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ORIGINAL ARTICLE

Effect of adjuvant systemic treatment on cosmetic outcome and late
normal-tissue reactions after breast conservation
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Abstract

To investigate whether adjuvant treatment with CMF or tamoxifen predisposes to an unfavorable cosmetic outcome or
increased breast morbidity after radiotherapy in breast conservation. Data from 266 patients who entered a randomized
breast conservation trial (DBCG-82TM protocol) was analyzed. The patients were treated with lumpectomy and axillary
dissection followed by external beam radiotherapy to the residual breast. High-risk patients (n =94), as well as 31 low-risk
patients, received additional radiation to the regional lymph nodes. Adjuvant systemic treatment was given to all high-risk
patients: premenopausal patients (n =67) received eight cycles of CMF intravenously (600/40/600 mg per m?) every fourth
week; postmenopausal patients (n =27) received 30 mg of tamoxifen daily for one year. Clinical assessments included
cosmetic outcome, breast fibrosis, skin telangiectasia, and dyspigmentation which were scored on a 4-point categorical scale
after median 6.6 years. The observations were analyzed in multivariate logistic regression analysis which included potential
risk factors on outcome related to systemic treatment, surgery, radiation technique, tumor, and patient characteristics. In
premenopausal patients, systemic treatment with CMF independently predicted a fair/poor cosmetic outcome, RR =2.2
(95% CI 1.2—4.2), as well as increased skin telangiectasia, RR =3.3 (1.4—-8.2). There was no impact of tamoxifen treatment
on cosmetic outcome in postmenopausal patients (p =0.32). However, univariate analysis showed that tamoxifen was
significantly associated with breast fibrosis (p <0.004), as was radiation to the regional lymph nodes (p <0.0001). A strong
interaction between axillary irradiation and tamoxifen treatment occurred since 26 of 27 high-risk postmenopausal patients
had received both tamoxifen and axillary irradiation. In multivariate regression analysis, axillary irradiation independently
predicted moderate/severe breast fibrosis with a relative risk of 5.0 (2.0-12.5) and 9.6 (3.3—-27.7) in premenopausal and
postmenopausal patients, respectively. To circumvent the strong interaction between tamoxifen treatment and axillary
irradiation, a subsequent analysis omitting axillary treatment from the multivariate regression showed a significant effect of
both tamoxifen and CMF on the occurrence of breast fibrosis with relative risks of 5.3 (CI 1.8-15.8) and 4.4 (1.8-10.3),
respectively. Adjuvant systemic treatment with CMF given sequentially to radiotherapy independently predicted an adverse
cosmetic outcome as well as increased skin telangiectasia after breast conserving treatment. Due to a strong interaction
between tamoxifen administration and radiation to the regional lymph nodes, the effect of tamoxifen on the development of
fibrosis could not be fully discerned in this study. Axillary irradiation increased the incidence of moderate to severe breast
fibrosis in both premenopausal and postmenopausal patients.

Large randomized clinical trials have established
radiotherapy in conjunction with adjuvant systemic
treatment as standard treatment in breast cancer
after both mastectomy and lumpectomy [1-6].
While the effect on overall survival has been recog-
nized, there has been less focus on late toxicity after
combined treatment [7].

Reports on late toxicity after combined treatment
in breast cancer have generally been of retrospective
nature, and often, only univariate analysis has been

applied which has not taking into account the
confounding interaction between systemic treatment
and other factors which potentially are associated
with poor cosmesis in high-risk patients such as
surgical factors, individual patient factors, and loco-
regional radiation treatment.

The adverse effects of combining loco-regional
radiotherapy with either CMF or tamoxifen after
mastectomy have previously been reported by
Bentzen et al. [8,9] who demonstrated an enhanced
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risk of normal-tissue reactions from either systemic
modality in combination with post-mastectomy ra-
diation. In this context, tamoxifen has been impli-
cated as a TGFB-inducer and thus a significant
factor in the pathogenesis of radiation-induced
fibrosis [10,11].

