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18F-FDG PET/CT has limited value in early breast cancer. Sentinel
lymph node (SLN) biopsy is the current procedure of choice to
search for small metastatic deposits in the axillary lymph nodes in
early breast cancer. In this retrospective study, we reevaluated 18F-
FDG PET/CT images after locating the SLN on PET/CT with the help
of SLN SPECT/CT images and assessed 18F-FDG uptake, particu-
larly in the SLN. Our goal was to understand if combined evaluation
of 18F-FDG PET/CT and SLN SPECT/CT could be useful for detect-
ing early lymph node metastasis in the axilla. Methods: 18F-FDG
PET/CT images of newly diagnosed breast cancer patients who also
had SLN scintigraphy (SPECT/CT) and biopsy results were analyzed
to assess 18F-FDG uptake in the SLN. The SLN seen on SPECT/CT
images was located on PET/CT images, and its metabolic activity
was assessed both visually and semiquantitatively using SUVmax.
18F-FDG PET results were compared with the histopathology result
for the SLN. Results: Twenty patients among 130 met the in-
clusion criteria. SLN SPECT/CT images were helpful for locating
the SLN on 18F-FDG PET/CT images in all 20 patients. Histopath-
ologic analysis of the SLNs demonstrated metastasis in 7 pa-
tients and no metastasis in 13. There was mild (visible) 18F-FDG
uptake in the SLN (SUVmax, 1.2–4.1; metastatic deposit size, 6–
8 mm) in 6 of 7 patients with SLN metastasis (85.7%). There was
no or only faint 18F-FDG uptake in the SLN (SUVmax , 1) in 9 of
13 patients with no SLN metastasis (69.2%). Receiver-operating-
characteristic curve analysis indicated that the SUVmax cutoff for
differentiating SLN-positive from -negative cases was 0.85 (sen-
sitivity, 85.7%; specificity, 61.5%; area under the curve, 0.747;
P , 0.05). Conclusion: Combined evaluation of 18F-FDG PET/
CT and SPECT/CT images to assess 18F-FDG uptake, particu-
larly in the SLN, is a new image analysis technique to detect early
metastatic disease in the axillary lymph nodes in breast cancer.
Although this technique does not currently seem feasible for use
in routine practice, mainly because of the limitations of current
PET/CT technology in detecting small tumors, it is an interesting
image analysis technique to be aware of for possible future use.
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PET/CT performed with 18F-FDG is commonly used for
staging of locally advanced noninflammatory and inflam-
matory breast cancer (1–6). Locally advanced breast cancer
(tumor . 5 cm or involving regional lymph nodes or adja-
cent tissues such as skin, muscle, or bones) includes clinical
stages IIB, IIIA, IIIB, and IIIC. Invasive ductal carcinoma
is the most common subtype of breast cancer, and invasive
lobular carcinoma is the second most common (7). Invasive
ductal carcinoma shows higher 18F-FDG uptake than inva-
sive lobular carcinoma of the breast (8–10). Inflammatory
breast cancer is rare but aggressive and involves rapidly
proliferating tumor. Inflammatory breast cancer is classified
as T4d, and the skin over the breast is reddened, warm, and
thickened, termed peau d’orange (11).

18F-FDG PET/CT is not recommended for the initial as-
sessment of patients with clinical T1 N0 (tumor , 2–3 cm
with no lymph node metastasis) breast cancer (3). In early
breast cancer, sentinel lymph node (SLN) biopsy is routinely
used to search for occult lymph node metastasis (12,13). The
SLN is the lymph node that receives initial lymphatic drain-
age from the tumor site. The SLN biopsy procedure includes
peritumoral or periareolar radiopharmaceutical injection (with
or without imaging) or blue dye injection shortly before the
surgery, searching for the most radioactive lymph nodes using
a handheld g-probe or blue nodes, surgical sampling, and
frozen-section evaluation of the SLN (14). If there is metas-
tasis in the SLN in frozen sections, the surgeon proceeds with
axillary dissection. Standard axillary dissection is limited to
levels I and II, and at least 10 lymph nodes are removed. If
there is metastatic disease in the level II nodes, level III nodes
may also be removed (complete axillary dissection).

