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Objective: This review highlights the considerations of the radiation oncologist when managing patients
with inflammatory breast cancer (IBC) as well as the radiation oncologist’s role as a member of the multi-
disciplinary team.

Background: IBC makes up only 1-4% of all breast cancer diagnoses but incidence is increasing. IBC
is diagnosed based on a constellation of clinical features, including the rapid onset of breast erythema and
edema (peau d’orange) of one-third or more of the skin of the breast and with a palpable border to the
edema. Most published IBC local-regional control rates are consistently lower than those observed in non-
IBC, which the highlights the need for deliberate treatment techniques to maximize clinical outcomes.
Methods: For this narrative review, we discuss the principles of radiation target delineation and dose
escalation; highlight new findings in the local-regional management of IBC; provide a critical evaluation of
the recent literature evaluating local-regional treatment of IBC; and offer a brief introduction to possible
future directions regarding the optimal treatment and management of IBC based on our institutional
experience.

Conclusions: IBC is an aggressive type of breast cancer that warrants multi-disciplinary care from breast
surgical, medical, and radiation oncology. Several strategies exist to enhance the effect of radiation therapy
(RT) on local-regional control, including hyperfractionation, use of bolus, increased total RT dose, and
radiosensitizers, which are currently being tested in randomized trials. With an individualized patient

approach, local-regional control rates are improving for IBC.
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Introduction

The diagnosis of inflammatory breast cancer (IBC)
comprises a small subset of all breast cancers in the United
States yet accounts for up to 10% of breast cancer mortality.
Key clinical outcome measures, such as overall survival (OS),
are significantly worse for IBC compared to non-IBC (1).
Additionally, the incidence of IBC is increasing. According
to the Surveillance, Epidemiology and End Results Program
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(SEER) and North American Association of Central Cancer
Registries, the incidence of IBC has more than doubled
over the past 30 years, an increase which is greater than that
of non-IBC (2). Despite the increased incidence, OS has
changed only slightly over the same period. This has been
primarily attributable to advances in systemic chemotherapy
since local-regional control (LRC) rates have remained

relatively constant (3).
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The increasing IBC incidence without improvement
in OS highlights the need for deliberate treatment
techniques to maximize clinical outcomes for patients with
IBC. In this narrative review, we aim to describe modern
treatment techniques based on our institution’s experience
as well as the literature over the past 20 years. We discuss
the principles of radiation target delineation and dose
escalation; highlight new findings in the local-regional
management of IBC; provide a critical evaluation of the
recent literature evaluating local-regional treatment of IBC;
and offer a brief introduction to possible future directions
regarding the optimal treatment and management of IBC.
We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/cco-21-153).

Multi-disciplinary approach to IBC aids radiation
oncology decisions

As part of the multi-disciplinary approach to IBC in a high-
volume breast cancer specialty clinic, it is value added to
prioritize the involvement of breast surgical, medical, and
radiation oncology at the time of diagnosis. Documentation
of the skin involvement using medical photography and
careful documentation of the extent of disease on physical
exam prior to neoadjuvant chemotherapy is critical
to determine the extent of upfront skin involvement.
Specifically, it is important for the radiation oncologist to
visually inspect the extent of skin disease, including any
extension beyond the breast mound at the time of diagnosis,
as it will often guide surgical and radiation planning to ensure
that all erythema has adequate RT field and dose coverage.

The use of cross-sectional imaging, such as PET/CT
and MRI, at diagnosis is also helpful in establishing eventual
radiation therapy (RT) field borders and ensuring adequate
dose coverage to initially involved nodal areas (4). In IBC
patients, PET-CT, MRI, or CT of the chest and neck often
demonstrate involved level III and supraclavicular nodes
that are deep compared to standard breast cancer RT dose
distributions. In addition, diagnostic imaging reports often
do not adequately convey all information relevant to RT
planning. Thus, personal review of these pre-chemotherapy
films is critical. All patients with N3c disease noted on chest
CT should have a cross-sectional imaging through the neck
(neck CT or PET/CT) to localize all pre-chemotherapy
disease after surgery.

