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We analyzed the clinicopathological features of 9 breast malignant fibrous histiocytoma (MFH) patients.
Immunohistochemistry was used to make both diagnosis and differential diagnosis, and to identify
prognostic factors. All tumors lacked epithelial markers but expressed mesenchymal markers, suggesting a
mesenchymal origin. Of the five cases expressing Ki-67, two of three patients with axillary lymph node
involvement died between 6–8 months, and two died at 17 and 26 months after diagnosis. The two
remaining cases, with low Ki-67 expression, had no recurrent or metastatic disease at 145 months after
diagnosis. Previous studies have shown that surgery is the primary treatment of choice, but no clear benefit
from adjuvant chemotherapy was observed. We demonstrate that axillary lymph node involvement and high
expression of Ki-67 are associated with poorer prognosis. A literature review indicates surgery remains the
first choice for MFH, but benefits from adjuvant chemotherapy remain unclear.

M
alignant fibrous histiocytoma (MFH) was first described as a distinct clinicopathologic entity by O’Brien
and Stout in 19641. The most frequent primary sites of MFH are the lower (49%) and upper (19%) limbs,
and the retroperitoneum and abdomen (16%). MFH of the breast is extremely rare, accounting for less

than 1% of all breast primary malignancies2,3. So far, only 65 cases of breast MFH have previously been reported.
The histogenesis of MFH still remains controversial4, making tumor morphology more important than histogen-
esis for diagnosis of MFH. Currently, MFH is considered to be an undifferentiated sarcoma. MFH tumors usually
consist of fibroblast-like and histiocytic-like cells, mixed with pleomorphic giant and inflammatory cells2,5.
According to the most recent WHO classification (2002 edition) of soft tissue tumors, MFH can be categorized
into three morphological subtypes: storiform-pleomorphic MFH (undifferentiated high-grade pleomorphic
sarcoma), giant cell MFH (undifferentiated pleomorphic sarcoma with giant cells), and inflammatory MFH
(undifferentiated pleomorphic sarcoma with prominent inflammation).

A survey of the literature suggests that surgery is the first choice for treatment of breast MFH. However, the
significance of chemotherapy and radiation therapy is not defined in the management of breast MFH due to the
absence of prospective randomized trails6. A retrospective study of 200 MFH patients by Weiss et al. reveals that
deep, large tumors are associated with poor prognosis, while tumors with a prominent acute or chronic inflam-
matory component, or display highly myxoid forms of MFH have a better prognosis4. Blanchard et al. report that
the median survival of patients with breast MFH is 58 months, but there is no correlation between the size of the
primary tumor and the risk of recurrence or death from disease7. Due to the low incidence of the disease, the
prognostic factors for breast MFH remain unclear.

For diagnosis, MFH needs to be distinguished from undifferentiated carcinomas and other sarcomas with a
similar degree of cellular pleomorphism. Immunohistochemical staining is useful to exclude undifferentiated
carcinomas as well as other sarcomas, and is widely used in clinical practice. Biological markers, especially Ki-67,
are widely used as prognostic markers in breast cancers. Here, we review prior literature and analyze clinico-
pathological features and prognostic factors of 9 cases of breast MFH. Our immunohistochemistry results show
that high expression of Ki-67 and axillary involvement are associated with poorer prognosis, and a literature
review suggests that surgery remains the first choice for treatment of this disease.
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Results
Clinical characteristics of patients. The detailed information on
each patient is listed in Table 1. All 9 patients presented with a
painless breast mass. The tumor mass was located in the left breast
in 8 cases. A typical clinical finding is shown in Figure 1, and imaging
of the breasts in the same patient is shown in Figure 2. Of the 9 cases,
mean tumor size was 7.9 cm in diameter, but the median tumor
diameter was 5 cm. All patients received surgery, and 7 cases under-
went modified radical mastectomy. One underwent lumpectomy
followed by modified radical mastectomy, and one was treated
with radical mastectomy 1 skin-flap reconstruction. Axillary
lymph node dissection revealed lymph node involvement in 2

cases, whereas lymph nodes in the remaining 7 cases appeared
metastasis-free. Five cases had adjuvant chemotherapy, and 4 cases
did not receive further treatment. One patient who had previous
contralateral chest wall radiation therapy developed contralateral
breast MFH 4 years after the modified radical mastectomy.

