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Objective: Using integrated '8F-fluorodeoxyglucose positron emission tomography/computed
tomography fusion imaging ('®F-FDG PET/CT), the clinical significance of '8F-FDG uptake
was evaluated in patients with primary breast cancer.

Methods: Clinicopathological correlation with the level of maximum standardized uptake
values (SUV) 60 min obtained from preoperative '®F-FDG PET/CT were examined in 152
patients with primary breast cancer. The prognostic impact of the level of SUV was explored
using simulated prognosis derived from computed program Adjuvant! in 136 (89%) patients
with invasive ductal carcinoma (IDC).

Results: High SUV level was significantly correlated with tumor invasive size (<2 cm) (P
<0.0001), higher score of nuclear grade (P <0.0001), nuclear atypia (P <0.0001) and
mitosis counts (P <0.0001), negative hormone receptor status (P = 0.001), high score of c-
erbB-2 expression (P = 0.006), lymph node metastasis (P = 0.002), and IDC in comparison
with invasive lobular carcinoma (P = 0.004). Multivariate analyses showed tumor invasive
size, nuclear grade and estrogen receptor negativity were significantly correlated with SUV in
primary breast cancer (P <0.0001,<0.0001, and <0.012, respectively), and nuclear grade
was significantly correlated with SUV in tumors of invasive size 2 cm or less (P <0.0001).
Tumors with high SUV (cutoff value 4.0) showed higher relapse and mortality rate compared
to those with low SUV (P <0.0001).

Conclusions: High uptake of '®F-FDG would be predictive of poor prognosis in patients with
primary breast cancer, and aggressive features of cancer cells in patients with early breast
cancer. '8F-FDG PET/CT could be a useful tool to pretherapeutically predict biological
characteristics and baseline risk of breast cancer.
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INTRODUCTION Breast cancer cells overexpress glucose transporter at the
membrane and the level of active hexokinase in their cyto-
plasm is increased compared with adjacent normal tissues.
The uptake of '®F-FDG by breast cancer cells is reported
biologically to reflect their glucose hypermetabolism (4,5).
Some studies suggested that the level of '*F-FDG uptake in

] o ] breast cancers is significantly correlated with tumor size,
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"®F_fluorodeoxyglucose positron emission tomography
("®*F-FDG PET), a modality of imaging glucose metabolism
in cancer cells, is a new approach for staging of primary
cancer and detection of distant metastasis (1—3).
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primary breast cancers with higher levels of '*F-FDG uptake
are considered to have more aggressive potential than those
with low '®F-FDG uptake (6,7).

Recently, the integrated '*F-FDG PET/Computed tom-
ography fusion imaging (‘*F-FDG PET/CT) has been shown
to be able to visualize anatomical localization of the hyper-
metabolic cancer lesions more accurately than '*F-FDG PET
only. Therefore, the '*F-FDG PET/CT would be more infor-
mative for pre-therapeutic staging of the entire body and for
the evaluation of proliferation activity of the tumors than a
single examination of '*F-FDG PET (8).

To date, the most significant prognostic parameters of
breast cancer are axillary nodal status, size of the primary
tumor, c-erbB-2 (HER2/neu), estrogen receptor (ER) and
progesterone receptor (PgR). On the other hand, a definite
conclusion remains to be reached concerning the prognostic
relevance of the level of '®F-FDG uptake in breast cancer.

In the present study, we investigate the clinicopathological
implications of the level of standardized uptake values
(SUV) obtained from preoperative '*F-FDG-PET/CT
imaging in 152 patients with newly diagnosed primary
breast cancer in our institute. We assessed levels of '*F-FDG
uptake to breast cancer using maximum SUV obtained
60 min later after injection of '®F-FDG. In addition, we
examined the prognostic relevance of the level of '*F-FDG
uptake using computed program Adjuvant!.

