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ABSTRACT

To investigate whether hormonotherapy followed by concomitant use of trastuzumab (T) and radiation therapy (RT) contributes to the de-
velopment of radiation-induced skin fibrosis. 70 healthy female rats divided into seven groups: Control group (C) underwent no procedure. 
RT group underwent thoracic radiation (TR). T group was administered T. T+RT+Tx group was administered concomitant T and TR, fol-
lowed by tamoxifen. T+RT+Le group was administered concomitant  T and TR, followed by letrozole. T+RT+An group was administered 
concomitant T and TR, followed by anastrazole. T+RT+Ex group was administered concomitant T and TR, followed by exemestane. 
Trastuzumab was administered in 6 mg/kg. TR was performed two hours after T administration. Hormonotherapy was given at one week 
following RT. Rats were sacrificed at 24 weeks. Skin was scored in histopathological examination. Skin inflammation was most commonly 
seen in the RT, T+RT+Tx and T+RT+Le group. Skin fibrosis was present in all subjects exposed to RT. Control group, T and T+RT+Ex 
group had the lowest vascular damage scores, while RT, T+RT+Tx and T+RT+Le had the highest scores. The RT, T+RT+Tx and T+RT+Le 
group had the highest muscular fibrosis scores. Muscular fibrosis was lesser in T+RT+An and T+RT+Ex group. The rate of vascular dam-
age in muscular tissue was the highest in RT, T+RT+Tx and T+RT+Le group. No vascular damage was observed in T and T+RT+Ex group. 
Our study results suggested that tamoxifen and letrozole following concomitant use of T and RT increased skin fibrosis, while anastrazole 
and exemestane reduced radiation-induced skin fibrosis. 
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ÖZET
Radyoterapi ile Eşzamanlı Trastuzumab Tedavisinden Sonra Verilen Hormonoterapinin Ciltte Gelişen Geç Toksisite Üzerine 
Etkisi
Radyoterapi ile eşzamanlı trastuzumab tedavisinden sonra verilen hormonoterapinin ciltte radyasyon fibrozisi gelişimine katkısı olup 
olmayacağını araştırmaktır. 70 adet erişkin sağlıklı sıçan, 7 gruba ayrıldı. K grup (Kontrol grubu); RT grubu (Sadece radyoterapi uygula-
nan); T grubu (Sadece trastuzumab verilen); T+RT+Tam grubu (RT ile eş zamanlı T verildikten sonra tamoksifen verilen grup); T+RT+Le 
grubu (RT ile eş zamanlı T sonrası letrozol verilen); T+RT+An grubu (RT ile eş zamanlı T sonrası anastrazol verilen); T+RT+Ex grubu (RT 
ile eşzamanlı T sonrası exemestan) verilen grup olarak belirlendi. Trastuzumab, 6 mg/kg verildi. RT, T’den iki saat sonra, göğüs duvarına 
tek fraksiyonda ışınlama yapıldı. RT’den bir hafta sonra hormonoterapi ilaçları 6 ay süre ile verildi.  24 hafta sonra sıçanlar sakrifiye edildi. 
Deri dokusu histopatolojik olarak incelendi. Deride inflemasyon en fazla RT, T+RT+Tam ve T+RT+Le gruplarında görüldü. RT alan grupların 
hepsinde deride fibrosizin oluştuğu görüldü. Deride vasküler hasar skorlaması en düşük kontrol, T ve T+RT+Ex gruplarında en yüksek 
skorlama RT, T+RT+Tam ve T+RT+Le gruplarında bulundu. Kasta fibrosiz skorlaması en yüksek RT, T, T+RT+Tam, T+RT+Le gruplarında 
bulundu. T+RT+An and T+RT+Ex gruplarında kasta fibrozisin azaldığı görüldü. Kasta vasküler hasarın en fazla RT, T+RT+Le ve T+RT+Tam 
gruplarında oluştuğu görüldü. T ve T+RT+Ex’nın ise hasar yapmadığı görüldü. RT ile eşzamanlı T kullanımından sonra ardışık uygulanan 
tamoksifen ve letrozolün ciltte fibrozisi artırdığı görüldü. Anastrazol ve exemestanın radyasyon fibrozisini azalttığı görüldü. 
Anahtar Kelimeler: Cilt, Fibrozis, Radyoterapi, Trastuzumab, Hormonoterapi
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INTRODUCTION
With the introduction of recent therapeutic develop-
ments in cancer, the success rate of complete recov-
ery from breast cancer has been increasingly domi-
nated. Currently, effective treatments offer a dramatic 
increase in the survival rates. However, prolonged 
survival usually results in increased incidence of 
treatment-related side effects.1 
Skin problems are one of the most common treat-
ment-related side effects in patients with breast can-
cer. Surgery, radiation therapy (RT), systemic therapy 
and characteristics of the patient may induce skin 
problems.2-4

