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Abstract.

BACKGROUND: Molecular subtyping of breast cancer cells is increasingly being developed as an initial step in selecting therapy
and predicting the prognosis of breast cancer patients. During breast cancer, the molecular subtype of cancer cells can change. This
study aimed to analyze the relationship between changes in the intrinsic subtype of breast cancer with metastasis and progression-
free survival in breast cancer patients.

METHODS: This was a retrospective cohort study of patients diagnosed with breast cancer from 2016 to 2021. The molecular
subtypes from the immunohistochemical examination results were recorded twice, and metastasis and progression-free survival
(PES) were recorded. The data were analyzed using the chi-square test and SPSS 26.

RESULTS: Of the 44 patients, 19 (43.2%) experienced a change in molecular subtype, and 25 (56.8%) did not. No significant
relationship existed between changes in molecular subtype and metastasis (p = 0.405). No significant relationship existed between
changes in molecular subtype and PFS (p = 0.900). A significant relationship was found between changes in the molecular subtype
and PFS in the patients with changes in the molecular subtype (p = 0.022).

CONCLUSIONS: Changes in the intrinsic subtype were associated with PFS in breast cancer patients. Patients with an intrinsic
subtype that changed to triple-negative showed worse PFS.

Keywords: Breast cancer, metastasis, molecular subtype, progression-free survival

1. Introduction Approximately 2.3 million cases of breast cancer were
diagnosed in 2020, with almost 50% of all cases and
approximately 60% of deaths occurring in developing
countries [1]. In the 2013 St Gallen Consensus, breast
cancer subtypes were grouped into luminal A, luminal
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of therapy to be given and describes each subtype’s
prognosis [2].

Progression-free survival (PFS) is the time elapsed
between randomization and tumor progression or death
from any cause, with the censoring of patients without
events in the last series of lesion measurements verify-
ing the lack of progression [3]. Breast cancer patients
may experience changes in molecular subtypes during
their disease. Little research has analyzed the relation-
ship between the presence or absence of changes in the
intrinsic subtype of breast cancer and metastasis and
PFS.

2. Materials and methods

This was an observational analytical study with a ret-
rospective cohort design. It was conducted on patients
diagnosed with breast cancer from 2016 to 2021 at
Dr. Wahidin Sudirohusodo Hospital and Hasanuddin
University Hospital, Makassar. The inclusion criteria
were women with breast cancer who were undergoing
breast cancer treatment and had received immunohis-
tochemical (IHC) examinations twice. The exclusion
criteria were the absence of complete patient data from
IHC examination results, other types of cancer (e.g.,
ovarian, liver, or lung cancer), and patients who could
not be contacted for follow-up. The data collected were
the presence or absence of changes in the intrinsic
subtype of breast cancer based on the results of THC
examination, metastasis, and PFS.

2.1. Histopathological grading of breast cancer

Histopathological grading is divided into three
groups based on an anatomical pathology examination:
high, moderate, and low. This was determined from the
nuclear pleomorphism, tubular formation, and mitotic
index (based on the Scarff~-Bloom—Richardson modifi-
cation) [4].

2.2. Metastasis breast cancer

Metastases present when breast cancer was first
diagnosed (de novo) were considered metastatic breast
cancer. Breast cancer patients who presented for the
first time with clinical symptoms and radiological signs
of metastasis were investigated by chest X-ray, abdom-
inal ultrasound, abdominal computerized tomography
(CT) scan, thoraco-lumbosacral X-ray, vertebral mag-
netic resonance imaging (MRI), head CT scan, and

brain MRI. The most common locations for breast
cancer metastases are the bones, liver, lungs, and brain.

2.3. The molecular subtype of breast cancer

The molecular subtype classifications used were
triple-negative, HER2, luminal B, and luminal A [5-7].

2.4. Progression-free survival (PFS)

PES is the time between treatment and tumor pro-
gression or death from any cause as a surrogate end-
point for overall survival (OS). A surrogate endpoint
is defined as a biomarker that is intended to replace a
clinical endpoint. In this study, patients were followed
up for 24 months, whether they experienced tumor
progression or death from any cause.

3. Statistical analysis

The data analysis using SPSS version 26 (Armonk,
NY, USA: IBM Corp). The statistical analyses included
the chi-square test. A result was considered significant
if the p-value was <0.05.

