Dual Time Point '3F-FDG PET Imaging Detects
Breast Cancer with High Sensitivity and Correlates
Well with Histologic Subtypes

Ayse Mavi', Muammer Urhan', Jian Q. Yu', Hongming Zhuang', Mohamed Houseni!, Tevfik F. Cermik!,
Dhurairaj Thiruvenkatasamy!, Brian Czerniecki?, Mitchell Schnall3, and Abass Alavi!

!Division of Nuclear Medicine, Department of Radiology, Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania;
2Department of Surgery, Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania; and *Department of Radiology,
Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania

This prospective study was designed to assess the utility of the
dual time point imaging technique by '8F-FDG PET in detecting
primary breast cancer and to determine whether there is a rela-
tionship between '8F-FDG uptake and its change over time and
the histopathologic subtypes. Methods: One hundred fifty-two
patients with newly diagnosed breast cancer underwent 2 se-
quential PET scans (dual time point imaging) for preoperative
staging. The maximum standardized uptake value (SUVmax)
of '8F-FDG was measured from both time points. The percent
change in SUVmax (A %SUVmax) between time points 1 (SUVmax1)
and 2 (SUVmax2) was calculated. Patients were divided into 2
groups according to histopathology as invasive and noninvasive.
Invasive tumors were also divided into 2 groups (>10 mm and
4—10 mm). The tumor-to-contralateral normal breast (back-
ground) ratios of SUVmax at both time points for groups were
measured and the A%SUVmax values were calculated. Results:
The mean = SD of the SUVmax1, the SUVmax2, and the
A%SUVmax were 3.9 = 3.7,4.3 = 4.0,and 8.3% = 11.5% for in-
vasive; 2.0 = 0.6, 2.1 £ 0.6, and 3.4% = 13.0% for noninvasive;
andwere 1.2 = 0.3,1.1 = 0.2, and -10.0% = 10.8% for the con-
tralateral normal breast groups, respectively. In the comparison
of SUVmax1, A%SUVmax, and the tumor-to-background ratios
among groups, all results were significant (P < 0.001). Visual as-
sessment revealed that the sensitivity of dual time point imaging
was 90.1% for invasive cancer >10 mm, 82.7% for invasive
breast cancers 4—10 mm, and 76.9% for noninvasive breast
cancers. Conclusion: Dual time point imaging is a simple and
noninvasive method that may improve the sensitivity and accu-
racy of '8F-FDG PET in assessing patients with primary breast
cancer. The changes that are noted in SUVs in dual time point
imaging vary depending on the histopathologic type of primary
breast cancer.
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Recent studies have demonstrated that the uptake of
I8F_FDG continues to rise in malignant tumors for several
hours after the intravenous administration (/-3). In some
tumors, the standardized uptake value (SUV, a quantitative
measure commonly used) does not reach maximum until
130-500 min after injection of '8F-FDG (2). This is
probably related to the increased glucose uptake through
the glucose transporter proteins and low concentration of
glucose-6-phosphatase activity in these cells. In contrast,
such a prolonged period of '8F-FDG uptake is rare in
inflammatory lesions or normal tissues (4). Thus, imaging
at 2 time points after the administration of '8F-FDG (dual
time point '8F-FDG PET) has been shown to differentiate
between benign processes and malignant tumors (/,4,5).
Breast cancer is the most common malignancy and the
second leading cause of cancer death among women (6).
Although it is curable when detected early, about one third
of women with breast cancer die of the disease (7). '8F-
FDG PET has been quite effective in detecting nodal and
distant metastases by acquiring a single whole-body exam-
ination in patients with breast cancer (8—/0). However, the
role of PET for assessing primary breast cancer is some-
what uncertain because of the variable sensitivity and spec-
ificity values that have been reported in the literature. This
is partially related to the characteristically low SUV values
of the primary breast cancer lesions. Therefore, the under-
lying biologic factors that determine the degree of glucose
metabolism and subsequent '8F-FDG accumulation need to
be examined to determine such discrepant results. By now,
I8F-FDG PET has been shown to have some limitations in
detecting breast tumors (/7). The uncertainty about the role
of '8F-FDG PET in assessing primary breast lesions stems
primarily from the fact that the data reported so far were
generated by a single time point imaging at 60 min after
the administration of '8F-FDG. We, and others, have re-
ported the added advantages of dual time point imaging in
head and neck, lung, pancreatic, and cervical malignancies.
These data demonstrate that imaging at 2 different time
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points reveals substantially higher SUVs on delayed scans
compared with those measured on the initial scans
(1,4,5,12—15). These studies also indicate that this approach
can also improve the sensitivity of the technique for the
primary and the metastatic sites (/). Therefore, single time
point SUV analysis is a suboptimal method for assessing
suspected breast cancer. Biologic characteristics of the
tumor such as histologic subtype (invasive—noninvasive)
are considered important prognostic factors in patients with
breast cancer and may therefore influence glucose metab-
olism as detected by '3F-FDG PET. The aim of this
prospective study was to assess the utility of this technique
for detecting the primary breast cancer and to determine
whether there is a relationship between '®F-FDG uptake
and its change over time as determined by dual time point
imaging and the histopathologic subtype.

