
O R I G I N A L  R E S E A R C H

Prediction of Pretreatment 18F-FDG-PET/CT 
Parameters on the Outcome of First-Line Therapy 
in Patients with Metastatic Breast Cancer

Yi Li,1,* Cheng Liu,2–6,* 
Bibo Wang,7,* Xichun Hu,1 

Chengcheng Gong,1 

Yannan Zhao,1 Yizhao Xie,1 

Yingjian Zhang,2–6 

Shaoli Song,2–6 

Zhongyi Yang,2–6 

Biyun Wang1

1Department of Medical Oncology, Fudan 
University Shanghai Cancer Center, 
Department of Oncology, Shanghai Medical 
College, Fudan University, Shanghai, People’s 
Republic of China; 2Department of Nuclear 
Medicine, Fudan University Shanghai Cancer 
Center, Shanghai, People’s Republic of China; 
3Department of Oncology, Shanghai Medical 
College, Fudan University, Shanghai, People’s 
Republic of China; 4Center for Biomedical 
Imaging, Fudan University, Shanghai, People’s 
Republic of China; 5Shanghai Engineering 
Research Center of Molecular Imaging 
Probes, Shanghai, People’s Republic of China; 
6Department of Nuclear Medicine, Shanghai 
Proton and Heavy Ion Center, Shanghai, 
People’s Republic of China; 7Orthopaedic 
Department, Shanghai Ruijin Hospital, 
Shanghai Jiaotong University Medicine 
School, Shanghai, People’s Republic of China  

*These authors contributed equally to this 
work  

Objective: 18F-fluorodeoxyglucose positron emission tomography/computed tomography 
(18F-FDG-PET/CT) can provide prognostic information, especially 18F-FDG uptake has 
been proven to be a predictor for the prognosis of various tumors. Nevertheless, the 
prognosis of other PET parameters in the metastatic setting remains unclear. This study 
was aimed at investigating pretreatment parameters based on 18F-FDG-PET/CT so as to 
estimate the progression-free survival (PFS) of metastatic breast cancer (MBC) patients 
receiving first-line treatment.
Methods: MBC patients who underwent a whole-body 18F-FDG-PET/CT prior to first-line 
therapy were enrolled. The heterogeneity parameter of PET/CT was analyzed, including 
heterogeneity index (HI) and general parameters (metabolic tumor volume (MTV), total 
lesion glycolysis (TLG), maximum standardized uptake value (SUVmax) and mean SUV 
(SUVmean). PFS was used to evaluate the treatment outcome. Kaplan–Meier method was 
adopted to carry out survival analysis and Log rank test was conducted to make 
a comparison.
Results: A total of 177 MBC patients were selected, in which 68 were in De novo stage IV. 
Thirty patients were human epidermal growth factor receptor 2 (HER2)-positive, 60 patients 
were triple-negative, and 87 patients were hormone receptor (HR)-positive and HER2- 
negative. In the whole population, patients with high baseline SUVmax, SUVmean, MTV, 
TLG or HI were associated with lower PFS (P=0.028, 0.005, 0.017, 0.026 and 0.035, 
respectively). Among the patients in De novo stage IV, those with high HI at baseline had 
significantly shorter PFS (P=0.001). In HR+/HER2- and HER2+ subgroups, only baseline HI 
showed the predictive value of PFS (P=0.023 and 0.049, respectively). In the triple-negative 
subgroup, high baseline SUVmax, MTV or TLG showed the predictive value of worse PFS 
(P=0.030, 0.011 and 0.023, respectively).
Conclusion: Pretreatment 18F-FDG-PET/CT parameters show the predictive value of PFS 
in MBC patients receiving first-line treatment. However, predictive PET/CT parameters 
might be different in patients with different molecular subtypes and De novo stage IV.
Keywords: metastatic breast cancer, FDG-PET/CT, parameter, prognosis, molecular 
subtypes

Introduction
As the most prevalent malignant tumor, breast cancer (BC) was the major reason 
for the death of women worldwide.1 About 6% of BC patients have metastatic 
disease when they are diagnosed, and around 30% of early-stage patients would 
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finally develop metastatic breast cancer (MBC).2 The five- 
year relative survival rate of women diagnosed with early- 
stage disease is significantly higher than that of women 
diagnosed with distant metastatic disease at presentation.3 

