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ABSTRACT

Breast cancer is the most common malignancy among women. Therefore, it is of paramount 
importance to study the adverse effects of oncological treatment of breast cancer, with one 
of adverse effects being pulmonary fibrosis (PF). PF is an irreversible condition and can 
significantly reduce the quality of life. Following lumpectomy, radiotherapy is the standard 
adjuvant treatment for breast cancer. Additionally, hormone receptor-positive breast cancers 
are treated with adjuvant hormonal therapy. While radiotherapy is one of the known causes of 
PF, the effect of hormone therapy on its development is not well-defined. Some studies have 
shown that the concomitant administration of endocrine therapy, primarily tamoxifen, and 
irradiation may potentiate the development of PF. However, guidelines regarding the timing 
of hormone therapy administration with respect to adjuvant radiotherapy are not clearly 
defined. This review aims to provide a comprehensive overview of the available information 
regarding the effect of hormone therapy and its timing of administration with respect to 
adjuvant radiotherapy on the incidence of PF.

Keywords: Breast neoplasms; Hormone antagonists; Pulmonary fibrosis; Radiotherapy; 
Tamoxifen

INTRODUCTION

Breast cancer (BC) is the leading type of cancer and the primary cause of cancer-related 
mortality in women [1,2]. Five-year relative breast cancer survival in the developed world is 
around 80% [3]. Treatment is multidisciplinary and may include surgery, radiotherapy (RT), 
chemotherapy, hormonal therapy (HT), and biologic therapy [4].

There are several subtypes of BC. To identify the BC subtype, tissue is routinely tested for the 
presence of estrogen receptor (ER) and progesterone receptor (PR) by immunohistochemical 
testing [1]. BC that has at least 1% of the tumor cells positive for ER or PR is classified as 
hormone receptor-positive BC and treated with adjuvant HT [4]. Estrogen and its metabolites 
play a key role in the proliferation of hormone receptor-positive BC [5]. Tamoxifen (TAM) can 
be used as an HT in postmenopausal and premenopausal patients [6]. It binds competitively 
to the ER and thus prevents estrogen-induced activation of signaling pathways [5]. In ER 

J Breast Cancer. 2020 Oct;23(5):449-459
https://doi.org/10.4048/jbc.2020.23.e48
pISSN 1738-6756·eISSN 2092-9900

Review Article

Received: Apr 9, 2020
Accepted: Aug 19, 2020

Correspondence to
Mitja Anzic
Division of Radiotherapy, Institute of Oncology, 
Zaloska cesta 2, SI-1000 Ljubljana, Slovenia.
E-mail: manzic@onko-i.si

© 2020 Korean Breast Cancer Society
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Mitja Anzic 
https://orcid.org/0000-0003-3262-5809
Tanja Marinko 
https://orcid.org/0000-0002-6863-5905

Conflict of Interest
The authors declare that they have no 
competing interests.

Author Contributions
Conceptualization: Anzic M, Marinko T; Data 
curation: Anzic M, Marinko T; Formal analysis: 
Anzic M, Marinko T; Investigation: Anzic M, 
Marinko T; Methodology: Anzic M, Marinko 
T; Software: Anzic M, Marinko T; Supervision: 
Marinko T; Validation: Marinko T; Visualization: 
Anzic M, Marinko T; Writing - original draft: 
Anzic M, Marinko T; Writing - review & editing: 
Anzic M, Marinko T.

Mitja Anzic  1, Tanja Marinko  1,2

1Division of Radiotherapy, Institute of Oncology, Ljubljana, Slovenia
2Faculty of Medicine, University of Ljubljana, Ljubljana, Slovenia

Effect of Adjuvant Hormonal Therapy 
on the Development of Pulmonary 
Fibrosis after Postoperative 
Radiotherapy for Breast Cancer

https://ejbc.kr

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-3262-5809
https://orcid.org/0000-0003-3262-5809
https://orcid.org/0000-0002-6863-5905
https://orcid.org/0000-0002-6863-5905
https://orcid.org/0000-0003-3262-5809
https://orcid.org/0000-0002-6863-5905
http://crossmark.crossref.org/dialog/?doi=10.4048/jbc.2020.23.e48&domain=pdf&date_stamp=2020-09-03
https://ejbc.kr


positive patients, adjuvant treatment with TAM reduces the BC recurrence rate by 39% and 
annual BC death rate by 31% [6]. Treatment with TAM with or without ovarian suppression is 
advised in premenopausal patients [4].

