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ABSTRACT

Objective: The aim of this study was to investigate the correlation between primary lesion and contralateral breast tissue metabolic parameters in
standard and delayed images obtained on preoperative F-18-fluorodeoxyglucose (FDG) positron emission tomography (PET) and the correlation with
pathological variables of primary lesion in invasive lobular breast cancer (ILC).

Methods: Seventeen ILC cases in which standard and late FDG-PET imaging were performed between 2007 and 2018 were included in the study.
SUV s Metabolic tumor volume (MTV) and total lesion glycolysis (TLG) values and change rates (A) of primary malignant lesion and contralateral
breast control area were recorded. T and N-stages, histological and nuclear grades of primary malignancy, estrogen receptor (ER), progesterone
receptor, presence of human epidermal growth factor receptor (HER)-2 and Ki-67 values are compared with FDG-PET values.

Results: No statistically significant correlation was found between metabolic parameters and histopathological components of 17 ILC patients
(median age: 45 years) after surgery (11 breast conserving surgery, 6 mastectomy). Among the metabolic parameters obtained from contralateral
breast tissue, SUV,,,,-based ones [standard(s)-SUV,,.,. late(g)-SUV,,,, ASUV, ..l showed statistically significant differences with malignancy (p<0.000).

Conclusion: Especially the negative median value of the control SUV,, ., suggests that late imaging may provide additional contribution, especially
in the dense breast tissue, in the ILC with high probability of multifocality/multicentricity. Although there was no statistically significant difference with
histopathological components, parallel results (such as high A-TLG in presence of lymph node metastasis, HER-2 positive and high SUV, .., MTV and
TLG median values in ER negative cases) were seen with the literature mostly consisting of invasive ductal carcinoma. Confirmation of this important
information obtained only from ILC patients is required in multicentre studies or meta-analyzes in which the number of cases will be higher.
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INTRODUCTION

Breast cancer is the most common type of cancer in women and
ranks second after lung cancer in cancer-related deaths. Early
diagnosis, more accurate and intervention-free staging, treatment
follow-up and determining prognosis are the most important
processes in determining the approach to breast cancer. 50-70%

of breast cancers are invasive ductal carcinoma (IDC), 5-15% are
invasive lobular cancer (ILC), 1-6% mucinous carcinoma and 1-2%
tubular carcinoma (1).

In the diagnosis process, Magnetic resonance imaging is generally
the method used especially in dens breast tissue and ILC, although
it is required to have more sensitive non-invasive complementary
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methods due to increasing unnecessary biopsy count because of
low specificity (72%), limitations in axillary lymph node staging and
not being able to screen for distant metastases (2).

Although F-18-fluorodeoxyglucose-positron emission tomography
(FDG-PET) imaging has a high sensitivity and specificity in showing
malignant lesions, its sensitivity in breast cancer is limited. In meta-
analysis, it is reported that the overall sensitivity of FDG-PET in
detecting primary breast cancer is 64-96%, specificity 73-100%,
positive predictive value 81-100%, negative predictive value 52-
89% (3). While the sensitivity of FDG-PET is 57% in tumors smaller
than 1 cm in diameter, it exceeds 90% in tumors larger than 1 cm in
diameter (4). False positivity can be seen in benign lesions such as
fibroadenoma, ductal adenoma and inflammation. However, there
are also studies reporting that FDG-PET is better than conventional
methods in the initial evaluation of patients, especially enabling the
detection of infraclavicular, supraclavicular and internal mammarian
lymph nodes and occult distant metastases (5).

Glut-1 and hexokinase expression, number of live tumor cells,
histological subgroup, microvascular density and inflammatory
cell presence in breast cancer are the major factors affecting FDG
involvement (6). The main factors explaining low FDG involvement
seen in ILCs are lower tumor cell density, diffuse infiltration in the
surrounding tissue, low Glut-1 expression, and low proliferation
rate (7). It is known that estrogen and progesterone receptor (PR)
negative, HER-2 expression positive tumors show higher FDG
involvement compared to receptor positive and HER-2 negative
tumors (8).

