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Relationship Between Staging FDG PET/CT Findings and
Distribution of Metastatic Sites in Metastatic Breast Cancer

Metastatik Meme Kanserinde Evreleme FDG PET/BT Bulgularinin
Metastatik Bolge Dagilimu ile iliskisi
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ABSTRACT
Introduction: We aimed to investigate the relationship between staging FGD PET/CT findings and
metastasis distribution and histopathological features of primary tumor in patients with metastatic breast
cancer at diagnosis time.
Materials and Methods: Eighty patients with breast cancer who underwent F-18 FDG PET/CT for
staging were included. The patients with newly diagnosed metastatic disease were included. Age and
histopathological features of the primary tumor were recorded. The distant metastases sites, the numbers
of metastasis and metastatic axillary/non-axillary lymph nodes were reviewed from PET/CT. The
maximum standardized uptake(SUVmax) values were measured.
Results: All patients(n:80,mean age 58.0+14.4) had invasive breast carcinoma. Age was significantly
related to the presence of lung metastases(p=0.006, mean ages 54y vs 64y).Only liver metastasis had a
significant relationship with primary tumor SUVmax values and tumor molecular profile. The patients
with HR+/HER2- (7/60 patients, 11.7%) had relatively less liver metastasis than with the other subtypes
(9/20patients, 45%). There were significant associations between SUVmax of axillary lymph
node(p=0.02), primary tumor(p=0.001), liver metastasis(p=0.02) and tumor subtypes. The numbers of
distant metastasis were related with the numbers of axillary lymph node metastasis(p=0.02) and the
highest SUVmax of distant metastasis(p=0.001).
Discussion: Accurate detection of distant metastases in breast cancer at the time of diagnosis is of great
importance in terms of treatment planning and prognosis of the disease. FDG PET/CT is a very reliable
modality in determining distant metastasis and their distribution, and as a result of our study, we suggest
that PET/CT findings can predict factors with prognostic importance.

Keywords: breast cancer, metastasis, 18f fluorodeoxyglucose positron-emission tomography, cancer
staging

OZET

Giris: Tan1 aninda metastatik meme kanserinde evreleme FDG PET/BT bulgularinin metastaz
dagilimlar1 ve timor histopatolojik 6zellikleri ile iligkisini aragtirmay1 amagladik.

Gere¢ ve Yontemler: Meme kanseri tanisiyla bolimiimiizde evreleme FDG PET/BT goriintiilemesi
yapilan 80 hasta ¢aligmaya dahil edildi. Daha 6nce tedavi almamis hastalar calismaya alindi. Yas, primer
tiimoriin histopatolojik 6zellikleri geriye doniik olarak kaydedildi. Uzak metastaz alanlari, metastaz
odak sayilari, aksilla-aksilla disi metastatik lenf nodlarii PET/BT goriintiilerinden tarandi. Standart
maksimum tutulum (SUVmaks) degerleri hesaplandi.

Bulgular: Tiim hastalar (n:80, ort. Yas 58.0+14.4) invaziv meme kanseri tanil1 idi. Hasta yas1 akciger
metastazi ile iligkiliydi (p=0.006, ort yaslar 54, 64). Uzak metastaz alanlarindan sadece karaciger
metastazinin primer timoér SUVmaks degeri ve tiimor molekiiler profili ile iligkisi oldugu gosterildi.
Karaciger metastaz sikligt HR+/HER2- olan hastalarda (7/60, %11.7) diger tiimdr subtipleri (9/20, %45)
olanlara gore daha diisiiktii. Primer tiimor (p=0.001), aksilla lenf nodu(p=0.02) ve karaciger
metastaz(p=0.02) SUVmaks degerleri ile timor subtipleri arasinda anlamli iliski gézlendi. Uzak
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metastaz alan sayisi ile metastatik aksiller lenf nodu sayis1 (p=0.02) ve en yiiksek uzak metastaz
SUVmaks degeri (p=0.001) arasinda anlamli iligki gézlendi.

