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Background: optimal imaging intervals for patients with hormone receptor-positive/HER2-negative metastatic
breast cancer (MBC) remains undefined. Aim of this study was to analyze the temporal patterns of disease
progression to identify high risk subgroups that may benefit from intensified monitoring.

Methods: we analyzed 149 hormone receptor-positive/HER2-negative MBC patients prospectively enrolled in the
MAGNETIC.1 trial (NCT05814224) and treated with first line endocrine therapy. Hazard rates (HR) for disease
progression were determined according to clinico-pathological and liquid biopsy features.

Results: in the overall population, two distinct progression-risk peaks emerged at 2-3 months (32.9/1000 person-
months) and at 24 months (28.0/1000). Higher risk of progression was observed in lobular carcinoma (61.1) [HR
61.12 per 1000 person month (pm)], progesterone receptor-negative status (HR 39.07), fulvestrant-based
treatment (HR 46.88), liver metastases (HR 59.00), and presence of > 3 metastatic sites (HR 40.10).
Conclusions: Hazard distribution in hormone receptor-positive/HER2-negative MBC is biphasic and modulated by
readily available clinical variables. High-risk subgroups may benefit from intensified radiologic and liquid-biopsy
surveillance during the first three months and around two years after treatment start.

the disease as “luminal-like” [3]. In particular, according to interna-
tional guidelines, BC is considered as hormone receptor-positive with >

Background

Breast cancer (BC) represents the most common neoplasia diagnosed
in the female population and the leading cause of cancer-related death
worldwide [1]. In about 10% of the cases, BC is diagnosed as de novo
metastatic disease, whilst about 30% of patients initially diagnosed with
early stage BC, will later develop distant metastases [2]. The expression
of estrogen and/or progesterone receptors (ER and PR), evaluated
through immunohistochemistry (IHC) performed on tissue biopsy or on
the surgical sample, is observed in about 70% of the cases and defines

1% of tumor cell nuclei staining ER and/or PR positive [4].

Endocrine therapy (ET) represents the mainstay for the management
of early and metastatic luminal-like BC [5,6]. The combination of ET
with a cyclin-dependent kinase 4 and 6 inhibitor (CDK4/6 inhibitor), is
the current standard first line treatment for luminal-like metastatic BC
(MBC), considering the significant survival benefit reported with this
combination with respect to ET alone [7-9]. In particular, the addition
of palbociclib, ribociclib or abemaciclib to standard ET has determined a
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significant shift in the first line treatment strategy [7-12].

In clinical practice, treatment response is typically monitored
through clinico-radiological assessments, generally programmed at 2-3
month intervals, a schedule largely extrapolated from clinical trials,
rather than individualized patient needs [13].

Currently, monitoring strategies for MBC are not standardized. Time
intervals as well as the imaging modalities for disease re-evaluation are
influenced by different variables, including but not limited to serum
tumor biomarkers, alterations in blood works and signs/symptoms
suggestive of disease progression [13].

The latest ESMO guidelines recommend radiological re-evaluations
every 2 to 4 months during treatment [14]. NCCN guidelines offer
more specific recommendations, suggesting that imaging studies should
be repeated every 2 to 4 treatment cycles for patients undergoing
chemotherapy and/or intravenous targeted therapy, and every 2 to 6
months for patients receiving ET alone or combined to a CDK4/6 in-
hibitor or other kinds of oral targeted therapy [15]. However, a study
from Accordino et al., demonstrated how more than one-third-of pa-
tients diagnosed with MBC undergo more frequent monitoring,
receiving more than four imaging studies per year [16].

To date, no definite clinical or liquid biopsy-based feature seems to
help in defining the optimal timings of imaging schedule.

The aim of this study is to analyze the role of clinical and liquid bi-
opsy (LB) characteristics in patients with hormone receptor-positive/
HER2-negative MBC receiving a first line ET-based therapy to analyze
the different timings of disease progression and thus identify the optimal
intervals for scheduling radiological re-evaluations.