In most of the 18F-FDG PET imaging studies that are
done in locally advanced breast cancer, there is regional
lymph node metastasis with or without distant metastasis.
In some patients, mild 18F-FDG uptake is seen in the axil-
lary lymph nodes in addition to the primary tumor, and such
findings are usually reported as negative or insignificant for
lymph node metastasis. In those cases, SLN scintigraphy
and biopsy are performed to localize the SLN and search
for occult axillary lymph node metastasis.

In this retrospective study, we reevaluated 18F-FDG PET/
CT images after locating the SLN on PET/CTwith the help
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of SLN SPECT/CT images and assessed 18F-FDG uptake,
particularly in the SLN. Our goal was to understand if com-
bined evaluation of 18F-FDG PET/CT and SLN SPECT/CT
could be useful for detecting early lymph node metastasis in
the axilla.

MATERIALS AND METHODS

In this retrospective study, newly diagnosed breast cancer
patients who had undergone both 18F-FDG PET/CT and SLN
SPECT/CT and for whom biopsy results were available for the
SLN were selected for further analysis. In all cases, SNL scintig-
raphy was performed after 18F-FDG PET/CT imaging had been
found negative for metastatic disease. This retrospective study was
approved by the Kuwait Ministry of Health.

18F-FDG PET/CT images were obtained on a Gemini time-of-
flight PET/CT camera (Philips) 60 min after intravenous injec-
tion of 296 MBq (8 mCi) of 18F-FDG. Before PET image
acquisition, a low-dose CT scan was obtained for attenuation
correction and anatomic localization. The PET acquisition was
at a rate of 3 min per bed position from the top of the head to the
mid thighs. PET images were corrected for attenuation on the
basis of the CT data, reconstructed using a standard iterative
algorithm (ordered-subset expectation maximization), and reformat-
ted into transaxial, coronal, and sagittal views. Maximum-intensity
projections were also generated. Both attenuation-corrected and
uncorrected PET images, as well as PET/CT images, were
reviewed.

SLN scintigraphic images were obtained on a Discovery 670
16-slice SPECT/CT camera (GE Healthcare) after periareolar
intradermal injections of 99mTc-nanocolloid at 4 sites (3-, 6-, 9-,
and 12-o’clock) using a 27-G needle with a dose of 18.5–37

MBq (0.5–1.0 mCi) divided into 4 parts, each in a 0.1- to 0.2-
mL volume. In our department, we first obtain dynamic images
over the anterior chest/axilla, at 30 s per image for 20 min. This
is followed by a static image of 5 min and a SPECT/CT acquisition
at 20–25 s/projection, 120 or 128 projections over 360�, with a
matrix size of 128 · 128. CT is low-dose (140 kVp and 2.5 mA).

SLNs were identified on dynamic, static, and SPECT/CT images.
The SLN seen on the SPECT/CT image was located on the 18F-
FDG PET/CT image, and its metabolic activity was assessed visu-
ally and using SUVmax. Whole-body 18F-FDG PET images were
also reviewed to assess the primary tumor, both axilla and breasts,
and the rest of the body.

The data were managed and statistically analyzed using the
Statistical Package for Social Sciences, version 25.0. The mean 6
SD of the 18F-FDG SUVmax of tumor-positive and -negative SLNs
was calculated. The mean values were compared using the non-
parametric Mann–Whitney test. A 2-tailed P value of less than
0.05 was considered statistically significant.

We also performed receiver-operating-curve (ROC) analysis to
determine the optimal cutoff for SUVmax in SLN-positive and SLN-
negative cases.

RESULTS

Images of 20 women (mean age, 61.2 y; range, 35–81 y)
were selected for further analysis among 130 patients with
newly diagnosed breast cancer. Fifteen patients had invasive
ductal carcinoma, 2 had invasive lobular carcinoma, 1 had in-
vasive mammary carcinoma, 1 had ductal carcinoma in situ,
and 1 had both invasive ductal carcinoma and invasive lob-
ular carcinoma in the same breast. There were bilateral tu-
mors in 2 patients.