For postmenopausal patients with hormone receptor-positive BC, an aromatase inhibitor 
(AI), which is another type of HT, is advised as an initial adjuvant HT [4]. Several types of 
AIs, such as letrozole, anastrozole, and exemestane, are used as an adjuvant therapy. No 
statistically significant differences in efficacy have been demonstrated among them [5,7]. 
They inhibit the activity of the enzyme aromatase that converts androgen precursors to 
estrogens. Aromatase is expressed in ovaries and also in extragonadal tissue such as the 
subcutaneous fat, brain, liver, bones, endothelium, and breast fat [8]. However, aromatase 
inhibitors are not effective in patients with viable ovaries [4]. Before menopause, ovarian 
aromatase is responsible for most of the circulating estrogen, whereas after menopause, 
aromatase in the fat and muscles is largely responsible for it [9].

Radiotherapy is the standard adjuvant treatment following lumpectomy in BC patients with 
both positive and negative lymph nodes. Overall, irradiation after lumpectomy has been 
shown to reduce the 10-year recurrence rate by 15.7% and the probability of death due to 
BC after 15 years by 3.8% [10].

While the guidelines for adjuvant HT according to patient age and associated diseases are 
clear, the optimal timing of HT with respect to adjuvant irradiation is not yet clearly defined. 
Additionally, the effect of HT on the incidence of pulmonary fibrosis (PF) is not well defined [11].

PULMONARY FIBROSIS

PF is an irreversible condition which is a component of over 200 interstitial lung diseases 
(ILDs). ILDs are a group of diseases that are characterized by chronic inflammation 
and progressive fibrosis of the pulmonary interstitium. ILDs can be broadly classified 
into the following categories: ILDs with a known etiology (environmental factors, 
drugs, hypersensitivity reactions, infections, irradiation), ILDs associated with systemic 
abnormalities (sarcoidosis, collagen vascular disorders), idiopathic interstitial pneumonias 
(IIPs), and some rare conditions such as eosinophilic granuloma [12].

The pathogenesis of PF is poorly understood. Genetic and environmental causes play a 
significant role [12]. A 3-phase model has been proposed; however, it cannot be applied to all 
pulmonary fibrotic conditions such as injury, inflammation, and repair. In most pulmonary 
fibrotic conditions, dysregulation of at least 1 of these 3 phases is common. Chronic 
inflammation can lead to an inadequate secretion of cytokines, chemokines, growth factors, 
and fibrogenic factors. This can result in an increased accumulation of the extracellular 
matrix, which results in the destruction of the normal pulmonary architecture. However, the 
cause of the most common group of PF, idiopathic pulmonary fibrosis (IPF), is unknown [13].

In majority of the patients, PF manifests as cough, shortness of breath, and dyspnea. Other 
clinical features depend on the etiology, which has important prognostic and treatment 
implications [14]. In addition to clinical examination, pulmonary function tests can be 
performed, which usually show a restrictive pattern of lung dysfunction with a reduced forced 
vital capacity (FVC), total lung capacity (TLC), and carbon monoxide diffusing capacity 
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(DLCO). Non-contrast high-resolution computed tomography (HRCT) is the key imaging 
modality in the PF diagnostic procedure. Different radiologic patterns can be observed in 
different ILDs; they may be seen as reticular interstitial patterns and honeycomb lung changes 
with or without traction bronchiectasis and lung architectural distortion. If a final diagnosis 
of PF still cannot be made, bronchoalveolar lavage (BAL) or pulmonary biopsies are often 
performed to evaluate radiologically suspected PF [15]. There are 3 distinct patterns of PF 
that can be identified in histological specimens: usual interstitial pneumonia (UIP), fibrotic 
nonspecific interstitial pneumonia (fNSIP), and airway-centered fibrosis (ACF). The different 
histologies of these 3 types are primarily based on the distribution of fibrosis (diffuse or 
patchy) and on anatomical localization (subpleural, paraseptal, interstitial, airway-centered). 
These PF patterns are the basis for determining the underlying etiology [14].