The clinical systemic contribution of PET is reported to be low
due to the low FDG affinity in mucinous (1-6%) and tubular (1-2%)
cancers, which occur less frequently with ILC, which constitutes 10-
15% of breast cancers (2,10). For these reasons, the contribution
of FDG-PET to IDC was mostly evaluated in the studies, and the
ILC was found in a limited number of studies or was not included
in the study due to low sensitivity (4,11).

The very low density of glucose-6-phosphatase enzyme in the
tumor cell causes FDG to continue to accumulate. It is known
that late imaging contributes to the diagnosis in malignancies,
where the imaging quality will be optimal as much as the
radiopharmaceutical half-life allows (12). There are many studies
reporting that late image in FDG-PET in breast cancer significantly
increases sensitivity and specificity (13-26). However, these studies
mostly consist of IDC patients.

As the breast tissue density increases, FDG involvement is
higher, and in this case primary lesion visualization has a negative
effect on the ILC with low FDG involvement potential. In this
retrospective study, it was aimed to investigate the contribution
of metabolic parameters obtained from primary lesion and
contralateral breast tissue and late images taken in preoperative
FDG-PET in the ILC, where clinical diagnosis and staging of
breast cancer is particularly difficult, to predict diagnosis and
also the correlation of histopathological variables with primary
lesion.
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METHODS

Seventeen patients diagnosed with ILC applied to the nuclear
medicine, molecular imaging and radionuclide treatment
department for staging in purpose of FDG-PET test between
2007 and 2018, who underwent surgery for breast and axilla
within 5-30 days after FDG-PET were included in the study. 50-
70 minimum after 5-9 mCi FDG given intravenously, standard
7-9 bed length and between vertex and mid-crus and; 160-
200 minimum later, late imaging of 2 bed areas covering the
neck and thorax regions made with GE Discovery 1Q-5 ring
and GE Discovery 710 PET/computed tomography devices.
The images were evaluated with the PETVCAR program at
GE AW workstation. Metabolic tumor volume (s-MTV, g-MTV)
and total lesion glycolysis (s-TLG, g-TLG) semicantitative tissue
analysis values and exchange rates (A=late draft value-standard
draft value/standard draft value x100) calculated from the area
of interest drawn according to the relative threshold of 40%
and above of SUV .. were recorded with primary malignant
lesion SUVax [standart(s)-SUV s late(g)-SUV .  values.
In the presence of multifocal/multicentric malignancy, the
lesion with the highest SUV .« was included in the study. As
the control group, the same semi-quantitative tissue analysis
values and change rates were obtained from the area of mirror
image in the opposite breast parenchyma. T and N-stages of
primary malignancy, histological and nuclear grades, estrogen
receptor (ER), PR, presence of human epidermal growth factor
receptor (HER)-2 and Ki-67 values obtained from pathology
of mastectomy (6 patients) or breast-conserving surgery (11
patients) are evaluated with semi-quantitative tissue analysis
results obtained from FDG-PET. The presence of the estrogen
or PR (1% and above) was considered as receptor positivity.
The fact that Ki-67 was 14% and above was classified as a high
proliferation index. HER-2 overexpression was evaluated as
immunohistochemically positive, and HER-2 amplification was
detected by fluorescent in-situ hybridization method in cases
with 0/1+ immunohistochemistry.

Statistical Analysis

Since the data did not conform to the normal distribution,
given as median and interval, in the dependent variable
analysis (between the patient and healthy breast) Wilcoxon sign
order test is used; Mann-Whitney U test was used only as an
independent variable analysis for comparing the patient group
within itself. P<0.05 was accepted as the statistical significance
limit.

The primary outcome measure of the study is to investigate
whether late imaging FDG involvement in the ILC contributes
to the diagnosis prediction; secondary outcome measure is the
relationship of FDG involvement amount with metastasis and
histopathological variables (histological and nuclear grade, ER,
PR and HER-2 presence, Ki-67).
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Ethical Approval and Informed Consent

The study was conducted in accordance with the World Medical
Association Declaration of Helsinki “Ethical Principles for Medical
Research Involving Human Subjects” (amended in October 2013)
and the authors declared that the study was carried out with
ethical principles in accordance with the Helsinki Declaration.
Patient consent could not be obtained due to the retrospective
study structure.

