ABSTRACT
Radiation induced sarcomas (RIS) are rare, aggressive malignancies. Breast cancer
survivors treated with radiation therapy constitute a large fraction of patients with RIS.
We performed a systematic review of the published English literature in an effort to
evaluate evidenced based practices for the treatment of RIS. Our systematic review
identified 115 original articles available for analysis. Using the hierarchal levels of
evidence, we classified these articles based on their levels of scientific evidence. This review
critically evaluates the current published literature on the treatment of RIS in an effort to
establish evidenced based practices for this rare disease.

Introduction

Radiation therapy is an important modality for the treatment of primary breast cancer.
Radiation-induced sarcomas (RIS), a rare iatrogenic malignancy, can occur after breast cancer
treated with radiation and typically confer poor outcomes. For patients receiving radiotherapy for
the treatment of breast cancer, the cumulative incidence of a malignant sarcoma was 3.2 per
1000 at 15 years compared to 2.3 per 1000 for patients not receiving radiotherapy[1]. With
relatively few reported cases, radiation induced sarcomas (RIS) have a low occurrence rate
ranging from about 0.03%- 0.2% over a 10 year period [2-7]. A study by Penel et al found that
RIS comprise approximately 3% of all soft tissue sarcomas [8]. The first reported case occurred
early in the 1920’s, yet little is known about the molecular biology of this rare disease;
consequently, no targeted therapy is available for RIS. A second primary malignancy typically
recurs 10 years after the first malignancy and in some cases, the latency period can be as long as
20 years [9-11].However, there have been many RIS with a much shorter latent period [12].
Radiation induced cutaneous angiosarcomas typically have shorter latent periods than other types
of RIS of the breast [13, 14].
Establishing an accurate diagnosis of RIS is critical before embarking on clinical
treatment. Cahan et al suggests that to be classified as a RIS, (1) there must be evidence of an
initial malignant tumor of a different kind other than the present sarcoma, (2) development of a
second tumor, the sarcoma, in the irradiated field, (3), a prolonged latent period (typically > 4
years), and (4) histological evidence of a sarcoma [15-17].
We present a review of the literature classifying articles based on a hierarchal level of
evidence [18] that addresses best available data for specific clinical questions. This review

critically evaluates the medical literature regarding the management of radiation induced
sarcomas (RIS) of the breast.
Methods
Articles were obtained using a PubMed search with the keywords radiation induced
sarcoma of the breast, radiation induced angiosarcoma of the breast, second primary
malignancy of the breast, angiosarcoma and breast, and radiotherapy angiosarcoma of the
breast. The search provided articles specific to RIS of the breast many of which were articles
ranging from the years 1970 to 2010. Further articles were obtained by searching references
found within these articles. A total of 115 references were analyzed in preparation for this
review. Review articles that did not include original research were excluded from our search.
Furthermore, included were articles dealing with clinical trials and retrospective cohort series or
case reports of radiation induced soft tissue sarcomas. Excluded were studies exclusively of
sarcomas of the bone; papers not specifically related to breast cancer were not included.
What is the effect of radiation therapy dose for risk of primary breast cancer on RIS?
Due to the rarity of this particular malignancy, risk factors for the development of RIS are
difficult to elucidate. However, with increased survival rates for primary breast cancer patients,
the incidence of RIS is increasing. Studies have revealed that breast cancer and non- Hodgkin
lymphoma are the most common previous cancers leading to RIS [8, 19]. A study by Cozen et al
found a significantly increased risk of developing an angiosarcoma for patients who have
previously been diagnosed with breast cancer compared to those who have not [11]. Previous
radiation has been considered an etiological factor for RIS since the first few cases were
introduced [5, 20-23]. A study reported that breast cancer patients have a 5 fold increased risk of
developing an angiosarcoma compared to a population without breast cancer [24]. A Slovenian