The most common subtype of UIP is IPF. UIP (especially IPF) has the worst prognosis among 
all interstitial lung diseases [14]. IPF has a 5-year survival rate of only 20%, indicating a lack 
of effective therapies [16]. Similar to the ACF subtype, fNSIP has a better prognosis than UIP. 
ACF is reported to have a 5-year overall survival (OS) rate of 67.5% [14].

Treatment depends on the etiology. The identification and elimination of the antigen is 
of paramount importance. Steroids are not effective in the chronic phase of the disease. 
Treatment strategies for IPF have not been well defined until recently. It has been 
demonstrated that the treatment of IPF with standard therapy consisting of prednisolone, 
azathioprine, and N-acetyl cysteine increases the risk of death or hospitalization [17]. 
Recently, antifibrotic agents have been registered for use in the treatment of IPF but not for 
other subtypes of UIP [14].

Pulmonary fibrosis and radiotherapy
As previously mentioned, irradiation is one of the known causes of ILD. Irradiation-induced 
damage to the lung tissue occurs in 5%–15% of BC patients treated with adjuvant RT[18]. 
Although patients may have no clinical signs, clinically significant symptomatic lung injury 
occurs in 1%–5% of the patients [19]. The presenting symptoms are dyspnea, cough, and 
mild fever [20]. In the acute phase, the injury manifests as pneumonitis, which may occur 
up to 6 months after the end of RT, and is limited to the irradiated field [20,21]. Milder lung 
tissue lesions usually heal without treatment. However, more extensive lesions may progress 
to PF within 6–12 months after RT [21].

In the pathogenesis of radiation-induced lung tissue injury, numerous cytokines 
(interleukin [IL]-1, tumor necrosis factor alpha, platelet-derived growth factor, transforming 
growth factor [TGF]-β), cell types (macrophages, epithelial cells, pneumocytes, fibroblasts), 
and gene products are involved, similar to other ILDs [22-24]. The damage to the capillary 
endothelium and alveolar epithelium (type I cells [epithelial lining cells] and type II cells 
[surfactant-producing cells]) is of particular importance and leads to a decrease in the lung 
volume and diffusing lung capacity [21].

The treatment of choice is steroids, which are used primarily for pneumonitis and symptomatic 
therapy. Most experts agree that corticosteroids have no place in the treatment of radiation-
induced PF [21].

An increased extent or severity of radiation-induced damage is associated with a larger irradiated 
volume, higher total delivered dose of radiation, and with hypofractionation [21]. Age is the 
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most important predictive factor for the occurrence of radiation-induced pulmonary toxicity 
[25]. The effect of smoking during RT on the occurrence of pulmonary injury has not yet been 
clarified; the results of studies are conflicting [26]. Studies have also shown that the concomitant 
administration of HT, primarily TAM, with RT may be a risk factor for PF [20]. Since only a small 
proportion of patients experience symptomatic lung injury, it is difficult to detect the effect of 
different risk factors, including the addition of HT to RT, on the occurrence of lung damage.

EFFECT OF TAMOXIFEN IN CONJUNCTION WITH 
ADJUVANT RADIOTHERAPY ON THE OCCURRENCE OF 
PULMONARY FIBROSIS

There are few reports on the effect of TAM alone on the incidence of lung injury in patients 
who have not received irradiation. In the literature, we found 2 case reports describing lung 
injury after TAM administration. Etori et al. [27] reported the case of a 74-year-old patient 
with BC who received adjuvant TAM. Due to a cough, computed tomography (CT) was 
performed after 3 months, and ground-glass opacification was observed. Ahmed and Shahid 
[28] described the case of a 66-year-old lady with BC who also started adjuvant therapy 
with TAM and developed coughing within a week. She was diagnosed with acute interstitial 
pneumonitis. Despite limited data, both reports concluded that TAM alone can, although 
infrequently, cause lung damage.

A small number of prospective and retrospective studies have examined the association 
between the occurrence of PF and TAM treatment in conjunction with adjuvant RT (Table 1).

