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Abstract
Purpose  Triple negative breast cancer (TNBC) is an aggressive subtype, still with limited therapeutic options. [18F]FDG 
PET/CT is widely used in TNBC, but evidence regarding its prognostic value remains limited. The TRINE PET study, pro-
moted by the Italian Association of Nuclear Medicine, aimed to evaluate the prognostic relevance and clinical impact of [18F]
FDG PET/CT in a large real world TNBC cohort.
Methods  This retrospective multicenter study included 389 TNBC patients who underwent 707 [18F]FDG PET/CT scans 
across 23 Italian Nuclear Medicine Units. Clinical settings were baseline staging (n = 257 patients), post neoadjuvant che-
motherapy (n = 111 patients), suspected recurrence (n = 144 patients), and advanced metastatic disease (n = 195 patients). 
Progression free survival (PFS) and overall survival (OS) were assessed using Kaplan–Meier and Cox regression analyses. 
The influence of [18F]FDG PET/CT on clinical management was evaluated across all settings.
Results  During a median follow up of 34 months (1–124), disease progression and death occurred in 39.3% and 28.4% of 
cases, respectively. Across all clinical settings, nodal and distant metastatic involvement at [18F]FDG PET/CT was strongly 
associated with worse PFS and OS (all p < 0.001). In multivariate analysis, distant metastases at [18F]FDG PET/CT resulted 
the strongest independent predictor of OS (HR 9.42, 95% CI 3.74–23.75) and PFS (HR 6.57, 95% CI 3.05–14.12), while 
Ki67 and [18F]FDG uptake at primary tumor did not. [18F]FDG PET/CT findings led to a change in clinical management in 
20.8% of all scans, with the highest impact in the advanced metastatic setting (34.9%).
Conclusion  In the largest real world multicenter study dedicated to TNBC, [18F]FDG PET/CT demonstrated robust prog-
nostic value across all disease settings. PET detected metastatic involvement emerged as the most powerful predictor of sur-
vival; moreover, [18F]FDG PET/CT influenced therapeutic decision in all settings of disease, reaching one in three scans in 
the advanced metastatic disease. These findings support the systematic integration of [18F]FDG PET/CT into the diagnostic 
pathways of TNBC.
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Introduction

Breast cancer (BC) is a highly prevalent disease. Accord-
ing to the most recent updates in the literature, its inci-
dence continues to rise, with more than 2.3 million new 
cases reported globally each year and approximately 
55,000 in Italy [1–3]. According to the St. Gallen clas-
sification, BC can be divided into five molecular subtypes 
based on the expression of hormone receptors (e.g. estro-
gen and progesterone), human epidermal growth fac-
tor receptor 2 (HER2), and the proliferative index [4]. 
Although the literature has long reported that the differ-
ent molecular subtypes of breast cancer exhibit markedly 
different avidity on 2-deoxy-2-[18F]fluoro-D-glucose 
([18F]FDG) Positron Emission Tomography/Computed 
Tomography (PET/CT), many studies still present results 
derived from mixed cohorts of BC patients [5]. The find-
ings remain highly heterogeneous, and current clinical 
guidelines do not differentiate the indications for [18F]
FDG PET/CT according to the various molecular sub-
types of BC.

Triple-negative breast cancer (TNBC) remains a highly 
challenging disease, characterized by elevated mortality 
rates in patients with metastatic spread, with only mod-
est improvements observed despite the introduction of 
novel treatments [6]. To ensure timely and effective treat-
ment decisions, reliable imaging modalities play a pivotal 
role. In this context, [18F]FDG PET/CT has been increas-
ingly adopted due to the typically high [18F]FDG avidity of 
TNBC, both in the primary tumor and in metastatic lesions 
[5, 7]. However, according to a recent systematic review of 
the literature, only preliminary data are currently available 
regarding the correlation between [18F]FDG PET/CT find-
ings and patients’ survival outcomes [7].

Therefore, in 2023, the Italian Association of Nuclear 
Medicine, Molecular Imaging and Therapy (AIMN) pro-
moted a large real-world multicenter study, named TRIple 
NEgative (TRINE)-PET, aimed at collecting data on the 
prognostic relevance and impact on clinical management of 
[18F]FDG PET/CT in TNBC patients. Herein, we present 
the results of the study.

