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Abstract

Background and objectives: Adjuvant hormonal therapy is frequently used in the treatment of women with
estrogen receptor (ER)/progesterone receptor (PR) positive breast cancer. When radiotherapy is given,
hormone therapy may be delivered in a concurrent or sequential manner. Hormonal blockade with tamoxifen
or aromatase inhibitors is thought to arrest hormonally dependent cancer cells in the early G1 phase of the
cell cycle. This has been theorized to reduce the efficacy of radiation, which is known to be more effective in
cells that are actively dividing. Therefore, there has been a reluctance by many to treat with concurrent
hormonal and radiation therapy.

Methods: We performed a search of the Medline database that led to the identification of 39 studies.
Abstract and full-text review of these studies led to the identification of seven English non-review studies in
peer-reviewed literature between 1995 and 2015 that addressed the question of timing of radiation and
hormonal therapy. Outcome measures were captured from each of the studies.

Results: No difference in survival or local-regional recurrence was identified between concurrent versus
sequential treatment. Furthermore, no difference in cosmetic outcome or adverse effects was noted for
either approach. However, when comparing radiation alone or radiation and hormonal therapy, there was an
increased risk of breast and lung fibrosis with combined treatment.

Conclusions: Hormone therapy, concurrent or sequential, with radiation results in comparable disease-
related outcomes, including survival and recurrence. However, given the theoretical reduction in efficacy
and increased rates of fibrosis with concurrent use, it is reasonable to support the use of sequential therapy.

Categories: Radiation Oncology, Oncology
Keywords: breast cancer, tamoxifen, aromatase inhibitor, radiation therapy, lung fibrosis, breast fibrosis, timing of
therapy

Introduction And Background

Breast cancer is the most common cancer affecting women and accounts for 26% of newly diagnosed cancers
in Canada, excluding non-melanocytic skin cancers [1]. Of these cancers, over 80% will express either the
estrogen or progesterone receptor and be amenable to hormonal therapy [2]. The use of tamoxifen in the
adjuvant setting is associated with a significant reduction in breast cancer recurrence and improved overall
survival [3]. In similar large multicentre level I trials, aromatase inhibitors have been shown to have a
disease-free survival benefit in post-menopausal women [4]. Breast-conserving surgery has been shown to
have equivalent outcomes to mastectomy when combined with radiation therapy and has become the main
treatment method for breast cancer patients [5]. Thereby, there are a substantial number of women who
receive radiation and hormonal therapy.

Estradiol activates proliferation through transcriptional activation of c-Myc and cyclin D, which allow for
downstream activation of the cyclin-dependent kinases required for progression from G1 into S phase of the
cell cycle [6]. This activity of estrogen is required for the proliferation of the cancer cells; tamoxifen or
aromatase inhibitors are utilized to block this pathway [6]. Treatment of cells with tamoxifen or aromatase
inhibitors results in an accumulation of cells in the G1 phase of the cell cycle. Radiation sensitivity depends
on the stage of the cell cycle, with cells in G2/M being the most sensitive to radiation changes [7]. Therefore,
it is possible that hormonal therapy may reduce the efficacy of radiation by arresting the cells in a stage of
the cell cycle that is more resistant to DNA damage.

Cell culture studies have provided conflicting results on the role of concurrent hormonal therapy and
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radiation. Early studies found a protective effect between hormonal therapy and radiation that corresponded
with an arrest of the cells in the G1 phase of the cell cycle [8-10]. However, more recent studies have
suggested a synergistic effect between tamoxifen and letrozole in enhancing apoptosis induced by radiation
[11-12]. It is not clear how to reconcile the conflicting results from culture models and how these translate
to the efficacy of breast cancer treatment in women.

Animal models have suggested that there may be an increased risk of lung fibrosis with concurrent
treatment of hormonal therapy and radiation [13-14]. The proposed mechanism for this effect is through
TGFb as tamoxifen has been shown to increase the levels of TGFb [15] and higher levels have been
associated with increased rates of fibrosis, cardiac damage, and pneumonitis [16-18]. The effect on lung
fibrosis appears to be limited to tamoxifen as concurrent aromatase inhibitors were not associated with an
increase in lung fibrosis in a rat model [14]. Despite these theoretical contraindications, both concurrent and
sequential treatment regimes are used in practice and major clinical trials.

Review
Methods

A systematic review was performed investigating the timing of hormonal therapy and radiation therapy in
breast cancer. Only peer-reviewed studies in English involving human subjects were included. The Medline
database was searched for relevant studies between 1995 and 2015. The following search strategy was
employed:

breast neoplasms/radiotherapy[mh] AND breast neoplasms/surgery[mh] AND (breast neoplasms/drug
therapy[mh] OR antineoplastic agents, hormonal[mh] OR tamoxifen[mh] OR aromatase inhibitors[mh]) AND
((concurrent™*[tw] OR concomitant*[tw]) AND sequential*[tw]).

Further directed searches were performed for literature related to breast and lung fibrosis and combined
hormonal and radiation. References within these publications were reviewed for relevant trials. Breast
Disease Site Team members were asked to provide relevant publications not included in the literature
review.

Tamoxifen and the timing of radiation

There have been three retrospective studies that have addressed the question of the timing of tamoxifen
with radiation [19-21]. The data from these studies was generated from retrospective reviews of patients that
received adjuvant radiation after breast-conserving surgery and either concurrent or sequential tamoxifen.
As shown in Table I, the studies contained between 278 and 500 patients with follow-up that ranged from
8.6 years to 10.4 years. In these studies, tamoxifen was given according to institutional practices, typically
20 mg daily for five years. Radiation was given with the majority of patients receiving between 45-50 Gy of
radiation with an optional boost to the tumor bed to a median total dose of 64 Gy. Many of the patients also
received adjuvant chemotherapy as detailed in Table 1. Given the long follow-up required to appropriately
assess for breast cancer outcomes, many of these patients were treated over 30 years ago; however, this
means they were treated with radiation techniques and chemotherapy regimes that are no longer the
standard of practice today.
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Reference

Ahn, 2005
[21]

Harris,
2005 [19]

Pierce,
2005 [20]

Type

Retrospective
1976-1999

Retrospective
1980-1995

Retrospective
1989-1993

(n)

