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A total of 266 recurrence-free breast cancer patients from the randomized DBCG-82TM breast conservation trial were called in for a
follow-up investigation to study the impact of surgica l and radiation treatment factors on the cosmetic and functiona l outcome after
breast conservation . The patients were interviewed and examined after a median follow-up time of 6.6 years, and 194 of them (73%)
regarded the cosmetic result as excellen t or good . Morbidity assessments showed that breast � brosis, skin telangiectasia , and breast
retraction were signi� cantly associated with a less satisfactory cosmetic result. On univariate analysis, it was found that treatment with
a direct anterior electron � eld produced more morbidity and inferior cosmetic outcomes compared with tangential photon treatment,
while increasing breast size was associated with increased breast retraction and breast � brosis. Treatment characteristics that emerged as
independen t prognostic factors of a poor cosmetic outcome on multivariate analysis were the use of a direct anterior electron � eld
(OR ¾2.15, CI 1.25–3.70) and adjuvant systemic therapy (OR ¾2.13, 1.22–3.71). A signi� cant but relatively low level of concordance
was found between the patients’ and the clinician’s evaluations of cosmetic results but self-assessment s of breast morbidity and
psychologica l distress were signi� cantly related to the observed treatment-induced side effects after breast-conserving treatment, indicating
that subjective perceptions and observations as reported by the patients are relevant for the identi� cation of treatment factors that impact
on normal tissue reactions.
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ORIGINAL ARTICLE

Breast-conserving treatment (BCT) for breast cancer has
been shown to obtain identical survival � gures to those for
mastectomy in large, randomized, multicenter trials, in-
cluding the Danish Breast Cancer Cooperative Group’s
DBCG-82TM trial (1–4). Based on these results, BCT has
now been accepted as a relevant treatment option in breast
cancer patients. However, patients may suffer from long-
term adverse reactions affecting cosmesis and functional
outcome in the breast and shoulder that could be related
to both surgical procedures and radiation techniques. To
throw light on some of the factors that may impact on late
effects after BCT, a follow-up study was undertaken by

including patients from a randomized breast conservation
trial (DBCG-82TM protocol).

MATERIAL AND METHODS

The protocol design has been described elsewhere (2, 4).
Brie� y, between 1982 and 1990 a total of 905 patients
entered a randomized trial to compare breast conservation
therapy with mastectomy (DBCG-82TM protocol). Four
hundred and � fty patients received BCT consisting of a
complete tumor excision, axillary dissection and radiation
treatment according to the protocol guidelines. No differ-
ence in recurrence-free survival or overall survival was
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observed between the two groups (2), which has been
con� rmed in a recent update (4). Only patients in the BCT
arm are reported here.

Surgery

The surgical breast-conserving procedure consisted of ei-
ther a segmental resection of peripherally located tumors
or a complete excision of tumors with central location.
Early in the trial, a radial incision was recommended.
However, this was later abandoned in favor of a concen-
tric incision. Tumor-free margins at gross examination
were assured in both procedures and later con� rmed mi-
croscopically. In 7% of cases, microfoci of cancer cells
were demonstrated in specimen margins. Axillary dissec-
tion was generally performed through a separate trans-
verse incision with removal of the lymph nodes including
levels I and II, but some patients with tumor in the upper
lateral quadrant had ‘en bloc’ dissection of the axillary
contents and the breast segment.

Radiation treatment

Radiotherapy was prescribed to the residual breast as a
median target absorbed dose of 50 Gy delivered in 25
fractions, 5 fractions per week over a period of 5 weeks,
but in one institution 26 patients (10%) received 48 Gy in
22 fractions, 4 fractions per week over a period of 5.5
weeks.

The protocol recommended supervoltage (6–10 MV)
radiotherapy with tangential � elds to the entire breast with
a margin of at least one centimeter to the residual breast
tissue. Wedges or tissue compensators were used to mini-
mize dose inhomogeneity. Individual breast outlines and
dose plans were obtained with or without CT scans ac-
cording to the standard planning policy in the different
participating centers.

A boost of minimum 10 Gy to the surgical scar and
primary tumor bed was delivered as a daily fraction of 2
Gy with either tangential photons or a single electron � eld.

In three of the participating departments, it was per-
ceived that treatment complications to the underlying lung
could be reduced by using electron beam techniques with
wax compensation. For this reason the treatment protocol
allowed a single direct anterior electron � eld (6–20 MeV)
to be used with a prescribed median absorbed dose of 50
Gy and the 85% isodose curve at the pleural surface as
assessed by ultra sonography.

High-risk patients (tumor diameter \5 cm, and:or in-
vasion to the skin or pectoral facia, and:or involvement of
axillary lymph nodes) received an additional direct ante-
rior photon � eld (6–16 MV) to cover the regional lymph
nodes in the axilla, supraclavicular fossa, infraclavicular
region, and internal mammary chain. Also, 18% of low-
risk patients (31:172) received axillary radiotherapy if an
en bloc dissection of the axilla:breast segment had been
performed. The prescribed dose was 50 Gy in 25 fractions.

A posterior boost was applied if the maximum absorbed
dose exceeded 55 Gy.

Adjuvant systemic treatment

High-risk patients, as described above, were offered adju-
vant systemic treatment in addition to locoregional radio-
therapy. Premenopausal patients (n¾70) were given
sequential CMF, while postmenopausal patients received
tamoxifen 30 mg for 12 months (n¾27). CMF consisted
of eight cycles of cyclophosphamide 600 mg:m2,
methotrexate 40 mg:m2, and 5-FU 600 mg:m2, all given
intravenously on day one every 4 weeks.

Follow -up and outcome variables

From the original group of 450 patients undergoing BCT,
a total of 343 women who were recorded as recurrence-free
and alive were invited to participate in the study. This
included a single follow-up interview with a study-speci� c
questionnaire in order to obtain self-assessments of several
cosmetic and functional outcome measures as well as to
obtain information on body perception and the need for
reconstructive surgery. In addition, standard breast pho-
tography and a clinical examination were performed. The
interview and the examination were conducted by the same
oncologist after a median follow-up time of 6.6 years
(range 3.5–10.5 years).