Material and methods

The TRINE-PET trial is a retrospective real-world, mul-
ticenter, observational, non-profit study. Overall, 23 Ital-
ian Nuclear Medicine Units participated in the study and 
collected data regarding TNBC patients undergoing [18F]
FDG PET/CT up to December 31, 2024. The full details 
of the study protocol were recently published in a dedi-
cated paper [8].

Endpoints

The primary objective of the study is to evaluate the prognostic 
value of [18F]FDG PET/CT in patients with TNBC in four set-
tings of disease, such as baseline, post-neoadjuvant chemother-
apy (NAC), restaging for suspected recurrence and restaging 
in advanced metastatic setting, focusing on survival outcomes, 
both progression-free survival (PFS) and overall survival (OS).

The secondary objective is to assess how [18F]FDG PET/
CT influences therapeutic decision-making across various 
disease settings. A change in management was defined as 
the occurrence of at least one of the following: (a) cancel-
lation of surgery in patients initially considered eligible; 
(b) initiation of a new line of therapy; or (c) modification 
of the ongoing treatment, including its discontinuation and 
replacement with an alternative regimen.

Harmonization and quality control

To minimize inter-center variability and ensure a consistent 
enrollment process, the participating centers held prelimi-
nary video-conference meetings to agree on shared criteria 
for patient inclusion and data collection. Specifically, only 
patients who had undergone [18F]FDG PET/CT scans of opti-
mal diagnostic quality were included, and acquisition timing 
as well as administered activity were required to comply with 
the standard EANM recommendations for [18F]FDG imaging 
[9]. In addition, as specified in the previously published pro-
tocol [8], SUVmean values of the mediastinal blood pool and 
liver were collected for each scan by drawing circular vol-
umes of interest of 1 cm and 3 cm in diameter, respectively. 
These reference measurements were centrally reviewed in 
consensus by three investigators (LE, LF, and LU) to iden-
tify any potential outliers. Since no outliers were detected, the 
full cohort was retained for statistical analysis, and SUVmax 
from the entire population was included in the final analyses.

Statistical analysis

A descriptive statistical analysis was performed to summa-
rize the baseline characteristics of the study population. Cat-
egorical variables were reported as absolute frequencies and 
percentages, whereas continuous variables were expressed as 
mean ± standard deviation (SD) when normally distributed, 
or as median with range (minimum–maximum values), when 
appropriate. Lesion positivity was established based on the 
visual interpretation documented in the clinical report of the 
nuclear medicine physician at each center, in order to preserve 
the real-world nature of the study. Physicians were unaware 
of the patients’ clinical outcomes when reporting.

For the analysis of the primary endpoint, time-to-event 
data were evaluated using Kaplan–Meier survival curves to 
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estimate the probability of event-free survival over time. Dif-
ferences between survival curves were assessed using the log-
rank test. To identify potential predictors associated with the 
primary endpoint, both univariate and multivariate analyses 
were conducted using Cox proportional hazards regression 
models. Variables with potential clinical relevance or statisti-
cal significance in the univariate analysis were included in the 
multivariate model to obtain adjusted hazard ratios (HRs) with 
corresponding 95% confidence intervals (CIs).

For the secondary endpoint, comparisons between categor-
ical variables were performed using the chi-square (χ2) test 
based on a 2 × 2 contingency table. When necessary, appropri-
ate corrections were applied according to standard statistical 
assumptions. A two-tailed p-value of less than 0.05 was con-
sidered statistically significant. All statistical analyses were 
performed using MedCalc® software for Windows, version 
23.3.7 (MedCalc Software Ltd., Ostend, Belgium).

Results

A total of 707 [18F]FDG PET/CT scans from 389 patients with 
TNBC were collected. The individual contribution of each 
participating center is reported in Supplementary Fig. 1.

