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18Harmonized pretreatment quantitative volume-based F-

FDG PET/CT parameters for stage IV breast cancer 

prognosis. Multicenter study in Japan

Abstract
Objective: The prognostic value of harmonized pretreatment volume-based quantitative �uorine-18-�u-

18orodeoxyglucose positron emission tomography/computed tomography ( F-FDG PET/CT) parameters 
in metastatic breast cancer patients was investigated. Subjects and Methods: Records of 65 stage IV bre-
ast cancer patients, including 29 estrogen receptor (ER)-positive/human epidermal growth factor re-
ceptor 2 (HER2)-negative, 23 HER2-positive, and 13 triple-negative cases, from four di�erent institutions 
were retrospectively reviewed. Harmonized standardized uptake value (SUVmax) of the primary tumor 
(pSUVmax), highest SUVmax of all malignant lesions (wSUVmax), whole-body metabolic tumor volume 

18(WB MTV), and whole-body total lesion glycolysis (WB TLG) shown by pretreatment F-FDG PET/CT ima-
ging were calculated. Cox proportional hazards model and log-rank test results were used to evaluate re-

18lationships among clinicopathological factors, volume-based quantitative F-FDG PET/CT parameters, 
progression-free survival, and overall survival (OS). Results: Disease progression occurred in 54 patients 
and 28 died during a median follow-up period of 52.5 months (range 2.6-133.6 months). Univariate ana-
lysis of all cases showed associations of negative ER and progesterone receptor (PR) status (P=0.0025), and 
high T/N stage (P=0.037/P=0.019), pSUVmax (P=0.049), WB MTV (P=0.021), and WB TLG (P=0.0010) with 
signi�cantly shorter OS. Multivariate analysis con�rmed negative ER and PR status (hazard ratio [HR]: 6.42, 
95% con�dence interval [CI]: 2.27-19.38; P=0.0054), high T stage (HR: 5.10, 95% CI:1.96-18.61, P=0.0064) 
and WB TLG (HR: 4.69, 95% CI:1.67-12.79, P=0.049) as independent negative OS predictors. In two groups 
of ER-positive/HER2-negative and triple-negative, WB TLG had a signi�cant association with death (P= 
0.021 and P=0.037, respectively) on univariate analysis. In a HER2-positive group, no independent nega-
tive OS predictors were observed. Conclusion: In metastatic breast cancer patients, harmonized pretreat-

18ment quantitative volume-based F-FDG PET/CT parameters, especially whole-body TLG, are potential 
surrogate markers for prognosis.
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Introduction

Despite improved techniques for breast cancer screening, approximately 6% of 
a�ected females have metastatic disease at diagnosis [1]. A variety of treat-
ments are available for metastatic breast cancer, including chemotherapy, en-

docrine treatment, therapy with appropriate antibodies, and use of tyrosine kinase inhi-
bitors, as well as supportive measures, with results from this wide range of therapeutic 
options contributing to remarkably improved prognosis in some patients. On other 
hand, despite impressive advances, survival of patients with metastasis shows great va-
riance, with median survival duration ranging from less than 9 months to more than 3 
years [2]. A heterogeneous group of diseases are categorized as breast cancer, with vari-
ous histological di�erentiations as well as clinical courses and responses to treatment. 
When considering management options for a�ected patients, examinations of obta-
ined specimens are typically performed to determine tumor-node-metastasis (TNM) 
stage, histologic tumor grade, and levels of hormone receptors and molecular markers 
[3]. As for immunohistochemical factors related to prognosis, hormone receptors, such 
as estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor 
receptor 2 (HER2), and Ki-67, are generally considered, most of which can be fully evalu-
ated following surgical resection. However, because metastatic breast cancer patients 
are not eligible for surgical resection as �rst-line treatment, they cannot be used as prog-
nostic factors in those cases. On the other hand, noninvasive diagnostic tools for predic-
tion of tumor behavior prediction in breast cancer patients are becoming popular [4, 5]. 
Those include quantitative parameters, such as standardized uptake value (SUV), meta-
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bolic tumor volume (MTV), and tumor lesion glycolysis 
(TLG), which are determined using �uorine-18-�uorode-
oxyglucose positron emission tomography/computed to-

18mography ( F-FDG PET/CT) �ndings, and known to re�ect 
glucose metabolism related to increased glycolysis level in 
cancer cells. Additionally, those have also been shown to 
correlate with clinicopathological prognostic factors as well 
as have value for prognosis prediction.