While uncommon in non-IBC patients, involvement
of contralateral lymph node basins is more likely in IBC
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due to the aggressive nature of the disease and extensive
remodeling of the lymphatics, which merits bilateral nodal
imaging in these patients even when the contralateral breast
is negative by imaging.

Tri-modality therapy including radiotherapy
improves outcomes

In a National Cancer Data Base (NCDB) study of non-
metastatic patients with IBC, the 10-year survival rate was
highest for patients who received tri-modality therapy
(37.2%) compared to surgery alone (16.5%) or dual
modality therapy with surgery/chemotherapy (28.5%) or
surgery/radiation (23.5%) (5). As a result, one may conclude
that RT as a component of tri-modality care plays a key role
in optimizing oncologic outcomes. Therefore, maximizing
and personalizing the use of aggressive local therapy,
which may include accelerated RT dose delivery (called
hyperfractionation), use of bolus (tissue equivalent material
to increase RT skin dose), and/or total RT dose escalation,
are likely needed to improve local-regional control (LRC)
rates in this population (6-8). Retrospective data examining
non-IBC breast cancer patients treated with a contemporary
regimen of neoadjuvant chemotherapy, modified radical
mastectomy, and adjuvant RT demonstrated a 5-year
LRC rate of 97%, much higher than what is observed in
IBC patients (9). According to a recent review examining
single institution experiences, similarly staged IBC
patient populations had 5-year LRC rates ranging from
73% to 92% (10). These studies prompt the use of more
aggressive RT or systemic therapy regimens. For example,
there is a currently accruing randomized trial among IBC
patients comparing standard dose and fractionation post-
mastectomy RT plus or minus a PARP inhibitor based on
pre-clinical work suggesting radiosensitivity in IBC.

Although the total number of patients is small, some
evidence has recently been presented suggesting that
the use of hyperthermia in IBC may be beneficial. A
Russian Federation study, presented in abstract form only,
evaluating 14 IBC patients, combining chemotherapy
with hyperthermia resulted in an 86% objective response
rate (11). Only 1 local recurrence was seen in this group
of patients with median OS of 50 months and median
metastasis-free survival of 30 months.

Aggressive radiation therapy regimens

A large retrospective study from the University of Texas MD
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Table 1 Five- and 10-year rates of DEFS and OS in patients with inflammatory breast cancer treated with conventional radiation therapy [60 Gy
delivered once-daily (qd)] vs. dose-escalated radiation therapy [66 Gy delivered twice-daily (bid)]

Dose/fractionation 5-year DFS (%) 10-year DFS (%) 5-year OS (%) 10-year OS (%)

60 Gy qd 32 28 40 33
66 Gy bid 38.7 34.7 46.3 36.5

Adapted from: Liao et al. (13). DFS, disease-free survival; OS, overall survival.

Table 2 Relationship between dose and LRC in IBC

Center Dose 5-year LRC Era Notes

MDACC  60-66 Gy, prn bolus (66 Gy bid) 91% 1977-2004, N=125" 66 Gy improved LRC for age <45 years old, positive

margins, and poor chemotherapy response

Cleveland 45-66 Gy, bolus NS 83% 2000-2009, N=104 11/13 patients received bid

>60.4 Gy 100%
Florida 42-60 Gy, qd bolus 78% 1982-2001, N=61 =60 Gy, MVA P=0.06
MSKCC 50 Gy, qd bolus® 87% 1995-2006, N=107 100% local control using 60 Gy
Mayo 60-66 Gy, gd bolus 81% 2000-2010, N=49  Pathologic complete response associated with better LRC
Penn 46-60 Gy, qd bolus 88% 1986-2006, N=19°  Only patients with dermal lymphatic invasion had LRR
BCCA 42.4 Gy, bolus NS* 63% 1980-2000, N=148 Pathologic complete response associated with better LRC

