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Clinical Relevance of the Standardized Uptake Value
(Suv) in Staging Breast Cancer with FDG-PET/CT
Ashraf Anas Zytoon
PET Center, Dokkyo Medical University, Mibu, Tochigi, 321-0293 Japan

SUMMARY

Purpose : FDG-PET/CT with standardized uptake value (SUV) estimation was applied to breast cancer
patients for the purpose of preoperative evaluation of the extent of the disease.

Methods : FDG-PET/CT was performed preoperatively in 71 patients with breast cancer, and the maxi-
mum standardized uptake value (SUVmax) of tumors, as well as combination of SUVmax and tumor mark-
er CA 15-3 were investigated for a significant association with lymph node spread and distant metastasis.

Results : Tumor SUVmax high (>3.1) was found to have a reliable predictive value for lymph node
spread (sensitivity 82.9 %, specificity 75 %, P<0.0001), while SUVmax-High (>3.8)/CA 15-3-Elevated
was found to be superior for the prediction of metastasis (sensitivity : 75 %, specificity : 92.7 %, P = 0.0001).
Moreover, linear regression analysis identified the best correlation was between SUVmax-High (>3.1)
with lymph node spread {correlation coefficient (r?) = 0.580, P = 0.0001}, and SUVmax-High (>3.8)/CA 15
-3-Elevated with distant metastasis [correlation coefficient (r*) = 0.677, P < 0.0001} .

Conclusions : SUVmax is a reliable predictor of lymph node spread, and if combined with tumor marker
assay (CA 15-3) labeled SUVmax-High/CA 15-3-Elevated is sufficient for the early detection of breast
cancer metastasis. This outcome suggests that the FDG-PET/CT findings with SUV calculation could have
a strong positive impact on breast cancer patients.
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INTRODUCTION

In women, breast cancer has the highest incidence of
all types of cancers and is the second leading cause of
cancer deaths". Although it is curable when detected
early, about one third of women with breast cancer die
of the disease *.

Positron emission tomography with the glucose ana-
log 2-[®F] fluoro-2-deoxy-D-glucose (FDG-PET) is

increasingly recognized as a powerful tool in evaluat-
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ing patients with various malignant tumors 379 1p pa-
tients with breast cancer, FDG-PET has been reported
to be useful in the initial tumor evaluation, including
locoregional or distant staging, in the evaluation of
treatment response, and in the assessment of recur-

7~10 Ppositron emission tomography has

rent disease
four main uses in oncology. First, it can be used to de-
termine the presence of malignant tissue within nod-
ules or masses. Second, it is useful for cancer staging.
Third, it can be used to evaluate possible residual or
recurrent disease. Finally, PET is being studied as a
tool for evaluating tumor response to therapy .
Recently, combined PET and CT systems (PET/
CT) have emerged as promising imaging modalities,
and they are being more routinely applied in clinical
situations ', The CT portion of PET/CT provides



194 Ashraf Anas Zytoon DJMS

anatomical mapping images for PET as well as attenu-
ation correction data. Exact localization of FDG up-
take is possible with this modality, which is sometimes
difficult with only PET. PET/CT also allows the dem-
onstration of pathological FDG uptake in small lymph
nodes and structures that are negative based on the
CT size criteria. Furthermore, PET/CT can clarify the
location of physiological FDG uptak615>.

FDG-PET has been shown to be potential in prima-
ry breast cancer diagnosis, with sensitivities of 63 % —
96 % and specificities of 75 % — 100 % *'%. Schirrmeister
et al'®, compared FDG-PET with conventional staging
methods including chest radiographs, ultrasound of the
liver and bone scintigraphy for detection of breast can-
cer metastasis, and it was found that FDG-PET was
more accurate than conventional staging procedures,
irrespective of the localization of the distant metasta-
ses, however, Uematsu et al, concluded from his re-
sults that, bone SPECT is superior to FDG-PET in de-
tection of osteoblastic bone metastases in breast
cancer . Similar data'” observed that FDG-PET
was superior in the detection of pulmonary metastases
and especially of lymph node metastases of the medi-
astinum in comparison to chest X-ray, whereas the
sensitivity of FDG-PET in the detection of bone and
liver metastases was of the same magnitude as com-
pared with bone scintigraphy and ultrasound of the
abdomen. These results warrant prospective trials
with FDG-PET as the single staging procedure in pa-
tients with a high risk of distant metastases.