In spite of the great improvements achieved in the past 10 
years, the median five-year survival rate of MBC is only 
33.8%.4 The triple-negative and human epidermal growth 
factor receptor 2 (HER2)-positive subgroups of BC used to 
be considered as aggressive phenotypes with poor prog
nosis compared with the luminal subgroup.5 However, the 
development of anti-HER2 targeted therapies has signifi
cantly improved the prognosis of HER2+ BC.4

Tumor volume based on morphological or functional 
imaging could be used to identify patients with a worse 
prognosis.6 Indeed, 18F-fluorodeoxyglucose (18F-FDG) 
positron emission tomography/computed tomography 
(PET/CT) parameters, especially maximum standard 
uptake value (SUVmax), are demonstrated to be corre
lated with the clinical outcome of BC.7–9 Besides, stu
dies have shown the predictive value of heterogeneity 
on the basis of 18F-FDG-PET/CT in various primary 
tumors like early breast cancer (EBC).10,11 However, 
few studies have reported other imaging classifiers, 
such as mean SUV (SUVmean), heterogeneity index 
(HI), total lesion glycolysis (TLG), metabolic tumor 
volume (MTV) or their correlation with the prognosis 
of MBC. The research results of primary lesions might 
be inapplicable to metastatic disease since metastases 
could show completely different behaviors in tumor 
metabolism and biology compared with primary tumors 
or between each other.12,13

This study aimed to examine 18F-FDG pretreatment 
imaging parameters (including SUVmax, SUVmean, TLG, 
MTV and HI) as predictors for the first-line progression- 
free survival (PFS) of MBC patients with different mole
cular subtypes and De novo stage IV.

Methods
Patients
177 MBC patients undergoing an FDG-PET/CT at 
FUSCC were enrolled. Inclusion criteria: MBC patients 
who had no less than one measurable metastatic dis
ease with the abnormal uptake of FDG and without 
systemic or local therapy for metastatic disease. 
Exclusion criteria: Patients who had diabetes and 
uncontrolled brain metastases, and were pregnant or 
lactating, diagnosed with a second primary malignancy 

and actively or uncontrollably infected. For patients 
with many metastatic sites, the lesion with the highest 
SUVmax was utilized. Medical records were used to 
collect the data on the characteristics of patients and 
their treatment outcomes. Hormone receptor (HR)- 
positive refers to the tumor tissue expressing estrogen 
or progesterone receptors in no less than 10% of cells 
based on local lab parameters. Local assessment 
defines HER2 + to be positive for immunohistochem
ical 3+ and/or fluorescent in situ hybridization-positive. 
Tumor tissue includes primary breast cancer (PBC) or 
metastatic tumor tissue. Patients were required to have 
follow-up in FUSCC every two months.

PET/CT
The Explora FDG4 module of the center was used to 
automatically produce 18F-FDG achieving more than 
95% of radiochemical purity using a cyclotron (Siemens 
CTI RDS Eclips ST, Knoxville, Tennessee, the US). 
Before 18F-FDG PET, patients were asked to fast for at 
least six hours to keep their blood glucose level under 10 
mmol/L. In addition, all of them were injected intrave
nously with 7.4 MBq/kg of 18F-FDG. After that, patients 
were asked to rest in a quiet and dark room for 60 minutes, 
and then the images were acquired through a biography 
16HR PET/CT scanner (Knoxville, Tennessee, the US). 
PET/CT was performed by scanning from the middle of 
the skull to the supine position at mid-thigh. The process 
of acquiring PET/CT parameters was as follows: First, 
a whole-body CT was performed (120 kV, 80~250 mA, 
pitch 3.6, rotation time was 0.5 s). Then, PET covering the 
same lateral view was conducted. The collection time for 
each workbench position was 2 to 3 minutes. CT data were 
applied to correct attenuation, and the dataset of PET 
images was iteratively reconstructed by using Ordered 
Subset Expectation Maximization (OSEM), an ordered 
subset. Fused PET/CT images were displayed on 
a Syngo multimodality computer platform (Siemens, 
Knoxville, Tennessee, the US) for analysis.