Adapted from: Woodward et al. (15). %, LRR for patients with negative margins; °, LRR for IBC patients with dermal lymphatic invasion; °,
11 patients received a boost to 60 Gy, 11 did not complete the prescribed treatment; ¢, 80% received this dose. 20% received standard
fractionation. prn bolus, bolus as needed; bolus NS, bolus not specified; bid, treatment twice daily; MVA, multivariable analysis; LRR,

local-regional recurrence; IBC, inflammatory breast cancer; LRC, local-regional control.

Anderson Cancer Center showed increased LRC compared
to historical standards using utilizing hyperfractionated and
dose-escalated RT regimens (12). Specifically, the routine
use of dose-escalated RT to 66 Gy delivered twice-daily
(BID) for the treatment of IBC improved rates of disease-
free survival and OS (7able 1). Age younger than 45 years
old, incomplete response to chemotherapy (either residual
breast or nodal disease), and inadequate surgical margins
were identified as high-risk factors for local recurrence in
this study and, moving forward after this publication, were
used to de-escalate radiation in IBC patients without these
features (6). The twice daily regimen consists of 51 Gy to
the chest wall and draining lymphatic regions, including
the axillary levels I-III, supraclavicular, and internal
mammary nodes, and a sequential 15 Gy boost to all areas
of skin involved at diagnosis and to areas with evidence of
surgical change. The entire treatment is given at a dose of
1.5 Gy per fraction, delivered BID. A more recent report
of outcomes after de-escalation of RT reserving the BID
regimen for patients under 45 years old or with residual
disease after chemotherapy was associated with outstanding
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3-year local control: 95% among the higher risk BID
patients and 100% among the patients treated with the daily
RT regimen (14).

These institutional studies demonstrating improved LRC
with RT hyperfractionation, bolus, or RT dose escalation are
corroborated by other published contemporary literature.
Investigators from Cleveland Clinic report a 100%
S-year LRC rate in patients receiving more than 60.4 Gy
compared to 83% in those receiving 60.4 Gy or less (8).
A more recent study from Mayo Clinic, which details
their institutional experience with once-daily RT (qd), has
comparable results, reporting 5-year LRC of 81%. In this
experience, the aggressive use of daily skin bolus substituted for
an increased total RT dose, however it resulted in a 46% rate
of grade 3 radiation dermatitis (15). In another study of 107
patients treated with a moderate RT dose (median 50.4 Gy)
along with daily skin bolus, the 5-year LRC rate was 87%.
However, patients who received a total RT dose of >60 Gy
had a 100% LRC at 5 years (7). Among these recent studies
(Table 2), RT hyperfractionation, bolus, and/or increased
total RT dose play important roles in local control and
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that one of these strategies is warranted in all cases. In
conclusion, IBC is an aggressive disease and therefore
requires aggressive RT regimens involving the described
strategies (16).

Treatment volumes

Skin involvement is the hallmark of IBC; thus, it is an
important therapeutic target. As previously mentioned,
medical photographs and diagnostic images prior to
beginning systemic therapy are critical in establishing the
extent of disease at the outset, which should be used to
guide RT target delineation. An adequate, homogeneous
skin RT dose to all affected areas and margin is needed for
successful outcomes. Furthermore, radiation oncologists
should plan and match 3-D conformal RT fields such
that no gaps exist on the skin. The overlapping of 3-D
conformal field borders by 2-3 mm in areas where the
skin was involved is one approach to avoid this issue and
is generally associated with minimal toxicity. Volumetric
modulated arc therapy (VMAT) and intensity modulated
radiation therapy (IMRT) can also ensure homogenous skin
dose if the trade-offs of larger integral doses are warranted.
To ensure adequate skin dose coverage, bolus should be
considered to bring the full RT dose to the skin surface.
Use of bolus can be individualized to the patient’s extent of
skin disease, the expected skin dose from the plan, and the
acute effects experienced during RT. With adequate bolus,
all patients should achieve an evident, evolving skin reaction
by the first half of treatment.