Of the patients invited to join the study, 266 (78%)
agreed to take part. Data on individual patient treatments
that had been reported to the DBCG Secretariat from the
participating centers, such as tumor and lymph node char-
acteristics, the administration of systemic treatment, and
radiation treatment data, were crosschecked for any
breaches in the protocol recommendations. In case of
disagreements, patient records from the speci� c depart-
ments were surveyed in order to correct errors.

Surgery was performed in 21 departments (one to 83
patients), whereas radiotherapy was carried out in 6 insti-
tutions. No information was available to the observer at
the time of the clinical investigation concerning the extent
of surgery, the type of adjuvant treatment, or the speci� c
radiation treatment techniques employed.

The oncologist and the patient scored the cosmetic
outcome independently using a 4-point ordinal scale, as
de� ned in Table 1, with examples presented in the F ig. 1.
In addition to cosmetic outcome, several subjective and
objective outcome measures con� ned to the breast were
assessed, and various patient-related or treatment-related
factors that might impact on the outcome were recorded
(Table 1 and Table 2). Generally, these assessments were
scored on an ordinal 4-point scale as grade 0 to grade 3
(none, mild, moderate, severe) including body image as
described by Sneeuw et al. (5). Breast size was categorized
as A, B, C, or D. Breast retraction (asymmetry) was
assessed from the displacement of the nipple, i.e., from the
change in jugular-nipple distance. The desire for plastic
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Table 1

Treatment and demographic factors analyzed with respect to cosmetic and functional outcome

Treatment factorsOutcome measures Patient factors
(explanatory variables) (explanatory variables)(dependen t variables)

Cosmetic outcome
Clinician’s assessmen t

Excellent : no asymmetry, normal contour , and no Age (years)Target absorbed dose (Gy)
Tangentia l photons Adjuvant systemic treatment (yes:no)skin changes in comparison with the
Direct electron foeldcontra-lateral untreated breast; Breast size (cup A, B, C, D)

slight asymmetry with or without slight Tumor size (mm)Beam energy (MV)Good:
Boost dose (Gy)contour or skin changes; Tumor location (upper:lower quadran ts)
Nipple excision (yes:no)Fair: distinct asymmetry with or without distinct Collagen vascular disease (yes:no)

contour or skin changes; Breast scar (cm)
Poor: considerable asymmetry with or without

substantial contour or skin changes.

Patient’s assessmen t
0. Excellent
1. Good
2. Fair
3. Poor

Objective changes
Dyspigmentation*
Telangiectasia
0. None
1.B1:cm2

2. 1–4:cm2

3.\4:cm2

Breast � brosis
0. None
1. Barely palpable, increased density
2. De� nite increased density and � rmness
3. Very marked density, retraction or � xation

Breast retraction (jugular-nipple distance, cm)
Breast edema*

Patient-reported changes
Breast pain*
Sensibility*
Consumption of analgesics*
Body image*
Change in clothing habits (yes:no)
Need for plastic surgery (yes:no)

* 0¾none; 1¾mild; 2¾moderate; 3¾severe.

surgery, as reported by the patients themselves, and any
pre-existing disease that previously had been linked to
adverse reactions to radiotherapy were also recorded (see
references (6, 7)). Functional outcome related to the axilla
and arm is described elsewhere (8).

Early during the � rst interviews, it was recognized that a
substantial number of patients were distressed because
clothing habits were compromised as a consequence of
adverse skin reactions and a change of the breast contour.
For this reason, a further variable was subsequently incor-
porated into the questionnaire, namely patient-reported
‘change in clothing habits’ (n¾203).

STATISTICS

Chi-square analysis was used for univariate comparisons
of frequencies and the Mann –Whitney rank sum test was

applied to describe differences in ordinal variables between
two groups.

Univariate and stepwise, multivariate logistic regression
analyses were used to identify factors impacting on cosmetic
outcome and breast functioning. For this type of analysis,
cosmetic outcome was dichotomized as excellent:good or
fair:poor. The explanatory covariates shown in Table 1 were
generally categorized, but radiation treatment dose, breast
scar length, tumor size, and age were entered in the models
either with their absolute values or as categorical values.
Adjuvant systemic treatment was included in the regression
models as a binary variable (‘no:yes’) corresponding to
low:high-risk groups irrespective of the speci� c systemic
treatment (CMF :tamoxifen). Differences were described in
terms of odds ratios (OR) and 95% con� dence intervals (CI)
were estimated. The level of concordance between subjective
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Fig. 1. Examples of clinical scores using a 4-point ordinal scale. Scores were obtained from an assessment of breast shape as well as skin
changes. Skin marks were used for subsequen t breast retraction measurements. a) excellent cosmetic result (score¾0), b) good cosmetic
result (score¾1) with slight asymmetry and slight telangiectasia , c) fair outcome (score¾2) with distinct asymmetry, grade 2
telangiectasia , and grade 2 breast � brosis, d) poor outcome (score¾3) with considerable breast retraction ]10%, severe breast � brosis,
telangiectasia and dyspigmentation.

and objective scoring was described using Cohen’s kappa.
A two-sided p-value of less than 0.05 was considered
signi� cant.

RESULTS

Demographic data

Patient characteristics are listed in Table 2. The patients
received a median target absorbed dose of 50.0 Gy (5th
percentile to 95th percentile: 46.5–52.0 Gy) with either
tangential photons (160 patients) or electrons (106 patients).
Boost doses to the tumor bed were given to 213 patients
(80%), 203 of them with electrons.

Cosmetic outcome—general results

The cosmetic scores and breast morbidity scores are shown
in Table 3. After a median follow-up time of 6.6 years, the
cosmetic outcome was reported as excellent:good by 73% of
the patients (195 out of 266) compared with 47% (125 out
of 266) as assessed by the oncologist (pB0.001). When the
individual scores between the patients and the observer were
compared, a signi� cant but low level of concordance was
found (k¾0.18, p B0.001) (Table 4).

Cosmetic outcome—relation to treatment technique

To identify the treatment characteristics or patient factors
that affected cosmetic outcome, and whether complication
patterns were con� ned to a speci� c treatment, univariate and
multivariate analyses were done using the explanatory
variables listed in Table 1.

Univariate analysis showed that treatment with tangential
photons was superior to a direct electron � eld, i.e., 78% of
the patients reported an excellent:good outcome after pho-
ton treatment compared with 66% of patients receiving
electrons (p¾0.04). The corresponding observations by the
clinician showed 55% excellent:good cosmetic scores vs. 35%
in favor of photons (p¾0.002).