Standardized uptake value varies widely based on biolo-
gical and technical factors related to the PET scanner model 
used, and acquisition protocol and reconstruction algori-
thm employed, as well as other factors. Thus, a harmoniza-
tion strategy for making semi-quantitative PET parameters 
comparable among di�erent imaging systems is needed, 
and especially relevant for multicenter trials and centers that 
use multiple PET systems. The EANM/EARL program [6, 7] 
and Quantitative Imaging Biomarker Alliance (QIBA/UPICT) 
[8,9] are harmonization programs established to provide 
comparisons of SUV metrics among di�erent systems, espe-
cially for use in multicenter studies, though they are also 
helpful for institutions with several di�erent PET systems in 
place.

To the best of our knowledge, no prior study has perfor-
18med evaluations related to harmonization of F-FDG PET/ 

CT quantitative parameters for use as potential surrogate 
markers in breast cancer. In the present study, we examined 

18the utility of harmonized quantitative volume-based F-
FDG PET/CT parameters for prognosis prediction of pati-
ents with metastatic breast cancer according to three major 
molecular subtypes; ER-positive/HER2-negative, HER2-po-
sitive, and triple-negative.

Subjects and Methods

Patients
18This retrospective multicenter study of F-FDG PET/CT �n-

dings was conducted by Hyogo College of Medicine Hospi-
tal, Kindai University Hospital, Nippon Medical School Hos-
pital, and National Cancer Center Hospital in Japan. The re-
view board at each institution gave approval for the study 
protocol and waived patient-informed consent require-
ments. The records of 71 females with newly diagnosed sta-
ge IV invasive breast cancer who underwent pretreatment 

18whole-body F-FDG PET/CT examinations between Janu-
ary 2010 and December 2016 were examined. Excluded we-
re those with bilateral breast cancer (n=2) or no immuno-
histochemical data available (n=4), thus the records of 65 
(mean age 59.9 years) were �nally investigated. Tumor sub-
type in the enrolled cases was ER-positive/HER2-negative in 
29, HER2-positive in 23, and triple-negative in 13. Magnetic 
resonance imaging (MRI) and ultrasound results, as well as 
clinical examination �ndings were used to determine T sta-
tus. The pathological assessment of aspiration cytology was 

18used to diagnose the axillary node status, whereas F-FDG 
PET/CT result was used for determination of internal mam-
mary, infraclavicular, and supraclavicular node status.

All patients were given systemic chemotherapy, hormone 
therapy, or novel target agent administration as �rst-line 

treatment. Eighteen of the 65 enrolled underwent palliative 
surgery as second-line treatment, when indicated. Mam-
mography, breast ultrasound, CT, whole-body bone scinti-

18graphy, and F-FDG PET/CT results were used for determi-
nation of disease progression and metastasis during follow-
up examinations.

18F-FDG PET/CT
The whole-body PET/CT scanners employed for the present 
cases included Gemini GXL (Philips Medical Systems, Ein-
dhoven, The Netherlands), Gemini TF (Philips Medical Sys-
tems, Eindhoven, The Netherlands), Biograph Duo (Siemens 
Healthcare, Erlangen, Germany), and Discovery 600 (GE He-
althcare, WI, USA) systems, and the clinical parameters of 
these devices are shown in Table 1. Patients fasted for 5 ho-
urs prior to the examination and blood glucose was measu-

18red immediately prior to injection of F-FDG at approxima-
tely 3.0-4.0MBq/kg of body weight. No blood glucose level 
greater than 160mg/dL was noted in any of the patients. 
Approximately 60 minutes after injection, static emission 
images were obtained. The patient was allowed to breathe 
normally during PET scanning. For reconstruction of attenu-
ation-corrected PET images, a line-of-response row-action 
maximum likelihood algorithm (LOR-RAMLA), 3D-ordered-
subset expectation maximization iterative reconstruction 
algorithm (3D-OSEM), or full-list mode time of �ight (TOF) 
3D-OSEM was used.

