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Abstract \

Background: Breast cancer is one of the most common cancer in women and a proportion of patients experiences brain
metastases with poor prognosis. The study aimed to construct a novel predictive clinical model to evaluate the overall survival
(OS) of patients with postoperative brain metastasis of breast cancer (BCBM) and validate its effectiveness.

Methods: From 2010 to 2020, a total of 310 female patients with BCBM were diagnosed in The Affiliated Cancer Hospital of
Xinjiang Medical University, and they were randomly assigned to the training cohort and the validation cohort. Data of
another 173 BCBM patients were collected from the Surveillance, Epidemiology, and End Results Program (SEER) database as
an external validation cohort. In the training cohort, the least absolute shrinkage and selection operator (LASSO) Cox
regression model was used to determine the fundamental clinical predictive indicators and the nomogram was constructed to
predict OS. The model capability was assessed using receiver operating characteristic, C-index, and calibration curves. Kaplan—
Meier survival analysis was performed to evaluate clinical effectiveness of the risk stratification system in the model. The
accuracy and prediction capability of the model were verified using the validation and SEER cohorts.

Results: LASSO Cox regression analysis revealed that lymph node metastasis, molecular subtype, tumor size, chemotherapy,
radiotherapy, and lung metastasis were statistically significantly correlated with BCBM. The C-indexes of the survival
nomogram in the training, validation, and SEER cohorts were 0.714, 0.710, and 0.670, respectively, which showed good
prediction capability. The calibration curves demonstrated that the nomogram had great forecast precision, and a dynamic
diagram was drawn to increase the maneuverability of the results. The Risk Stratification System showed that the OS of low-
risk patients was considerably better than that of high-risk patients (P < 0.001).

Conclusion: The nomogram prediction model constructed in this study has a good predictive value, which can effectively
evaluate the survival rate of patients with postoperative BCBM.
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Introduction radiotherapy, chemotherapy, immunotherapy, and targeted
therapy, the prognosis of patients with BCBM is dismal,
with high morbidity and mortality.?’! Inrecent years,

many prognostic models were developed for caner types

Breast cancer (BC) is the most common malignant
tumor in women all over the world, and it is the most
ubiquitous cause of cancer-related death in women. A

total of 90% of BC patients eventually died of distant
metastasis.!!l’ The most common metastatic organs
include bone, regional lymph nodes, lungs, liver, and
brain. Compared with other metastases, the prognosis of
breast cancer patients with brain metastasis (BM)
remains poor. Studies have shown that the difficulty in
BM treatment is to overcome the complexity of the
blood-brain barrier (BBB) for pharmacological treat-
ments and the targets in the molecular routes related to
the growth of brain tumor cells (TCs). Despite multi-
modal and systemic therapy for breast cancer brain
metastasis (BCBM), including a combination of surgery,
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and widely used in clinical practice. These models may
have good risk stratification ability, improving the accu-
racy of clinical decision. Therefore, identifying key
clinical characteristics of patients with postoperative
BCBM to construct a prognostic model is crucial to
predict the overall survival (OS) of BCBM patients and
determine the optimal treatment to prolong their life.
Nomogram is an effective and a convenient predictive
tool used to calculate the prognosis of many diseases by
integrating diverse prognostic and determinant risk
factors. It has been used as a prognostic devise in
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oncology and has showed promising utility in personal-
ized medicine.

Prognostic models of recurrent BM in postoperative BC
were rarely reported. Therefore, the current research
aimed to construct a prognostic nomogram for BCBM
patients based on the retrospective data from The Affili-
ated Cancer Hospital of Xinjiang Medical University and
assess its accuracy and practicability using an independent
external cohorts from the Surveillance, Epidemiology, and
End Results Program (SEER) database.

Methods

The Research Ethics Committee of The Affiliated Cancer
Hospital of Xinjiang Medical University has approved
this study (No.K-2021015). The retrospectively collected
data from this hospital have been consented by all
patients, and for the anonymized data which were
collected retrospectively from the SEER database, the
need for informed consent was waived. The research was
performed in accordance with the Declaration of
Helsinki (as revised in 2013).

Data collection and selection standard

Clinicopathological data for this research were acquired
from The Affiliated Cancer Hospital of Xinjiang Medical
University from January 2010 to December 2020, including
clinicopathological features, treatment, relevant serological
and imaging data, and survival information of patients with
postoperative BCBM. The tumor, regional lymph node, and
metastasis (TNM) stage is classified based on the American
Joint Committee on Cancer (AJCC) 2017 version of the
guidelines.