Table 1 summarizes the characteristics of the study popula-
tion based on a per-scan analysis. The distribution of patients 
across the four clinical settings was as follows: 257 (36.4%) 
underwent baseline staging, 111 (15.7%) were evaluated after 
NAC, 144 (20.4%) underwent restaging for suspected recur-
rence, and 195 (27.5%) were assessed in the advanced meta-
static setting. Overall, the primary tumor or a local relapse was 
detected in 345 scans (48.8%), whereas lymph node and distant 
metastases were identified in 284 (40.2%) and 181 (25.6%) 
scans, respectively. At baseline, PET/CT most frequently 
detected the primary tumor (91.1%) and regional lymph nodes 
(50.6%), while distant metastases were uncommon (6.6%). 
Following NAC, positivity for all parameters decreased, par-
ticularly for primary tumors (39.6%) and lymph node metas-
tases at PET/CT (23.4%), with distant metastases remaining 
low (11.7%). In the recurrence setting, PET/CT showed lower 
breast recurrence detection (18.1%) but higher rates of meta-
static disease, with nodal involvement in 37.5% and distant 
metastases in 41.7% of patients. Finally, in advanced disease, 
PET/CT findings were dominated by metastatic spread rather 
than local recurrence (21%), with distant metastases detected 
in 46.7% and nodal disease in 37.9% (Supplementary Table 1).

[18F]FDG PET/CT and survival analysis

During a median follow-up of 34 (1–124) months, disease 
progression and death occurred in 278 (39.3%) and 201 
(28.4%) cases, respectively. As shown in Table 2, positive 

PET/CT findings were consistently associated with sig-
nificantly higher rates of disease progression and poorer 
survival across all clinical settings examined (baseline, post-
neoadjuvant, recurrence, and advanced metastatic). In each 
cohort, patients with progression and those who did not sur-
vive showed a markedly higher proportion of PET positivity 
compared with patients without progression and survivors. 
Conversely, negative PET/CT findings were more frequent 
among patients with favorable outcomes. All associations 
were statistically significant (p < 0.05, most p < 0.001).

In all four clinical settings, the presence of lymph node 
metastases at [18F]FDG PET/CT was consistently asso-
ciated with worse outcomes (Figs.  1 and 2). Specifically, 
lymph node involvement correlated with a significantly 

Table 1  Characteristics of the population for all scans and in each set-
ting of disease
Variables Setting of disease

Baseline
(n = 257)

Post-NAC
(n = 111)

Recurrence
(n = 144)

Advanced 
disease
(n = 195)

Distribution in 
percentage

36.4% 15.7% 20.4% 27.5%

Median age 
(range), year

51 (27–85) 48 (27–86) 55 (33–93) 54 
(27–84)

Comorbidities, n (%)
  No 206 (80.2%) 98 

(88.3%)
121 (84%) 170 

(87.2%)
  Yes 34 (13.2%) 7 (6.3%) 17 (11.8%) 19 (9.7%)
  Unknown 17 (6.6%) 6 (5.4%) 6 (4.2%) 6 (3.1%)
Histopathological grade, n (%)
  G1 1 (0.4%) 0 0 0
  G2 26 (10.1%) 4 (3.6%) 24 (16.7%) 24 

(12.3%)
  G3 213 (82.9%) 95 

(85.6%)
116 
(80.5%)

155 
(79.5%)

  Unknown 17 (6.6%) 12 
(10.8%)

4 (2.8%) 16 (8.2%)

  Median Ki67 
(range), %

32 (10–98) 15 (10–95) 20 (10–90) 30 
(10–90)

Histopathological type, n (%)
  NST 210 (81.7%) 91 (82%) 129 

(89.6%)
167 
(86.1%)

  Lobular 6 (2.3%) 2 (1.8%) 4 (2.8%) 6 (3.1%)
  Ductal + lobu-
lar

3 (1.2%) 0 1 (0.7%) 1 (0.5%)

  Papillary 2 (0.8%) 0 0 0
  Unknown 36 (14%) 18 

(16.2%)
10 (6.9%) 20 

(10.3%)
Family history of BC, n (%)
  No 157 (61.1%) 68 

(61.3%)
88 (61.1%) 134 

(68.7%)
  Yes 82 (31.9%) 34 

(30.6%)
42 (29.2%) 47 

(24.1%)
  Unknown 18 (7%) 9 (8.1%) 14 (9.7%) 14 (7.2%)
BC breast cancer, NAC neoadjuvant chemotherapy, NST no special 
type



1 3

European Journal of Nuclear Medicine and Molecular Imaging

higher risk of disease progression (all p < 0.001 for baseline, 
post-NAC, suspected recurrence, and advanced metastatic 
setting). Similarly, lymph node metastases were also linked 
to a significantly increased risk of death across all settings 
(all p < 0.001).

Similarly, a comparable prognostic stratification emerged 
in the presence of distant metastases on [18F]FDG PET/
CT (Figs. 3 and 4). Across all four clinical settings, distant 
metastatic involvement was strongly associated with an 
increased risk of both disease progression (all p < 0.001) and 
death (all p < 0.001).