RESULTS

Demographic features and histopathological characteristics of 17
patients included in the study, which were undergo surgery with
the diagnosis of ILC, are presented in Table 1. After median 32
days (30+28 days), breast protecting surgery was performed in
11 patients (76%) and mastectomy (24%) in 6 patients. Ten of the
cases are pT1, 6 of them are pT2, and only 1 patient is pT3.

The comparison of the primary malignancy and control tissue
analysis values of the cases obtained in FDG-PET is given in
Table 2. Accordingly, a significant difference was observed in the
values obtained from the control interest area with malignancy in
the SUV ., based values of s-SUV .., 9-SUV o and A-SUV 4.
In addition, the negative rate of median change in the control
group in A-SUV,. and A-TLG indicates that the difference in
involvement between the non-malignant breast parenchyma and
malignancy has increased in the late image (Figure 1).

Of the 7 cases with lymph node metastasis, the patient with
the highest SUV,,. value in the group, metastatic lymph node
was visualized in the late image and the primary malignancy
A-SUV, . value was 62 (Figure 2).

DISCUSSION

Diagnosis of ILC and staging distant metastasis with lymph node
after diagnosis is one of the most clinically difficult malignancies.
The most important reasons for this are the fact that the tumor
is seen as a tissue thickening rather than a mass formation due
to the fact that it does not cause a stromal reaction and rarely
observed microcalcification, which is the most important clinical
finding in early diagnosis (27-29).

It is known that invasive triple negative tumors (TNT) in breast
cancer have higher FDG affinity than non-TNTs (30) and grad 3
tumors have higher FDG affinity comparedto grade 1-2 tumors (31).
In addition, as well as tumor histopathology, microvascularization
and hypoxia level affect FDG-PET radiopharmaceutical affinity
(32).

There are many factors such as low tumor cell density, diffuse
infiltration in the surrounding tissue, low Glut-1 expression, and
low proliferation rate, explaining the low FDG involvement of
FDG-PET in ILCs.

Many different metabolic parameters such as SUV, MTV, TLG
have been used to increase sensitivity and specificity in breast
tumors.

Falay and Seymen.
PET Late Imaging in ILC

Table 1. Demographic characteristics and histopathological
characteristics of invasive lobular cancer cases (n=17)

Age - year

Median (range) 45 (35-62)
T-stage (n, %)

T1 10 (59)
T2 6 (35)
T3 1(6)
N-stage (n, %)

NO 10 (59)
N1 7(47)
ER (n, %)

+ 10 (59)
- 7 (41)
PR (n, %)

+ 10 (59)
B} 7(41)
Nuclear grade (n, %)

1 5(29)
2 8 (47)
3 4 (24)
Histological grade (n, %)

1 5(29)
2 8 (47)
3 4.(24)
HER-2 (n, %)

+ 9 (53)
} 8 (47)
Ki-67 (n, %)

High (>14) 11 (65)
Low (<14) 6 (35)

ER: Estrogen receptor, PR: progesterone receptor, HER: human epidermal

growth factor receptor

30 10
Late —>
A-SUVmax : - 17 A-SUVmax : 40
A-MTV: - 40 A-MTV: 6
A-TLG:-35 A-TLG: 22
Control Primer malignite

) 20

[ A

Figure 1. Fluorodeoxyglucose-positron emission tomography
standard and late images; Left breast lower-inner quadrant
invasive lobular cancer interest (red arrow) and contralateral
breast same quadrant interest (blue arrow)

MTV: Metabolic tumor volume, TLG: total lesion glycolysis
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The majority of cases are more common IDC in nearly all of the
researches. In 6 studies investigating the contribution of late
imaging with FDG-PET in breast cancer, the first bibliography of
2/56, 3/66, 13/86, 2/53, 8/48 and 2/38, respectively, was included
in the studies and the rate was only 9% (30/347) (18-20, 24-26).
There is no study of ILC cases.