Although the prognosis of breast cancer patients
could be evaluated to a considerable extent by clinical
staging, a means which can predict the patient progno-
sis with more accuracy needs to be developed in order
to carry out the therapeutic strategy more efficiently.
For this purpose, FDG-PET/CT seems to be promis-
ing and, therefore, in the present study, we have ex-
amined the usefulness of FDG-PET/CT in the preop-
erative evaluation of the extent of disease in breast

cancer patients.
PATIENTS AND METHODS

1. Patient Population

This is a retrospective review of a prospective data-
base. Patients with breast cancer were referred for
preoperative FDG-PET/CT to evaluate the extent of

disease. Written informed consent was obtained from
all patients. Seventy-one patients (all women, age ;

average 32—78 y, mean 56.7 = 11.3, median 58 y) with
newly diagnosed breast cancer were examined by
FDG-PET/CT during the period between April 2005
and March 2007. FDG-PET/CT was performed within
1-44 days (mean 15 = 10, median 14 d) before sur-
gery (breast-conserving surgery or mastectomy). Pa-
tient characteristics are shown in (Table 1). Among
them, 27 (38 %) breast masses had borderline levels of
increased FDG uptake (SUV less than or equal to 2.5).
The mean size of the breast cancer was 2.7 + 2.1 cm
(median 2.0, average 0.7—12.6 cm) in its greatest di-
mension. The diagnosis was suggested by clinical ex-
amination and mammography. All patients underwent
multimodality imaging techniques, such as MRI, ultra-
sonography, digital mammography, CT, and FDG-
PET/CT. Patients who received radiation/chemothera-
py before FDG-PET/CT imaging were excluded
initially to avoid the confounding influence of concur-
rent therapy on the FDG-PET/CT outcome and they
did not included in the analysis. After surgery, we are
able to obtain important information as to patient prog-
nosis which includes axillary lymph node status, histo-
logical grade. Surgical histopathological results were
considered to provide the definitive diagnosis against
which the FDG-PET/CT results were compared. The
staging procedure was complemented by other imag-
ing modalities ; chest X-ray, US of the abdomen, CT,
MRI and Gallium (Ga) scintigraphy as well as the clini-
cal follow up (CFU) examinations and the follow up
FDG-PET/CT for metastatic workup.

2. FDG-PET/CT Imaging and Assessment
2.1. Image Processing

Patients fasted for at least 6 hours before the PET
scan and had blood glucose levels <140 mg/dl at the
time of injection. PET was performed with a dedicated
whole-body PET/CT scanner (Biogaph Sensation 16
PET-CT Scanner ; Siemens Medical Systems). The
FDG-PET/CT scanning was performed as whole-body
images from head to thigh, with acquisition of 6 —7 bed
positions : resulting in a complete axial length of 80—
100 cm. Scanning began approximately 60 min after in-
jection of "F-FDG (4.5 MBq/kg of body weight). In
all cases, ®*F-FDG radiochemical purity was > 95 %
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Table 1 Basic Clinical and Pathological Characteristics of the Patients

Sex

all female

Age (years)
Mean * SD (median, average)
Menopausal Status
Premenopausal/Postmenopausal
Histopathology
DCIS/IDC/ILC
Tumor Diameter (cm)
Mean *+ SD (median, average)
TNM Classification * *
T1/T2/T3/T4
NO/N1/N2/N3
MO/M1
Stage I/II/TII/IV
SUVmax
Mean * SD (median, average)
Tumor Marker CA 15-3
Mean * SD (median, average)

56.7 = 11.3 (58, 32— 78)
21/50*
13/55/3*
27=21cm (2.0,0.7-12.6)
32/20/3/16*
36/17/13/5*
55/16*
27/19/9/16*

