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Abstract

Objectives: Tumor glycolytic activity as determined by 2-deoxy-2-[F-18]fluoro-D-glucose-
positron emission tomography (FDG-PET) imaging is an important marker of tumor biology
and provides critical information about the behavior of most malignancies at different stages of
the disease. This study was undertaken to determine whether the degree of FDG uptake differs
between the primary breast lesions with varying disease burden at diagnosis in proven cases of
breast carcinoma.

Materials and Methods: Among 250 patients enrolled for this prospective study, 174 patients
with newly diagnosed breast carcinoma at different disease stages who had undergone dual
time point FDG-PET before any therapeutic or surgical interventions were considered for
inclusion in this analysis. These patients prospectively underwent multimodality imaging
techniques, such as magnetic resonance imaging (MRI), ultrasonography, digital mammogra-
phy, computed tomography (CT), and dual time point FDG-PET, as a component of a National
Institutes of Health-funded project for characterizing primary breast lesions and local-regional
staging. The slice with maximum FDG uptake in the region of interest (ROI) was chosen for the
first time point and the second time point images for quantitative measurement of the metabolic
activity of the tracer (SUVmax1 and SUVmax2, respectively). Furthermore, the percent change
in SUVmax (%ASUVmax) between SUVmax1 and SUVmax2 was calculated.

Results: The patient population (n=174) were divided into three groups for the purposes of this
study. Sixty-four patients with primary and metastatic axillary lymphadenopathy (designated as
group |) and 18 patients with both axillary and distant metastases (designated as group II) met
the inclusion criteria for this analysis. The third group (group Ill) comprised of a population of 92
patients without any metastasis either at the lymph nodes or at distant sites. The mean
SUVmax1, SUVmax2, and the %ASUVmax in the early and delayed FDG-PET in group | (n=64)
patients were as follows: primary lesion 4.8+3.9, 5.3+4.5, and 9.4+12.8%, respectively, and
axillary lesions 3+2.6, 3£2.7, and 1.1+£21.3%, respectively. Among the group Il patients (n=18),
the mean values of the primary lesion with regard to the SUVmax1, SUVmax2, and the
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%ASUVmax were 7.7+6.2, 8.9+7.1, and 15.7+10.8%, respectively. The corresponding figures
for the axillary lesions were 3.5+3.1, 3.7+3.1, and 6.3+20.9%, respectively, and those for the
distant metastatic lesions were 3+1.4, 3.1+1.2, and 8.5+21.2%, respectively. The mean
SUVmax1, SUVmax2, and the %ASUVmax of the primary lesion of group Il patients (n=92)
without any metastasis were 2.9+2.7, 3.4+2.4, and 4.5+4.2%, respectively. Unifactorial ANOVA
of the three parameters among the primary lesions of these three groups were statistically
significant with regard to the mean SUVmax1 (p=0.01) and SUVmax2 (p=0.01). These values
in the primary lesions were highest in group Il (those with both axillary and distant metas-
tases), followed by group | (those with only metastatic axillary adenopathy) and group Il
(patients without any metastasis), and could be related to the more aggressive tumor biology
in group Il.

Conclusion: The findings provide evidence that among the lesions with varying disease burden
at diagnosis, the FDG uptake is highest in cases with both axillary and distant metastasis,
followed by those with axillary metastasis and then by those with no metastatic disease. These
provide in vivo insight into tumor biology as FDG uptake is regarded as a surrogate marker of
the same.
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Introduction

