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Abstract. Inflammatory breast cancer (IBC) is the most aggressive form of
locally advanced breast cancer. It can be diagnosed based on a clinical or
pathologic basis. We evaluated the usefulness of 18F-fluorodeoxyglucose-
positron emission tomography (FDG-PET) scans for diagnosing and stag-
ing IBC. We retrospectively reviewed the medical records of seven consecu-
tive patients with IBC who underwent FDG-PET scanning for the initial
staging. Four patients had follow-up PET scans after chemotherapy. All
seven patients presented with diffuse breast enlargement, redness, and
peau d’orange for 1 to 5 months’ duration. In addition, four patients had a
palpable breast mass, and three had axillary lymph node enlargement.
Mammography showed diffuse, increased parenchymal density and skin
thickening in 85% and parenchymal distortion in 43%. There was no evi-
dence of distant metastasis on computed tomography of the chest or abdo-
men. Pathologic examination of breast biopsy specimens showed infiltrat-
ing ductal carcinoma in six patients, and one had lobular carcinoma. All
patients had prechemotherapy whole-body PET scans that showed diffuse
FDG uptake in the breast with superimposed intense foci in the primary
tumor. Furthermore, there was skin enhancement in 100%, axillary lymph
node in 85%, and skeletal metastases in 14% of the patients, confirmed by
bone scintigraphy. Postchemotherapy FDG-PET scans performed in four
patients showed response in the primary tumor, axillary lymph nodes, and
skeletal metastases. The FDG-PET scan is thus useful for displaying the
pattern of FDG breast uptake that reflects the extent of the pathologic in-
volvement in IBC (i.e., diffuse breast involvement and dermal lymphatic
spread). It can also detect the presence of lymph node and skeletal metas-
tases, demarcating the extent of the disease locally as well as distally.
Inflammatory breast cancer (IBC) is a diffuse form of infiltrative breast
carcinoma. It tends to infiltrate widely throughout the breast substance,
involving most of the lymphatics and producing acute swelling, redness,
and tenderness of the breast. It is referred to clinically as inflammatory
carcinoma.

Inflammatory breast cancer is a distinct clinicopathologic entity
and accounts for 1% to 3% of all breast cancers [1–3]. It is classified
as T4d tumor according to the TNM classification system [2, 3]. It is
important to differentiate patients with true IBC from those with
locally advanced breast cancer who have secondary skin involve-
ment, as the latter group may have a better prognosis [4].

The diagnostic accuracy of 18F-fluorodeoxyglucose positron
emission tomography (FDG-PET) imaging for palpable breast tu-
mors is probably superior to other imaging techniques currently
available, including magnetic resonance imaging, mammography,
and sonography [5]. The high positive predictive value of PET im-
aging suggests a potential role as a staging procedure to identify the
multicentricity of primary breast cancer, as well as lung, bone, and
lymph node metastases using only one imaging procedure [5]. In
this study we present our experience with FDG-PET scanning in
seven patients with known IBC.

Materials and Methods

Seven patients with IBC who had undergone FDG-PET scanning
were reviewed retrospectively. These cases were referred between
1995 and 2001 to the combined breast clinic at the King Faisal Spe-
cialist Hospital and Research Center, Riyadh, a tertiary hospital for
cancer management. The patients’ characteristics, clinical presen-
tation, TNM stage, chemotherapy, surgical intervention, patholog-
ic assessment, and outcome were collected from the medical re-
cords. Radiologic investigations including mammography,
abdominal ultrasonography (US), computed tomography (CT) of
the chest and abdomen, bone scintigraphy, and FDG-PET scans
were reviewed.

FDG Whole-body PET Scans

Patients were given injections of 370 MBq (10 mCi) 18F-FDG after
a 12-hour overnight fast. Imaging was initiated 45 minutes after
injection using an ECAT EXACT 47 scanner (Siemens, Hoffman,
Estates, IL, USA). This three-ring system with a 16.2 cm field of
view produces 47 contiguous image planes with plane spacing of
3.375 mm and in-plane resolution of 6.7 mm. A whole-body tech-
nique was used whereby images were obtained in sequential bed
positions and joined in a single display. Whole-body images were
obtained (8–10 minutes in each bed position) and processed, afterCorrespondence to: Muna M. Baslaim, M.D.
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which they were reconstructed using a 0.4 Hann filter and corrected
for attenuation. Transmission scanning was performed immedi-
ately after emission using external rotating germanium-68 rod
sources.