TABLE 1
Histologic Subtype, Tumor Grade, Pathologic Stage, 18F-FDG Uptake in SLN, and Pathology Result

Age (y) Subtype Grade Stage SLN SUVmax SLN metastasis

53 IDC 2 pT1c N1a Mx 1.2 Positive
35 IDC 3 pT2 N2a Mx 1.5 Positive
74 IDC 2 pT2 N1a Mx 0.8 Positive
45 IDC 2 pT2 N1a Mx 4.1 Positive
53 IDC 2 pT3 N2a Mx 2.8 Positive
67 IDC 2 pT2 N1a Mx 2 Positive
50 ILC (left)* 2 pT3 N3a Mx – –

ILC (right) 2 pT1c N3a Mx 1.4 Positive
47 IDC 2 pT2 N0 Mx 1.4 Negative
62 IDC 3 pT2 N0(sln) Mx 0.9 Negative
61 IDC 2 pT2 N0(sln) Mx 0.6 Negative
70 IDC 2 pT2 N0 Mx 0.8 Negative
68 IDC 3 pT2 N0 Mx 5.9 Negative
49 IDC 2 pT1a N0(sln) Mx 1.8 Negative
78 IDC 1 pT2p N0(sln) Mx 0.8 Negative
68 IDC 2 pT2 N0(sln) Mx 0.9 Negative
53 IDC 1 pT1c N0(sln) Mx 0.7 Negative
76 DCIS NA Bilateral 0.9 Negative
70 ILC and IDC 3 and 2 pmT2 N0(sln) Mx 0.9 Negative
81 ILC 2 pT1c N0 Mx 0.8 Negative
65 IMC 3 pT1c N0(sln) 1.8 Negative

*SLN study not done for left breast.

IDC 5 invasive ductal carcinoma; DCIS 5 ductal carcinoma in situ; ILC 5 invasive lobular carcinoma; NA 5 not applicable; IMC 5
invasive mammary carcinoma.
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SLN scintigraphy was able to localize the SLN in all
patients. The number of the SLNs detected by scintigraphy
was 1 in 13 patients and 2 or more in 7 patients.
Surgery included SLN biopsy in all patients, with lump-

ectomy or wide local excision in 9, mastectomy in 11, and
axillary dissection or clearance in 10.
SLN SPECT/CT images were helpful in locating the

SLN on 18F-FDG PET/CT images in all 20 patients. Table 1
shows histologic subtype, grade, pathologic stage, 18F-FDG
uptake (SUVmax) of SLN, and pathology result of SLN.
SLN biopsy and histopathology demonstrated metastasis
in 7 patients and no metastasis in 13 patients. There was
mild visible 18F-FDG uptake in the SLN in 6 of 7 patients
with SLN metastasis (SUVmax, 1.2–4.1; metastatic deposit
size, 6–8 mm) (Fig. 1). In 1 patient with SLN metastasis,
there was only faint 18F-FDG uptake in the SLN (SUVmax,
0.8; metastatic deposit size, 3 mm). In 4 patients with SLN
metastasis, there was bilateral axillary node uptake, which
was milder on the nontumoral side in 3 and equal on both
sides in 1. In addition to uptake in the SLN, there was also
mild 18F-FDG uptake in several other axillary nodes on the
tumor side in 3 patients who had both sentinel and non-
sentinel node metastatic disease on histopathology.
In 9 of 13 patients with no SLN metastasis on histopa-

thology, there was no or faint 18F-FDG uptake in the SLN
(SUVmax , 1) (Fig. 2). There was mild 18F-FDG uptake in
the SLN in 4 of 13 patients with no SLN metastasis (SUVmax,

1.4–5.9). In a patient with prominent 18F-FDG uptake in the
SLNs (SUVmax, 5.9), the SLNs were located in level III on
SPECT/CT. It was not clear if axillary dissection included
level III nodes in this patient. There was bilateral mild axillary
uptake in 5 patients who were negative for SLN metastasis;
this finding was to a similar degree on both sides in 4 patients
and less intense on the nontumoral side in 1 patient.

The mean 6 SD for 18F-FDG SUVmax in SLN-positive
and -negative cases was 2.066 1.21 and 1.46 1.35, respec-
tively. Statistically, there was no significant difference in the
values (P 5 0.08).