2 D eoxy-2-[F-18]fluoro-p-glucose-positron emission
;- tomography (FDG-PET) imaging is a promising
noninvasive modality for assessing regional and global
metabolic activity of an organ or a diseased site in the entire
body [1]. The tumoral FDG accumulation is based upon
enhanced glycolysis, a phenomenon known as the “Warburg
effect” [2]. There is now ample evidence in the literature
that the degree of FDG uptake in the cancer cells correlates
with tumor growth rate and the potential for aggressive
behavior and prediction of prognosis [3—10]. The prognostic
significance of FDG uptake has been demonstrated in
several malignancies [3—10]. However, the reported studies
in the literature are primarily based upon the degree of
metabolic activity of the primary tumors. Therefore, we
undertook this study to determine whether the FDG uptake
parameters in the primary tumor could forecast potential for
locoregional and distant site and whether the tendency for
metastases differs between the groups with tumors that have
high metabolic activity compared to those with relatively
hypometabolic tumors. Comparison was also made with
regard to these parameters among the primary and meta-
static lesions in the same group of patients. This prospective
study examined patients with newly diagnosed breast
carcinoma by utilizing FDG-PET imaging along with other
imaging modalities for characterizing primary lesions and
also determining the disease stage at diagnosis. For the
purposes of this research, we analyzed the following
parameters obtained from the dual time point FDG-PET
studies: (a) tumor metabolism at the initial single time point
(SUVmaxl1), (b) at the second time point (SUVmax2), and
(c) the rate of change over time at the primary and the
metastatic sites (%ASUVmax).

Materials and Methods
Patient Population

Newly diagnosed patients with breast carcinoma with and without
axillary or distant metastases at presentation underwent dual time
point FDG-PET before any therapeutic or major surgical inter-
vention provided the basis for this analysis. All patients underwent
multimodality imaging techniques, including magnetic resonance
imaging (MRI), ultrasonography, digital mammography, computed
tomography (CT), and FDG-PET, as a component of this National
Institutes of Health-funded project for characterizing primary
breast lesions and local-regional staging. After FDG-PET imag-
ing, all of these patients underwent surgical intervention, which
was scaled according to the stage of the disease. Histopathological
results provided the definitive diagnosis in this population against
which the PET findings were compared.

FDG-PET Imaging Protocol

FDG-PET was performed with a dedicated whole-body PET
scanner (Allegro; Philips Medical Systems). All patients fasted
for at least six hours before the PET scan and had blood glucose
levels of <140 mg/dl at the time of injection. The first scan was
performed as whole-body images from head to midthigh with
acquisition of four to five emission scans, resulting in a complete
axial length of 64-76.8 cm. The second scan included the chest
alone with acquisition of one or two emission scans, resulting in a
complete axial length of 25.6-38.4 cm. The approximate mean
time intervals between the injection of FDG and the first and
second scans were 63 minutes (range, 60—70 minutes) and 101
minutes (range, 95-105 minutes), respectively. Transmission scans
were performed for all patients to provide attenuation correction
with a '*’Cs point source. The patients did not leave the scanning
table between the two acquisitions, minimizing patient motion
artifacts. The ordered-subsets expectation maximization method
was used to reconstruct all PET images.
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Study Analysis

In the present study, comparative evaluation of the standardized
uptake value (SUV) indices was carried out among the primary
lesions of various groups with varying disease burden at diagnosis.
Two nuclear medicine physicians analyzed the data independently
for this study. The SUVs were identical in most cases with both of
the observers. In cases where the numbers were different, the mean
value was calculated for the final SUVmax analysis. After image
reconstruction, a 2-D region of interest (ROI) was carefully drawn
around the site of the primary breast lesion and the metastatic
lesion on the consequent four to six PET scan slices. The slice with
the maximum FDG uptake in the ROI was chosen for the first time
point and the second time point images for quantitative measure-
ment of the metabolic activity of the tracer (SUVmaxl and
SUVmax2). We then determined the percent change in SUVmax
(%SUVmax) between SUVmax1 and SUVmax2.

Statistical Analysis

All of the quantitative values were expressed in terms of the meant+
SD. Groups were compared by using the Student’s ¢ test and uni-
factorial analysis of variance (ANOVA) test, wherever applicable.

Results

Among the entire population who underwent multimodality
imaging protocol, 64 patients had evidence of axillary me-
tastases at the time of FDG-PET with clear visualization of
both primary and axillary lesions on each of the dual time
point scans. These patients had no prior history of any thera-
peutic or surgical intervention at the time of PET imaging
and metastatic involvement was proven subsequently on all
cases when they underwent biopsy or surgical excision.
These 64 patients formed group I of the study population.
There were a total of 68 breast lesions and 159 metastatic
axillary nodes.