During the follow-up, 2 cases had local recurrence and another 2
cases were found to have distant metastases with one in the lung and
the other in the liver. The patient with lung metastasis died 6 months
after operation, while the patient with liver metastasis died 7 months
after operation. Both patients with local recurrence were further sur-
gically-treated with local excision. The two cases, that experienced
chest wall re-recurrence and lung metastases at 2 and 3 months after
the local excision, received supportive treatment and/or palliative
therapy, and died of lung metastases at 8 and 26 months after primary
surgery. One case died of tumor burden 17 months after diagnosis.

Pathological findings. H/E-stained slides were independently
reviewed by two pathologists (M.W., X.W.). Diagnosis was based
on the WHO criteria (2002 edition). Seven cases were classified as
storiform-pleomorphic MFH (Figures 3A and B), as they showed a
classical microscopic appearance of apparent pleomorphic tumor
cells and nuclei, mixed heteromorphic giant cells, spindle cells and
round histiocytic-like cells. One case was diagnosed as inflammatory
MFH (Figure 3C), as the tumor consisted of abundant benign and
malignant xanthoma cells, atypical spindle cells, and acute and
chronic inflammatory cells. One case was classified as the giant cell
type (Figure 3D), as the tumor showed an osteoclast-like giant cell
reaction except for the pleomorphic elliptical and spindle cells.
Lipoblasts were not seen in any of the 7 cases examined. Neither epi-
thelial components nor normal ductal components were observed in

Table 1 | Characteristics of breast MFH patients

Case
No. Age

Site/Size
(cm) Surgery

Treatment
post-operation

Lymph
nodes

involved
Recurrence/
Metastasis

Treatment
after relapse Re-recurrence Treatment Prognosis

1 68 L/5 MRM None 0/12 No Alive
2 58 L/15 MRM None 0/6 Lung DDP 1 THP 1

DTIC
Deceased at

6 months
3 63 L/5 MRM IFO 1 EPI 8/18 Liver IFO 1 EPI Deceased at

7 months
4 24 L/5 MRM CAF 1 CMF 0/4 No Alive
5 52 R/13 MRM CAF 0/8 No Alive
6 20 L/3 LP followed by

MRM
None 0/2 No Alive

7 73 L/4 MRM None 3/8 Chest ward
recurrence
(19 months
after
operation)

LP 1 Skin-flap
reconstruction

Three months
later, chest
ward
re-recurrence

LP 1 Radiotherapy.1 Deceased at
26 monthsOne month later,

bilateral lung
metastasis with no
treatment.

Three months later,
died.

8 51 L/4 MRM ADTIC 0/13 Chest ward
recurrence
(3 months
after
operation)

LP1 Skin-flap
reconstruction

Two months
later, chest
ward
re-recurrence
and bilateral
lung
metastasis

IFO 1 DDP; Deceased at
8 monthsBilateral lung

metastasis
progress,

Change to NP

9 48 L/17 RM 1 Skin-flap
reconstruction

IFO 1 EPI 0/10 No Deceased at
17 months

MRM: Modified radical mastectomy; RM: Radical mastectomy; LP: Lumpectomy.
CAF: Cyclophosphamide 1 Adriamycin 1 Fluorouracil.
CMF: Cyclophosphamide 1 Methotrexate 1 Fluorouracil.
ADTIC: Adriamycin 1 Dacarbazine.
NP: Navelbine 1 Cisplatin.
IFO: Ifosfamide; EPI: Epirubicin; DDP: Cisplatin.
DTIC: Dacarbazine; THP: Pirarubinci.