Combined systemic treatment and radiation is
increasingly employed in various cancer diseases to
improve local control and survival rates. However,
such improvements might be at the expense of an
increase in complication rates. We previously re-
ported clinical results regarding cosmetic outcome
and normal-tissue reactions in breast conservation in
relation to different radiation techniques [12]. To
extend our knowledge on the causes of adverse
reactions after breast-conserving treatment, we ana-
lyzed the follow-up data from a national prospective
breast conservation trial (DBCG-82TM protocol)
with respect to combined radiotherapy and adjuvant
systemic treatment.

Patients and methods

The study population included patients from a
randomized national trial comparing breast conser-
vation therapy with mastectomy (DBCG-82TM
protocol) as reported previously [12-14]. It was
decided to perform a prospective assessment of
cosmetic outcome and late effects in patients
belonging to the breast conservation arm of the
trial.

From the original group of 450 patients under-
going BCT, 343 were alive and recurrence-free at the
time of the investigation, and 266 (78%) accepted to
participate in the follow-up study. This was done as a
single follow-up interview performed by the same
oncologists who visited nine centers throughout

Denmark. The interview consisted of a study-
specific structured questionnaire and a physical
examination. Self-assessments as well objective ob-
servations on cosmetic outcome were obtained.
Specific skin and breast changes including dyspig-
mentation, skin telangiectasia, and breast fibrosis
were scored as described below.

The clinical examination was ‘blinded’ in the
sense that no information was available for the
observer at the time of the interview regarding
individual radiation treatment techniques, extent of
surgery, or whether adjuvant treatment had been
given. Individual data on systemic treatment, radia-
tion treatment, as well as patient-related character-
istics related to tumor size or axillary lymph node
status were obtained from the DBCG secretariat.

The interview and the examination were per-
formed after a median follow-up time of 6.6 years
(range 3.5-10.5 years). A discussion regarding the
expression of normal-tissue reactions in relation to
the observation time is presented elsewhere [12].

The patients were treated according to protocol
guidelines. For a detailed description of the treat-
ment protocol [see 12—14]. Only major technical-
ities are presented here. Surgery consisted of a
complete tumor resection ensuring tumor-free mar-
gins at gross examination of the specimen. Axillary
dissection was mandatory and included level I and II
through a separate transverse incision. However, if
the tumor was located in the axillary tail, the
protocol recommended a continuous extension of
the breast incision to the axilla for an ‘en bloc’
dissection of the axillary contents and the tumor-
bearing area.

Treatment allocation is shown in Figure 1. All the
patients had irradiation of the residual breast with a
median target absorbed dose of 50 Gy given in 25

DBCG82-TM BCT arm
follow-up interview and
clinical examination
n =266

e

Premenopausal Postmenopausal
n=170 n =96
Low-risk High-risk Low-risk High-risk
Radiation treatment g Radiation treatment Radiation +
_ Radiation + CMF _ h
n =103 n=67 n=69 tamoxifen
(19 including axilla) - (12 including axilla) n=27

Figure 1. Diagram of patient allocation according to risk status and menopausal status. Number of low-risk patients receiving nodal

irradiation is indicated (axilla).



fractions, 5 fractions per week (90%), or 48 Gy
in 22 fractions, 4 fractions per week (10%). The
recommended radiation treatment technique was
opposing tangent fields (6—10 MV) with a boost
dose of minimum 10 Gy to the scar and the tumor
bed, either with tangential photons or a single
electron field. However, the protocol also allowed
radiation treatment to be given through a single
direct anterior electron field (6—20 MeV) to the
whole breast defining the 85% isodose curve at the
pleural surface.

High-risk patients received an additional direct
anterior photon field (6-16 MV) of 50 Gy/25
fractions to cover the regional lymph nodes in the
axilla and periclavicular region while the tangents
covered the internal mammary chain. It should be
noted that if an ‘en bloc’ dissection to the axilla had
been performed, additional axillary irradiation was
recommended by the protocol guidelines irrespec-
tively of the risk status of the patient. As a result,
18% (31/172) of low-risk patients received axillary
radiation treatment.