Duration
Treatment ) e Chemotherapy of
Tamoxifen Radiation Outcome
Groups (n) Follow-
up
48Gyin2 G
According y i 4
fractions with CMF (71) . . .
Concurrent  to i } No difference in overall survival
o boost to adriamycin
(254) vs. institutional K 10.4 HR, 1.234;95% Cl, 0.42 to 2.05 No
i i primary tumor based (42) . .
Sequential practises i years difference in local recurrence HR,
bed median other (16) none
(241) generally 0.932;95% Cl, 0.42 to 2.05;
total dose 64 (371)
for 5 years
Gy
tangents only i i X
No difference in overall survival
(182) or methotrexate -
Concurrent HR, 1.56; 95% ClI, 0.87 to 2.79 No
20 mg OD tangents and based (67) i i
(174) vs. . 8.6 difference in local recurrence HR,
X or10 mg nodal doxorubicin-
Sequential i years 1.22;95% Cl, 0.33 to 4.49 No
BID (95) median based (43) i i L
(104) difference in complications or
total dose 64 none (167) i
cosmesis
Gy
No difference in overall survival
HR, 0.84; 95% ClI, 0.40 to 1.78; No
Concurrent 45-50 Gy to difference in local recurrence HR,
(202) vs. 20 mg daily whole CMF (156) CAF  10.3 0.73; 95% Cl, 0.26 to 2.04 No
Sequential for5years breast unknown (153) years difference in Grade 3 or 4
(107) dose as boost haematological toxicities No Grade

4 pulmonary toxicity, one Grade 3
toxicity in concurrent

TABLE 1: Overview of studies comparing concurrent versus sequential tamoxifen and radiation in
breast cancer.

All of the studies quantified treatment outcomes for patients and no difference in overall survival or local
recurrence was observed in any of the studies [19-21]. A pooled hazard ratio for the rate of ipsilateral
recurrence was 0.91 with 95% CI 0.52 to 1.61 [22]. This analysis included 1,082 patients followed for over 10
years. Furthermore, two of the studies assessed for complications and found no difference in the rates of
complications; however, Pierce, et al. noted one Grade 3 lung toxicity, and this was observed in the
concurrent group with none in the sequential group [20].

Aromatase inhibitors and the timing of radiation

Four studies have addressed the question of sequential or concurrent aromatase inhibitors with radiation
and are shown in Table 2 [23-26]. Azria, et al. randomized 150 patients with low-stage breast cancer treated
with breast-conserving surgery to either concurrent or sequential letrozole with whole breast radiation [23].
The primary endpoint of this study was early and late side-effects based upon physical exam and patient
reported outcomes. All patients received 50 Gy in 2 Gy fraction with a boost of up to 16 Gy and 2.5 mg of
letrozole daily starting either three weeks prior to radiation (concurrent arm) or after radiation (sequential
arm) [23]. Of the 150 patients in the study, 28 patients received adjuvant FEC chemotherapy [23]. No
difference was found in the rate of early or late side-effects, including subcutaneous fibrosis or lung fibrosis
[23]. No difference was observed in quality-of-life measures for either group [23]. The study was relatively
small with only 75 patients in each of the arms with a limited follow-up of 2.2 years. Clinical outcomes, such
as local recurrence, were not addressed due to the limited follow-up; however, additional follow-up is
planned to address the question of survival and local recurrence [23].

2015 Cecchini et al. Cureus 7(10): e364. DOI 10.7759/cureus.364

30f10



Cureus

Reference

Valakh,
2009 [26]

Ishitobi,
2009 [24]

Azira,
2010 [23

Ishitobi,
2014 [25]

Type

Retrospective
1998-2008

Retrospective
2001-2008

Randomized
2005-2007

Retrospective
2001-2009

(n)

183

278

150

Duration
Treatment ) . Chemotherapy of
Tamoxifen Radiation Outcome
Groups (n) Follow-
up
45-54 Gy with . . .
Concurrent . No difference in dermatitis or
a1-1.6 Gy anthracycline or i i i
(57) vs. anastrozole or 2.3 (Con) fibrosis Local recurrence 4% in
i . boost over an taxane (51) none . .
Sequential tamoxifen 2.6 (Seq) sequential and 1.8% in
average of (132)
(126) concurrent
49.5 days
. CMF (1) taxane
50 Gy in 2 Gy
anastrozole : . based (7)
Concurrent fractions with . .
1mg (270) anthracycline No recurrences or deaths in
(113) Vs. a boost of up . . .
X letrozole 2.5 based (31) 2.9 either group No difference in
Sequential to 63.2 Gy for ) .
mg (8) for 5 " anthracycline Grade 3 or 5 toxicities
(151) positive
years ) and taxane (6)
margins
none (233)
2.5 mg dail
& b 50 Gy in 2 Gy . .
for 5 years X i No difference in acute or late
Concurrent . fractions with . . .
starting 3 side effects No difference in
(75) Vs. aboost ofup FEC (28) none ) i
. weeks before 2.2 subcutaneous fibrosis No
Sequential to 16 Gy (122) i i i i
(Seq) or after K difference in lung fibrosis No
(75) median dose i ; a R
(Con) difference in quality of life
. 60 Gy
Radiation
i No difference in disease-free
50 Gy in 2 Gy . o
anastrozole X i survival Non-significant
Concurrent fractions with ) ) i
1mg (301) increase in deaths without
(158) Vs. aboost ofup yes (57) none .
X letrozole 2.5 5.6 recurrence in concurrent group
Sequential to 63.2 Gy for (258) i i
mg (14) for 5 " 3 patients vs. 0 patients p=0.08
(157) positive . .
years . No difference in Grade 3 or 5
margins

toxicities

TABLE 2: Overview of studies comparing concurrent versus sequential aromatase inhibitors and
radiation in breast cancer

A number of retrospective reviews have also addressed the sequence of aromatase inhibitors with radiation.
Ishitobi has published two reports on this topic in 2009 and 2011 with an overlap of patients between the
two studies [24-25]. The studies involved patients treated between 2001 and 2009 with a follow-up of 5.1
years in the most recent study [25]. The majority of patients received 1 mg of anastrozole for five years and
50 Gy of radiation in 2 Gy fractions with a boost of up to 63.2 Gy for positive margins. The majority of
patients in the study did not receive chemotherapy with incomplete reporting on the type of chemotherapy
in the most recent study [24-25]. Valakh also reported a retrospective study of 183 patients treated with
sequential or concurrent hormonal therapy that consisted of either anastrozole or tamoxifen [26]. In all the
studies, no difference in Grade 3-5 toxicities were noted [24-25]. In the more recent Ishitobi, et al. study with
a longer follow-up of 5.1 years, outcome data was presented with no difference in overall survival or local
recurrence [24-25]. However, a non-significant increase in deaths without recurrence was noted in the
concurrent group with three patients versus zero in the sequential group (p=0.08) [25]. No significant
difference in local recurrence was observed in the Valakh, et al. study [26].