MATERIALS AND METHODS

Patient Population

One hundred fifty-two consecutive patients (age range, 24—80
y; mean age, 51.4 £ 10.7 y) with newly diagnosed breast cancer
by film-screening mammography, MRI, and biopsy of the breast
lesions were included in this study. For the purpose of this
scientific communication, we present the data that were generated
with 8F-FDG PET. This prospective National Institutes of
Health—funded program project was designed to test the role of
various radiologic modalities for detecting and staging primary
breast cancer. This study was Health Insurance Portability and
Accountability Act compliant and approved by the Institutional
Review Board. Informed consent was obtained from the patients
who were enrolled in this study. The average time period between
the diagnostic biopsy and dual time point PET was 25 = 12 d. The
reason for the long time period until PET was due to the com-
plications caused by diagnostic biopsy such as hematoma, seroma,
or inflammatory reactions. These were excluded from analysis.
None of the patients had received chemotherapy or radiation
therapy before they underwent dual time point '8F-FDG PET for
preoperative staging.

18F-FDG PET and Assessment

Patients fasted for at least 4 h before the PET scan and had
blood glucose levels <140 mg/dL at the time of injection. !'8F-
FDG (5.2 MBg/kg of body weight) was administered intrave-
nously through an indewelling catheter inserted into an antecubital
vein. PET was performed on all patients using a dedicated whole-
body PET scanner (Allegro; Philips Medical Systems). The first
scan was performed as a whole-body image that included the
entire trunk (from neck to the groin). Immediately after the whole-
body scan, a second set of images of the chest were acquired. The
mean time intervals between the injection of '®F-FDG and the first
and second scans were 63 min (range, 46—112 min) and 104 min
(range, 81-156 min), respectively. Using a '37Cs point source,
transmission scans were performed to provide attenuation correc-
tion. The patients did not leave the scanning table between the 2
acquisitions, minimizing patient motion artifacts. The ordered-
subsets expectation maximization method was used to reconstruct
all PET images (/6). After PET, patients underwent a surgical
intervention that included either partial or total mastectomy.
Surgical pathology results were considered to provide the defin-

DuaL TME PoINT IMAGING IN BREAST CANCER ¢ Mavi et al.

itive diagnosis against which the PET results were compared. On
the basis of the surgical results, 25 patients who had no tumor (all
tumor tissue was removed during excisional diagnostic biopsy)
and 7 patients who had 1- to 3-mm tumor were excluded from the
study. In this population some of the PET findings were false-
positive because of biopsy inflammation, and the findings are not
described further in this article. Therefore, 120 patients who had
core biopsy were included in the study.