18All F-FDG PET/CT images were reviewed retrospectively 
by the same experienced reader, who had 12 years of experi-

18ence with oncologic F-FDG PET/CT imaging and no know-
ledge of other imaging results, or clinical or histopathologic 
�ndings, other than a breast cancer diagnosis. RAVAT 
(Nihon Medi-Physics Co. Ltd., Tokyo, Japan), a commercially 
available software package able to harmonize SUVs obta-
ined with di�erent PET/CT systems in a range recommen-
ded by the Japanese Society of Nuclear Medicine (JSNM) 
using phantom data, was employed [10]. Maximum stan-
dardized uptake value was de�ned as maximum SUV with-
in the target volume and determined using the following 
formula: concentration of radioactivity in volume of inte-
rest (VOI) (Mbq/ mL)×total body weight (kg)/injected radio-
activity (g/MBq). As for SUVmean, that was calculated based 
on the summed SUV in each voxel in the target volume divi-
ded by the number of voxels within the target volume. Me-
tabolic tumor volume (milliliters) was automatically me-
asured inside the tumor VOI with the margin threshold set at 
40% of SUVmax. Then TLG (grams) was calculated as 
SUVmean×MTV, taking into consideration both metabolic 
activity and tumor burden. We also used �pSUVmax�, which 
was de�ned as the SUVmax of the primary tumor, and 
�wSUVmax�, de�ned as the highest SUVmax value of all ma-
lignant lesions including the primary tumor as well as nodal 
or distant metastatic lesions. Also, �whole-body (WB) MTV� 
and �WB TLG� were calculated by summing the correspon-
ding values for each lesion in the case being examined. Two 
representative cases are shown in Figures 1 and 2.

18Maximum-intensity-projection F-FDG PET imaging 
18showed increased F-FDG uptake in the left breast, ipsilateral 

axillary lymph nodes, and supraclavicular lymph nodes. Ad-
18ditionally, multiple F-FDG uptake foci were noted in the
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spine (C7), sternum, and lumbar spine (L5), re�ecting bone 
metastasis. The harmonized maximum standardized uptake 
value (SUVmax) for the primary tumor was 5.9, while the 
maximum SUVmax for all malignant lesions was 10.6, who-

3le-body metabolic tumor volume (MTV) was 25.2cm , and 
whole-body total lesion glycolysis (TLG) was 80.7. Following 
treatment, the patient was alive at 55.6 months after the ini-
tial diagnosis without disease progression.

18Maximum-intensity-projection F-FDG PET imaging 
18showed increased F-FDG uptake in the left breast, ipsilate-

ral axillary lymph nodes, internal mammary nodes, suprac-
lavicular lymph nodes, and mediastinal lymph nodes. Addi-

18tionally, multiple F-FDG uptake foci were noted in the liver, 
bone, and lung. The harmonized SUVmax value for the pri-
mary tumor was 9.55, while the maximum SUVmax value for 
all malignant lesions was 9.67, whole-body MTV was 

31187.1cm , and whole-body TLG was 4825.9. Although che-
motherapy was administered, the patient developed brain 
metastasis 8.1 months after the initial diagnosis and died of 
disease progression at 10.7 months.
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Table 1. Clinical parameters of PET scanners.

Scanner Gemini GXL Gemini TF1 Gemini TF2 Biograph Duo Discovery 600

Vender Philips Philips Philips SIEMENS GE

PET scanning

18F-FDG injection 
dose (MBq/kg)

4 3 4 3 4

Scan time (mm) for 
each bed

90 90 80 110 120

 TOF no yes yes no no

PET reconstruction

 Reconstruction

line-of-response 
row-action maximum 
likelihood algorithm 

(LOR-RAMLA)

3D-OSEM
Full-list mode 

TOF 3D-OSEM
3D-OSEM 3D-OSEM

 Iterations 2 3 3 2 2

 Subsets n/a 33 33 8 16

 Smoothing n/a n/a n/a Gaussian Gaussian

 FWHM of filter (mm) 5 5

 Matrix 144×144 144×144 144×144 128×128 192×192

 Pixel size (mm) 4×4×4 4×4×4 4×4×4 5.31×5.31×5 2.6×2.6×2.6

 PSF no no no no no

18F-FDG: �uorine-18-�uorodeoxyglucose, TOF: time of �ight, OSEM: ordered-subset expectation maximization, FWHM: full-width at half maximum, PSF: 
point spread function