Breast and lung fibrosis

The question of breast fibrosis and combined hormonal therapy and radiation has been addressed in a
number of retrospective studies (Table 3) [27-33]. All studies compared women treated with radiation alone
to women with combined radiation and tamoxifen. Johansen, et al. performed a retrospective analysis of
patients involved in a randomized trial comparing breast-conserving surgery with mastectomy [34-35].
High-risk postmenopausal patients that received adjuvant tamoxifen were compared to the low-risk group
that only received radiation [31]. The median follow-up for patients was 6.6 years with objective scores of
breast and skin changes scored by the oncologist and cosmetic outcomes independently scored by the
patient and the oncologist [31]. A significant difference in Grade 2 or greater fibrosis was noted in the
radiation and tamoxifen group (19% vs. 48%); however, this did not translate into a statistically significant
difference in the cosmetic outcome as reported by the patient or the oncologist [31].
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Reference  Type

Wazer, Retrospective
1992 [28] (1982-1988)

Taylor, Retrospective
1995 [29] (2001-2008)

Fowble, Retrospective
1996 [32] (1982-1991)

Markiewicz, Retrospective
1996 [30] (1977-1991)

Wazer, Retrospective
1997 [27] (1982-1994)

Azria, 2004 .
Retrospective

[33]

Johansen, .
Retrospective

2007 [31]

Pts
(n)

456

491

1053

498

147

96

Treatment Groups

examined all
patients treated for
prognostic
markers for

cosmesis

examined all
patients treated for
prognostic
markers for

cosmesis

tamoxifen (154) No
tamoxifen (337)

No adjuvant (419)
Chemotherapy
(105) tamoxifen
(105)
Chemotherapy and
hormonal therapy
(56)

tamoxifen (130) No
tamoxifen 368

RT Alone (57) vs.
RT + tamoxifen
(90)

RT alone (69) vs.
RT and tamoxifen
(27)

Hormonal
Agent

Tamoxifen
10 mg BID
(22)

Tamoxifen
(76)

Tamoxifen
10 mg BID
fora
minimum

of 2 years

Tamoxifen

Tamoxifen
20 mg
daily

Tamoxifen
20 mg
daily

Tamoxifen

Radiation

Cobalt-60 or 6MV linear
accelerator treated to
50-50.4 Gy With boost to
for positive margins with
external beam or Iridium
implants

Cobalt-60 or 4-6MV
linear accelerator treated
to 45-50.4 Gy with boost
to margins in some

cases

46-50Gy over 4.5-5
weeks with 6MV linear
accelerator. Boost to
primary site with
electrons, external beam
or Iridium implants

45-50 Gy with the
primary tumor bed
boosted with electrons
or Iridium

Cobalt-60 or 6MV linear
accelerator treated to
50-50.4 Gy With boost to
for positive margins

50 Gy with 6MeV boost
of 10-16 Gy to surgical
bed

48-50 Gy with a boost of
10 Gy to the tumor bed

Duration
Chemotherapy

(n)

of Follow-
up (Years)

CMF (56) CMF
or CAF (22) 4.2
None (156)

CMF or CAF
(95) None (348)

None (491) 5.3

CMF or CAF 6.7

4.7 years
(tamoxifen
CAF or CMF )5
rou|
(124) None ey
years for
(374)
no
tamoxifen
None 2.4
None 6.6

Outcome

Non-
significant
trend towards
worse
cosmetic
outcome in
patients
treated with
tamoxifen and
radiation

No difference
in cosmetic
outcome for
patients
treated with
tamoxifen

No difference
in cosmetic
outcome
Increase in
breast edema
in tamoxifen
group (49%
vs. 31%)

No difference
in cosmetic

outcomes

No significant
difference in

cosmesis

Increased
incidence of
Grade 2 or 3
subcutaneous
fibrosis with
tamoxifen

Higher rate of
fibrosis of
Grade 2 or
greater 19%
vs. 48%
P=0.004 in
tamoxifen

group

TABLE 3: Overview of studies outlining breast fibrosis with adjuvant radiation and hormonal

therapy
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Azria, et al. performed a retrospective analysis of patients involved in a prospective trial measuring the
predictive value of CD4 and CD8 T-lymphocyte apoptosis for predicting late side-effects of radiation therapy.
Of the 147 patients treated with radiation alone or tamoxifen, a significant difference in the incidence of
Grade 2-3 subcutaneous fibrosis was observed in the combined tamoxifen and radiation group [33]. Fowble,
et al. did not evaluate skin complications, but found an increase in breast edema in patients treated with
tamoxifen and radiation. Fowble found no difference in cosmetic outcomes [32]. After a multivariate
analysis, Wazer, et al. did not find a difference in cosmesis for patients treated with adjuvant tamoxifen and
radiation [27-28]. This is further supported by two other similar studies that did not find any association
with cosmetic outcomes [29-30]. Taken together, an increased rate of low-grade fibrosis has been observed
with concurrent radiation and hormone therapy, but this has not translated into differences in cosmetic
outcomes.

A number of prospective studies ranging from 1996 to 2011 have measured the rates of lung fibrosis post-
treatment with tamoxifen and radiation using serial imaging by chest x-ray or CT scan (Table 4) [36-38]. In
all three studies, an increased risk of pulmonary fibrosis was detected in patients with combined radiation
and tamoxifen treatment compared to radiation alone. However, the majority of the fibrosis was Grade 1 or
Grade 2 with limited symptoms and only detected on imaging. In the Bentzen, et al. study, patients were
accrued between 1978 and 1982 and were post-mastectomy patients treated with anterior 8-MV photon field
covering the axillary, infraclavicular, and supraclavicular areas; these patients were followed by serial x-rays
[38]. The techniques utilized in this study are no longer part of the standard of care so caution must be used
in applying the results of this study to current populations. Koc, et al. studied post-mastectomy patients
treated between 1996 and 2001 with Cobalt-60 radiation to the chest wall and lymphatics and followed
patients with serial CT scans to quantify pulmonary fibrosis [37]. The authors followed 111 women and
found an increase in pulmonary fibrosis in 26/74 of patients treated with tamoxifen compared with 5/37
treated with radiation alone [37]. There was a significant difference in patients with Grade 2 or Grade 3
fibrosis in the tamoxifen and radiation arm; however, only two of the patients required treatment with
steroids [37]. Varga, et al. included patients treated with both breast-conserving surgery and mastectomy
treated with modern tangential techniques and found no difference in symptomatic or non-symptomatic
pneumonitis. As in the Koc study, Varga found an increase in Grade 1 fibrosis as detected on serial follow-up
CT scans [36].