Materials and methods
Study design and population

A cohort of 149 patients was enrolled from January 2018 to January
2023 in the MAGNETIC.1 trial (NCT05814224), a pragmatic multicenter
liquid biopsy-based clinical trial designed to evaluate if circulating
tumor DNA (ctDNA)- detected genetic and epigenetic ESR1 alterations
could be integrated to conventional radiological re-evaluations in
monitoring treatment response.

All patients enrolled in the trial had a histologically proven diagnosis
of hormone receptor-positive HER2-negative breast cancer with radio-
logical evidence of metastatic spreading and received a first line therapy
with either an aromatase inhibitor (AI) or fulvestrant [+ a luteinizing
hormone releasing hormone analogue (LHRHa) if in pre-menopause]
alone or in combination with a CDK4/6 inhibitor according to clinical
practice.

Clinico-pathological characteristics included demographic charac-
teristics, tumor histology, hormone receptor expression, HER2 status,
type of treatment received, number and sites of distant metastases, as
well as liquid biopsy features.

In detail, hormone receptor expression was assessed by IHC with ER
and/or PR-positive disease being defined as >1% of tumor cell nuclei
staining. Metastatic sites included bone, liver, lung, lymph nodes, cen-
tral nervous system (CNS) and other visceral locations and were cate-
gorized as 1, 2 or > 3 according to the baseline disease spreading
assessed by imaging studies at metastatic diagnosis.

Baseline imaging [either computed tomography (CT) scan or posi-
tron emission tomography (PET)] had to be performed up to 28 days
prior to treatment start. The first imaging re-evaluation was performed
after 8 weeks, and the subsequent ones were scheduled every 12 weeks
according to study protocol.

Liquid biopsy (LB) samples were collected at baseline before treat-
ment start. The first interim LB was scheduled after 4 weeks from the
beginning of the therapy. All the subsequent LB were planned in
concomitance to and in between the radiological re-evaluations.
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Circulating cell free DNA extraction and next generation sequencing
(NGS)

Maxwell® RSC ccfDNA plasma kit (Promega) was used for auto-
mated purification of circulating cell-free DNA (ccfDNA) from patients’
plasma. Plasma was obtained by centrifuging whole blood from EDTA
tubes 1X for 10 min at 2000 g and 2X for 10 min at 4000 g. A pre-
established volume of 7ul of DNA from liquid biopsies was used for
subsequent analysis by NGS using an amplicon-based strategy, as pre-
viously described [17,18]. Primers aimed at covering the hotspot mu-
tation regions of human ESR1, PIK3CA, AKT1 and ERBB2 genes were
designed and modified adding specific 5-adapter sequences (Merck). To
prepare the NGS libraries, two consecutive rounds of PCR with Phusion
Hot Start II High- Fidelity DNA Polymerase (Thermo Fisher Scientific)
were performed. First, regions of interest were amplified, then, after a
1:100 dilution from previous round, barcodes (index primers, IDT) were
added to the samples for unique identification. Next, fragments were
purified using Wizard R© SV Gel and PCR Clean-Up System (Promega),
quantified using QuantiFluor® ONE dsDNA System (Promega) and
normalized to 2nM to create the final library. Libraries were then
sequenced using the Miseq sequencing platform (Illumina) at a mini-
mum depth of 5000X. Sequencing data were exported as BAM and VCF
files and analyzed using VariantStudio™ software (Illumina) and Inte-
grative Genomics Viewer (IGV) software, respectively. After quality
checks and filtering, Catalogue of Somatic Mutations in Cancer (COS-
MIC, https://cancer.sanger.ac.uk/cosmic) and International Cancer
Genome Consortium (ICGC, https://dcc.icgc.org/) data portals were
interrogated and variants with possible clinical significance annotated.

Statistical analysis

Clinico-pathological variables were reported through descriptive
analysis.

