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Abstract

Purpose The aim of this study was to assess whether the retention index (RI) determined using dual-phase '®F-
fluorodeoxyglucose positron emission tomography/computed tomography (FDG PET/CT) reflects the malignant features of
breast cancer.

Methods A total of 1,523 patients with breast cancer were retrospectively evaluated. PET/CT scans were performed at 1 hand 2 h
after FDG administration before treatment. The maximum standardized uptake value (SUVmax) at both time points (SUVmax|1
and SUVmax2) in the primary tumour and RI were calculated. Primary tumour tissues were evaluated in terms of biological
features, such as histology, nuclear grade, lymphovascular invasion and molecular subtype.

Results Of the 1,523 patients, 463 (30.4%) had luminal A-like, 661 (43.4%) had luminal B-like, 229 (15.0%) had human
epidermal growth factor receptor 2-positive (HER2-positive), and 157 (10.3%) triple-negative breast cancer. The median
SUVmax1, SUVmax2 and RI values were 2.2, 2.3 and 2.6%, respectively. These metabolic parameters were correlated with
tumour size, nodal metastasis, histology, nuclear grade, lymphovascular invasion, and molecular subtype (all P <0.001). The
median RI values were 0% in luminal A-like, 5.3% in luminal B-like, 6.9% in HER2-positive, and 11.4% in triple-negative breast
cancer. RI was associated with malignant features when the tumour accumulated a significant amount of FDG. In a subanalysis of
patients with tumours of stages T2 to T4, RI was correlated with nodal metastasis, histology, nuclear grade, and molecular
subtype (luminal A-like 4.8%, luminal B-like 12.3%, HER2-positive 15.8%, and triple-negative 16.3%).

Conclusion RI determined using delayed-phase FDG PET/CT is associated with malignant features in breast cancers with
significant FDG uptake. Dual-phase imaging was helpful in distinguishing luminal A-like breast cancer from luminal B-like,
HER2-positive, and triple-negative breast cancers.
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Introduction

Breast cancer is the most common cancer affecting adult
women worldwide and accounts for approximately 30% of
the total cancer incidence [1]. Breast cancer is a heterogeneous
disease, and the treatment is decided based on the biological
features, such as hormone receptor status, human epidermal
growth factor receptor 2 (HER2) status, Ki-67 labelling index,
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and grade [2]. These biological parameters are recognized as
risk factors for recurrence after surgery [3].

"8F_-FDG PET/CT is a molecular imaging technique based
on glucose metabolism. FDG PET/CT is a more useful mo-
dality for detecting distant metastases in patients with breast
cancer than conventional imaging [4, 5]. Accumulation of
FDG increases over time, up to 4-5 h after administration in
malignant tumours, and high-contrast images are acquired in
the delayed phase [6-8]. In contrast, the uptake of '*F-FDG in
inflammatory lesions and normal breast tissues decreases over
time [9]. Some studies have shown that the retention index
(RI) determined using dual-phase FDG PET/CT is more relat-
ed to the molecular subtype, biological parameters, and diag-
nostic accuracy than the single-point standardized uptake val-
ue (SUV) in breast cancer [10—12]. However, others have

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00259-019-4259-5&domain=pdf
http://orcid.org/0000-0003-1623-869X
mailto:shsasada@hiroshima-u.ac.jp

832

Eur J Nucl Med Mol Imaging (2019) 46:831-837

indicated that RI does not predict the pathological prognostic
factors and molecular subtype [13, 14]. The significance of RI
in the identification of biological parameters of breast cancer
is unclear.

We evaluated whether RI determined using dual-phase
FDG PET/CT reflects the biological parameters in a large
cohort of patients with breast cancer.

Materials and methods
Patients

Consecutive patients with operable breast cancer who
underwent dual-phase FDG PET/CT before treatment be-
tween April 2006 and June 2018 were included in the present
study. Patients who received neoadjuvant chemotherapy were
eligible. Tumour staging was based on the seventh edition of
the American Joint Committee on Cancer (AJCC) [15].

The Institutional Review Board of Hiroshima University
Hospital (Hiroshima, Japan) approved this study. All proce-
dures performed in human participants were in accordance
with the ethical standards of the Institutional Research
Committee and with the principles of the 1964 Declaration
of Helsinki and its later amendments or comparable ethical
standards. Given the retrospective nature of the present study
and the use of anonymized patient data, the requirement for
informed consent was waived.