The correlation of tumor heterogeneity with aggressive
malignancy has been demonstrated in many tumors. In the
study of Garcia-Vicente et al. (19), it was predicted that increase
in heterogeneity in late images may provide more meaningful
prognostic information (18). In our study, A-TLG value to be 50
(median: 9) in our 2 cases who had lymph node metastasis is a
finding that supports this.

Caprio et al. (26) shared that D-SUV,,,, obtained by late
imaging of FDG-PET in 8-ILC, 40-IDC and 11 benign breast
lesions, increased significantly in malignancy and decreased
significantly in benign lesions (25). In cases with local recurrence
and distant metastasis, 13 of them were ILC and 86 of them
were invasive breast cancer, Hildebrandt et al. (21) reported that
more malignancy could be detected by decreasing background
activity in late images (20).

Breast density can vary widely with age and weight. The higher
FDG involvement in the dens breast tissue is a reason that
reduces sensitivity in the ILC, which can show low FDG affinity. In
our study, the control A-SUV,,,,, median value obtained from the
contralateral breast tissue is -10. In our study, in which A-SUV/ .,
(median: 53) was significantly different in ILC, it was thought that
late imaging may contribute additionally to the visualization of the
ILC, which has a high probability of multifocality/multicentricity,
especially in the dense breast tissue.

<G
<«S
A-SUVmax : 66 g
A-MTV: 2
A-TLG: 15
Figure 2. Fluorodeoxyglucose (FDG)-positron emission

tomography standard (S) and late (G) images; Right breast
lower-inner quadrant invasive lobular cancer (red arrow), FDG
involvement in late image visualized in the right central axillary
metastatic lymph node (blue arrow)

MTV: Metabolic tumor volume, TLG: total lesion glycolysis
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Garcia-Vicente et al. (19) reported no additional contributions in
the group where they assessed late imaging in 66 invasive breast
cancers, of which only 3 cases were the ILC.

In the study that Sasada et al. (22) evaluated a total of 1122
invasive breast cancers, 30 of which were ILC, in late imaging,
the value we defined as A in our study is expressed as retention
index (RI). Although there was no significant difference in our
study, SUV ., in the HER-2 positive group is higher than the
group where MTV and TLG median values were negative (Table

2).

In the study investigating the contribution of late imaging in 53
invasive breast cancers where only 2 cases were ILC, it was reported
that there was low ER positivity and high HER-2 expression in the
group with high RI (24). In our study, it was shared in Table 3 that
the ER negative cases were more significant in the SUV,,, and
the SUV 2, MTV and TLG median values were higher than the
positive group.

In a study of Lee et al. (27), late imaging showed more significant
correlation with prognostic factors in 38 invasive breast cancer
cases, 2 of whichwere ILC. A similar correlation has been reported
even when the late image was taken earlier (100 minimum) (26).
This result will shorten the total examination period and can
be taken into consideration in the next studies. In this low-
incidence patient group, it is also possible to explain the lack of
a statistically significant correlation between primary malignancy
tissue analysis values and histopathological variables, since we
did not have enough cases to reach statistical significance in our
study.

CONCLUSION

In our study, it is foreseen that in the ILC, which has low FDG-PET
sensitivity, the information obtained from the contralateral breast
parenchyma and especially lateral image in the dorsal breast
tissue, will contribute significantly. No statistically significant
correlation was found with histopathological variables. However,
parallel results were observed when compared to studies mostly
composed of IDC patients. A-TLG is high in the group with lymph
node metastasis; in HER-2 positive and ER negative cases, SUV .,
MTV and TLG median values are higher than HER-2 negative
and ER positive groups. This important information needs to be
confirmed by meta-analyzes or multicentre studies where the
number of cases will be higher.