4.8 +3.9 (3.6,06-185)

23 +37.2 (13.2, 4.8-195)

* Figures express number of patients

** TNM grading according to the histopathological report
DCIS = Ductal carcinoma in-situ, IDC = Invasive ductal carcinoma, ILC = Invasive lobular

carcinoma

and specific activity was >47 GBq/umol. FDG was in-
fused over 2 min in the antecubital vein contralateral
to the affected breast. Transmission scans were per-
formed for all patients to provide attenuation correc-
tion with CT. The PET slice thickness was 3.4 mm.
Three-dimensional (3D) data acquisition without sep-
ta, and image reconstruction with scatter correction
using a computer system (e—soft nuclear medicine ac-

quisition, processing, and viewing software).

2.2. Image Analysis

FDG-PET images were reconstructed using mea-
sured attenuation correction, dead—time correction and
decay correction to the beginning of each scan. Visual
assessment, image interpretation and data analysis
were performed independently by two nuclear medi-
cine physicians. They were aware of the patients’ clini-
cal history, which was provided by the referring physi-
cian, but were blinded to the results of other imaging
studies if these were performed. The SUVs were iden-
tical in 90 % of cases with both of the observers. When
there was a difference, a mean was calculated to deter-
mine the final SUV. After image reconstruction, a free-
hand ROI was carefully drawn on 3—6 PET scan slices

at the site of the lesion. From these ROIs, the SUV
was calculated according to the following formula :
(mean ROI activity [MBq/gl)/(injected dose [MBql/
body weight [g]), where g = grams. The maximum
FDG uptake on the consecutive scans was obtained for
quantitative measurement of the metabolic activity of
the tracer (SUV). Analysis was based on measuring
degree of FDG maximum standardized uptake (SUV-
max) at the tumor site as well as determination of tu-
mor stage, lymph node spread and distant metastasis
if any.

3. Statistical Analysis
Three levels of statistics were performed using

GraphPad Prism for windows, version 4.

3.1. Selection of the best cut-off scores for SUV-
max

In order to identify the best cut-off score for SUV-

max, receiver operating characteristic (ROC) curve

analysis was used ®. Clinically, relevant cut-off scores

were generated such that they maximized both sensi-

tivity and specificity for each outcome under study.
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Fig.1 Box and whiskers, vertical graph. Maximum standardized uptake

value (SUVmax) of breast cancers associated with negative and

positive lymph node spread. The difference between SUVmax

values of both groups was significant (P<0.0001). The line shows

the median value of SUVmax.

3.2. Association of SUVmax and clinico-patholog-
ic features

In order to apply ROC curve analysis, patients were
sorted into groups according to the clinico—pathologic
features ; as follows : early (T1+ T2) or advanced
(T3+ T4) tumor, no (NO) or any (N+) lymph node
spread, absence or presence of metastasis. The pa-
tients were dichotomized according to the cut-off val-
ues of SUVmax. The worth of the predetermined SUV-
max cut-off and tumor stage, lymph node spread, and
metastasis was analyzed using the Mann-Whitney u
test which was conducted to compare means of SUV-
max (as a continuous data) between the different

groups.

3.3. Analysis of the relationship between SUVmax
and lymph node spread and metastasis

The relationship between SUVmax among other
clinicopathological decisive factors with lymph node
spread and metastasis was evaluated in univariate
analysis using a 2 X 2 contingency tables and Fisher’s
Exact test. Linear regression analysis was used to de-
termine the correlation coefficient (r?) for significant
clinicopathological risk factors. Sensitivity, specificity,

positive predictive value, negative predictive value,

and relative risk were obtained with 95 % confidence
intervals (CI). All statistical analyses were two sided
with significance defined as P << 0.05.