Radiation therapy induces the occurrence of oedema, 
inflammation and vascular dilatation, decreasing the 
basal epithelial cells and increasing the mitotic index 
in the acute stage. Increased acute reactions provide 
a ground path for post-recovery late reactions. Acute 
reactions typically develop depending on the uptitra-
tion at two or three weeks of conventional RT, while 
late reactions including skin fibrosis usually develop 
at six months up to three years following RT. Micro-
vascular destructions following acute reactions often 
lead to telangiectasis, subcutaneous fibrosis, atrophy, 
hair follicle loss, ulceration and necrosis. Therefore, 
increased acute reactions are associated with post-
recovery late reactions.4-6 
Recent developments have resulted in the introduc-
tion of novel active chemotherapeutic agents such 
as trastuzumab (T) and combination therapies with 
RT. Several complications of these chemotherapeutic 
agents, which can be largely reversible if early diag-
nosed, have been reported. Clinician may overlook 
several toxicities during their efforts focus on the 
management of major toxicities including myelosu-
pression, diarrhea, and vomiting. However, toxicities 
which are overlooked by the clinician may result in 
irreversible complications. These toxicities may be 
related to drug, dose, cumulative dose or manage-
ment approach.2,3,7

In addition, skin fibrosis is an aesthetic problem in 
patients with breast cancer. Aesthetic outcome of 
conservative treatment of early-stage breast cancer 
is also as critical as local control and survival, since 
good aesthetic outcome is the main goal of breast-
conserving therapy. Possible factors, which may sta-
tistically influence the aesthetic outcome of breast-
conserving therapy, include the width of resection, 
re-excision, orientation of incisions, total dose for 
whole breast, dose gradient within the breast, tumor 

bed boost, additional sites for peripheral lymphatic 
radiation, concomitant chemotherapy, tumor size and 
age of the patient.8,9

In this experimental study, we aimed to investigate 
whether hormonotherapy followed by concomitant 
use of T, a monoclonal antibody, and RT contributes 
to the development of radiation-induced skin fibrosis.
  
MATERIALS AND METHODS 
Experimental Animals and Study Procedure
A total of 70 adult female Wistar Albino rats (n= 10 
in each group) aged 8-12 weeks with a mean weight 
of 213±27 g were included. The rats were subject-
ed to light for 12 hours and dark for 12 hours under 
laboratory conditions at 25±30C and fed with com-
mercial rat food. The study protocol was approved by 
the local Ethics Committee on Animal Experiments. 
Subjects were obtained from Erciyes University, Fac-
ulty of Medicine, Hakan Cetinsaya Experimental and 
Clinical Research Center.
Rats were randomly assigned into seven groups, in-
cluding 10 in each group: 
First group (C): underwent no procedure. 
Second group (RT): underwent RT alone. 
Third group (T): was administered T alone. T was ad-
ministered IV push through tail vein. One week fol-
lowing radiation, distilled water was administered by 
oral gavage once daily for 6 months. 
Fourth group (RT+T+Tx): was administered tamox-
ifen, followed by concomitant T and RT. Tamoxifen 
was melted in distilled water and administered by 
oral gavage once daily for 6 months.
Fifth group (RT+T+Le): was administered concomi-
tant T and RT, followed by letrozole.
Sixth group (T+RT+An): was administered concomi-
tant T and RT, followed by anastrazole.
Seventh group (T+RT+Ex): was administered con-
comitant T and RT, followed by exemestane.
Distilled water rather than T was injected through tail 
vein. Thoracic radiation was performed under anes-
thesia two hours later. One week following radiation, 
distilled water was administered by oral gavage once 
daily for 6 months.
Concomitant T and RT were administered to 
T+RT+Le, T+RT+An and T+RT+Exe group, as in-
dicated in T+RT+Tx. Corresponding dosage was cal-
culated based on the weight of each rat. Letrozole, 
anastrazole and exemestane were melted in distilled 
water and administered by oral gavage once daily for 
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6 months. Distilled water alone was given to the T, RT 
and C group by oral gavage once daily for 6 months.

