JOURNAL of MEDICINE =rd LIFE

| ORIGINAL ARTICLE

Ki-67 correlations in breast cancer
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Brain metastases from breast cancer represent a serious complication, associated with reduced survival and impaired
quality of life. Increased patient survival and the limited ability of the blood-brain barrier to be crossed by systemic
therapies have led to a rising incidence of these lesions. The molecular profile of metastases may differ from that of
the primary tumor in approximately 29% of cases, significantly influencing the choice of targeted treatment. In this
retrospective study, we included 100 women who underwent craniotomy for breast cancer brain metastases between
2015 and 2020 at the Prof. Dr. Nicolae Oblu Neurosurgery Clinic, Iasi. We recorded demographics (age, residence),
latency from primary diagnosis to brain metastasis, and MRI features (number, location, edema, hemorrhage). His-
topathology and immunohistochemistry included GATA3, CK5/6, ER, PR, HER2, and Ki-67 using standardized
protocols. ER/PR positivity was defined as 21% nuclear staining; HER2 was scored 0-3+ per ASCO/CAP; Ki-67
was reported as a percentage index. The most frequent metastatic subtypes were HER2-positive (32%) and tri-
ple-negative (25%). The mean Ki-67 index was 48.2% and showed a significant inverse correlation with the time
from primary breast cancer diagnosis to brain metastasis (r = —0.57; P < 0.001). Higher Ki-67 values were associated
with hemorrhagic lesions, while lower values occurred in solitary metastases. Patients receiving hormonal therapy had
longer median survival (29.5 months) compared to those receiving targeted therapy (11.9 months; P < 0.001). Immu-
nohistochemical profiling of brain metastases from breast cancer, focusing on ER, PR, HER2, and Ki-67, revealed
specific correlations between tumor proliferation, time to metastasis, and neuroimaging features such as hemorrhage
and lesion location. HER 2-positive and triple-negative subtypes showed higher brain metastatic potential and poorer
outcomes with targeted therapy, while luminal tumors responded better to hormonal treatment. The inverse correla-
tion between Ki-67 and metastasis latency, as well as its association with aggressive imaging phenotypes, represents
an original contribution of this study, underscoring the need for tailored therapeutic strategies based on combined
pathological and imaging data.

breast cancer, Ki-67, HER2, brain metastases, immunohistochemistry
cases showing relatively better outcomes [4]. While differentiat-

ing a primary brain neoplasm from a breast cancer metastasis is
usually straightforward, conclusively establishing the adenocar-

INTRODUCTION

Breast cancer is the most common malignancy in women and,
despite therapeutic advances that have improved overall surviv-
al, brain metastases remain a severe complication with a major
impact on prognosis and quality of life [1,2]. The incidence of
breast cancer brain metastases has risen in recent years, primar-
ily due to prolonged patient survival and the limited ability of
the blood—brain barrier to be crossed by conventional systemic
therapies [2,3]. Clinically, symptoms can vary, including head-
ache, seizures, or cognitive and balance disturbances, and prog-
nosis largely depends on the molecular subtype of the primary
tumor, with triple-negative cases faring worst and HER2-positive
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cinomatous breast origin may require a complex panel of im-
munohistochemical markers, especially when clinical history is
incomplete [3].

Immunohistochemistry (IHC) has two essential roles in this
setting. First, it confirms mammary origin using markers such
as GATA-binding protein 3 (GATAS3), mammaglobin, and
gross cystic disease fluid protein-15 (GCDFP-15), among which
GATA3 shows superior sensitivity. Second, IHC molecularly
characterizes brain metastases by assessing estrogen receptor
(ER) and progesterone receptor (PR) expression, human epider-
mal growth factor receptor 2 (HER?2) status, and the Ki-67 pro-
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liferation index [6,7]. This evaluation is clinically consequential:
approximately 29% of patients demonstrate discordance in ER/
PR/HER?2 status between the primary tumor and brain metasta-
sis, directly impacting targeted therapy selection [8,9]. Epidemi-
ologically, about 31% of patients with HER2-positive metastatic
breast cancer and 32% with the triple-negative subtype develop
brain metastases—both higher than in hormone receptor—posi-
tive, HER2-negative (HR+/HER2-) disease [10].

Additionally, correlations between lesion location, number of
lesions, time to brain metastasis, and immunohistochemical pro-
file have been reported in recent studies from the past five years
[2,11,12]. Specifically, HER2-positive and triple-negative tumors
show a greater likelihood of multiple brain metastases and in-
volvement of specific intracranial sites. At the same time, high
Ki-67 indices are associated with shorter intervals from primary
diagnosis to brain metastasis and with aggressive imaging fea-
tures such as hemorrhage or edema [11,12].