study revealed that breast cancer patients have a 33% higher risk of developing a second cancer
than the rest of the population [25]. Radiation therapy as well as chemotherapy for breast cancer
patients is believed to have increased the risk for RIS [26].
A dose-response effect was found between the amount of radiation received for treatment
of breast cancer and the risk of developing a soft tissue sarcoma. However, a reduction in the
amount of radiation was not found to reduce the risk of sarcomas, simply that women receiving
radiation had a much higher risk of developing RIS than women only receiving surgical excision
as their primary treatment for breast cancer [27, 28]. Karlsson et al reported that there is a direct
dose relationship between radiation energy and risk of sarcoma up to a dosage of 150-200 Joules
(J); after that point, the relationship was unclear [29]. However, a dose of 10 Gray (Gy) has
typically been reported as a minimum total dose to induce RIS [30]. A study reported by Clarke
et al revealed that women receiving radiation therapy had a 20% higher risk of developing a
second primary malignancy compared to those women not receiving radiation therapy for
treatment of primary breast cancer [31]. However, through years of study, the risk of developing
a RIS is small compared to the overall potential for benefit for radiation therapy for treatment of
a primary breast cancer [1, 32]. The levels of evidence for this data ranged from 3-5c; there were
no prospective randomized trials on radiation risk.
What are other possible etiological causes of RIS of the breast?
Cases have been reported in which treatment for infiltrating ductal carcinoma has been
followed by RIS [33]. It has also been suggested that there may a genetic etiology for RIS due to
a BRCA-1 mutation causing increased sensitivity to radiation [34]. Other noted factors may be
hereditary diseases such as Li –Fraumeni, the site of radiation from the initial tumor, and
concomitant chemotherapy with alkylating agents which may increase the risk of developing a

secondary tumor [35]. On the contrary, a randomized study by Valagussa et al found that patients
receiving chemotherapy for treatment of primary breast cancer did not have a higher risk of
developing a second malignancy [37].
How do RIS of the breast compare to primary sarcomas of the breast?
When comparing RIS to primary sarcomas of the breast, both have a low incidence rate
of less than 1%. In addition, RIS have a similar clinical presentation to primary sarcomas of the
breast. Typically, a primary sarcoma presents itself as a large, firm mass within the breast
without a prior history of breast cancer. However, RIS are slightly more difficult to identify by
physical examination due to postradiotherapy changes [38]. Both types have a wide
histopathologic subtype variety but the most frequently reported types of sarcomas are
leiomyosarcomas, fibrous histiocytomas, liposarcomas, fibrosarcomas, and angiosarcomas (the
most common histologic subtype of RIS) [29, 39, 40]. Primary and secondary sarcomas of the
breast appear identical histologically [3, 20] Most importantly, the imaging of primary sarcomas
appears similar to those of RIS, making diagnosis difficult [41]. Figure 3 provides the histology
of a radiation induced spindle cell sarcoma of the breast. The most common location for a RIS
was on the chest wall [8].
A study revealed that radiation associated sarcomas have a much lower disease free
survival rate than sporadic soft tissue sarcomas. In addition, there is much more concern about
toxicity when dealing with treatment of RIS because of previous adjuvant therapy and/or
previous surgery [42]. There is an increased risk for complications in these patients; therefore,
there are fewer treatment options since the patient has already received the maximum safe dose
of radiation therapy.

