Support Care Cancer (2013) 21:811-817
DOI 10.1007/s00520-012-1584-7

ORIGINAL ARTICLE

Comparison of the effects of aromatase inhibitors
and tamoxifen on radiation-induced lung toxicity:

results of an experimental study

Guler Yavas - Cagdas Yavas - Hilal Acar - Hatice Toy -
Deniz Yuce + Ozlem Ata

Received: 31 January 2012 /Accepted: 20 August 2012 /Published online: 1 September 2012

© Springer-Verlag 2012

Abstract

Purpose The purpose of this study is to compare the effects
of anastrozole, letrozole and tamoxifen on radiation-induced
pulmonary fibrosis.

Methods Eighty female Wistar albino rats were divided into
eight groups. Group (G) 1 was defined as control group. G2
was radiation therapy (RT) only group. Groups 3, 4 and 5
were tamoxifen, anastrozole and letrozole control groups
respectively. Groups 6, 7 and 8 were RT plus tamoxifen,
anastrozole and letrozole groups, respectively. A single dose
of 12 Gy RT was given to both lungs. Tamoxifen, anastro-
zole and letrozole were started 1 week before the RT and
continued until the animals were sacrificed 16 weeks after
the RT. As an end point, the extent of pulmonary fibrosis for
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each rat was quantified with image analysis of histological
sections of the lung. Kruskal-Wallis and Mann—Whitney U
tests were used for statistical analyses.

Results The congestion, inflammation and pulmonary fibro-
sis scores were significantly different between all the study
groups (p values were <0.001 for each). When compared with
RT only group, concomitant RT and tamoxifen group in-
creased the radiation-induced pulmonary fibrosis (p=0.005).
However, using either anastrozole or letrozole with RT did not
increase the radiation-induced pulmonary fibrosis (p values
were 0.768 and 0.752, respectively).

Conclusion Concomitant use of tamoxifen with RT seems to
increase radiation-induced pulmonary toxicity. However,
the use of both anastrozole and letrozole appears to be safe
with concomitant RT, without increasing the risk of pulmo-
nary fibrosis. This finding should be clarified with further
clinical studies.
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Introduction

The lung is one of the most sensitive organs to ionizing
radiation, and damage to normal lung tissue remains a major
dose-limiting factor during irradiation of breast and thoracic
tumors [1, 2]. Radiation-induced lung injury is a continuous
process and regarded as the result of an abnormal healing
response. It starts as an exudative inflammation, with the
clinical picture of interstitial pneumonia 6—12 weeks after
irradiation and proceeds to a productive chronic inflamma-
tion lasting several months and eventually terminating with
scar formation which is known as lung fibrosis [3].

The alveolar epithelium consists of type I and type II
epithelial cells. Type I cells cover approximately 90 % of the
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alveolar surface, and type II cells are the precursors of type I
cells. In steady state, the turnover time of the alveolar epithe-
lium is approximately 4-5 weeks. However after toxic injury,
type I epithelial cells are denuded and the proliferation of type
II cells is stimulated up to 10-fold [4]. Stimulation of type II
cells promotes the secretion of growth factors and proteases
and degradation of the extracellular matrix to allow removal of
dead cells by normal process [3]. Pulmonary irradiation also
reduces microvessel density and lung perfusion and promotes
hypoxia [5]. All of these injuries stimulate the recruitment of a
variety of inflammatory cells to the site of the injury, and it
leads to establishment of chronic inflammation and fibrosis. In
this phase vascular damage and collagen deposition become
apparent. Vascular injury and activation of coagulation cas-
cade, cellular adhesion molecules, proinflammatory and pro-
fibrotic cytokines and oxidative stress seem to play a vital role
in the development of radiation fibrosis [6]. Transforming
growth factor 3 (TGF-{3) 1 plays an integral role in fibrosis
formation by promoting the chemoattraction of fibroblasts and
their conversion to myofibroblasts [1].

Adjuvant endocrine therapy has an important role in
women with hormone receptor-positive (HR+) breast can-
cer. Tamoxifen which is a selective estrogen receptor mod-
ulator has been the gold standard of care for women with
HR+ breast cancer for the last 30 years [7]. One nonhor-
monal effect of tamoxifen is the induction of TGF-f3 secre-
tion. TGF-f3 has been implicated in the pathogenesis of
radiation-induced fibrosis. There are many clinical and ex-
perimental studies evaluating the effect of tamoxifen on
radiation-induced fibrosis [8—11]. The results demonstrated
that when used concomitantly with radiotherapy, tamoxifen
may increase induced pulmonary fibrosis.