4. Results

A total of 44 samples were collected in this study:
19 patients (43.2%) experienced a change in molec-
ular subtype during treatment, and 25 (56.8%) did
not. Most patients were aged 245 years (68.2%), with
histopathology grade 2 (56.8%) and tumor location on
the left (47.7%). No significant differences existed in
age, histopathology, grade, or tumor location between
the group that experienced molecular subtype changes
and whose molecular subtype remained fixed during
treatment (p > 0.05; Table 1).

Most patients did not experience metastases
(54.4%). Most with a changed molecular subtype
experienced metastases (52.6%), whereas most with
a fixed molecular subtype did not (60%). However,
statistical tests showed no significant relationship
between changes in molecular subtype and metastases
(p = 0.405; Table 2).

A relationship between molecular subtype and
metastases existed only in patients with a fixed molec-
ular subtype; metastases occurred more frequently in
patients with the triple-negative molecular subtype.
Patients with the HER-2 molecular subtype were less
likely to experience metastases. However, the statis-
tical tests showed no significant relationship between
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Table 1
Patient characteristics based on changes in molecular subtype
- Molecular subtype Fixed molecular
Characteristic change (1 = 19) subtype (1 = 25) Total p-value
n % n % n %

Age (years)

<45 4 21.1 10 40.0 14 31.8 0.181

245 15 78.9 15 60.0 30 68.2 ’
Histopathological grading

1 3 15.8 4 16.0 7 159

2 8 42.1 17 68.0 25 56.8 0.137

3 8 42.1 4 16.0 12 27.3
Location

Bilateral 2 10.5 1 4.0 3 6.8

Right 9 474 11 44.0 20 455 0.630

Left 8 42.1 13 52.0 21 47.7

Table 2 Table 3
Association between changes in molecular subtype and breast Association between molecular subtypes and breast cancer
cancer metastasis metastases in the fixed molecular subtype group

Molecular Metastases p-value Molecular Metastases p-value

subtype change No Yes Total subtype Yes No Total
(n=20) (n=24) (n=44) (n=20) (n=24) (n=44)
n % n % N % n % n % N %
Changed 10 526 9 474 19 100 0405 HER-2 3 300 7 46.7 10  40.0
Fixed 10 400 15 600 25 100 Luminal A 0 0.0 1 67 1 40 0410
- Luminal B 3 300 5 333 8 320

Note: Chi-square test. Triple-negative 4 400 2 133 6 240

molecular subtypes and metastases in patients with a
fixed molecular subtype (p = 0.410; Table 3).

A relationship between molecular subtype and
metastases existed only in patients with a changed
molecular subtype. Metastases occurred more in
patients with a change from the luminal A to luminal B
or HER-2 to luminal B molecular subtypes compared
to patients with no change in the molecular subtype.
Metastases occurred more frequently in patients who
changed from the luminal B to triple-negative molec-
ular subtypes. However, the statistical tests showed
no significant relationship between molecular subtype
changes and metastases in patients with a change in
molecular subtype (p = 0.544; Table 4).

Most patients with changed or fixed molecular sub-
types had a PFS of <12 months (56.8%). The statistical
test results showed no significant relationship between
changes in molecular subtype and PFS (p =0.900;
Table 5).

Note: Chi-square test.

A relationship between molecular subtype and PFS
existed only in patients whose molecular subtype
remained fixed. A PFS of <12 months was more
common in patients with the triple-negative molecu-
lar subtype, whereas a PFS of >12 months was more
common in patients with the HER-2 and luminal B
molecular subtypes. However, no significant relation-
ship existed between the molecular subtype and PFS in
the patients with fixed molecular subtype (p = 0.065;
Table 6).

A relationship between molecular subtype and PFS
existed only in patients with a change in molecular
subtype. A PFS of <12 months occurred more fre-
quently in patients who experienced a shift from lumi-
nal B to triple-negative molecular subtypes. A PFS of
>12 months occurred more frequently in patients who
experienced a change from the luminal B to luminal A
molecular subtypes. A significant relationship existed
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Association between molecular subtypes and breast cancer metastases in the changed molecular subtype group