PET positivity was consistently associated with infe-
rior PFS across all clinical settings, with stronger effects 
observed for metastatic than nodal findings. At baseline, 
PET-detected lymph node (N-PET) and metastatic disease 
(M-PET) were associated with increased risk of progression 
(HR 2.92, 95% CI 1.68–5.10 and HR 6.32, 95% CI 3.41–
11.73, respectively). Similar associations were observed in 
the post-NAC setting, in advanced disease, and at recur-
rence. In contrast, PET positivity showed limited prognostic 
value for OS. N-PET status was not significantly associated 
with OS in any setting. Positive M-PET findings were asso-
ciated with worse OS only in advanced disease. Overall, 
metastatic PET positivity emerged as the strongest predictor 
of disease progression, particularly in the post-NAC setting 
(Table 3).

Univariable and multivariable analyses

Univariable and multivariable Cox regression analyses 
across the different clinical settings consistently identified 
PET-detected metastatic disease (M-PET positivity) as the 
strongest predictor of progression-free survival (PFS) (Sup-
plementary Table  2). At baseline, both N-PET positivity 
(HR 2.14, 95% CI 1.16–3.94) and M-PET positivity (HR 
5.62, 95% CI 2.81–11.23) independently predicted disease 
progression. Following neoadjuvant chemotherapy (post-
NAC), only M-PET positivity remained independently asso-
ciated with shorter PFS (HR 11.41, 95% CI 3.85–33.75). 
Similarly, in the recurrence setting, M-PET positivity (HR 
3.97, 95% CI 2.29–6.87), together with age, independently 

predicted progression, whereas N-PET positivity lost signif-
icance after adjustment. In patients with advanced disease, 
several factors retained prognostic value for PFS, including 
age, oncologic comorbidities, T-PET positivity, N-PET pos-
itivity, and M-PET positivity (HR 2.91, 95% CI 1.86–4.56), 
with metastatic PET involvement again showing the stron-
gest association with disease progression. In contrast, PET 
findings were generally not associated with OS in the base-
line, post-NAC, and recurrence settings. The only exception 
was the advanced disease cohort, in which M-PET positiv-
ity independently predicted worse OS (HR 1.81, 95% CI 
1.02–3.21), together with older age and T-PET positivity.

In the entire population, independent of the clinical set-
ting (adjusted model), a multivariate Cox proportional haz-
ards analysis was performed including age, Ki67, SUVmax 
of the primary tumor, nodal status at PET/CT and metastatic 
status at PET/CT. The presence of PET-detected distant 
metastases was the strongest independent prognostic factor 
for OS (HR 9.42, 95% CI 3.74–23.75, p < 0.001). PET-pos-
itive nodal involvement was also independently associated 
with worse OS (HR 6.35, 95% CI 2.05–19.69, p = 0.001). 
Age showed a borderline association with OS (HR 1.03 per 
year increase, 95% CI 0.99–1.06, p = 0.061), while Ki67 
and SUVmax of the primary tumor were not significantly 
associated with OS. Similarly, a positive metastatic status 
at PET independently predicted shorter PFS (HR 6.57, 95% 
CI 3.05–14.12, p < 0.001), as did positive-PET lymph node 
disease (HR 2.66, 95% CI 1.45–4.88, p = 0.002). Age was 
modestly but significantly associated with PFS (HR 1.02 per 
year, 95% CI 1.00–1.04, p = 0.034). Ki67 and SUVmax of 
the primary tumor were not independently associated with 
PFS (Table 4). Nevertheless, given the limited number of 
events in some clinical-setting subgroups, subgroup-specific 
multivariable estimates should be interpreted with caution.