When looking at angiosarcomas, a variant of RIS [43], radiation induced angiosarcomas
typically appear in cutaneous areas whereas sporadic angiosarcomas arise in the parenchyma
[44]. Secondary angiosarcomas are more difficult to identify clinically because they present as
skin thickening and discoloration therefore causing a delay in diagnosis [45, 46]. In addition,
radiation induced angiosarcomas have a differential diagnosis including inflammatory breast
carcinoma, erythema, edema of the breast or possibly mammary oedema, fibrous histiocytoma,
or possibly an infectious etiology [44, 47-49]. The most common radiation induced
angiosarcoma has been found to be haemangiosarcoma [11].The articles distinguishing RIS from
primary sarcomas were classified as 3-5c.
A study by Kondeur et al portrayed the significance of KIT expression in RIS, expressing
the possibility of a KIT inhibitor for treating RIS. Spontaneous sarcomas were not shown to
express KIT as frequently as RIS, providing a distinguishing factor for RIS [73].
How are RIS of the breast clinically detected and diagnosed?
In cases of radiation induced angiosarcomas, skin changes are prevalent and can be
highly indicative of disease. These changes appear as skin discoloration ranging from red to
purple, elevated skin, and skin thickening [6, 14, 30, 44, 50-56]. Therefore, when performing a
skin biopsy, the specimen should be taken from the darkest and most infiltrated area [57]. There
may also be some evidence of bruising of the skin [58]. Moore et al suggested comparing all
follow-up mammograms instead of the most recent one. In addition, this study noted the
importance of paying close attention to images of the quadrant of the breast where skin changes
have been noted by the patient [51]. RIS can be distinguished from Stewart-Treves syndrome, a
swelling of the arm after radical mastectomy for breast cancer, by the occurrence of
angiosarcoma in patients with lymphedematous extremities after radical mastectomy [59].

RIS can be identified using a fine needle aspiration (FNA) in rare cases. However, it is
difficult to distinguish from recurrent carcinoma due to small sample volume, morphologic
similarity to carcinoma cells, and paucity of vasoformative areas in the neoplasm [60]. FNA
would not be expected to provide definitive information about histology architecture, rather
would show cellular morphology based on cytological features. In most cases FNA may reveal
inconclusive evidence, therefore, incisional biopsy is the preferred biopsy strategy [45, 47, 52,
61-63]. Importantly, mammograms may reveal false negative results, making MRI and incisional
biopsies even more valuable when diagnosing RIS [64, 65]. Studies have reported that a
mammogram may be negative after skin changes have been noticed [49, 54, 65, 66]. In addition,
in cases of negative results, an excisional biopsy, including skin and subcutaneous tissue is
preferred [6, 14, 55]. Levels of evidence for information regarding biopsies are based on levels
3b and 5c.
Advances in imaging techniques such as Magnetic Resonance Imaging (MRI) along with
three dimensional reconstructions can help provide excellent preoperative planning of the extent
of resection [67, 68]. MRI images have shown to reveal the spread of a tumor and can predict
chest wall involvement [67]. MR imaging can also reveal the extent of the disease to the surgeon
and because of preoperative knowledge, it can help prevent hemorrhagic complications [69].
MRI images of a patient with spindle cell sarcoma are shown in Figure 1.
The histopathologic features of RIS have typically been reported to consist of spindle
shaped tumor cells, hemorrhagic tumor nodules, mitotic figures, and necrosis [33, 63, 70, 71].
Figure 3 provides an example of RIS with spindle cells. The most common sites of metastasis
include the lungs and the lymph nodes [72]. It is important to note that the levels of evidence
used for information on diagnosis came from levels 3-5c; no level 1 studies were found.