Image Analysis
Two board-certified seasoned nuclear medicine physicians 
major in 18F-FDG-PET/CT images made the evaluation 
independently. Any disagreement would be solved with 
the consensus between the two reviewers on the final 
reading of statistical analysis. All hypermetabolic meta
static lesions were selected for analysis without the con
sideration of hypermetabolic foci assessed by 
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inflammation or physiological activities. SUV normalized 
to body weight was applied to carry out a semi- 
quantitative analysis of tumor metabolic activities. All 
parameters were evaluated in a 3D volume. To determine 
the contour edges around the lesion, SUV> 2.5 was used. 
A single region of interest (ROI) was placed around every 
lesion on all the consecutive slices containing lesions to 
record the SUVmax and SUVmean of each metastatic 
lesion, document and fuse axial PET/CT images. Then, 
MTV was extracted from software in an automatic way 
according to the SUV threshold of 2.5. The formula that 
TLG = SUVmean × MTV was used to calculate TLG. HI 
in tumors was quantitatively measured by dividing 
SUVmax by SUVmin.14,15

Statistical Analysis
Each distribution was represented as the median (range) 
or amount (percentage) of quantitative or categorical 
data, respectively. The median was chosen as the cut-off 
value of image parameters. The treatment effect was 
assessed using PFS, which meant the date from first- 
line therapy to disease progression was recorded for the 
first time, death or final follow-up. Disease progression 
was obtained based on version 1.1 of Response 
Evaluation Criteria in Solid Tumors (RECIST). Kaplan– 
Meier method was adopted to estimate the median PFS 
and the corresponding P values and 95% confidence 
interval (CI). The relationship between baseline charac
teristics, values of image parameters and PFS was exam
ined by a Log rank test. Univariate analysis was 
estimated using Cox proportional hazard models that 
were denoted by hazard ratios (HRs) with corresponding 
P values and 95% CI. The effects of variables were 
expressed as HRs with 95% CI and P values. Every 
analysis was double-sided. It was considered that 
P value below 0.05 had no statistical significance. The 
software SPSS 22.0 (IBM Corporation, Armonk, 
New York, the US) was used for data analysis.

Results
Characteristics and Treatment Outcome 
of Patients
177 MBC patients undergoing PET/CT before first-line 
therapy were enrolled, with the median age of 53 
(ranging from 29 to 74). And their baseline character
istics are shown in Table 1. Of the 177 patients, 68 

(38.4%) were in De novo stage IV without receiving 
any prior treatment for BC. The observed subtypes 
were as follows: HR+/HER2- of 87 (49.2%), HER2- 
overexpressing of 30 (16.9%) and triple-negative of 60 
(33.9%). In HR+/HER2- group, 40 patients received 
endocrine therapy without the combination with tar
geted agents as their first-line treatment, while 47 
patients were treated with chemotherapy. All HER2+ 
patients received first-line anti-HER2 treatment and all 
triple-negative patients received first-line chemother
apy. The common metastatic sites of FDG-PET/CT 
were bone of 94 (53.1%), lung of 67 (37.9%) and 
liver of 33 (18.6%), with 64 patients presenting more 
than three metastatic sites. Visceral involvement was 
present in more than half of the patients (54.2%). 44 

Table 1 Patients’ Characteristics at Baseline

Characteristics MBC, n=177, n (%)

Age, years
Median (range) 53 (29–74)

Menopausal status
Postmenopausal 105 (59.3)

Premenopausal 72 (40.7)

De novo 68 (38.4)

Disease-free interval, months

< 24 49 (27.7)

≥ 24 60 (33.9)

Subgroups

HR+/HER2- 87 (58.2)
HER2+ 30 (16.9)

Triple-negative 60 (33.9)

Number of metastatic sites

1 51 (28.9)

2 62 (35.0)
≥ 3 64 (36.1)

Metastatic sites
Liver 33 (18.6)

Lung 67 (37.9)

Bone 94 (53.1)
Visceral disease 96 (54.2)

First-line treatment
Endocrine therapy 44 (24.9)

Anti-HER2 therapy 29 (16.4)

Chemotherapy 104 (58.7)

Abbreviations: HR+, hormone receptor positive; HER2-, human epidermal 
growth factor receptor 2 negative.
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patients underwent first-line endocrine therapy, anti- 
HER2 therapy and chemotherapy, respectively. 1,387 
metastatic tumors were measured and analyzed.