In a prospective randomized study from 1996, Bentzen et al. [29] examined the effect of TAM 
on the incidence of PF in patients treated with mastectomy and adjuvant RT with or without 
concomitant TAM. The occurrence of PF was monitored with chest X-ray regularly every 
6 months and then yearly. They found a statistically significant 2-fold increase in PF if the 
patients had been receiving TAM.
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Table 1. Effect of tamoxifen in conjunction with adjuvant radiotherapy on the incidence of pulmonary fibrosis
Reference Year Study design Treatment groups Number of subjects Results
Bentzen et al.  
[29]

1996 Prospective,  
randomized

• RT + TAM • 38 patients • 2-fold increase in PF if patients received TAM (S)
• RT alone • 46 patients

Koc et al.  
[30]

2002 Prospective • RT + TAM • 74 patients • Increase in PF (35% vs. 14%) if patients received TAM (S)
• RT alone • 46 patients

Varga et al.  
[31]

2011 Prospective • CT → *RT • 79 patients • Increase in PF if patients received TAM (S)
• RT + TAM/AI • TAM 77 patients/AI 82 patients
• RT alone • 90 patients

Dörr et al.  
[32]

2005 Retrospective • RT + TAM • 221 patients • Increase in early pneumopathy if patients received TAM (S)
• RT alone • 230 patients • 75% of early pneumopathies progressed to PF after 1 year

Yavas et al.  
[33]

2013 Prospective • Control group • 80 rats • Higher incidence of PF in group with concomitant TAM (S)
• RT alone • No significant difference in PF score in TAM alone group
• TAM alone
• Anastrozole alone
• Letrozole alone
• RT + TAM
• RT + anastrozole
• RT + letrozole

RT = adjuvant radiotherapy; TAM = tamoxifen; PF = pulmonary fibrosis; S = statistically significant p-value; CT = chemotherapy; AI = aromatase inhibitor.
*Sequential.

https://ejbc.kr


In 2002, Koc et al. [30] published a prospective study in which they investigated the 
development of PF following post-mastectomy RT with Cobalt-60. The patients either received 
TAM concomitantly or were only irradiated. They were monitored with CT at 3- to 4-month 
intervals in the first year, 4- to 6-month intervals in the second year, and then yearly. Univariate 
analysis demonstrated significantly more grades 2 and 3 PF after 48 months according to the 
Radiation Therapy Oncology Group (RTOG) Late Toxicity Criteria in those receiving TAM 
along with irradiation. Multivariate analysis showed that age and menopausal status were 
independent prognostic factors for the onset of PF in the TAM-receiving group of patients.

In a prospective study from 2001, Varga et al. [31] used more advanced RT techniques 
(3-dimensional [3D] conformal RT). Patients who underwent lumpectomy or mastectomy and 
adjuvant RT were enrolled. Some of them also received chemotherapy with taxanes before RT or 
concomitant HT with AI/TAM. The patients were monitored with CT 3 months and 1 year after 
the completion of RT, regardless of the clinical signs and symptoms. Grade 1 PF, according to 
the Common Toxicity Criteria version 2.0, was used to describe the new appearance of fibrotic 
abnormalities in the radiation fields. A total of 40.8% of the patients who received TAM were 
diagnosed with PF and multivariate analysis confirmed the significant effect of TAM on the 
incidence of PF. However, this was not the case for AI and taxane chemotherapy.

Dörr et al. [32], in their study published in 2005, evaluated the effect of age and TAM used 
concurrently with adjuvant RT after mastectomy or breast conservation surgery on the 
occurrence of pneumonitis and, consequently, PF. Lungs were imaged with a chest X-ray 15 
weeks after the end of RT to assess pneumonitis and 1 year after RT to evaluate PF. Pneumonitis 
was radiologically defined as increased density, hazy opacity, and strand-like densities, 
while fibrosis was defined as dense strand-like residues, fibrotic strands, and mediastinal 
dislocations. The radiological assessment did not necessarily reflect the clinical consequences. 
Early radiologic changes were detected in 29.7% of patients, while clinical symptoms of 
pneumonitis were seen in 5.5% of patients. Age above 58 years and TAM therapy were found 
as significant parameters of early pneumopathy, which developed in 38.9% of the patients on 
TAM. Overall, 75% of early pneumopathies progressed to fibrosis after 1 year.