What are the survival rates and which prognostic factors are important to consider?
Recent studies have found a 5-year-survival rate of 27%-48% for RIS [4, 74]. Disease
free survival rates were found to be 35% [6]. Skin lesions appear to be an important prognostic
factor for survival rates. For radiation induced angiosarcoma, patients with multiple lesions on
the skin had a 0% two year survival rate whereas patients with a single lesion had a 50% two
year survival rate [2]. Median survival rates have been reported as 23 months for RIS patients
[75].
Tumor size appears to be an important prognostic factor for survival in RIS. Tumors less
than 2 cm had a median survival rate of 80 months while tumors that were larger than 5 cm had a
median survival rate of only 20 months [68]. Blanchard et al reported that patients with a smaller
mean tumor size (3.3 cm) had less local recurrence than patients with a mean larger sarcoma (7.9
cm) [16]. Local recurrence rates have been reported to be high with rates ranging from 50%-68%
[4].
Tumor grade also plays an important role in the prognosis of RIS. De Smet et al reported
that 80% of the secondary sarcomas were high-grade whereas only 40% of primary sarcomas are
high-grade (grade 3). Most other cases of RIS are typically high grade as well [76]. Low grade
tumors have been shown to have better outcomes in terms of disease free survival [75, 76].
Patients with a high grade tumor were also seen to have a high stage of disease and concurrently,
a much lower 5 year survival rate of only of only 18%. While most RIS do consist of high grade
tumors, there are cases where it may also be a low grade RIS [58]. The location of the tumor and
the presence of positive lymph nodes are also significant when diagnosing RIS [35]. Many
studies have noted negative lymph nodes in RIS patients [55, 56, 71, 77], underscoring that

sarcoma does not tend to metastasize via a lymphatic route. On this basis, no nodal evaluation
procedure is recommended for the surgical treatment of RIS.
Brady et al revealed three important factors that have an unfavorable result on tumor
mortality: presentation with metastatic disease, incomplete or no operative resection, and tumor
size of at least 5 cm [78]. Levels of evidence for the data in these articles ranged from 3-5c
which consists of cohort studies, case control studies, or case reports.
What is the optimal surgical treatment for RIS?
Unfortunately, the medical literature lacks certainty about successful treatment options
for RIS. However, certain treatments have been shown to be more effective than others. Many
studies demonstrated that neither chemotherapy nor radiation therapy alone is sufficient in the
treatment of RIS [16, 68, 79, 80]. Therefore, surgery is a crucial treatment factor [81]. The most
appropriate management is wide local excision with negative surgical margins. Various studies
have discussed the importance of negative margins when performing a resection for RIS.
Positive margins were shown to significantly increase the risk of local recurrence [26, 68, 82].
Studies have conveyed that traditionally, 2-4 cm negative margins are necessary for proper
disease clearance [53, 83, 84], although other studies have used 1 cm with successful local
control [66]. An aggressive surgical approach is crucial to decrease the risk of recurrence; one
study suggested that for proper margin control, the surgeon should extirpate one plane beyond
the anatomical plane of known disease [4]. In addition, for tumors that arise in previously
irradiated fields or have extensive disease infiltration, it is important to perform a mastectomy, or
in some cases, an extended radical mastectomy with en bloc chest wall excision[68]. Souba et al
revealed good outcomes with complete excision and a chest wall resection for multiple RIS
patients [85]. Despite low disease free survival for chest wall resections, it is justified based on

low postoperative morbidity and lack of other treatment options [86]. Figure 2 illustrates a
patient with spindle cell sarcoma of the chest wall who required radical surgery due to the extent
of infiltration beyond the breast into the chest wall, necessitating a chest wall resection.
A few studies discussed the importance of a total mastectomy as soon as a diagnosis is
made in all cases of radiation induced angiosarcomas [50, 77, 81, 87, 88]. Colville et al
recommended complete mastectomy with a 5cm margin [89]. Turner et al also excised under the
pectoral muscle and achieved nodal clearance in addition to mastectomy [90]. However, it has
been noted that axillary dissection should be avoided to prevent the potential treatment related
morbidity of lymphedema [68].
Although surgery is the most effective treatment available for RIS, surgery alone has
often proven to be lacking in terms of overall survival and local recurrence rates [68, 91]. The
hierarchal levels of evidence for these studies ranged from 3-5 with most articles being classified
as 5c, case series or case reports. No prospective randomized trials of margin width were
available in the published literature. This underscores the need for a multidisciplinary approach
to the management of RIS so that best clinical judgment may be applied for each case of RIS.
What is the current role of adjuvant/neoadjuvant therapy for treating RIS?
Many studies have revealed poor outcomes in terms of survival and local recurrence rates
when combining surgery with standard adjuvant therapy [26, 78, 79, 92]. Lagrange et al reported
no difference in survival rates between patients treated with surgery versus those treated with
surgery plus chemotherapy [75]. However, other studies have reported that following resection
with widely negative margins, adjuvant therapy may prove to be beneficial. [42, 68, 77, 86, 91,
93, 94]. Barrow et al reported a favorable result for combining chemotherapy with radiation after
surgery [68]. Angiosarcomas have also been shown to respond to the combination of radiation