Group II of the study population comprised of 18 cases
of breast carcinoma that had both axillary and evidence for
distant metastasis at the time of FDG-PET in addition to the
primary breast lesion. They either had subsequent proof of
disease involvement by histopathology (in case of axillary
disease) or by any other imaging modality (in case of distant
metastasis). There were a total of 19 breast lesions, 41 me-
tastatic axillary nodes, and 18 distant metastatic lesions.

Among the group I patients (n=64), the mean values
for the SUVmax1, SUVmax2, and the %ASUVmax were
4.8+£3.9, 5.3+4.5, and 9.4+12.8%, respectively, while those of
axillary nodes were 3+2.6, 3£2.7, and 1.1+21.3%, respec-
tively. The data are presented in Table 1.

Among the group II patients (n=14), the mean values
of the primary lesion with regard to for the SUVmaxl,
SUVmax2, and the %ASUVmax were 7.7£6.2, 8.9£7.1, and
15.7£10.8%, respectively. The corresponding figures for the
axillary nodes were 3.5+3.1, 3.7£3.1, 6.3+20.9%, respec-
tively, and for the distant metastatic lesions were 3+1.4,
3.1£1.2, and 8.5+21.2%, respectively. It is interesting to
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Table 1. Mean SUVmax1, SUVmax2, and the %ASUVmax of the primary
and axillary lesions in patients with breast carcinoma with axillary lymph
node metastasis (group I)

Primary breast lesions Axillary metastases

SUVmax1 4.8+3.9 3+2.6
SUVmax2 5.3+4.5 3£2.7
%ASUV 9.4+12.8% 1.1£21.3%

note that among the metastatic sites, the distal metastases
had a higher mean %ASUVmax than that of the axillary
ones. The data are presented in Table 2.

Finally, we selected 92 patients with 92 primary lesions
without any nodal or distant metastasis as the group III for
this analysis. All lesions in this group were proven to be
malignant by histopathological examination subsequent
to surgical excision. The mean SUVmax1, SUVmax2, and
the %ASUVmax were 2.912.7, 3.4+2.4, and 4.5t4.2%,
respectively.

Unifactorial ANOVA of the three parameters among
the primary lesions of these three groups were statistically
significant with regard to the mean SUVmax1 (p=0.01) and
SUVmax2 (p=0.01). Among the primary lesions, the highest
values were noted in group II (those with both axillary and
distant metastases), followed by group I (those with only
metastatic axillary adenopathy) and group III (patients with
no metastasis). The results of this analysis are depicted in
Table 3.

Discussion

Currently, standardized uptake value (SUV) is the most
commonly used semiquantitative parameter for assessing
the degree of FDG accumulation in a variety of clinical
settings [1]. It is calculated by dividing the activity in the
ROI drawn around the lesion (MBg/ml) by the injected dose
(MBq) divided by the body weight (g). This is usually an
automated procedure and is available on the current PET
workstations. The SUV of the tissue has a linear relation-
ship with the rate of glucose metabolism as measured by
kinetic modeling [11, 12].

Several approaches have been explored to enhance the
specificity of FDG-PET in several malignancies of which
dual time point FDG-PET imaging has been explored in the
recent literature in a wide variety of malignancies including

Table 2. Mean SUVmax1, SUVmax2, and the %ASUVmax of the primary
and metastatic lesions in patients of breast carcinoma with axillary lymph
node and distant metastasis (group II)

Primary Axillary Distant

breast lesions metastases metastases
SUVmax1 7.7+6.2 3.53.1 3+1.4
SUVmax2 8.9+7.1 3.7+3.1 3.1+1.2
%ASUV 15.7£10.8% 6.3+20.9% 8.5£21.2%
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Table 3. Mean SUVmax1, SUVmax2, and the %ASUVmax of the primary
lesions of groups I, II, and III patients having varying disease burden at
diagnosis