Duration
Pt of
S
Reference Type - Treatment Groups Tamoxifen Radiation Chemotherapy (n) Follow- Outcome
n
up
(Years)
L Anterior
Radiation therapy plus i
) i 8-MV Increased risk of
i tamoxifen (38) VS tamoxifen 10 i i
Bentzen, Prospective o photon . pulmonary fibrosis (RR=
) 84  radiation alone (46) mg TID for i No chemotherapy  Min 5
1996 [38] Randomized . . field 2.0;95% C11.2-3.5; P =
Followed with serial 48 weeks
26.6-51.4 .01)
Chest X-ray
Gy
Post-mastectomy
o CAF (73) CMF (27)
radiation cobalt i . Increased Pulmonary
i . tamoxifen 20 50Gy in CE (4) Taxol i .
Koc, 2002 Prospective receiving concurrent i . . fibrosis in 26/74 of
111 ) . mg daily for  2Gy adriamycin 3-3.45 .
[37] (1996-2001) tamoxifen VS radiation . . tamoxifen + RT VS 5/37
. 5 years fractions  cyclophosphamide .
alone Followed with with RT alone. (P= 0:01)
X (2) none (5)
serial CT Scans
Increased rate of Grade
i 1 pulmonary fibrosis for
3 tamoxifen i
. tamoxifen (77) Al (82) or . tamoxifen (OR=2.0 (1.02-
Prospective . 20mg daily i
no adjuvant (90) 20 Gyin2 3.9, p=0.041) No
Varga, (2001-2004 anastrozole taxane based (79) i X
328 Chemotherapy (79) i Gy 1 difference in
2011[36]  and 2006- ) ) 1mg daily . 249 (90) -
Followed with serial CT fractions pneumonitis for
2008) letrozole 2.5 . .
scans . tamoxifen No Difference
mg daily

in fibrosis of pneumonitis
for Al

TABLE 4: Overview of studies outlining lung fibrosis with adjuvant radiation and hormonal
therapy
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In the studies comparing sequential to concurrent treatment regimes, no change in lung toxicity was noted.
In the Harris, et al. study, no difference was noted in pneumonitis between the two groups as based on
identification by the radiation oncologist; fibrosis detected on follow-up imaging was not reported [19]. The
rates of fibrosis were not described in Pierce, et al., but one Grade 3 pulmonary toxicity was noted in the
concurrent group compared to the sequential group [20].

There is a lack of data on the potential synergistic effects between hormonal therapy and adverse effects to
the heart. The TGFb cytokine has been shown to be involved in fibrosis of the heart [39]. As such, it is
reasonable to postulate that a similar relation exists with concurrent treatment and potential fibrosis to the
heart. In early animal models, no additional toxicity appears to be imparted by concurrent tamoxifen therapy
with radiation [40]. However, this important question has yet be fully explored in clinical models and
warrants further analysis to ensure that no increased toxicity is imparted to the heart by combining
radiation and hormonal therapy.

Discussion

The question of the timing of hormonal therapy is an important one as small changes in the relative risk of
clinical outcomes could impact on a large absolute number of patients, given the high incidence of this
hormone-sensitive sub-group. In the absence of clear guidelines regarding the timing of these two therapies,
there is a significant degree of heterogeneity in the treatment of patients. From a theoretical standpoint,
there is a proposed contraindication of hormonal therapy concurrent with radiation due to the anti-
proliferative effects of hormonal treatments and a decreased efficacy of radiation on arrested cells.
Furthermore, animal models suggest that tamoxifen can increase the levels of TGFb [15], leading to
increased levels of fibrosis in involved radiation fields [16-17]. This is contrasted with some literature that
suggests that there may be a synergistic effect between aromatase inhibitors and radiation [11-12]. Taken
together, there are opposing rationales for concurrent versus sequential treatment regimes. From a practical
point of view, a consistent recommendation is desired by patients and caregivers. A consistent
recommendation would avoid contradicting recommendations to a patient by treating physicians, patients’
losing confidence in their treating physicians, and the possibility of patients missing the initiation of
treatment.

Medical oncologists have also wrestled with this issue with several contradictory results. Studies such as
Bedognetti, et al. found no differences in survival and toxicity events when 431 patients were randomized in
a multicenter trial to sequential or concurrent hormonal treatment and chemotherapy [41]. SWOG 8814
randomized 1,558 postmenopausal node-positive patients to concurrent and sequential treatment, plus a
variation in chemotherapy using a three-arm design. Sequential treatment was found to have better disease-
free survival (HR 0.76 95%CI 0.64-0.91;p=0.002) and a non-significant improvement in overall survival [42].
So despite varied data, medical oncologists have long concluded that sequential treatment for chemotherapy
is the standard of care. This has been based on the lack of any evident or perceived benefit for concurrent
administration and possible harm. This has also been applied to aromatase inhibitors, which are also given
sequentially despite limited data [43]. This practical approach has been used as a guide to address the same
question in this radiation oncology literature review.

Another issue is the chance that hormonal therapy will be missed and patients with ER/PR-positive disease
will not receive this beneficial treatment due to the uncertainty that exists with the timing of radiation and
hormonal therapy. In the interplay between the medical and radiation oncologists, there is potential for one
or the other to assume that the other will be starting hormonal therapy, especially if the timing of treatment
is variable. For example, the medical oncologist could hold tamoxifen treatment in a patient that is
scheduled to start radiation to avoid perceived risks of concurrent treatment with the assumption that the
radiation oncology team will start treatment upon completion. If this rationale is not documented, it is
conceivable that the radiation oncologist would assume that the medical oncologist has already discussed
tamoxifen with the patient and decided to not use tamoxifen therapy or was already on adjuvant hormonal
management. Therefore, there is a need for clear communication and consensus in this area of uncertainty
for both practical and theoretical reasons.

Sequential treatment may have a theoretical impact on compliance. There is evidence that there is a poor
compliance with hormonal therapy, and this is associated with increased mortality in women with breast
cancer [46-47]. A large retrospective study looking at compliance with hormone therapy found that the
addition of radiation or chemotherapy were both associated with an increased rate of non-compliance with
hormone therapy on univariate analysis [48]. Given that the adverse effects of tamoxifen or Als are worst in
the first three months, the additional of side-effects imparted by radiation may be intolerable to patients and
promote decreased compliance. Therefore, the sequential approach may enhance patient compliance and
warrants further investigation.