Accordingly, this article aims to synthesize and analyze the im-
munohistochemical implications of breast cancer brain metasta-
ses, focusing on confirming breast origin with specific markers,
molecular characterization of hormone receptors and HER2/
neu in metastases, evaluation of discordance with primary tu-
mors, and the impact of these findings on therapeutic and prog-
nostic decision-making. A better understanding of these aspects
will guide the optimization of multimodal treatment strategies,
substantially improving patient prognosis and quality of life.

MATERIAL AND METHODS

This retrospective study included 100 women treated at the
Prof. Dr. Nicolae Oblu Neurosurgery Clinic in Iasi, Romania,
who underwent craniotomy for breast cancer brain metastases
(for diagnostic or therapeutic purposes) between 2015 and 2020.
Electronic medical records were reviewed to obtain demographic
data (age at brain metastasis diagnosis), the interval from initial
breast cancer diagnosis to brain metastasis, morphologic charac-
teristics (lesion location and histopathologic subtype), and immu-
nohistochemical profiles.

The timing of brain metastasis onset was defined as the date of

the first radiologic evidence of intracranial disease on brain mag-
netic resonance imaging (MRI), whether performed in response
to neurological symptoms or during scheduled surveillance—
whichever occurred first.
For intraoperative cytopathology, smears were prepared by gen-
tly compressing 1-2 mm?® of tumor tissue between two clean,
dry slides, followed by 1% toluidine blue staining. Cytology con-
firmed brain metastasis in all cases. The remaining tissue was
formalin-fixed, paraffin-embedded, and sectioned at 4 um for
hematoxylin and eosin (H&E) staining. Two pathologists inde-
pendently reviewed all slides and classified tumors according to
the World Health Organization (WHO) Classification of Tumors
of the Breast [13].

IHC employed antibodies against cytokeratin 5/6 (CK5/6)
and mammaglobin (to support breast origin), ER, PR, and Ki-67
(to assess hormone receptor expression and proliferation), using
EnVision™+ (Dako) and UltraVision Quanto (Thermo Scientif-
ic) systems. Antigen retrieval was performed in citrate buffer (pH
6) at 95 °C, with 3,3 t{diaminobenzidine (DAB) as the chromogen.
ER and PR positivity were defined as =1% tumor nuclei stained;
Ki-67 was reported as a percentage index. HER2 was scored
0-3+ according to the American Society of Clinical Oncology/
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College of American Pathologists (ASCO/CAP) guidelines.

MRI examinations were performed on a 1.5-tesla (T) scanner
(Siemens Magnetom Avanto). The protocol included T'1-weight-
ed spin-echo, T2-weighted fast spin-echo, fluid-attenuated inver-
sion recovery (FLAIR), susceptibility-weighted imaging (SWI),
diffusion-weighted imaging (DWI), and contrast-enhanced
T1-weighted sequences acquired in axial, coronal, and sagittal
planes. From the digital archive, we extracted lesion number, lo-
cation, extent of edema, and presence of hemorrhage. Statisti-
cal analyses were conducted in IBM SPSS Statistics, version 27.
Categorical variables were compared using chi-square (y?) tests;
continuous variables were compared with Student’s ¢ test or the
Mann—Whitney U test, as appropriate. Survival was analyzed
using Kaplan—Meier methods with the log-rank test. The signifi-
cance threshold was set at a = 0.05.

RESULTS

Demographic characteristics and clinical presentation

The study cohort comprised 100 women with breast cancer brain
metastases. The mean age at diagnosis of brain metastases was
54.2 years (range: 32—78 years). Fifty-one percent were younger
than 55 years, and 49% were 55 years or older; 55% resided in
rural areas versus 45% in urban settings (Table 1). For compar-
ative purposes, patients were grouped as younger than 55 years
or 55 years and older, reflecting the approximate transition from
predominantly premenopausal to predominantly postmenopaus-
al status, which can influence breast cancer biology, hormonal
environment, and therapeutic response [14-16].

The number of metastases per patient ranged from 1 to 5
(mean 1.97; median 2; skewness 0.975), with 47% of patients
presenting a single lesion and 28% having three or more metas-
tases (Figure 1). At clinical presentation, the most frequent neu-
rological symptoms were confusion (22%), trigeminal neuralgia
(11%), hemianesthesia (11%), and hemianopsia (10%).