Figure 1 | Clinical and pathological findings in a patient with breast
MFH. (A) The breasts were asymmetrical with the left breast enlarged. A

protuberance and irregular mass were observed in the outer half of the left

breast, with dark blue skin on the surface of the breast. Subcutaneous blood

vessels are tremendously dilated. (B) The gross tumor occupied most of the

breast parenchyma in formalin-fixed samples. The cut surface of the tumor

was grayish and fleshy, with areas of cystic change, necrosis and

hemorrhage. The patient shown in Fig. 1 has permitted us to publish her

information in Scientific Reports.
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any of the tumors of the 9 cases. No special proliferating pattern was
apparent.

IHC staining. Immunohistochemistry was performed on tissues
from 7 patients. Immunoreactivities for ER, PR, Her-2, desmin,
cytokeratin (AE1/AE3 and CK5/6), and EMA were negative, while
those for vimentin, CD163 and AACT were positive (Figure 4). P53
expression was positive in 2 cases, and VEGF expression positive in 4
cases. Ki-67 and CD68 were each detected in 5 cases (Figure 4). SMA
was focally positive in 4 cases (Figure 4). We also performed S-100

immunostaining to investigate if the tumors originated from neural
tissues. Interestingly, S-100 was focally expressed in one patient
(Figure 4), similar to a prior report by Choudhury8.

Tumors from the 5 patients who had a short life span, including
the 2 that originally presented with axillary lymph node involvement,
all highly expressed Ki-67. Currently, both of the remaining 2
cases, originally having low Ki-67 expression, are still alive without
evidence of local recurrence or distant metastasis at follow up of
145 months after diagnosis. The IHC staining results are listed in
Table 3.

Figure 2 | Imaging results of the same patient as in Figure 1. (A, B) MRI findings: A giant mass, 10.5 3 13.0 3 13.5 cm in size, was detected in the left

breast. The majority of the lesion showed relatively clear edges and a lower signal than normal breast tissue on transverse T1- and sagittal T2-weighted

images. Multiple focal hemorrhages manifested as high signal intensities on both T1- and T2-weighted images. (C, D) Obvious asymmetric enhancement

was noted on transverse and sagittal T1-weighted images obtained using a fat tissue suppression technique following intravenous contrast administration.

(E) Ultrasound imaging of the left breast demonstrates a mass of low echogenicity with a non-homogeneous internal echo pattern. Color Doppler

sonogram reveals hypervascularity in the breast mass.
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Discussion
Breast MFH has been reported to account for less than 1% of all
primary malignancies of the breast2,3. In our series, a total of 9 cases
of breast MFH are reported, equal to a frequency of 0.2% (9/3981) of
breast malignancies treated in our hospital. Of the 9 cases, 8 cases
were diagnosed as primary MFH of the breast.

Differential diagnosis for MFH is a challenge because its morpho-
logical features are complex. In this study, H&E staining showed that
all cases consist of fibroblast-like and histiocytic-like cells, support-
ing an undifferentiated tumor. Extensive sampling found neither
invasive ductal carcinoma nor normal ductal components. Lipo-
blasts, whose presence is necessary for the diagnosis of liposarcoma,
are not seen in any of the 7 cases, enabling the exclusion of liposar-
coma. Leiomyosarcoma usually has small areas with conventional
smooth muscle cytomorphology and a fascicular growth pattern.
Additionally, leiomyosarcoma usually shows positive expression of
desmin and SMA in the fascicular spindle cell component. In our
study, although 4 cases focally expressed SMA, all were negative for
expression of desmin. Moreover, there was no conventional smooth
muscle cytomorphology and a fascicular growth pattern observed.
Thus, leiomyosarcoma was ruled out. Rhabdomyosarcoma can also
be excluded, as neither alveolar structure nor striated muscle struc-
ture was found in the tumor. Besides, all the tumors were negative for
desmin, a specific marker for rhabdomyosarcoma. Pure osteosar-
coma is extremely rare and many cases of this disease show osteo-
sarcomatous elements within metaplastic carcinomas. In this regard,
osteosarcoma was not considered. In one case, the neural marker S-
100 was focally positive, showing an ability to differentiate into neu-
rogenic tissue. Nevertheless, neurogenic sarcoma was ruled out
because most of the tumor cells were still in an undifferentiated state.
Therefore, MFH can be differentiated from other possible tumors
with similar pathological features, including malignant phyllodes
tumor (MPT), metaplastic carcinoma, pleomorphic leiomyosar-
coma, osteosarcoma and pleomorphic rhabdomyosarcoma, based
on histopathological diagnosis and immunohistochemical staining.