High-risk patients

High-risk patients were defined as patients with a
tumor diameter >5 cm, and/or invasion to the skin
or pectoral facia, and/or involvement of axillary
lymph nodes.

High-risk patients received adjuvant systemic
treatment in conjunction with loco-regional radio-
therapy. Premenopausal high risk patients received
eight cycles of CMF which consisted of cyclopho-
sphamide 600 mg/m?, methotrexate 40 mg/m?, and
5-FU 600 mg/m?, all given intravenously as a bolus
injection day 1 every fourth week. CMF was
administered sequentially to radiotherapy, i.e., the
first cycle was given one week prior to the initiation
of radiotherapy while the second cycle was planned
1-2 weeks after completion of radiation treatment.

Postmenopausal high-risk patients received 30 mg
of tamoxifen daily from the time of radiation
treatment and continued for 12 months.

Clinical endpoints

The clinical endpoints were scored on 4-point
ordinal scales. Cosmetic outcome was scored inde-
pendently by the oncologist and the patient as
excellent, good, fair, or poor by comparison to the
un-treated breast. Breast size was categorized as A,
B, C, or D.

The objective changes in the breast tissues and
skin were scored outside the lumpectomy scar and
radiation boost field—and away from any supraclavi-
cular treatment fields—as follows:
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Breast fibrosis:

0. None

1. Barely palpable, but increased density

2. Definite increased density and firmness

3. Very marked density with retraction or fixation.

Skin telangiectasia:
0. None

1. <l/cm?

2. 1-4/cm”

3. >4/cm®.

Dyspigmentation:
0. None

1. Mild

2. Moderate

3. Severe.

Lung symptoms of any kind were also recorded.
This was done to explore the prevalence of radiation
pneumonitis, but no detailed radiological changes
were obtained.

Statistics

Premenopausal and postmenopausal patients were
analyzed separately to compare whether CMF or
tamoxifen were associated with excess breast mor-
bidity compared to patients who did not receive
adjuvant systemic treatment. For this analysis,
multivariate logistic regression was used. Skin or
breast complications which in itself affected cosmetic
outcome, such as dyspigmentation or skin telangiec-
tasia, were not included as co-variates in the models
concerning cosmesis.

First, univariate analyses were applied (x* analysis
and Mann-Whitney rank sum test) to explore which
patient-associated characteristics or treatment-re-
lated factors that most likely were associated with
the study endpoints. This included adjuvant sys-
temic treatment, radiation technique and dose,
addition of boost, age, breast size, tumor size, and
collagen vascular disease. Also, the independent
effect of axillary irradiation was analyzed even
though this treatment was almost exclusively con-
fined to high-risk patients receiving systemic treat-
ment as well. Potential explanatory factors were then
incorporated in the multivariate linear regression
models. The dependent factors were dichotomized
(grade 0 and 1 versus grade 2 and 3).

The impact of the co-factors was described in
terms of relative risk (RR) and 95% confidence
intervals (CI) were estimated. A two-sided p-value of
less than 0.05 was considered significant. P-values
are two-tailed.
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Results
Demographic data

The distribution of the 266 participating patients in
the different treatment groups is shown in Table I.
The low-risk group of both premenopausal and
postmenopausal patients had slightly longer observa-
tion times. Among premenopausal patients, there
was a larger but non-significant proportion of the
CMF group who received breast radiation with
electrons (p =0.13).

The prevalence of combined grade 2 and grade 3
adverse reactions is shown in Table II as well as
significance values from univariate analysis (Mann-
Whitney U tests using the individual graded scores
from O to 3). This showed that in premenopausal
patients, systemic treatment was significantly asso-
ciated with cosmetic outcome (p =0.002), subcuta-
neous fibrosis (p <0.001), skin telangiectasia (p =
0.001), and dyspigmentation (p =0.001). The fre-
quencies of excellent/good cosmetic scores in rela-
tion to systemic treatment are illustrated in Figure 2.