Trastuzumab, Radiotherapy and Hormonothera-
peutic Agents Administration
T was initially administered. Trastuzumab (Hercep-
tin) was supplied by Roche. Trastuzumab was admin-
istered in 6 mg/kg, standard maintenance dose in hu-
man for three cycles. The rats were weighted before 
administration. Corresponding dosage was calculated 
based on the weight of each rat. The agent was melted 
in distilled water (100 cc) and administered in 6 mg/
kg through tail vein. 
At two hours following T administration, the rats were 
sedated under anesthesia with ketamine and four rats 
at a time were selected. The rats were positioned on 
the foam mechanism. The arms and legs were fixed 
in supine position. Simulation was performed includ-
ing both lungs. The dose was administered as a sigle 
12 Gy fraction at 2 cm depth and 64 SSD from the 
anterior region to the site of 5x30 cm through Co-60 
(Theratron 780 C, Canada). 
Considering the half-life of T, other therapies includ-
ing tamoxifen, anastrazole, letrozole and exemestane 
were initiated at one week following RT. Tamoxifen 
(Tamoxifen-Teva) was supplied by Med-Ilac, anastra-
zole (Arimidex) by AstraZeneca, letrozole (Femara) 
by Novartis, and exemestane (Aromasin) by Pfizer. 
Equivalent doses of 20 mg, 1 mg, 2.5 mg and 25 mg 
of tamoxifen, anastrazole, letrozole and exemestane 
for an adult weighed 60 kg were respectively calcu-
lated for the rats weighed 200 g. Drugs were melted 
in distilled water and administered by oral gavage 
once daily. 

Histopathological Examination
The study was discontinued at 24 weeks. The rats 
were sedated under anesthesia and sacrificed. Thorac-
ic site was dissected at 2x2 cm. Tissue samples were 
washed in iced isotonic saline solution and stored in a 
sterilized plate containing 10% formaldehyde for 24 
hours. Serial sections at 5 micron obtained following 
paraffin blockage were stained with Hematoxylin-
Eosin and Masson’s trichrome. Atrial, ventricular 
and vascular structures of the tissue samples were 
assessed using light microscope. Histopathological 
examination was performed using scoring system 
proposed by Gallet et al.10 The severity and score of 
skin and muscular fibrosis, inflammation, vascularity 

an cellular alterations were assessed in the pathologi-
cal examination. The scoring range was 0 to 3 (0: no 
injury, 1: mild injury, 2: moderate injury, 3: severe 
injury.

Statistical Analysis
The statistical analysis was performed using SPSS 
(Statistical Package for Social Sciences for Win-
dows) and SigmaStat v. 3.5 software. Shapiro-Wilks 
Normality test was conducted to test normality of the 
data. Kruskal-Wallis and Student-Newman-Keuls 
methods were done to compare variables. Quantita-
tive variables were expressed in mean and median (25 
to 75%). A p value of <0.05 was considered statisti-
cally significant.