Treatment with a direct anterior electron � eld also caused
signi� cantly more grade 2 and grade 3 late reactions
compared to treatment with tangential photons, i.e., grade]
2 dyspigmentation occurred in 32% vs. 9% (pB0.001),
grade]2 telangiectasia in 42% vs. 3% (pB0.001), and
grade]2 breast � brosis in 29% vs. 18% (pB0.05) (Table 3).

The target-absorbed dose to the breast was not an
important factor for an adverse cosmetic outcome over the
range of doses applied here, irrespective of whether clinician
scores (p¾0.74) or patient assessments were used (p ¾0.27),
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Table 2

Patient and treatment characteristics of 266 women undergoing BCT

Photons n¾160 Electrons n ¾106All patients n ¾266

51 (30–69) 48 (24–70)Agea (median, range) 50 (24–70)

Menopausa l status
97 (61%) 73 (69%)Premenopausal 170 (65%)
63 (39%) 33 (31%)96 (35%)Postmenopausal

6 (0–21) 9 (0–22)Nodes removed (median, range) 7 (0–22)
48 (30%) 35 (33%)85 (32%)Node-positive

Tumor size (median, mm) 15 (1-80)
34:157 (22%) 16:97 (16%)50:254 (20%)\2 cm

Adjuvant therapy
109 (68%) 63 (59%)172 (65%)None
33 (21%) 34 (32%)CMF 67 (25%)
18 (11%) 9 (9%)27 (10%)Tamoxifen

50.0 (46.5–52.0)Absorbed dose, breast (Gy) (5th to 95th percentile) 50.0 (47.0–50.0) 50.0 (46.3–54.0)
127 (79%) 86 (81%)213 (80%)Boost

9.2 (0.0–24.0)Boost dose (Gy) (5th to 95th percentile) 9.8 (0.0–20.0) 8.3 (0.0–14.0)
121 (46%)Axillary radiation treatment 61 (38%) 60 (57%)

6.8 (3.5–10.4) 6.3 (3.8–10.5)6.6 (3.5–10.5)Follow-up (median years, range)

Abbreviations: BCT ¾breast-conserving treatment; CMF ¾cyclophosphamide , methotrexate, 5-FU.
a Years at the time of treatment.

nor did boost treatment have any signi� cant effect on
cosmesis. Patients receiving electron treatment were ana-
lyzed with respect to the fractionation schedule, 4 vs. 5
fractions per week, but no effect of dose per fraction could
be discerned.

Patients receiving adjuvant systemic treatment had
poorer cosmetic results compared with those who had no
systemic treatment (p¾0.004). No variables other than
electron radiotherapy and systemic treament were found to
impact on cosmesis in the univariate analyses, but breast
size (larger breasts), tumor size (larger tumors) and age
(younger age) were of borderline signi� cance for a fair:
poor cosmetic outcome in relation to both observer and
patient assessments. Therefore, these covariates were also
entered in the multivariate models.

Radiation treatment per se did not in� uence breast
retraction, but breast size, tumor location in the upper
quadrants as well as tumor size were all signi� cantly
associated with the development of breast retraction on
univariate logistic regression, i.e., patients with larger
breasts (p ¾0.0009) and larger tumors (p¾0.04) tended to
have more breast retraction.

Breast edema of any grade was observed in only six
patients (2%).

Cosmetic outcome—observer scores and multivariate
analysis

On multivariate analysis, treatment with a direct electron
� eld and also adjuvant systemic treatment emerged as
independent predictive factors of a fair:poor cosmetic re-
sult as scored by the clinician, OR ¾2.15 (CI 1.25–3.70,

p ¾0.006) and OR ¾2.13, (CI 1.22–3.71, p ¾0.008), re-
spectively. Since adjuvant treatment might be considered a
surrogate variable for high-risk patients, of whom 96%
had received regional lymph node irradiation, systemic
therapy was omitted from the model in a second step. In
this model, cosmetic outcome was still signi� cantly associ-
ated with electron radiotherapy, OR ¾2.3 (CI 1.4–4.1,
p ¾0.002), as was breast size, OR ¾1.33 (CI 1.00–1.81,
p ¾0.05) while age (younger) and tumor size (larger) al-
most reached statistical levels of signi� cance, p ¾0.09 and
p ¾0.06, respectively.

Since treatment with single-� eld electrons is generally
characterized by some decree of dose inhomogeneity com-
pared with tangential photon treatment, cosmetic outcome
was evaluated in a separate multivariate analysis of the 160
patients who were treated tangentially. This also showed a
signi� cant effect of increasing breast size on adverse cos-
metic outcome, OR 1.73 (CI 1.17–2.56, p ¾0.006).

Cosmetic outcome—patient assessments

On examining the patients’ ratings of cosmetic outcome,
systemic therapy was still found to be a signi� cant ex-
planatory factor of an unfavorable outcome on multivari-
ate analysis OR ¾2.0 (CI 1.1–3.7, p ¾0.02) while the OR
associated with a direct electron � eld was 1.6 (0.90–3.0,
p ¾0.11). In this model, age at the time of treatment was
found to be an independent predictor of a poorer cosmetic
outcome, OR ¾0.97 (CI 0.93–1.00, p ¾0.04), that is,
younger women tended to be more dissatis� ed with the
cosmetic results than older women.
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Table 3

Relationship between treatment factors and observer scores and patient reports regarding cosmetic outcome and breast morbidity after BTC

Observed All, n ¾266 Photons Electrons Dose (Gy) Boost Systemic adjuvant
(%)changes treatment(%)n (%)

B50 (%) ]50 (%) No (%) Yes (%) No Yes

Dyspigmentation
123 (77) 35 (33) 35 (52) 123 (62) 28 (52)0. None 130 (62) 118 (69) 40 (43)158 (60)
21 (13) 37 (35) 13 (19) 45 (23) 14 (26)58 (22) 44 (21) 29 (17) 29 (31)1. Mild
15 (9) 30 (28) 19 (28)2. Moderate 26 (13) 12 (22) 33 (16) 24 (14) 21 (23)45 (17)
0 (0) 4 (4) 1 (1) 3 (2) 0 (0)4 (1) 4 (2) 1 (1) 3 (3)3. Severe

Telangiectasia
138 (86) 22 (21) 36 (53) 124 (63) 30 (56)160 (62) 130 (61) 115 (67) 45 (48)0. None