therapy and surgery [62, 94]. A study by Rosen et al revealed that adjuvant chemotherapy had
beneficial results on disease free survival rates for patients who received adjuvant therapy versus
those who did not. However, this result was only seen with a Type III (high grade) aggressive
angiosarcoma and not with Type I or II (low grade and intermediate grade, respectively) Patients
with a type I tumor who received adjuvant chemotherapy had a 20% recurrence versus 27%
recurrence in those patients not receiving therapy. With Type III tumors, 71% of patients
receiving radiation had recurrence as opposed to 100% of the patients not receiving radiation
treatment. [93].
Kuten et al discussed the value of giving patients CYVADIC (cyclophosphamide,
vincristine, adriamycin, DTIC) therapy. Patients were either given surgery with this combination
chemotherapy or just the chemotherapy alone. Unfortunately, every patient died within 6-36
months from the time of their initial diagnosis leading them to conclude that this regimen is
ineffective [79]. In addition, Brady et al revealed no difference in 5 year survival rates between
patients receiving chemotherapy as part of their treatment and patients not receiving
chemotherapy [78].
However, chemotherapy combining anthracyclins, dacarbazine, and ifosfamide has been
shown to be effective on RIS patients [95]. In addition, Yap et al revealed that chemotherapy
drugs such as methotrexate, 5-FU, and adriamycin combined with DTIC may give a favorable
response for lymphangiosarcoma [96]. Another study reported great sensitivity of radiation
induced angiosarcomas to the chemotherapeutic drug docetaxel [97]. Paclitaxel also showed
improved results with angiosarcomas [98, 99].
With adjuvant therapy, histologic examination of surgical pathology specimens is more
straightforward and the design of postoperative radiation therapy is more common compared to

neoadjuvant radiation therapy. However, post-operative radiation therapy usually results in
greater toxicities [100]. Additionally, it is believed to be less effective on RIS because of fibrotic
changes, resulting in an inadequate blood supply [79].
An article by Quadros et al reports a positive outcome for neoadjuvant therapy followed
by surgery as a more promising way to treat RIS [74]. However, only a single article was
identified in our systematic literature search discussing outcomes of neoadjuvant chemotherapy
on RIS. With neoadjuvant therapy, the tumor burden may be reduced such that surgical excision
is facilitated resulting in potentially less morbidity. However, complications with tissue quality
may result.
With so little data on treatment for RIS, studies on primary sarcomas may be a close
alternative. Okuno et al described the prevalence of the chemotherapy drugs doxorubicin and
ifosfamide in treating advanced sarcomas. A few randomized trials have been performed on
patients with advanced soft tissue sarcomas. Adriamycin has found to give a 25% response rate
which does not differ significantly from epiadriamycin which has an 18% response rate [101].
Additionally, a prospective randomized study by Santoro et al revealed an overall response rate
of 24% to CYVADIC and doxorubicin plus ifosfamide. However, doxorubicin was considered
the standard treatment as this large phase II trial could not confirm superiority of a combination
treatment [102, 103]. Paclitaxel has also shown to be effective when treating advanced sarcomas
[104-106]. . Okuno et al also reviewed new progress and studies on chemotherapy in the
treatment of advanced soft tissue sarcomas [107]. Further studies may ultimately reveal new
agents capable of eliciting a durable response for patients with RIS.
However, the overall role of chemotherapy in addition to surgery remains to be
determined based on future clinical research studies. There is insufficient evidence concluding