It has been demonstrated that MFH of the breast progresses
quickly with a high recurrence rate. IHC staining shows that tumors,
in all 7 cases examined, fail to express epithelial markers like EMA
and cytokeratin (AE1/AE3 and CK5/6), suggesting a non-epithelial
genesis, whereas strong positive staining for vimentin, a specific
marker for mesenchymal cellular differentiation, strongly supports
the mesenchymal origin of these tumors. Post-radiation sarcoma
includes osteosarcoma, extra-breast soft tissue MFH9, and sarcomas
within the irradiated fields10. In addition, the criteria for radiation-
induced sarcoma includes a prior history of radiation, latency of 3–4
years or more, development of the sarcoma near to or within a
previously irradiated field, and a histological diagnosis of sar-
coma11,12. Here, we report one case of contralateral breast MFH fol-
lowed by adjuvant radiotherapy for breast cancer. We consider it a
radiation-induced MFH because the diagnosis meets the diagnostic
criteria mentioned above, and it is similar to a previously reported
case12.

A literature search reveals that surgical treatment is still the treat-
ment of choice for breast MFH6. There are several surgical options
for breast MFH, including radical mastectomy, mastectomy, and
breast conserved surgery6,13. The essentiality of axillary lymph node
dissection is still unknown. Some reports strongly recommend the
procedure2,14, while others do not3,6,13. In our cohort, 8 patients out of
9 underwent modified radical mastectomy. In the remaining patient,
skin flap reconstruction was immediately performed after radical
mastectomy because of the large size of the tumor mass, being 17
cm in diameter with invasion into the pectoralis major and skin
covering the breast. Two patients had axillary lymph node involve-
ment, giving an axillary lymph node positive rate of 22.2%, which is
similar to previous reports2,14. The two patients, who initially pre-
sented with positive nodes, displayed worse prognosis. Therefore,
axillary lymph node dissection appears to be very important for
patients with axillary involvement, and for the prediction of pro-
gnosis. MFH cells rarely spread via lymphatic vessels, and almost
80% of breast MFH patients show negative lymph nodes. Thus,
axillary lymph node dissection may be over-treatment for most
breast MFH patients. As validated in early breast cancer patients,

Figure 3 | Pathological findings of 3 MFH subtypes. Storiform-

pleomorphic subtype: (A) The tumor was composed of hypercellular

spindle cells arranged in a characteristic storiform pattern (H&E 1003).

(B) Amplification of Figure 3A, shows atypical, highly proliferating cells

(H&E 4003). Inflammatory subtype: (C) Proliferation of fibroblasts and

multinucleated histiocytes. Numbers of inflammatory cells were seen in the

interstitial substance (H&E 4003). Giant cell subtype: (D) Numbers of

spindle-shaped or tadpole-shaped, multinucleated giant cells were seen.

Cell nuclei ranged from 2 to 14, and the shape was irregular (H&E 4003).

Figure 4 | Immunohistochemical staining. Representative images show

positive expression for AACT (A) vimentin (B) CD68 (D) CD163 (E) Ki-

67 (F) S-100 (G) and SMA (H) and negative expression for cytokeratin

AE1/AE3 (C). (Immunohistochemistry 4003). Ki-67 staining was

considered positive if immunostaining was seen in more (.) than 10% of

the tumor nuclei.
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sentinel lymph node biopsy may be an appropriate option to deter-
mine the course of treatment for breast MFH, with axillary lymph
node dissection performed only in patients with positive sentinel
lymph nodes.