Hazard rates (HR) were used to characterize the first progression
dynamics. HR in this study were measured monthly. The HR of the first
progression was defined as the conditional probability of progression in
a time interval, given that patients were free of progression at the
beginning of the interval. Time-varying HR were estimated using the
nonparametric method proposed by Rebora et al. which performs a
likelihood-based smoothing in a mixed model framework using the
Poisson structure of the data: the number of events in each increment of
time is modelled as a Poisson-distributed variable whose mean is the
expected number of events [19]. We generated HR estimates of varying
degrees of smoothness: estimates that are less smooth emphasize local
features of the hazard function, whereas smoother estimates emphasize
more global features.

The smoothed hazard and confidence intervals (CI) are presented
graphically. All analyses were conducted in R statistical software version
4.2.3 (2023).

Progression-free survival was defined as the time from first line
treatment start to disease progression or death from any cause.

Ethics
The study was approved by the ethical committee under the CEUR-
2018-Sper-056-CRO-protocol and was carried out in accordance with
Good Clinical Practice guidelines and the Helsinki Declaration.
Before enrolling, all patients provided written informed consent.
Results
Clinico-pathological and LB characteristics of the analyzed cohort
Amongst the 149 enrolled patients, 45 (30%) had de novo MBC and

most cases (101, 68%) were invasive ductal carcinoma (IDC) (Table 1).
Median age at MBC diagnosis was 61 years [interquartile range (IQR)
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Table 1

clinico-pathological and liquid biopsy characteristics of study population.

Variable N° patients (total = 149) Percentage (100%)
Histotype
Lobular 18 12
Ductal 101 68
Missing 30 20
MBC diagnosis
De novo 45 30
Recurrent 81 54
Missing 23 16
ER status
Positive 143 96
Negative 0 0
Missing 6 4
PR status
Negative 32 21
Positive 110 74
Missing 7 5
ET
SERD/SERM 39 26
Al 110 74
Bone
No 39 26
Yes 107 72
Missing 3 2
Node
No 66 44
Yes 80 54
Missing 3 2
Lung
No 109 73
Yes 37 25
Missing 3 2
Liver
No 96 64
Yes 43 29
Missing 10 7
CNS
No 142 95
Yes 4 3
Missing 3 2
N° Metastases
1 21 14
2 76 51
>3 49 33
Missing 3 2
ESR1
Wild Type 116 78
Mutated 8 5
Missing 25 17
PIK3CA
Wild Type 98 66
Mutated 26 17
Missing 25 17
AKT1
Wild Type 118 79
Mutated 6 4
Missing 25 17
ERBB2
Wild Type 119 80
Mutated 5 3
Missing 25 17
CDK4/6i
Palbociclib 59 40
Ribociclib 49 33
Abemaciclib 17 11
No CDK4/6i 24 16
Abbreviations: MBC=metastatic breast cancer; ER=estrogen receptor;

PR=progesterone receptor; ET=endocrine therapy; SERD=selective estrogen
receptor degrader; SERM=selective estrogen receptor modulator; Al=aromatase
inhibitor; CDK4/6i=CDK4/6 inhibitor.
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51-70)].

Most patients (143, 96%) had ER-positive disease, and 32 patients
(21%) had PR-negative disease (Table 1).

Bone was the most common metastatic site (107, 72%), followed by
lymph nodes (80, 54%), liver (43, 29%) and lung (37, 25%) (Table 1).
Only 4 patients (3%) presented central nervous system (CNS) spreading
(Table 1).

Twenty-one patients (14%) had a single metastatic site, while 76
(51%) had 2 metastatic sites and 49 (33%) had metastatic lesions in 3 or
more organs (Table 1).

All patients were treated with a first line therapy encompassing an
endocrine agent. In particular, 110 patients (74%) received an aroma-
tase inhibitor, and 39 patients (26%) received fulvestrant (Fulvestrant).
Out of these 149 patients, only 24 received ET alone in the first line
setting, while 125 received ET in association with a CDK 4/6 inhibitor.
In particular, 59 patients (40%) received ET + palbociclib, 49 (33%)
received ribociclib and 17 (11%) were treated with abemaciclib
(Table 1).

All patients underwent the baseline LB sample collection. At the time
of data cut-off (March 4th, 2025), baseline LB data were available for the
first 134 patients enrolled in the study.