Visual assessment was determined by 1 experienced nuclear
medicine physician and included assessing both sets of images at
the same time; we believe that this is adequate for the initial
analyses of these data. The interpretation consisted of only a
1-time reading of the image set. Visual (qualitative) interpretation
was based on subjective impression of the degree of '3F-FDG
uptake at the tumor site and the surrounding sites. If the uptake
appeared distinctly focal and its contrast increased with time, the
lesion was categorized as positive for cancer. In contrast, if the
lesion was poorly defined and lost contrast over time, it was
interpreted as negative for cancer. When the lesion could not be
categorized as positive or negative, it was considered as “inde-
terminate” and was excluded from the final analyses. '8F-FDG
PET scans were interpreted without the benefit of the other radio-
logic studies.

Image Analysis

After image reconstruction, a region of interest (ROI) was
carefully drawn around the site of the breast lesion on the con-
sequent 4—-6 PET scan slices. Slice thickness and the slice interval
were both 4 mm. This analysis was performed uniformly by an
experienced nuclear medicine physician for the entire population
examined. From these ROIs, the SUV was calculated according to
the following formula: (mean ROI activity [MBq/g])/(injected
dose [MBq]/body weight [g]), where g = grams.

The maximum SUV (SUVmax) of '8F-FDG was measured
from the ROI, which was placed at the site of the lesion clearly
visualized or appearing suggestive on the PET scans from first
time point (SUVmax1) and second time point (SUVmax2). The
percent change in SUVmax (A%SUVmax) between SUVmaxl
and SUVmax2 was calculated. We applied the same methodology
for calculating the SUVs from the contralateral normal glandular
breast tissue as another reference point for comparison (group C =
contralateral normal breast) as a measure of background activity
and for further analysis of the data generated from the lesion sites.
The SUVmax of '8F-FDG of the contralateral normal breast
glandular tissue was measured from the ROI, which was placed
around the normal glandular tissue at the best visualized 4-6 slices
on the PET scan at both time points. The SUVmax changes were
compared among groups and with contralateral breast glandular
tissue values.

Patients were divided into 2 groups according to surgical his-
topathology results (group A = invasive ductal, lobular, and
mixed [ductal + lobular] types); group B = ioninvasive (carci-
noma in situ). Invasive cancers were also divided into 2 groups
according to the size of the surgical lesion (>10 mm and 4—10
mm) for further analysis. We calculated tumor-to-background
ratio (T/B ratio) of SUVmax at both time points 1 (ratio 1) and 2
(ratio 2) for each lesion (group A and group B), and the percent
change in these ratios over time was calculated. For this purpose,
we used the same patient’s contralateral breast tissue’s 2 time
points’ SUVmax results as background. We divided SUVmax of
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the tumor by the same patient’s contralateral breast SUVmax
value for both time points to generate these ratios.

Statistical Analysis

Conventional methods were used to generate descriptive statis-
tics. Groups were compared by using the Student ¢ test. P values <
0.05 were considered to represent significant difference between
the 2 populations.

RESULTS

Among 152 patients, 120 patients with 123 lesions (3
patients had bilateral disease) were analyzed in this study.
As mentioned above 32 patients were excluded from the
analysis. Ninety patients (with 93 lesions) were found to
have invasive cancers and the remaining 30 were diagnosed
with noninvasive cancers and the size of invasive carcino-
mas ranged 4 to 60 mm. On the basis of the surgical histo-
pathologic examination, 63 of the invasive carcinomas had
a tumor size >10 mm (average, 24.9 = 11.4 mm; range,
11-60 mm), whereas 30 had 4- to 10-mm lesions (average,
6.5 = 2.8 mm).