Patients were included based on the following criteria:
(1) breast cancer as the first primary tumor; (2) patients
with breast cancer diagnosed pathologically after
surgery; (3) patients with completed information on
clinicopathological features, demographic information,
and follow-up information; (4) postoperative breast
cancer patients diagnosed as BCBM using pathology of
brain tissue or brain computed tomography (CT) or
magnetic resonance imaging (MRI). Two experience
radiologists read the CT and MRI images, and all the
interpretation results were consistent.

Patients were excluded based on the following criteria:
(1) male patients with breast cancer; (2) patients with
suspected or confirmed distant metastasis before surgery;
(3) patients with primary cancer of both breast and
brain; (4) patients with bilateral primary breast cancer;
and (5) patients with incomplete clinical data or inter-
rupted treatment during follow-up.

According to the same standards, clinicopathological
materials of the external verification cohort were
obtained from the SEER database from 2010 to 2016,
which is an authoritative source for cancer statistics in
the United States. The permission from the US National
Cancer Institute (username number: 13013-Nov2019)
were obtained before extracting the data.
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The inclusion criteria of the 173 BCBM patients enrolled
from SEER database were: (1) identified as breast cancer
with International Classification of Diseases for
Oncology-3  (ICD-O-3)/World Health Organization
(WHO) 2008 histology codes (8500, 8520, 8522); (2)
tumor anatomic site codes (C50.0-C50.9); (3) identified
as brain metastasis with SEER Combined Mets at DX-
brain (2010+); and (4) diagnosed between 2010 and
2016. The exclusion criteria were: (1) patients with bilat-
eral primary breast cancer; and (2) missing or unknown
clinical information.

The prognostic variables for the enrolled 173 patients
were extracted from the SEER database including age at
diagnosis, race, tumor location, tumor size, lymph node
metastasis, molecular subtype, treatment strategy, vital
status, and survival time.

Follow-up

The 310 patients enrolled from the hospital were
followed up regularly by visiting physicians after the
diagnosis of breast cancer, with an interval of once every
6 months within 5 years and once annually after 5 years,
and terminated at the time of death. The deadline for
follow-up information collection was December 31,
2020. The follow up information were collected by two
methods: medical history review and telephone inter-
view. The former included review of the patient’s clinic
and in-hospital data, while telephone interview was
performed when the relevant information was not avail-
able in the medical records.

The following variables were included in the study: (1)
basic information, such as age, marital status, menstrua-
tion, and nationality; (2) follow-up information, including
recurrence or metastasis time, location of metastasis, the
time of occurrence of the second and more primary
malignant tumor, time and cause of death, and the time
of the last follow-up.

Statistical modeling

Data of all the above qualified BCBM patients were
processed. The descriptive statistics were used to
describe the basic information, for example, the classi-
fied data were represented as 7 (%) and the continuous
variable data were expressed as median with ranges or
mean with standard deviation (SD). Classified indicators
were compared using the chi-squared test, and the
continuous variables were compared using student’s t-
test or Mann—-Whitney U-test. The 310 patients were
randomly assigned to a training cohort and a validation
cohort in a 1:1 split ratio. R package “caret” (version
4.1.1, http://www.r-project.org), a type of random
number generator that uses true random numbers as
initial conditions and treats the generated numbers as
objects, was used, a random seed was set, and the create-
DataPartition function was used to randomly split the
data into training and validation sets in a 1:1 ratio.

The least absolute shrinkage and selection operator
(LASSO) Cox regression model was used to identify
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independent risk factors of OS. Compared with conven-
tional stepwise Cox regression analysis, LASSO Cox
regression decreases the assessed variance and offers an
interpretable final model that may be more precise. To
offer clinicians a measurable tool to forecast the
mortality of each patient, we constructed a nomogram
according to the Cox analysis on the training cohort.

The capability of the predictive model was assessed in
the training and validation groups. The C-index was
used to assess the discriminant ability of the predictive
model. The probability that the C-index evaluation
model correctly ranked a sequence of events in a pair of
randomly selected cases was assessed. The value of the
C-index ranges from 0.5 to 1.0. A higher C-index indi-
cates better predictive performance. The area under the
curve (AUC) was another parameter used to measure
the distinguishing force of the model. We drew a
receiver operating characteristic curve (ROC) and calcu-
lated the AUC. The calibration curves were drawn to
further evaluate the consistency between the predicted
survival probability and the observed probability.
Kaplan—Meier curves were calculated to compare the
OS, the primary outcome of this research, between the
two groups with high and low risks of BM. OS was
defined as the duration from diagnosis to death (for any
reason) or to the last follow-up. All statistical analyses
were performed using R software. P <0.05 was consid-
ered statistically significant.