57 (21) 17 (11) 40 (38) 17 (25) 40 (20) 13 (24) 44 (21) 34 (20) 23 (25)1.B1:cm2

4 (2) 18 (17) 5 (7) 17 (9) 3 (6)22 (8) 19 (9)2. 1–4:cm2 11 (6) 11 (12)
27 (10)3.\4:cm2 1 (1) 26 (24) 10 (15) 17 (9) 8 (15) 19 (9) 12 (7) 15 (16)

Breast � brosis
92 (58) 38 (36) 32 (47) 98 (50) 31 (57) 99 (47)0. None 100 (58) 30 (32)130 (49)
39 (24) 37 (35) 17 (25) 59 (30) 10 (19)76 (29) 66 (31) 48 (28) 28 (30)1. Mild

43 (16)2. Moderate 24 (15) 19 (18) 13 (19) 30 (15) 7 (13) 36 (17) 19 (11) 24 (26)
5 (3) 12 (11) 6 (9) 11 (6) 6 (11)17 (6) 11 (5)3. Severe 5 (3) 12 (13)

Breast edema
154 (98) 104 (98) 68 (100) 190 (97) 52 (98) 206 (98)No 168 (99) 90 (96)258 (98)

4 (2) 2 (2) 0 (0) 6 (3) 1 (2)6 (2) 5 (2) 2 (1) 4 (4)Yes

Breast retraction (jugular-nipple distance)
90 (60) 67 (67) 36 (55) 121 (65) 31 (62)157 (63) 126 (63) 109 (67) 48 (55)B 10%

94 (37)] 10% 61 (40) 33 (33) 29 (45) 65 (35) 19 (38) 75 (37) 54 (33) 40 (45)

Cosmetic outcome
Clinician’s assessmen t

29 (11)0. Excellent 23 (14) 6 (6) 9 (13) 20 (10) 10 (18) 19 (9) 23 (13) 6 (6)
65 (41) 31 (29) 22 (32) 74 (37) 16 (30)96 (36) 80 (38) 69 (40) 27 (29)1. Good
54 (34) 39 (37) 22 (32) 71 (36) 20 (37) 73 (34)2. Fair 55 (32) 38 (40)93 (35)
18 (11) 30 (28) 15 (22) 33 (17) 8 (15)48 (18) 40 (19) 25 (15) 23 (25)3. Poor

Patient’s assessmen t
72 (45) 27 (25) 26 (38) 73 (37) 19 (35)99 (37) 80 (38)0. Excellent 69 (40) 30 (32)

96 (36)1. Good 53 (33) 43 (41) 18 (27) 78 (39) 18 (33) 78 (37) 66 (38) 30 (32)
25 (16)2. Fair 26 (25) 16 (24) 35 (18) 15 (28) 36 (17) 32 (19) 19 (20)51 (19)
10 (6) 10 (9) 8 (12) 12 (6) 2 (4)20 (8) 18 (8) 5 (3) 15 (16)3. Poor

Breast size Tumor location T-sizeAge (years)

\ 50 (%) A:B (%) C:D (%) Upper B 2 cm5 50 (%) Inferior ] 2 cm
(%)(%)quadrantsquadran ts

Dyspigmentation
64 (48) 94 (72) 46 (61) 112 (59) 111 (57) 42 (67) 95 (57) 62 (72)0. None

19 (15) 18 (24) 40 (21) 43 (22) 14 (22) 43 (26) 10 (12)1. Mild 39 (29)
17 (13) 11 (15) 34 (18) 40 (20) 5 (8)28 (21) 27 (16)2. Moderate 12 (14)
1 (1) 0(0) 4 (2) 2 (1) 2 (3) 2 (1)3. Severe 2 (29)3 (2)

Telangiectasia
73 (54) 87 (66) 51 (68) 109 (57) 112 (57) 43 (68) 95 (57) 62 (71)0. None

23 (18) 12 (16) 45 (24) 44 (22) 13 (21)34 (25) 43 (26)1.B1:cm2 11 (13)
12 (9)2. 1–4:cm2 10 (8) 7 (9) 15 (8) 19 (10) 3 (5) 13 (8) 6 (7)

11 (8) 5 (7) 22 (11)3.\4:cm2 22 (11) 4 (6) 16 (10) 8 (9)16 (12)

Breast � brosis
66 (49) 64 (49) 48 (64) 82 (43) 92 (47) 34 (54) 87 (52) 39 (45)0. None

32 (24) 18 (24) 58 (30) 54 (27) 21 (33) 47 (28) 27 (31)1. Mild 44 (33)
24 (18) 9 (12) 34 (18) 37 (19) 5 (8)19 (14) 25 (15)2. Moderate 14 (16)
11 (8) 0 (0) 17 (9)3. Severe 14 (7) 3 (5) 8 (5) 7 (8)6 (4)
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Table 3 (Continued)

Age (years) Breast size Tumor location T-size

5 50 (%) \ 50 (%) A:B (%) C:D (%) Upper Inferior B 2 cm ] 2 cm
(%) (%)quadran ts quadrants

Breast edema
127 (98) 74 (99) 184 (97) 191 (97) 61 (98)131 (97) 162 (98)No 84 (97)

2 (2) 1 (1) 5 (3) 5 (3) 1 (2) 3 (2)Yes 3 (3)4 (3)

Breast retraction (jugular-nipple distance)
82 (63) 75 (62) 53 (75) 104 (58) 105 (56) 47 (84) 100 (64) 50 (60)B 10%

46 (38) 18 (25) 76 (42) 84 (44) 9 (16)48 (37) 56 (36) 34 (40)] 10%

Cosmetic outcome
Clinician’s assessmen t

13 (10) 16 (12) 10 (13) 19 (10) 23 (12) 5 (8) 16 (10) 11 (13)0. Excellent
47 (36) 30 (40) 66 (34) 70 (36) 22 (35)49 (36) 63 (38)1. Good 29 (33)

50 (37)2. Fair 43 (33) 21 (28) 72 (38) 67 (34) 26 (41) 65 (39) 27 (31)
25 (19) 14 (19) 34 (19) 37 (19) 10 (16) 23 (14) 20 (23)3. Poor 23 (17)

Patient’s assessmen t
46 (34) 53 (41) 26 (35) 73 (38) 68 (34) 29 (46) 59 (35) 37 (43)0. Excellent
48 (36) 48 (37) 26 (35) 70 (37) 76 (39) 17 (27) 67 (40) 26 (30)1. Good

20 (15) 17 (23) 34 (18) 35 (18) 16 (25)31 (23) 32 (20) 14 (16)2. Fair
10 (8) 6 (8) 14 (7) 18 (9) 1 (2) 8 (5) 10 (12)3. Poor 10 (7)

Bold � gures indicate signi� cant differences on x2 or Mann –Whitney U tests.