PATIENTS AND METHODS
ELIGIBLE PATIENTS

Between April 2005 and March 2007, '*F-FDG PET/CT
scans were performed for 152 patients to determine clinical
staging of breast cancer before initial therapy. Primary breast
cancer was histopathologically diagnosed with fine needle
aspiration cytology and/or core needle biopsy (CNB).
Patients who did not have the evidence of distant metastatic
spread using X-ray, ultrasonography, or '*F-FDG PET/CT
were eligible for operable candidates of primary breast
cancer. Patients who were pregnant, who were taken history
of insulin-depended diabetes mellitus from clinical notes, or
who had previously received treatment to breast cancer were
excluded from indication for '*F-FDG PET/CT. All patients
underwent surgery within 4 weeks after '*F-FDG PET/CT
examination.

The study was carried out in accordance with the ethical
principles of the Declaration of Helsinki and was approved
by the institutional review board in our medical school.
Informed consent was obtained from all patients with regard
to '"®F-FDG PET/CT examination.

"SE_FDG PET/CT AND QUANTIFICATION OF '*F-FDG UPTAKE IN
PriMARY BREAST CANCER

All patients received '®F-FDG PET/CT scans (Biograph
LSO Emotion, Siemens) at Tokorozawa PET Diagnostic
Imaging Clinic (Tokorozawa, Japan).

Jpn J Clin Oncol 2008;38(4) 251

Patients were fasted at least 4 h before '*F-FDG PET
study. One hour after intravenous administration of 3.7 Mbq/
kg '*F-FDG, a transmission scan using CT for attenuation
correction and anatomical imaging was acquired for 90 s. IV
contrast was not administered to patients for the CT portion
of the '*F-FDG PET/CT.

Back projection image was obtained after Gaussian filter
was applied. The spatial resolution of the reconstructed
images was 6.0—7.0 mm in cranio-caudal, 6.3—7.1 mm in
right—left and 6.3—7.1 mm in anterior—posterior directions.

A regions of interest (ROI) was placed in the primary
lesion (Fig. 1), including the highest uptake area (circle ROI,
2 cm in diameter) and SUV maximum in the ROI was calcu-
lated. The SUV was calculated using the following formula:
SUV = activity in region of interest (MBg/ml)/injected dose
(MBg/kg body weight).

SUV is decay-corrected tissue activity divided by the
injected dose per patient body.

SURGERY

A total of 152 patients received mastectomy or breast conser-
ving surgery with sentinel node biopsy or axillary dissection.
In all patients, primary systemic therapy was not performed
before surgery. Sentinel node biopsy was performed by the
procedure written previously (9).

PATIENT CHARACTERISTICS

This study consisted of 152 female patients (age range 34—81
years, mean 54 years). Patients included 3 (2%) patients with
Stage 0, 46 (30%) patients with Stage I, 98 (64%) patients
with Stage II, 5 (4%) patients with Stage III (Table 1).
Averaged SUYV stratified by pathological stages consisted 3.1
(£2.1 SD) in Stage 0, 3.3 (£2.5 SD) in Stage I, 5.6 (+3.7
SD) in Stage II and 5.7 (+4.3 SD) in Stage III (Table 2). For
the purposes of this study, the following characteristics were
recorded from patients’ clinical charts. Primary tumor features
included age, sizes of tumor invasive size (cm), histological
types (invasive ductal carcinoma (IDC), invasive lobular
carcinoma (ILC), ductal carcinoma in situ (DCIS), mucinous
carcinoma, and apocrine carcinoma), nuclear grade with
nuclear atypia score and mitotic count score, axillary lymph
node involvement, ER status, PgR status and c-erbB-2 status
(Table 1). Tumor invasive size was estimated by measuring a
maximum diameter of tumor invasive component (cm).