RESULTS 
At the end of the study, no loss was seen in any group. 
Skin and muscular tissues were individually evalu-
ated and scored in the histopathological examination. 
Skin alterations from baseline are summarized in 
Table 1. A statistically significant difference in skin 
inflammation, fibrosis and vascular damage scores 
was observed among the groups, while no signifi-
cant difference in cellular skin alterations was seen. 
Skin inflammation was most commonly seen in the 
RT, T+RT+Tx and T+RT+Le group (Figure 1a,b,c). 
T and T+RT+Ex group had the lowest scores of skin 
inflammation. There was a statistically significant 
difference in skin inflammation among RT, C and 
T+RT+Ex group, T+RT+Le, C and T+RT+Ex group, 
T+RT+Tx, C and T+RT+Ex group (p< 0.05) (Figure 
2a, b, c).
Skin fibrosis was present in all subjects exposed to 
RT. There was a significant difference in skin fibro-
sis between the control group and other groups (p< 
0.05). Control group had the lowest vascular damage 
scores, while RT, T+RT+Tx and T+RT+Le had the 
highest scores, indicating a significant difference.
The median scores of muscular tissues (25 to 75%) 
are shown in Table 2. There was no significant dif-
ference in cellular alterations in the muscular tissue 
and inflammation among the groups (p> 0.05). The 
RT, T+RT+Tx and T+RT+Le group had the highest 
muscular fibrosis scores, whereas C, T+RT+Ex and 
T+RT+An group had the lowest scores (Figure 3a, 
b). Muscular fibrosis was lesser in T+RT+An and 
T+RT+Ex group.  There was a statistically signifi-
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cant difference in muscular fibrosis among RT, C and 
T+RT+Ex group, T+RT+Tx, C and T+RT+Ex group, 
T+RT+Le, C and T+RT+Ex group, and T+RT+An, C 
and T+RT+Ex group (p< 0.05).
The rate of vascular damage in the muscular tis-
sue was the highest in RT, T+RT+Tx and T+RT+Le 
group. No vascular damage was observed in T and 
T+RT+Ex group. There was a statistically signifi-
cant difference in vascular damage among RT, C, T, 
T+RT+Le and T+RT+Ex group. There was also a sig-
nificant difference in the scores of vascular damage 
among T+RT+Tx, C, T, T+RT+Ex group, T+RT+Le, 
C, T and T+RT+Ex group. 

DISCUSSION
In parallel to recent developments in breast cancer 
therapeutics, the efficacy of oncological manage-
ment modalities has been increasing. However, this 
has resulted in an increased trend of treatment-related 
side effects.1 As a result, application of RT doses for 
tumors and healthy tissues in patients undergoing 
concomitant or subsequent RT and chemotherapy has 
been revisited.
Radiation-induced dermatitis has been well-known 
since X-ray was discovered by Wilhelm Roentgen in 
1895.4,5 The skin is primarily affected, although sev-
eral tissues and organs are affected by radiation. Ra-
diation therapy-related side effects are the most com-
mon side effects of RT and can be dose-limiting.3,12

Table 1. The inflammation, fibrosis, cellular alteration and vascular damage scores in the skin

Skin C  Group RT Group T Group T+RT+Tx Group T+RT+Le Group T+RT+An Group T+RT+Exe p

Tissue Median Median Median Median Median Median Group Median (p< 0.05)

 (25%-75%) (25%-75%) (25%-75%) (25%-75%) (25%-75%) (25%-75%) (25%-75%)

Inflammation  0.0 (0.0-0.0) 1.0 (1.0-1.0) 0.0 (0.0-1.0) 1.0 (0.0-1.0) 1.0 (1.0-1.0) 0.0 (0.0-1.0) 0.0 (0.0-0.0) 5-1, 5-7,  

        2-1,  2-7,

         4-1, 4-7,  

        3-1, 6-1, 

         7-1

Fibrosis  0.0 (0.0-0.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (0.0-1.0) 1.0 (0.0-1.0) 4-1, 5-1,  

        2-1, 3-1,

         6-1, 7-1

Vascularity  0.0 (0.0-0.0) 1.0 (1.0-1.0) 0.0 (0.0-0.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.5 (0.0-1.0) 0.0 (0.0-0.0) 5-7, 5-3,  