Aromatase inhibitors (Als) have now replaced tamoxifen
as the standard of care for adjuvant endocrine therapy in the
treatment of postmenopausal women (PMW) with hormone-
sensitive breast cancer. Als have more favorable tolerability
profiles than tamoxifen. Most side effects are explained by
the general estrogen deprivation, predictable and similar to
those of natural menopause. Anastrozole and letrozole are
well known third-generation reversible Als. Although the
pulmonary fibrosis of RT worsens when used with concur-
rent tamoxifen, there are no data regarding to pulmonary
toxicities of Als. In this experimental study, we aimed to
evaluate whether there is any effect of Als on the develop-
ment of radiation-induced pulmonary fibrosis.

Methods and materials
Study design

The study included 80 adult female Wistar albino rats (250—
300 g), the use of which was approved by the Selcuk

@ Springer

University Animal Care and Use Committee. Animals were
housed four per cage in a controlled animal holding room
with a 12/12-h light/dark cycle; temperature and relative
humidity were continually monitored to provide standard
laboratory conditions. Food and water were provided ad
libitum. Rats were divided into eight groups (G) composed
of 10 animals. G1 was defined as control group, and rats of
this group were sham irradiated. G2 was radiation therapy
(RT) only group. Groups 3, 4 and 5 were tamoxifen, anas-
trozole and letrozole control groups, respectively. Groups 6,
7 and 8 were RT plus tamoxifen, anastrozole and letrozole
groups, respectively (Table 1). Tamoxifen, anastrozole and
letrozole were started 1 week before the RT and continued
until the animals were sacrificed 16 weeks after the RT. As
an end point, the extent of pulmonary congestion, inflam-
mation and fibrosis for each rat were quantified with image
analysis of histological sections of the lung.

Irradiation protocol

RT was applied under general anesthesia with intraperito-
neally administered 90 mg/kg ketamine hydrochloride and
10 mg/kg xyalazine. A single dose of 12 Gy that has been
shown to lead lung fibrosis [8] with 6-MV photon beams
was applied via a single anterior field to 2 cm depth with
SAD (source—axis distance) technique. One centimetre
elasto-gel bolus was used to build up the radiation dose on
the lungs and to provide contour regularity. The field size
was 4 x4 cm and included the both lungs.

Tamoxifen, anastrozole and letrozole protocols

Tamoxifen, anastrozole and letrozole doses which were
equivalent to 20, 1 and 2.5 mg/kg adult doses, respec-
tively, were calculated for each rat, and administered
orally with a feeding tube once daily, including week-
ends, until the animals were sacrificed at the end of 16th
week after the RT. In order to achieve adequate plasma
concentration of the drugs, they were started 1 week
before the RT administration.

Table 1 The abbrevia-

tions used for the study Group (G)
groups
Gl Sham-irradiated control group
G2 12-Gy group
G3 Tamoxifen control group
G4 Anastrozole control group
G5 Letrozole control group
G6 12 Gy+tamoxifen group
G7 12 Gy+anastrozole group
G8 12 Gy+letrozole group
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Morphologic study and light microscopy

The animals were anesthetized and sacrificed by cervical
dislocation 16 weeks after the start of irradiation. The lungs
were excised and fixed in 10 % formaldehyde solution and
embedded in paraffin for light microscopic examination.
The slices obtained were stained with haematoxylin and
eosin (H&E) to evaluate the inflammation, and with immu-
nohistochemical triple staining to identify the fibrosis in the
lung. Extent of the inflammation and congestion was graded
on a scale of 0 (normal) to 3 (severe) as described in Table 2.
Fibrosis was defined as the thickened alveolar walls with
superimposed collagen. As a quantitive end point, extent of
the radiation-induced fibrosis was graded on a scale of 0
(normal lung or minimal fibrous thickening) to 4 (total
fibrous obliteration of the field) as described in Table 3
[12]. The pathologist was not aware of the treatment groups
at the time of the histological examination of the specimens.
After examining the whole sections for each rat, the average
value was taken as the fibrosis score and mean values of the
groups were calculated.