[18F]FDG PET/CT impact on change of management

Overall, a change in clinical management was documented 
after 147 [18F]FDG PET/CT scans (20.8%). The impact 
of [18F]FDG PET/CT on determining changes in clini-
cal management was significant across all clinical settings 

Table 2  Distribution of [18F]FDG PET/CT results (only for lymph node and distant positivity) and outcomes
Setting, n pts Progression, n. scans PET/CT findings p-value Death, n scans PET/CT findings p-value

Negative Positive Negative Positive
Baseline, 257 Yes, 64 15 (23%) 49 (77%)  < 0.001 Yes, 32 3 (9%) 29 (91%)  < 0.001

No, 193 109 (56%) 84 (44%) No, 225 121 (54%) 104 (46%)
Post-Neoadjuvant setting, 111 Yes, 33 9 (26%) 24 (74%)  = 0.03 Yes, 22 5 (23%) 17 (77%)  = 0.03

No, 78 40 (51%) 38 (49%) No, 89 44 (44%) 45 (56%)
Recurrence of disease, 144 Yes, 70 11 (16%) 59 (84%)  < 0.001 Yes, 55 7 (13%) 48 (87%)  < 0.001

No, 74 39 (53%) 35 (47%) No, 89 43 (48%) 46 (52%)
Advanced metastatic setting, 195 Yes, 111 23 (21%) 88 (79%)  < 0.001 No, 92 16 (17.4%) 76 (82.6%)  < 0.001

No, 84 48 (57%) 36 (43%) Yes, 103 55 (53%) 48 (47%)
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investigated, although heterogeneous (Fig.  5; Table S3). 
An increasing proportion of management changes was 
observed as patients progressed to more advanced stages of 
disease. In particular, the highest percentage was observed 

in the advanced metastatic setting (34.9%). At baseline, 
[18F]FDG PET/CT findings led to a change in management 
in 8.6% of patients (n = 22/257). Management changes were 
significantly associated with both lymph node metastasis 

Fig. 1  N-PET and progression-free survival (PFS) across clinical set-
tings. Kaplan–Meier curves showing PFS according to nodal status on 
[18F]FDG PET/CT (N-PET positive vs negative) in four clinical sce-
narios: baseline staging, post-NAC, recurrence, and advanced meta-

static disease. In all panels, PET-positive nodal involvement was asso-
ciated with significantly shorter PFS (log-rank p < 0.001). Numbers at 
risk are reported below each plot
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Fig.  2  N-PET and overall survival (OS) across clinical settings. 
Kaplan–Meier curves showing OS according to nodal status on 
[18F]FDG PET/CT (N-PET positive vs negative) in baseline, post-

NAC, recurrence, and advanced metastatic settings. PET-positive 
nodal involvement consistently correlated with worse OS (log-rank 
p < 0.001). Numbers at risk are reported below each plot
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Fig. 3  M-PET and progression-free survival (PFS) across clinical set-
tings. Kaplan–Meier curves showing PFS according to metastatic sta-
tus on [18F]FDG PET/CT (M-PET positive vs negative) in baseline, 
post-NAC, recurrence, and advanced metastatic settings. PET-positive 

distant metastases were associated with markedly reduced PFS in all 
scenarios (log-rank p < 0.001). Numbers at risk are reported below 
each plot
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Fig.  4  M-PET and overall survival (OS) across clinical settings. 
Kaplan–Meier curves showing OS according to metastatic status on 
[18F]FDG PET/CT (M-PET positive vs negative) in baseline, post-
NAC, recurrence, and advanced metastatic settings. PET-positive 

metastatic disease was associated with significantly worse OS across 
all clinical scenarios (log-rank p < 0.001). Numbers at risk are reported 
below each plot
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(73% vs. 49% in those without change, p < 0.05) and distant 
metastasis (36% vs. 4%, P < 0.001). Following neoadjuvant 
chemotherapy (post-NAC), management was altered in 
13.5% of cases (n = 15/111). While lymph node metastasis 
rates did not differ significantly between groups (27% vs. 
23%, p = NS), distant metastasis remained strongly asso-
ciated with management change (40% vs. 7%, p < 0.001). 
At recurrence, management changes occurred in 29.2% of 
patients (n = 42/144). These changes were significantly asso-
ciated with lymph node metastasis (50% vs. 32%, p < 0.05), 
whereas the presence of distant metastasis was not signifi-
cantly different between groups (52% vs. 37%, p = NS). In 
advanced metastatic disease, [18F]FDG PET/CT influenced 

management decisions in 34.9% of patients (n = 68/195). 
Both lymph node metastasis (63% vs. 24%, p < 0.001) and 
distant metastasis (75% vs. 31%, p < 0.001) were signifi-
cantly more frequent among patients whose management 
was changed.