RESULTS

1. SUVmax and Prognosis

All 71 breast tumors were scanned by FDG-PET/
CT. Mean of SUVmax values was 4.8 + 3.9 (median
3.6, average 0.6—18.5). According to tumor staging ;
SUVmax of advanced tumor (T3-4), was not signifi-
cantly (P =0.1353) higher than early ones (T1-2).
SUVmax-T1-2; =52 (mean; 4.3%3.4, 95% CI:
3.4—-5.3, median ; 3.0, average ; 0.6 —15.3) while SUV-
max-T3-4; 7 =19 (mean: 6.1 £4.8,95% CI; 3.8—
8.4, median : 4.3, average ; 1.3—18.5). According to
lymph node spread, SUVmax for tumors associated
with lymph node spread (N +), was significantly (P<
0.0001) higher than those without (NO). SUVmax —
NO:n=236 (mean; 2.6 = 1.8 95% CI; 2.0-3.2, medi-
an ; 2.1, average ; 0.6—8.9) while SUVmax-N + ; n =
35 (mean; 7.0 *4.2,95% CI:5.6-8.5 median : 6.8,
average : 1.9-18.5) (Fig. 1). And according to metas-
tasis ; SUVmax for tumors associated with distant me-
tastasis (M1), was significantly (P = 0.0008) higher
than those without (M0). SUVmax-MO : # =55
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Fig. 2 Box and whiskers, vertical graph. Maximum standardized uptake

value (SUVmax) of breast cancers associated with negative and

positive distant metastasis. The difference between SUVmax values

of both groups was significant (P = 0.0008). The line shows the

median value of SUVmax.

Table 2 Association between SUVmax and Pathological Criteria in Breast Cancer

SUVmax Median SUVmax (%) SUVmax (%) p-Value
Cutoff Low High
N N

Tumor 3.1 0.1353
T1-2 3.0 27 (81.8) 25 (65.8)
T3-4 4.3 6 (18.2) 13 (34.2)
Lymph Node Spread 3.1 <0.0001°
NO 2.1 27 (81.8) 9 (23.7)
N + 6.8 6 (18.2) 29 (76.3)
Metastasis 3.8 0.0008°
MO 2.8 32 (88.9) 23 (65.7)
M1 8.9 4 (11.1) 12 (34.3)

N. B. The optimal SUVmax cutoff value for tumor, lymph node spread and metastasis was

generated by receiver operating characteristics (ROC) analysis.

(mean ; 3.8 %28, 95% CI; 3.0—4.5, median ; 2.8, av-
erage : 0.6 -15.3) while SUVmax-M1;: » = 16
(mean ; 8.3%5.1,95% CI: 5.5—-11.0, median ; 8.9, av-
erage ; 1.9—18.5) (Fig. 2) (Table 2). The receiver op-
erating characteristic (ROC) analysis suggested tumor
SUVmax 3.1 cut-off for differentiating between breast
cancer associated with and without lymph node spread
(82.9 % sensitivity, 75 % specificity, 76.3 % positive
predictive value, 81.8 % negative predictive value,

Area under the curve 0.8615, 95 % CI 78—-94 %, P<
0.0001) and SUVmax 3.8 as a recommended cut-off for
differentiating between breast cancer associated with
and without distant metastasis (75% sensitivity, 58.2
% specificity, 34.3 % positive predictive value, 83.9 %
negative predictive value, Area under the curve 0.666,
95% CI 54.4-77.3%, P =10.0420) .
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Fig. 3 Receiver operating characteristic analysis of SUVmax, and SUVmax-CA 15-3

in differentiation between breast cancer with (M1) and without (MO0) distant
metastasis. Area under curve (Az) * SE for SUVmax = 0.666 + 0.082, and for
SUVmax-CA 15-3=10.839 = 0.065. Comparative ROC analysis revealed
significant differences among the performances of SUVmax and SUVmax-CA
15-3 for correlation with distant metastasis (P = 0.008)

Table 3 Analysis of the Relationship between Tumor stage, SUVmax, SUVmax/CA 15-3 and Lymph Node Spread