Statistical method

The Statistical Package for Social Sciences v. 13.0 was used
for statistical analyses. As the pathological scores were
ordinal in nature, the differences in pathological findings
between the study groups were analyzed using the Kruskal—
Wallis test. When an overall statistically significant differ-
ence was observed, pairwise comparisons were performed
using the Mann—Whitney U test. Bonferroni correction was
used for multiple comparisons. A 5 % type I error level was
used for the statistical significance cutoff for overall
comparisons.

Results

The median, minimum and maximum values of congestion,
inflammation and pulmonary fibrosis scores were shown in
Table 4. We found significant differences between all the
study groups regarding to congestion, inflammation and pul-
monary fibrosis scores with Kruskal-Wallis test (p values
were <0.001 for each).

Table 2 The scoring

system for inflammation Score Congestion Inflammation
and congestion

0 Normal Normal

1 Minimal Minimal

2 Moderate Moderate

3 Severe Severe

813

Table 3 The scoring system for lung fibrosis (12)

Grade of Histological features

fibrosis

0 Normal lung or minimal fibrous thickening of
alveolar or bronchial walls

1 Moderate thickening of the wall without obvious
damage to lung architecture

2 Increased fibrosis with definitive damage to lung
structure and formation of fibrous bands or small
fibrous masses

3 Severe distortion of the structure and large fibrous
areas; ‘honeycomb lung’ is placed in this category

4 Total fibrous obliteration of the field

When we compared the RT control group, only the RT+
tamoxifen group showed a significant difference in pulmonary
fibrosis score (p=0.005). However there were not any signif-
icant differences between the RT control group and RT+
anastrozole and RT+letrozole groups (p values were 0.768
and 0.752, respectively; Table 5 and Fig. 1).

Table 4 The semiquantitative scoring of congestion, inflammation
and pulmonary fibrosis

Median  Minimum  Maximum p

Congestion® Gl <0.001*

G2
G3
G4
G5
G6
G7
G8

Inflammation® Gl
G2

G3
G4
G5
G6
G7
G8
Fibrosis® Gl
G2
G3
G4
G5
G6
G7
G8

<0.001*

<0.001*

N — DO O O —O — — O O O —~O NN o O = NOo

1
3
2
1
2
3
3
3
1
2
1
1
1
3
2
2
1
3
1
1
1
4
3
3

NN W = O = DO NN DN O = = DO W NN~ = N DNDOo

#We found statistically significant differences regarding to congestion,
inflammation and pulmonary fibrosis scores between the study groups

*p<0.001, for each with Kruskal-Wallis test
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Table 5 Pairwise comparisons of the RT groups regarding to conges-
tion, inflammation and fibrosis scores

Pairwise comparison P

groups

Group 1 Group 2 Congestion Inflammation Fibrosis
G2 G6 0.648 0.005 0.005

G2 G7 >0.99 0.661 0.768

G2 G8 0.189 >0.99 0.752

G6 G7 0.648 0.001 0.044

G6 G8 0.383 0.005 0.067

G7 G8 0.189 0.661 0.543

# Bonferroni correction was used to evaluate the significance levels of
type I error for pairwise comparisons, and values lower than 0.0083
were considered as statistically significant

At the histological examination, all of the rats of the RT
groups had inflammation. Two rats from the RT+letrozole
group had diffuse abscess formation. However there was not
any statistically significant difference between the RT only
group and RT +letrozole group regarding inflammation scores
(»>0.99). The inflammation scores significantly differed be-
tween the RT only and RT+tamoxifen (p=0.005), RT+ta-
moxifen and RT+anastrozole (»p=0.001), and RT+tamoxifen
and RT+letrozole (p=0.005) groups (Table 5 and Fig. 2).

In terms of the all parameters including pulmonary conges-
tion, inflammation and fibrosis, there was not any significant
difference between the control group and anastrozole only

Fig. 1 Immunohistochemical
triple staining (%200): section
from the lungs of the rats from a
RT only group, b RT+
tamoxifen group, ¢ RT+
anastrozole group, d RT+
letrozole group. a There was
thickening in the alveolar walls
with intensive fibrosis. b There
was thickening of the alveolar
walls with massive fibrosis.
There was total lung
obliteration. ¢ There was
thickening in the alveolar walls
with fibrosis. d There was
thickening in the alveolar walls
with fibrosis
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group (p values were 0.081, 0.374 and 0.615, respectively)
and letrozole only group (p values were 0.067, 0.648 and
0.075, respectively). On the other hand, tamoxifen only group
caused a significant difference in congestion score (p=0.001).
However using tamoxifen alone did not cause significant
differences in pulmonary inflammation and fibrosis scores
when compared to the control group (p=0.374 and 0.028 for
inflammation and fibrosis scores, respectively) (Table 6).