Discussion

This large multicenter study provides robust real-world evi-
dence supporting the pivotal role of [18F]FDG PET/CT in 
the management of TNBC. Across all clinical settings eval-
uated—baseline staging, post-neoadjuvant chemotherapy, 
restaging for suspected recurrence, and advanced metastatic 
disease—[18F]FDG PET/CT consistently demonstrated a 
strong prognostic relevance. This aligns with previous evi-
dence showing that TNBC exhibits markedly elevated glu-
cose metabolism compared with other BC subtypes [5, 7]. 
The high metabolic activity typical of TNBC translates into 
excellent detectability on PET/CT, making it a valuable tool 
throughout the patient’s natural history of disease and strati-
fying patients according to their prognosis.

At baseline, [18F]FDG PET/CT identified the primary 
tumor in more than 90% of cases, confirming its high detec-
tion rate not only for nodal and distant staging but also for the 
primary tumor assessment. This is particularly relevant given 
that current guidelines do not differentiate [18F]FDG PET/CT 
indications based on molecular subtype [10], despite accumu-
lating evidence that TNBC benefits disproportionately from 
metabolic imaging due to its high [18F]FDG avidity [5]. The 

Table 3  [18F]FDG-PET prognostic value across all clinical settings
Clinical setting PET site Outcome N pts Median 

value (nega-
tive scan)

Median 
value 
(positive 
scan)

12-mo 
survival 
(negative 
scan)

12-mo 
survival 
(positive 
scan)

HR (positive 
vs negative)

95% CI 
low

95% 
CI 
high

Baseline N_PET PFS 257 inf 112,67 0,97 0,88 2,923 1,677 5,095
Baseline N_PET OS 257 48,97 51,27 0,98 0,96 0,908 0,698 1,182
Baseline M_PET PFS 257 122,03 24,73 0,94 0,71 6,324 3,409 11,730
Baseline M_PET OS 257 48,97 63,90 0,97 1,00 0,717 0,295 1,744
post NAC N_PET PFS 111 107,47 34,60 0,91 0,65 4,790 2,387 9,610
post NAC N_PET OS 111 42,67 50,47 0,98 1,00 0,820 0,434 1,549
post NAC M_PET PFS 111 107,47 6,87 0,94 0,15 20,124 8,969 45,151
post NAC M_PET OS 111 43,70 inf 0,99 0,92 1,013 0,247 4,159
Recurrence N_PET PFS 144 67,90 26,17 0,84 0,65 2,236 1,396 3,582
Recurrence N_PET OS 144 46,37 49,30 0,96 0,92 1,066 0,664 1,713
Recurrence M_PET PFS 144 67,90 12,67 0,94 0,53 4,362 2,663 7,144
Recurrence M_PET OS 144 40,07 65,23 0,95 0,94 0,486 0,276 0,856
Advanced disease N_PET PFS 195 39,27 13,97 0,74 0,54 2,231 1,527 3,261
Advanced disease N_PET OS 195 41,87 37,20 0,95 0,84 1,223 0,781 1,915
Advanced disease M_PET PFS 195 inf 8,40 0,86 0,44 4,202 2,814 6,277
Advanced disease M_PET OS 195 50,00 30,23 0,95 0,86 2,905 1,771 4,764
NAC neoadjuvant chemotherapy, N lymph node, M metastasis, PFS progression free survival, OS overall survival, HR hazard ratio, CI confi-
dence interval

Table 4  Multivariable analysis for OS and PFS, adjusted for all set-
tings of disease
Variable OS HR (95% CI) p-value PFS HR 

(95% CI)
p-value

Age (per year) 1.03 (0.99–1.06) 0.061 1.02 
(1.00–1.04)

0.034

Ki67 1.01 (1.00–1.03) 0.136 0.99 
(0.98–1.01)

0.318

T_SUVmax 0.97 (0.91–1.03) 0.317 0.97 
(0.93–1.01)

0.130

N_PET 
(N + vs. N-)

6.35 (2.05–19.69) 0.001 2.66 
(1.45–4.88)

0.002

M_ PET 
(M + vs. M-)

9.42 (3.74–23.75)  < 0.001 6.57 (3.05–
14.12)