whether adjuvant or neoadjuvant therapy provides significant benefits over surgery alone. With
the development of novel chemotherapeutic agents, a combined approach may ultimately
increase the chance of survival for RIS [4, 107, 108]. The role of adjuvant or neoadjuvant
chemotherapy remains ambiguous with most articles possessing only levels 3-5c in our
hierarchal levels of evidence classification. No level 1 or 2 studies were identified.
What is the role of radiation therapy in the treatment of RIS?
The literature also provides data on alternative and experimental options as an attempt to
further treat RIS. A few studies have discussed the attempt at salvage therapy using radiation and
hyperthermia for RIS patients that have provided favorable results [109, 110]. In addition,
Feigenberg et al reported that hyperfractionated radiotherapy has been successful in treating
radiation induced angiosarcomas [94]. A recent study by Palta revealed a similar result by giving
hyperfractionated and accelerated radiation doses to patients with radiation induced
angiosarcomas. An overall survival rate of 86% at 5 years for 14 patients was found with this
new method [111]. Therefore, successful cases of a multi-modal approach are emerging, leading
us to believe that more favorable outcomes are possible with continued research in the treatment
of RIS.
Notably, radiation therapy has less effect on RIS than chemotherapy due to tolerance of
radiation dosage from previous treatment [112, 113]. In addition, radiation therapy for RIS has
been associated with significant side effects [64]. Data in support of using radiation to treat RIS
was based on levels 3-5c in the hierarchal levels of evidence.
Discussion
Radiation induced sarcomas typically appear after a prolonged latency period after the
treatment of breast cancer (usually around 11-14 years after radiation)[4]. While RIS of the

breast has a low occurrence rate, more breast cancer survivors may increase the prevalence of
this disease. Studies have successfully found an association between radiation therapy used to
treat breast cancer and the incidence of RIS [27, 29, 114].
Unfortunately, there is still much controversy as to the optimal management of this rare,
aggressive disease [68, 80]. RIS are treated similarly to primary sarcomas of the breast [38].
Currently, it has been established that surgery is crucial to help eradicate a RIS [26]. An
aggressive resection with widely negative margins is necessary for all non-metastatic patients [4,
68]. In addition, chest wall excision may be required if the tumor infiltrates beyond the breast
into the chest wall [68].
Low survival rates have underscored the need for improved therapy options for the
treatment of RIS. Adverse prognostic factors suggesting the need for adjuvant therapy include
tumor size, grade, and histologic type. In addition, in certain cases, complete resection may not
be possible due to extensive infiltration [26]. Therefore, some cases may warrant the need for
neoadjuvant or adjuvant therapy. Our systematic review highlights the uncertainty of the
effectiveness of adjuvant or neoadjuvant chemotherapy. No prospective randomized controlled
trials of systemic therapy for RIS were identified due to the rarity of this disease. This leads us to
conclude that the decision to consider adjuvant therapy in addition to surgery should be
individualized and a treatment plan should be formed by a dedicated multidisciplinary team.
Clearly, additional research needs to be performed to determine the efficacy of radiation and
chemotherapy in addition to surgery.
With the emergence of a growing number of breast cancer survivors and the
aggressiveness of RIS, it is imperative to improve our understanding of the biology and
treatment of RIS. Proper follow up care is crucial for achieving optimal results. One study