At baseline LB, 8 patients (6%) presented an ESRI mutation, 26
patients (19%) had a PIK3CA mutation, 6 (5%) had an AKT1 mutation
and 5 (4%) harbored an ERBB2 mutation.

Patterns of disease progression in the overall population

Considering the overall patient population, significant temporal
variations in the hazard of disease progression were observed. In
particular, a high risk of disease progression was observed within the
first 2-3 months from treatment start, with a peak hazard rate of 32.85
per 1000-person months (pm) (Fig. 1). This was followed by a gradual
decline in risk up to 18 months, followed by a second peak at 24 months
with a hazard rate of 28.03 per 1000 pm (Fig. 1). Then, another risk
reduction was observed, followed by a potential increase after 40
months of treatment, although the interpretation might be limited by the
dwindling number of patients still at risk during this prolonged period of
follow up (Fig. 1).

Patterns of disease progression according to clinico-pathological and LB
characteristics

Significant differences in hazard rates were noted amongst histo-
logical subtypes, as patients with invasive lobular carcinoma (ILC) had a

substantially higher overall hazard rate compared to those with IDC (HR

All Cohort (n=149)

002 003 004 005 0.06 0.07

Hazard rates of Recurrence

000 0.01

Time

Fig. 1. Smoothed hazard functions for breast cancer progression in all patients.
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61.12 per 1000 pm for ILC versus 22.66 per 1000 pm for IDC) (Table 2).

Notably, PR expression substantially affected the risk of disease
progression. In fact, patients with PR-negative disease presented a
higher risk of disease progression in the first 1-2 months from treatment
start with a peak hazard of 70.55 per 1000 pm. Then, a decline was
noted until 10 months, followed by another peak of risk at about 20
months (41.67 per 1000 pm). Notably, after 35 months of follow up the
hazard rate in PR-negative patients became lower than that of PR-
positive ones (Fig. 2A, 2B). Moreover, the overall HR was higher in
PR-negative cases as compared to the PR-positive ones (HR for PR-
negative 39.07 per 1000 pm versus 23.15 per 1000 pm for PR-
positive) (Table 2).

The type of ET administered deeply impacted upon the progression
risk. In fact, with respect to patients treated with aromatase inhibitors,
those treated with fulvestrant exhibited a higher risk of disease pro-
gression within the first 1-2 months from metastatic diagnosis with a
peak hazard of 71.94 per 1000 pm, followed by a gradual decline over
the subsequent 46 months (Fig. 2C, 2D). Also, overall hazard rates
markedly varied within the two groups (HR for fulvestrant 46.88 per
1000 pm versus 22.26 per 1000 pm for Als) (Table 2).

Instead, with regards to the type of CDK4/6 received in association to

Table 2
Overall Hazard Rate for progression according to prognostic factors.
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ET, abemaciclib was associated with the lowest progression risk, fol-
lowed by ribociclib and palbociclib (HR for abemaciclib 18.26 per 1000
pm versus HR for ribociclib 25.06 per 1000 pm versus HR for palbociclib
28.05 per 1000 pm) (Table 2).

Another relevant determinant of the risk of disease progression was
the number of metastatic sites, as patients with a higher disease burden,
defined by the presence of > 3 metastatic sites, showed a higher risk of
early disease progression at 1-2 months from treatment start with a peak
hazard of 64.62 per 1000 pm, followed by a gradual decrease over the
subsequent months, whilst no clear peak was identified for patients with
1 or 2 metastatic sites (Fig. 2E, 2F). Accordingly, a lower risk of pro-
gression was reported for patients with a single metastatic site (HR
13.16 per 1000 pm) compared to those with two metastatic sites (HR
24.61 per 1000 pm) and to those with >3 metastatic locations (HR 40.10
per 1000 pm) (Table 2).