There is no evidence that concurrent or sequential tamoxifen or aromatase inhibitors alter treatment
outcomes for patients treated with radiation [19-21, 25-26]. However, these studies may not have the power
to detect a difference, given that the majority of studies are retrospective in nature and, especially in the
case of aromatase inhibitors, may have insufficient follow-up. Further, the retrospective studies were
conducted, in some cases, on patients treated over 30 years ago. These patients were treated with radiation
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techniques and chemotherapy regimes that are not currently used for our current patients. As such, the
results may not be directly applicable to patients treated with modern techniques. However, this should have
improved the ability to detect a difference as failure rates would have been higher and the impact of small
changes in treatments, such as sequencing of therapy, would be more noticeable. Ideally, large randomized
trials with the power to detect potential differences in the timing of radiation and endocrine therapy would
be beneficial. Currently, there is an effort to address this question in the CONSET trial (NCT00896155), a
large randomized trial ongoing in India opened in 2009 [44].

No significant differences in clinically adverse outcomes were observed in the studies that looked at the
timing of hormonal therapy with radiation [19-20, 24-26]. While differences were detected in studies that
addressed the question of breast fibrosis [27-33] or lung fibrosis [36-38] with or without radiation, these
studies were not designed to detect clinically important outcomes. Further, the majority of fibrosis was low-
grade and did not lead to a change in cosmetic outcomes, cardiac events, or symptomatic lung disease.
Therefore, while there may be a signal for increases in fibrosis with tamoxifen and radiation, the clinical
significance of this is uncertain. This further underscores the lack of randomized data with significant
follow-up to measure adverse events associated with modern techniques and treatment modalities. As the
sample size required to detect this difference is likely to be very large, we may have to rely on literature
reviews and consensus opinions. Support for further long-term follow-up of existing studies and reliance on
larger database cohorts to monitor for late events that may be associated with treatment are an important
means to answer this question. In the situation of potentially small differences in outcome, population-
based studies can be considered more effective to answer questions of safety and efficacy [45].

Conclusions

There is no clear evidence to suggest that either concurrent or sequential hormonal and radiation therapy
results in a change in clinically important outcomes or adverse events. However, there is literature that
suggests that concurrent radiation and hormonal therapy may enhance lung, soft-tissue, and cardiac fibrosis
through increased levels of TGFb. It is conceivable that sequential hormonal therapy and radiotherapy may
avoid these toxicities. Taken together, it is reasonable for patients to complete hormonal therapy and
radiation in a sequential fashion to limit the risk of fibrosis without sacrificing oncologic outcomes.
However, due to the limited nature of the trials, this conclusion must be considered with caution.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: Michael I. Lock declare(s) Advisory board
member from Accuray Incorporated. Michael I. Lock declare(s) a grant and personal fees from 3M Canada.
Michael I. Lock declare(s) a grant and personal fees from AstraZeneca Limited. Michael I. Lock declare(s) a
grant and personal fees from Abbvie Corporation. Other relationships: All authors have declared that there
are no other relationships or activities that could appear to have influenced the submitted work.

References

1. Canadian Cancer Society's Advisory Committee on Cancer Statistics: Canadian Cancer Statistics 2015.
Canadian Cancer Society, Toronto, ON. 2015, http://www.cancer.ca/en/cancer-information/cancer-
101/canadian-cancer-statistics-publication/?region=on.

2. Howlader N, Altekruse SF, Li CI, Chen VW, Clarke CA, Ries LA, Cronin KA: US incidence of breast cancer
subtypes defined by joint hormone receptor and HER2 status. | Natl Cancer Inst. 2014, 106:dju055.
10.1093/jnci/dju055

3. Early Breast Cancer Trialists' Collaborative G, Davies C, Godwin J, Gray R, Clarke M, Cutter D, Darby S,
McGale P, Pan HC, Taylor C, Wang YC, Dowsett M, Ingle ], Peto R: Relevance of breast cancer hormone
receptors and other factors to the efficacy of adjuvant tamoxifen: patient-level meta-analysis of randomised
trials. Lancet. 2011, 378:771-84. 10.1016/S0140-6736(11)60993-8

4. Dowsett M, Cuzick ], Ingle ], Coates A, Forbes J, Bliss ], Buyse M, Baum M, Buzdar A, Colleoni M, Coombes
C, Snowdon C, Gnant M, Jakesz R, Kaufmann M, Boccardo F, Godwin J, Davies C, Peto R: Meta-analysis of
breast cancer outcomes in adjuvant trials of aromatase inhibitors versus tamoxifen. ] Clin Oncol. 2010,
28:509-18. 10.1200/]C0.2009.23.1274

5. Clarke M, Collins R, Darby S, Davies C, Elphinstone P, Evans V, Godwin ], Gray R, Hicks C, James S,
MacKinnon E, McGale P, McHugh T, Peto R, Taylor C, Wang Y, Early Breast Cancer Trialists' Collaborative
Group (EBCTCG): Effects of radiotherapy and of differences in the extent of surgery for early breast cancer
on local recurrence and 15-year survival: an overview of the randomised trials. Lancet. 2005, 366:2087—
2106. 10.1016/S0140-6736(05)67887-7

6. Schmidberger H, Hermann RM, Hess CF, Emons G: Interactions between radiation and endocrine therapy in
breast cancer. Endocr Relat Cancer. 2003, 10:375-88. 10.1677/erc.0.0100375

7. Sinclair WK, Morton RA: X-ray sensitivity during the cell generation cycle of cultured Chinese hamster cells .
Radiat Res. 1966, 29:450-74.

8. Wazer DE, Tercilla OF, Lin PS, Schmidt-Ullrich R: Modulation in the radiosensitivity of MCF-7 human
breast carcinoma cells by 17B-estradiol and tamoxifen. Br ] Radiol. 1989, 62:1079-83. 10.1259/0007-1285-
62-744-1079

2015 Cecchini et al. Cureus 7(10): €364. DOI 10.7759/cureus.364 8 of 10


http://www.cancer.ca/en/cancer-information/cancer-101/canadian-cancer-statistics-publication/?region=on
http://www.cancer.ca/en/cancer-information/cancer-101/canadian-cancer-statistics-publication/?region=on
https://dx.doi.org/10.1093/jnci/dju055
https://dx.doi.org/10.1093/jnci/dju055
https://dx.doi.org/10.1016/S0140-6736(11)60993-8
https://dx.doi.org/10.1016/S0140-6736(11)60993-8
https://dx.doi.org/10.1200/JCO.2009.23.1274
https://dx.doi.org/10.1200/JCO.2009.23.1274
https://dx.doi.org/10.1016/S0140-6736(05)67887-7
https://dx.doi.org/10.1016/S0140-6736(05)67887-7
https://dx.doi.org/10.1677/erc.0.0100375
https://dx.doi.org/10.1677/erc.0.0100375
https://scholar.google.com/scholar?q=intitle:X-ray sensitivity during the cell generation cycle of cultured Chinese hamster cells
https://dx.doi.org/10.1259/0007-1285-62-744-1079
https://dx.doi.org/10.1259/0007-1285-62-744-1079

Cureus

10.