Results

Patient features

Based on the inclusion and exclusion criteria, a total of
310 postoperative BCBM patients (161 in the training
cohort and 149 in the validation cohort) were selected
from the medical record database of The Affiliated
Cancer Hospital of Xinjiang Medical University during
January 2010 to December 2020. Based on the same
criteria, another 173 postoperative BCBM patients were
enrolled from the SEER database during 2010 to 2016
for external verification [Supplementary Figure 1, http://
links.lww.com/CM9/B542].

There was no statistically significant difference in demo-
graphic and clinical characteristics between the training
cohort (7 =161) and the validation cohort (n = 149)
[Supplementary Table 1, http:/links.lww.com/CM9/B542].
In terms of tumor location, 42.9% (133/310) patients were
in the left and 57.1% (177/310) were right. Patients mostly
aged 35-56 years, accounting for 67.1% (208/310). In
terms of tumor size, those with T1-T2 accounted for
70.6% (219/310), while those with T3-T4 accounted for
29.4% (91/310), and most patients presented T2 (159
[51.3%]). In terms of molecular subtypes of breast cancer,
patients with human epidermal growth factor receptor-2
(HER2) enriched accounted for the largest proportion
(103 [33.2%]). More patients received improved radical
cure surgery (252 [81.3%]), chemotherapy (228 [73.5%])
and radiation therapy (208 [67.1%]). The mean survival
time of the training and validation cohorts were 39.0 + 26.3
months and 36.9 + 22.8 months, respectively.
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More patients in the SEER cohort (97/173) were over
56 years old. In terms of molecular subtypes of breast
cancer, luminal A accounted for the largest proportion
(77 [44.5%]). More patients received chemotherapy
(121 [69.9%]), and radiation therapy (129 [74.6%)]).
The mean survival time of the SEER cohort was
23.0 + 20.9 months.

Univariate analysis of patients with BCBM

According to the univariate analysis, 11 variables were
identified, including primary site, surgery method, lymph
node metastasis, molecular subtype, HER2, Ki67 value,
chemotherapy, radiotherapy, lung metastasis, vascular
invasion, and nerve invasion (P <0.05) were associated
with OS [Supplementary Table 2, http:/links.lww.com/
CMO9/B542].

Construction and verification of the 0S nomogram

According to the outcomes of LASSO regression [Figure 1]
and the univariate Cox analysis results, six characteris-
tics (tumor size, lymph node metastasis status, molecular
subtype, chemotherapy, radiotherapy, and lung metas-
tasis) with non-zero coefficients were eventually incorpo-
rated into the development of the survival nomogram in
the training cohort [Figure 2A].

In addition to the ordinary nomogram, we also built a
dynamic nomogram to facilitate the use for clinicians
with an intuitive web-based interface [Figure 2B]. People
can easily input values of the six predictors followed by
a click of the “Predict” button, then the probability of
survival and 95% confidence interval (CI) are exported
on the right side of the interface.

As shown in Figure 2, the survival nomogram intuitively
predicted the 1-, 3- and S-year OS rates of BCBM
patients in the training cohort. The calibration curve of
the survival nomogram is shown in Figures 3A-C. The
curve was close to the ideal 45° line, which indicated
that the survival nomogram was well calibrated in the
training cohort. The C index of the training cohort was
0.714. Notably, ROC analysis showed that the survival
nomogram correctly forecasted 1-year (AUC = 0.800), 3-
year (AUC = 0.765), and 5-year (AUC = 0.714) survival
rates in patients with BCBM [Figures 4A-C].

To assess the calibration of the survival nomogram, we
compared the predicted 1-, 3- and 5-year survival prob-
abilities with the corresponding actual observations. As
shown in Figures 3D-F the calibration curve of the
survival nomogram showed good agreement between
the predicted probability and the actual results. The C
index of the validation cohort was 0.710. Notably, The
ROC curve also showed that the survival nomogram
had good prediction for 1-, 3- and 5-year survival, with
AUC values of 0.700, 0.788, and 0.882 [Figures 4D-F].