Patients with liver metastases displayed a sharp 1-2 month hazard
spike (91.34 per 1000 pm), a transient decline by month 18, and a
secondary peak at month 30 (58.64 per 1000 pm) (Fig. 3A, 3B). More-
over, this was the variable associated with the most pronounced increase
in the risk of disease progression amongst all the ones analyzed, with an
overall HR of 59.00 per 1000 pm compared to 19.39 per 1000 pm for

Variable N° patients N° events Total Overall Overall Hazard Rate per 1000 person-months
person-months Hazard Rate

Histotype

Lobular 18 15 245.43 0.061 61.12

Ductal 101 56 2471.49 0.023 22.66

Missing 30

PR status

Negative 32 23 588.75 0.039 39.07

Positive 110 60 2592.31 0.023 23.15

Missing 7

ET

SERD/SERM 39 29 618.58 0.047 46.88

Al 110 59 2650.53 0.022 22.26

Bone

No 39 19 870.65 0.022 21.82

Yes 107 67 2353.47 0.028 28.47

Missing 3

Node

No 66 36 1529.09 0.024 23.54

Yes 80 50 1695.02 0.029 29.50

Missing 3

Lung

No 109 66 2435.06 0.027 27.10

Yes 37 20 789.05 0.025 25.35

Missing 3

Liver

No 96 51 2630.86 0.019 19.39

Yes 43 35 593.25 0.059 59.00

Missing 10

N° Metastases

1 21 7 532.05 0.013 13.16

2 76 46 1869.20 0.025 24.61

>3 49 33 822.87 0.040 40.10

Missing 3

PIK3CA

Wild Type 98 59 2252.64 0.026 26.19

Mutated 26 18 646.33 0.028 27.85

Missing 25

ESR1

Wild Type 116 70 2728.91 0.0257 25.65

Mutated 8 7 170.06 0.0412 41.17

Missing 25

CDK4/6i

Palbociclib 59 42 1497.35 0.028 28.05

Ribociclib 49 27 1077.38 0.025 25.06

Abemaciclib 17 7 383.34 0.018 18.26

Missing 24

Abbreviations: PR=progesterone receptor; ET=endocrine therapy; SERD=selective estrogen receptor degrader; SERM=selective estrogen receptor modulator;

Al=aromatase inhibitor; CDK4/6i=CDK4/6 inhibitor.
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Fig. 2. A-F: Hazard estimates for breast cancer progression stratified according to progestertone receptor status (2A, 2B), type of endocrine therapy (2C, 2D) and

number of metastatic sites (2E, 2F).

Abbreviations: PR=progesterone receptor; ET=endocrine therapy; Al=aromatase inhibitor; SERD=selective estrogen receptor degrader; SERM=selective estrogen

receptor modulator.

patients without liver metastases, thus indicating a three-fold higher risk
(Table 2).

No significant differences in overall hazard rates were noted ac-
cording to other metastatic sites, including bone, lung and lymph nodes
(Fig. 3C-3H).

With regards to LB features, the presence of a PIK3CA mutation at
baseline was associated with a slightly higher risk of disease progression
(HR 28.05 per 1000 pm) compared to PIK3CA wild type (HR 26.19 per
1000 pm) (Table 2). In detail, PIK3CA-mutated cases had a peak hazard
of 52.38 per 1000 pm for disease progression in the first 2 months from
treatment start, followed by a gradual decline with a stable HR of 29.54
per 1000 pm, then decreasing until the end of the follow up. In non-
mutated cases, instead, the risk of disease progression remained con-
stant with slight fluctuations along the observation period (Fig. 4A, 4B).

Finally, although limited by the small sample size, cases with base-
line ESRI mutation presented a higher risk of disease progression (HR
41.17 per 1000 pm) compared to the non-mutated ones (HR 25.65 per
1000 pm) (Table 2). In particular, a higher risk was noted in the first 3-4
months, followed by a progressive decline along the follow up in the
ESR1-mutated group, while the non-mutated cases presented a constant
risk with few oscillations over time (Fig. 4C, 4D).