11.

12.

13.

14.

15.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Paulsen GH, Strickert T, Marthinsen AB, Lundgren S: Changes in radiation sensitivity and steroid receptor
content induced by hormonal agents and ionizing radiation in breast cancer cells in vitro. Acta Oncol. 1996,
35:1011-19. 10.3109/02841869609100720

Villalobos M, Becerra D, Nunez MI, Valenzuela MT, Siles E, Olea N, Pedraza V, Ruiz de Almodovar JM:
Radiosensitivity of human breast cancer cell lines of different hormonal responsiveness. Modulatory effects
of oestradiol. Int ] Radiat Biol. 1996, 70:161-69. 10.1080/095530096145157

Zeng Z], Li JH, Zhang Y], Zhao ST: Optimal combination of radiotherapy and endocrine drugs in breast
cancer treatment. Cancer Radiother. 2013, 17:208-14. 10.1016/j.canrad.2013.01.014

Azria D, Larbouret C, Cunat S, Ozsahin M, Gourgou S, Martineau P, Evans DB, Romieu G, Pujol P, Pelegrin A:
Letrozole sensitizes breast cancer cells to ionizing radiation . Breast Cancer Res. 2005, 7:156-63.
10.1186/bcr969

Bese NS, Umay C, Yildirim S, Ilvan S, Dirican A, Salar S, Altug T, Ober A: The effects of tamoxifen on
radiation-induced pulmonary fibrosis in Wistar albino rats: results of an experimental study. Breast. 2006,
15:456-60. 10.1016/j.breast.2005.04.016

Yavas G, Yavas C, Acar H, Toy H, Yuce D, Ata O: Comparison of the effects of aromatase inhibitors and
tamoxifen on radiation-induced lung toxicity: results of an experimental study. Support Care Cancer. 2013,
21:811-17. 10.1007/s00520-012-1584-7

Colletta AA, Wakefield LM, Howell FV, van Roozendaal KE, Danielpour D, Ebbs SR, Sporn MB, Baum M:
Anti-oestrogens induce the secretion of active transforming growth factor beta from human fetal
fibroblasts. Br ] Cancer. 1990, 62:405-9. 10.1038/bjc.1990.307

Anscher MS, Kong FM, Andrews K, Clough R, Marks LB, Bentel G, Jirtle RL: Plasma transforming growth
factor betal as a predictor of radiation pneumonitis. Int ] Radiat Oncol Biol Phys. 1998, 41:1029-35.
10.1016/S0360-3016(98)00154-0

Chen Y, Williams J, Ding I, Hernady E, Liu W, Smudzin T, Finkelstein JN, Rubin P, Okunieff P: Radiation
pneumonitis and early circulatory cytokine markers. Semin Radiat Oncol. 2002, 12:26-33.
10.1053/sra0.2002.31360

Fu XL, Huang H, Bentel G, Clough R, Jirtle RL, Kong FM, Marks LB, Anscher MS: Predicting the risk of
symptomatic radiation-induced lung injury using both the physical and biologic parameters V(30) and
transforming growth factor beta. Int ] Radiat Oncol Biol Phys. 2001, 50:899-908. 10.1016/50360-
3016(01)01524-3

Harris EE, Christensen V], Hwang WT, Fox K, Solin L]: Impact of concurrent versus sequential tamoxifen
with radiation therapy in early-stage breast cancer patients undergoing breast conservation treatment. |
Clin Oncol. 2005, 23:11-16. 10.1200//C0.2005.09.056

Pierce L], Hutchins LF, Green SR, Lew DL, Gralow JR, Livingston RB, Osborne CK, Albain KS: Sequencing of
tamoxifen and radiotherapy after breast-conserving surgery in early-stage breast cancer. | Clin Oncol. 2005,
23:24-29.10.1200/JC0.2005.01.198

Ahn PH, Vu HT, Lannin D, Obedian E, DiGiovanna MP, Burtness B, Haffty BG: Sequence of radiotherapy
with tamoxifen in conservatively managed breast cancer does not affect local relapse rates. J Clin Oncol.
2005, 23:17-23. 10.1200/]C0.2005.09.048

Bentzen SM, Yarnold JR: Sequential or concurrent tamoxifen and radiotherapy: to see or not to see--that is
the question!. ] Clin Oncol. 2005, 23:6266-67. 10.1200/]C0.2005.01.5040

Azria D, Belkacemi Y, Romieu G, Gourgou S, Gutowski M, Zaman K, Moscardo CL, Lemanski C, Coelho M,
Rosenstein B, Fenoglietto P, Crompton NE, Ozsahin M: Concurrent or sequential adjuvant letrozole and
radiotherapy after conservative surgery for early-stage breast cancer (CO-HO-RT): a phase 2 randomised
trial. Lancet Oncol. 2010, 11:258-65. 10.1016/S1470-2045(10)70013-9

Ishitobi M, Komoike Y, Motomura K, Koyama H, Nishiyama K, Inaji H: Retrospective analysis of concurrent
vs. sequential administration of radiotherapy and hormone therapy using aromatase inhibitor for hormone
receptor-positive postmenopausal breast cancer. Anticancer Res. 2009, 29:4791-94.

Ishitobi M, Shiba M, Nakayama T, Motomura K, Koyama H, Nishiyama K, Tamaki Y: Treatment sequence of
aromatase inhibitors and radiotherapy and long-term outcomes of breast cancer patients. Anticancer Res.
2014, 34:4311-14.

Valakh V, Trombetta MG, Werts ED, Labban G, Khalid MK, Kaminsky A, Parda D: Influence of concurrent
anastrozole on acute and late side effects of whole breast radiotherapy. Am J Clin Oncol. 2011, 34:245-48.
10.1097/COC.0b013e3181df4b62

Wazer DE, Morr J, Erban JK, Schmid CH, Ruthazer R, Schmidt-Ullrich RK: The effects of postradiation
treatment with tamoxifen on local control and cosmetic outcome in the conservatively treated breast.
Cancer. 1997, 80:732-40. 10.1002/(SICI)1097-0142(19970815)80:4<732::AID-CNCR12>3.0.CO;2-U

Wazer DE, DiPetrillo T, Schmidt-Ullrich R, Weld L, Smith TJ, Marchant DJ, Robert NJ: Factors influencing
cosmetic outcome and complication risk after conservative surgery and radiotherapy for early-stage breast
carcinoma. ] Clin Oncol. 1992, 10:356-63.