 < 0.001

OS overall survival, HR hazard ratio, CI confidence interval, PFS 
progression free survival, T primary tumor or breast recurrence; 
SUVmax maximum standardized uptake value, N Nodal metastasis, 
M distant metastasis, N + positive nodal metastasis, M +positive dis-
tant metastasis
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ability to accurately characterize the primary tumor, detect 
nodal involvement, and identify distant metastases supports 
the integration of [18F]FDG PET/CT into the initial staging 
of TNBC [11]. After NAC, [18F]FDG PET/CT emerges as a 
pivotal imaging modality, capable of extending the field of 
view beyond breast MRI, which remains the gold standard 
for assessing local response to treatment [12]. According to 
our data, [18F]FDG PET/CT findings can identify patients 
at higher risk of progression and death during follow-up, 
thereby informing treatment escalation or de-escalation strat-
egies [13, 14]. In patients undergoing restaging for suspected 
recurrence, [18F]FDG PET/CT demonstrated an excellent 
detection rate in identifying the site of relapse, including local 
recurrence, nodal involvement, and distant metastases. This 
is particularly important in TNBC, where recurrences tend to 
occur early and with aggressive patterns [6]. The ability of 
[18F]FDG PET/CT to rapidly and accurately localize disease 
allows timely therapeutic intervention, which is crucial in a 
subtype with limited therapeutic windows, thus reinforcing 
its prognostic role.

One of the most compelling findings of the TRINE-PET 
study is the consistent association between [18F]FDG PET 
positivity—both nodal (N +) and metastatic (M +)—and 

survival outcomes across all clinical settings. In every phase 
of disease, the presence of PET-detected N + or M + disease 
correlated significantly with both PFS and OS. This uniform 
prognostic signal suggests that [18F]FDG PET/CT findings 
function as a reliable prognostic stratified tool in TNBC, 
capturing clinically meaningful disease burden.

Across clinical settings, PET-detected metastatic disease 
emerged as the most consistent predictor of disease progres-
sion, retaining independent prognostic significance in base-
line, post-NAC, recurrent, and advanced disease cohorts. 
These findings suggest that PET positivity may primarily 
reflect the risk of progression rather than mortality, as sig-
nificant associations with OS were generally not observed. 
This may be partly attributable to the limited number 
of death events, the availability of effective subsequent 
therapies, and the relatively favorable survival outcomes 
observed in several cohorts. Notably, the prognostic impact 
of M-PET positivity was particularly pronounced following 
neoadjuvant chemotherapy, supporting the potential value 
of post-treatment PET assessment for identifying patients at 
increased risk of early relapse. In the recurrence setting, the 
unexpected inverse association between M-PET positivity 
and OS should be interpreted cautiously, as it may reflect 

Fig.  5  Change of management based on [18F]FDG PET/CT results 
across clinical settings. Stacked bar chart showing the proportion of 
patients whose management changed following [18F]FDG PET/CT in 
four clinical scenarios: baseline staging, post-NAC, recurrence, and 

advanced metastatic disease. The percentage of management changes 
increased progressively with disease stage, reaching the highest impact 
in the metastatic setting (34.9%). Percentages for each category are 
displayed within the bars
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residual confounding, treatment-related factors, or limited 
statistical power. In contrast, in advanced disease, PET find-
ings, particularly M-PET positivity, were associated with 
both PFS and OS, suggesting that PET-derived measures 
may provide incremental prognostic information beyond 
conventional clinical factors and could contribute to patient 
risk stratification.

Conversely, SUVmax of the primary tumor and Ki67 
did not show independent prognostic value, consistent with 
prior evidence that disease extent, rather than primary tumor 
biology, is the dominant determinant of prognosis in TNBC 
[5, 15]. Although expected, our experience is the first to 
report the prognostic significance of [18F]FDG PET/CT in 
a large-cohort real-world experience. A few papers reported 
the prognostic relevance of [18F]FDG PET/CT in luminal 
breast cancer [16] and also in TNBC [17–20]. Kim et al. 
[20] reported that the metabolic and volumetric parameters 
of lymph node metastases at baseline were significant pre-
dictors of postoperative recurrence. Although our study 
did not specifically evaluate metabolic or volumetric PET 
parameters, our findings confirm the prognostic relevance of 
detecting lymph node metastases at baseline, demonstrating 
a clear association with both reduced PFS and OS. Similar 
results have also been reported by Bouron et al. [17]. Again, 
in the baseline setting, the authors report that lymph node 
involvement detected by [18F]FDG PET/CT was associated 
with lower PFS at multivariate analysis, in consistence with 
our data. However, they observed that only volumetric PET 
parameters at baseline were prognostically relevant for pre-
dicting OS. In contrast, our data demonstrated a strong asso-
ciation between metastatic disease detected at baseline [18F]
FDG PET/CT and OS, likely attributable to the substan-
tially larger sample size of our cohort (257 vs. 111 patients, 
respectively in our and Bouron’s study; [17]). Finally, in the 
metastatic setting, Marinelli et al. [19] found high metabolic 
tumor volume (MTV) as a strong predictor of shorter OS. 
Again, although quantitative PET parameters were beyond 
the scope of our analysis due to the large number of partici-
pating institutions and the resulting variability in acquisition 
protocols, we found a strong correlation between [18F]FDG 
PET/CT–detected lymph node and distant metastases and 
both PFS and OS. These findings suggest that the simple 
presence versus absence of PET-positive disease already 
provides substantial prognostic information, without the 
need for semi-quantitative or volumetric measurements. 
However, the role of quantitative PET parameters in BC 
warrants further investigation using standardized methodol-
ogies or software capable of generating reproducible results, 
in the same way as prostate cancer [18, 21].