        5-1, 5-6,

         2-7, 2-3,  

        2-1, 2-6, 

        4-7, 4-3,  

        4-1, 4-6,

         4-7, 6-3,  

        6-1

Cellular  0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-1.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0)  –

alterations

“1234567: The groups in the same column with different numbers are statistically significant (p< 0.05)”

a

Figure 1a, b, c. Tamoxifen and letrozole groups increased score of inflammation, vascular damage and fibrosis in skin tissue (Mas-
son’s trichrome, H&E, x 200).

b c
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As breast tissues are affected by radiation, late side 
effects may occur. Although the incidence of such 
reactions is lower using the linear energy linear ac-
celerators today thanks to the skin protective barrier 
rather than orthovoltage and cobalt machines, treat-
ment-related late side effects are still a common prob-
lem. Late side effects following RT are primarily as-
sessed based on normal-dose-volume principle. Daily 
RT dose, RT scheme, total duration of treatment and 
characteristics of organs are the major factors to iden-
tify these side effects. The size of RT site is also im-
portant as RT dose. Concomitant use of RT and other 
therapeutics increases these reactions.3,7,12-17,18

The incidence of moderate and severe fibrosis and 
retraction is up to 10% in patients with early-stage 
breast cancer undergoing breast-conserving surgery 

and RT.15 Oncologists from Washington University, 
Faculty of Medicine thoroughly reviewed possible 
factors influencing aesthetic outcome of breast-con-
serving therapy. They found that the success rate of 
breast radiation was reduced from 43% to 31% when 
supraventricular and axillary lymphatic sites were ad-
ditionally exposed. A total of 45-50 Gy radiation dose 
resulted in an excellent aesthetic outcome in 43% of 
the patients and a good aesthetic outcome in 46% of 
the patients. On the other hand, a total of ≥50 Gy radi-
ation dose resulted in an excellent aesthetic outcome 
in 28 of the patients (p= 0.02). Multivariate analysis 
revealed that possible factors influencing an excel-
lent aesthetic outcome of RT included the width of 
resection, the race of the patient, total dose for whole 
breast and age of the patient, respectively.18

Table 2. The inflammation, fibrosis, cellular alteration and vascular damage scores in the tissue

Skin C  Group RT Group T Group T+RT+Tx Group T+RT+Le Group T+RT+An Group T+RT+Exe p

Tissue Median Median Median Median Median Median Group Median (p< 0.05)

 (25%-75%) (25%-75%) (25%-75%) (25%-75%) (25%-75%) (25%-75%) (25%-75%)

Inflammation  0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-1.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) –

 Fibrosis 0.0 (0.0-0.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.5 (0.0-1.0) 0.0 (0.0-0.0)  4-7, 4-1,  

        5-7, 5-1,

         2-7, 2-1,  

        3-7, 3-1, 

        6-7,  6-1

Vascularity  0.0 (0.0-0.0) 1.0 (1.0-1.0) 0.0 (0.0-0.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.5 (0.0-1.0) 0.0 (0.0-0.0) 5-7, 5-3,  

        5-1, 5-6,

        2-7, 2-3,  

        2-1, 2-6,

         4-7, 4-3,  

        4-1, 4-6,

         4-7, 6-1, 

Cellular  0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 1.0 (0.0-1.0) 0.0 (0.0-1.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0)  –

“1234567: The groups in the same column with different numbers are statistically significant (p< 0.05)”

Figure 2a, b, c. Anastrazole and exemestane reduced severity in skin and musculer tissues. (Masson’s trichrome, H&E, x200).