Results

The clinical presentation, pathologic results, mammographic find-
ings, and management of seven patients with IBC are summarized
in Table 1. All patients were staged according to the TNM staging
system (T, tumor; N, lymph nodes; M, metastasis), and the primary
tumor was staged as T4d (specific for IBC). Infiltrating ductal car-
cinoma was the predominant pathologic type; only one patient had
infiltrating lobular carcinoma (patient 3). The mean age was 46.4
years (range 38–53 years), and six patients were premenopausal.
Clinical presentation included redness and peau d’orange in 100%,
which appeared over a relatively short duration (1–5 months) asso-
ciated with diffuse breast enlargement in 71% (5/7), a palpable
mass in 57% (4/7), and breast tenderness in 43% (3/7). Bilateral
mammography was performed in six patients and showed diffuse
increased parenchymal density associated with diffuse increased
skin thickening in 83% (5/6), parenchymal distortion and microcal-
cification in 33% (2/6), each and axillary lymph node involvement
in 16% (1/6). The chest radiograph was normal in all patients. Bone
scans showed skeletal metastases in 14% (1/6). CT and US of the
abdomen excluded distant metastasis in five and two patients, re-
spectively.

The characteristics of the 12 FDG-PET scans are summarized in
Table 2. Examples of the breast appearance, lymph node involve-
ment, and skeletal metastases are displayed in Figures 1, 2, 3, 4.
Seven patients had undergone a total of 12 whole-body 18FDG-
PET scans: 7 at their initial presentation, 3 on follow-up after
completion of chemotherapy, one 2 follow-up PET scans during
chemotherapy (in one patient after the second and fourth cycles).

In all patients the initial PET scan showed an interesting pattern
of abnormal FDG breast uptake with relative breast enlargement
and diffuse increased uptake along with superimposed intense scat-
tered foci and overlying skin enhancement (Fig. 1, 2, 3, 4A,B). Ip-
silateral axillary lymph node involvement was present in 86% (6/7),
and one patient (no. 4) had ipsilateral infraclavicular and supracla-
vicular lymph node involvement in continuity with the axillary
lymph nodes (Fig. 4B). Another patient (no. 1) had multiple foci of
increased FDG uptake that represented bone metastases involving
the sternum, thoracic spine, and humerus (Fig. 1B).

Five postchemotherapy FDG-PET scans were available for four
patients (the first patient had two follow-up scans). All four pa-
tients had evidence of tumor response reflected by decreased
breast size in 80% (4/5), clearance of the diffuse FDG breast up-
take and focal tumor uptake in 40% (2/5), and decreased axillary
uptake in 80% (4/5) (Figs. 1, 2, 3C,D). The first patient had no
significant change in breast uptake (she had had an incisional bi-
opsy at the referring center 6 weeks prior to the PET scan), but she
did exhibit clearance of the skin, axillary, sternal, and thoracic spine
uptake after the second cycle of chemotherapy (Fig. 1C,D). Inter-
estingly, after the fourth cycle, the FDG-PET scan showed clear-
ance of the breast uptake and a further decrease in the humeral
uptake, which likely represented a late response (Fig. 1E,F) [6].
One patient (no. 3) had generalized, prominent FDG uptake in the
muscle and bone marrow, which was most likely related to the che-
motherapy (Fig. 3D).

Four patients were treated with neoadjuvant chemotherapy fol-
lowed by modified radical mastectomy and regional radiotherapy,
as they had no distant metastases on initial presentation. Histo-
pathologic examination of the mastectomy specimens showed duc-
tal carcinoma in situ of less than 1 cm with one of three lymph nodes
containing malignant cells (patient 2), multifocal invasive lobular
carcinoma with 7 of 16 lymph nodes positive for malignancy (pa-
tient 3), no residual malignancy in the breast or axillary lymph

Table 2. 18F-FDG-PET scans findings in seven patients with inflammatory breast cancer.