Discussion

The present study sought to compare the effects of
tamoxifen and Als on radiation-induced pulmonary tox-
icity. And our results revealed that concomitant use of
tamoxifen with RT increased the radiation-induced pul-
monary fibrosis; on the other hand, anastrozole and
letrozole did not increased radiation-induced pulmonary
fibrosis. The use of tamoxifen even without RT caused
congestion when compared to the control and anastro-
zole only groups. Anastrozole and letrozole when used
alone or with concomitant RT did not change histolog-
ical findings.

The lung is one of the most radiosensitive organs, yet is
frequently irradiated as a part of treatment programs for a
variety of tumors in and around the thorax. Therefore pul-
monary fibrosis is a well-known consequence of irradiation
following the treatment of breast cancer, lung cancer and
other mediastinal tumors. Adjuvant endocrine therapy has
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Table 6 Pairwise comparisons . - .

of the control groups regarding Pairwise comparison groups P

to congestion, inflammation and

fibrosis scores Group 1 Group 2 Congestion Inflammation Fibrosis
Gl G3 0.001 0.374 0.028
Gl G4 0.081 0.374 0.615

a . .

Bonferroni corrfectl_on was used Gl G5 0.067 0.648 0.075

to evaluate the significance lev-

els of type I error for pairwise a3 G4 0.005 >0.99 0.081

comparisons, and values lower G3 G5 0.021 0.661 0.648

than 0.0083 were considered as G4 G5 0.752 0.661 0.189

statistically significant

an important role in women with HR+ breast cancer. Effi-
cacy of anti-hormonal treatment of early breast cancer is
based on the fact that estrogens may stimulate the growth of
residual cancer cells or contribute to the initiation of a new
primary cancer over time.

The optimal sequencing of radiation and Als as well
as tamoxifen has not been established yet. Tamoxifen

Fig. 2 H&E staining (x200):
section from the lungs of the
rats from a control group, b RT
only group, ¢ tamoxifen only
group, d anastrozole only group
and e letrozole only group. a
Normal lung. b There was
thickening of the alveolar walls
with severe inflammation and
congestion. ¢ There was
minimal congestion in the
alveolar walls. d Normal lung. e
There was minimal congestion
in the alveolar walls

has no significant radiosensitizing properties; however,
tamoxifen is a cytostatic drug that arrests cells in G1, a
relatively radioresistant cell cycle phase [13]. Although
some basic studies have demonstrated reduced radiosen-
sitivity of human tumor cells pretreated with tamoxifen
[14, 15], the effects have not been uniform; some stud-
ies demonstrated no effect [16], and others have
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suggested enhanced radiosensitivity [17]. There is no
clinical evidence that concomitant tamoxifen and RT
could reduce the efficacy of RT alone or in sequential
schedule with tamoxifen. Like tamoxifen, Als appear to
cause G1 cell cycle arrest, suggesting that administra-
tion of these drugs with radiation could lead to de-
creased radiation sensitivity [18]. However, in a
preclinical study with a breast cancer cell line trans-
fected with an aromatase gene, it was shown that letro-
zole had a strong radiosensitizing effect [19]. Even with
hyperfractionation schedules, if concurrent therapy
remained more effective with acceptable or equivalent
toxicity, it would likely be preferred.

The first study evaluating the increased risk of radiation-
induced pulmonary fibrosis with the concomitant use of
tamoxifen was reported by Bentzen and colleagues [11].
After this study two more studies were demonstrated that
tamoxifen treatment during post-mastectomy RT enhances
the risk of radiation-induced pulmonary fibrosis [9, 10].
Evidence suggests that radiation-induced fibrosis is, in part,
mediated by TGF-3. The association of radiation and aro-
matase inhibitors has not been reported yet. To the best of
our knowledge, there are no clinical data in the literature
regarding the potential interaction of ionizing radiation and
Als on pulmonary fibrosis.