Taylor ME, Perez CA, Halverson KJ, Kuske RR, Philpott GW, Garcia DM, Mortimer JE, Myerson R], Radford D,
Rush C: Factors influencing cosmetic results after conservation therapy for breast cancer . Int ] Radiat Oncol
Biol Phys. 1995, 31:753-64. 10.1016/0360-3016(94)00480-3

Markiewicz DA, Schultz DJ, Haas JA, Harris EE, Fox KR, Glick JH, Solin L]: The effects of sequence and type
of chemotherapy and radiation therapy on cosmesis and complications after breast conservation therapy. Int
] Radiat Oncol Biol Phys. 1996, 35:661-68. 10.1016/0360-3016(96)00171-X

Johansen ], Overgaard ], Overgaard M: Effect of adjuvant systemic treatment on cosmetic outcome and late
normal-tissue reactions after breast conservation. Acta Oncol. 2007, 46:525-33.
10.1080/02841860701291698

Fowble B, Fein DA, Hanlon AL, Eisenberg BL, Hoffman JP, Sigurdson ER, Daly MB, Goldstein L]: The impact
of tamoxifen on breast recurrence, cosmesis, complications, and survival in estrogen receptor-positive
early-stage breast cancer. Int ] Radiat Oncol Biol Phys. 1996, 35:669-77. 10.1016/0360-3016(96)00185-X
Azria D, Gourgou S, Sozzi W], Zouhair A, Mirimanoff RO, Kramar A, Lemanski C, Dubois JB, Romieu G,
Pelegrin A, Ozsahin M: Concomitant use of tamoxifen with radiotherapy enhances subcutaneous breast

2015 Cecchini et al. Cureus 7(10): €364. DOI 10.7759/cureus.364

90of 10


https://dx.doi.org/10.3109/02841869609100720
https://dx.doi.org/10.3109/02841869609100720
https://dx.doi.org/10.1080/095530096145157
https://dx.doi.org/10.1080/095530096145157
https://dx.doi.org/10.1016/j.canrad.2013.01.014
https://dx.doi.org/10.1016/j.canrad.2013.01.014
https://dx.doi.org/10.1186/bcr969
https://dx.doi.org/10.1186/bcr969
https://dx.doi.org/10.1016/j.breast.2005.04.016
https://dx.doi.org/10.1016/j.breast.2005.04.016
https://dx.doi.org/10.1007/s00520-012-1584-7
https://dx.doi.org/10.1007/s00520-012-1584-7
https://dx.doi.org/10.1038/bjc.1990.307
https://dx.doi.org/10.1038/bjc.1990.307
https://dx.doi.org/10.1016/S0360-3016(98)00154-0
https://dx.doi.org/10.1016/S0360-3016(98)00154-0
https://dx.doi.org/10.1053/srao.2002.31360
https://dx.doi.org/10.1053/srao.2002.31360
https://dx.doi.org/10.1016/S0360-3016(01)01524-3
https://dx.doi.org/10.1016/S0360-3016(01)01524-3
https://dx.doi.org/10.1200/JCO.2005.09.056
https://dx.doi.org/10.1200/JCO.2005.09.056
https://dx.doi.org/10.1200/JCO.2005.01.198
https://dx.doi.org/10.1200/JCO.2005.01.198
https://dx.doi.org/10.1200/JCO.2005.09.048
https://dx.doi.org/10.1200/JCO.2005.09.048
https://dx.doi.org/10.1200/JCO.2005.01.5040
https://dx.doi.org/10.1200/JCO.2005.01.5040
https://dx.doi.org/10.1016/S1470-2045(10)70013-9
https://dx.doi.org/10.1016/S1470-2045(10)70013-9
https://scholar.google.com/scholar?q=intitle:Retrospective analysis of concurrent vs. sequential administration of radiotherapy and hormone therapy using aromatase inhibitor for hormone receptor-positive postmenopausal breast cancer
https://scholar.google.com/scholar?q=intitle:Treatment sequence of aromatase inhibitors and radiotherapy and long-term outcomes of breast cancer patients
https://dx.doi.org/10.1097/COC.0b013e3181df4b62
https://dx.doi.org/10.1097/COC.0b013e3181df4b62
https://dx.doi.org/10.1002/(SICI)1097-0142(19970815)80:4<732::AID-CNCR12>3.0.CO;2-U
https://dx.doi.org/10.1002/(SICI)1097-0142(19970815)80:4<732::AID-CNCR12>3.0.CO;2-U
https://scholar.google.com/scholar?q=intitle:Factors influencing cosmetic outcome and complication risk after conservative surgery and radiotherapy for early-stage breast carcinoma
https://dx.doi.org/10.1016/0360-3016(94)00480-3
https://dx.doi.org/10.1016/0360-3016(94)00480-3
https://dx.doi.org/10.1016/0360-3016(96)00171-X
https://dx.doi.org/10.1016/0360-3016(96)00171-X
https://dx.doi.org/10.1080/02841860701291698
https://dx.doi.org/10.1080/02841860701291698
https://dx.doi.org/10.1016/0360-3016(96)00185-X
https://dx.doi.org/10.1016/0360-3016(96)00185-X
https://dx.doi.org/10.1038/sj.bjc.6602146

Cureus

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

fibrosis in hypersensitive patients. Br ] Cancer. 2004, 91:1251-60. 10.1038/sj.bjc.6602146

Voogd AC, Nielsen M, Peterse JL, Blichert-Toft M, Bartelink H, Overgaard M, van Tienhoven G, Andersen
KW, Sylvester R], van Dongen JA, Danish Breast Cancer Cooperative Group. Breast Cancer Cooperative
Group of the European Organization for Research and Treatment of Cancer: Differences in risk factors for
local and distant recurrence after breast-conserving therapy or mastectomy for stage I and II breast cancer:
pooled results of two large European randomized trials. ] Clin Oncol. 2001, 19:1688-97.