Standard RT fields and/or contours for IBC should
include generous margins on the initially involved skin,
especially in the inferior and medial directions. The margin
on the medial edge of the mastectomy scar tends to be
smaller than the margins seen throughout the rest of the
field in order to limit dose to the contralateral breast or
chest wall. In fact, in one study of IBC patients treated
with post-mastectomy RT, 3 of 5 local failures were at the
medial edge of the scar (17). A contouring rule of thumb
is to place a minimum 3 cm margin around the scar as
a guide to ensure adequate margins are included in the
chest wall target volume. It is also worthwhile to cover
the primary chest wall and axillary lymph node drain sites
in the primary field with an accompanied 1 cm margin to
ensure they are fully covered. Tumor involvement of the
dermal lymphatics and post-operative changes may promote
aberrant lymphatic drainage making the failure pattern of
IBC somewhat unpredictable. Patients with IBC can have
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extension of disease via skin and dermal lymphatics from
the breast mound to the ipsilateral upper abdomen and
axillary midline (Figure 14,1B). In treatment of IBC, the
contours and fields should therefore include the skin of the
upper abdomen and lateral breast to at least the mid axillary
line. In addition, to allow full margin on the scar at midline,
it is reasonable to encroach upon or include a portion of the
contralateral breast when needed (Figure 1C). Importantly,
the morbidity of local progression to carcinoma en cuirasse
in IBC provides a justification for the use of large RT fields.

Because of the propensity of IBC to involve skin, dermal
lymphatics, and all regional nodal stations, the standard
post-mastectomy RT volumes endorsed by the NCCN
guidelines include the chest wall, axillary levels I-III,
supraclavicular nodes, and internal mammary nodes (18).
A generous chest wall boost is warranted to include all
areas of skin initially involved at diagnosis as well as areas
where surgical change is evident. Additionally, a 10-15 Gy
RT boost to initially involved N3 disease (which are not
excised) is required to ensure adequate treatment of this
volume. Again, it is critical to review or fuse upfront cross-
sectional imaging through the neck in N3 patients and to
target all initially gross disease with margins in primary and
boost RT fields. The RADCOMP breast atlas designed for
a randomized trial incorporating protons is an excellent
IBC contouring atlas because it includes the posterior neck
nodes and the internal mammary vessel path from the
internal mammary nodal spaces superiorly into the sub-
clavicular space (19). These are areas that can be involved
in IBC that typically will not get adequate dose without
deliberate contouring.

Management of metastatic IBC

Up to 30% of patients with IBC present with metastatic
disease (1). Historically, patients with metastatic disease
have been treated with systemic therapy alone given the
dismal survival rates. However, current hypotheses suggest
that local therapy, such as surgery or RT, may be beneficial
to improve OS in patients with M1 IBC. Recent SEER
database analysis reported a 2-year OS of 39% in patients
with M1 IBC (2). We believe that some M1 disease may
represent lymphatic spread without hematogenous spread,
and thus may be amenable to aggressive local therapy to
achieve durable “no evidence of disease” (NED) status. In
addition, unusual presentation of skin metastases can often
be treated with individualized RT with the goal of durable
NED status.
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Figure 1 Evidence of progression within the skin of the contralateral abdomen, breast, and infraclavicular area (A). Relationship of

inappropriately small RT fields to observed tumor spread into the skin of the abdomen (B). Standard radiation therapy fields for IBC include

generous inferior and medial margin which should include the skin of the abdomen and encroach upon or include the contralateral breast (C).