Table 1. Demographic characteristics of the study cohort

Variable n (%) or mean = SD R::f:s/
Number of patients 100 —
Age at BM diagnosis (years) 54.2 +10.3 32-78
Age group <55 years 51(51%) —
Age group 255 years 49 (49%) —
Rural residence 55 (55%) =
Urban residence 45 (45%) —
Number of brain metastases 197 £ 11 1-5
Single metastasis 47 (47%) —

>3 metastases 28 (28%) —

Confusion (22%), tri- =
geminal neuralgia (11%),
hemianesthesia (11%),
hemianopsia (10%)

Most common symptoms
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Figure 1. Histogram of the number of metastases

Table 2. Pathological and molecular characteristics of brain me-

tastases from breast cancer according to staging

Correlations with other
variables

Variable n (%)

Histopathologic subtype

- HER2-positive 32(32%) More frequent in patients
<55 years; higher Ki-67
values

- Triple-negative 25(25%) Shorter time to brain
metastasis; frequent hem-
orrhagic MRI features

- Luminal B 19 (19%) Intermediate Ki-67 values

- Luminal A 17 (17%)  Longer time to brain me-
tastasis; lower Ki-67 values

- Metaplastic 4 (4%) Aggressive MRI appear-
ance

- Mucinous 3 (3%) Rare; lower proliferation
index

Mean Ki-67 (%) 48.2+27.5 Inversely correlated
with time to metastasis
(P<0.001)

ER-positive 53(53%) Associated with Luminal
subtypes

PR-positive 32(32%) Often co-expressed with
ER

HER2-positive 46 (46%)  Includes HER2+ and Lumi-
nal B subtypes

Triple-negative (ER-/PR-/  32(32%)  Higher proliferation;

HER2-) frequent hemorrhage

Radiologic features

Contrast-enhanced brain MRI revealed 47% of cases with soli-
tary lesions, multiple lesions in 24%, necrotic features in 9%, and
leptomeningeal invasion in 7%. Perilesional edema was observed
in 62% of patients, and hemorrhagic features were identified in
18% of cases. The mean interval from primary breast cancer
diagnosis to detection of brain metastases was 17.03 months (me-
dian 14 months; skewness 0.949).
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Lesion location and molecular subtypes

Metastases were most commonly located in the parietal lobe
(61%), followed by the Gasserian ganglion (11%), frontal lobe
(6%), temporal lobe (5%), occipital lobe (4%), cerebellum (4%),
optic nerve (2%), basal ganglia (2%), thalamus (2%), and corpus
callosum (3%). Although metastases to the Gasserian (trigemi-
nal) ganglion are rarely reported in the literature, the relatively
high proportion observed in our study may be explained by the
fact that the Prof. Dr. Nicolae Oblu Emergency Clinical Hospi-
tal is a national referral center for neurosurgery, with extensive
experience in treating skull base lesions. In addition, the close
anatomical relationship between the middle cranial fossa dura
and the trigeminal ganglion may facilitate metastatic spread via
perineural or leptomeningeal extension in advanced disease.

The primary breast tumors most often arose in the upper outer
quadrant (27%), followed by central (20%), retroareolar (16%),
lower outer (13%), upper inner (12%), and lower inner (12%)
locations. At initial staging, tumor—node—metastasis (TINM) cate-
gories were predominantly T4 (32%) and N1 (31%), with distant
metastasis present (M1) in 81% of patients; 16% had T4N3M1
disease and 11% had T2N1M1 disease (Figure 2). Histopatholog-
ic subtypes of brain metastases included HER2-positive (32%),
triple-negative (25%), Luminal B (19%), Luminal A (17%), met-
aplastic (4%), and mucinous (3%) (Table 2).

The bar chart shows the percentage of patients in each staging
category: T4 (32%), N1 (31%), M1 (81%), T4AN3M1 (16%), and
T2NIM1 (11%). Percentages are displayed above each bar for
clarity.

Cellular proliferation and correlations

The Ki-67 proliferation index ranged from 5% to 98%, with a
mean of 48.20% and a median of 46.50%. The skewness of the
distribution was 0.249, indicating approximate normality and
supporting the use of parametric significance tests for continuous
variables (Table 3).

Ki-67% showed a weak inverse correlation with patient age
(r=-0,154; P = 0,126), indicating that only 15.4% of the vari-
ability in proliferation index could be attributed to age-related
decreases, though this trend did not reach statistical significance.