Tartiygma: Meme kanserinde tan1 aninda metastaz varliginin dogru olarak saptanmasinin tedavi plani ve
hastaligin seyri agisindan dnemi biiyliktiir. FDG PET/BT uzak metastazi ve hatta dagilimini belirlemede
oldukca giivenilir bir modalite olup, ¢alisamamiz sonunda FDG PET/BT bulgularinin prognostik éneme

sahip faktorleri dngorebilecegini diisiinmekteyiz.

Anahtar kelimeler: meme kanseri, metastaz, f18 florodeoksiglukoz positron-emisyon tomografi,

kanser evreleme

Introduction

Breast cancer is the most commonly
diagnosed cancer accounting for 29% of all
newly diagnosed cancers and the major cause
for the death of women worldwide [1,2].
About 6% of breast cancer patients have
metastatic disease at presentation [3]. The
five-year relative survival rate of patients
diagnosed with distant metastasis is
significantly less than that of patients with
early-stage disease at the time of diagnosis
[4]. The median five-year survival of
metastatic breast cancer patients is only
33.8% [5].Despite advances in the current
treatments for metastatic breast cancer that
based on a strategy of systemic chemotherapy,
endocrine  or HER2-targeted therapy
(depending on estrogen receptor [ER],
progesterone receptor [PR], and human
epidermal growth factor receptor type-2
[HERZ2]status), and palliative therapies, there
are no specific standard-of-care therapeutic
strategies indicated for patients with organ-
specific metastases [6,7].

Precise evaluation of disease extent is quite
essential for metastatic breast cancer patients
before determining treatment strategy.18F-
fluorodeoxyglucose (FDG) positron emission
tomography/computed tomography(PET/CT)
has been widely used in various malignant
diseases for initial stage, disease extent
assessment, therapy response assessment,
metastasis  detection and  prognosis
prediction[8].FDG-PET/CT has shown high
accuracy in detecting distant metastases and
also, it allows on a single “whole-body”
examination to assess for locoregional as well
as distant metastases with a high positive
predictive value [9,10].The maximum
standardized uptake (SUVmax) value of 18F-
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FDG is useful for diagnosing high-grade
malignancy and predicting the prognosis in
breast cancer patients. It was reported that
SUVmax and the HR status were useful for
predicting malignancy grades and prognosis
of patients with breast cancer [11].

We aimed to investigate whether pretreatment
FDG PET/CT findings are related to
metastatic sites distribution and
histopathological features of the primary
tumor, and whether SUVmax values may be
associated with primary tumor molecular
profile for breast cancer patients with
metastatic disease at presentation.

Material and Methods

Eighty patients with breast cancer who
underwent F-18 FDG PET/CT for staging in
our department were included in the
retrospective study. The inclusion criteria
were newly diagnosed metastatic breast
cancer that are not previously treated for
metastatic disease and at least one visible
lesion as metastatic with positive FDG uptake.
Patients with prior excisional biopsy of breast,
patients without distant metastasis and
patients with second primary malign disease
were excluded from the study.

This study adheres to the ethical principles of
the Declaration of Helsinki and was approved
by the ethics committee of our institution
(2022-09/168).

Age and histopathological features of the
primary tumor such as grade, hormone
receptor (HR), human epidermal growth
factor receptor type-2 (HER2) status and Ki-
67 index were recorded from the institution
patient information system, retrospectively.

PET/CT Acquisition and Imaging Analysis
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Patients were imaged on an integrated
PET/CT scanner (Siemens Biograph 6-True
Point PET/CT systems). Patients were fasted
for at least 6 hours prior to injection of
90uCi/kg 18F-FDG by using automatic
infusion system (Intego PET Infusion
System). The blood glucose levels were less
than 150 mg/dl in all patients at the time of the
FDG injection. Unenhanced CT images were
acquired for attenuation correction from the
vertex of the skull to distal thigh using 3 mm
slice thickness and calculated effective mAs
due to patient weight. The PET and CT images
were reviewed on a workstation (Syngovia,
Siemens Medical Solutions) in all standard
planes along with maximum-intensity-
projection images and were visually and
quantitatively by two specialists experienced
in interpreting PET/CT scans.