On multivariate logistic regression analysis in
premenopausal patients, CMF independently pre-
dicted a fair/poor cosmetic outcome (OR =2.2;
95%CI 1.2-4.2) and increased skin telangiectasia
(OR =3.3; 1.4-8.2). The first finding was indepen-
dent of whether objective or patient assessed cos-
metic scores were used.

Cosmetic outcome was not related to endocrine
treatment with tamoxifen in postmenopausal pa-
tients (p=0.32). However, univariate analysis
showed that tamoxifen was significantly associated
with breast fibrosis (p =0.004) (Table II). This also
applied to axillary irradiation which was equally
associated to the occurrence of fibrosis (p <
0.0001). However, there was a strong interaction

between axillary irradiation and tamoxifen treatment
since 26 of 27 high-risk postmenopausal patients
who received tamoxifen also received axillary irra-
diation.

In multivariate regression analysis, complemen-
tary axillary radiation was significantly related to
increased breast fibrosis in both premenopausal and
postmenopausal patients with a relative risk of 5.0
(2.0-12.5) and 9.6 (3.3-27.7), respectively. To
circumvent the strong interaction between tamoxifen
treatment and axillary irradiation, a subsequent
analysis was performed omitting axillary treatment
from the multivariate regression, but including the
other above mentioned co-variates. This demon-
strated a significant effect of both tamoxifen and
CMF on the occurrence of breast fibrosis with
relative risks of 5.3 (CI 1.8-15.8) and 4.4 (1.8—
10.3), respectively.

Only 14 patients (5%) complained of lung symp-
toms. These were all of mild degree and not
exclusively indicative of radiation pneumonitis.
Due to the very low prevalence of clinical symptoms
indicating pneumonitis, no further statistical analysis
was considered regarding this endpoint.

Discussion

Normal-tissue reactions to radiotherapy are caused
by a variety of treatment related factors as well as
inherent patient factors [15,16]. Due to the com-
plexity of radiation-induced complications, normal-
tissue reactions have been difficult to predict [17—
19] and the picture becomes even more complex
when radiation treatment is combined with systemic
treatment.

During the last decade, chemoradiation has be-
come standard practice in the treatment of several

Table I. Distribution of potential confounders of the systemic effect on cosmesis and complications in 266 women undergoing BCT.

Premenopausal Postmenopausal
All (n=266) RT (n=103) RT+CMF (n=67) RT (n=69) RT +tam (n=27)

Age?® (median, range) 50 (24-70) 46 (24-53) 44 (30-56) 61 (55-70) 59 (51-66)
Nodes removed (median, range) 7 (0-22) 6 (0-18) 7 (1-22) 7 (0-21) 6 (2-17)
Tumor size >2 cm 50/254 (20%) 14/100 (14%) 15/64 (23%) 16/64 (25%) 5/26 (19%)
Follow-up (median yrs, range) 6.6 (3.5-10.5) 6.9 (3.9-10.2) 5.6 (3.5-10.4) 7.1 (3.7-10.5) 6.5 (3.7-8.8)
Radiation treatment

Photons 160 (60%) 64 (62%) 33 (49%) 45 (65%) 18 (67%)

Electrons 106 (40%) 39 (38%) 34 (51%) 24 (35%) 9 (33%)

Absorbed Dose, breast (Gy) 50.0 (46.5-52.0) 50.0 (46.5-52.0) 50.0 (46.5-54.0) 50.0 (46.5-50.0) 50.0 (47.5-50.0)

(5th to 95th percentile)

Boost 213 (80%) 83 (81%) 49 (73%) 60 (87%) 21 (78%)

Boost dose (Gy median, range) 10 (6—24) 10 (6—-24) 10. 0 (9.25-22.0) 10 (10-20) 10 (9.25-16.0)

Axillary radiation treatment 121 (46%) 19 (18%) 64 (96%) 12 (17%) 26 (96%)

years at the time of treatment.
STisize available for 254 patients.
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Table II. Prevalence of grade 2 or grade 3 reactions in patients receiving breast irradiation (RT) with or without adjuvant systemic
treatment. p-values derived from Mann-Whitney U tests using all the graded responses (from 0 to 3).