Overall, [18F]FDG PET/CT-driven management changes 
were most strongly associated with the detection of distant 
metastases, particularly in the baseline, post-NAC, and 

advanced disease settings, while lymph node metastasis 
showed variable impact across clinical scenarios. A clinically 
meaningful change in management occurred after 20.8% of 
[18F]FDG PET/CT scans. This confirms that [18F]FDG PET/
CT not only provides diagnostic and prognostic information 
but also directly influences therapeutic decision-making in 
1 patient out of 5. Changes included cancellation of planned 
surgery at baseline and after NAC—primarily due to the 
unexpected detection of distant metastases—while in more 
advanced settings, the identification of metabolically active 
disease led to the initiation of new systemic therapies, or the 
discontinuation and replacement of ineffective treatments, 
thereby actively guiding oncologists in critical therapeutic 
choices. Of note, the highest impact in changing manage-
ment was observed in the metastatic setting (34.9%), with 
a progressive percentage increase from baseline to meta-
static disease, following the natural history of TNBC pro-
gression. This stepwise rise reflects the increasing clinical 
complexity and therapeutic vulnerability of patients as the 
disease advances: while early-stage [18F]FDG PET/CT 
findings may refine staging or modify surgical planning, 
in the metastatic phase [18F]FDG PET/CT becomes a deci-
sive tool, frequently uncovering additional sites of disease 
and prompting immediate therapeutic adjustments in more 
than 1 patient out of 3. These findings align with previous 
smaller studies reporting that [18F]FDG PET/CT frequently 
alters management in high-risk BC patients [22–26], but 
TRINE-PET is the first to quantify this effect specifically in 
TNBC on a national scale.

The strengths of this study include its large sample size, 
multicenter design, and real-world nature, which enhance 
generalizability. The inclusion of four distinct clinical set-
tings provides a comprehensive overview of the role of [18F]
FDG PET/CT across the entire disease continuum. Limita-
tions include the retrospective design and the lack of stan-
dardized PET acquisition protocols across centers, although 
this variability reflects real-world practice. Additionally, 
advanced PET metrics such as MTV or total lesion glycoly-
sis (TLG) were not evaluated and may warrant investigation 
in future prospective studies. An additional limitation is that 
the specific nature of PET/CT-driven management changes 
(e.g., treatment escalation, treatment modification, or can-
cellation of planned interventions) was not systematically 
captured, limiting a more detailed assessment of the clinical 
impact of PET/CT findings.

The TRINE-PET study provides compelling evidence 
that [18F]FDG PET/CT should be considered a central imag-
ing modality in TNBC. Its ability to stratify prognosis and 
influence clinical management supports a more systematic 
integration into diagnostic and therapeutic pathways. Future 
research should explore the integration of PET-based bio-
markers with molecular and genomic data, as well as the 
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potential role of radiomics and artificial intelligence to fur-
ther refine prognostic models and guide personalized treat-
ment strategies in patients with TNBC.

Conclusion

In the largest real-world multicenter study dedicated to 
TNBC, [18F]FDG PET/CT demonstrated excellent prognos-
tic value, and a substantial impact on clinical management 
across all disease settings. PET-detected nodal and meta-
static involvement emerged as the most powerful predictors 
of survival, underscoring the importance of metabolic imag-
ing in this aggressive BC subtype. These findings support 
the broader adoption of [18F]FDG PET/CT as a key compo-
nent of the clinical pathway in TNBC.
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