After receiving a median follow-up of 24.0 months 
(ranging from 3.1 to 102.0 months), 144 (81.4%) 
patients experienced disease progression and 41 

Table 2 Analysis of Risk Factors Associated with PFS in the Whole Population

Factors n PFS, Months (95% CI) P value HR (95% CI)

Clinical risk factors

Age, years

< 53 88 11.3 (9.6–13.1) 0.813 1.040 (0.749–1.444)
≥ 53 89 12.2 (9.3–12.0)

Menstruation status

Postmenopausal 105 11.9 (7.8–16.0) 0.326 1.184 (0.845–1.660)
Premenopausal 72 12.0 (9.2–14.8)

De novo
Yes 68 14.6 (10.7–18.6) 0.098 0.745 (0.525–1.056)
No 109 11.1 (9.2–13.0)

Subgroups

HR+/HER2- 87 15.6 (13.8–17.3) 0.002 Reference 

1.096 (0.673–1.786) 
1.808 (1.255–2.607)

HER2+ 30 11.9 (8.0–15.8)

Triple-negative 60 8.3 (7.2–9.9)

Disease-free interval, months
< 24 49 9.5 (6.5–12.6) 0.512 1.146 (0.762–1.725)
≥ 24 60 12.0 (8.6–15.4)

Number of metastatic sites

1 51 12.9 (9.6–16.2) 0.048 Reference 
0.790 (0.579–1.201) 

1.493 (0.996–2.237)

2 62 15.4 (10.8–20.0)

≥3 64 8.7 (6.0–11.4)

PET/CT parameters

SUVmax
< 10.35 88 14.6 (12.0–17.3) 0.028 1.446 (1.042–2.008)
≥ 10.35 89 8.3 (6.2–11.2)

SUVmean

< 4.79 88 14.9 (12.2–17.6) 0.005 1.609 (1.157–2.237)
≥ 4.79 89 8.3 (6.1–10.6)

MTV (mL)
< 53.46 88 12.9 (9.3–16.5) 0.017 1.494 (1.074–2.078)
≥ 53.46 89 11.5 (8.0–15.0)

TLG (g)

< 232.85 88 14.0 (10.6–17.5) 0.026 1.452 (1.045–2.019)
≥ 232.85 89 11.3 (8.2–14.4)

HI
< 2.04 88 12.9 (10.3–15.5) 0.035 1.424 (1.026–1.978)

≥ 2.04 89 10.1 (6.9–13.3)

Abbreviations: PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; HR+, hormone receptor positive; HER2-, human epidermal growth factor receptor 2 
negative; PET/CT, positron emission tomography/computed tomography; SUVmax, maximum standard uptake value; SUVmean, mean standard uptake value; MTV, metabolic volume 
measurements; TLG, total lesion glycolysis; HI, heterogeneity index.
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(23.2%) patients died, leading to the median PFS of 
12.0 months (95% CI: 10.2–13.7) (Supplementary 
Figure 1). Median overall survival (OS) was not 
reached in the last follow-up.

Baseline Characteristics and PFS
Molecular subtypes were statistically significant and 
related to median PFS. Patients with HR+/HER2- pre
sented the best median PFS of 15.5 months, while patients 
with triple-negative presented the worst median PFS of 8.6 
months (P=0.002). Patients with fewer metastatic sites had 
significantly longer PFS than those with ≥3 metastatic sites 
(P=0.048). A correlation without statistical significance 
was observed between De novo stage IV and PFS (Table 
2). The other baseline characteristics had no significant 
association with PFS.