Premenopausal pts.

Moderate/severe reaction (Grade >2)

Postmenopausal pts.
Moderate/severe reaction (Grade >2)

RT (n=103) RT+CMF (n=67) p-value RT (n=69) RT +tamoxifen (n =27) p-value
Cosmetic outcome 45% 66% 0.002 49% 63% N.S.*
Fibrosis 11% 34% <0.001 19% 48% 0.004
Telangiectasia 12% 31% 0.001 16% 19% N.S.
Dyspigmentation 15% 26% 0.001 15% 26% N.S.

* Non-significant test results.

solid malignancies due to improved survival rates.
The side-effects have increased correspondingly,
however, often only a few years of follow-up data
has been available and the long-term effects are
infrequently reported [7].

In breast cancer, combined radiotherapy and
chemotherapy have been employed for several dec-
ades and with improved overall survival rates [3,4].
Due to a more favorable prognosis in the adjuvant
setting of breast cancer compared to other diseases
treated with chemoradiation, the prevalence is high
and longer observation time is available in breast
cancer. For this reason the present investigation has
allowed us to throw light on the impact of either CMF
chemotherapy or tamoxifen treatment on long-term
morbidity after radiotherapy in breast conservation.
We analyzed the effect of chemoradiation separately
in premenopausal and postmenopausal patients due
to the difference in age as well as different mechan-
isms of action of CMF and tamoxifen.

Induction of fibrosis

Several lines of evidence point to TGFp as a key
cytokine in the role of transformation of tissue
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fibrosis [10,11,20-22]. Tamoxifen has been shown
to cause induction of extracellular TGFf in murine
[23] as well as in human # vivo studies as demon-
strated by Butta et al. [24] who found that three
months of tamoxifen treatment in breast cancer
patients caused a consistent induction of extracel-
lular TGFp deposits in breast specimens compared
with matched pretreatment samples from the same
individuals.

Some of the first clinical data to support the
relationship between tamoxifen treatment and radia-
tion-induced fibrosis comes from our own group [9].
In an analysis of 196 breast cancer patients under-
going post-mastectomy radiotherapy, tamoxifen
treatment was significantly related to marked lung
fibrosis as measured by optical density changes on
X-ray films of the apical lungs.

In the present study, breast fibrosis seemed to be
significantly enhanced by both CMF and tamoxifen
in univariate analysis, but this could not be con-
firmed on multivariate regression that included
axillary radiation as a co-variate. Axillary irradiation
surprisingly caused significantly more breast fibrosis
in both premenopausal and postmenopausal pa-
tients, and this finding was observed despite that

B
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Figure 2. Frequency of patients with excellent or good cosmetic outcome in relation to systemic treatment, A) in premenopausal patients,

B) in postmenopausal patients.
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breast morbidity was assessed away from possible
sites of overlapping treatment fields.

Other studies have shown that the use of a
multiple-field radiation techniques including axillary
irradiation is associated with a significantly worse
cosmetic outcome and breast retraction compared
with the use of tangential treatment portals alone,
perhaps due to radiation-induced damage to regional
lymphatics causing loco-regional edema [25-28].

An additional multivariate analysis omitting axil-
lary treatment, but including all other factors which
possibly could affect breast morbidity as described
above, showed that both CMF and tamoxifen were
associated with the risk of developing moderate to
severe breast fibrosis suggesting a relationship be-
tween systemic treatment and transformation of
fibrosis. Axillary irradiation and tamoxifen treatment
were both prescribed to high-risk patients, i.e., 26 of
27 high-risk postmenopausal patients who received
tamoxifen also received axillary irradiation. Due to
this strong interaction between axillary irradiation
and tamoxifen treatment, one must be careful
drawing firm conclusions about which factors that
induce subcutaneous fibrosis since the effect of
tamoxifen could not be distinguished from that of
axillary radiation in this study.