Molecular subtype Metastases p-value
Yes No Total
(n=20) (n=24) (N =44)
n % n % N %
HER-2 to luminal B 2 20.0 1 11.1 3 15.8
Luminal A to HER-2 0 0.0 1 11.1 1 53
Luminal A to luminal B 2 20.0 1 11.1 3 15.8
Luminal A to triple-negative 1 10.0 0 0.0 1 53 0.544
Luminal B to HER-2 2 20.0 0 0.0 2 10.5 '
Luminal B to luminal A 1 10.0 2 22.2 3 15.8
Luminal B to triple-negative 1 10.0 3 33.3 4 21.1
Triple-negative to luminal B 1 10.0 1 11.1 2 10.5
Note: Chi-square test.
o Table 5 subtype experienced metastases (52.6%), whereas
Association between charg:’;sc :rl glli)slecular subtype and breast most with a fixed molecular subtype did not (60%).
However, no significant relationship existed between
Molecular PFS (months) value (f:hange; in mgleculalr sulbtypeband metastasis. Therej-
subtype change - ST — ore, C .anges in molecular su types were not associ-
(n=125) (=19  (N=44) ated with breast cancer metastasis. The results. also
% n % n % showed that the molecular subtype and ch.anges in the
molecular subtype were not related to the incidence of
Ch{anged 11 579 8 42.1 19 100 0.900 metastases.
Fixed 14 56.0 11 440 25 100 . .
The patients with a changed molecular subtype
Note: Chi-square test. included changes from HER-2 and triple-negative to
Table 6 luminal B and from luminal A and luminal B to
aole

Association between molecular subtype and breast cancer PFS in
the fixed molecular subtype group

Molecular PFS (months) p-value
subtype <12 >12 Total
(n=25) (n=19) (N =44)
N % N % n %
HER-2 5 357 5 455 10 40.0
Luminal A 0 0.0 1 9.1 1 4.0 0.065
Luminal B 3 214 5 455 8 320 7
Triple-negative 6 429 0 00 6 240

Note: Chi-square test.

between the shift in the molecular subtype and the
PES in patients with a changed molecular subtype (p
=0.022; Table 7).

5. Discussion

Most breast cancer patients did not experience meta-
stases (54.4%). Most patients with a changed molecular

other molecular subtypes. Turner et al. [8] reported that
emerging evidence suggests that intratumoral molecu-
lar subtypes are not static; instead, plasticity between
different subtypes may occur. Interconversion between
different subtypes within a tumor drives tumor progres-
sion, metastasis, and treatment resistance. Evidence
shows a transition from primary HER-2 to HER-2
brain metastases due to the microenvironment in the
brain providing a place that supports HER-2 signal-
ing. Dynamic conversion between subtypes does not
only occur in brain metastases. Conversion depends
on the metastatic tumor environment, with ER con-
version rates higher in the bone and central nervous
system and lower in the liver. However, the exact
mechanism for these expression changes remains to be
elucidated. Three potential explanations are the area
selection for preexisting clones that may be masked by
signs of large tumors that may mask changes in ER,
PR, and HER-2 molecular expression and a combina-
tion of both. Luminal to HER-2 and triple-negative to
HER-2 conversion can give rise to metastases due to
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Association between molecular subtype and breast cancer PES in the changed molecular subtype group

Molecular subtype PFS (months) p-value
<12 >12 Total
(n=25) (n=19) (N =44)
n % n % n %
HER-2 to luminal B 0 0.0 3 37.5 3 15.8
Luminal A to HER-2 1 9.1 0 0.0 1 53
Luminal A to luminal B 2 18.2 1 12.5 3 15.8
Luminal A to triple-negative 1 9.1 0 0.0 1 53 0.022
Luminal B to HER-2 2 18.2 0 0.0 2 10.5 ’
Luminal B to luminal A 0 0.0 3 37.5 3 15.8
Luminal B to triple-negative 4 36.4 0 0.0 4 21.1
Triple-negative to luminal B 1 9.1 1 12.5 2 10.5

Note: Chi-square test.

the discordance in molecular signatures due to tem-
poral evolution and a favorable metastatic niche [8].
Another study stated that one in four triple-negative
primary tumors is converted to another subtype in the
liver, which explains the presence of liver metastases
[9].