According to PET/CT findings; The sites of
distant metastasis, the numbers of metastatic
site, the numbers of metastatic axillary lymph
node, the presence of retropectoral, internal
mammarian and supraclavicular lymph nodes,
T and N stages were recorded. The size of
primary tumor and the size of enlarged
axillary lymph node were measured. The
maximum standardized uptake (SUVmax)
values of primary tumor, axillary and non-
axillary lymph nodes, each site of distant
metastasis were measured by drawing of
region of interest (ROI). To provide the most
accurate measurement of SUV, voxels were
created large enough to maintain tumor inside
the boundaries.

Statistical Analysis

The statistical analysis was performed using
commercial software (SPSS 21.0, IBM SPSS
Statistics for Windows, Version 21.0. Armonk
NY: IBM Corp.). The variables were
investigated using  visual  (histogram,
probability plots) and analytical methods
(Kolmogorov-Smirnov/Shapiro-Wilk’s  test)
to determine whether or not they are normally
distributed.  Descriptive analyses were
presented using frequencies for the
ordinal/nominal variables and medians,
minimum, and maximum values for the non-
normally distributed variables. Kruskal-
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Wallis tests were conducted to compare the
parameters and tumor molecular profiles, and
metastatic sites distribution. The Mann-
Whitney U test was performed to test the
significance of pairwise differences using
Bonferroni correction to adjust for multiple
comparisons. The Chi-square test or exact
method, where appropriate, was used to
compare the proportions in different groups.
An overall 5% type-1 error level was used to
infer statistical significance.

Results
Patient characteristics are listed in Table 1.

The mean age of patients was 58.0+14.4 with
a range of 23-90 years. All patients had
invasive carcinoma.

Axillary lymph node metastasis was observed
in 75 (93.8%) patients, followed by retro-
pectoral lymph node metastasis in 58 (72.5%)
patients.

Bone metastasis was seen as the most
common distant metastasis site with a rate of
83.8% (n:67), followed by mediastinal lymph
node (43.8%), lung (33.8%), and liver
metastasis (20.0%), respectively.

The numbers of distant metastasis were>10 in
45 (56.2%) patients, and 5-10 in 15 (18.8%)
patients and <5 in 20 (25%) patients.

We did not observe significant difference
between the presence of bone metastasis and
primary tumor SUVmax (p=0.55) and axillary
lymph node SUVmax (p=0.75), the number of
metastatic axillary lymph node (p=0.1). There
was significant association between bone
metastasis and the presence of retropectoral
lymph node metastasis (p=0.03).Fifty-two
(89.7%) of 58 patients with retropectoral
lymph node metastasis had bone metastases.

We found that the patients with liver
metastasis had a higher primary tumor size
(median 33.0 mm vs 52.5 mm p=0.04),
primary tumor SUVmax (median 10.1 vs 15.8
p=0.012), and Ki-67 index (median 30% vs
40% p=0.004) (Table 2). There was
statistically significant difference between the
presence of liver metastasis and the status of
PR (p<0.001), ER (p=0.003), and HER2
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Table 1. Patient Characteristics

Characteristics
Age, years (mean) 58.0+1.6
Primary tumor size (mm) (median) 34 (9-134)
1 4 (5.2%)
Grade (N, %) 2 42 (54.5%)
3 31 (40.3%)
Positive 70 (87.5%)
ER (N, %) -
Negative 10 (12.5%)
Positive 64 (80%)
PR (N, %) :
Negative 16 (20%)
Primary tumor Positive 15 (18.8%)
HER2 (N, %) :
Negative 65 (81.3%)
HR+HER2- (N, %) 60 (75%)
HR+HER2+ (N, %) 10 (12.5%)
HR-/HER2+ (N, %) 5 (6.3%)
HR-/HER2- (N, %) 5 (6.3%)
Ki-67 (%) (median) 30 (5-90)
Number of axillary metastatic lymph nodes (median) 6 (1-20)
Size of axillary metastatic lymph nodes (mm) (median) 13 (2-45)