IMMUNOHISTOCHEMISTRY

Formalin-fixed tumor samples obtained from surgery were
routinely fixed with formalin, embedded in paraffin, cut into
4 pm-thick sections and subjected to immunohistochemistry.
The expressions of ER and PgR, and c-erbB-2 were analysed
immunohistochemically using specific primary antibody
(Dako, Grostrup, Denmark) as previously written in our
reports (10).
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Figure 1. For semiquantitative of '*F-FDG uptake, the region of interest (ROI) was placed in the primary lesion, including the highest uptake area (circular
ROI, 2 cm in diameter), and maximum standardized update values (SUV) in the ROI was calculated. SUV is decay-corrected tissue activity divided by the
injected dose per patient body. Representative axial, coronal and sagittal ROIs were shown in this figure. The spatial resolution of the reconstructed images
was 6.0—7.0 mm in cranio-caudal, 6.3—7.1 mm in right-left and 6.3—7.1 mm in anterior-posterior directions.

ScORING SYSTEM OF NUCLEAR GRADE

Nuclear grade of IDC was given according to General Rules
for Clinical and Pathological Recording of Breast Cancer,
15th edition by two pathologists always including one who
is experienced in breast pathology (HT) (11). Nuclear grade
was given by the sum of the nuclear atypia score and the
mitosis counts score. Nuclear atypia score was defined as
following; Score 1: Nuclei were relatively uniform in size
and shape, and chromatin was inconspicuous. Score 2:
Intermediate between 1 and 3. Score 3: There were consider-
able variations in size and shape of nuclei and the increase
and unevenness of chromatin, sometimes having giant
nucleoli. After selecting the area in which mitoses were the
most abundant on low to intermediate magnifications, the
mitotic figures were counted on a high magnification.
Mitotic count score was defined as following; Score 1: 0—4
mitoses, Score 2: 5—10 mitoses, Score 3: more than 10
mitoses per 10 high power fields using eyepieces of 20 mm
field of view (40 x Objective).

SIMULATED PrROGNOSIS DERIVED FROM AJUVANT! AND SUV IN
BREAST CANCER

The computed program Adjuvant! is an assistant tool for
making decisions of adjuvant therapies for women with
breast cancer (http:/www.adjuvantonline.com). We used the
computed program Adjuvant! to simulate the prognostic sig-
nificance of the level of SUV in tumor. For the entries of
information including age, menopausal status, tumor size,
number of positive axillary nodes and ER status, baseline
prognostic estimates are given by each patient. Physical con-
ditions of all patients were in good health. Estimated inci-
dences of recurrence and mortality 10 years after surgical
therapy was computed by this program (12). And we

compared estimated prognosis in baseline risk between high
and low SUV groups by showing bow and whisker plot.

UNIVARIATE ANALYSES ACCORDING TO CLINICOPATHOLOGICAL
PARAMETERS AND PROGNOSIS

The correlations between levels of SUV and clinicopatholo-
gical parameters were evaluated using the Mann—Whitney
U-test and the Kruskal—Wallis test. A value of P < 0.05 was
defined to be statistically significant. All statistic analyses
were performed using Statview5.0 software (SAS Institute
Inc.). The #-value is calculated by the formula: #-value =
(Yo — Yg)s \/1/NA+ 1/NB, where Y, the mean percen-
tage of prognosis in low SUV group; Yg, the mean percen-
tage of prognosis in high SUV group; s, standard deviation;
NA, sample size of low SUV group; NB, sample size of
high SUV group. T-statistics determine whether prognosis
rates of the low SUV group and the high SUV group differ
significantly. According to the analysis, an explanatory
factor showing an absolute 7-value, which is more than 2, is
significantly correlated with dependent variables.