Histological analysis
Following immunohistochemical staining, expression levels 
of ER, PR, HER2, and Ki67 in tissue samples were examined 
after formalin �xation and para�n embedding, with the qu-
antitative expression levels of those proteins and antibodies 
determined. Furthermore, the percentage of nuclear stain-
ing for ER, PR, and Ki67 in cancer cells was also determined, 
with the cuto� value for ER and PR set at 1%, and that for 
Ki67 at 20%. Tumors were de�ned as HER2-positive when 
they had an immunohistochemical score of 3 or showed in 
situ hybridization-positive �uorescence with an immuno-
histochemical score of 2.

Statistical analysis
Continuous data are shown as median and range, while ca-
tegorical data are presented as number and percentage. 
Welch's t test was used for comparisons of patients with or 
without disease progression or death, then to determine 
the optimal threshold, receiver operating characteristics 
(ROC) analysis was performed. In this long-term follow-up 
study, progression-free survival (PFS), de�ned as time elap-

sed from date of diagnosis to disease progression, and over-
all survival (OS), de�ned as time until death or date of last 
follow-up examination when neither progression nor death 
occurred during follow-up, were evaluated. The Kaplan-Me-
ier method and log-rank test results were utilized to deter-
mine survival curves.

Cox proportional hazards logistic regression was used to 
evaluate the prognostic value of individual variables. To qu-
antify the risk of disease progression and death from breast 
cancer age, ER status, PR status, HER2 status, Ki-67 index, 
palliative surgery, T and N classi�cation, bone metastasis, 
visceral metastasis, pSUVmax, wSUVmax, WB MTV, and WB 
TLG were used as variables, and univariate Cox proportional 
hazards modeling was employed. Signi�cant or borderline 
univariate variables (P<0.1) were then subjected to multiva-
riate analysis, except when insu�cient data was available 
for the parameter. Cox model results are expressed as ha-
zard ratio with 95% con�dence interval (CI). Statistical ana-
lysis was performed using the SAS software package, ver-
sion 9.3 (SAS Institute Inc., Cary, NC, USA), with P<0.05 
considered to indicate signi�cance.

Figure 1. 69-year-old female with Luminal-HER2 (ER+/HER2+) invasive ductal carcinoma of the breast (T2N3cM1).

Figure 2. 42-year-old female Triple-negative type invasive ductal carcinoma of the breast (T4dN3cM1).

Original Article
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Results

Harmonization
Maximum standardized uptake value was within the JSNM 
reference range for the GXL and Biograph Duo (no �lter ne-
eded for either system). The full-width at half maximum 
(FWHM) values for the additional gaussian �lter resulting in 
an SUVmax value within the JSNM reference for the Disco-
very 600, Gemini TF1, and Gemini TF2 systems were 3.4, 5.9 
and 5.8mm, respectively.

Patient characteristics
Patient and tumor characteristics are shown in Table 2. The 
mean age±standard deviation (SD) was 59.9±12.3 years (ran-
ge 25-86 years). The tumors were classi�ed histologically as 
invasive ductal carcinoma (n=60, 92.3%) or other speci�ed ty-
pes (n=5, 7.7%; two mucinous carcinomas, two invasive lo-
bular carcinomas, one apocrine carcinoma). Positivity for ER, 
PR, and HER2 was observed in 46 (70.8%), 22 (33.9%), and 23 
(35.4%) patients, respectively. Ki-67 values ≥20% were seen in 
48 patients (73.8%). Patients classi�ed as T1/T2/T3/T4 stage 
numbered 3/20/12/30, while those as N0/1/2/3 stage num-
bered 7/15/7/36.

The numbers of patients with distant metastasis shown by 
PET/CT imaging according to anatomic site were as follows; 
bone, 48 (73.8%); lymph node, 25 (38.5%); lung, 19 (29.2%); 
liver, 15 (23.1%); pleura, 4 (6.2%); muscle, 2 (3.1%) and skin, 2 
(3.1%).
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Table 2. Patient and tumor characteristics.