In this study, the molecular subtypes that experi-
enced changes were mostly luminal B, followed by
luminal A. These results are similar to previous stud-
ies in that changes in gene expression and subse-
quent subtype conversion occurred on a larger scale in
metastatic luminal type A breast cancer compared to
other molecular subtypes. This underscores the impor-
tance of molecular changes in metastatic disease, espe-
cially in tumors that initially have low aggressive poten-
tial. Subtype conversion only partially reflects changes
that occur in tumor evolution. Without changes in the
luminal A subtype, the molecular phenotype may still
differ in metastases, especially in low-grade tumors.
When luminal A subtype conversion occurs, it can
be considered an indicator of genetic remodeling in
metastases and a risk factor for developing additional
disease. This was also evident in the change in the
recurrence risk score, which was almost doubled in
luminal A-type cancer. The status of ER and HER2
as predictive clinical markers remained unchanged, the
proliferation rate increased significantly, and breast
hormone receptor signaling decreased. Gene expres-
sion changes seen in all subtypes included evidence of
increased mobility and invasive behavior of metastatic
tumor cells through downregulation of cytokeratins
(KRT5/14), tumor activation through downregulation
of MMP1130/31, and de-activation of ER-dependent
pathways, as demonstrated by downregulation of the

PR and ankyrin repeat domain gene (ANKRD30A).
In contrast, genes involved in epithelial-mesenchymal
transition and growth signaling are upregulated across
all molecular subtypes [10].

In this study, the majority of patients with fixed
molecular subtypes had the HER-2 molecular subtype,
followed by luminal B2, triple-negative, and luminal
A. Tedjamartono et al. reported that HER-2 expression
in brain metastases occurred in 55% of cases. HER-
2 overexpression is significantly associated with brain
metastases [11]. Breast cancer patients with HER-2
overexpression are 4,889 times more at risk of devel-
oping brain metastases compared to HER-2-negative
patients. Tumors with HER-2 overexpression have a
significantly higher risk of distant metastasis compared
with HER-2-negative tumors and show a higher poten-
tial for central nervous system and lung metastases and
a low risk of recurrence and the development of bone
disease [12].

Another study reported that patients with HER-
2—/HoR+ status had more bone metastases, whereas
patients with HER-2+/HoR— status had an increased
incidence of liver metastases. Brain and lung metas-
tases are more likely in women with HER-2—/HoR—
status [13]. The triple-negative and HER-2+ subtypes
metastasize to vital organs such as the brain and lungs
more often than the luminal A subtype, thus potentially
causing earlier death [14]. The triple-negative subtype
increases the risk of visceral and brain metastases.
Molecular subtypes can predict the preferred location
of distant metastases, emphasizing that this association
is helpful in surveillance options and developing appro-
priate cancer screening and management strategies for
follow-up and therapy [15].
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Wang et al. found no statistical difference in lym-
phatic metastasis between various breast cancer molec-
ular subtypes [16]. However, the rate of distant metas-
tasis in patients with HER-2 type breast cancer was
significantly higher than in patients with the other
three subtypes. Differences in local metastases between
molecular subtypes were not significant. Abiltayeva
et al. reported no significant relationship between
molecular subtype and metastasis location [17].

In this study, metastases occurred more in the group
that did not experience a change in molecular subtype
compared to the group that did, but this was not signif-
icant. This is because each molecular subtype tends to
metastasize in different organs. This study only studied
the relationship between molecular subtypes based on
the general incidence of metastases.

No significant relationship existed between PFS and
changes in the molecular subtype. The results also
showed no significant association between molecular
subtype and PFS in patients with a fixed molecular
subtype. However, a significant association was found
between changes in molecular subtypes and PFS in
patients with changed molecular subtypes. The results
of this study align with research by Stefanovic et al.,
who reported no relationship between PFS and stability
of the intrinsic subtype. PFS did not differ between
luminal and triple-negative patients in the subpopu-
lations of altered molecular subtypes and persistent
molecular subtypes [18].

In this study, patients with changed and fixed molec-
ular subtypes mostly had a PFS of <12 months. This
shows that breast cancer patients mostly show a poor
prognosis. Previous studies have reported that the most
significant proportion of PFS events in metastatic can-
cer occurred within 12 months [19].

A PFS of <12 months was often found in triple-
negative patients; those with a survival time free from
tumor development or progression of less than 12
months mostly had the triple-negative molecular sub-
type. However, no difference existed in PFS based
on molecular subtype. Similar to this study, Bonotto
et al. reported that the highest PFS occurred in lumi-
nal A and the lowest in triple-negative breast can-
cer. PFS was proposed as a potential replacement for
OS that allows faster evaluation of new drugs [20]. In
this study, HER-2 was more commonly found with a
PES of >12 months. Serrano et al. found that PFS was
worse in breast cancer with a HER-2 score of 2+ com-
pared to 1+ [21]. Rugo et al. reported that trastuzumab
deruxtecan significantly improved PFS in patients with
HR+ and HER-2 low metastatic breast cancer. Most

patients had visceral metastases (95%), consistent with
aggressive disease, and had received multiple lines
of chemotherapy, which are factors associated with
shorter PFS and a higher risk of neutropenia [22].