Visual Assessment

Visual assessment revealed the following results: Of the
63 tumors >10 mm in size, 55 were clearly visualized on
the combined dual time point scans, whereas 2 were read
as indeterminate and 6 appeared without '8F-FDG uptake
(false-negative). In general, images appeared more intense
and clear on delayed images. However, no effort was made
to determine how many abnormalities were negative or
questionable on the first set and clearcut on the delayed
images. Therefore, the sensitivity of the dual time imaging
method was 90.1% for invasive cancer >10 mm (2 inde-
terminate cases were not included for this analysis) Exam-
ples are presented in Figures 1 and 2. In 30 invasive tumors
that were 4- to 10-mm in size, 24 were clearly detected by
IBE-FDG, 5 were read as negative (false-negative), and
1 appeared indeterminate. Therefore, the sensitivity of the
dual time method was 82.7% for detecting invasive cancers
4—10 mm (1 indeterminate case was excluded for this
calculation). Of the 30 noninvasive tumors based on his-
tology, 20 were seen on dual time point imaging, 4 were
interpreted as indeterminate, and the remaining 6 were read
as negative for cancer (false-negative). Therefore, the
sensitivity of dual time '8F-FDG PET for the detection of
noninvasive breast cancer was 76.9% (4 indeterminate
cases were not included in this calculation). An example
is presented in Figure 3. In summary, dual time point '8F-
FDG PET was true-positive for 99 lesions, whereas it was
indeterminate for 7 and false-negative for 17 lesions. Inva-
sive mucinous cancer lesion was false-negative by visual
assessment.

SUV Measurements

The SUVmax could not be measured for the lesions that
were not visualized on PET scan. These lesions were not
I8F.FDG avid and, therefore, they were false-negative.
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Therefore, SUVmax could be calculated for 106 lesions
and for the contralateral breasts. The means * SD of the
SUVmax1, the SUVmax2, and A%SUVmax were 3.9 *=
3.7,4.3 £ 4.0, and 8.3% = 11.5% for group A; 2.0 = 0.6,
2.1 £ 0.6, and 3.4% = 13.0% for group B; and 1.2 = 0.3,
1.1 £ 0.2, and —10.0% = 10.8% for group C, respectively.
When SUVmax1 and the A%SUVmax among these 3
groups were compared separately, results were statistically
significant for each comparison (P < 0.001). The percent
change (decrease in '3F-FDG uptake) between SUVmax1
and SUVmax2 over time in the contralateral normal breast
tissue was also significant (P = 0.02). The percent change
between ratio 1 and ratio 2 over time was 22.0% * 26.8%
for group A and 15.7% = 18.6% for group B. Because of
some outlier values that resulted in high SD, we calculated
the confidence interval (CI) for these data. For group A
and B, the 95% CI values for the A%SUVmax were
6.0%—10.6% and —1.3% to 8.0%, respectively. For group
A and B, the 95% CI values for the percent change over
time between the T/B ratios at dual time imaging were
15.9%—28.1% and 8.0%—23.5%, respectively. When we
compared the ratio 1 of group A and ratio 2 of group A with
those of group B values, results were statistically significant
(P < 0.001) (Table 1).