Analysis of the SEER database showed that the C index of
the SEER validation cohort was 0.670 [Figures 3G-I]. The
ROC curve analyses revealed that the survival nomogram in
the SEER cohort had good predictive performance for 1-, 3-,
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Figure 1: Selection of factors associated with OS using the LASSO Cox regression model. (A) The upper Abscissa is the number of non-zero coefficients in this model, and the ordinate
is the coefficient value. LASSO coefficients of 25 candidate variables (age, laterality, different nationalities, tumor size, lymph node metastasis, neoadjuvant therapy, surgery method,
grade, molecular subtype, ER, PR, HER2, Ki67, chemotherapy, target, endocrine, radiation, liver metastasis, lung metastasis, bone metastasis, vascular invasion, nerve invasion, and
marital, menstrual, and vital status), including dummy variables in the training cohort. (B) The optimal penalization coefficient () in the LASSO model was identified by 10-fold cross-
validation and the minimum criterion in the training cohort. The left vertical dotted line represents the minimum error, and the right line represents the cross-validated error within one
standard error of the minimum. The upper Abscissa indicates the number of independent variables that still exist in the model. ER: Estrogen receptor; HER2: Human epidermal growth
factor receptor-2; LASSO: Least absolute shrinkage and selection operator; 0S: Overall survival; PR: Progesterone receptor.
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Figure 2: The nomogram of predicting OS in patients with postoperative BCBM. (A) Survival nomogram for the prediction of 1-year, 3-year, and 5-year 0S in BM patients. (B) Dynamic
nomogram of predicting OS in patients with postoperative BCBM. BM: Brain metastasis; BCBM: Breast cancer brain metastasis; HER2: Human epidermal growth factor receptor 2; 0S:

Overall survival; TNBC: Triple negative breast cancer.

and 5-year OS, with AUC values of 0.700, 0.697, and 0.697,
respectively [Figures 4G-I]. Therefore, the internal and
external verification of the model demonstrated that the
nomogram had good prediction performance.

Risk hierarchical system

The above analyses demonstrated the good predictive
effect of the survival nomogram. We calculated the
prediction score based on the six variables in the nomo-
gram. A median cutoff value was used to separate the
patients in the training cohort into a low-risk group
(risk score <0.6485) and a high-risk group (risk
score >0.6485). The median survival time for low-risk
and high-risk patients in the training cohort was 48
months and 29 months, respectively [Figure SA].
Kaplan—Meier analysis indicated that the OS of low-
risk patients (7 = 82) was significantly better than the
high-risk patients (7 = 79) (P <0.001).

The median survival time of low-risk and high-risk
patients in the validation cohort was 52 months and 26
months, respectively [Figure 5B]. Kaplan—-Meier analysis
demonstrated that the OS of low-risk patients (7 = 79)
was significantly better than the high-risk patients
(n = 70) (P<0.001). The median survival times of low-risk
and high-risk patients in the SEER cohort were 29 months
and 12 months, respectively [Figure 5C]. The OS of low-
risk patients was still better than the high-risk patients (P
<0.001). All these results prove that the brain metastasis
risk stratification system has good predictive value.

Discussion

The present study was a population-based single-center
retrospective study aimed at establishing a robust prog-
nostic model with risk stratification to forecast the survival
probability of patients with postoperative BCBM. This
model could be a reference for future clinical treatment.
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Figure 3: The calibration curve of OS was predicted by the training, validation, and SEER groups of BCBM patients. 1-year, 3-year, and 5-year 0S in the training cohort (A—C; C-index =
0.714), validation cohort (D-F; C-index = 0.710), and SEER cohort (G-I; C-index = 0.670). BCBM: Breast cancer brain metastasis; d: Number of deaths; m: Number of cases; 0S:
Overall survival; P. Sample size per calculation; SEER: Surveillance, Epidemiology, and End Results Program.

Previous studies mostly reported the prognostic factors
of BCBM survival. Based on LASSO Cox regression, the
present study identified six variables (tumor size, lymph
node metastasis status, molecular subtype, chemo-
therapy, radiotherapy, and lung metastasis). Some of the
variables we reported are consistent with those of
previous studies. In addition, estrogen receptor (ER),
progesterone receptor (PR), age, number of brain metas-
tases, the time interval from the first diagnosis of cancer
to BM, primary tumor size, extracranial metastasis,
primary tumor control, radiation dose, and isolated
metastasis were also reported by previous studies.'’!