Cutoff Sensitivity Specificity Positive Negative Relative p—Value
value Predictive Predictive Risk
Value Value
Tumor stage T3-4 42.9% 91.7 % 83.3% 62.3 % 2.2 0.0010°
(26.3-60.7%) (77.5-98.3%) (58.6—96.4%) (47.9-752%) (1.5-3.3)
SUVmax 3.1 82.9% 75.0 % 76.3 % 81.8% 4.2 < 0.0001°
(66.4-93.4%) (57.8-87.8%) (59.8—-88.6%) (64.5-93%) (2-88)
SUVmax/CA 15-3  3.1/Elevated 40.0 % 97.2% 93.3% 62.5 % 2.5 0.0001°
(23.9-57.9%) (85.5-999%) (68.1-99.8%) (48.6-751%) (1.7—3.6)

N. B. The optimal Cutoff value for SUVmax was generated by receiver operating characteristics (ROC) analysis.

S = Significant, Parentheses means 95 % confidence interval (95 % CI).

2. Prediction of Distant Metastasis by Combina-
tion of SUVmax, and Tumor Marker CA 15-3
Combination of SUVmax (>3.8) and tumor marker
CA 15-3 (CA 15-3-elevated) was supposed to be
more useful in the prediction of distant metastasis.
ROC analysis for SUVmax-High/CA 15-3-Elevated
was (75 % sensitivity, 92.7 % specificity, 75 % positive
predictive value, 92.7 % negative predictive value,

Area under the curve 0.839, 95% CI 73.2—-91.5%, P
=0.0001). SUVmax/CA 15-3 has higher specificity
than SUVmazx, with similar sensitivity. Comparative
ROC analysis for SUVmax and SUVmax/CA 15-3, re-
vealed significant differences among the performances
of SUVmax and SUVmax/CA 15-3 for correlation with
distant metastasis (P = 0.008) (Fig. 3).

Then, the patients were divided into groups concern-
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Table 4 Analysis of the Relationship between Tumor stage, SUVmax, Lymph Node Spread, SUVmax/CA 15-3 and
Metastasis
Cutoff Sensitivity Specificity Positive Negative Relative p-Value
value Predictive Predictive Risk
Value Value
Tumor stage T3-4 56.3 % 83.6 % 50.0 % 86.8 % 3.8 0.0027°
(29.9-80.3%) (71.2-92.2%) (26—-74%) (747-945%) (1.7-8.7)
SUVmax 3.8 75.0 % 58.2 % 34.3% 88.9 % 3.1 0.0008°
(47.6-92.7%) (44.1-71.4%) (19.1-52.2%) (73.9-96.9%) (1.1-8.7)
Lymph node spread N+ 93.8 % 63.6 % 42.9% 97.2% 15.4 <0.0001°
(69.8—-99.8%) (49.6—76.2%) (26.3—60.7%) (85.5-99.9%) (2.2-110.7)
SUVmax/CA 15-3 3.8/Elevated 75.0 % 92.7 % 75.0% 92.7% 10.3 0.0001°
(476-927%) (82.4-98%) (47.6-92.7) (824-98%) (3.9-27.6)

N. B. The optimal cut-off value for SUVmax was generated by receiver operating characteristics (ROC) analysis.
S = Significant, Parentheses means 95 % confidence interval (95% CI).

Fig. 4 A 5l-years-old patient with left breast cancer and left axillary lymph node spread N + (arrow). T3,N1,MO ..

Stage IITA. Surgical histopathological report confirmed Invasive Ductal Carcinoma (papillotubular). Prognostic risk
factors for lymph node spread were SUVmax 4.9 and tumor grade 3 (T3).

ing the lymph node spread (NO, N +) and distant me-
tastasis (MO, M1). We analyzed the relationship be-
tween SUVmax among other clinicopathological factors
with lymph node and distant metastasis. Statistical
analysis could identify three significant clinicopatholog-
ical risk factors associated with lymph node spread
ftumor stage T3-4; P =0.0010, SUVmax >3.1; P<
0.0001, and SUVmax-high/CA 15-3-elevated ; P =
0.0001} (Table 3), and four associated with distant me-
tastasis {tumor stage T3-4 ; P = 0.0027, SUVmax >
3.8 P =0.0008, lymph node spread (N+) ; P<
0.0001, and SUVmax-high/CA 15-3-e¢levated ; P =
0.0001} (Table 4). Amongst those clinicopathological
factors ; SUVmax > 3.1 recorded the highest risk ratio

(4.2) for correspondence with lymph node spread,
while lymph node spread (N +) and SUVmax-High/
CA 15-3-Elevated recorded the highest risk ratios
(15.4 and 10.3, respectively) for correspondence with
distant metastasis.