FDG PET/CT examination

Patients fasted for at least 4 h before undergoing PET. PET
examinations were performed using an integrated Discovery
ST16 PET/CT scanner (GE Healthcare, Little Chalfont, UK
bismuth germanate/6.25 x 6.25 x 30 mm). All patients
underwent dual time-point scans. The first acquisition was a
whole-body scan from the head to the thighs performed 1 h
after intravenous administration of 3-3.7 MBq/kg FDG. The
second acquisition, which was performed 2 h after FDG in-
jection, imaged only the thoracic region [16]. Low-dose
nonenhanced CT images (3—4 mm slices) were acquired for
attenuation correction and localization of lesions identified on
PET. Immediately after the CT examination, the identical axial
field of view (154 mm) was scanned using PET for 2-3 min
per table position depending on the patient condition and
scanner performance. The acquired data were reconstructed
as 128 x 128 matrix images (pixel size, 4.7 x 3.25 mm) using
Fourier rebinning and ordered-subsets expectation maximiza-
tion algorithms. Both PET and CT studies were performed
with the patient performing normal tidal breathing and in the
supine position.

The PET images were evaluated and the maximum single-
voxel SUV quantified using a Xeleris workstation, version
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1.1452 (GE Healthcare, USA). Regions of interest were de-
lineated within the primary breast tumour on attenuation-
corrected FDG PET images, and the SUVmax was measured.
SUVmax semiquantitative parameters from the first and sec-
ond scans were defined as SUVmax1 and SUVmax2, respec-
tively. RI was calculated using the following expression:

(SUVmax2—SUVmax1/SUVmax1) x 100

RI was classified into negative (including no change) and
positive subgroups. All PET images were reviewed by two
specialists, a nuclear medicine specialist and a breast cancer
specialist.

Table 1  Patient characteristics
Characteristic Value
Age (years), median (range) 59 (23-92)
T status, n (%)
Tis 199 (13.1)
T1 824 (54.1)
T2 419 (27.5)
T3 45 (2.9)
T4 36 (2.4)
N status, n (%)
NO 1100 (72.2)
NI 315 (20.7)
N2 67 (4.4)
N3 41 (2.7)
Histology, n (%)
Noninvasive carcinoma 199 (13.1)
Microinvasive carcinoma 52(3.4)
Invasive carcinoma of no special type 1122 (73.6)
Invasive lobular carcinoma 30 (2.0)
Other 120 (7.9)
Nuclear grade, n (%)
1 271 (17.8)
2 624 (41.0)
3 626 (41.1)
Unknown 2(0.1)
Lymphovascular invasion, n (%)
Negative 977 (64.1)
Positive 358 (23.5)
Unknown 188 (12.4)
Subtype, n (%)
Luminal A-like 463 (30.4)
Luminal B-like 661 (43.4)
HER2-positive 229 (15.0)
Triple-negative 157 (10.3)