　 Number %

Number of patients 65

Age (years, mean±SD) 59.9±12.3

Histology

 IDC 60 92.3

  Others 
(Myxoid/ILC/Apocrine)

2//2/1 3.1/3.1/1.5

Receptor positivity

 Estrogen receptor 46 70.8

 Progesterone receptor 22 33.9

 HER-2/neu 23 35.4

Ki-67 index status

 <20% 17 26.2

≧20% 48 73.8

Molecular phenotype

 Luminal A (ER+/HER2-, 
Ki67<20%)

13 20.0

 Luminal B (ER+/HER2-, 
Ki67≥20%)

16 24.6

 Luminal-HER2 
(ER+/HER2+)

17 26.2

 HER2 positive 
(nonluminal)

6 9.2

 Triple-negative 13 20.0

Nuclear grade

 Grade1 23 35.4

 Grade2 24 36.9

 Grade3 18 27.7

T status

 T1 3 4.6

 T2 20 30.8

 T3 12 18.5

 T4 30 46.2

N status

 N0 7 10.8

 N1 15 23.1

 N2 7 10.8

 N3 36 55.4

Palliative surgery

 Yes 18 27.7

 No 47 72.3

SD: standard deviation, IDC: invasive ductal cancer, ILC: invasive lobular 
cancer, ER: endocrine receptor, HER: human epidermal growth factor 
receptor(continued)



Figure 3. Overall survival (OS) of patients with metastatic breast cancer (n=65) (Kaplan-Meier survival analysis). a) Patients with a high standardized uptake value 
(pSUVmax) (≥7.8) for the primary tumor had a signi�cantly lower OS rate as compared to those with a lower value (<7.8) (P=0.049). b) Patients with a high SUVmax va-
lue (wSUVmax) (≥8.9) for the entire malignant lesion had a signi�cantly lower OS rate as compared to those with a lower value (<8.9) (P=0.15). c) Patients with a high 
total MTV value (≥65.0mL) had a signi�cantly lower OS rate as compared to those with a lower value (<65.0mL) (P=0.021). d) Patients with a high total TLG value (≥
200.0g) had a signi�cantly lower OS rate as compared to those with a lower value (<200.0g) (P=0.0010).

Survival analysis

OS analysis
During a median follow-up period of 52.5 months (2.6-133.6 
months), 28 (43.1%) of the 65 patients died. Those with de-
ath had a signi�cantly higher pSUVmax than those without 
(10.2±5.5 vs. 6.6±3.0; P=0.0035). Receiver operating charac-
teristic curve analysis and log-rank test results showed that 
patients with a high pSUVmax (≥7.8) had a signi�cantly low-
er OS rate as compared to those with a low pSUVmax (<7.8; 
P=0.049) (Figure 3a). Also, patients with death had a higher 
wSUVmax than those without (11.9±5.4 vs. 9.5±5.1; P= 
0.071). The patients were divided into two groups based on 
ROC curve analysis and log-rank test results using 
wSUVmax (<8.9 vs. ≥8.9; P=0.15) (Figure 3b). Those who di-
ed had a signi�cantly higher WB MTV as compared to those 
survived (258.9±328.9 vs. 115.7±143.3mL; P=0.0035). Addi-
tionally, ROC curve analysis and log-rank test results show-
ed that patients with a high WB MTV (≥65.0mL) had a signi-
�cantly lower OS rate than those with a low value (<65.0mL; 
P=0.021) (Figure 3c). Patients who died also had a signi�can-

tly higher WB TLG value than those who survived (1713.9± 
2505.9 vs. 495.5±538.2g; P=0.017). Furthermore, ROC curve 
analysis and log-rank tests results showed that patients with 
a high WB TLG value (≥200.0g) had a signi�cantly lower OS 
rate than those with a low value (<200.0 g; P=0.0010) (Figure 
3d).