Several similarities and differences between the hospital
cohort and SEER validation cohort were observed in
this study. The patients’ age range, tumor size, lymph
node metastases, distant metastases, and molecular types
of hospital cohort were statistically significantly
different from those of the SEER verification cohort.
The present study found that the proportion of patients
receiving radiotherapy and chemotherapy was essen-
tially the same in three cohorts. The survival rate of post-
operative  BCBM patients in the SEER verification
cohort was not significantly different from that in the
hospital cohorts, but the survival time was slightly
shorter. Therefore, there may be differences in the
survival rates of postoperative BM after breast cancer in
the hospital population and the SEER database popula-
tion, and further research is needed. Patients in the
SEER verification cohort tended to have more poorly
differentiated tumors than those in the hospital cohorts.
The difference was partially due to race, geographical

patterns, and dietary variations. Other factors, such as
drinking, being overweight, and using hormones, were
associated with the risk of breast cancer.*! The differ-
ences between the population in our study and the SEER
database may reflect the complex interactions between
race, geography, environment, socioeconomic status, and
genetic inequality.

AJCC 8th Edition Cancer Staging indicates that molecular
subtype is a considerable prognostic factor for BC,* and
that breast cancer metastatic characteristics vary among
the molecular subtypes. Breast cancer can be divided
into four molecular subtypes based on histological
biomarkers. Gerratana et al'®’ demonstrated that the risk
of postoperative recurrence of the four subtypes from
high to low was HER2-positive breast cancer (HER2+),
triple-negative breast cancer (TNBC), luminal B, and
luminal A. Additionally, Kennecke et all”l suggested that
the incidence of BM was higher in TNBC (25-27%) and
HER2+ (11-20%), and the incidence of BM was much
lower in luminal A and luminal B (8-15% and 11%,
respectively). In the present study, the incidence of
HER2 in hospital cohorts was higher than that of
luminal type, which was consistent with the findings of
many studies.!®”! It may be related to the fact that HER-
2-positive immunotargeted therapy significantly increased
the incidence of recurrence and metastasis and survival
rate in this type of patients.

In addition, lymph node metastasis in patients with post-
operative BCBM are associated with the survival rate.
Rack et al'” reported that the initial tumor size of the
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Figure 4: Predictive performance of the survival nomogram of BCBM patients reflected by ROC curves. ROC curves for the 1-, 3- and 5-year OS in patients in the training cohort (A-C),
validation cohort (D—F), and SEER cohort (G-I). AUC: Area under the curve; BCBM: Breast cancer brain metastasis; 0S: Overall survival; ROC: Receiver operating characteristic; SEER:

Surveillance, Epidemiology, and End Results Program.

primary focus had little correlation with prognosis, but
lymph node metastasis had a considerable impact on
prognosis. Rapiti et al'!l also reported that the degree of
lymph node metastasis and tumor size were related to
prognosis. Considering the significance of tumor size in
some studies and real clinical practice, tumor size was
included in LASSO regression in this study, which
confirmed that tumor size is of significance to the prog-
nosis and survival of patients with postoperative brain
metastasis of breast cancer, which is basically consistent
with the above conclusions.

Biological evidence is available to elucidate the link
between lung metastasis and subsequent BM. Stromal
cell-derived factor-1ae (SDF-1a) is the only chemokine

ligand-receptor CXCR4. SDF-la. is expressed in the
brain and lungs,!*! which causes BC cells to extravasate
into the lungs and tends to form brain metastases.
Slimane et al'3! included patients with metastatic breast
carcinoma (MBC) and determined that lung metastasis
was an independent prognostic covariate of BM in a
multivariate analysis. Sezgin et al'¥demonstrated that
lung metastasis, the first site of recurrence, was highly
correlated with the occurrence of BCBM. Therefore, it
can be deduced that lung metastasis is a significant risk
factor for postoperative BCBM (hazard ratio [HR] 0.56,
95% confidence interval [CI] 0.39-0.81, P = 0.002).