The calculated SUVmax1 values of invasive ductal,
lobular, and mixed types were 4.3 * 3.9, 2.7 = 1.8, and
2.0 £ 0.9, respectively. In the comparison of the SUVmax1
of invasive ductal carcinoma with those of the invasive
lobular and mixed type, the results were significant (P =
0.04 and P < 0.001, respectively) (Table 2). Only 1 patient
each with medullary cancer and mucinous cancer was
enrolled in the study and they were included in Table 2
without statistical analysis. We then divided invasive can-
cers into 2 groups according to tumor size (>10 mm and
4—10 mm). The calculated means * SD of the SUVmaxl1,
SUVmax2, A%SUVmax between 2 time points over time,
and the percent change over time in T/B ratios at dual time
imaging for the >10-mm tumors were 4.8 * 4.1,5.3 = 4.4,
8.6% * 12.2%, and 23.1% = 28.5%, respectively. The same
calculated values for 4- to 10-mm tumors were 1.9 * 0.8,
2.0 £0.7,6.5% * 9.9%, and 18.8% = 23.5%, respectively
(Table 3). Because of some outlier values that resulted in
high SD, we calculated the CI for these data. Among
invasive tumors, for the group of tumors >10 mm and for
the other group that has 4- to 10-mm tumors, the 95% CI
values for A%SUVmax were 5.5%—11.8% and 2.8%—
10.3%, respectively. For the same groups, the 95% CI values
for the percent change over time between ratio 1 and ratio
2 at dual time imaging were 15.1%—31.0% and 8.2%—
29.3%, respectively. By visual assessment, most lesions
became more intense on delayed scans. We investigated the
possible reasons for the false-negative results and noted that
the histopathology of the 6 false-negative invasive cancers
>1 cm were mixed (ductal + lobular) in 3, lobular in 1,
mucinous in 1, and invasive ductal in 1. In addition, estro-
gen receptors were positive in all, progesterone receptors
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FIGURE 1. Patient with history of invasive ductal cancer of right breast had dual time point PET. (A) Coronal slices in top row were

obtained at first time point. (B) Corresponding scans in bottom row were acquired at second time point. Measured SUVmax1 of
lesion in first image set was 4.3 (thin arrow), whereas that of second set was 4.8 (thick arrow). Percent increase in SUV of the lesion
was 11.6%. Measured SUVmax1 of normal contralateral glandular breast tissue was 1.1 in first image set, whereas that of second
set was 0.9. Therefore, increase in T/B ratios between first image set and second image set was 36.4%. Surgical pathology

confirmed 2-cm invasive ductal cancer.

were positive in 5, and all were negative for HER2/Neu
(c-erbB-2) receptors.

DISCUSSION

Because the uptake of !'3F-FDG in malignancies is
expected to increase over several hours, an initial inclination
would be to perform a single scan at a later time point than
at the usual 45-60 min after injection of the compound. In
theory, this should lead to improved contrast between the
lesion and the background and improved diagnostic accu-
racy, making dual time point scanning unnecessary. How-
ever, this will lead to improved sensitivity but the specificity
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FIGURE 2. Patient with invasive ductal carcinoma of right
breast was examined with dual time point PET. (A) Coronal
slices in top row were obtained at first time point. (B)
Corresponding images in bottom row were acquired at second
time point. Images in both sets clearly show primary lesion.
However, intensity of uptake was substantially higher on de-
layed images. In addition, axillary lymph node metastasis was
faintly visualized on first set but was clearly demonstrated on
second set. Measured SUVmax1 of lesion in first image set was
2.2 (thin black arrow), whereas that of second set was 2.6 (thick
black arrow). Percent increase in SUV of the lesion was 18.2%.
SUVmax1 of metastatic right axillary lymph node was 1.0 in first
set (open arrow in A) and increased to 1.1 in second set (open
arrow in B). Surgical pathology confirmed 2.5-cm invasive
ductal carcinoma with axillary metastasis.
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may remain low because of the overall low uptake of these
lesions. Therefore, we believe that changes in the dual time
point SUVs would be a more valuable diagnostic tool than a
delayed single time point alone.

As with most other cancers, studies have shown that most
breast malignancies also have a gradual increase in SUV with
time after '8F-FDG injection (/7,18) and also there is an
overexpression of Glut-1 glucose transporters in human
breast cancer as in other malignancies (19,20). '8F-FDG
PET is very sensitive in detecting advanced disease with
nodal or distant metastasis (§—10). However, this technique is
known to have some limitations in detecting (a) small-sized
tumors, (b) more well-differentiated histologic subtypes of
tumors (tubular carcinoma and in situ carcinoma), and (c)
lobular carcinomas (/7). The overall sensitivities and spec-
ificities in these studies for detecting primary breast cancer
ranged from 80% to 100% and 75% to 100%, respectively,
with an accuracy of 70%—-97%, a positive predictive value of