In 2012, Yavas et al. [33] published a study in which Whistar albino rats were randomized to 8 
groups with different treatment plans that included only RT, HT, or RT with HT (Table 1).  
The lungs were irradiated with 12 Gy in one fraction. The extent of PF was quantified by an 
image analysis of the histological sections of the lung. A significantly higher incidence of PF was 
observed in patients who received concurrent TAM and radiation than in those who received 
only irradiation. TAM alone, without concomitant RT, had no effect on the incidence of PF.

As shown by previous studies, TAM in conjunction with RT may increase the incidence of 
PF. The key mechanism is via the induction of TGF-β synthesis. TGF-β is a cytokine that 
plays an important role in controlling tissue proliferation and differentiation in most human 
epithelial tissues. It plays a vital role in the development of tissue fibrosis including PF [34,35]. 
In mammals, it has 3 isoforms, TGF-β1, TGF-β2, and TGF-β3, which have almost identical 
biological characteristics. TGF-β binds to at least 3 membrane proteins, the most important 
being type I and II receptors, which are transmembrane serine-threonine kinases. TGF-β causes 
an increase in the synthesis and deposition of the extracellular matrix, a major pathological 
feature of fibrotic disease, via the type I receptor. Additionally, TGF-β1 is highly chemotactic 
for neutrophils, lymphocytes T, monocytes, and fibroblasts. It also regulates other growth 
factors that are important for the process of healing after damage and subsequent fibrosis. 
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Another well-known effect of TGF-β is an increase in the cell adhesion to the matrix. Moreover, 
it enhances its own production in cells, further increasing the response [34].

Butta et al. [35] studied the effect of TAM on the regulation of TGFβ in vivo. Tru-cut biopsies 
obtained from 10 patients with BC before and after 3 months of treatment with TAM were 
analyzed. Only a very weak signal that indicated the presence of TGF-β1 in and around 
stromal fibroblasts and epithelial cells was detected in biopsy specimens taken prior to TAM 
treatment. Three months after TAM therapy, a dramatic increase in the extracellular TGF-β1 
was detected in repeated biopsies in all 10 patients. TGF-β1 was located primarily between 
and around the stromal fibroblasts, suggesting the possibility that TAM induced the synthesis 
of TGF-β1 in these cells.

Colletta et al. [36] used 2 human fetal fibroblast strains (from the lung and pituitary gland) 
as models for BC stromal fibroblasts. The addition of subtoxic amounts of TAM to both 
fibroblast strains resulted in a significant induction of TGF-β synthesis. The fibroblast strains 
from the pituitary gland responded with a 27-fold increase in TGF-β induction, while those 
from the lungs exhibited a 5-fold increase.

EFFECT OF AROMATASE INHIBITORS IN CONJUNCTION 
WITH ADJUVANT RADIOTHERAPY ON THE OCCURRENCE 
OF PULMONARY FIBROSIS

The widespread use of third generation AIs began in the 1990s, almost 2 decades after the use of 
TAM [37]. Therefore, there is less information regarding the effect of AI on the incidence of PF.

In 2016, Altinok et al. [38] published a study in which 60 Whistar albino rats were divided 
into 6 groups with different treatment plans consisting of RT alone or RT with concomitant 
TAM/anastrozole/letrozole/exemestane. The irradiation dose to the thoracic region 
comprised 30 Gy in 10 fractions. PF was identified by an image analysis of the histological 
sections of the lung. Significantly less PF was observed in the groups treated with 
concomitant AI than in the TAM-treated or irradiated-only groups. Additionally, there were 
no significant differences between the various AIs. A protective mechanism of AIs against 
the development of PF has been suggested but has not been elucidated yet.

EFFECT OF THE ADJUVANT RADIOTHERAPY AND 
HORMONAL THERAPY SEQUENCE ON LUNG TOXICITY
Sequential or concomitant use of tamoxifen with adjuvant radiotherapy
In studies examining the effect of TAM on the incidence of PF, TAM was mostly used 
concomitantly with RT; however, some studies have revealed that there may be a difference 
in the incidence of PF depending on whether the 2 treatments are given in a concomitant or 
sequential manner.