Pt.
no. FDG-PET scan Breast appearance

FDG uptake
Axillary
nodes Distant metastasesBreast Tumor Skin

1 Initial Enlarged Diffuse (+) Resecteda (-ve) Increased (++) 2–3 Nodes Bone (sternum, thoracic spine,
left humerus)b

F/U 1 (after the
2nd cycle)

Decrease in size Diffuse (+) (-ve) Cleared Cleared Disappearance of sternum and
thoracic spine uptake.
Decreased humerus uptake

F/U 2 (after the
4th cycle)

Decrease in size Cleared (-ve) Cleared Cleared Cleared

2 Initial Enlarged Diffuse (+++) Multifocal Increased (+++) 2–3 Nodes -ve
F/U (after the

3rd cycle)
Decrease in size Diffuse (+) Cleared Decreased (++) Cleared -ve

3 Initial Enlarged Diffuse (++) Multifocal Increased (++) -ve -ve
F/U (after the

4th cycle)
Decrease in size Cleared Cleared Decreased (+) -ve Muscle and bone marrow

uptake
4 Initial Enlarged Diffuse (++) Multifocal Increased (++) 5–6 Nodes Ipsilateral supraclavicular

lymph node
5 Initial Not assessablec Diffuse (+) Diffuse Increased (+) 3–4 Nodes -ve

F/U (after the
3rd cycle)

Unchanged Diffuse (+) Diffuse Unchanged Cleared -ve

6 Initial Enlarged Diffuse (++) Multifocal Increased (+) 2 Nodes -ve
7 Initial Enlarged Diffuse (++) Multifocal Increased (++) 3–4 Nodes -ve

+: mild; ++: moderate; +++: severe; -ve: negative; F/U: follow-up; FDG-PET: fluorodeoxyglucose-positron emission tomography.
aIncisional biopsy at the referring center 6 weeks prior to PET scan.
bDocumented by bone scan.
cPrevious left mastectomy for cancer breast.
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nodes (patient 5), and a 7 cm invasive ductal carcinoma with all
nine dissected lymph nodes positive for metastases (patient 7)
(Table 1).

Three patients are alive and disease-free for 43, 24, and 4
months, respectively. One patient (no. 7) developed widespread
distant metastases after completion of therapy and died of her dis-
ease within 21 months. Three patients received palliative chemo-
therapy for metastatic disease involving the bone, skin nodules, and
supraclavicular lymph nodes, respectively. One was lost to follow-
up, and two have been alive for 17 and 45 months, respectively.

Discussion

We evaluated the appearance of FDG-PET scans in seven patients
with IBC. The pattern of FDG breast uptake correlates with the
extent of the pathologic breast involvement. The relative breast en-
largement along with diffuse, increased FDG breast uptake with
superimposed scattered foci of intense FDG uptake reflects the
diffuse nature of tumor involvement in IBC. In addition, the en-
hanced FDG skin uptake was likely related to the dermal lymphatic
spread, which is a pathognomonic histologic feature of IBC but not
necessary for the diagnosis [2, 3]. Furthermore, whole-body images

detected the presence of axillary and supraclavicular lymph nodes
as well as skeletal metastases. Mapping the lymphatic system in pa-
tient 4, who had no evidence of distant metastasis, by detecting ip-
silateral supraclavicular lymph node involvement in a continuum
with the involved axillary lymph nodes further supports the obser-
vation that infraclavicular and supraclavicular lymph nodes are
part of a continuum in the regional lymph node drainage of the
breast rather than representing distant metastases [7].

The follow-up PET scan was useful for assessing the response to
chemotherapy in the primary tumor as evidenced by the decreased
FDG breast and skin uptake in 40%, whereas lymph node metas-
tases showed a higher response (80%). It was hypothesized that the
response of metastatic breast cancer in axillary lymph nodes may be
of even greater prognostic importance than the response of the tu-
mor that remains in the breast [8]. In the case of skeletal metasta-
ses, PET scans monitored the stages of chemotherapy response in
the various lesions. Interestingly, PET scans acquired after the
fourth cycle of chemotherapy reflected the response more accu-
rately than did scans acquired after the second cycle. This observa-
tion of a late response with uptake in the primary tumor or meta-
static foci might be related to the heterogeneity of breast cancer. As
in our patient, if PET scans are done only early in the course of
chemotherapy, late responders may be missed unless multiple fol-
low-up scans are acquired [6].

FDG-PET scanning has been shown to be useful for screening
and staging infiltrating ductal carcinoma, especially in mammo-

Fig. 1. Patient 1. A. Initial 18-fluorodeoxyglucose positron emission to-
mography (FDG-PET) scan showing breast enlargement with diffuse breast
uptake (primary tumor resected), prominent skin uptake, and multiple (two
or three) axillary lymph nodes. B. Skeletal metastases were detected in the
sternum, thoracic spine, and left humerus. C, D. Follow-up FDG-PET scans
after the second cycle of chemotherapy showed no significant change in the
breast uptake, but there was clearance of the skin and axillary, sternal, and
thoracic spine uptake. E, F. Follow-up FDG-PET scans after the fourth
cycle of chemotherapy showed clearance of the breast uptake (E) and sub-
sequent decreased humeral uptake, which represented a late response (F).