HER?2 human epidermal growth factor receptor 2
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Table 2  Relationship between metabolic and biological parameters
Parameter SUVmax|1 SUVmax2 RI (%)
Median (IQR) P value Median (IQR) P value Median (IQR) P value
T status <0.001 <0.001 <0.001
Tis 1.5 (1.1-2.0) 1.3 (1.0-1.8) ~7.1 (~18.8 t0 0.0)
Tl 1.9 (1.3-3.0) 1.8 (1.2-3.1) 0.0 (—11.1to 11.8)
T2 4.2 (2.7-6.6) 4.7 (2.8-7.9) 12.2 (1.9-20.6)
T3 4.6 (3.0-7.6) 5.3 (3.1-9.0) 13.9 (2.6-18.9)
T4 5.6 (4.2-8.9) 6.7 (4.8-11.0) 15.6 (9.6-21.8)
N status <0.001 <0.001 <0.001
NO 1.9 (1.3-3.1) 1.8 (1.2-3.3) 0.0 (-11.8to 12.0)
N1 3.5(2.1-5.5) 3.9 (2.1-6.5) 10.5 (0.0-19.0)
N2 42 (2.55.9) 4.5((2.5-7.2) 11.8 (0.0-18.1)
N3 6.2 (3.5-8.6) 6.6 (4.1-10.1) 16.2 (6.5-26.9)
Histology <0.001 <0.001 <0.001
Noninvasive carcinoma 1.5 (1.1-2.0) 1.3 (1.0-1.8) =7.1 (-18.8 t0 0.0)
Microinvasive carcinoma 1.7 (1.2-2.2) 1.5 (1.1-2.1) —5.9(-16.3 10 0.0)
Invasive carcinoma of no special type 2.7 (1.6-4.8) 2.8 (1.6-5.5) 6.8 (-5.51t0 16.7)
Invasive lobular carcinoma 1.8 (1.1-2.7) 1.7 (1.1-2.6) —3.8 (-13.71t0 3.6)
Other 1.9 (1.3-3.0) 1.8 (1.1-3.1) 0.0 (-15.5t011.3)
Nuclear grade <0.001 <0.001 <0.001
1 1.5 (1.1-2.0) 1.3 (0.9-2.0) 7.1 (-16.7 t0 5.6)
2 2.0 (1.4-3.3) 1.3 (1.4-3.7) 0.0 (-10.6 to 14.2)
3 3.2 (1.9-5.7) 3.6 (1.9-6.5) 8.3 (0.0-17.8)
Lymphovascular invasion <0.001 <0.001 <0.001
Negative 1.9 (1.3-3.0) 1.7 (1.1-3.3) 0.0 (-143 to 12.1)
Positive 29(1.9-44) 3.1 (1.9-5.0) 7.8 (0.0-17.4)
Molecular subtype <0.001 <0.001 <0.001
Luminal A-like 1.6 (1.2-2.4) 1.5 (1.0-2.5) 0.0 (-14.0 to 7.7)
Luminal B-like 2.5 (1.6-4.3) 2.6 (1.5-4.8) 53 (~7.1t0 15.2)
HER2-positive 3.1 (1.9-5.5) 3.4(1.7-6.3) 6.9 (—4.1t0 17.5)
Triple-negative 4.0 (1.7-7.5) 4.7 (1.5-9.0) 114 (-3.7t021.4)
HER?2 human epidermal growth factor receptor 2, /QR interquartile range, R/ retention index, SUVmax maximum standardized uptake value
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o 35 ) o
P <0.001 P <,0.001 P <0.001
25 30 1 100 4
20 25 3 g ° 8
~— N ° 6 50 4 ° e °
x ° ° x 20 ° 2 ke R -
L 45 | ol 8 < ] :
s : : s : 5 | —
8 154 il i
3, : : : 3 . : ‘ R — — =
0 E ; ° g s 2 |
° 10 : E & e
g ! : ? : : H
< 1 0 O s I
- : ! i i | .
0 —— —1 i o0 — —— 1 .
1 2 1 2 3 1 2 3
(b) Molecular subtype
. 35 . .
P <0.001 o P <0.001 P <0.001
25 30 1 100
20{ . 251 9 : . .
. . . % 50 . s ‘ —
% : - Y24 - : : -+ 3 — T T 7
2151 ¢ : : | g . : £ = £ | z | i
: P TR : — ==
5 ° § o 5 . . S ;.
@ 10 . i i o ° E BE e ¢ E ; i e
3 —+ i 10 1 : —4— s 3 s ; s ;
i H i 04 : H 4 .
8 ! H : : — ° o
S s - o T :
E E - . —— :l o
04 —— - — — 04 — — — — °
LA LB HER2 LA LB HER2 TN LA LB HER2 TN