Average (range) 5-SUVax g-SUV . ASUV ., sMTV g-MTV A-MTV  s-TLG g-TLG A-TLG
Prmary 5.11%(21.58)  7.59(36.10) 49 (33) 4.74(17.18) 4.70(16.69) -1(70) 9.56(33.08) 10.71(21.31) 1 (11)
malignancy

Control 1.04(1.79) 0.93(4.01) -11(9.51)  240(2.95) 2.24(2.66) -1 (66) 3.88(1.31)  3.06(2.30) -2 (16)
P <0.000** <0.000 <0.000 0.36 0.83 0.36 0.049 0.04 0.06

*Values are given as median (range), ** p<0.05 was accepted as the statistical significance limit, MTV: metabolic tumor volume, TLG: total lesion glycolysis
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Table 3. Relationship between semiquantitative tissue analysis values and histopathological variables

ATLG 16 (123) 12 (123) 8(122) 18 (152)
8 (152) 9(152) 120123 10(123)
e 1081 (41.11) 841 (@4111) 889 (1197) 455 (12.26)
g 716(19.16)  7.50(1347) 7.33(42.26) 7.50 (41.11)
e 884(921)  845(29.21) 825(11.57) 4.27(9.52)
g 686(19.92)  6.86(1243) 7.49(30.66) 8.13(29.21)
2(172) 4(172) 13 (50) 7(103)
Sy 42(102)  -12(102) 50172 -1(172)
Ty 357(17.03) 367 (17.19) 655(698) 3.7 (698)
o 165(17.79)  136(698) 217 (17.19) 2.69(17.19)
iy 452(1446) 452(1446) 623(656) 369 (621)
= 270(1480) 2.15(621)  3.51(14.46) 4.32(14.46)
LUy 53 (108) 49 (108) 57 (23) 48 (35)
mex 49 (43) 57 (43) 49(108 49 (108)
Uy 593(3490) 593(024) 435(428) 3.81(176)
95Wmax  393(549)  399(36.10) 4.40(3557) 4.99 (3557)
oy 416 2152% 416(9.14) 324271 250 (159)
SWma  040421) 2852158 2992152 3.96(2152)
T-stage N-stage ER PR
Patient
atients ()11 1) NO (10) ) -4
T2T30) N1() +(14) +(13)

29 (39)

15 (39)

9(152) 19 (76)
2(111) 23 (199)
18 (152) 5.(40) 16 (123) 8(199)
5.60 (3.80) 6.26 (5.96) 716(19.16  5.02(12.13)
11.96 (41.11)  11.96 (42.38) 11.60 (41.11) 1042 (42.38)
3.29 (32.27) 8.02 (32.14) ’ ’ ’ '
ggg 512163?1)1) gég goég)z) 6.86(19.92)  4.55(9.26)

’ ’ ’ ' 10.30 (29.21) 10.19 (30.92)

2.48 (28.48) 8.51(28.22)
140 2(29) -1(103) 2(138)
1(107) 1(172) 4(172) 1037)
14 (138) -13 (68)
268 (2.64) 3.34(329) 2.69(17.79)  2.69 (4.31)
4.65(17.19) 1.58 (17.79) 311(17.039 356 (17.79)
1.56 (17.63) 4.33 (16.64) ' ' ' '
Zgg E1239211) 3.34 (2.95) 2.70(14.80) 2.37 (4.38)
13.93 (138.44) 4.72 (14.80)-13.10 (67.91) 4.52 (14.46)  5.06 (15.29)
1908 & o 49 (7) 19 43)
53 (59) 36 (55) 54 (108) 53 (108)
4.24(0.62) 4.77 (4.08) 402(549)  4.25(4.37)
6.87 (35.57) 4.02 (36.10) ' | ’ )
41309.77) 621872 9.91(34.90) 5.61(36.10)
2.90 (0.43) 3.54 (2.33)
2.59 (9. 20) 4.54 (8. 70) ’ i i ’
Nuclear Histologjical HER-2 Ki-67
grade grade
;g; ;Egg -(11) <14 (7)

+ (6) >14(10)
3(6) 3(4)

*Values are given as median (range) and no difference p <0.05 has been detected, MTV: metabolic tumor volume, TLG: total lesion glycolysis
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