Discussion

The present study evaluated a cohort of patients with hormone
receptor-positive/HER2-negative MBC treated with first line ET, with
the aim of assessing whether the integration of clinicopathological and
liquid biopsy features could help anticipate the timing of disease
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Fig. 3. A-H: Hazard estimates for breast cancer progression stratified according to metastatic site (liver: 3A, 3B; bone: 3C, 3D; lung 3E, 3F; lymph nodes 3 G, 3H).

progression and improve the scheduling of radiologic reassessments.

Lobular histology was independently associated with an increased
risk of early disease progression compared to ductal histology. A higher
risk was also observed in patients with PR-negative tumors or those
receiving first line fulvestrant. Moreover, liver involvement conferred a
threefold greater risk of progression relative to other metastatic sites.
Finally, a high metastatic burden, with three or more metastatic sites,
was linked to a significantly increased hazard of early progression
compared to involvement of one or two sites.

Consistently, a French retrospective study by Dalenc et al. evaluated
the prognostic role of lobular versus ductal histology in a cohort [20],
showing how patients with ILC presented a significantly worse PFS (HR
1.15, 95% CI 1.07-1-22, p-value<0.0001) and OS (HR 1.31, 95% CI
1.20-1.42, p-value<0.0001) compared to those with IDC, regardless of
hormone receptor and HER2 expression [20]. These unfavorable out-
comes observed for the lobular histology could be related to the higher

odds of metastatic spreading to multiple variable sites including the
peritoneum, the retroperitoneum and abdominal organs [21-23].
Similarly to what observed in our study, also in another work by
Chen et al., patients with ILC had a poorer OS after 5 years from the
diagnosis with respect to patients with IDC and, in particular, patients
with ER-positive but PR-negative ILC were the ones with the worse OS
outcome (p-value<0.0001) [24]. Indeed, the prognostic role of PR
expression is well established. The absence of PR expression has been
associated with more aggressive features including larger tumor size,
presence of lymph node metastasis or distant metastatic spreading and,
consequently, worse survival outcomes [25,26]. Interestingly, our data
showed a lower risk of disease progression in PR-negative cases after 35
months of follow, potentially embodying the cured fraction principle
utilized in BC survival modeling [27]. This concept was further inves-
tigated by Dignam et al., who demonstrated that patients with aggres-
sive tumor characteristics, who survive the initial high-risk period, have
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Fig. 4. A-D: Hazard estimates for breast cancer progression stratified according to PIK3CA mutational status (4A, 4B) and ESR1 mutational status (4C, 4D).

unexpectedly longer long-term survival [28].

We also reported a higher risk of disease progression for patients
treated with fulvestrant compared to those treated with Als. Given that
fulvestrant is typically employed in the first line setting for the treatment
of patients with endocrine resistant disease, this finding could reflect a
more intrinsic aggressiveness of these cases [29].

In clinical trials, response assessments are performed at predefined
intervals—typically every 8 to 12 weeks—according to the study pro-
tocol. In routine clinical practice, however, imaging schedules are less
standardized and generally occur every 2 to 3 treatment cycles, corre-
sponding to intervals of approximately 10 weeks to 3 months. The
timing of these evaluations is often influenced by clinical factors,
including the patient’s overall condition, laboratory abnormalities, or a
sudden increase in tumor-associated serum biomarkers [13].

Currently, there is no evidence supporting the routine use of inten-
sive imaging monitoring in patients with metastatic breast cancer
(MBQ), as this approach has proven neither cost-effective nor beneficial
in terms of quality of life, often increasing patient anxiety [16,30].
Moreover, imaging schedules in clinical practice are not dynamically
tailored to individual clinical features or biomarker profiles. However,
our findings suggest that patients with lobular histology, PR-negative
status, fulvestrant-based treatment, liver metastases, and a high

metastatic burden are at increased risk of early disease progression. In
these high-risk subgroups, a more personalized and intensified moni-
toring strategy may facilitate the early detection of progression and
support timely therapeutic optimization. In this context, the use of
minimally invasive techniques such as liquid biopsy could pave the way
for biomarker-driven surveillance approaches.