Fig. 1 Relationships between metabolic parameters and nuclear grade (a) and molecular subtype (b). /ER2 human epidermal growth factor receptor 2,
LA luminal A-like, LB luminal B-like, TN triple-negative
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Table 3  Relationship between RI and biological parameters in relation to background SUVmax
Total SUVmax1 <1.4 SUVmax1 >1.4
Negative R~ Positive RI P value Negative Rl ~ Positive RI P value Negative R ~ Positive R P value
(n=1747) (n=1776) (n=288) (n=56) (n=459) (n="720)
T status <0.001 0.615 <0.001
Tis 159 (21.3) 40 (5.2) 74 (25.8) 13 (23.2) 85 (18.5) 27 3.8)
T1 470 (62.9) 354 (45.6) 195 (67.7) 39 (69.6) 275 (59.9) 315 (43.7)
T2 102 (13.7) 317 (40.9) 17 (5.9) 3(54) 85 (18.5) 314 (43.6)
T3 11(1.5) 34 (4.4) 1(0.3) 0 (0) 10 2.2) 34 (4.7)
T4 5(0.7) 31 (4.0) 1(0.3) 1(1.8) 4(0.9) 30 (4.2)
N status <0.001 0.017 <0.001
NO 630 (84.3) 470 (60.6) 273 (94.8) 47 (83.9) 357 (77.8) 423 (58.8)
N1 91 (12.2) 224 (28.9) 12 (4.2) 8 (14.3) 79 (17.2) 216 (30.0)
N2 18 (2.4) 49 (6.3) 2(0.7) 1(1.8) 16 (3.5) 48 (6.7)
N3 8 (1.1) 33 (43) 1(0.3) 0(0) 7 (1.5) 33 (4.6)
Nuclear grade <0.001 0.769 <0.001
1 195 (26.1) 76 (9.8) 100 (34.7) 18 (32.7) 95 (20.7) 58 (8.1)
2 335 (44.8) 289 (37.3) 127 (44.1) 23 (41.8) 208 (45.3) 266 (37.0)
3 217 (29.0) 409 (52.8) 61 (21.2) 14 (25.5) 156 (34.0) 395 (54.9)
Lymphovascular invasion <0.001 0.017 <0.001
Negative 589 (83.3) 388 (61.8) 264 (92.6) 44 (81.5) 325 (77.0) 344 (59.9)
Positive 118 (16.7) 240 (38.2) 21 (7.4) 10 (18.5) 97 (23.0) 230 (40.1)
Subtype <0.001 0.813 <0.001
Luminal A-like 308 (41.7) 155 (20.1) 144 (50.5) 28 (50.0) 164 (36.2) 127 (17.7)
Luminal B-like 285 (38.6) 376 (48.7) 90 (31.6) 19 (33.9) 195 (43.0) 357 (49.9)
HER2-positive 88 (11.9) 141 (18.3) 25 (8.8) 6 (10.7) 63 (13.9) 135 (18.9)
Triple-negative 57(1.7) 100 (13.0) 26 (9.1) 3(54) 31 (6.8) 97 (13.5)

HER?2 human epidermal growth factor receptor 2, R/ retention index, SUVmax maximum standardized uptake value

Pathological assessment

Breast tumour samples were collected via core-needle bi-
opsy or surgery. Histological assessment was performed
using the surgical specimens. In patients who underwent
neoadjuvant chemotherapy, the biopsy specimens before
treatment were evaluated. The histology, nuclear grade,
lymphovascular invasion (LVI) and nodal metastasis were
determined using tumour slices stained with haematoxylin
and eosin. Oestrogen receptor (ER) and HER?2 levels were
assessed using immunohistochemistry (IHC) staining, ac-
cording to the guidelines of the American Society of
Clinical Oncology/College of American Pathologists [14,
15]. ER was scored as either positive or negative, with a
1% cut-off for nuclear immunostaining. HER2 positivity
was defined as IHC 3+ or IHC 2+, and HER2 gene am-
plification using fluorescence in situ hybridization.
Molecular subtypes of breast cancer were classified as
luminal (ER-positive and HER2-negative), HER2-
positive (ER-positive or ER-negative and HER2-positive),
or triple-negative (ER-negative and HER2-negative). The
luminal breast cancer types were classified as luminal A-
like (Ki-67 labelling index <20%) and luminal B-like (Ki-
67 labelling index >20%).
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Statistical analysis

The data are presented as numbers (percentages) or medians
(interquartile ranges, IQRs) unless otherwise indicated.
Frequencies were compared using the chi-squared test for cat-
egorical variables. Continuous variables were compared using
the Mann-Whitney U test or Kruskal-Wallis test. P values
<0.05 were considered to be statistically significant. All sta-
tistical analyses were performed using EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan), which is a
graphical user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria) [17].

Results

A total of 1,523 patients were assessed, and their clinicopatho-
logical characteristics are summarized in Table 1. In total, 81.6%
had T1/T2 tumours and 13.1% had noninvasive carcinoma.
Axillary lymph node metastases were present in 423 patients
(27.8%), and LVI was present in 358 patients (23.5%). The mo-
lecular subtype distribution was as follows: luminal A-like in 463
patients (30.4%) luminal B-like in 661 (43.4%), HER2-positive
in 229 (15.0%), and triple-negative in 157 (10.3%). The median
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Table 4  Characteristics of patients with tumours of stages T2 to T4