To test whether the assessment criteria laid down in the
clinician’s objective scoring system of cosmetic outcome
(skin reactions, retraction, etc.) also formed the basis for the
patients’ judgements, univariate analyses were performed to
describe the relation between physical breast changes and an
unfavorable outcome as expressed by the patients (Table 5).
This showed that women reporting a less satisfactory
cosmetic result had signi� cantly more breast � brosis, skin
telangiectasia, dyspigmentation and breast retraction, and
thus a good agreement was found between patient evalua-
tions and the breast reactions that were used as objective
scoring criteria by the clinician.

Other patient-perceived outcome measures

Constant or frequent breast pain occurred in 35 patients
(13%). Half of them (n¾18) had no additional pain from
the axilla, shoulder, or arm, and therefore these patients
could be evaluated for a consequential use of analgesics
because of breast pain. Only one patient required analgesics
and then just occasionally. In the whole study group, less
than 2% used analgesics on a regular basis for any pain. On
looking at the treatment and patients’ characteristics in
Table 1, a multivariate analysis failed to discern any speci� c
factor that was responsible for the occurrence of breast pain.
Reduced breast sensibility and breast paresthesia of any
degree were reported in 15% and 3%, respectively.

Before the interview, 6% of the women had undergone
reconstructive surgery for either breast asymmetry, breast
retraction, or skin reactions. This was more common in
women who reported only a fair:poor response (pB0.0001).
Another 15% of all women wished to undergo reconstructive

surgery or had serious thoughts about it, also signi� cantly
more in the group with a fair:poor self-assessment score.

Twenty-one women (8%) expressed a negative change in
body image after treatment and obviously a higher propor-
tion of these women reported a fair:poor cosmetic outcome
compared with the excellent:good outcome group (pB
0.0001). However, none of the independent variables de-
scribed above which impacted on cosmetic outcome
(electrons, systemic treatment, breast size, and age) was
found to affect body image, as assessed by multivariate
regression analysis. In a further investigative analysis we
looked at morbidity patterns of the breast for any associa-
tions with body image. From this analysis, breast retraction
(OR 6.3 (CI 2.0–20), p ¾0.002), skin telangiectasia (OR
1.65 (CI 1.04–2.6), p ¾0.03), and tumors con� ned to
inferior quadrants (OR 6.8 (CI 2.0 – 23), p ¾0.002) were
found to be associated with body perception.

Table 4

Concordance between patient and observer scores of cosmetic out-
come after breast-conserving treatment. Only a modest agreement

was found (k¾0.18, pB0.001)

Patient self-assessmentClinician

GoodExcellent TotalPoorFair

0 0Excellent 2925 4
Good 43 39 14 0 96
Fair 934234026

161413 485Poor
Total 99 96 51 20 266
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Table 5

Relationship between breast changes and cosmetic outcome as scored by the patients and the clinician. Univariate
analysis

Cosmetic outcomeObserved breast changes

Patient assessment s Clinician’s assessment s

2:3 (%) p-values 0:1 (%) 2:3 (%)0:1 (%) p-values

0.05Dyspigmentation B0.001
34 (49) 91 (73)124 (64) 67 (48)0. None

39 (20)1. Mild 19 (27) 20 (16) 38 (27)
30 (15)2. Moderate 15 (21) 14 (11) 31 (22)

2 (3) 0 (0) 4 (3)2 (1)3. Severe

0.02 B0.001Telangiectasia
34 (48) 93 (74)126 (65) 67 (48)0. None

41 (21)1.B1:cm2 16 (22) 25 (20) 32 (23)
12 (6)2. 1–4:cm2 10 (14) 6 (5) 16 (11)

11 (16) 1 (1) 26 (18)16 (8)3. \4:cm2

0.03 B0.001Breast � brosis
28 (39) 77 (62)102 (53) 53 (38)0. None
19 (27) 33 (26) 43 (30)1. Mild 57 (29)
17 (24) 13 (10)26 (13) 30 (21)2. Moderate
7 (10)3. Severe 2 (2) 15 (11)10 (5)

0.41Breast edema 0.78
190 (98) 68 (96) 122 (98) 136 (98)No

3 (2)Yes 3 (4) 31 (2) 3 (2)

0.01Breast retraction B0.001
124 (67) 33 (49) 96 (78) 61 (48)B 10%

34 (51) 27 (22) 67 (52)60 (33)] 10%

0.99Nipple excision 0.009
68 (96) 124 (99)185 (95) 129 (91)No
3 (4) 1 (1) 12 (9)Yes 10 (5)

0.88Tumor in 0.65
144 (76) 53 (76) 93 (78) 104 (74)Upper quadrants

17 (24)Inferior quadran ts 27 (22) 36 (26)46 (24)

0.61Scar (continuous variable, cm) 0.84

Twenty-one percent of the women felt that a change in
clothing habits was needed because of obvious skin
changes and breast retraction, and again, a signi� cantly
higher proportion of these women were found in the
fair:poor group (pB0.0001). In this respect, tattoo marks
were also noted as unsightly.

DISCUSSION

Study population

The objective of the present investigation was to character-
ize the impact of combined surgery and radiation treat-
ment as well as host factors on the cosmetic outcome and
breast morbidity after breast-conserving therapy. The data
describe the results from a national randomized trial as
opposed to a single-institution report. The data were col-
lected from 21 surgical departments and 6 radiotherapy
centers throughout Denmark. More than three-quarters of
the recurrence-free patients on the DBCG-82TM trial par-

ticipated in this follow-up study. Since more than 95% of
women with newly diagnosed breast cancer in Denmark
are registered in the DBCG treatment protocols or follow-
up programs (9), we believe that the results presented here
are representative of the treatment quality that can be
expected in a large geographical region.