The BBB is a physical and chemical barrier between the
blood vessels and the brain that maintains the dynamic

1704



Chinese Medical Journal 2023;136(14)

1.0 Training cohort

09 Risk for brain metastasis (Kaplan-Meier)
08} High risk

0.7+ = Low risk

Survival probability
=]
w

0 10 20 30 40 50 60 70 80 90 100110 120
Follow-up time (days)

Number at risk
Highrisk79 75 45 30 18 11 10 7 4 2 2 1 1
Lowrisk 82 82 73 55 42 26 17 15 15 6 3 3 2
0 10 20 30 40 50 60 70 80 90 100110 12

Follow-up time (days)

B

1.0 — Validation cohort
0.9+ Risk for brain metastasis (Kaplan-Meier)
» 08F High risk
E 0.7} = Low risk
s o6}
g 05
= 04
£ o03f
2 02
0.1F
0 10 20 30 40 50 60 70 80 90 100
. Follow-up time (days)
Number at risk

Highrisk70 64 42 24 9 4 2 1 o o0 o0
Lowrisk 79 78 68 54 45 32 20 14 10 8 2

0 10 20 30 40 50 60 70 80 90 100
Follow-up time (days)
C 1.0 SEER cohort
0.9 Risk for brain metastasis (Kaplan-Meier)
0.8 High risk

= Low risk

T T T

Survival probability
oo oo

N WA W

T T T

| | ) ) L L | )
0 10 20 30 40 50 60 70 80
Follow-up time (d:
Number at risk ollow-up time (days)
High risk 84 49 25 13 8 5 3 2
Low risk 89 67 48 34 24 19 12 8
L h h f 1 | | |

0 10 20 30 40 50 60 70 80
Follow-up time (days)

Lim —

Figure 5: Kaplan—Meier curve to test the stratification system of BCBM in the training
cohort (A), validation set (B), and SEER set (C). BCBM: Breast cancer brain metastasis;
SEER: Surveillance, Epidemiology, and End Results Program.

balance of the brain by restricting the entry of poten-
tially toxic substances into the central nervous system.
Under general physiological conditions, the BBB repre-
sents an obstacle for circulating tumor cells entering the
brain, but it plays a protective role against immune cell
and toxic agents once metastatic cells have colonized the
cerebral compartment.'®! In addition, current studies
show that brain endothelial cells provide a cellular
barrier and actively support the growth and invasion of
tumor cells.'”' However, the extent of BBB protection in
the brains of cancer patients from peripheral effects is
unclear. The BBB also restricts the entry of chemothera-
peutic drugs, making it difficult for chemotherapeutic
drugs to reach effective concentrations in brain tissue.
As a result, the therapeutic effect of most chemothera-
peutic drugs on brain tumors is significantly weakened.
Related studies have shown that the effective rate of
chemotherapeutic drugs in patients with brain metas-
tasis of breast cancer is 4-38%./'®! Consequently, chemo-
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therapeutic drug effects on brain metastases after breast
cancer surgery remain controversial, and no standard
chemotherapy regimen is available for brain metastases.
Therefore, systemic chemotherapy is the only auxiliary
treatment to improve symptoms in later stages.
However, the combination of targeted drugs with higher
BBB permeability with the addition of surgery and radio-
therapy, may achieve better control of intracranial
lesions, improve the quality of life of patients, prolong
survival time, and reduce toxicity. This hypothesis is
consistent with national and international research.!!”!

Breast tumor diagnosis shows that BC cells take a long
time to colonise the brain due to the impermeable BBB.
In malignant intracranial tumors, the BBB is ultimately
transformed into a blood-tumor barrier with poor
permeability. Because of this characteristic, the drugs
used to treat BM are only targeted at any molecule that
plays a role in brain transmission across BBB or TCs.
Monoclonal antibodies with actions against HER2, such
as trastuzumab, pertuzumab, and trastuzumab emtan-
sine, are considered to be too large to cross an intact
BBB for an effective chemoprevention. The BBB may be
destroyed after radiotherapy; however, continued use of
trastuzumab after bone marrow formation may provide
survival benefits. Numerous studies have indicated that
high-dose trastuzumab can treat HER2+ BM.!*’! Continuous
treatment with trastuzumab in patients with BM is
advantageous, but it is unclear whether this advantage is
due to the drug’s effect on the brain or powerful system-
atic control.*!I Contrastingly, some studies showed that
HER2+ patients treated with trastuzumab have a higher
incidence of BM. These data suggest that while trastu-
zumab is excellent at controlling extracranial relapse,
the monoclonal antibody appears to have limited values
in preventing CNS recurrence.