We found a prevalence of pulmonary symptoms of
5% which covered symptoms of any cause for which
reason we did not analyze the effect of systemic
treatment on pneumonitis in this study. Despite a
high incidence of reported pulmonary changes on
chest x-ray films and CT-scans [9,29,30], only a
small percentage of patients seem to have sympto-
matic pneumonitis after radiotherapy for breast
cancer, around 1% [30,31]. Therefore, the likely
effect of tamoxifen on radiation-induced pulmonary
fibrosis seems to be of little clinical concern but
more of biological relevance to help explaining
mechanistic elements of the pathogenesis of lung
fibrosis. In this respect there are discrepancies in the
evidence of an association between tamoxifen treat-
ment and the development of lung fibrosis
[9,29,30,32,33].

Tamoxifen, cosmetic outcome, and normal-tissue
reactions

Tamoxifen treatment did not affect cosmetic out-
come in conjunction with radiation in postmeno-
pausal patients, who were evaluated 6.5 years after
breast conservation. Published reports regarding
cosmetic outcome and skin reactions after tamoxifen
treatment and irradiation seem as conflicting as
those describing tamoxifen-induction of fibrosis.
The inconsistency of the data lies primarily in the
retrospective nature of the studies but also the

general use of univariate analysis which fails to
isolate the independent effect of tamoxifen by not
controlling for treatment-related factors or patient-
specific characteristics.

Azria et al. [34] analyzed the effect of tamoxifen
on late effects during a prospective study dealing
with predictive testing of lymphocyte radiosensitivity
in breast cancer patients. Multivariate analysis
showed that grade 2 or greater skin/subcutaneous
fibrosis—but not telangiectasia—was significantly in-
creased in patients treated with tamoxifen despite
that tamoxifen-treated patients were characterized
by older age, irradiation of significant larger breast
volumes, larger disease stages, and higher node
positivity. Two additional studies have also shown
that patients who received tamoxifen were more
often axillary node positive and consequently com-
prised a greater percentage of patients who received
radiation treatment to both the breast and the axilla
[35,36].

Fowble et al. made a retrospective study of 154
tamoxifen-treated women undergoing breast conser-
vation without additional chemotherapy. Skin com-
plications were not evaluated; however, breast
edema was increased after a median of 5.3 years
observation time but only on univariate analysis.
There was apparently no adverse effect of tamoxifen
on cosmesis.

Wazer et al. also looked at cosmetic outcome in
relation to tamoxifen treatment in breast conserva-
tion [25,36]. In the first study, it was indicated by
univariate analysis that tamoxifen treatment was
related to radiation-induced fibrosis; however, in
the following update the authors corrected for
confounding factors by applying multivariate regres-
sion analysis and found no adverse effect of tamox-
ifen on cosmesis. This is in accordance with Harris et
al. who retrospectively analyzed the difference be-
tween adjuvant tamoxifen given concurrently or
sequentially to radiotherapy in breast conservation,
with or without chemotherapy [37]. After 5 years,
cosmetic data was available for just over half of the
patients and no effect of the tamoxifen sequence was
found on complication rates or cosmesis. However,
the incidence of complications was low which might
reduce the ability to detect a difference in this study
group.

Two similar investigations also studied tamoxifen
in breast conservation, with or without additional
chemotherapy, and hormonal therapy did not affect
the cosmetic results in any of these investigations
[27,38].

Altogether, the literature as well as our own data
show that tamoxifen treatment with radiotherapy
does not seem to impact on the cosmetic outcome in
breast conservation treatment.



CME, cosmetic outcome, and normal-tissue reactions

In the present study, CMF given sequentially to
breast irradiation independently had a negative
impact on the overall cosmetic outcome scores after
breast conservation in premenopausal patients. This
observation was independent of whether the patient
evaluations or observer assessments were used. The
impact of CMF on cosmetic outcome was demon-
strated after correcting for other confounding factors
impacting on breast cosmesis associated with sur-
gery, radiotherapy, as well as patient-related factors
(listed in Table I).