Latency and late reactions

The incidence of late breast reactions in our study was
high compared with that in other studies. One evident
explanation for this is the fairly long observation time in
this study compared with the observation time in other
clinical trials. It has previously been found that cosmetic
outcome deteriorates over time (10–15). This is also in line
with the data derived from a pilot study preceding the
present investigation, which showed that 63 women out of
73 (86%) scored their cosmetic outcome as excellent:good
within the � rst years of observation and that as many as
49% of these patients rated their cosmetic results one or
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two grades below the initial score after another two years
of observation time (data not shown).

Late-occurring, normal tissue reactions to radio-
therapy, such as subcutaneous � brosis, seem to stabilize
within 4 years (16). A comparable result was found in a
subset of the present study population who underwent
consecutive mammographies (17). This demonstrated that
skin thickness increased over the initial 6–12 months after
breast-conserving therapy and did not reach a steady
thickness level before 3 to 4 years after completion of
treatment. The relatively long observation time in this study
thus explains the low incidence of observed breast edema
(2%).

It is essential to consider the follow-up time in clinical
studies in order to characterize the impact of various
treatment factors on long-term outcome. Variable observa-
tion times make comparisons between different studies
dif� cult and, consequently, it is dif� cult to draw de� nitive
conclusions. In the present study, the median follow-up time
was 6.6 years, which indicates that a relevant observation
time was employed to score treatment morbidity properly
and derive � rm conclusions.

Radiation treatment techniques

The high incidence of breast changes in this study could
primarily be ascribed to a poor radiation technique employ-
ing electron treatment to the entire breast in a large
proportion of the women. The cosmetic outcome after
electron treatment was clearly inferior compared with that
after tangential photon � elds as seen from both the patients’
and the physician’s ratings, which re� ected the increased
degree of dyspigmentation, skin telangiectasia, and breast
� brosis after electron treatment. However, breast retraction
also had a signi� cant impact on cosmesis, but the degree of
retraction was not signi� cantly associated with electron
treatment. This is explained by the fact that breast retraction
is related to the surgical procedure from the volume of
resected tissue. We were unable to obtain information on
resected breast volumes and, alternatively, tumor size and
scar length were analyzed with respect to the degree of breast
retraction. This showed that tumor size, but not scar length,
was signi� cantly associated with breast retraction.

Higher doses per fraction, as used in one of the participat-
ing departments, are known to cause increased late normal
tissue complications (18). Since all the patients treated with
2.2 Gy per fraction also received electron treatment, the
dose-fractionation factor could not be separated as an
independent effect on cosmetic outcome here.

Treatment with electrons to the whole breast was not an
unusual practice in the 1980s (19), but nowadays it is
considered inappropriate and this treatment was excluded
from subsequent DBCG protocols when the preliminary
results of this quality assurance program emerged. The
reason for introducing electron treatments in breast conser-
vation was because of concern about lung toxicity as well

as to the concept of including the skin in the clinical target
volume.

All the patients here were interviewed about lung diseases
and lung symptoms of any kind or degree, but the prevalence
of symptoms was low (data not shown) so that no further
statistical analysis was considered. Only 15 patients com-
plained of lung symptoms of any cause with no signi� cant
difference between the two treatment techniques. The risk
of lung morbidity after electron treatment, especially in
large-breasted patients, makes electron treatment unjus-
ti� able in itself, and not just due to poor cosmesis.

Increasing doses of radiation and dose per fraction have
been shown signi� cantly to affect breast � brosis and reduce
excellent:good cosmetic ratings (14, 20, 21). Total dose
could not be discerned as a predictive factor of poor
outcome in this study. In the large EORTC ‘boost vs. no
boost’ trial which included the cosmetic scores of 1141 breast
cancer patients (22), the maximum central breast dose was
only signi� cant for the cosmetic result in one of two
multivariate models which used a digitizer assessment of
cosmesis, while radiation dose to the breast did not in� uence
the global cosmetic outcome as scored by a panel of � ve
persons. In our analyses of dose dependence, boost radiation
was not signi� cantly associated with poor results as assessed
by either the patients or the clinician. This is in contrast to
the results from the EORTC study, which clearly showed
an adverse effect of a boost on the global cosmetic results
as assessed by the � ve clinicians. In the same study, the
excised volume, tumor size, an inferior location, and post-
operative complications were also found to impact on the
cosmesis, whereas systemic treatment was only of signi� -
cance in the univariate analysis. This is also in contrast to
the present � ndings.

Patients’ assessments

The degree of patient satisfaction after BCT was high in our
study, i.e., 73% of the patients regarded their cosmetic
outcome as excellent or good after a median follow-up of
6.6 years. This � gure is lower than that in other studies (14,
22–26) for reasons explained above, but by using an
appropriate treatment technique with tangential photons,
close to 80% of the patients in this study reported excellent:
good results even after a long observation time.

Breast sequelae such as skin changes and breast retraction
are obviously related to the extent of surgery and radiation
techniques, and evidently also to the administration of
systemic therapy, although no detailed exploration was
carried out here to distinguish between cytostatic or hor-
mone treatment in high-risk patients. Cosmesis is a much
more complex endpoint than the observed physical reactions
because the scoring is likely to be under the in� uence of the
patients’ expectations, psychosocial status, or body percep-
tion. However, this study showed that physical breast
changes also impacted on the patients’ ratings of cosmetic
outcome since breast � brosis, skin telangiectasia, dyspig-
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mentation, and breast retraction were all signi� cantly as-
sociated with a poorer outcome. Even though the
EORTC study did not include patient evaluations, it was
concluded that an objective evaluation is more appropri-
ate than evaluations based on photographs.

Breast size has been described to impact signi� cantly
on cosmetic outcome after BCT. Large breasts were
shown adversely to affect cosmesis (22, 27, 28) mainly
due to large dose inhomogeneities and this was also
found in the present study in two multivariate models,
one including patient assessments, and one model assess-
ing exclusively those patients receiving tangential radia-
tion treatment.

Psychosocial factors

The psychosocial morbidity after treatment of breast can-
cer has been described in several prospective studies from
the 1980s and early 1990s, but observation times have
been short (12–36 months) (13, 24, 29–33). These reports
show a fairly high incidence of emotional distress after
both mastectomy and BCT and in general no obvious
advantage has been noted to be associated with breast-
preserving procedures compared with mastectomy, with
the exception of body image and clothing. This has been
con� rmed in a study with a somewhat longer follow-up
(34), but recent data from a larger study have shown that
patient satisfaction regarding cosmetic outcome and psy-
chosocial aspects were higher following BCT (35, 36).