Characteristic Value
Age (years), median (range) 57 (23-90)
T status, n (%)
T2 419 (27.5)
T3 45(2.9)
T4 36 (2.4)
N status, n (%)
NO 235 (47.0)
N1 183 (36.6)
N2 47 (9.4)
N3 35(7.0)
Histology, n (%)
Invasive carcinoma of no special type 439 (87.8)
Invasive lobular carcinoma 21 4.2)
Other 40 (8.0)
Nuclear grade, n (%)
1 43 (8.6)
2 167 (33.4)
3 290 (58.0)
Lymphovascular invasion, n (%)
Negative 207 (41.4)
Positive 159 (31.8)
Unknown 134 (26.8)
Subtype, n (%)
Luminal A-like 182 (36.4)
Luminal B-like 318 (63.6)
HER2-positive 316 (63.2)
Triple-negative 259 (51.8)

HER?2 human epidermal growth factor receptor 2

SUVmax1, SUVmax2 and RI were 2.2 (1.4-4.1), 2.3 (1.3-4.6)
and 2.6% (—9.2 to 15.0), respectively.

Table 2 and Fig. 1 show the relationships between the met-
abolic and biological parameters. Tumour size, nodal metas-
tasis, histology, nuclear grade, LVI, and molecular subtype
were significantly correlated with SUVmax1, SUVmax2 and
RI (all P<0.001). The SUVmax values were significantly
lower in noninvasive carcinoma, microinvasive carcinoma,
invasive lobular carcinoma and other histological types, than
in invasive carcinoma of no special type (P < 0.001); this his-
tological tumour type tended to exhibit negative RI values.
The median SUVmax and RI gradually increased as the nu-
clear grade increased. The median SUVmax1, SUVmax2 and
RI in the various molecular subtype were as follows: 1.6, 1.5
and 0% in luminal A-like, 2.5, 2.6 and 5.3% in luminal B-like,
3.1, 3.4 and 6.9% in HER2-positive, and 4.0%, 4.7% and
11.4% in triple-negative breast cancer. Negative RI was

observed in Tis/T1 tumours, in the absence of nodal metasta-
sis, in low-grade tumours, in tumours negative for LVI, and in
Iuminal A-like tumours (Tables 2 and 3).

The cutoff value for background SUVmax1 was set at 1.4
based on the 75% percentile in the normal breast. In the low
SUVmax1 group (<1.4), the relationship between the biolog-
ical parameters and RI was poor, whereas in the high
SUVmax1 group (>1.4), RI was significantly correlated with
large tumour size, lymph node metastasis, high tumour grade,
positive LVI, and HER2-positive and triple-negative subtypes
(all P<0.001) (Table 3).

We also analysed the relationship between the metabolic
and biological parameters in 500 patients with tumours of
stages T2 to T4 to eliminate the influence of the partial volume
effect (Tables 4 and 5). Metabolic parameters were correlated
with nodal metastasis, histology, nuclear grade, and molecular
subtype. Tumour status was correlated with SUVmax1 and
SUVmax2. RI was useful in distinguishing invasive carcino-
ma of no special type, high nuclear grade, luminal B-like,
HER2-positive, and triple-negative breast cancer.

Discussion

This study indicated that SUVmax1, SUVmax2 and RI deter-
mined using dual-phase FDG PET/CT were correlated with
the biological parameters of breast cancer. A positive RI indi-
cated malignant features when breast tumours had significant
FDG accumulation. Many cancers, including breast cancer,
show upregulation of glycolysis and FDG uptake [18]. High
FDG uptake in primary breast tumour is associated with ag-
gressive biological features. Previously, we have found that
tumours with a high SUVmax are highly malignant and have a
poor prognosis in patients with operable breast cancers [19].
Other studies have also shown that enhanced FDG uptake is
correlated with malignant tumour biology and ER negativity
[20-22]. FDG PET/CT may be a noninvasive tool for
predicting the baseline risk of breast cancer before treatment.