Axillar lymph node

75 (93.8%)

Inter-pectoral lymph node

27 (33.8%)

Number of local metastatic

Retro-pectoral lymph node

58 (72.5%)

lymph nodes (N, %)

Internal mammarian lymph node

14 (17.5%)

Infra-clavicular lymph node

14 (17.5%)

Supra-clavicular lymph node

19 (23.8%)

T1 6 (7.5%)

™ 27 (33.8%)
0

T Stage (N, %) T3 4 (5%)
T4 43 (53.8%)
NO 5 (6.3%)
N1 40 (50%)

N Stage (N, %) N2 6 (7.5%)
N3 29 (36.3%)
<5 20 (25%)

Number of distant metastases 51 15 (18.8%)

N, %

(N, %) 510 45 (56.2%)

Contralateral axillar and/cervical lymph node node

20 (25%)

Mediastinal lymph node

35 (43.8%)

Abdominal lymph node

10 (12.5%)

Sites of distant metastases Lung 27 (33.8%)
(N, %)
Liver 16 (20%)
Bone 67 (83.8%)
Others (soft tissue, adrenal, pleura) 6 (7.5%)

ER, estrogene receptor; PR, progesterone receptor; HR, hormone receptor; HER2, human epidermal growth factor receptor type-2.
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Table 2. Association between primary tumor SUVmax, histopathological features of primary tumor and the

presence of liver metastasis

Liver metastasis P value
Negative Positive
Primary tumor size (mm) 39.7+21.7 57.2+33.1 p=0.04*
33.0 52.5
(9.0-98.0) (21.0-134.0)
Primary tumor SUVmax 10.8+5.4 15.61£6.9 p=0.01*
10.1 15.8
(1.09-33.3) (5.6-27.2)
Ki-67 index (%) 33.1+19.0 48.1+19.0 p=0.004*
30.0 40.0
(5.0-90.0) (25.0-80.0)

*p value <0.05 was regarded as significant

(p=0.04) receptors and the presence of
abdominal lymph node metastasis (p=0.003).
The patients with HR+/HER2- (7 of 60
patients, 11.7%) had relatively less liver
metastasis than with the other molecular
profiles (9 of 20 patients, 45%). Also, it was
demonstrated that there were significant
associations between axillary lymph node
SUVmax (p=0.02), primary tumor SUVmax
(p=0.001), liver metastasis SUVmax (p=0.02)
and tumor molecular profiles (Table 3). In the
statistical sub-analysis, the primary tumor
SUVmax of the patients with HR+/HER2-
were significantly lower than patients with
HR+/HER2+ (p=0.007), and patients with
HR-/HER2+ or triple negative (p=0.006).
Moreover, liver metastasis SUVmax values of
patients with HR-/HER2+ or triple negative
were higher than patients with HR+/HER2-
(p=0.008).

As a result of the study, it was shown that the
presence of lung metastases was significantly
related to the patient age (p=0.006, mean ages
545 y vs 64.5 y). Moreover, there was a
significant ~ association  between  lung
metastasis and mediastinal lymph node
metastasis (p=0.02).

We observed that the numbers of distant
metastasis related with the numbers of axillary
lymph node metastasis (p=0.02) and the
highest SUVmax of distant metastasis
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(p=0.001). In the statistical sub-analysis, in
the patients with <5 distant metastases the
highest SUVmax of distant metastasis was
significantly lower than in the patients with
>10 distant metastases (p<0.001, median 8.9
vs 13.9).