Our data showed that cosmetic outcome has a small
but signi� cant impact on body image several years after
treatment. Eight percent of the patients experienced a
negative change in body image, signi� cantly more women
with adverse cosmetic outcomes.

Body perception was found to be signi� cantly associ-
ated with breast retraction, skin telangiectasia, and tu-
mors con� ned to inferior quadrants, which is in
agreement with the � ndings by others (5). Young age was
clearly associated with a poorer cosmetic outcome, a fact
that might be related to psychosocial rather than strictly
biological factors. Since patients’ satisfaction with cos-
metic outcome and body perception might also be in� u-
enced by acceptance, quantitative measurements of breast
asymmetry have been introduced to assess the quality of
BCT (37–39). We introduced ‘change in clothing’ to get
around the fact that acceptance may affect self-evalua-
tion. This is a functional or behavioral effect variable,
which takes into consideration a combination of contour
and skin changes of the breast and re� ects to what extent
the individual woman had changed her clothing habits
over time as a consequence of the side effects. Women
with unfavorable results needed a change in clothing style
more frequently than women with a satisfactory result
and they had higher demands for reconstructive breast
surgery as well. Thus, our data lend support to results
from other studies that the behavior of the women re-

garding reconstructive surgery, clothing habits, and body
perception was signi� cantly related to cosmetic outcome
after BCT (5, 24) and that this in turn was affected by
speci� c treatments and breast changes after combined
surgery and radiotherapy.

The prevalence of breast pain was low. Only 13% com-
plained of frequent or constant pain, and mild analgesics
were required in only 1 out of 18 patients who had breast
pain. No individual factor emerged as an independently
predictor for the occurrence of breast pain. The low
prevalence of breast pain might be related to the fairly
long follow-up period in the present study group and to
the fact that breast pain, as well as some other late
effects, tends to improve over time (40). Only 15% and
3% of patients had any impaired sensibility or paresthesia
of the breast, which is clearly less than the incidence of
phantom pain and non-painful phantom sensations
(around 30%) that has been reported elsewhere from 5-
year follow-ups after mastectomy (41).

Considerations about assessments of cosmetic outcome

As already mentioned, the patients generally reported a
more favorable cosmetic result compared with that of the
clinician. We found a signi� cant but weak concordance
between the scores by the patients and those by the
oncologist. This follows other reports on cosmetic out-
come after BCT, which have demonstrated a high agree-
ment between observers but a low concordance between
the patient self-assessments and the evaluations done by
doctors or husbands (42, 43).

A considerable problem in the international literature
dealing with cosmetic outcome after breast conservation
is the lack of a precise description of the clinical end-
points, whether conclusions have been drawn from pa-
tient or observer evaluations. This is of course a minor
problem when cosmetic ratings are high, with only small
variations in success scores, but the degree of concor-
dance between patients and observers is rarely speci� ed.
This weakens the conclusions of the studies, and a clari� -
cation is warranted on whether patient or observer evalu-
ations were entered into the statistical models.

Since the ultimate goal of BCT is to satisfy and ful� ll
the patients’ expectations, we performed statistical analy-
ses on objective as well as subjective ratings of cosmesis.
This ultimately showed that radiation treatment tech-
niques and systemic adjuvant therapy had a detrimental
effect on the � nal treatment results, irrespective of the
applied clinical endpoint. Because patients’ self-assess-
ments now have been documented to relate to physical
side effects after BCT, it is concluded that valuable infor-
mation can be obtained from the patients’ own ratings
and that subjective perceptions and observations as re-
ported by breast cancer patients are relevant for the iden-
ti� cation of treatment factors that impact on normal
tissue reactions.
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CONCLUSION

The patients’ satisfaction with BCT in this multicenter trial
was high despite a high frequency of observed breast changes
primarily related to treatment with electrons, resected breast
volume, and the administration of adjuvant systemic ther-
apy. The prevalence of breast morbidity, as reported by the
patients themselves, was low. The present investigation
underscores the importance of quality assurance programs
in daily clinical practice that continuously must give due
attention to the occurrence of treatment sequelae and
psychosocial functioning in breast cancer patients in order
to improve treatment results in breast conservation.

ACKNOWLEDGEMENTS

This work was supported by the Danish Cancer Society and the
Danish Medical Research Council.

REFERENCES

1. Early Breast Cancer Trialists’ Collaborative Group. Fa-
vourable and unfavourab le effects on long-term surviva l of
radiotherapy for early breast cancer : an overview of the
randomised trials. Lancet 2000; 355: 1757–70.

2. Blichert-Toft M, Rose C, Andersen JA, et al. Danish random-
ized trial comparing breast conservation therapy with mastec-
tomy: six years of life-table analysis. Monogr Natl Cancer Inst
1992; 11: 19–25.

3. Morris AD, Morris RD, Wilson JF , et al. Breast-conserving
therapy vs mastectomy in early-stage breast cancer: a meta-
analysis of 10-year survival. Cancer J Sci Am 1997; 3: 6–12.

4. Voogd AC, Nielsen M, Peterse JL, et al. D ifferences in risk
factors for local and distant recurrence after breast-conserving
therapy or mastectomy for stage I and II breast cancer : pooled
results of two large European randomized trials. J Clin Oncol
2001; 19: 1688–97.

5. Sneeuw KCA, Aaronson NK, Yarnold JR, et al. Cosmetic and
functiona l outcomes of breast conserving treatment for early
stage breast cancer. 2. Relationship with psychosocia l function-
ing. Radiother Oncol 1992; 25: 160–6.

6. Bentzen SM, Overgaard J. Patient-to-patient variability in the
expression of radiation-induced normal tissue injury. Semin
Radiat Oncol 1994; 4: 68–80.

7. Baumann M. Impact of endogenou s and exogenou s factors on
radiation sequelae. In: Dunst J, Sauer R , eds. Late sequelae in
oncology. Berlin Heidelberg: Springer-Verlag, 1995: 3–12.

8. Johansen J, Overgaard J, Blichert-Toft M, et al. Treatment
morbidity associated with the managemen t of the axilla in
breast-conserving therapy. Acta Oncol 2000; 39: 349–54.