ROC analysis indicated that the SUVmax cutoff for differ-
entiating SLN-positive from SLN-negative cases was 0.85.
The sensitivity of this value was 85.7% (95% confidence
interval, 83.1288.4), and the specificity was 61.5% (95%
confidence interval, 59.7–63.6), with an area under the curve
of 0.747 (P , 0.05). Figure 3 shows the ROC curve.

There were several foci of abnormal 18F-FDG uptake in
the spine that were suggestive of bone metastasis in a pa-
tient with grade 3 invasive ductal carcinoma, pathologic
stage pT2 N2a Mx, and mild focal 18F-FDG uptake in the
SLN and several other axillary nodes.

DISCUSSION

Detection of early metastatic disease in the regional lymph
nodes is important for the selection of appropriate treatment
and improving survival. SLN biopsy is the current method to

search for small amounts of metastatic
deposits in the axillary lymph nodes in
early breast cancer. Micrometastasis
includes tumors measuring 0.2–2 mm
or more than 200 cells. Macrometastasis
is when the tumor is larger than 2 mm.
Intraoperative frozen sections of SLNs
have a low sensitivity in detecting micro-
metastases but a reasonable sensitivity
for macrometastases (15,16). 18F-FDG
PET imaging can detect metastatic de-
posits larger than 6–8 mm.

In routine 18F-FDG PET studies,
mild uptake (SUVmax , 2.5) in the
axillary lymph nodes is usually reported
as negative or insignificant for meta-
static disease and considered to be due
to inflammatory changes. In the current
study, we assessed 18F-FDG PET uptake
particularly in the SLN. SLN SPECT/
CT images were helpful in locating the
SLN and assessing 18F-FDG uptake in
the SLN. SPECT/CT is becoming in-
creasingly available, and the CT part
of the study is useful to determine the
exact anatomic location of the SLNs.

We did not find a statistically signif-
icant difference in 18F-FDG SUVmax be-
tween tumor-positive and tumor-negative

FIGURE 1. A 50-y-old woman with bilateral grade 2 invasive lobular carcinoma (left
breast, pT3 N3a Mx; right breast, pT1c N3a Mx). (Left) SLN scintigraphic study from
right breast with selected transaxial CT, SPECT/CT, and maximum-intensity-projection
images demonstrates SLN in right axilla (arrows). (Middle) Selected 18F-FDG transaxial
PET, CT, and PET/CT images of bilateral axillae demonstrate mild focal uptake in SLN in
right axilla (SUVmax, 1.4) (arrows) and multiple mildly hypermetabolic left axillary lymph
nodes (SUVmax, 2.9). Histopathologic analysis demonstrated metastasis in right SLN and
bilaterally in multiple axillary lymph nodes. (Right) 18F-FDG PET whole-body maximum-
intensity-projection image demonstrates bilateral diffuse uptake in breasts, focal mild
tumoral uptake in left breast (SUVmax, 2.3), and bilateral mildly hypermetabolic axillary
lymph nodes, more prominent on left side. Abnormal hypermetabolic activity in right lobe
of thyroid is suspicious for malignancy and large myomatous uterus is also seen.
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SLNs. The absence of a difference in SUVmax between SLN-
positive and SLN-negative patients was probably related to the
small sample size and to the generally low uptake in lymph
nodes. However, in most of our patients with SLN metastasis,
there was visible mild focal uptake in the SLN (86%). Mild
visible focal uptake in the SLN was seen in a lesser percentage
of patients with no SLN metastasis (31%). The SUVmax of mild
but visible focal uptake ranged from 1.2 to 4.1 in SLN-positive
patients. In cases with faint 18F-FDG uptake in the SLN in SLN-
negative patients, SUVmax was less than 1. ROC analysis showed
that the SUVmax cutoff was 0.85 in differentiating SLN-positive
from SLN-negative cases. However, given the small number of
patients in our study, the accuracy of ROC analysis is limited.
Bilateral mild axillary uptake was of equal intensity in most SLN-
negative cases and was more prominent on the tumor side in
SLN-positive patients. It is already well known that bilateral
symmetric lymph node uptake is likely due to a benign process,
such as inflammatory conditions, and asymmetric uptake is more
suspected of indicating metastatic disease in oncologic cases.
Mild visible focal uptake in axillary lymph nodes, if unilateral
or more prominent on the tumor side, raises suspicion of early
metastatic disease. If the abnormal uptake is only in the SLN but
not in other nodes, this may further raise suspicion for early
lymph node metastasis even if the SUVmax is less than 2.5.
However, it is still difficult to decide if mild 18F-FDG uptake in
the SLN is due to a small amount of metastatic disease or to
inflammatory changes. SLN biopsy is still the procedure of choice
to detect early metastatic disease in the SLN.
Histopathologically determined sizes of the metastatic