Figure 3 is a scatter plot showing the relationship between Ki-
67 proliferation index and patient age at the time of brain me-

Figure 2. TNM staging distribution at initial breast cancer diag-

nosis among patients with brain metastases
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Table 3. Descriptive statistical indicators for Ki-67 (%)

Indicator Value
n 100
Mean 48.20
Median 46.50
Standard deviation 27.55
Variance 5716
Skewness 0.249
Standard error of skewness 0.241
Minimum 5
Maximum 98
25 percentile 25.00
50t percentile 46.50
75 percentile 73.75

Figure 3. Correlation between Ki-67 (%) and patient age

tastasis diagnosis. A weak inverse trend is observed (r = —0.154; P
= 0.126), suggesting slightly lower proliferation in older patients,
though not statistically significant. There was a statistically sig-
nificant moderate inverse correlation between Ki-67% and the
time from primary diagnosis to brain metastasis (r = —0.571; P
= 0.001; Figure 4), indicating that patients whose metastases ap-
peared later tended to have lower proliferation indices—57.1%
of cases with longer latency exhibited reduced Ki-67 levels.

Correlation of Ki-67% with metastasis location

Analysis of Ki-67% by anatomical site revealed significant differ-
ences (Figure 5):

*  The lowest mean Ki-67 index (40.75%) was observed in
metastases located in the occipital lobe (P = 0.038).

e The highest mean Ki-67 index (77.50%) occurred in me-
tastases involving the Gasserian (trigeminal) ganglion (P
=0.011).

These findings suggest that tumor proliferation rates vary by

intracranial location, potentally reflecting microenvironmental
influences on tumor biology.
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Figure 4. Correlation of KI-67% with duration of metastasis

Figure 5. Correlation between Ki-67 (%) and metastasis location

Bar chart illustrating mean Ki-67 values according to anatom-
ical site of brain metastases. The lowest mean value (40.75%)
occurred in occipital lobe metastases, while the highest (77.50%)
was seen in Gasserian ganglion metastases.

Correlation of Ki-67% with radiologic features

When stratified by MRI presentation (Figure 6), Ki-67 prolifera-
tion indices differed significantly across radiologic patterns:

»  Patients with solitary brain metastases exhibited the low-

est mean Ki-67% (37.52%; P = 0.001).
*  Patients whose lesions showed hemorrhagic features on
MRI had the highest mean Ki-67% (73.43%; P = 0.001).

These results indicate that higher proliferative activity is asso-
ciated with hemorrhagic metastases, whereas solitary lesions tend
to display lower Ki-67 indices.

Figure 6 compares mean Ki-67 values across different radio-
logic presentations. Solitary metastases showed the lowest mean
Ki-67 (37.52%), whereas hemorrhagic lesions exhibited the high-
est (73.43%). In patients with brain metastases originating from
breast cancer, the predominant treatment was targeted (36%),
followed by hormonal therapy (23%) and chemotherapy (20%o)

Treatment and combinations

Chemotherapy and radiotherapy were administered uniform-
ly by age group, while targeted therapy predominated among
patients under 55 years of age (66.7%), and hormonal therapy
(56.5%) and radiotherapy (54.5%) were more common in those
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Figure 6. Correlation between Ki-67 (%) and MRI features

aged 55 years and older (P = 0.025).

Patients who received targeted therapy had the shortest mean
duration of metastasis (11.89 months), and those with hormonal
therapy had the longest (29.48 months; P = 0.001). Regarding
Ki-67, the lowest mean value (31.33%) was recorded in patients
without treatment, and the highest (87.0%) in those with immu-
notherapy (P = 0.001).

BRCA status

Of 100 patients, 20% were positive for BRCAl and 11%
for BRCA2 (BRCA: breast cancer susceptibility gene). In the
BRCAI-positive group, 50% were over 55 years of age (P =
0.077), 70% were from rural areas (P = 0.302), 50% had =3 me-
tastases (P = 0.003), 35% had parietal metastases (P = 0.029) and
40% had evidence of hemorrhage on imaging (P = 0.003).