MULTIVARIATE ANALYSIS

Multiple regression analysis was performed to select inde-
pendent clinicopathological variables associated with SUV
for all 152 patients with primary breast cancer and for 78
patients having primary breast cancer with tumor invasive
size 2 cm or less. Multivariate models were correlated using
variables with a P < 0.05 in the univariate analyses.
Variables in these models were included tumor invasive size,
nuclear grade, ER, HER2 and nodal status. Histology was
not entered in the models because a majority of cases were
IDC. SUV and tumor invasive size was analysed as continu-
ous variables, nuclear grade was categorized as grade 1 or 2
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Table 1. Patient characteristics
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Table 1. Continued

Variables Number =152 (%) Variables Number =152 (%)
Age N
Approach to primary tumor
[range] [34—81] PP P v
Lunpectomy 62 (41)
<45 29 (19)
Mastectomy 90 (59)
45< 123 (€29
. o Primary axillary approach
Tumor invasive size (cm)
Ax dissection 75 (49)
<2 78 (51)
SLNB 77 51
2< 74 (49)
. Pathological stage
Histology
0 3 )
DCIS 3 )
I 46 (30)
IDC 136 (89)
il 98 (65)
ILC 9 (6)

_ I 5 3)
Apocrine 2 (1)

) Standardized update value (SUV)

Mucinous 2 (e8]
[range] [0.94—17.8]
Nuclear grade
<40 83 (55)
1 43 (28)
4.0< 69 (45)
2 36 (24)
3 60 (39) DCIS, ductal carcinoma in sifu; IDC, invasive ducta carcinoma; ILC,
Not graded 13 ©) invasive lobular carcinoma; Ax, axillary; SLNB, sentinel node biopsy.
Nuclear atypia score . .
. 5 . versus grade 3, ER was categorized as negative versus
@D positive, HER2 was categorized as scores 0 or 1+ versus
2 N 7 score 2+ or 3+, and nodal status was categorized as
3 36 (24) nodal metastasis positive versus negative. All statistic
Not graded 13 ) analyses were performed using Statview5.0 software (SAS
Mitotic count score Institute Inc.).
<5 61 (40)
5t0 10 33 22y RESULTS
211 58 (38)  PATIENT CHARACTERISTICS
Nodal metastasis .. . . .

) The clinicopathological features of the 152 patients are listed
negative 99 65 in Table 1. One hundred and thirty-six tumors (89%) were
positive 53 (35)  IDC, nine tumors (6%) were ILC and three tumors (2%)

Estrogen receptor (ER) were DCIS. Other special subtypes included 2 (1%) apocrine
10%> 33 (22) carcinoma and 2 (1%) mucinous carcinoma.
10%< 119 (78)
CompaRrISON BETWEEN SUV AND CLINICOPATHOLOGICAL
Progesterone receptor (PgR)
PARAMETERS
10%> 50 (33)
10% < 102 7 In 152 primary breast cancers, the average level of SUV was
bB;(HERZ 5.0 (Standard deviation, SD, 3.5). The correlations of the
R ) level of SUV with clinicopathological parameters were pre-
0 40 (26) sented in Table 2.
1+ 74 (49) The levels of SUV were significantly different between
2+ 17 (11)  the patients tumor groups of 2 cm or less and greater than
34 14 ©9) 2 cm, respectively (P < 0.0001).
The mean level of SUV was significantly lower in ILC
unknown 7 ) . .
than IDC (P = 0.004). Differences in the uptake level were
Continued

not significantly between IDC and DCIS and between IDC
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Table 2. Correlations between clinicopathological parameters and the levels

Table 3. Multiple regression analysis for 152 patients with primary breast
cancer

of SUV
Variables Comparision SUvV P value
(Mean + SD)
Age (year) <45 50+33 0.45%
45< 44+34
Tumor invasive size <2 33+27 <0.0001*
(cm)
2 < 58+3.6
Histology DCIS 3.1+21
IDC 48+3.5 0.004*
ILC 14415
Apocrine 43+32
Mucinous 3.0+ 0.1
Nuclear Grade Grade 1 34434 <0.0001"
Grade 2 40423
Grade 3 63+35
Nuclear atypia score 1 29+3.0 <0.00017
2 48+24
3 6.2 £3.5
Mitotic counts score 0-4 27422 <0.0001"
5-10 48+32
11< 59+37
Estrogen receptor (ER) ER+ 4.0+3.0 0.001*
ER— 6.4 +4.1
Progesterone receptor PgR+ 41+29 0.04*
(PgR)
PgR— 54442
Combined hormone ER+ and/or 40+3.0 0.001*
receptors PgR+
ER—and PgR— 6.4 + 4.1
c-erbB-2 (HER2) 0 and 1+ 4.0+ 3.1 0.006*
2+ and 3+ 6.2+42
Nodal metastasis Negative 39+3.1 0.002*
Positive 574+3.7
Pathological stage 0 3.1+2.1 0.006"
I 33425
1I 5.6 +3.7
1II 5.7+43

