, there was a
cumulative 10-year reduction of the metastasis rate
from 54% to 31% in favour of the radiotherapy arm
(for patients included in the second part of the trial who
were no longer treated using orthovoltage photons). On
the contrary, survival improved by only 6% (52%
against 46%, P=NS) at 14 years because of an increase
in heart-related mortality. A retrospective study by
Villejuif [41] showed for the ®rst time the in¯uence of
tumour location and the bene®t for patients with axil-
lary involvement in inner situations. Postoperative irra-
diation increased the survival rate from 24 to 44% at 16
years follow-up. The ®rst meta-analysis [42] by the

Early Breast Cancer Trialist Collaborative Group
(EBTCG) showed a signi®cant reduction of loco-
regional isolated recurrences in patients who underwent
radiotherapy (6.7% versus 19.6%). The size of this
protective e�ect was not signi®cantly a�ected by type of
axillary surgery, nodal status or age. However, there
was no signi®cant di�erence in 10-year survival among
the 17 273 women enrolled in such trials (mortality:
40.3% versus 41.4% with and without radiotherapy,
respectively), but this study was open to much criticism.
Indeed, it included an extremely heterogeneous series of
patients with sometimes small lesions for which no
bene®t at all could obviously be shown. The other studies
also often used insu�cient irradiation doses (<45 Gy),
or completely unsuitable techniques such as wide irra-
diation of the internal mammary chain, carried out only
with cobalt photons, resulting in long-term heart com-
plications or irradiation carried out with 200 or 250 kV
photons. Consequently, these techniques induced an
excess of cardiac deaths and other severe side-e�ects,
such as large cutaneous ®brosis and/or lung damage.
These facts translated into a reduced risk of death
following radiotherapy due to breast cancer (odds
ratio, 0.94, P=0.03) but an increased risk of death
following radiotherapy from other causes (odds ratio
1.24, P=0.002).
In another meta-analysis taking into account more

recent and better conducted trials (notably the Scandi-
navian trial), a very small bene®t in survival in favour of
loco-regional irradiation was found [43].

5. Results of recent randomised trials

Three recent randomised trials have clearly shown the
impact of loco-regional irradiation not only in terms of
local control, but also in terms of global survival, with a
bene®t of approximately 10% at 10 years [44±46]. The
®rst Danish trial conducted between 1982 and 1989
(protocol 82-b) included 1708 premenopausal womenwith
high risk factors (T>5 cm and/or with axillary involve-
ment, or histological invasion of the derm or pectoral)
[44]. The second trial, carried out between 1982 and
1990 (protocol 82-c) included 1460 postmenopausal
women with the same tumour characteristics [45].
All patients of protocol 82-b received nine cycles of

chemotherapy (CMF) whereas patients of protocol 82-c
received 30 mg of tamoxifen for 1 year. In both cases
randomisation involved loco-regional irradiation, where
50 Gy in 25 fractions were given to the chest wall and to
every nodal area, including the axilla in the radio-
therapy group. The chest wall and internal mammary
chain were exclusively treated by a direct electron beam
in order to avoid lung and heart toxicity. Results are
shown in Tables 5 and 6. The rates of loco-regional
recurrences (isolated or with metastases) were 32% in
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the CMF alone group, and 9% (P<0.001) in the
CMF+radiotherapy group. In addition, survival rates
at 10 years were 45% and 54% (P=0.001), respectively.
These results were updated for postmenopausal patients
[45] with a 35% rate of loco-regional recurrence in the
tamoxifen alone group and an 8% rate in the tamox-
ifen+radiotherapy group (P=0.001). After a multi-
variate analysis, the authors con®rm that for both trials
(82-b and 82-c) additional irradiation increases survival
whatever the tumour size, the number of involved
lymph nodes and the histoprognostic grade may be. The
survival rates are 45% in the tamoxifen+radiotherapy
group against 36% (P=0.003) in the tamoxifen alone
group. A similar result was seen in the two groups for
women <60 years of age. The third trial by the Van-
couver team was carried out from 1978 to 1986 in 318
premenopausal women with axillary involvement [46].
Every patient had undergone a modi®ed radical mas-
tectomy and ®rstly 12 then 6 (after 1981) cycles of CMF.
Randomisation would also involve loco-regional irra-

diation being given to the radiotherapy group which
was delivered to the chest wall and inner mammary,
supraclavicular and axillary nodes. Every area would be
treated by cobalt photons, but the equivalent total doses
administered would be less important than those in the
Danish trial, approximately 40±45 Gy.