In this study, most patients with the luminal B sub-
type had a PFS of >12 months; patients with a sur-
vival time free from tumor development or progression
of more than 12 months mostly had the luminal B
molecular subtype. These results align with previous
studies finding that luminal B does not show tumor
progression and has better PES than non-luminal sub-
types. The median PFS rates in the luminal B and non-
luminal groups were 20.0 months and 13.11 months,
respectively, and the difference was statistically sig-
nificant [16]. A similar study reported a statistically
substantial PFS difference between luminal and non-
luminal disease (median PFS 10.5 months vs. 3.5
months) [23]. The non-luminal subtype was indepen-
dently associated with worse PFS and OS other sub-
types. Similar to the results of different trials, the dif-
ference in median PFS between the two groups was sta-
tistically significant: 6.67 months in the luminal group
versus 5.16 months in the non-luminal group, with an
adjusted hazard ratio of 0.66 [24]. The PFS of patients
with HER-2— luminal B breast cancer was better than
that of patients with HER-2+ luminal B breast cancer.
Cross-talk between HER-2 and ER, signaling pathways
in breast cancer, contributes to resistance to hormonal
therapy. The combination of trastuzumab and anastro-
zole resulted in a statistically significant improvement
in PFS in women with luminal B HER-2+ breast can-
cer [17]. However, this study found no differences in
PFS based on molecular subtypes because it did not
differentiate between luminal and non-luminal.

A significant difference in PFS existed based on
the type of molecular subtype change. Patients who
experienced a shift in molecular subtype had a PFS
of <12 months, which occurred more often in patients
who changed from the luminal B to triple-negative
molecular subtypes. A PFS of >12 months occurred
more often in patients who experienced a change from
the luminal B to luminal A molecular subtypes. This
means that patients changing from luminal B to triple-
negative subtypes have a shorter survival time free
from tumor development or progression compared to
those with other changes in molecular subtypes. Similar
results have been reported in previous studies. Changes
in common subtypes (to triple-negative or luminal sub-
types) reflect a general tendency towards mutations so
that the cancer becomes more aggressive [18].
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Grigoryeva et al. [25] observed changes in molecular
subtypes in 90% of untreated breast cancer patients
and 82% of those treated with neoadjuvant chemother-
apy. Changes in molecular subtypes were more diverse
in patients treated with neoadjuvant chemotherapy.
Molecular subtype changes more frequently result
in unfavorable variants in circulating tumor cells.
Patients with inadequate therapy were characterized
by decreased simulated 5-year metastasis-free survival
compared with patients receiving appropriate therapy
treatment. Thus, detecting molecular subtype changes
in circulating tumor cells may be a tool for optimizing
antitumor therapy. Changes in the molecular interface
of cancer cells during tumor growth and progression
can be associated with many adverse effects, such as
drug resistance, local recurrence, and metastatic spread.
HR/HER-2 status and Ki-67 expression in tumor cells
determine molecular subtype classification and treat-
ment decisions in breast cancer patients [25].

The results of this study indicate that fixed and
changing molecular subtypes are associated with sim-
ilar disease progression. Differences in disease pro-
gression occur due to differences in molecular subtype
changes. Changing to the triple-negative molecular sub-
type resulted in worse tumor development outcomes
compared to other subtypes.

A limitation of this study is that it grouped the
incidence of metastases in general and did not classify
them based on location. Additionally, the data were
limited because not all combinations of molecular sub-
type changes were present in the study samples.

6. Conclusion

In summary, intrinsic subtype changes were not
associated with metastasis in breast cancer patients.
Changes in inherent subtype were associated with PFS:
the intrinsic subtype that changed to triple-negative
had worse PFS. These results imply that examining
changes in intrinsic subtypes may be helpful in guiding
the effectiveness of treatment in breast cancer patients.
Further research is needed with more data to obtain
all groups of molecular subtype changes related to the
location of metastases and PFS.
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