*Mann-Whitney U-test, fKruskal-Wallis test.

Abbreviations used are same as those used in Table 1.

and other special subtypes, although the mean SUV level in
DCIS was relatively low.
With regard to tumor nuclear grade and its components,

the mean level of SUV was significantly different among
the tumor groups of Grade 1, Grade 2 and Grade 3
(P < 0.0001). The mean level of SUV elevated on stepwise
manner in accordance with increase in nuclear atypia score
and mitotic count (each, P < 0.0001).

Variables t value P value R, Adjusted R?
Tumr invasive size 4.52 <0.0001 0.85

Grade 491 <0.0001 0.72

ER 2.55 0.012

HER2 0.93 0.36

Nodal metastasis 0.67 0.5

Between ER-positive group (10%<) and ER-negative
group (10%>), the mean levels of SUV of ER-negative
group was significantly higher than that of ER-positive
group (P = 0.001). Between PgR-positive (10%<) and
PgR-negative groups (10%>), the mean SUV of the
PgR-negative groups was significantly higher than that of
PgR-positive groups (P = 0.04).

With regard to combined hormone receptors status,
between the tumor group of ER-positive and/or PgR-positive
and of ER-negative and PgR-negative in combined receptors,
the mean levels of SUV of the latter were also higher than
that of the former (P = 0.001).

With regard to c-erbB-2 status, the mean level of SUV
was higher in the tumor groups of scores 2+ and 3+ than in
the tumor groups of scores 0 and 1+ (P =0.0006).

With regard to lymph nodal status, the mean level of SUV
was higher in the tumor group with metastatic lymph nodes
than in the group without metastatic lymph nodes (3.9 + 3.1
SD) (P = 0.002).

Tumor invasive size (P <0.0001), nuclear grade (P
<0.0001) and ER status (P = 0.012) independently influ-
enced on the stats of SUV (4.0 or higher versus <4.0) in a
multiple regression model for 152 patients (Table 3). The
correlation coefficient (R?) of combination of three par-
ameters with SUV was 0.72. In a multiple regression model
for 78 patients having primary breast cancer with tumor
invasive size 2 cm or less, nuclear grade only was the inde-
pendent factor that influenced on the status of SUV (P
<0.0001). The correlation coefficient (R?) of nuclear grade
with SUV was 0.7 (Table 4).

PATIENTS’ PROGNOSIS AND CUTOFF VALUE oF SUV

We performed a simulation of prognostic baseline risk
according to 136 patients with IDC. Sixteen patients with
tumors of special types including ILC, mucinous carcinoma
and apocrine carcinoma were excluded from the evaluation.
The prognostic impact of the level of SUV in tumors was
explored for various cutoff values in 136 IDCs. Cases were
defined into two groups by six tentative thresholds (2.0, 3.0,
3.5, 4.0, 4.5 and 5.0) of SUV. Table 5 shows the number of
patients who exceeded the threshold (high SUV group) and
whose SUVs were the value of threshold or less (low SUV
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Table 4. Multiple regression analysis for 78 patients with tumor size of
2.0 cm or less

Variables t value P value R, adjasted R?
Tumr invasive size 1.66 0.1 0.84

Grade 3.84 0.003 0.7

ER 0.49 0.63

HER2 0.76 0.45

Nodal metastasis 0.45 0.65

group), estimated incidence of relapse and mortality after 10
years, t-value and P value were compared.