Univariate analysis results indicated that negative ER and 
PR status (P=0.0025), high T stage (P=0.037), high N stage 
(P=0.019), high pSUVmax (P=0.049), high WB MTV (P= 
0.021), and high WB TLG (P=0.0010) each had a signi�cant 
association with death from cancer, whereas age (P=0.89), 
HER2-positive status (P=0.14), high Ki-67 expression (P= 
0.062), palliative surgery procedure (P=0.11), presence of 
bone metastasis (P=0.96), presence of visceral metastasis 
(P=0.059), and high wSUVmax (P=0.15) did not have such an 
association (Table 3). Findings of multivariate analysis then 
con�rmed negative ER and PR status (hazard ratio [HR]: 6.42, 
95% CI: 2.27-19.38; P=0.0054), high T stage (HR: 5.10, 95% CI: 
1.96-18.61, P=0.0064), and high WB TLG (HR: 4.69, 95% CI: 
1.67-12.79, P=0.049) as independent negative predictors 
(Table 3).
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PFS analysis
During a median follow-up of 22.4 months (0.8-133.6 mon-
ths), 54 (83.1%) of the present patients had disease progres-
sion. Those with disease progression had a higher pSUVmax 
than those without (8.4±4.8 vs. 6.9±3.3; P=0.22). Using ROC 
curve analysis and log-rank test results, the patients were di-
vided into two groups according to pSUVmax (<7.8 vs. ≥7.8; 
P=0.89) (Figure 4a). Those with disease progression had a si-
milar wSUVmax as compared to those without (10.2±4.5 vs. 
11.9±8.6; P=0.52). When the patients were divided into gro-
ups based on ROC curve analysis and log-rank test results 
using wSUVmax (<8.9 vs. ≥8.9; P=0.86) (Figure 4b), those 
with disease progression had a signi�cantly higher WB MTV 
as compared to those without disease progression (199.5± 
267.8 vs. 69.2±56.3mL; P=0.0019). Additionally, ROC curve 
analysis and log-rank test results showed that patients with 
a high WB MTV (≥65.0mL) had a lower PFS rate than those 
with a low value (<65.0mL; P=0.077) (Figure 4c). Patients 
with disease progression also had a signi�cantly higher WB 
TLG value than those without (1144.4±1926.5 vs. 402.9± 
436.9g; P=0.014). Furthermore, ROC curve analysis and log-
rank test results showed that patients with a high WB TLG 
value (≥200.0g) had a lower PFS rate than those with a low 
value (<200.0g; P=0.057) (Figure 4d).

Univariate analysis results showed that negative ER and 
PR status (P=0.0068), high Ki-67 expression (P=0.018), high 
N stage (P=0.036), and presence of bone metastasis (P= 

0.047) each had a signi�cant association with disease prog-
ression, whereas age (P=0.90), HER2-positive status (P= 
0.59), palliative surgery (P=0.17), high T stage (P=0.69), pre-
sence of visceral metastasis (P=0.47), high pSUVmax (P= 
0.89), high wSUVmax (P=0.86), high WB MTV (P=0.077), and 
high WB TLG (P=0.057) were not signi�cantly associated 
with disease progression (Table 3). Also, multivariate analy-
sis results indicated that negative ER and PR status (HR: 3.02, 
95% CI: 1.52-6.94; P=0.0020), as well as presence of bone 
metastasis (HR: 2.67, 95% CI: 1.32-5.92, P=0.0051) were in-
dependent factors for progression (Table 3).

ER-positive/HER2-negative type (n=29)

OS analysis
During a median follow-up of 59.9 months (13.8-133.6 mon-
ths), nine (31.0%) of the 29 ER-positive/HER2-negative type 
breast cancer patients died. Univariate analysis showed a 
signi�cant association of high N stage (P=0.022), high WB 
MTV (P=0.019), and high WB TLG (P=0.021) with death from 
cancer, whereas there was no such association with age (P= 
0.13), high Ki-67 expression (P=0.12), palliative surgery pro-
cedure (P=0.74), high T stage (P=0.10), presence of bone 
metastasis (P=0.48), presence of visceral metastasis (P= 
0.79), high pSUVmax (P=0.11), or high wSUVmax (P=0.38) 
(Table 4). In multivariate analysis results, no independent 
predictors of OS were identi�ed (Table 4).