First Time
A . o SAde
. LY
A" Iz
B y ) .
. i J
Second Time

FIGURE 3. Patient with history of noninvasive carcinoma of
right breast underwent dual time point '8F-FDG PET for
preoperative staging. (A) Coronal slices in top row were ob-
tained at first time point. (B) Corresponding scans in bottom row
were acquired at second time point. Lesion is questionable in
first set, whereas it is clearly visualized in second set. Measured
SUVmax1 of lesion in first image set (thin arrow) was 1.4,
whereas that of second set was 1.9 (thick arrow). Percent
change from first to second time point of this measurement was
35.7%. Surgical pathology confirmed noninvasive breast tumor.
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TABLE 1
SUVmax Measurements and Changes over Time in Normal Breast, Invasive Cancer, Noninvasive Cancer, and T/B Ratios

A% in ratio 1 and

Histopathology SUVmax1 SUVmax2 A%SUVmax ratio 2 (T/B ratio)
Group A (n = 82) 3.9 £ 3.7 4.3 + 4.0 83 115 22.0 + 26.8
Group B (n = 24) 2.0+ 0.6 21 +0.6 3.4 =13.0 15.7 = 18.6
Group C (n = 120) 1.2 +0.3 11 x0.2 —-10.0 = 10.8

Group A = invasive cancer; group B = noninvasive cancer; group C = contralateral breast; ratio 1 = T/B ratios of SUVmax at first time
point; ratio 2 = T/B ratios of SUVmax at second time point; A% = percent change.

Data are presented as mean = SD.

81%—-100%, and a negative predictive value of 52%-89%
(7,8,21-26). Reports with high sensitivity for PET are par-
tially related to including patients with large-size tumors and
the criteria used for interpreting the scans. The results from
our study demonstrated that malignancies in the breast
follow the same general trend of most other types of cancers
and revealed increased '8F-FDG uptake over time. In the
comparison of the results of noninvasive cancers with inva-
sive cancers, our study demonstrated that invasive cancer
lesions had a higher dual time point increase in '8F-FDG
uptake. In addition, invasive ductal cancer showed a signif-
icantly higher SUVmax1 value than those of invasive lobular
and mixed types, which are relatively well-differentiated
invasive cancers in this study. These results are in line with
those reported in the literature (/7). Demura et al. showed
that there is a positive correlation in dual time point change
with the degree of cellular differentiation in lung cancers
(12). Despite the lower SUVmax1 values of invasive lobular
and mixed types in this study, we calculated the increased
uptake and high T/B ratio on the delayed image as the
invasive ductal type, which resulted in higher detectability
for these types. Our results showed a strong correlation
between dual time point changes and histologic subtypes in
breast cancer.

Another important result of our study was that, although
the malignant tissues had positive dual time changes in
SUYV, the normal breast tissue showed either no change or

TABLE 2
SUVmax Measurements and Changes over Time in
Invasive Cancers According to Subtypes

Group A (n = 82) SUVmax1 SUVmax2 A% SUVmax

Invasive ductal 4.3 £ 3.9 4.7 £ 43" 8.1 = 10.6*

(n = 66)

Invasive lobular 27 =18 3.1 =23 10.5 = 14.0*
(=7

Invasive mixed 20+ 09 22=*x1.1* 9.3 + 14.6*
=7

Medullary (n = 1) 7.2 8.6 19.4

Mucinous (n = 1) 1.0 1.0 0

*Data are presented as mean *= SD.
Group A = invasive cancers; A% = percent change.
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negative dual time point changes. This would suggest that
dual time point imaging will improve the sensitivity of the
test, as it is expected that normal tissue would not accu-
mulate '8F-FDG over an extended period of time.