Association Between PFS and 
Pretreatment PET Parameters
The median values of SUVmax, SUVmean, MTV, TLG 
and HI determined their cut-off values, which were 
10.35, 4.79, 53.46 mL, 232.85 g and 2.04, respectively 

(Table 2). Univariate analysis was used to evaluate the 
prognostic value of pretreatment parameters. High 
baseline SUVmax, SUVmean, MTV, TLG and HI 
were all significantly correlated with worse PFS 
(P=0.028, 0.005, 0.017, 0.026, and 0.035, respectively, 
Figure 1 and Table 2). In De novo stage IV patients, 
there was no significant association between SUVmax, 
SUVmean, MTV or TLG and PFS (P=0.177, 0.065, 
0.343 and 0.214, respectively, as shown in Table 3), 
and only patients with high baseline HI showed 
obviously shorter PFS compared with those with low 
baseline HI (HR, 2.821; 95% CI, 1.544–5.154; 
P=0.001, Figure 2).

PET-derived parameters might vary widely in differ
ent molecular subtypes. Therefore, separate analyses 
were performed for each molecular subtype (Table 4). 
Only baseline HI showed the predictive value of PFS in 
HR+/HER2- subgroup, in which patients with high base
line HI had obviously worse PFS than those with low 
baseline HI (HR, 1.711; 95% CI, 1.070–2.734; P=0.025, 
Figure 3). In the HER2+ subgroup, only patients with 
high baseline HI showed obvious shorter median PFS 

A B C

ED

Figure 1 Kaplan–Meier curve of progression-free survival for all patients stratified by SUVmax (A), SUVmean (B), MTV (C), TLG (D) and HI (E). 
Abbreviations: SUVmax, maximum standardized uptake value; SUVmean, mean SUV; MTV, metabolic tumor volume; TLG, total lesion glycolysis; HI, heterogeneity index.
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(HR, 2.555; 95% CI, 1.006–6.493; P=0.049, Figure 4). 
However, patients with high baseline SUVmax, MTV or 
TLG had worse prognosis in the triple-negative subgroup 
(HR,1.862; 95% CI, 1.061–3.267; P=0.030; HR, 2.053; 
95% CI, 1.177–3.579; P=0.011; HR, 1.901; 95% CI, 1.
091–3.311; P=0.023, respectively, Figure 5). Images of 
the representative tumors of HR+/HER2- are shown in 
Figure 6.

Discussion
Previous studies reported the prognostic value of PET- 
derived parameters in BC, but most of them focused on 
EBC and PET parameters were limited to only 
SUVmax.7–9 No research was conducted on the prog
nostic value of different PET parameters in MBC 
patients, especially those with De novo stage IV or 
different molecular subtypes. To our knowledge, this 
is the first relatively large-scale and retrospective 
report on the predictive value of PET parameters in 
metastatic treatment naïve MBC patients stratified by 
De novo stage IV and molecular subtypes. Aimed at 

assessing the predictive value of baseline PET-derived 
parameters in patients with MBC before first-line treat
ment, this study performed a retrospective analysis on 
177 patients who underwent an 18F-FDG PET/CT scan 
prior to the treatment.

In this study, MBC patients with high baseline 
SUVmax, SUVmean, TLG, MTV and HI were all sig
nificantly correlated with worse PFS. Studies had 
reported the predictive value of SUVmax in EBC, but 
its role in MBC was not fully understood. The predic
tive value of SUVmax in unselected MBC patients was 
demonstrated by previous research. However, the prog
nostic value of other PET parameters was not 
explored.16 Morris et al9 reported that the increase in 
SUVmax in bone was associated with lower survival in 
newly diagnosed MBC patients, and the similar effects 
were observed in other metastatic sites but without 
showing statistical significance.

SUVmax and SUVmean could be limited by the 
volume incorporating non-metabolically active 
disease.17 To overcome this limitation, other measures 
have been proposed, such as TLG and MTV.18 

Calculated by determining all voxels showing FDG 
uptake above a certain percentage of SUVmax, MTV 
could be multiplied by the mean SUV from that lesion 
to obtain a parameter called total lesion glycolysis 
(TLG).18 Studies on a variety of tumors including BC 
showed that TLG or MTV was significantly correlated 
with survival, and their prognostic value was often 
higher than SUV measurements.19–21 Ulaner et al19 

demonstrated that TLG and MTV had prognostic 
strength in newly diagnosed MBC patients when stra
tified by the metastasis sites, but they failed to analyze 
the prognostic correlation between TLG, MTV and the 
total population. Our study assessed the predictive 
value of TLG and MTV in MBC patients, and found 
that patients with high baseline TLG or MTV showed 
a worse median PFS than those with low TLG or MTV.