a cb
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In our study, we assessed the hormonotherapy-related 
late side effects in the skin following concomitant T 
and RT. We found a significant difference in skin and 
muscular fibrosis and vascular damage scores among 
the groups. Skin fibrosis was also present in all sub-
jects exposed to RT. Skin fibrosis was also present in 
T group to a lesser extent that of RT group. 
In recent years, targeted therapies for breast cancer 
have been introduced. Trastuzumab (T, Herceptin, 
Roche) is a recombinant monoclonal antibody against 
human epithelial receptor type 2 (HER2). As an ad-
junctive therapy, it has beneficial effects on disease-
free survival in patients with HER2/neu-positive in 
both node-negative and node-positive breast can-
cer.2,7-9,12,14 Thus, T is typically combined with RT cur-
rently. However, the combination therapy-related side 
effects in the long-term remains to be elucidated with 
a limited number of reports. In the FinHER study, the 
authors reported that concomitant use of T and RT on 
a weekly basis offered prolonged disease-free surviv-
al, while increased acute skin toxicities.19 In a review, 
however, Raben, Horton7, Belkacemi8 and Perez[2] 
reported that concomitant use of T and RT did not 
increase the early skin complications. On the other 
hand, in NCCTG N983 1 study, Perez et al.2 reported 
that concomitant use of T and RT on a weekly basis 
was an independent prognostic factor for dermati-
tis (Grade ≥2). The authors found that concomitant 
use of T and RT on a weekly basis increased the skin 
toxicity, compared to trastuzumab administration for 
three weeks. On the other hand, Halyard et al.20 con-
ducted a retrospective study (North Central Cancer 
Group Phase III trial) in patients with breast cancer 
and compared two groups exposing (n= 908) or not 

exposing to RT (n= 308). The authors found that con-
comitant use of T and RT did not increase side effects 
in the skin at the end of a-18-month follow-up. Simi-
larly, Raben et al.showed that there was no significant 
difference in acute toxicities involving the chest or 
breast, including edema and skin reaction, among the 
patients undergoing concomitant use of T and RT or 
external RT alone.
Review of literature has revealed controversial 
data on the incidence of acute toxicities of the skin 
through concomitant or subsequent use of T and RT. 
It is well-established that increased acute reactions 
lead to post-recovery late reactions. In our study, we 
also observed that T alone increased skin fibrosis 
slightly compared to the control group. However, we 
did not found any increase in the skin toxicities when 
T was administered in combination with RT. On the 
other hand, Belkacemi et al.8 administered concomi-
tant T and RT to 146 patients with early-stage breast 
cancer and observed Grade 2 dermatitis in 51% of the 
patients, associated with the menopausal status of the 
patients as well as T dose. Bellon et al.7 also reported 
that Grade 3 skin toxicity was observed in 8% of 26 
patients with early-stage breast cancer when T was 
used in combination with RT.
In our study, RT, tamoxifen and letrozole group had 
the highest score of inflammation, vascular dam-
age and fibrosis. We observed that anastrazole and 
exemestane reduced the severity of fibrosis. In ad-
dition, Azria et al.21 evaluated the efficacy of RT 
concomitant or subsequent with letrozole. Letrozole 
treatment was initiated at three weeks before RT in 
concomitant group and at three weeks after RT in 
subsequent group. A 50 Gy dose was applied at 6-18 

Figure 3a, b.  RT+T+Tx, RT+T+Ex groups musculer tissue (Masson’s trichrome, x 200)

a b
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MV using three-dimensional conformal therapy with 
a mean follow-up of 24 months. The authors observed 
subcutaneous fibrosis at 14 months. They also re-
ported that there was no significant difference in skin 
reactions at 24 months. Similarly, Valakh et al.22 ad-
ministered RT concomitant or subsequent with anas-
trazole in postmenopausal patients with breast cancer 
with equivalent comorbidity rate as well as similar 
tumor size and hormonal receptor ratio. The authors 
found that concomitant use of RT and anastrazole did 
not increase acute or late complication rate. They also 
reported that tamoxifen in combination with RT in-
creased radiation-induced subcutaneous fibrosis.23,24

In conclusion, our study results showed that T ad-
ministration alone resulted in skin fibrosis, compared 
to the control group. Additionally, tamoxifen and 
letrozole following concomitant use of T and RT in-
creased skin fibrosis, while anastrazole and exemes-
tane reduced radiation-induced skin fibrosis. Further 
large-scale clinical trials are required to provide a bet-
ter understanding of using targeted therapies includ-
ing trastuzumab.
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