Bese and colleagues evaluated the effects of tamoxifen
on radiation-induced pulmonary fibrosis in Wistar albino
rats and found that tamoxifen increased radiation-induced
pulmonary fibrosis when used with concomitant radiother-
apy [8]. This finding supports our results. In this study a
total dose of 30 Gy in 10 fractions RT was given to the rats
over 2 weeks. The irradiation doses used in routine clinical
practice are different from the ones used in animal studies.
Most patients in routine practice are treated with conven-
tional fractionation to a total dose of 50-70 Gy, and it is
given in 25-35 fractions. In animal studies it is not practical
to use the fractionated schemes. Therefore the biologically
equivalent dose of the same total dose in one fraction should
be calculated. It has been postulated that the linear quadratic
model is an appropriate methodology for determining iso-
effective doses at large dose per fraction [20]. According to
the linear quadratic model, the 12-Gy single dose of radio-
therapy, as used in our study, corresponds to 30 Gy, in the
fractions, when o/(3 ratio of 3—4 is used.

The Arimidex, Tamoxifen, Alone or in Combination
(ATAC) trials have shown significantly prolonged discase-
free survival, lower rates of recurrence and distant recur-
rence, and significantly reduced contralateral breast cancer
in patients treated with anastrozole compared with tamoxi-
fen [21-23]. Additionally, anastrozole was associated with
significantly fewer serious adverse events than tamoxifen,
including fewer patients with endometrial cancer, but in-
creased numbers of fractures and reports of arthralgia during
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treatment [24]. Ten-year analysis of the ATAC trial con-
firmed the previously reported efficacy and tolerability ben-
efits of anastrozole as initial adjuvant therapy for PMW HR+
breast cancer [25]. Severe adverse events were similar be-
tween treatment groups after treatment, and no new safety
concerns were reported. In a study of letrozole in women
completing tamoxifen, more rapid return to normal endome-
trial thickness was noted after tamoxifen in women receiving
letrozole than those on no treatment [26]. Other short-term
side effects such as nausea/vomiting, fatigue, mood distur-
bance, headaches and dizziness were noted with equal fre-
quency in both arms. In all the trials comparing the third-
generation aromatase inhibitors with tamoxifen, the adverse
events caused by tamoxifen’s ‘estrogenic’ properties were
significantly less common in the aromatase inhibitor groups
[27-29]. Al use is associated with fewer endometrial cancers
and thromboembolic events than tamoxifen but with more
arthralgia and fractures.

Radiation-induced lung damage which is also named as
‘radiation pneumonopathy’ is a continuous process.
Radiation-induced lung damage starts as an exudative inflam-
mation, with the clinical picture of interstitial pneumonia 6—
12 weeks after irradiation and proceeds to a productive chron-
ic inflammation lasting several months. Inflammation is an
essential part of the normal wound healing process [1, 3].
Clinically radiation-induced lung injury is typically divided
into two phases: pneumonitis and fibrosis. The fibrotic phase
tends to manifest >3 months after treatment. Fibrosis is a kind
of wound healing process. Therefore radiation fibrosis is a
form of chronic lung damage that usually evolves over 4—
24 months after irradiation. In the current study, similar to
other studies in the literature, we observed the animals for
16 weeks after the completion of RT [8, 30].

In our study we also found that the use of tamoxifen even
without RT caused congestion when compared to the control
and anastrozole only groups. Letrozole, both alone and with
RT, led to congestion. When we looked at Table 4, although
there was not any significant finding, the congestion score
of the RT+letrozole group was the worst. Tamoxifen, when
used with concomitant RT, increased alveolar inflammation
when compared to RT only, RT +anastrozole and RT+letro-
zole groups. On the other hand, two rats from the RT+
letrozole group had lung abscess; yet, the fibrosis scores of
the RT only group and RT+letrozole group were not statis-
tically different. This may be due to our sample size. Con-
sidering all of these findings together, concomitant use of
RT and Tamoxifen is harmful in terms of pulmonary toxicity
and concomitant use of RT and anastrozole seems to be the
safest.

As a conclusion, concomitant use of tamoxifen appears to
increase radiation-induced pulmonary toxicity. However,
the use of both anastrozole and letrozole appears to be safe
with concomitant RT, without increasing the risk of
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pulmonary fibrosis. This finding should be clarified with
further clinical studies.
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