The P value between tentative low and high SUV groups
increased in accordance with elevation of cutoff SUV up to
the value of 3.0. However, the P values between the low and
high SUV groups did not differ (P <0.0001) when a cutoff
value between the two SUV groups exceeded 3.0. All of
absolute f-values between tentative low and high SUV
groups were more than 2.0 and when the cutoff SUV was
4.0, the absolute ¢-value was maximal. Therefore, we defined
cutoff value between the low SUV group and the high SUV
group as 4.0.

On a prognostic evaluations by computed program
Adjuvant!, patients with the low SUV group (4.0 or less)
had tendency of lower 10-year relapse rate and 10-year mor-
tality than the high SUV group (more than 4.0).

Sixty-five patients with low SUV tumors were estimated to
show a 29.5% (+18.2 SD) and a 13.4% (+17.1 SD) of
10-year recurrence rate and mortality, respectively, whereas
71 patients with high SUV tumors were estimated to show a
51.0% (£23.2 SD) and a 33.3% (£23.4 SD) of 10-year recur-
rence rate and mortality, respectively. Both of estimated
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relapse rate and mortality differed significantly between the
high SUV group and the low SUV group (P < 0.0001, each).

TumoR CHARACTERISTICS IN THE CASES THAT SHOWED
DiscrepaNcy BETWEEN SUV AND PROGNOSIS SIMULATED BY
CoMPUTED PROGRAM ADJUVANT!

Table 6 shows clinicopathological characteristics of 12 patients
with discrepancy between their estimated prognosis and SUV
uptake values of primary tumors. Four cases (L1—L4) were
estimated to be poor prognosis despite being categorized in the
low SUV group (SUV 4.0 or less). In the four patients in the
low SUV group, the SUV averaged 2.6 (2.14—2.82) and size of
tumor invasion averaged 5.3 cm. All of the four patients had
lymph node involvement in their axilla.

Other eight cases (H1—HS8) were estimated to be better
prognosis despite being categorized in the high SUV group
(SUV higher than 4.0). In the eight patients in the high SUV
group, the SUV averaged 6.8 (4.42—14.7) and size of tumor
invasion averaged 1.3 cm. All patients had no metastastic
foci in their axillary lymph nodes.

DISCUSSION

In the univariate analyses, we clearly demonstrated high
SUV level detected with '*F-FDG PET/CT was correlated
with bigger invasion size of tumor, higher nuclear grade,
higher scores of nuclear atypia and mitosis counts, negative
hormone receptor status, high score of c-erbB-2 expression,
lymph node metastasis and IDC in comparison with ILC.
Above all, mean level of SUV was lower than 4.0 in the
groups of diameter of tumor invasion with 2.0 cm or less,
DCIS, ILC, mucinous carcinoma, nuclear atypia score 1,

Table 5. SUV cutoff and 10-year prognosis simulated by the software program Adjuvant!

Cutoff SUV Category Number of patients with IDC (136) 10-year prognisis by Adjuvant! (% + SD)
Recurrence t value P value Mortality t value P value
2 Low SUV group 37 27.6 + 18.6 —3.88 0.0002 11.9 4+ 18.1 —3.59 0.0005
High SUV group 99 442 +233 269 +22.9
3 Low SUV group 54 29.4 4203 —4.48 <0.0001 1334+ 194 —4.2 <0.0001
High SUV group 82 46.5 +22.7 29.1 +22.7
3.5 Low SUV group 62 29.4+19.2 —5.14 <0.0001 1334+ 183 —4.85 <0.0001
High SUV group 74 484 +23.1 30.9 +23.0
4 Low SUV group 65 29.5 +18.2 —5.99 <0.0001 134+ 174 —5.67 <0.0001
High SUV group 71 51.0+232 33.3+234
4.5 Low SUV group 63 29.1+17.8 —5.56 <0.0001 13.0 + 17.1 —5.14 <0.0001
High SUV group 73 52.1 £229 3444232
5 Low SUV group 56 32.2420.0 —4.9 <0.0001 1554+ 18.6 —4.88 <0.0001
High SUV group 80 50.6 +23.4 33.5+24.1
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Table 6. Tumor characteristics in the cases that showed discrepancy between SUV and prognosis simulated by the software program Adjuvant!