Animal models have suggested that there may be a greater risk of PF development with 
concomitant TAM administration. Bese et al. [39] in 2004 published a study in which 
Wistar albino rats were irradiated and randomized into 3 groups with different treatment 
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plans that included either sequential or concomitant administration of TAM. The rats 
were administered a radiation dose of 30 Gy in 10 fractions to the thoracic region. PF was 
identified by an image analysis of the histological sections of the lung. Compared to the other 
2 groups, TAM administered concomitantly with RT resulted in a higher incidence of PF, 
which was observed in 37% of the rats in that group (Table 2).

However, 2 retrospective studies [40,41] published in 2005 did not confirm the results of the 
study above. Neither of them demonstrated any differences in lung toxicity (Table 2). Pierce 
et al. [40] retrospectively analyzed groups of BC patients from the Southwest Oncology Group 
trial 8897 (Intergroup 0102), who were treated with chemotherapy, RT, and TAM (in a sequential 
or concomitant manner). No significant differences in lung toxicity were observed between 
the groups. In addition, the timing of TAM administration did not affect the outcome of the 
treatment. After 10.3 years of median follow-up, there were no statistically significant differences 
in the OS, disease-free survival (DFS), and local recurrence rate (LRR). Similarly, a retrospective 
study by Harris et al. [41] also did not identify differences between the concomitant or sequential 
use of TAM. While pneumonitis was reported in only 1% of the patients in the group that 
received concomitant TAM, it was not seen in the group that received sequential treatment. 
Moreover, there were no statistically significant differences in the 10-year LRR, OS, and 
recurrence-free survival (RFS) between the 2 groups. Chemotherapy did not affect the results.

In the literature, there is also information about a trial named “Concurrent Versus Sequential 
Tamoxifen with Radiotherapy in Breast Cancer Patients (CONSET)” [42], but the results have 
not been published yet. In this trial, 260 BC patients who had undergone conservative surgery 
or mastectomy were randomized to receive either TAM concomitantly or sequentially with RT. 
The primary aim of this study is to evaluate the incidence of PF, while the secondary aim is to 
examine the rate of locoregional and distal recurrences. The study results may thus provide a 
clearer answer to the question whether the timing of TAM administration affects the onset of PF.

Sequential or concomitant use of aromatase inhibitors with adjuvant 
radiotherapy
In the previously mentioned studies by Yavas et al. [33] and Altinok et al. [38] on Whistar 
albino rats, no increase in the incidence of PF was observed after RT with concomitant 
administration of AI. There are 2 additional studies in the literature on this subject with a 
similar result (Table 3).

The prospective randomized study CO-HO-RT [43], included postmenopausal BC patients treated 
with adjuvant RT and letrozole in a concurrent or sequential manner. Pulmonary toxicity was 
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Table 2. Effect of concomitant or sequential use of tamoxifen with adjuvant radiotherapy on the incidence of pulmonary fibrosis
Reference Year Study design Treatment Groups Number of subjects Results
Bese et al.  
[39]

2006 Prospective • RT → *TAM • 24 rats • Higher incidence of PF if TAM administered concomitantly (S)
• RT + TAM
• RT alone

Pierce et al.  
[40]

2005 Retrospective  
analysis

• RT → TAM • 107 patients • �Only 1 Grade 3 pulmonary toxicity in the group with concomitant TAM; 
none in the group with sequential TAM (NS)• RT + TAM • 202 patients

Harris et al.  
[41]

2005 Retrospective • RT → TAM • 104 patients • �Only 1% of pts had pneumonitis in the group with concomitant TAM; 
none in the group with sequential TAM (NS)• RT + TAM • 174 patients

Munshi et al.  
[42]

2011 Prospective,  
randomized

• RT → TAM • 260 patients • No results published yet
• RT + TAM

RT = adjuvant radiotherapy; TAM = tamoxifen; PF = pulmonary fibrosis; S = statistically significant p-value; NS = not significant p-value.
*Sequential.
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monitored by performing clinical examinations, pulmonary function tests, and CT at 6-month 
intervals for 2 years, and then on a yearly basis. No lung toxicity was detected after 2 years.