In this light, the PADA-1 randomized clinical trial introduced a
biomarker-driven treatment optimization approach to MBC. PADA-1
enrolled patients with hormone receptor-positive/HER2-negative MBC
treated with first line Al in combination with palbociclib, longitudinally
characterized through ctDNA every 2 months to detect emerging ESR1
mutations [31]. Patients with emergent ESRI mutations without evi-
dence of radiological disease progression were randomly assigned to
either switch the ET backbone to fulvestrant or maintain AI [31]. After a
median follow up of almost 35 months, switching the treatment before
the evidence of clinical progression, led to a statistically significant
improvement in median PFS [median PFS 11.0 months (95% CI
9.1-13.6) for patients treated with fulvestrant and palbociclib versus 5.7
months (95% CI 3.9-7.5) with AI and palbociclib group (stratified HR
0.61, 95% CI 0.43-0.86; p-value=0-0040) [31]. Consistently, the
recently published results of the SERENA-6 trial align with this evidence.

In SERENA-6, patients with hormone receptor-positive/HER2-
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negative MBC who had received a first line treatment with an Al plus a
CDK4/6 inhibitor for at least six months underwent ESRI monitoring
through ctDNA assessments every 2 to 3 months—to monitor for ESR1
mutations in ctDNA [32]. Similarly to PADA-1, patients underwent a
ctDNA-guided randomization to either continuing Al or to early switch
to the nex-generation oral SERD camizestrant, leading to a significant
improvement in PFS, with a median PFS of 16.0 months (95% CI,
12.7-18.2) in the group treated with camizestrant group versus 9.2
months (95% CI, 7.2 to 9.5) in the group treated with Als (HR for pro-
gression or death, 0.44; 95% CI, 0.31 to 0.60; p-value<0.0001) [32].

Although both studies demonstrated the potential of ctDNA moni-
toring to support proactive and personalized treatment strategies, their
implementation in real-world settings may require improved coordina-
tion between liquid biopsy sampling and imaging assessments. Notably,
in our experience, a clear second peak of disease progression was
identified at 24 months of follow up, prompting for an integration of
liquid biopsy sampling at this timepoint to anticipate the clinical
outcome. A transition from fixed schedules to risk-adapted strategies is
therefore essential to optimize resource utilization and enhance pa-
tients’ quality of life.

Finally, several limitations should be acknowledged. Although the
study was based on a prospective cohort evaluated using a strict and
homogeneous schedule, the analysis of specific subgroups may have
been limited by small sample sizes, potentially affecting the precision of
the reported hazard estimates. In addition, the decreasing number of
patients remaining on treatment over time may have reduced the reli-
ability of hazard rates during prolonged follow-up, and thus long-term
trends should be interpreted with caution. Furthermore, patients
enrolled in the MAGNETIC.1 trial were managed with a homogeneous
and strictly scheduled imaging follow-up. Although this design maxi-
mized the internal consistency of hazard rate estimates, it might limit
the direct application of these findings to community oncology practice
where surveillance timings are more heterogeneous and often adapted
to different needs, including patients’ clinical conditions and tumor
biomarkers alterations. Additionally, alternative monitoring intervals
could reveal different distributions of progression risk over time,
potentially anticipating or smoothing the peaks described in our paper.
Moreover, beyond imaging- and ctDNA-based approaches, emerging
bioelectronic platforms able to characterize the electrophoretic and
dielectrophoretic behavior of cancer cells could complement this risk-
adapted monitoring framework, further supporting this shift toward
dynamic, patient-tailored monitoring [33].

Conclusions

The present study highlighted how hazard rates of disease progres-
sion in metastatic breast cancer may vary significantly over time and
across distinct clinico-pathological subgroups. Recognizing these tem-
poral dynamics and identifying high-risk patient profiles may support
the development of individualized monitoring strategies. Specifically,
lobular histology, progesterone receptor—negative status, fulvestrant-
based treatment, liver metastases, and a high metastatic burden were
associated with an increased risk of early progression. For patients
presenting these features, an intensified schedule of radiological and
ctDNA assessments could be considered to enable timely therapeutic
interventions, while balancing the need to preserve quality of life.
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