9. Hirsch FR, Mouridsen HT, Hansen OP, et al. Behandling af
primær cancer mammae. Konsekvenser af mammogra � screen-
ing i Københavns Kommune. Ugeskr Laeger 1996; 158: 1218–
21.

10. Ray GR, Fish VJ, Marmor JB, et al. Impact of adjuvan t
chemotherap y on cosmesis and complications in stages I and
II carcinoma of the breast treated by biopsy and radiation
therapy. Int J Radiat.Oncol Biol Phys 1984; 10: 837–41.

11. Dewar JA, Benhamou S, Benhamou E, et al. Cosmetic results
following lumpectomy, axillary dissection and radiotherapy for
small breast cancers. Radiother Oncol 1988; 12: 273–80.

12. Abner AL, Recht A, Vicini FA, et al. Cosmetic results after
surgery, chemotherap y, and radiation therapy for early breast
cancer. Int J Radiat Oncol Biol Phys 1991; 21: 331–8.

13. Curran D , van Dongen JP, Aaronson NK, et al. Quality of life
of early-stage breast cancer patients treated with radical mas-
tectomy or breast-conserving procedures: results of the EORTC
Trial 10801. The European Organization for Research and
Treatment of Cancer (EORTC), Breast Cancer Cooperative
Group (BCCG). Eur J Cancer 1998; 34: 307–14.

14. Taylor ME, Perez CA, Halverson KJ, et al. Factors in� uencing
cosmetic results after conservation therapy for breast cancer .
Int J Radiat Oncol Biol Phys 1995; 31: 753–64.

15. Vrieling C, Collette L, Fourquet A, et al. The in� uence of the
boost in breast-conserving therapy on cosmetic outcome in the
EORTC ‘boost versus no boost’ trial. EORTC Radiotherapy
and Breast Cancer Cooperat ive Groups. European Organiza-
tion for Research and Treatment of Cancer. Int J Radiat Oncol
Biol Phys 1999; 45: 677–85.

16. Bentzen SM, Thames HD, Overgaard M. Latent-time estima-
tion for late cutaneous and subcutaneous radiation reactions
in a single follow-up clinical study. Radiother Oncol 1989; 15:
267–74.

17. Blichert-Toft M, Brincker H, Dyreborg U , et al. Brystbe-
varende behandling ved cancer mammae. Ugeskr Laeger 1985;
147: 2897–901.

18. Overgaard M, Bentzen SM, Christensen JJ, et al. The value of
the NSD formula in equation of acute and late radiation
complications in normal tissue following 2 and 5 fractions per
week in breast cancer patients treated with postmastectomy
irradiation. Radiother Oncol 1987; 9: 1–11.

19. Ribeiro GG, Magee B, Swindell R , et al. The Christie Hospital
breast conservation trial: an update at 8 years from inception .
Clin Oncol (R Coll Radiol) 1993; 5: 278–83.

20. van Limbergen E, Rijnders A, van der Schueren E, et al.
Cosmetic evaluation of breast-conserving treatment for mam-
mary cancer . 2. A quantitative analysis of the in� uence of
radiation dose, fractionation schedules and surgical treatment
techniques on cosmetic results. Radiother Oncol 1989; 16:
253–67.

21. Borger JH, Kemperman H, Smitt HS, et al. Dose and volume
effects on � brosis after breast conservation therapy. Int J
Radiat Oncol Biol Phys 1994; 30: 1073–81.

22. Vrieling C, Collete L, Forquet A, et al. The in� uence of patient,
tumor and treatment factors on the cosmetic results after
breast-conserving therapy in the EORTC ‘boost vs. no boost’-
trial. Radiother Oncol 2000; 55: 219–32.

23. Delouche G, Bachelo t F , Premont M, et al. Conservation
treatment of early breast cancer : long term results and compli-
cations. Int J Radiat Oncol Biol Phys 1987; 13: 29–34.

24. Bartelink H, van Dam F, van Dongen J. Psychologica l effects
of breast-conserving therapy in comparison with radical mas-
tectomy. Int J Radiat Oncol Biol Phys 1985; 11: 381–5.

25. Liljegren G, Holmberg L, Westman G. The cosmetic outcome
in early breast cancer treated with sector resection with or
without radiotherapy. Uppsala –OÈ rebro Breast Cancer Study
Group. Eur J Cancer 1993; 29A: 2083–9.

26. Markiewicz DA, Schultz DJ, Haas JA, et al. The effects of
sequence and type of chemotherap y and radiation therapy on
cosmesis and complications after breast conservation therapy.
Int J Radiat Oncol Biol Phys 1996; 35: 661–8.

27. Gray JR , McCormick B, Cox L, et al. Primary breast irradia-
tion in large-breasted or heavy women: analysis of cosmetic
outcome. Int J Radiat Oncol Biol Phys 1991; 21: 347–54.

28. Moody AM, Mayles WPM, Bliss JM, et al. The in� uence of
breast size on late radiation effects and association with
radiotherapy dose inhomogeneity. Radiother Oncol 1994; 33:
106–12.

29. Fallow� eld LJ, Baum M, Maguire GP. Effects of breast
conservation on psychologica l morbidity associated with diag-



J. Johansen et al. Acta Oncologica 41 (2002)380

nosis and treatment of early breast cancer . Br Med J (Clin Res
Ed) 1986; 293: 1331–4.

30. Ganz PA, Schag AC, Lee JJ, et al. Breast conservation versus
mastectomy. Is there a difference in psychologica l adjustment
or quality of life in the year after surgery? Cancer 1992; 69:
1729 –38.

31. Goldberg JA, Scott RN, Davidson PM, et al. Psychologica l
morbidity in the � rst year after breast surgery. Eur J Surg Oncol
1992; 18: 327–31.

32. Omne-Ponten M, Holmberg L, Burns T, et al. Determinants
of the psycho-socia l outcome after operation for breast cancer .
Results of a prospective comparative interview study following
mastectomy and breast conservation . Eur J Cancer 1992; 28A:
1062 –7.

33. Poulsen B, Graversen HP, Beckmann J, et al. A comparative
study of post-operative psychosocia l function in women with
primary operable breast cancer randomized to breast conserva -
tion therapy or mastectomy. Eur J Surg Oncol 1997; 23:
327–34.

34. Omne-Ponten M, Holmberg L, Sjöden P-O. Psychosocia l
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