Fig. 2. Patient 2. A, B. Initial FDG-PET scan showing breast enlargement
with diffuse breast uptake, multifocal primary tumor uptake, and promi-
nent skin uptake (A) as well as multiple [2, 3] axillary lymph nodes (B).
C, D. Follow-up FDG PET scan after the third cycle of chemotherapy show-
ing decreased breast size, decreased breast and skin uptake, cleared tumor
uptake (C), and cleared axillary uptake (D).
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gram findings that are difficult to interpret, such as a dense breast
[9] postoperatively [9] and after augmentation mammoplasty [10].
It has also been helpful for differentiating a benign from a malig-
nant breast mass [9]. FDG-PET scans display both tumor anatomy
and metabolism [11]. FDG uptake in tumors is reasonably well cor-
related with the number of viable cancer cells present in the tumor,

although it may also be related to the tumor proliferation rate [5,
11]. The histopathologic response of breast cancer to chemo-
therapy could be predicted by FDG-PET scans with an accuracy of
88% and 91% after the first and second courses of chemotherapy,
respectively [12]. Furthermore, FDG-PET scans after a single
pulse of chemotherapy were able to predict a complete pathologic
response with a sensitivity of 90% and a specificity of 74% [8]. They
can differentiate responders from nonresponders early in the
course of therapy [6, 8, 12]. Monitoring chemohormonal therapy of
breast cancer using FDG-PET scanning has been reported [6–9, 12,
13]. However, small lesions (< 1 cm) may be missed, as in two of
our patients, representing a false-negative scan.

Inflammatory breast cancer is a clinicopathologic entity charac-
terized by diffuse brawny induration, erythema, and edema (peau
d’orange) of the breast skin with a raised edge reminiscent of ery-
sipelas [3]. The skin is thickened to 2 to 8 mm (average 4 mm).
Dermal lymphatic invasion may be present but is not necessary for
diagnosing true IBC [2, 3]; it could have prognostic significance,
however [3]. Usually, it is not necessary to obtain a skin biopsy to
establish the diagnosis of IBC when a patient presents with charac-
teristic clinical findings, as skin biopsies are negative in as many as
50% of patients [14]. An underlying palpable mass is present in
30% to 60%, and palpable axillary lymph nodes are present in 50%
to75% of cases [2, 4]. There is no consistent histopathologic type of
breast carcinoma associated with IBC: The histology ranges from
infiltrating ductal to medullary [3]. IBC is associated with a unique
clinical syndrome that includes a fulminant evolution and ex-
tremely poor survival [2, 15]. Distant metastases are found in about
10% to 36% at presentation [2, 4].

Conclusions

Whole-body FDG-PET scans can characterize the extent of the
pathologic involvement in inflammatory breast carcinoma. It can
also map the lymphatic system, detect the presence of skeletal me-
tastases, and monitor the stages of the response of the primary tu-
mor and the lymphatic and skeletal metastases to chemotherapy.

Currently, the role of PET in breast cancer patients is comple-
mentary vis-à-vis other imaging modalities that are less expensive
and more widely available; in other words, PET does not replace
these well established modalities, particularly mammography.
However, it can be helpful in equivocal cases or in the presence of
negative radiologic studies in patients with a high clinical probabil-
ity of metastases. For example, for staging locally advanced breast
cancer, PET scanning has been shown to be cost-effective by de-
tecting unexpected sites of metastases, thereby altering patient
management. Furthermore, PET scans are extremely useful for de-
tecting functional changes earlier than anatomic studies. However,
more comparative studies are needed to define the exact role of
PET in a well established clinical pathway.

Résumé. Le cancer du sein en poussée évolutive (PEV) inflammatoire est la
forme la plus agressive du cancer du sein localement avancé. Le diagnostic
est soit clinique soit anatomopathologique. Nous avons évalué l’utilité du
PET scan au fluorodésoxyglucose 18 (FDG-PET) pour le diagnostic et le
staging du cancer du sein en PEV. Nous avons revu rétrospectivement les
dossiers médicaux de sept patientes consécutives porteuses de PEV qui ont
eu un FDG-PET dans leur bilan initial. Quatre patientes ont eu un FDG-PET
après chimiothérapie. Toutes les patientes avaient un sein globalement
augmenté de volume, rouge et siège d’un phénomène de peau d’orange
pendant 1-5 mois. Quatre patientes avaient en plus une masse palpable
et trois avaient une augmentation de volume d’adénopathies axillaires.
A la mammographie, on a vu une augmentation diffuse de la densité
parenchymateuse et un épaississement de la peau chez 85% des patientes et

Fig. 3. Patient 3. A, B. Initial FDG-PET scan showing breast enlargement
with diffuse breast uptake, multifocal primary tumor uptake, and promi-
nent skin uptake (A) but no axillary uptake (B). C, D. Follow-up FDG-PET
scan after the fourth cycle of chemotherapy showing decreased breast size,
decreased skin uptake, and clearance of the breast and tumor uptake.