Previous studies showed that the intratumor hetero
geneity of baseline PET had a better predictive value 
for treatment response and outcomes in a variety of 
cancers, such as nasopharyngeal carcinoma,22 lung 
cancer23 and EBC.10 MBC usually shows a high degree 
of heterogeneity in biological and metabolic behaviors. 
Thus, heterogeneity may serve as a prognostic indica
tor of treatment failure. We first explored the impor
tance of HI derived from PET in unselected MBC 

Table 3 Analysis of PET Parameters Associated with PFS in 
Patients with De novo Stage IV

In Patients with De novo Stage IV

Factors n PFS, Months 
(95% CI)

P value HR (95% CI)

SUVmax

< 12.79 34 17.2 (4.0–30.4) 0.177 1.475 (0.839–2.593)
≥ 12.79 34 8.2 (3.9–12.4)

SUVmean
< 5.28 34 22.7 (9.5–35.9) 0.110 1.590 (0.900–2.809)
≥ 5.28 34 10.7 (6.3–14.8)

MTV (mL)

< 109.93 34 18.4 (5.6–31.2) 0.343 1.320 (0.744–2.340)
≥ 109.93 34 13.1 (9.0–17.1)

TLG (g)
< 571.56 34 18.4 (2.7–34.1) 0.214 1.441 (0.810–2.563)
≥ 571.56 34 12.1 (9.3–14.8)

HI

< 2.67 34 25.4 (4.6–46.2) 0.001 2.821 (1.544–5.154)
≥ 2.67 34 8.2 (3.1–13.3)

Abbreviations: PET/CT, positron emission tomography/computed tomography; 
PFS, progression- free survival; HR, hazard ratio; CI, confidence interval; SUVmax, 
maximum standard uptake value; SUVmean, mean standard uptake value; MTV, 
metabolic volume measurements; TLG, total lesion glycolysis; HI, heterogeneity 
index.
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patients without receiving first-line treatment. Then, 
intratumor heterogeneity was evaluated by HI and 
found to be significantly correlated with PFS. It is 
generally considered that a metastatic lesion extends 
from a cell to a colony, which may lead to the forma
tion of intra-tumor heterogeneity that is probably more 
effective in reflecting metabolic status and treatment 
response, particularly in pretreatment tumors. Drug 
resistance often changes during treatment.24 Although 
responsive clones are eliminated, resistant clones are 
likely to reduce therapeutic success and cause treat
ment failure.25

Compared with general MBC, patients with De novo 
stage IV may contain more stem cells, which thus turn 
resistance to chemotherapy into a possible factor adversely 
affecting survival. This study investigated the prognostic 
value of pretreatment PET-derived parameters in De novo 

stage IV breast cancer patients. The results indicated that 
only baseline HI was significantly associated with PFS. 
The HI of these patients was supposed to be inherently 
higher, which was more likely to result in treatment failure 
and worse PFS.

Considering that the prognostic value of PET para
meters in a mixed MBC population might be confused 
by the distribution of molecular subtypes in the study 
population, separate analyses were performed on dif
ferent molecular subtypes. The predictive value of PFS 
was demonstrated using only baseline HI in HR 
+/HER2- and HER2+ subgroups, but shown by base
line SUVmax, MTV, TLG in the triple-negative sub
group. Previous studies showed that the baseline 
SUVmax of PET had the potential to predict the prog
nosis of EBC8 and MBC26 patients with luminal sub
types. Nevertheless, both studies included patients with 

Figure 2 Kaplan–Meier curve of progression-free survival for patients with De novo stage IV stratified by HI. 
Abbreviation: HI, heterogeneity index.
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Table 4 Analysis of PET Parameters Associated with PFS in Patients with Different Molecular Subtypes