Dual-phase FDG PET/CT is used to discriminate between
benign and malignant diseases [9]. Although FDG uptake in
benign or inflammatory lesions has been shown to reach a
maximum within 30 min of FDG administration, malignant
tumours have been shown to accumulate FDG forupto 4-5 h
[6-8]. Some studies have assessed whether RI is related to
biological characteristics in breast cancer [10—-14]. Moon
et al. found that high RI is associated with low ER expression
and high HER2 expression [10]. Garcia Vicente et al. found
that R is related to grade, HER2 status, Ki-67 labelling index,
and ER, progesterone receptor and HER2 status [11, 12].
However, Garcia Vicente et al. also found that RI cannot dis-
tinguish between molecular subtypes of breast cancer [13]. In
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Table 5 Relationship between metabolic and biological parameters in patients with tumours of stage T2 to T4
Parameter SUVmax1 SUVmax2 RI (%)
Median (IQR) P value Median (IQR) P value Median (IQR) P value
T status 0.031 0.024 0.137
T2 4.2 (2.7-6.6) 4.7 (2.8-7.9) 12.2 (1.9-20.6)
T3 4.6 (3.0-7.6) 53 (3.1-9.0) 13.9 (2.6-18.9)
T4 5.6 (4.2-8.9) 6.7 (4.8-11.0) 15.6 (9.6-21.8)
N status 0.005 0.003 0.012
NO 4.0 (2.4-6.5) 4.4 (2.5-17.5) 10.0 (0.0-19.5)
N1 4.2 (2.9-6.8) 4.8 (3.2-8.1) 14.1 (6.0-20.5)
N2 4.7 (3.2-7.1) 5.8 (3.5-8.5) 14.3 (0.0-21.1)
N3 6.3 (4.3-8.8) 8.0 (4.6-10.6) 17.1 (7.4-26.9)
Histology <0.001 <0.001 <0.001
Invasive carcinoma of no special type 4.6 (2.9-7.2) 5.3 (3.0-8.8) 14.0 (4.6-21.1)
Invasive lobular carcinoma 1.9 (1.3-3.0) 1.8 (1.2-3.0) 0.0 (-11.8t0 6.7)
Others 32(2.245) 33(1.24.9) 6.0 (-8.5t0 12.8)
Nuclear grade <0.001 <0.001 <0.001
1 2.6 (1.7-5.7) 24(14-64) 0.0 (-9.9t0 17.3)
2 3.9 (2.6-5.8) 43 (2.8-6.8) 12.0 (0.0-19.3)
3 5.0 (3.0-8.1) 5.6 (3.4-9.7) 14.0 (5.9-21.7)
Lymphovascular invasion 0.856 0.972 0.101
Negative 4.0 (2.3-6.5) 4.7 (2.4-7.6) 11.1 (0.0-19.1)
Positive 3.8 (2.6-6.0) 4.2 (2.8-7.1) 14.0 (3.7-20.0)
Subtype <0.001 <0.001 <0.001
Luminal A-like 2.8 (1.84.1) 2.8 (1.74.6) 4.8 (7.7 t0 16.0)
Luminal B-like 4.0 (2.7-6.0) 4.5(2.9-7.1) 12.3 (2.6-20.0)
HER2-positive 5.6 (3.7-8.5) 6.4 (4.3-9.8) 15.8 (7.6-21.8)
Triple-negative 7.2 (5.0-9.3) 8.3 (5.2-11.5) 16.3 (8.6-25.5)

HER?2 human epidermal growth factor receptor 2, /OR interquartile range, R/ retention index, SUVmax maximum standardized uptake value

addition, Ozen et al. suggested that only progesterone receptor
status is associated with RI [14]. Findings on the significance
of RI in determining the biological features of breast cancer
are inconsistent, and the numbers of patients in these studies
were relatively small.

We included in this study a large cohort to clarify the
significance of RI in breast cancer assessment. RI was
correlated with the biological parameters as well as tu-
mour SUVmax, which was significant in tumours with a
high SUVmax. When the SUVmax of the primary tumour
was equivalent to that of the normal breast, the change in
SUVmax appeared to reflect variations in physiological
accumulation in the mammary gland. Because our cohort
included many patients with a small tumour (Tis 13.1%,
T1 54.1%), the median SUVmax values were low and the
partial volume effect might have affected the results [23].
Therefore, we further analysed patients with breast cancer
of stages T2 to T4, in order to minimize the influence of
the partial volume effect. Metabolic parameters were also
correlated with nodal metastasis, histology, nuclear grade,
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and molecular subtype. Dual-phase FDG PET/CT identi-
fied tumours with a high nuclear grade and distinguished
luminal A-like breast cancer from luminal B-like, HER2-
positive and triple-negative breast cancers. Our findings
confirm that dual-phase FDG PET/CT imaging is helpful
for the adaptive selection of chemotherapy in early breast
cancer.

This study had some limitations that were imposed by its
retrospective design and the unknown clinical outcomes in-
cluding treatment effect and prognosis. However, this large-
cohort study provides important information on the diagnostic
value of dual-phase FDG PET/CT.

Conclusion

RI determined using delayed-phase FDG PET/CT reflects the
malignant features in breast cancers with significant FDG up-
take. Dual-phase imaging was helpful in distinguishing lumi-
nal A-like breast cancer from luminal B-like, HER2-positive
and triple-negative breast cancers.
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