No. Age SUV  Tumorsize Tumor invasive Grade ER/PgR  HER2 Axillary FDG ~ Number of axillary Relapse Mortality
(cm) size (cm) uptake involvement (%) (%)
L1 40 2.14 1.6 1.6 3 +/+ I+ + 15 89 70
L2 54 282 5 5 2 +/— 1+ + 1 68 45
L3 48 2.6 4.5 25 3 +/+ 2+ - 1(micro) 58 35
L4 41 273 12 12 2 +/+ 0 + 18 93 77
H1 47 442 1.7 1.7 1 +/+ 1+ - 0 18 3
H2 67 529 35 1.1 1 +/—= I+ - 0 18 3
H3 42 549 15 1.5 2 +/+ I+ - 0 25 8
H4 47 5.56 1 1 1 +/+ 1+ - 0 18 3
H5 80 589 1.9 1.4 2 +/+ I+ - 0 25 8
H6 62 648 2 0.2 1 +/+ 1+ - 0 18 3
H7 39 692 9.2 0.2 1 +/+ 2+ - 0 15 1
H8 71 147 2.9 2.9 1 +/= I+ - 0 26 9

micro, mircometastasis; FDG, fluorodeoxyglucose.

mitotic count score 1 and no nodal metastasis. Although
other groups stratified by ER, PgR or c-erbB-2 might show
significant differences, the mean levels of SUV in all groups
were higher than 4.0.

Using a multivariate analysis, we showed bigger tumor
invasive size, higher nuclear grade and ER negativity were
independent variables correlated with high SUV in patients
having primary breast cancer. The correlation coefficient of
R? = 0.72 indicated 72% of tumoral SUV was explained by
bigger tumor invasive size, higher nuclear grade and ER
negativity. Likewise, in 78 patients having tumors 2 cm or
less in size, 70% of tumoral SUV was explained by nuclear
grade of primary breast cancer.

Some data of correlation between the level of SUV and
clinicopathological parameters were published with regard to
"E_FDG PET (5,6,13,14). In the present study, with regard
to 'F-FDG PET/CT, the results were similar, and the par-
ameters for proliferative activities and aggressiveness of
cancer cells were strongly correlated with high levels of
SUV in cancer cells. We suppose that the levels of the SUV
from '®F-FDG uptake might be useful to predict biologically
aggressive carcinoma cells.

The levels of SUV in IDC were significantly higher than
that in ILC, as previously reported by other authors (5). And
tumor grade was also a significant factor with a major influ-
ence on the level of SUV in breast cancer (14). Bos et al.
described a significant correlation between '*F-FDG uptake
and mitotic activity of tumor cells (13). In contrast, Andreas
et al. found there were no correlation of the level of
"8E_FDG uptake in primary breast cancers with tumor size,
hormone receptors status, c-erbB-2 status or axillary lymph
node involvement (6). Some parameters in the present report
were inconsistent with the results described in the previous
reports. Differences in criteria for judgment of positive and

negative groups for c-erbB-2, hormone receptors, or those
for categorization of nodal status and tumor size might have
given rise to such inconsistency.

Some authors indicated that high levels of '*F-FDG
uptake are a prognostic factor for recurrence in patients
having primary cancer (1,15,16). In the present study, we
suggested the patients’ group with a high SUV level might
predict poor outcome in relapse and mortality by simu-
lation using computed program Adjuvant! (Fig. 2). We
considered that the SUV of 4.0 might be one of the
optimal ones to predict prognosis. Ohtsuka et al. studied
the prognostic significance of SUV on 'SF-FDG PET
in patients with lung adenocarcinoma at pathological
Stage I. They described that patients with tumor with 3.3
or higher of SUV showed higher rate of recurrence com-
pared with patients with tumor with lower than 3.3 of
SUV (17). The cutoff value of SUV 3.3 was similar with
the value set in the present study.