The main results are shown in Table 7. The follow-up
of this study is important (150 months) and additional
irradiation resulted in a 56% reduction of loco-regional
recurrences and 34% of metastases. Breast cancer-rela-
ted death decreased by 9% at 10 years. As in the Danish

Table 5

10-year loco-regional recurrence (LRR) rates and disease-free (DFS)

and overall survival (OS) rates according to di�erent treatments and

clinical/pathological parameters in the 82-b Danish trial (pre-

menopausal women)

XRT+CMF (n=852) CMF (n=856)

LRR (%) Survival (%) LRR (%) Survival (%)

DFS OS DFS OS

Age (years)

<40 11 44 55 44 26 38

40±49 8 54 59 29 36 48

50±59 10 40 45 30 34 45

pT (mm)

<21 6 57 67 25 45 58

21±50 10 43 47 35 28 38

>50 12 37 40 42 22 33

pN

0 3 74 82 17 62 70

1±3 7 54 62 30 39 54

>3 14 27 32 42 14 20

Grade

I 6 63 71 29 47 62

II 7 46 52 31 29 40

III 18 35 39 46 20 27

Total 9a 48a 54a 32 34 45

Modi®ed from Overgaard and colleagues [44]. CMF, cyclophos-

phamide, methotrexate, 5-¯uorouracil; XRT, radiotherapy.
a All results in XRT arm are statistically di�erent (P<0.001) in

comparison with the arm without XRT.

Table 6

10-year loco-regional recurrence (LRR) rates and disease-free (DFS)

and overall survival (OS) rates according to di�erent treatments and

clinical/pathological parameters in the 82-c Danish trial (post-

menopausal women)

XRT+tamoxifen (n=686) Tamoxifen (n=689)

LRR (%) Survival (%) LRR (%) Survival (%)

DFS OS DFS OS

Age (years)

<60 8 33 43 40 27 36

>60 1 37 46 33 23 37

pT (mm)

<21 7 43 52 33 28 44

21±50 8 31 42 37 21 32

>50 10 29 30 34 22 29

pN

0 6 43 56 23 40 55

1±3 6 44 55 31 31 44

>3 11 18 24 46 6 17

Grade

I 6 44 55 27 29 43

II 9 34 44 39 21 32

III 10 25 26 42 18 29

Total 8a 36a 45a 35 24 36

Modi®ed from Overgaard and colleagues [45]. XRT, radio-

therapy.
a All results in arm with XRT are statistically di�erent (P<0.001

for LRR and DFS and P=0.03 for OS) in comparison with the arm

without XRT.

Table 7

Results of the Vancouver trial

CMF (n=154) CMF+XRT (n=164)

DFS

10 years 41% 56% P=0.007

15 years 33% 50%

LRR

10 years 25% 13% P=0.003

15 years 33% 13%

Disease-speci®c survival

10 years 56% 65% P=0.005

15 years 47% 57%

Overall survival

10 years 54% 64% P=0.07

15 years 46% 54%

Modi®ed from Ragaz and colleagues [46]. DFS, disease-free sur-

vival; LRR, loco-regional recurrence rate; CMF, cyclophosphamide,

methotrexate, 5-¯uorouracil; XRT, radiotherapy.
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trial, the reduction in recurrences was observed in every
subgroup (pN1-3 and pN>3).
Both these studies give similar results, and show that

a loco-regional irradiation carried out with modern
techniques and adequate total doses, signi®cantly redu-
ces loco-regional recurrences but also increases survival,
from 45% to 54% at 10 years for the Danish trial
(P<0.001) and from 56 to 65% for the Canadian trial
(P=0.005), respectively, whether women are menopau-
sal or not.

5.1. Latest meta-analysis

A Belgian team [47] took the data from the EBCTCG
meta-analysis in 1995 [42] dealing with the impact of
radiotherapy in the treatment of breast cancer. As pre-
viously described, only a small bene®t on survival at 10
years among approximately 17 000 patients treated was
seen. However, after eliminating the `small trials'
(including those with less than 400 cases) and those
started before 1970 (whose irradiation techniques and
statistical methodology were almost always defective),
the bene®t on survival was obvious after irradiation of
the 7840 remaining patients. One trial was negative, but
the daily dose administered was insu�cient. Similar
results were recently presented by a Canadian team [48].
Eighteen randomised trials including 6367 patients
treated from 1973 to 1984 were analysed in detail, with
a precise report on the extent of the disease, the degree
of axillary dissection, radiation technique and extent of
radiation. Moreover, the dose and timing of radiation
therapy were also reported. This study showed a reduc-
tion following radiotherapy both in local regional
recurrence (odds ratio=0.25, P<0.00001) and mortal-
ity (odds ratio=0.83, P=0.004).