Ishitobi et al. [44] published a retrospective analysis in 2009, which similarly included 
postmenopausal BC patients following lumpectomy, who subsequently received adjuvant RT 
and AI, either concomitantly or sequentially. According to the RTOG Late Toxicity Criteria, 
only one patient developed G3 pneumonitis in the concomitant AI group (1%) and none in 
the sequential group. There was no difference between the 2 groups with respect to the 3-year 
ipsilateral recurrence, OS, and RFS rates.

Meta-analysis
In 2016, a meta-analysis [45] of studies examining the concomitant or sequential use of HT 
with RT in patients after BC surgery was conducted in China. The primary goal of the study 
was to evaluate the appearance of pneumonitis or PF. A total of 11 studies were included, 10 of 
which were retrospective and 1 prospective. Four studies examined the use of TAM, 4 AI, and 
3 studies allowed the patients to receive either TAM or AI. A total of 1,291 patients received 
HT concomitantly with RT whereas 1,179 patients received them sequentially. Two studies 
reported cases of greater than grade 2 radiation pneumonitis and 5 studies reported cases of 
PF. There were no statistically significant differences in the incidence of pneumonitis or PF. 
Furthermore, no statistically significant differences were observed in the 5- and 10-year OS, 
LR, and occurrence of distant metastases.

CONCLUSION

Pulmonary fibrosis is an irreversible form of lung injury, that may rarely develop as an adverse 
effect of oncological treatment in BC patients. Some forms of PF have a poor prognosis, with 
a 5-year survival rate of only about 20%.

Preclinical studies have revealed that TAM induces the synthesis of TGF-β, which plays a key 
role in the development of tissue fibrosis. Clinical studies comparing RT with or without 
TAM therapy have generally found higher rates of PF in patients who received TAM in 
addition to RT. In contrast, AIs do not increase the incidence of PF.

Furthermore, only animal models have shown that the concomitant administration of TAM 
with RT may result in an increased incidence of PF. However, clinical retrospective studies, 
including the meta-analysis, did not demonstrate significant differences in pulmonary 
toxicity with regard to the timing of TAM administration.

The above listed studies have many limitations. In addition to majority of them being old 
and retrospective studies, some of them used older radiation techniques or included a 
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Table 3. Effect of concomitant or sequential use of aromatase inhibitors with adjuvant radiotherapy on the incidence of pulmonary fibrosis
Reference Year Study design Treatment Groups Number of subjects Results
Azria et al.  
[43]

2010 Prospective,  
randomized

• RT → *letrozole • 75 patients • No lung toxicity detected
• RT + letrozole • 75 patients

Ishitobi et al.  
[44]

2009 Retrospective • RT → AI • 151 patients • �Only 1 Grade 3 pneumonitis in the group with concomitant AI; none in 
the group with sequential AI (NS)• RT + AI • 113 patients

RT = adjuvant radiotherapy; AI = aromatase inhibitor; NS = not significant p-value.
*Sequential.

https://ejbc.kr


small number of patients. They utilized different diagnostic approaches for the evaluation 
of lung toxicity and different time intervals. In majority of the studies, the diagnosis of 
PF was based on imaging, which in some studies was limited to only a chest X-ray with 
no pulmonary function tests being performed. Some of the studies also did not report 
the types of diagnostic procedures that were used. There is also a lack of data from 
larger modern prospective randomized studies, therefore the results of the prospective 
randomized study CONSET are highly awaited.

Importantly, the incidence of clinically evident PF after RT is very low. Consequently, it is 
very difficult to detect a difference after adding HT to RT in routine clinical practice. In the 
future, to increase sensitivity, patients with subclinical ILD might be identified with the 
help of validated patient-reported outcome measures, specifically designed for BC patients 
treated with adjuvant RT and HT. This could be the next step in studying the effect of 
combined RT and HT on lung toxicity.

As there are millions of BC patients in the world who have been treated with adjuvant RT 
and HT, a clarification regarding the effect of oncological treatment on lung tissue is of 
paramount importance.
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