Figure 4. Progression-free survival (PFS) of patients with metastatic breast cancer (n=65) (Kaplan-Meier survival analysis). a) Patients with a high standardized uptake 
value (pSUVmax) (≥7.8) for the primary tumor had a signi�cantly lower PFS rate as compared to those with a lower value (<7.8) (P=0.89). b) Patients with a high 
SUVmax value (wSUVmax) (≥8.9) for the entire malignant lesion had a signi�cantly lower PFS rate as compared to those with a lower value (<8.9) (P=0.86). c) Patients 
with a high total MTV value (≥65.0mL) had a signi�cantly lower PFS rate as compared to those with a lower value (<65.0mL) (P=0.077). d) Patients with a high total TLG 
value (≥200.0g) had a signi�cantly lower PFS rate as compared to those with a lower value (<200.0g) (P=0.057).
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PFS analysis
During a median follow-up of 31.7 months (10.0-133.6 mon-
ths), 24 (82.8%) of the ER-positive/HER2-negative type bre-
ast cancer patients showed disease progression. Univariate 
analysis showed that high Ki-67 expression (P=0.036) and 
presence of bone metastasis (P=0.044) each had a signi�-
cant association with disease progression, whereas age (P= 
0.39), palliative surgery (P=0.42), high T stage (P=0.34), high 
N stage (P=0.27), presence of visceral metastasis (P=0.90), 
high pSUVmax (P=0.35), high wSUVmax (P=0.29), high WB 
MTV (P=0.11), and high WB TLG (P=0.17) did not have such 
an association (Table 4). In multivariate analysis results, no 
independent predictors of OS were identi�ed (Table 4).

HER2-positive type (n=23)

OS analysis
During a median follow-up of 55.2 months (7.5-123.0 mon-
ths), seven (30.4%) of the 23 HER2-positive type breast can-
cer patients died. Univariate analysis showed no signi�cant 
factors associated with death, including age (P=0.75), nega-
tive ER and PR status (P=0.24), high Ki-67 expression (P= 
0.95), palliative surgery (P=0.084), high T stage (P=0.45), 
high N stage (P=0.082), presence of bone metastasis (P= 
0.52), presence of visceral metastasis (P=0.33), high 
pSUVmax (P=0.20), high wSUVmax (P=0.58), high WB MTV 
(P=0.70), and high WB TLG (P=0.12) (Table 5).

PFS analysis
During a median follow-up of 23.6 months (1.6-108.9 mon-
ths), seventeen (73.9%) of the HER2-positive type breast 
cancer patients showed disease progression. Univariate 
analysis showed that presence of bone metastasis (P=0.034) 
and high pSUVmax (P=0.039) each had a signi�cant associ-
ation with disease progression, whereas age (P=0.42), nega-
tive ER and PR status (P=0.56), high Ki-67 expression (P= 
0.69), palliative surgery (P=0.77), high T stage (P=0.36), high 
N stage (P=0.26), presence of visceral metastasis (P=0.93), 
high wSUVmax (P=0.11), high WB MTV (P=0.27), and high 
WB TLG (P=0.28) did not (Table 5). In multivariate analysis, 
presence of bone metastasis (HR: 4.42, 95% CI: 1.23-18.19, 
P=0.019) and high pSUVmax (HR: 3.23, 95% CI: 1.17-10.38; 
P=0.023) were independent factors for progression (Table 
5).

Triple-negative (n=13)

OS analysis
During a median follow-up of 11.9 months (2.6-96.7 mon-
ths), twelve (92.3%) of the 13 patients with triple-negative 
type breast cancer died. Univariate analysis results indicated 
that high WB TLG (P=0.037) alone had a signi�cant asso-
ciation with death from cancer, whereas, age (P=0.68), high 
Ki-67 expression (P=0.75), palliative surgery procedure (P= 
0.22), high T stage (P=0.91), high N stage (P=0.74), presence 
of bone metastasis (P=0.23), presence of visceral metastasis 
(P=0.29), high pSUVmax (P=0.12), high wSUVmax (P=0.19), 
and high WB MTV (P=0.17) did not (Table 6).