Discussion

FDGPET/CT has proven to be an effective
imaging modality for detecting distant
metastases in the initial staging of breast
cancer [10,12]. In our study, we investigated
the association of initial staging PET/CT
findings and tumor histopathological features
with metastatic sites distributions in newly
diagnosed breast cancer patients with distant
metastasis.

As stated in previous studies, PET/CT is more
sensitive and more specific than conventional
imaging modalities such as contrast-
enhancement CT or bone scan to detect lytic
or mixed bone metastases, or bone marrow
involvement [13,14]; and by careful reading
of the CT-scan data PET/CT can help to detect
osteoblastic metastases because of variable
FDG uptake [15]. Most recently, a National
Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER)
database analysis indicated that specifically,
the incidence of bone metastasis is highest
inluminal subtypes. Furthermore, the study
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Table 3. Association between tumor molecular subtypes and SUVmax

SUVmax

HR+/HER2-

(10.5%5.8)
9.6
(1.1-33.3)

Primary tumor HR+/HER2+

(14.5+3.4)
15.5
(10.0-20.2)

p=0.001*

HER2+ or triple negative

16.6+6.5
15.8
(7.6-27.2)

HR+/HER2-

8.545.6
7.2
(1.3-29.0)

Axillary lymph node metastasis HR+/HER2+

13.045.2
12.7
(6.3-21.0)

p=0.02*

HER2+ or triple negative

12.0£5.9
13.2
(4.5-22.1)

HR+/HER2-

8.0+2.4
8.0
(4.4-12.3)

Liver metastasis HR+/HER2+

11.3+1.1
11.9
(10.1-12.0)

p=0.02*

HER2+ or triple negative

13.7+4.5
12.3
(9.5-21.0)

HR, Hormone receptor; HER2, human epidermal growth factor receptor type-2

*p<0.05 was regarded as significant

revealed that all breast cancers regardless of
subtype, were prone to metastasize to bone
over other locations [16]. A recent study
which examined HER2+ patient data
deposited within the SEER database,
uncovered that breast cancers which are
HR+/HER2+ are significantly more likely to
metastasize to the bone when compared to
HR—/HER2+ disease, and that patients with
HR—-/HER2+ disease have a worse overall
prognosis than those with HR+, HER2+
malignancy [16]. At the current study, bone
metastasis was the most common distant
metastasis detected by PET/CT. We did not
find association with bone metastasis and
findings derived from PET/CT and tumor
histopathological features. We observed that
bone metastasis is more common in those with
only the presence of retropectoral lymph node
metastasis.

We defined that lung metastasis as the third
most common distant metastasis site is
associated with the presence of second most
common site mediastinal lymph node
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metastasis and advanced age. The mean age of
patients without lung metastases was 54 years,
while the mean age of patients with lung
metastases was 64 years. To the results of
studies, triple-negative and basal-like disease
is more likely than other types of breast cancer
to metastasize to the lungs [18], and patients
with triple negative, especially basal-like
type, primarily presented with lung
metastasis. However, there was no difference
in the total probability of lung metastasis
across all subtypes [16]. We also did not find
any relationship between lung metastasis and
primary tumor histopathological features and
PET/CT findings (such as primary tumor
SUVmax, axillary lymph node SUVmax) in
our study. The reason for this result may be
due to the fact that the number of triple
negative patients is less than the patients with
HR+/HER2-.

Prognosis is poor in breast cancer with liver
metastasis, with median survival time being 2
to 3 years [19]. In the analysis based on SEER
database, it was reported that 1.4% of breast
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cancer patients assessed harbored liver
metastasis at the time of diagnosis, and that
the presence of liver metastasis significantly
reduced patient overall survival compared to
patients without liver metastasis (HR 1.94
[1.86, 2.02]) [20]. In the present study, liver
metastasis was the fourth most common
distant metastasis site and it is the only distant
metastasis site found to be associated with
PET/CT findings and tumor molecular profile.
Liver metastasis was associated with hormone
[progesterone (PR) and estrogen (ER)] status
and HER2. Patients with HR+/HER2- had less
liver metastasis than HR+/HER2+, HR-
/HER2+ and triple negative subtypes. Patients
with liver metastasis had higher primary
tumor size, higher primary tumor SUVmax
and higher Ki-67 index.