Primary breast Primary breast Primary breast p value

lesions in lesions in lesions in

patients without ~ patients with  patients with

axillary or distant axillary distant

metastasis metastasis metastasis
SUVmax1l 2.9+2.7 4.843.9 7.7+6.2 0.01
SUVmax2 3.4+2.4 5.3t4.5 8.9+7.1 0.01
%ASUV 4.5%42 % 9.4+12.8 % 15.7+10.8% >0.05

those of the head and neck [13], lung [14], breast [15-17],
gall bladder [18], cervix [19], and glioma [20]. The theo-
retical basis of this approach stems from the fact that the
dephosphorylation in malignant tumor cells is either absent
or is very slow compared to that of normal cells because of
low glucose-6-phosphatase content in the former group.
This results in building up a contrast between the malignant
lesions and surrounding normal tissues with time, which
further enhances lesion detectability. Also, this has been
successfully exploited in distinguishing malignant from be-
nign lesions where changes in SUV over time are sig-
nificantly different between these two distinct pathologic
states. In one of the earliest reports, Hamberg et al. [21]
documented that the equilibrium time in bronchial carci-
noma varied from 256 to 340 minutes post injection, and
this changed after therapy, when it varied from 123 to 185
minutes post injection. They concluded that the time
interval of 45-60 minutes lead to significant underestima-
tion of the true SUV because, in most tumors, FDG uptake
continues to rise beyond this period and typically does not
reach a plateau for several hours. To date, there has not
been any well-designed study in the literature investigating
the potential of dual time point imaging in predicting dis-
ease burden in cancer.

In this study, we observed an increase in the SUVs in
both the primary and metastatic lesions regardless of the
population groups selected for analysis; this is in agreement
with other studies using similar or identical approaches and
reiterates the fact that the FDG uptake increases over time
in both the primary and metastatic lesions irrespective of the
site of the lesion. The results obtained in this study reiterate
the fact that the various SUV parameters obtained in the
dual-time-point approach correlate well with the disease
burden at diagnosis. The finding of significantly higher
SUVmax values (at both time points) in the primary breast
malignancies of patients with both axillary and distant me-
tastatic disease, followed by those with only axillary dis-
ease, and finally by individuals with breast cancer without
any metastasis reflects the degree of the relative aggres-
siveness of the primary tumor among these three subgroups
(Figs. 1 and 2). This can explain the relatively poor prog-
nosis of the primary tumors with higher SUVs as reported in
literature [3—10] and reflects the greater aggressiveness of
the malignancy in patients with both axillary and distant
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Fig. 1. Comparison of the SUVmax1 and the SUVmax2
values in the primary lesions in three different subgroups of
patients with varying disease burden at diagnosis.

metastases than in those with only axillary adenopathy. This
is consistent with the hypothesis that we proposed in
undertaking this analysis. One of the shortcomings of this
study was we did not make a subclassification of the indivi-
dual histological subtypes as most of our patients harbored
infiltrating ductal carcinoma. We believe it will be worth-
while to examine individual subtypes when we have a larger
patient population in each subcategory of histopathological
type to investigate whether there is any differential behavior
among these groups. Metastatic lesions at the distant sites
(in our series all were skeletal metastases) demonstrated
higher %ASUVmax than that of the axillary adenopathies.
Although this did not reach a statistical significance
(p>0.05), we believe that this could be because of the
relatively smaller number of patients in this group (n=18).
The higher %ASUVmax values at the distant metastatic
sites (in our series skeletal metastasis) compared to the
axillary nodes could be related to the differential cell pro-
liferation among these different sites and this in turn might
be because of the different local homeostatic factors that the
tumor cells can usurp. One of the observations made in this
study was that in both groups the SUVmax1 and SUVmax2
were significantly higher in the primary tumors than in the
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Fig. 2. Comparison of the %ASUVmax values in the
primary lesions in three different subgroups of patients with
varying disease burden at diagnosis.
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metastatic sites. Among the metastases, the corresponding
values were significantly higher in the axillary metastases
than the distant ones. We believe this difference in SUV
parameters between the primary and the metastatic lesions
need to be evaluated after partial volume correction of the
SUV with regard to the size of the individual lesions [22],
and this analysis will be reported in a different study.

Conclusion

The findings from this study provide evidence that among
the primary lesions with varying disease burden at diagno-
sis, the FDG uptake is highest in cases with both axillary
and distant metastasis, followed by those with axillary
metastasis, and then by those with no metastatic disease.
These provide an in vivo insight into tumor biology as FDG
uptake is regarded as a surrogate marker for the degree of
tumor aggressiveness in a multitude of malignancies.
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