Linear regression analysis was applied to identify
the correlation coefficient for the clinicopathological
criteria associated with lymph node spread and distant
metastasis. SUVmax was found to have the best corre-
lation with lymph node spread {correlation coefficient
(r¥) = 0.580, P = 0.0001}, while SUVmax-High/CA 15-
3-Elevated {correlation coefficient (+*) = 0.677, P<
0.0001}, and lymph node spread (N +) {correlation co-
efficient (r¥) = 0.480, P = 0.0001} were found to have
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the best correlation with distant metastasis.
DISCUSSION

The cancer patient posed a complex set of issues to
the managing oncologic team in terms of evaluating
the extent of disease and deciding the most appropri-
ate form of treatment. Previous reports had suggested
the significance of the degree of uptake of FDG by tu-
mor can be as an important prognostic factor for

19,20}
breast cancer

23~25 ) s
cer >, and head and neck cancer ?®. In addition, sev-

21,22)
, lung can-

, esophageal cancer
eral lines of research have demonstrated the superiori-
ty of FDG-PET compared to physical examination in
the diagnosis of axillary lymph node metastases 2.2,
In line with these reports, we have been able to show
that, high SUVmax is significantly correlated with

lymph node spread and distant metastasis in breast

Fig. 5 A 59-years-old patient with Invasive Ductal

Carcinoma (solid tubular) of left breast with
axillary lymph node spread N +, distant
metastasis M1 (bone, adrenal). (A) Axial image
FDG-PET/CT confirmed disease in left breast
with metastasis to manubrium (arrow). (B)
Coronal image FDG-PET/CT ; left axillary,
mediastinal lymph nodes and right adrenal
metastasis was verified (arrows). Prognostic
risk factors for distant metastasis were tumor
grade 4 (T4), SUVmax 10.2, lymph node spread
(N +), SUVmax (High)/CA 15-3 (Elevated).

cancer patients. Since SUVmax (>3.1) had been
found to be a significant prognostic factor of lymph
node spread with 82.9 % sensitivity and 75 % specifici-
ty (P<0.0001), then SUVmax is suggested to be use-
ful in the preoperative evaluation of patient prognosis
with more accuracy.

In a large study by Pecking et al®, 132 patients
treated for breast cancer were enrolled. Positive PET
scans were obtained in 106 patients, including 89 with
a single lesion and 17 with two or more lesions, result-
ing in an overall sensitivity of 93.6 % and a positive
predictive value of 96.2% . The smallest detected le-
sion was a lymph node metastasis with a diameter of 6
mm. Equivalent to these results, is our series which
showed that the smallest lesion could be detected by
FDG-PET/CT primary tumor, lymph node or distant

metastasis is 6 mm.
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In addition to the axillary lymph node status, the
presence of distant metastases is the main prognostic
factor in patients with primary breast cancer. This
presence has a significant influence on the choice of
therapy. So far, only limited data exist on the value of
FDG-PET/CT for initial staging of distant metastases
in primary breast cancer.