The percent change over time in T/B ratios between ratio
1 and ratio 2 was high, as shown before for invasive and
noninvasive cancers, which resulted in improvement in the
detection of malignant lesions. Therefore, by using this
method, despite the low initial SUV of small tumors, the
intensity of the uptake was higher on delayed images,
which resulted in higher detectability. In our study the
visual assessment revealed the following results: The sen-
sitivities of the dual time imaging method in detecting
invasive cancer >10 mm, invasive cancers 4—10 mm, and
noninvasive breast cancer were 90.1%, 82.7%, and 76.9%,
respectively. In the largest study in the literature, Avril et al.
(24), using single time point PET, found the sensitivities
of PET were 91%, 57%, and 25% in detecting tumors
>10 mm, <10 mm, and noninvasive cancer, respectively.
When we compare our results with those of Avril et al., we
conclude that dual time imaging substantially increases the
contrast between the lesion and the surrounding back-
ground and, therefore, improves the sensitivity of this
technique for detecting primary breast cancer.

There are limitations that probably influenced the sensi-
tivity in this study. First, all of these patients had prior
diagnostic biopsies that likely removed a portion of the
cancer tissue. Consequently, the overall '8F-FDG uptake
was decreased, lowering the contrast on the PET study
because of the smaller size of the remaining tumor tissue at
the site. However, it is possible that in some patients inflam-
matory reaction to surgical intervention could have con-
tributed to the uptake of the lesion site. Considering the
design of the study, this type of effect was unavoidable but
likely did not substantially alter the results described in this
study. In addition, we excluded patients who could have
been inappropriate for this analyses because of the factors
described earlier. Second, the time interval between the first
and the second scans was an average of 39 min. Given the
initial low SUV levels, breast cancer lesions may require a
longer interval of time to allow adequate '3F-FDG accu-
mulation. As mentioned earlier, most cancers require sev-
eral hours to reach the maximum level in '8F-FDG uptake.
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TABLE 3
SUVmax Measurements and Changes over Time According to Tumor Size in Invasive Cancers with Increase in T/B Ratios

A% in ratio 1 and

Group A (n = 82) SUVmax1 SUVmax2 A%SUVmax ratio 2 (T/B ratio)
Tumors >10 mm (n = 57) 4.8 + 4.1 5344 8.6 + 12.2 23.1 = 28.5
Tumors 4—10 mm (n = 25) 1.9 + 0.8 2.0 = 0.7 6.5 = 9.9 18.8 + 23.5

Group A = invasive cancer; ratio 1 = T/B ratios of SUVmax at first time point; ratio 2 = T/B ratios of SUVmax at second time point; A% =

percent change.
Data are presented as mean = SD.

We believe that if this study were performed before biopsy
and the time interval between the 2 scans could have been
longer, such as 60 min, our results would have been more
striking. Also, because of the nature of the study, the
specificity of the technique in excluding cancer could not
be determined and is the subject of further investigation.
Also, we consider the small sample of patients in the cate-
gory of noninvasive tumors as a deficiency of this report.
However, as we increase the number of patients in each of
these categories, updated data will be generated for future
communications. We also believe that dual time point im-
aging has a potential role in detecting recurrent disease
where either single time point '8F-FDG PET images or
other diagnostic studies may appear indeterminate.

CONCLUSION

Our data indicate that '8F-FDG uptake increases with
time in breast malignancies that are demonstrable by dual
time point PET. On the other hand, the uptake of '®F-FDG
in normal breast tissue decreases with time. We also were
able to show that the histopathologic type contributes to the
changes that are noted in the measured SUVs in dual time
point '3F-FDG PET in patients with breast cancer. The
difference in such measures may reflect the biologic behav-
ior, including the degree of aggressiveness of the underly-
ing malignancy. Dual time point imaging was especially
useful in detecting (a) noninvasive (carcinoma in situ)
breast cancer, (b) invasive small lesions (<10 mm), and
(c) invasive lobular and mixed types of carcinomas. We
conclude that dual time point imaging is a simple and non-
invasive method that will improve the sensitivity and accu-
racy of '8F-FDG PET in assessing patients with primary
breast cancer.
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