suggested the importance of long term surveillance of skin changes in the irradiated field as these
can often be the site of RIS [115]. Earlier detection may lead to better results allowing complete
surgical resection with negative margins. In addition, there is a lower recurrence rate with small
tumor size [16]. Aggressive radical surgery is crucial with widely negative margins. Lastly,
adjuvant radiation or chemotherapy before or after surgery are options that may yield improved
outcomes and are worthy of investigation via clinical trials or registry studies.
In the absence of randomized clinical trials, it is impossible to identify conclusive
evidence for the optimal management of RIS. Table 1 provides our systematic review of the
medical literature that was analyzed for this paper. Much of the data rely on case reports and
retrospective, single institutional cohort studies which fall low on the hierarchal levels of
evidence, limiting reaching a definitive conclusion on the best practices in the treatment of this
rare, aggressive disease. RIS is a challenging and often lethal malignancy; however, some
progress has been made in recent years that can serve as a solid foundation for future research
studies. Over time, RIS patients may experience better outcomes due to more established
treatment plans. Our systematic review underscores the need for prospective, randomized trials,
registry studies and well designed retrospective cohort studies to guide best clinical management
for RIS.
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Table 1: Levels of Evidence
Level of
Type of Study
Evidence (n= for RIS after
breast cancer)
5c
Radiographic
Review (n=1)
3b
Retrospective
review (n=25)
5c
Case report (n=1)

Chahin

2001

5c

Case report (n=1)

Penel

2008

3a

Prospective cohort
study (n=9)

Pendlebury

1995

5c

Case reports (n=3)

Blanchard

2002

3b

West

2005

3a

Tahir

2006

5c

Moore

2008

5c

Hanasono

2005

5c

Rao

2001

5c

Esler-Brauer

2007

5c

Nakamura

2007

5c

Soldic

2009

5b

Biswas

2009

3b

Mills

2001

5c

Barrow

1999

3b

Retrospective
Review (n=34)
Cohort Study
(n=4, Orange, CA
registry, n= 9
French registry ,n=
21 Dutch registry)
Case report (n=1)
Case report and review of the
literature.
Case reports (n=3) Case report and review of the
literature.
Case report (n=1)
Case report and review of the
literature.
Case reports (n=3) Case report and review of the
literature.
Case report (n=1)
Case report and review of the
literature.
Case Report (n=1) Case report and review of the
literature.
Case Report (n=1) Case report and review of the
literature.
Retrospective
Overall survival and
Review (n=8)
recurrence free survival.
Case report (n=2)
Case report and review of the
literature.
Retrospective
Clinicopathologic risk

Primary Endpoint

Case report and review of the
literature.
Overall survival and local
recurrence rate.
Case report and review of the
literature.
Case report and review of the
literature.
Prognostic factors and risk
factors associated with soft
tissue sarcomas.
Case report and review of the
literature.
Effect of tumor size of RIS
on survival.
Prevalence of angiosarcoma
following breast conserving
surgery.

review (n=59)

McGowan

2000

3b

Retrospective
Review (n=78)

Karlsson

1996

4

Case control study
(n=19)

Karlsson

1998

4

Case control Study
(n=116)

Huang

2001

3b

Gladdy

2010

3a

Retrospective
cohort study
(n=54)
Matched Cohort
analysis (n=130)

Kunkel

2008

5c

Case Report (n=1)

Virtanen

2007

3a

Thijssens

2005

3b

Cohort Study
(n=19)
Retrospective
Review (n=27)

Rubino

2005

4

Holt

2006

5b

Yap

2002

3a

Quadros

2006

5c

De Smet

2008

3b

Kuten

1985

5c

Khan

2009

5c

Cha

2004

3a

Plotti

2006

5c

factors, adjuvant therapies,
overall survival and disease
free survival.
Prognostic factors and risk
factors; overall and relapse
free survival.
Association between arm
lymphedema, radiotherapy,
and RIS.
Effect of lymphedema and
radiotherapy dose on
development of RIS.
Risk factors for RIS.

Prognostic factors in RIS;
outcome of RIS versus
sporadic soft tissue sarcoma.
Case report and review of the
literature.
Risk factors for RIS.