Fig. 4. Patient 4. A. Initial FDG-PET scan showing breast enlargement
with diffuse breast uptake, multifocal primary tumor uptake, and promi-
nent skin uptake. B. Uptake in multiple (five or six) axillary lymph nodes.

1103Baslaim et al.: 18F-FDG-PET in Inflammatory Breast Cancer



une distorsion du parenchyme chez 43%. Il n’y avait aucune évidence de
métastases à distance sur la tomodensitométrie du thorax ou de l’abdomen.
L’examen anatomopathologique de la biopsie du sein a montré un carcinome
canalaire infiltrant chez 6 patientes et un carcinome de type lobulaire chez
l’autre. Toutes les patientes avaient un FDG-PET du corps entier qui
montrait une prise du produit diffuse au niveau du sein avec des foyers
intenses surajoutés au niveau de la tumeur primitive. En plus on a trouvé
une prise de produit au niveau de la peau chez 100% des patientes, des
adénopathies axillaires chez 85% et des métastases osseuses chez 14%
des patientes, confirmés par la scintigraphie osseuse. Le FDG-PET
post-chimiothérapie a montré une réponse positive au niveau de la tumeur
primitive, des adénopathies axillaires et des métastases osseuses. Le FDG
PET scan est utile en cas de PEV car il reflète l’intensité pathologique de la
maladie, notamment au niveau du sein et au niveau des lymphatiques de la
peau. Il peut également être utile pour détecter la présence de ganglions
lymphatiques et des métastases osseuses afin de définir l’étendue de la
maladie localement et à distance.

Resumen. El cáncer inflamatorio de mama (IBC) constituye la forma
localmente más agresiva del cáncer avanzado de mama. Su diagnóstico se
fundamenta tanto en los hallazgos clı́nicos como anatomopatológicos.
Valoramos la eficacia de la tomografı́a con positrones previa administración
de 18-fluordeoxiglucosa (FDG-PET) en el diagnóstico y estadificación del
IBC. Se analizan retrospectivamente las historias clı́nicas de 7 pacientes
con IBC en los que se efectuó, en estadios iniciales una FDG-PET; en cuatro
se realizó un seguimiento con tomografı́a PET tras quimioterapia.
Los 7 pacientes presentaban aumento difuso del tamaño de la mama,
enrojecimiento y piel de naranja desde hacı́a 1 a 5 meses. A la palpación, en
4 pacientes, se constató tumor mamario y en 3, ganglios linfáticos axilares.
La mamografı́a mostraba un aumento difuso de la densidad del parénquima
mamario y engrosamiento de la piel en el 85% de los casos; en el
43% se observaron deformidades del parénquima. La tomografı́a axial
computarizada (CT) no evidenció metástasis a distancia ni en tórax ni en
abdomen. La biopsia reveló en 6 pacientes un carcinoma ductal infiltrante
y en 1 caso cáncer de tipo lobular. Todos los pacientes fueron tratados
preoperatoriamente con quimioterapia; la tomografı́a con PET mostró una
difusa hipercaptación de FDG en la mama, con focos de mayor intensidad
en el tumor primario; hipercaptación en la piel en el 100% de los casos, en
las adenopatı́as linfáticas en el 85% y en el 14% en metástasis óseas que
fueron confirmadas mediante escintigrafı́a ósea. La FDG-PET post
quimioterapia realizada en 4 pacientes confirmó una regresión tanto del
tumor primario como de los ganglios metastásicos y de las metástasis
óseas. La tomografı́a FDG-PET es útil en el diagnóstico de los cánceres
inflamatorios de mama pues permite evaluar su extensión no sólo en el
parénquima mamario sino también el grado de infiltración linfática de la
piel; además, detecta las metástasis ganglionares y óseas. Por consiguiente,
dicha exploración permite valorar tanto la afectación local como la producida
a distancia.
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