Factors n PFS, Months (95% CI) P value HR (95% CI)

In HR+/HER2- patients

SUVmax

< 9.08 43 16.4 (13.7–19.0) 0.293 1.282 (0.806–2.038)
≥ 9.08 44 14.9 (10.9–18.9)

SUVmean

< 4.56 43 17.2 (8.1–26.3) 0.070 1.539 (0.966–2.453_
≥ 4.56 44 14.5 (10.6–18.4)

MTV (mL)
< 53.46 43 16.5 (8.1–24.9) 0.203 1.355 (0.848–2.164)
≥ 53.46 44 14.9 (12.1–17.8)

TLG (g)

< 244.83 43 17.2 (8.7–25.7) 0.277 1.296 (0.812–2.069)
≥ 244.83 44 14.9 (11.7–18.2)

HI
< 2.24 43 21.7 (12.0–31.4) 0.025 1.711 (1.070–2.734)
≥ 2.24 44 13.0 (7.2–18.9)

In HER2+ patients

SUVmax
< 12.29 15 11.3 (4.7–14.9) 0.520 0.753 (0.318–1.784)
≥ 12.29 15 14.0 (8.3–19.8)

SUVmean

< 5.09 15 17.3 (6.4–28.3) 0.410 1.439 (0.606–3.419)
≥ 5.09 15 11.3 (9.3–13.3)

MTV (mL)

< 69.42 15 14.0 (1.5–35.4) 0.151 1.956 (0.783–4.884)
≥ 69.42 15 11.3 (9.3–13.4)

TLG(g)

< 353.85 15 14.0 (1.5–35.4) 0.151 1.956 (0.783–4.884)
≥ 353.85 15 11.3 (9.3–13.4)

HI

< 2.52 15 24.7 (2.0–61.3) 0.049 2.555 (1.006–6.493)
≥ 2.52 15 11.3 (6.7–16.0)

In triple-negative patients

SUVmax

< 11.17 30 10.2 (8.0–12.4) 0.030 1.862(1.061–3.267)
≥ 11.17 30 6.9 (3.8–10.0)

SUVmean
< 5.13 30 10.1 (8.0–12.1) 0.201 1.434 (0.825–2.494)
≥ 5.13 30 7.0 (4.7–9.3)

MTV (mL)

< 45.64 30 10.2 (7.8–12.5) 0.011 2.053 (1.177–3.579)
≥ 45.64 30 5.8 (2.7–8.8)

(Continued)
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Luminal A and B rather than only HR+/HER2-. 
Another study analyzed locally advanced breast cancer 
(LABC) patients, showing that high SUVs, TLG and 
MTV led to shorter PFS, while homogeneity was not 
predictive.27 However, findings of primary tumors 
might not be applicable to metastatic disease due to 
the difference between MBC and LABC and in the 
measurement of heterogeneity in the two studies. This 
study also explored the prognostic value of PET 

parameters in HER2+ MBC patients. All HER2+ 
patients enrolled received first-line anti-HER2 treat
ment, excluding one without receiving chemotherapy 
only for economic reasons, which could minimize the 
impact of treatment on the heterogeneity of tumors and 
the prognosis of patients. However, two studies on 
metastatic triple-negative breast cancer (mTNBC) 
showed different results in the prognostic value of 
PET parameters. Marinelli et al28 found that baseline 

Table 4 (Continued). 

Factors n PFS, Months (95% CI) P value HR (95% CI)

TLG (g)

< 232.85 30 9.5 (7.4–11.6) 0.023 1.901 (1.091–3.311)
≥ 232.85 30 6.9 (3.3–10.5)

HI
< 1.76 30 9.3 (8.2–10.4) 0.126 1.540 (0.886–2.675)
≥ 1.76 30 6.9(3.8–10.0)

Abbreviations: PET/CT, positron emission tomography/computed tomography; PFS, progression- free survival; HR, hazard ratio; CI, confidence interval; HR+, hormone 
receptor positive; HER2, human epidermal growth factor receptor 2 negative; SUVmax, maximum standard uptake value; SUVmean, mean standard uptake value; MTV, metabolic 
volume measurements; TLG, total lesion glycolysis; HI, heterogeneity index.