Disease free and overall
survival outcomes; local
recurrence rates.
Case control study Risk factor of radiation dose
(n=14 )
for RIS.
Prospective cohort Prevalence of multifocality
with mixed disease of RIS.
types (n=10)
Prospective
Risk factor of radiotherapy in
registry study
development of RIS.
(n=87)
Case Report (n=1) Case report and review of the
literature.
Retrospective
Overall survival, prognostic
cohort with mixed factors, and local recurrence
disease types
rates.
(n=23)
Case Report (n=7) Case report and review of the
literature.
Case Report (n=1) Case report and review of the
literature. .
Prospective
Overall survival and
Review (n=123)
prognostic markers in RIS
Case Report (n=1) Case report and review of the

Marchal

1998

3b

Retrospective
Review (n=9)
Review of
database patients
(n=90)
Case report (n=1)

Bjerkehagen

2008

3b

Brenin

1998

5c

Brady

1992

3b

Chapelier

1997

3b

Feigenberg

2002

5c

Case Report (n=3)

Schulz

1999

5c

Case report (n=3)

Givens

1999

5c

Okuno

1998

5c

Clinical review
(n=85)
Case reports (n=2)

Neuhaus

2008

3b

Kirova

2004

3b

Mano

2006

5c

Retrospective
Review (n=67)
Review of records
(n=35)
Case Report (n=1)

Perez-Ruiz

2009

5c

Case Report (n=1)

Gambini

2009

5c

Case Report (n=1)

Palta

2010

3b

Retrospective
Review (n=14)

deGiorgi

2009

5c

Case Report (n=1)

Travis

1976

5c

Case Report (n=1)

Hardy

1978

5c

Case Report (n=1)

Tsuneyoshi

1979

5c

Case Report (n=1)

Chen

1979

5c

Case Report (n=1)

Pierce

1992

3a

Prospective

Review of
database patients
(n=160)
Retrospective
Review (n=15)

literature.
Overall survival and
incidence of RIS.
Overall survival and
prognostic factors in RIS.
Case report and review of the
literature.
Overall survival and
prognostic factors in RIS.
Outcomes of radical
resection of RIS of the chest
wall.
Case report and review of the
literature.
Case report and review of the
literature.
Analysis of prognostic
factors for RIS.
Case report and review of the
literature.
Local relapse rates and
prognostic factors in RIS.
Overall survival in RIS.
Case report and review of the
literature.
Case report and review of the
literature.
Case report and review of the
literature.
Effect of hyperfractionated
and accelerated radiation
therapy on RIS.
Case report and review of the
literature.
Case report and review of the
literature.
Case report and review of the
literature.
Case report and review of the
literature.
Case report and review of the
literature.
Risks of radiation therapy for

Review(n=3)
Sener

2001

3b

Autio

1999

5c

Retrospective
Review (n=5)
Case reports (n=3)

Bolin

1996

5c

Case Report (n=1)

Deutsch

1998

5c

Case Report (n=1)

Lamblin

2001

5c

Case reports (n=4)

Williams

1999

5c

Case report (n=1)

Fant

2003

5c

Case report (n=1)

Mermershtain

2002

5c

Case report (n=1)

deBree

2002

5c

Case report (n=1)
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Figure 1

Figure 2a

Figure 2b

Figure 2c

Figure 3

Figure Legend
Figure 1: Coronal MRI of the patient with RIS. There appears as though there may be some
tumor involvement with the chest wall.
Figure 2: (a) Intraoperative view of the mastectomy specimen prior to excision. Forceps are
used to illustrate that the RIS is externally visible due to its large size and displacement of
normal breast tissue. (b) Posterior view of the mastectomy specimen. The RIS is protruding from
the breast parenchyma and required the complete removal of the adjoining chest wall. (c)
Lumpectomy cavity following radical mastectomy. A significant portion of the chest wall was
removed to ensure negative margins.
Figure 3: Striking low power appearance due to cellularity, vague whorled pattern and marked
nuclear atypia.
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