5.2. Long-term toxicity

The data on the long-term toxicity of radiotherapy
must be interpreted very carefully. Once again, it is very
important to di�erentiate the quality of modern irra-
diation techniques from those of former treatments
carried out with old, if not dangerous, devices and
modalities. The risk of contra-lateral breast cancer has
been considered almost non-existent in the majority of
studies, whether it be irradiation after mastectomy or
after conservative surgery. The risk of developing a sec-
ondary oesophagus or lung cancer is also very low and
in the few studies addressing this problem [49], it
appears that tobacco plays a much more important role,
similarly to that which has been observed in Hodgkin's
disease. The risk of angiosarcoma after conservative
treatment has also been assessed on a very large scale
and is less than 1/1000 [50].
Moreover, these studies deal with a series of patients

usually treated before the 1980s, thus almost always

exclusively treated by cobalt photons. These studies are
therefore not comparable with those using modern
techniques with the wide use of the electrons of accel-
erators and regular quality controls. The same con-
siderations apply to heart toxicity [51]. The exclusive use
of cobalt photons in a volume which is often important
(some patients had been treated on both mammary
chains), sometimes with doses in fractions>2.5 Gy
caused coronary stenoses and a myocardial infarction-
related high mortality which was shown in a meta-
analysis published in 1994 [43]. This high mortality
disappeared later with the use of other techniques
which allowed underlying critical organs such as the
left heart and lung to be spared. Indeed, the Danish
group analysed both the 82-b and 82-c trials [52]: among
1545 women without radiotherapy and 1538 women
who underwent loco-regional irradiation, the death rate
by ischaemic heart disease was the same (0.8 versus
0.9%).

6. Conclusion and technical factors

Further to a mastectomy, an additional loco-regional
irradiation carried out with modern techniques greatly
improved the loco-regional control (even with the use of
adjuvant medical treatments) and survival (by approxi-
mately 9%) in high-risk patients [44±47]. From now on,
this treatment is indicated in cases with more than three
involved axillary lymph nodes [19,44,45,53±56], as well
as in those with one to three lymph nodes whatever the
age of the patients may be.
In the absence of a lymph node invasion, for tumours

under 5 cm, there are no randomised trials showing with
certainty the bene®t of loco-regional irradiation.
Nevertheless, the latter might be useful for tumours of
over 3 cm, including multi-focal and/or with multiple
lymphatic or vascular emboli, with an inner or central
location. Another EORTC trial is presently trying to
answer this question.
Considering the increase in indications of adjuvant

treatments, especially high doses of anthracyclines
(type FEC 100: 5-¯uorouracil, epirubicin, cyclophos-
phamide), the optimisation of techniques is essential in
order to avoid potential cardiopulmonary toxicity [57].
The most important point concerns the internal mam-
mary chain irradiation technique, which must include
the ®rst three or four intercostal spaces at approxi-
mately 2.5±3 cm deep and 3±5 cm laterally to the med-
ian line. This treatment should be carried out by a
photon/electron-mixed direct beam which must repre-
sent at least 50% of the administered dose (in rule of 9±
12 MeV after a CT scan or an ultrasound evaluation, in
order to avoid the lung and heart, since the energy is not
delivered more than 3 or 4 cm deep). The best technique
is the use of alternating beams (photons and electrons),
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whether daily or weekly [58]. The total dose must not
exceed 50 Gy with fractions of 2 Gy. The irradiation of
the lower part of the axilla does not seem to be useful if
a good dissection was carried out (with usually a sam-
pling of 10 lymph nodes). Finally, use of loco-regional
irradiation must be adapted to the chemotherapy treat-
ment. Usually, the latter is postponed after mastectomy,
but it can be carried out concomitantly during con-
servative treatments provided that there are certain
precautions and a careful monitoring. As for other
tumour locations, loco-regional control remains for
breast cancer an essential factor in reducing the risk of
distance di�usion and metastases [59±61].
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1. Introduction

Radical mastectomy was the ®rst e�ective procedure
in breast cancer. More extensive surgery does not
improve long-term survival and less aggressive local
treatment gives identical long-term survival to radical
mastectomy. Modi®ed radical mastectomy, and even

more conservative procedures such as lumpectomy are
now widely used.
Postoperative radiotherapy is another important local

treatment. It is always performed after breast con-
servative surgery and frequently after mastectomy. The
aim of postoperative radiotherapy is to reduce loco-
regional recurrences, therefore reducing mortality.
With technical progress, major postradiotherapy

complications are less frequent, however its indications
must be limited to patients for whom bene®t is proved
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