The role of adjuvant therapy for MFH is uncertain due to the lack
of prospective randomized clinical trails6,15. Of the 5 cases that
received adjuvant chemotherapy in the study, 2 patients died of
either liver or lung metastasis at 7 and 8 months after diagnosis (cases
No. 3 and 8, Table 1), one patient died of tumor burden 17 months
after diagnosis, and the remaining 2 patients are still alive without
evidence of recurrence/metastasis (Case No. 4 and 5, Table 1). While
among 4 patients without any post-operative adjuvant therapy, one
died of lung metastasis 6 months after diagnosis (Case No. 2,
Table 1), one died of lung metastasis eventually after repeated chest
wall recurrence (Case No. 7, Table 1), and the other two are still alive
without any evidence of recurrence/metastasis (Case No. 1 and 6,
Table 1). The lack of clinical benefit from adjuvant chemotherapy
could possibly be due to the relatively large tumor size in the chemo-
therapy group. MFH patients do not respond to endocrine therapy
due to the lack of ER/PR expression6, and the effectiveness of radi-
ation therapy is not clear15. Van Niekerk et al. find that preoperative
radiotherapy could achieve slight regression of both the primary
tumor and metastasis to the axillary lymph node14. However,
Blanchard does not recommend radiotherapy after a clear cancer-
free surgical margin operation7. In the present study, no patient
underwent adjuvant radiotherapy, although local recurrent disease
was treated with radiation in one patient who later developed bilat-
eral lung metastasis.

Prognostic factors for MFH of the breast remain unclear because
of the small number of cases presented and the short follow-up

period in most studies16. To investigate the prognostic significance
of tumor biomarkers, immunohistochemical detection of Ki-67,
VEGF, ER, PR, Her-2 and p53 was performed on 7 available cases.
Four out of 5 patients with high Ki-67 expression, two of whom
suffered from local recurrence, developed distal metastasis, and
had a life span of 6 to 26 months. In 2 patients with low Ki-67
expression, no recurrence/distal metastasis was found in the fol-
low-up at 145 months. This indicates that patients with high Ki-67
expression have a dramatically shorter life span than those with low
Ki-67 expression, and suggests that elevated expression of Ki-67 is
associated with local recurrence, distant metastasis, and poor pro-
gnosis in MFH of the breast. The present study does not show pro-
gnostic significance of either p53 or VEGF expression. Taken
together, our results suggest that a high proliferation index, rather
than angiogenesis or apoptosis, contributes to the rapid progression
and poorer prognosis in breast MFH patients. In addition to surgery,
we recommend that the patients with high Ki-67 expression should
be adjuvantly treated with systemic therapy.

In summary, we report 9 cases of breast MFH, analyze the clin-
icopathological characteristics of the patients, and provide a literat-
ure review. Surgical treatment remains the first choice for MFH of
the breast, and axillary sentinel lymph node biopsy may be used to
decide whether axillary lymph node dissection should be performed.
Patients with axillary lymph node involvement and high expression
of Ki-67 can be expected to display early local recurrence, distant
metastasis, and poorer prognosis.

Methods
Patients. Between 1994 and 2011, 9 patients with breast MFH were admitted to the
Affiliated Cancer Hospital of Shantou University Medical College. All patients were
female, with ages ranging from 20 to 73 years old and a median age of 58 years. The
clinicopathological features of the patients are summarized in Table 1. All patients
were followed-up either by telephone, or by regular clinic visitation, every 3–6 months
for the first 2 years, every 6 months for the 3rd to 5th year, and every year thereafter
following primary surgical treatment.

Hematoxylin & Eosin staining. Complete sectioning was performed for all the
patients to ensure a precise diagnosis. 4 mm-thick formalin-fixed and paraffin
embedded sections were prepared for H&E staining. Briefly, paraffin embedded
sections were deparaffinized and rehydrated in a series of xylene and ethanol baths of
decreasing concentration. Slides were put in hematoxylin solution for 1 min, followed
by 1% alcoholic hydrochloric acid for 3 seconds, and then eosin solution for 1 min.