First, it is important to note that IBC may spread to the
contralateral nodal basin. In one study, PET-CT imaging
data from 177 patients with IBC demonstrated that 27% of
patients had disease in the contralateral nodal basins, and
13 (7.3%) had isolated contralateral disease without other
distant metastases. Local control of the contralateral nodal
basin(s) was achieved in all 13 patients with either definitive
or adjuvant RT (20). Our practice has been to resect these
nodes and irradiate the contralateral supraclavicular fossa
in these patients. A more recent and larger study evaluated
this practice looking at 588 IBC patients independent of
imaging modality (21). These authors reported that 8.3%
of IBC patients had synchronous contralateral metastases at
the time of diagnosis, and outcomes were not significantly
different for those in whom this was the only site of
metastatic disease as compared to stage III patients. This
suggests that definitive treatment of bilateral disease in
patients with known, limited contralateral nodal metastases
may have some benefit.

Considering both oligo and polymetastatic presentations,
while two randomized trials excluding IBC failed to show a
survival benefit to extirpation of the primary breast lesion in
metastatic disease, the severe morbidity of local failures in
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IBC merits serious consideration of local therapy like that
offered to MO patients. Further, although potentially limited
by selection bias, a recent single institution study reported
that surgery plus RT was associated with a statistically
significant OS benefit compared to either treatment alone in
metastatic IBC patients (22). Additionally, local control was
four times more likely (HR 0.25 for recurrence) in patients
receiving surgery compared to patients who received
chemotherapy alone. Similarly, significant differences in
local failure (17% with versus 57% without local therapy)
were observed in a separate single institution study of
metastatic IBC patients (23). These findings highlight
the value of surgery and RT for local control alone in this
population as long as the patient’s metastatic disease is
controlled, thus allowing for the patient to temporarily stop
systemic therapy for the duration of local therapy, and if the
patient’s life expectancy is long enough to benefit from local
control.

Mechanisms of radiation resistance

Several authors have suggested that radiation resistance is
a function of persistent stem-like cancer cells in aggressive
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cancers after radiation exposure (24-26). Van Laere et al.
have convincingly demonstrated an enrichment of
mammary- or breast cancer-related stem cell signatures in
IBC patients following RT receipt (27). Of many purported
breast cancer stem cell survival pathways, mevalonate,
which is activated in basal breast cancer stem cells, has
recently been demonstrated to play an important role
in radiation resistance in IBC (28). Specifically, Lacerda
et al. demonstrated that simvastatin radiosensitizes
mammosphere-initiating cells (MICs) of IBC cell lines
but radioprotects MICs of non-IBC cell lines. In a
retrospective clinical study of 519 IBC patients treated
with post-mastectomy radiation, actuarial 3-year local
recurrence-free survival (LRFS) was higher among statin
users and, on multivariate analysis, statin use was shown
to be independently associated with a higher LRFS (29).
These data are intriguing and warrant further investigation
particularly considering the findings by Martin and Van
Golen demonstrating disparate cholesterol uptake and
storage in IBC vs. non-IBC cells (30).

Conclusions

IBC is an aggressive type of breast cancer that warrants
multi-disciplinary care from breast surgical, medical, and
radiation oncology. Following neoadjuvant chemotherapy
and modified radical mastectomy, adjuvant radiation
therapy to the chest wall, as well as to the axillary, internal
mammary, infraclavicular, and supraclavicular nodal basins
using the RADCOMP atlas contours, is recommended to
improve local-regional control rates. Careful RT planning
and delivery is necessary to ensure adequate dose and
coverage to the at-risk areas of disease, specifically to
the upfront skin involvement and any grossly involved
regional lymph nodes. Several strategies exist to enhance
the effect of RT on local-regional control, including
hyperfractionation, use of bolus, increased total RT dose,
and radiosensitizers, which are currently being tested in
randomized trials. Additionally, generous RT field sizes and
contours are justified to decrease the risk of recurrence.
With a personalized approach incorporating wide surgical
excision of involved skin and dose escalation in higher risk
patients, local-regional control rates are improving for IBC.
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