In a prospective study which was performed
with luminal type breast cancer patients with
newly diagnosed metastases, baseline
(maximum one of SUVmax of metastatic
lesions) SUVmax was found significantly
related to the number of metastatic sites and
presence of visceral metastasis but could not
effectively differentiate patients with luminal
A from luminal B subtype. Baseline SUVmax
as determined on PET//CT was predictive of
both progression-free survival and overall
survival. In multivariate analysis, the baseline
SUVmax, relapse-free interval, and number of
metastatic sites were independent prognostic
factors for progression-free survival. For
overall survival, the significant predictors
were only baseline SUVmax and relapse-free
interval [21].

In a recent study, the authors suggested that
SUVmax of metastatic site would be useful
biomarker of molecular subtypes in patients
with metastatic breast cancer while yet with
unknown HR and HER2 status and SUVmax
also an independent prognostic factor on
overall survival [22]. In our study, we
demonstrated the association with the
presence of synchronal liver metastasis and
high SUVmax of primary tumor, and also the
relation with primary tumor subtypes and
primary tumor SUVmax, axillary lymph node
SUVmax, liver metastasis SUVmax values. It
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was observed that SUVmax values of primary
tumor, axillary lymph node and also liver
metastasis were significantly lower in
HR+/HER2- subtype compared to other
subtypes. Although there is no survival data in
our study as a limitation, we think that
defining on staging PET/CT that liver
metastasis is more common in patients with
high primary tumor SUVmax, regardless of
tumor subtypes, may be an important
prognostic indicator and may predict the
tumor subtype in patients whose tumor
histopathological characteristics are not
clearly known.

It is known that high SUVmax values are an
indicator of tumor aggressiveness in many
malignancies including breast cancer and the
number of metastatic axillary lymph nodes is
predicting poor prognosis in breast cancer
[11,23,24]. In compatibility with this
knowledge, in this study, we defined that the
numbers of distant metastasis is related with
the number of metastatic axillary lymph nodes
and the highest SUVmax of distant metastasis.
The highest SUVmax of distant metastasis
was significantly elevated in the patients with
>10 distant metastasis sites than in patient
with <5 distant metastasis sites. To our results,
we predict that further prospective studies can
support the thesis that higher distant
metastasis SUVmax value may be a worse
prognostic indicator.

Primary tumors of breast cancer have high
structural and molecular heterogeneity and
may present with minor components of
differing tumor cell types, in example, cells
with differing molecular profiles [25]. To the
authors, when a cancer spreads to other
tissues, the metastases can be of a different
type to the primary cancer, and sometimes the
metastases are even different to each other
[26,27]. This may be due to heterogeneity in
the primary tumor that comprises more than
one cell clone [26]. This heterogeneity of
metastatic breast cancer has stimulated the
development of new treatment approaches
such as estrogen- and HER2-receptor
targeting therapies. Survival with metastatic
breast cancer is improving along with the

Copyright©Ankara Hematoloji Onkoloji Dernegi



rapid development of new treatments [28]. In
clinical practice, treatment planning of
metastatic breast cancer is based on the
histopathological molecular profile of the
disease dominant cell type [29]. Despite all
these treatment improvements, insufficient
therapy response in some patients is maybe
due to the cellular differences between
primary tumor and metastases. Although
treatment is based on primary tumor
histopathological features, due to hetero-
geneity of tumor and also metastasis we
believe that a more aggressive treatment
approach can be initiated in patients with high
SUVmax of distant metastasis especially with
high SUVmax of liver metastasis in order to
increase the treatment response. The
limitation of our study is that it is a
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