Immunohistochemistry (IHC). 4 mm-thick formalin-fixed and paraffin embedded
sections were prepared for immunohistochemistry. Vimentin, desmin, smooth
muscle actin (SMA), cytokeratin (AE1/AE3 and CK5/6), epithelial membrane
antigen (EMA), alpha-1-antichymotrypsin (AACT), estrogen receptor (ER),
progesterone receptor (PR), human epidermal growth factor receptor 2 (Her-2),
vascular endothelial growth factor (VEGF), p53, S-100, CD163, CD68 and Ki-67 were
detected in the present study. Immunohistochemistry was performed as previously
described17. Briefly, paraffin embedded sections were deparaffinized and rehydrated
in a series of xylene and ethanol baths of decreasing concentration. Endogenous
peroxidase activity was blocked with 0.5% H2O2 for 30 min, followed by antigen

Table 3 | Immunohistochemical results in 7 cases of breast MFH

ER PR Her-2 Ki-67 VEGF P53 Vim AACT Des SMA S-100 CK CK5/6 EMA CD68 CD163 Survival

1 2 2 2 2 11 1 1 1 2 2 F 1 2 2 2 1 1 Alive
2 2 2 2 12% 1 2 1 1 2 F1 2 2 2 2 2 1 Deceased

at 6 months
3 2 2 2 .50% 2 2 1 1 2 F 1 2 2 2 2 2 1 Deceased

at 7 months
4 2 2 2 2 2 2 1 1 2 2 2 2 2 2 1 1 Alive
7 2 2 2 25% 2 2 1 1 2 F1 2 2 2 2 1 1 Deceased

at 26 months
8 2 2 2 40% 11 1 1 1 2 2 2 2 2 2 1 1 Deceased

at 8 months
9 2 2 2 40% 11 2 1 1 2 F1 2 2 2 2 1 1 Deceased

at 17 months

F: Focal.

Table 2 | Primary antibodies used for immunohistochemistry

Antigen Clone No. Antibody Source Dilution

AACT Polyclonal Abcam (Cambridge/UK) 15100
EMA E29 Lab Vision (Kalamazoo/USA) 15200
Vimentin V9 Invitrogen (Carlsbad/USA) 15100
CK AE1/AE3, CK5/6 Invitrogen (Carlsbad/USA) 15100
Ki-67 K-2 GBI (Mukilteo/USA) 15100
S-100 4c4.9 Lab Vision (Kalamazoo/USA) 1550
ER EP1 Epitomics (Burlingame/USA) 15100
PR EP2 Epitomics (Burlingame/USA) 15200
Her-2 EP1045Y Lab Vision (Kalamazoo/USA) 15100
VEGF VG1 Lab Vision (Kalamazoo/USA) 15200
Desmin ZC18 Invitrogen (Carlsbad/USA) 1550
SMA 1A4 Abcam (Cambridge/UK) 1550
CD163 10D6 Neomarkers (Kalamazoo/USA) 1550
CD68 PG-M1 Neomarkers (Kalamazoo/USA) 15100
P53 DO-7 Dako (Glostrup/Denmark) 15200
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retrieval by boiling for 20 min in sodium citrate buffer, Ph 6.0. Nonspecific binding
was blocked by incubating the tissue sections with 4% BSA in PBS for 30 min. Slides
were incubated overnight at 4uC with primary antibody, followed by incubation with
secondary antibody for 60 min at room temperature. All slides were developed with
diaminobenzidine followed by hematoxylin counterstaining. Omission of the
primary antibody was used as a negative control and resulted in lack of specific
staining. All antibodies used in the study are summarized in Table 2.

Immunostaining was evaluated independently by two pathologists (X.W., M.W.).
ER18, PR18, p5319 and Ki-67 staining was considered positive if immunostaining was
seen in more than 10% of tumor nuclei. Positive staining (31) for Her-2 corre-
sponded to strong staining in .30% of tumor cells, whereas weak to moderate
staining in .10% cells was scored as equivocal (21), and no staining or faint
incomplete staining was scored as negative (2) or faint (11)20. For VEGF staining,
intensity of cytoplasmic immunostaining was scored from 0 to 31 (no staining to
strong staining, respectively)21. Vimentin, AACT, desmin, S-100, CK, EMA, CD68 or
CD163 staining was considered positive if cell staining was either in the cytoplasm,
membrane, or nucleus.
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