Continuous treatment with trastuzumab in patients with
BM is advantageous, but it is not clear whether this
advantage is due to the effect of the drug in the brain or
powerful systematic control.?!! Lapatinib, a small
molecule kinase inhibitor of epidermal growth factor
receptor (EGFR) and HER2, is thought to be able to
cross the BBB.[?2l A clinical study showed that lapatinib
limits the ability of drugs to penetrate the complete
BBB.[2’/In another study, the lapatinib response rate as a
single drug was 6% but increased to 66% with the addi-
tion of capecitabine.?’! The potential chemopreventive
activity of lapatinib was suggested by the results of a
phase III randomized trial, in which the effects of lapa-
tinib plus capecitabine versus capecitabine alone were
compared in patients with advanced breast cancer who
had progressed on trastuzumab: fewer patients with
CNS involvement at first progression were in the
lapatinib-containing arm (2% vs. 6%).1**! These studies
show that lapatinib may effectively prevent BM, but no
concrete evidence supports this claim.

The novel HER2-targeted tyrosine kinase inhibitors
have potential activity in the bone marrow. Preclinical
data have shown that it may penetrate the complete BBB

and overcome drug resistance to trastuzumab or lapa-
tinib.[?*! CDK4/6 inhibitors, especially abexilide, show
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good central nervous system permeability in preclinical
models and reach the treatment level in BM. The inci-
dence and survival rate of BM depend primarily on the
breast cancer subtype, which indicates the need for
personalised BCBM treatment.'®! The incidence of BM
in HER2 was significantly higher than luminal type in
our study, and the incidence of TNBC was lower than
that of the other three subtypes.

Postoperative TNBC BM may destroy the BBB. In
contrast, the postoperative BM of HER2+ BC tends to
preserve the BBB.I*” Many national and international
studies have shown the complexity of the BBB in BM
and the characteristics of the molecular pathways
related to brain TCs growth and high-risk groups. Fortu-
nately, HER2-positive and triple-negative treatments
have apparent preventive effects and improve survival.®!
However, there were few patients having a life expec-
tancy of >3 years. How existing clinical treatment
methods play a role in patients with BM is unclear, and
these methods have several limitations. There is still no
global consensus on a sustainable, safe, and effective
treatment approach. Many trials are underway, and it is
hoped that more valuable results will be found to opti-
mize treatment and improve the survival rate and
quality of life of patients with postoperative BCBM.

This study showed that molecular subtypes, chemo-
therapy, radiotherapy, lung metastasis, tumor size, and
lymph node metastasis are risk factors for prognosis and
survival. Domestic and foreign studies have shown that
age, Ki67, histological grade, hormone receptor-negative
status, and lymph node metastasis are essential factors
in the prognosis of postoperative BM in BC.!'?I Future
experiments are hoped to confirm the results more accu-
rately. The present study quantified all the above-
influencing factors, and a relatively good evaluation
system was constructed. The verification results showed
that the C-indexes of the survival nomogram in the
training, validation, and SEER cohorts were 0.714,
0.710, and 0.667, respectively, indicating potential
prediction performance. The calibration curve of the
predicted survival probability was consistent with the
actual survival probability, and a dynamic diagram was
constructed to increase the operability of the results. The
results of the risk stratification showed that the OS of
low-risk patients was significantly higher than that of
high-risk patients (P <0.001).

Although there were some differences between the
training and verification cohorts of The Affiliated
Cancer Hospital of Xinjiang Medical University and the
external verification of the SEER database, the line
diagram of the hospital showed acceptable consistency
in the external verification cohort. The diagram enables
clinicians to identify patients with high risks of low
survival rates and therefore to make better clinical deci-
sions and provide follow-up monitoring for patients
with BM after BC surgery.

However, our study had some limitations. First, because
of the nature of retrospective research and the inclusion
of only surgical resection of breast cancer patients with
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BM, the selection bias might exist and a lack of stan-
dardized sample treatment is inevitable. Second, the data
of this study were obtained from a single center, the
sample size was small, and the follow-up time only up
to five years. These factors limited the representativeness
of our study patients and external utility of our study
findings, and the future studies with randomized, multi-
center, large-sample size, and longer follow-up design
are strongly encouraged.

In summary, based on The Affiliated Cancer Hospital of
Xinjiang Medical University and SEER database, we
determined the prognostic factors of patients with post-
operative BM from BC. Based on these factors, we
constructed and verified a diagram to forecast the
survival rate of patients with postoperative BM in BC.
The nomogram will also help clinicians personalize the
prediction of patient survival and provide suggestions
for improved therapy.
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