deposits were 6–8 mm in our 6 cases with mild focal 18F-
FDG uptake in the SLN. In a case with a metastatic deposit

size of 3 mm, 18F-FDG PET was neg-
ative. It is well known that 18F-FDG
PET imaging is limited in detecting
small metastatic deposits (,6 mm).
The physical size of a lesion is difficult
to derive from PET images because of
spill-out and partial-volume effects
(17,18). The smaller the tumor, the
greater the underestimation of the up-
take via PET imaging (17,18). Differ-
ent tumors with exactly the same
uptake value or phantoms with same ra-
dioactivity concentrations in different-
sized spheres show that uptake decreases
when tumor or sphere size decreases
(17,19). In recent years, there have been
various attempts to improve small lesion
detection, including time-of-flight PET
cameras, PET cameras with solid-state
photodetectors, digital PET, point-spread
function (PSF) reconstruction, and re-
construction with smaller voxels (20–
25). Recent studies have demonstrated
that PSF reconstruction improves de-
tection of small metastatic deposits in

various cancers (26–29). PSF reconstruction can improve
spatial resolution and signal-to-noise ratio in PET imaging
(18). In breast cancer patients, PET with PSF reconstruction
performed better than PET with ordered-subset expectation
maximization reconstruction in detecting nodal metastases
7 mm or smaller, and the smallest detectable metastasis was
1.8 mm (26). The reconstruction of PET images with time-
of-flight and PSF enabled the improvement of diagnostic

FIGURE 2. A 53-y-old woman with grade 1 invasive ductal carcinoma of right breast
(pT1c N0(sln) Mx). (Left) SLN scintigraphic study from right breast with selected
SPECT/CT and maximum-intensity-projection images demonstrates SLN in right
axilla (arrows). (Middle) Selected 18F-FDG transaxial PET, CT, and PET/CT images
demonstrate only faint uptake in SLN in right axilla (SUVmax, 0.7) (arrows). Mild but
slightly more prominent 18F-FDG uptake is seen in contralateral left axillary lymph
nodes. Histopathologic analysis demonstrated no evidence of metastasis in right
SLN. (Right) 18F-FDG PET whole-body maximum-intensity-projection image
demonstrates bilateral diffuse uptake in breasts and focal tumoral uptake in
right breast (SUVmax, 2.1).

FIGURE 3. ROC curve for 18F-FDGPET/CT in detectingmetastasis
in SLN.
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performance in N-staging of breast carcinoma, even when
the dose of radiopharmaceutical was reduced to 2.5 MBq/
kg (27). In our cases, we used iterative or ordered-subset
expectation maximization reconstruction. PSF reconstruction
may help better detect 18F-FDG uptake in the SLN with a
small amount of metastatic disease. PSF reconstruction im-
proves detection of small deposits, but Munk et al. reported
that PSF reconstruction artifacts can lead to misinterpreta-
tions when used for quantitative analyses of small subcentim-
eter lesions, which is important when monitoring treatment
response on lymph nodes using SUV measurements (18).
Because of the current limitations of PET/CT imaging

for detecting small tumor deposits, obtaining both 18F-FDG
PET/CT and SLN SPECT/CT in early breast cancer is cur-
rently not feasible in routine use. Obtaining both images is
costly and time-consuming and increases radiation dose.
However, it is important to combine different techniques
and imaging modalities to obtain the maximum available
result for a study.

CONCLUSION

Combined evaluation of 18F-FDG PET/CT and SLN
SPECT/CT images allows assessing 18F-FDG uptake, par-
ticularly in the SLN, which is important in detecting early
lymph node metastasis in breast cancer. Although this tech-
nique does not seem feasible in routine practice, mainly
because of the limitations of current PET/CT technology in
detecting small amounts of tumor, it is an interesting image
analysis technique to be aware of for possible future use.
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