Telangiectasia of the skin was also significantly
increased in the present study after combined CMF
and radiation. Whether the mechanism of increased
telangiectasia is a pure late skin reaction of CMF in
combination with radiotherapy or a consequential
complication due to excess acute reactions (moist
desquamation) is uncertain from the present analysis
since no systematic recording of acute effects had
been done.

As described above, breast fibrosis was only
significantly more common after combined CMF
and radiation when axillary irradiation as a co-factor
was omitted from multivariate analysis. Again, CMF
administration in high-risk patients was associated
with axillary radiation treatment which in itself
impacted on breast fibrosis, but the number of
patients in the subgroups of the multivariate analyses
allows one to make more firm conclusions regarding
CMF and fibrosis as opposed to the present tamox-
ifen data.

Previous reports on cosmetic outcome and late
normal-tissue reactions to combined systemic treat-
ment and radiotherapy in breast conservation have
been contradictory. Some have reported significant
adverse effects on cosmetic outcome after combined
treatment [25,28,39—41] while other studies did not
find any detrimental effect on cosmesis from adding
chemotherapy to radiation [38,42—44]. However, as
described previously, only few studies have applied
multivariate analysis to analyze the independent
effect of chemotherapy on treatment complications
after radiotherapy.

Great controversies also exist regarding the se-
quencing of systemic treatment and radiotherapy in
relation to complication rates as well as to treatment
efficacy [45]. Abner et al. [43] did a retrospective
case-control analysis comparing the outcome of 340
patients after a median of 60 months of observation.
At 3 years, fair/poor cosmetic outcome, breast
edema, and retraction were more common in
patients receiving any kind of chemotherapy while
skin telangiectasia was only increased in patients
having concurrent chemoradiation. The proportion
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of excellent results also decreased more in the
concurrent group compared to both the sequentially
treated patients and the control group (radiotherapy
alone). This is in agreement with Moro et al. [41]
and Vass et al. [28] who presented multivariate
analyses on 164 patients and 142 patients, respec-
tively, of whom 28% and 37% had received con-
comitant CMF as part of a breast-conserving
schedule. Concomitant chemoradiotherapy nega-
tively impacted on cosmesis after a median of 38
months and 3 years, respectively. In contrast, the
study by Taylor et al. [27] also suggested an effect of
concurrent chemotherapy and radiation on the
cosmetic results, however, when the analysis was
completed with other factors in a multivariate
analysis, adjuvant chemotherapy failed to demon-
strate a significant effect on cosmesis.

Regarding late normal-tissue reactions, concur-
rent administration of chemotherapy and radiation
was shown to cause significantly higher complication
rates in a randomized trial [46]. This compared
concurrent and sequential mitoxantrone/5-FU/cy-
clophosphamide and significantly more subcuta-
neous fibrosis, skin telangiectasia, pigmentation,
and breast atrophy was recorded in the concurrent
arm. Also, Ray et al. [39] found in a univariate
analysis of 134 patients that adjuvant chemotherapy
given either before, during, or after radiotherapy had
a negative impact upon cosmesis as well as increased
fibrosis and breast retraction.

Conclusion

The present study group belonged to a prospective
study with a fairly long observation time to allow
cosmetic outcome and late normal-tissue complica-
tions to be assessed properly. Our results add to the
findings of an impaired cosmetic outcome and
increased rate of clinically observed normal-tissue
reactions in the irradiated breast after combined
systemic treatment and local radiotherapy, and
confirm the previous findings in breast cancer
patients treated according to DBCG guidelines [8].

Tamoxifen treatment does not seem to affect
cosmetic outcome in breast conservation. Previous
reports on fibrosis, cosmetic outcome, and pneumo-
nitis following combined tamoxifen and radiation
treatment are conflicting. There is some evidence of
a combined effect on pulmonary fibrosis while the
impact of tamoxifen on skin or breast fibrosis is less
substantiated. In contrast, larger studies applying
multivariate analyses have confirmed a significant
effect of chemotherapy in conjunction with radiation
treatment on both cosmetic outcome and breast
complications, especially when the combination is
given concomitantly [47].
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