PFS analysis
During a median follow-up of 5.1 months (0.8-25.4 months), 
all 13 patients with triple-negative type breast cancer show-
ed disease progression. Univariate analysis showed no sig-
ni�cant factors associated with disease progression, inclu-
ding age (P=0.35), high Ki-67 expression (P=0.91), palliative 
surgery (P=0.22), high T stage (P=0.18), high N stage (P= 
0.24), presence of bone metastasis (P=0.11), presence of 
visceral metastasis (P=0.85), high pSUVmax (P=0.96), high 
wSUVmax (P=0.99), high WB MTV (P=0.98), and high WB 
TLG (P=0.80) (Table 6).

Discuss�on

To the best of our knowledge, this is the �rst report of use of 
18harmonized pretreatment quantitative volume-based F-

FDG PET/CT parameters (SUVmax, MTV, TLG) for prediction 
of prognosis (PFS, OS) in patients with stage IV breast can-
cer. The present results are notable, as they revealed harmo-
nized quantitative volume-based parameters, especially 
whole-lesion TLG, to be potential surrogate markers for 
prognosis in patients with breast cancer metastasis and can 
thus be used to provide important information for individu-
alized care.

It is becoming more common for di�erent types of 
PET/CT scanners to be established at the same institution, 
and methods for harmonization of PET quantitative values 
are needed for both clinical practice and multicenter trials. 
Several studies have investigated SUVmax harmonization 
for evaluation of chemotherapy treatment response in va-
rious types of patients, such as those a�ected by lung, cervi-
cal, or rectal cancer, as well as colorectal liver metastasis, ma-
lignant lymphoma, and malignant melanoma cases [11-13]. 
Those �ndings showed a greater association of harmonized 
metabolic PET response classi�cation with �nal clinical res-
ponse assessment, indicating a superior level of disease-
free survival prediction as compared to a non-harmonized 
PET classi�cation. Additionally, a recent study clari�ed that 
harmonized SUVmax is an independent prognostic factor 
related to PFS in patients with non-small-cell lung cancer 
[14].

The usefulness of harmonized pretreatment quantitative 
18volume-based F-FDG PET/CT parameters for predicting 

prognosis of stage IV breast cancer patients has been repor-
ted by several institutions [15-17]. Son et al. (2015) [15] exa-
mined 40 cases of metastatic breast cancer and found that T 
category, palliative surgery, presence of visceral metastasis, 
wSUVmax, WB MTV, and WB TLG were prognostic factors for 
OS in univariate analysis results, while multivariate analysis 
revealed only WB MTV as an independent predictor of OS 
(HR, 4.10; 95% CI, 1.17-14.31; P=0.028). In another study of 
47 metastatic triple negative breast cancer patients, Mari-
nelli et al. (2016) [16] showed that patients with WB MTV 
<51.5mL lived nearly three times longer (22 vs 7.1 months) 
as compared those with a higher WB MTV level (P<0.0001) 
and their multivariate analysis results con�rmed WB MTV as
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an independent negative OS predictor. Ulaner et al. (2013) 
[17] calculated SUVmax, MTV, and TLG values in four target 
lesions (bone, lymph node, liver, lung) in 253 cases of metas-
tatic breast cancer, and noted that SUVmax and TLG were 
both predictors of OS, and also speculated that TLG may be 
a more informative biomarker of OS than SUVmax for pati-
ents with lymph node and liver metastases.

The present study has some limitations, including its ret-
rospective design and relatively low number of patients. 
Furthermore, tumor background ratios were not assessed, 
and the cohort was a heterogeneous population in terms of 
variable follow-up imaging (timing and modality) and admi-
nistered treatment regimens. Since all patients at the parti-
cipating institutions with possible metastatic breast cancer 

18did not undergo F-FDG PET/CT imaging, selection bias 
may have had an in�uence on the results. We understand 
that an ideal gold standard for analysis is histological con�r-
mation of �ndings, though it would have been unethical to 

18examine all lesions detected by F-FDG PET/CT using inva-
sive procedures.

In conclusion, harmonized quantitative volume-based va-
18lues obtained with F-FDG PET/CT, especially regarding 

whole-body TLG, are useful for providing prognostic infor-
mation regarding death prediction for patients with metas-
tatic invasive breast cancer cases. Such information is quite 
useful for providing individualized care.
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