Johansen J, Overgaard J, Rose C, Engelholm SA, Gadeberg CC, Kjaer M, Kamby C, Juul-Christensen J,
Blichert-Toft M, Overgaard M, Danish Breast Cancer Cooperative Group (DBCG) and the DBCG Radiotherapy
Committee: Cosmetic outcome and breast morbidity in breast-conserving treatment--results from the
Danish DBCG-82TM national randomized trial in breast cancer. Acta Oncol. 2002, 41:369-80.
10.1080/02841860276016943

Varga Z, Cserhati A, Kelemen G, Boda K, Thurzo L, Kahan Z: Role of systemic therapy in the development of
lung sequelae after conformal radiotherapy in breast cancer patients. Int ] Radiat Oncol Biol Phys. 2011,
80:1109-16. 10.1016/j.ijrobp.2010.03.044

Koc M, Polat P, Suma S: Effects of tamoxifen on pulmonary fibrosis after cobalt-60 radiotherapy in breast
cancer patients. Radiother Oncol. 2002, 64:171-75. 10.1016/S0167-8140(02)00136-6

Bentzen SM, Skoczylas ]JZ, Overgaard M, Overgaard J: Radiotherapy-related lung fibrosis enhanced by
tamoxifen. ] Natl Cancer Inst. 1996, 88:918-22. 10.1093/jnci/88.13.918

Zhao W, Zhao T, Chen Y, Ahokas RA, Sun Y: Oxidative stress mediates cardiac fibrosis by enhancing
transforming growth factor-betal in hypertensive rats. Mol Cell Biochem. 2008, 317:43-50. 10.1007/s11010-
008-9803-8

Benderli Cihan Y, Arsav V: The effects of hormonotherapy administered concurrent radiotherapy and
trastuzumab on cardiac toxicity in rats. Anadolu Kardiyol Derg. 2014, 14:328-33. 10.5152/akd.2014.4736
Bedognetti D, Sertoli MR, Pronzato P, Del Mastro L, Venturini M, Taveggia P, Zanardi E, Siffredi G,
Pastorino S, Queirolo P, Gardin G, Wang E, Monzeglio C, Boccardo F, Bruzzi P: Concurrent vs sequential
adjuvant chemotherapy and hormone therapy in breast cancer: a multicenter randomized phase III trial. |
Natl Cancer Inst. 2011, 103:1529-39. 10.1093/jnci/djr351

Albain KS, Barlow WE, Ravdin PM, Farrar WB, Burton GV, Ketchel SJ, Cobau CD, Levine EG, Ingle JN,
Pritchard KI, Lichter AS, Schneider DJ, Abeloff MD, Henderson IC, Muss HB, Green SJ, Lew D, Livingston RB,
Martino S, Osborne CK, Breast Cancer Intergroup of North America: Adjuvant chemotherapy and timing of
tamoxifen in postmenopausal patients with endocrine-responsive, node-positive breast cancer: a phase 3,
open-label, randomised controlled trial. Lancet. 2009, 374:2055-63. 10.1016/50140-6736(09)61523-3
Watanabe N, Ootawa Y, Kodama K, Kaide A, Ootsuka N, Matsuoka J: Concurrent administration of chemo-
endocrine therapy for postmenopausal breast cancer patients. Breast Cancer. 2010, 17:247-53.
10.1007/s12282-009-0144-6

Munshi A, Gupta D: Concurrent versus sequential radiotherapy and tamoxifen in breast cancer - The
CONSET trial is launched. Acta Oncol. 2011, 50:154-55. 10.3109/0284186X.2010.504228

Booth CM, Tannock IF: Evaluation of treatment benefit: randomized controlled trials and population-based
observational research. J Clin Oncol. 2013, 31:3298-99. 10.1200/]C0.2013.51.5023

Hershman DL, Shao T, Kushi LH, Buono D, Tsai WY, Fehrenbacher L, Kwan M, Gomez SL, Neugut Al: Early
discontinuation and non-adherence to adjuvant hormonal therapy are associated with increased mortality
in women with breast cancer. Breast Cancer Res Treat. 2011, 126:529-37. 10.1007/s10549-010-1132-4
Hsieh KP, Chen LC, Cheung KL, Chang CS, Yang YH: Interruption and non-adherence to long-term adjuvant
hormone therapy is associated with adverse survival outcome of breast cancer women--an Asian
population-based study. PLoS One. 2014, 9:e87027. 10.1371/journal.pone.0087027

Brito C, Portela MC, de Vasconcellos MT: Adherence to hormone therapy among women with breast cancer .
BMC Cancer. 2014, 14:397. 10.1186/1471-2407-14-397

2015 Cecchini et al. Cureus 7(10): €364. DOI 10.7759/cureus.364

10 of 10


https://dx.doi.org/10.1038/sj.bjc.6602146
https://scholar.google.com/scholar?q=intitle:Differences in risk factors for local and distant recurrence after breast-conserving therapy or mastectomy for stage I and II breast cancer%3A pooled results of two large European randomized trials
https://dx.doi.org/10.1080/02841860276016943
https://dx.doi.org/10.1080/02841860276016943
https://dx.doi.org/10.1016/j.ijrobp.2010.03.044
https://dx.doi.org/10.1016/j.ijrobp.2010.03.044
https://dx.doi.org/10.1016/S0167-8140(02)00136-6
https://dx.doi.org/10.1016/S0167-8140(02)00136-6
https://dx.doi.org/10.1093/jnci/88.13.918
https://dx.doi.org/10.1093/jnci/88.13.918
https://dx.doi.org/10.1007/s11010-008-9803-8
https://dx.doi.org/10.1007/s11010-008-9803-8
https://dx.doi.org/10.5152/akd.2014.4736 
https://dx.doi.org/10.5152/akd.2014.4736 
https://dx.doi.org/10.1093/jnci/djr351
https://dx.doi.org/10.1093/jnci/djr351
https://dx.doi.org/10.1016/S0140-6736(09)61523-3
https://dx.doi.org/10.1016/S0140-6736(09)61523-3
https://dx.doi.org/10.1007/s12282-009-0144-6
https://dx.doi.org/10.1007/s12282-009-0144-6
https://dx.doi.org/10.3109/0284186X.2010.504228
https://dx.doi.org/10.3109/0284186X.2010.504228
https://dx.doi.org/10.1200/JCO.2013.51.5023
https://dx.doi.org/10.1200/JCO.2013.51.5023
https://dx.doi.org/10.1007/s10549-010-1132-4
https://dx.doi.org/10.1007/s10549-010-1132-4
https://dx.doi.org/10.1371/journal.pone.0087027
https://dx.doi.org/10.1371/journal.pone.0087027
https://dx.doi.org/10.1186/1471-2407-14-397
https://dx.doi.org/10.1186/1471-2407-14-397

	Concurrent or Sequential Hormonal and Radiation Therapy in Breast Cancer: A Literature Review
	Abstract
	Introduction And Background
	Review
	Methods
	Tamoxifen and the timing of radiation
	TABLE 1: Overview of studies comparing concurrent versus sequential tamoxifen and radiation in breast cancer.

	Aromatase inhibitors and the timing of radiation
	TABLE 2: Overview of studies comparing concurrent versus sequential aromatase inhibitors and radiation in breast cancer

	Breast and lung fibrosis
	TABLE 3: Overview of studies outlining breast fibrosis with adjuvant radiation and hormonal therapy
	TABLE 4: Overview of studies outlining lung fibrosis with adjuvant radiation and hormonal therapy

	Discussion

	Conclusions
	Additional Information
	Disclosures

	References