Figure 3 Kaplan–Meier curve of progression-free survival for HR+/HER2- patients stratified by HI. 
Abbreviations: HR, hormone receptor, HER2, human epidermal growth factor receptor 2; HI, heterogeneity index.
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TLG or MTV rather than SUVmax was significantly 
correlated to the OS of mTNBC patients. As explained 
by the author, the results might be biased due to dif
ferent PET machines which were likely to have 
a variety of reconstruction algorithms and were 
coupled with a large number of small lesions whose 
SUVmax had inconsistent measured values due to 

partial volume effects.28 SUVmax and HI might be 
potential predictors for the treatment outcome of 
mTNBC according to another study which was con
ducted in our center,29 the study only investigated 
two PET parameters (SUVmax and intratumor HI) 
and included patients whose first-line treatment was 
a platinum-containing regimen.29 Compared with the 

Figure 4 Kaplan–Meier curve of progression-free survival for HER2+ patients stratified by HI. 
Abbreviations: HER2, human epidermal growth factor receptor 2; HI, heterogeneity index.

A B C

Figure 5 Kaplan–Meier curve of progression-free survival for triple-negative patients stratified by SUVmax (A), MTV (B) and TLG (C). 
Abbreviations: SUVmax, maximum standardized uptake value; MTV, metabolic tumor volume; TLG, total lesion glycolysis.
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Figure 6 Representative images. (A–E): A 31-year-old female patient with HR+/HER2- MBC underwent PET/CT scan (A, maximum intensity projection image). We 
detected that the first lumbar vertebra lesion had the highest 18F-FDG uptake in all metastatic lesions (B, CT image; C, PET image, SUVmax were 5.43), whereas the 
right axillary lymph node lesion had the lowest uptake (D, CT image; E, PET image, minimum FDG uptake across all lesions = 3.58). Therefore, HI of this patient was 
1.52, and she had a median PFS of 57.4 months. (F–J): A 30-year-old female patient with HR+/HER2- MBC underwent 18F-FDG PET/CT scan (F, maximum intensity 
projection image). We detected that the chest wall lesion had the highest 18F-FDG uptake in all metastatic lesions (G, CT image; H, PET image, SUVmax = 15.71), 
whereas right axillary lymph node lesion had the lowest uptake (I, CT image; J, PET image, minimum FDG uptake = 3.79); Therefore, HI of this patient was 4.15, and she 
had a PFS of 5.2 months. 
Abbreviations: HR, hormone receptor, HER2, human epidermal growth factor receptor 2; MBC, metastatic breast cancer; PET/CT; positron emission tomography/ 
computed tomography; 18F-FDG, 18F-fluorodeoxyglucose; SUVmax, maximum standardized uptake value; HI, heterogeneity index, PFS, progression-free survival.
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two studies, however, our study enrolled more patients 
with mTNBC and explored more PET parameters using 
the same PET machine.

Consideration should be given to some limitations 
of this study. First, retrospective research introduced 
unavoidably inherent biases. Selection bias might exist 
in the population. MBC patients in the center might not 
represent the overall distribution of MBC because not 
all of them received PET imaging. Besides, the 
patients’ population was heterogeneous in different 
molecular subtypes and treatment, which might have 
an impact on prognosis. Second, more than half of the 
patients had no metastatic biopsy, and the molecular 
subtype was determined based on the information of 
receptor status obtained from the biopsy of primary 
tumors. Third, cut-off values based on medians have 
not been validated or used in other studies.

Despite the above limitations, this study explored the 
predictive value of different PET-derived parameters in 
metastatic treatment-naive MBC stratified by different 
molecular subtypes and De novo stage IV.

Conclusion
In MBC patients without receiving first-line treatment, 
pretreatment PET parameters (SUVmax, SUVmean, 
MTV, TLG, as well as HI) are statistically significant 
prognostic variables. However, predictive PET para
meters might be different in patients with MBC strati
fied by De novo stage IV and different molecular 
subtypes.
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