As shown in Table 6, there were 12 patients with tumors
with substantial discrepancy between the level of SUV in
primary cancer and estimated prognosis. In four patients
categorized as the low SUV group, the combination of other
clinicopathological parameters by the computed program
Adjuvant! indicated poor prognosis. In tumors of these four
cases, three patients of the low SUV group, high level of
SUV in axilla was detected by '*F-FDG PET/CT and these
findings could predict axillary lymph node metastasis. One
remaining patient had solitary micrometastasis in an axillary
sentinel node, but we could not pre-surgically detect a high
level of SUV in axilla. Micrometastasis in the sentinel node
was intraoperatively identified by frozen sectioning pro-
cedure. From the present results, we suppose that it might be
difficult to predict metastatic potential to axillary lymph
nodes by the level of SUV in primary cancer.
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Figure 2. Prognostic significance of SUV simulated by the data published
on computed program Adjuvant! (http:/www.adjuvantonline.com). Mann—
Whitney U-test reveals significant higher incidence of mortality after 10
years in high SUV (higher than 4.0) group compared to in low SUV (4.0 or
less) group. Mean mortality rate (13.4% in low SUV group and 33.3% in
high SUV group) are indicated with horizontal bars. The vertical bars indi-
cate the range and the horizontal boundaries of the boxes represent 10 and
90% confidential indexes. Round plots represent outliers.

On the other hand, in eight patients with tumors categor-
ized as the high SUV group, the combination of other clini-
copathological parameters indicated better prognosis. All
these eight patients were negative of axillary lymph node
metastasis and had comparatively small sizes of tumor inva-
sion (averaged 1.3 cm). One of the eight patients had a large
sized tumor (9.2 cm in diameter), but the tumor was predo-
minantly composed of an intraductal component, and the
size of tumor invasion was only 0.2 cm in diameter. The his-
tological types of these eight primary tumors were confirmed
to be solid-tubular or papillotubular carcinoma, which were
characterized by large nest, expansive growth of cancer cells
and a smaller amount of stromal tissue component (data not
presented).

From these results, it appeared that high density of viable
cancer cells, regardless of invasive type or intraductal type,
might contribute to high SUV levels of primary cancer.

Recently, primary systemic therapy has come to be widely
performed for patients with early-stage breast cancer. CNB
of tumor tissue becomes more important to know tumor
characteristics before surgery. Many authors reported
increased tumoral uptake of '*F-FDG in breast cancer is
closely correlated with the density of viable carcinoma cells,
microvessel density and proliferative activity (4,5,18). These
reports suggest that glucose hypermetabolism detected by
"E_FDG using PET would reflect the dense proliferation of
highly malignant breast cancer cells. Recently, '*F-FDG
PET/CT is more widely used than '*F-FDG PET alone. The
diagnostic accuracy of '*F-FDG PET/CT is superior to that
of CT or '®F-FDG PET alone in the staging of patients with
various cancers (19,20). Before primary systemic therapy, it
might be possible to predict more precisely biological
characteristics of primary breast cancer as well as the staging
by the combination of '*F-FDG PET/CT and CNB.

Jpn J Clin Oncol 2008;38(4) 257

It is especially noteworthy that nuclear grade alone
accounted for level of SUV for patients having tumor size
2 cm or less in a multiple regression analysis. This finding
might prompt us to do further research for applying '*F-FDG
uptake in regarding an indication of primary systemic
therapy of patients having early breast cancer treatment.

In conclusion, we showed significant correlation of the
level of SUV in breast cancer with clinicopathological par-
ameters and suggested its prognostic implications. It could
be a useful tool to pretherapeutically predict biological
characteristics and baseline risk of breast cancer.
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