DISCUSSION

Our results clearly highlight the clinical and molecular heteroge-
neity of breast cancer brain metastases, emphasizing the deter-
minant role of the prognostic factors analyzed. The balanced age
distribution in our cohort (51% vs. 49%) and predominance of
patients from rural areas (55%) suggest that differences in access
to specialized oncologic care, rather than age itself, significantly
influence the incidence of brain metastases, as observed in popu-
lation-based analyses showing delayed diagnosis and suboptimal
treatment initiation in rural settings [17-19]. Imaging analysis
revealed a high proportion of solitary metastases (47%) and a
predominance of parietal lobe involvement (61%), which may
be explained by the parietal lobe’s large cortical surface, rich vas-
cular supply via the middle cerebral artery, and its status as a
watershed zone predisposing to metastatic seeding; similar spatial
distribution patterns have been documented in recent MRI map-
ping studies of breast cancer brain metastases, reporting parietal
involvement rates between 55—63% [20,21]. This anatomical
predilection is thought to be influenced by hemodynamic char-
acteristics and venous drainage patterns that facilitate tumor cell
deposition, particularly in aggressive molecular subtypes such
as HER2-positive and triple-negative disease [22,23]. The mo-
lecular profile of brain metastases in our cohort revealed a pre-
dominance of HER2-positive (32%) and triple-negative (25%)
subtypes, consistent with evidence that these phenotypes exhibit
higher neurotropism due to limited central nervous system pen-
etration of systemic therapies and intrinsic biological aggressive-
ness [23-25]. Our finding of a mean Ki-67 index of 48.2% and
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its significant inverse correlation with the interval from prima-
ry diagnosis to brain metastasis supports previous reports that
high proliferative activity accelerates CNS dissemination in
breast cancer [26]. Ki-67 also showed notable associations with
lesion location and imaging characteristics: higher values were
observed in Gasserian ganglion metastases and hemorrhagic le-
sions, while lower values characterized occipital lobe lesions and
solitary metastases, paralleling recent neuropathological studies
linking tumor microenvironment and vascular fragility to prolif-
eration rates and hemorrhagic propensity [27]. The relationship
between Ki-67 and radiologic phenotype is particularly relevant,
as high proliferative indices have been proposed as a predictive
marker for hemorrhagic presentation in brain metastases across
multiple primaries, suggesting a potential role for Ki-67 as both a
histopathological and imaging biomarker [27]. The survival ad-
vantage seen with hormonal therapy in luminal subtypes in our
study aligns with pharmacokinetic evidence showing better intra-
cranial bioavailability of endocrine agents compared to monoclo-
nal antibodies, as well as with clinical outcome data from recent
real-world registries [28,29]. Furthermore, BRCA1/2 mutation
carriers in our cohort exhibited a higher number of brain lesions
and more frequent hemorrhagic features, consistent with recent
genomic studies describing an association between homologous
recombination deficiency, genomic instability, and vascular fra-
gility in metastatic breast cancer [30]. Collectively, these findings
underscore the importance of integrating clinical, pathological,
and imaging parameters in the management of breast cancer
brain metastases, and they provide contemporary evidence that
Ki-67 is a multidimensional prognostic marker whose value ex-
tends beyond simple proliferation assessment to encompass lo-
coregional biology and radiologic behavior.

CONCLUSION

The analysis of correlations between the Ki-67 proliferation
index and the pathological and radiological characteristics of
breast cancer brain metastases showed that higher Ki-67 values
were associated with aggressive imaging features, particularly the
presence of hemorrhage, which may reflect tumor vessel fragility
and rapid growth dynamics. Metastases located in the Gasseri-
an ganglion exhibited higher Ki-67 values, while lower values
were observed in occipital lobe metastases and solitary lesions,
suggesting a biological behavior that varies according to cerebral
location.

Immunohistochemical profiling, including ER, PR, HER2,
and Ki-67, correlated with clinical and imaging data, allowing
a more precise characterization of breast cancer brain metas-
tases. In the studied cohort, HER2-positive and triple-negative
subtypes were more frequent and displayed higher Ki-67 values,
associated with shorter intervals from primary tumor diagnosis
to brain metastasis onset. Luminal tumors showed lower Ki-67
values and longer brain metastasis—free intervals. These findings
may support the adaptation of therapeutic strategies and moni-
toring programs according to molecular profile and tumor pro-
liferation rate.

The correlation of Ki-67 values with imaging phenotypes
suggests its utility not only in histopathological evaluation but
also in anticipating the radiological behavior of brain metasta-
ses, including the risk of hemorrhage, multiplicity, and specific
localization. Integrating this information may contribute to the
personalization of surgical planning, radiotherapy strategy, and
systemic therapy selection, as well as to the exploration of ad-
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vanced imaging approaches for non-invasive estimation of tumor
characteristics.
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