1. the patient-based sensi-

According to Gion et a
tivity of CA 15-3 in different studies ranged between
33% and 78 % with a specificity of between 60 % and
93 % . Ravaioli et al.*V, divided breast cancer patients
into two groups, suggesting that complete imaging
tools and tumor markers CEA and CA 15-3 are neces-
sary in the follow-up of patients with advanced prima-
ry tumor (pT4, N2). The prognostic implications of
CA 15-3 concerning metastatic disease were evaluated
by De La Lande et al®?. For this purpose, CA 15-3
values before and at first metastasis were examined.
It was concluded that the CA 15-3 value before the
first metastasis is of prognostic value. FDG-PET is re-
ported to be more sensitive in detecting relapse. Tak-
ing these results together, it is suggested that the
combination of SUVmax and CA 15-3 could be more
useful than conventional clinical staging and than SU-
Vmax or CA 15-3 investigated individually in the pre-
operative evaluation of patient prognosis. In fact, we
have been able to show that the combination of SUV-
max-High (>3.8)/CA 15-3-Elevated has been found
to be a significant prognostic factor for distant metas-
tasis, with sensitivity 75 % and specificity 92.7 % (P =
0.0001), and furthermore, the prognostic value of such
a combination has been proven in the subset analysis
of breast cancer staging as it was found to have posi-
tive correlation with TNM classification {P < 0.0001,
correlation coefficient (r?) = 0.629!. These results seem
to suggest that the prognosis of breast cancer patients
can be evaluated preoperatively with more accuracy
by FDG-PET/CT, and consequently, therapeutic ap-
proach can be decided more precisely.

There is highly significant association between SUV-
max and histological grade. FDG uptake reflects the
glucose metabolic activity in tumors. Since tumors
with high glucose metabolism actively proliferate and
tumors with high proliferation activity usually show

33~35

high histological grade ' it is reasonable that high

SUVmax is associated with high histological grade.

Matching with these series, we have been able to show
the statistical significance of SUVmax as a prognostic
factor correlated well with TNM staging ; principally
N-factor and M-factor. Accordingly, like other stud-
ies 36~41)
worth of SUVmax on FDG-PET/CT to define the ex-
tent of disease and can differentiate well between early
(NO, M0) and advanced (N +, M1) disease (P =<
0.0001 and 0.0008 respectively) (Fig.1 and 2).

There are strengths and limitations to every study.

, our study showed the significant incremental

Strengths of this study include the prospective data-
base used, all the FDG-PET/CT images were per-
formed by the same PET/CT scanner and were ana-
lyzed by the same nuclear medicine radiologists, which
limit confounders, Standerized Uptake Value maximum
(SUVmax) was calculated for all the patients, the use
of pathologic instead of clinical staging, the accessibili-
ty to histolopathological reports of the primary tumors
and regional lymph node spread as well as clinical and
imaging follow-up proof of distant metastasis. Limita-
tions to this study include ; no further analysis was
performed to identify to which extent the FDG-PET/
CT results could affect the clinical staging and/or alter
the treatment plan.

There are many possible clinical imperatives of these
data. Perhaps a patient with a negative lymph node at
FDG-PET/CT and low SUVmax (< 3.1) of the prima-
ry cancer may be spared from sentinel node biopsy
(SNB) and further axillary lymph node dissection
(ALND). Perhaps a patient with a breast cancer that
has a SUVmax-High (>3.8)/CA 15-3-Elevated may
benefit from radiation/chemotherapy. Perhaps a pa-
tient with a SUVmax-High (>3.8)/CA 15-3-Elevat-
ed, is more likely to recur systemically and deserves
more careful follow-up or even adjuvant chemothera-
py. The SUVmax from a FDG-PET/CT scan may pro-
vide clues of undiscovered oncogenic, molecular, or bio-
logical factors that affect survival. Further studies are

needed to answer these provocative questions.

CONCLUSION

FDG-PET/CT, as a metabolic and morphological di-
agnostic tool, can complement the information provid-
ed by other morphological imaging techniques and
thereby increase the sensitivity and specificity in the

evaluation of potential disease sites. We can show that
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the quantitative FDG uptake expressed through SUV-
max is a significant predictor of lymph node spread.
Furthermore, the combination of SUVmax and tumor
marker assay (CA 15-3) is sufficient for the early de-
tection of breast cancer metastasis. Since both tests
are based on metabolic changes due to tumor activity,
they provide information on disease progression in a
different way than conventional imaging. This outcome
suggests that the FDG-PET/CT findings with SUV
calculation could have a strong positive impact on

breast cancer patients.
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