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Background: We aimed to investigate the prognostic significance of insulin resistance (IR) markers fasting triglyceride-glucose 
(TyG) index and triglyceride high-density lipoprotein cholesterol (TG/HDL-C) ratio in HER2-positive breast cancer (BC) patients with 
brain metastasis (BM).
Methods: In this single-center study, 120 patients who met the criteria were included. TyG and TG/HDL-C at the time of diagnosis 
were computed retrospectively. For TyG and TG/HDL-C, the median values of 9.32 and 2.95 were taken as the cut-off, respectively. 
TyG values <9.32 and <2.95 were considered low, and TG/HDL-C values ≥9.32 and ≥2.95 were considered high.
Results: The median overall survival (OS) was 47 months (95% CI: 40.54–53.45). Time to BM was 22 months (95% CI: 17.22– 
26.73). The median time to BM was 35 months (95% CI: 20.90–49.09) in the low TyG group and 15 months (95% CI: 8.92–21.07) in 
the high TyG group (p < 0.001). The time to BM was 27 months (95% CI: 20.49–33.50) in the low TG/HDL-C group and 20 months 
(95% CI: 16.76–23.23) in the high TG/HDL-C group (p=0.084). In the multivariate Cox regression analysis, the TyG index (HR: 
20.98, 95% CI: 7.14–61.59, p < 0.001) was an independent risk factor for time to BM.
Conclusion: These findings suggest that the TyG index could be used as a predictive biomarker at the time of diagnosis for risk of 
time BM in patients with HER2-positive BC. The TyG index can be used as a standard potential marker with prospective studies 
confirming these data.
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Introduction
Breast cancer (BC) is the most common cancer in women and the most common cause of cancer death.1 BC is 
a genetically and pathologically heterogeneous disease. Therefore, the disease’s spread, course, and prognosis are also 
very different between subgroups. BC subgroups have the potential to metastasize to different sites. BC can metastasize 
to the bone, lungs, liver, and brain.2 Brain metastasis (BM) is commonly seen in triple-negative (25–75%) and HER2- 
positive subgroups (11–20%).3,4 BM is common during HER2-positive metastatic BC and leads to poor survival and 
worse quality of life.5,6

Studies have shown the role of the brain microenvironment and nutrient sources in developing tumor metabolism and 
growth.7 Glucose metabolism is the main energy source, but different metabolic mechanisms can be used for energy 
production depending upon the tumor subtype.8 Another important metabolic pathway is lipid metabolism and fatty acid 
(FA) oxidation.9 Some subtypes of BC have enzymes and molecules in the lipid metabolism steps expressed at different 
levels as a function of the metastasis site. Acyl-CoA oxidase 1 (ACOX1) and tatty acid synthase (FASN) are expressed at 
higher levels in HER2-positive BM.9
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In recent years, studies have shown that metabolic syndrome and insulin resistance (IR) are associated with BC and 
its prognosis.10,11 The role of IR in tumor development and carcinogenesis is well-documented.12 Many studies have 
revealed that the fasting triglyceride-glucose (TyG) index and triglyceride high-density lipoprotein cholesterol (TG/HDL- 
C) ratio reflected IR and can be used as IR markers.13 These inexpensive and easily accessible markers are mostly used to 
predict the possibility of carcinogenesis and can predict the risk of various cancers.14,15 However their role in metastasis 
has not yet been adequately investigated. Despite the detection of various molecules mentioned in the above paragraph, 
no marker has yet been used in clinical practice for BM of BC. Thus, TyG index and TG/HDL-C ratio may reflect 
glucose-lipid metabolism, which is thought to play an important role for tumor cells in brain metastases; it may also play 
a predictive-prognostic role.

To the best of our knowledge, there is no data in the English literature investigating the relationship between HER2- 
positive BC patients with BM and TyG index and TG/HDL-C ratio. Hence, this study aimed to investigate the predictive 
significance of the TyG index and TG/HDL-C ratio in HER2-positive BC with BM.

Methods
Patients
This retrospective study reviewed data from 3225 HER2-positive BC patients who were followed in our oncology center 
(Health Sciences University, Dr. Abdurrahman Yurtaslan Oncology Training and Research Hospital, Ankara/Turkey) 
between 2000 and 2021. Patients (n=120) older than 18 years who had HER2-positive BC with BM were included in the 
study. We excluded patients with secondary malignancies (had cancer other than BC), those under 18 years of age, and 
patients with comorbidities and conditions that might impact lipid and glucose levels [eg, diabetes mellitus (DM), 
dyslipidemia, coronary artery disease, hypertension (HT), liver metastasis, active infection and steroid use], as well as 
those with missing data. In addition to demographic data, complete baseline blood counts and biochemistry parameters at 
the time of BC diagnosis were recorded.

Measurements
Fasting TG [mg/dl] × fasting glucose[mg/dl] was used to calculate the ln TyG index (ln: natural logarithm of a number).10 

The TG/HDL-C ratio was calculated as TG divided by HDL-C. The median values were the cut-off values for the TyG 
index and TG/HDL-C ratio. They were divided into two groups with values above the median high and below the 
median low.

Statistical Analysis
Statistical analyses were conducted with SPSS 25.0 software (SPSS, Chicago, IL, USA). The Mann–Whitney U-test 
compared nonparametric data while the Student’s t-test compared parametric data. Chi-square or Fisher’s exact test was 
used to compare categorical data. The Kaplan-Meier method was used for survival analysis, and the Log rank test was 
used for intergroup comparisons. Predictive factors impacting the overall survival (OS) were determined by multivariate 
analysis with the Cox proportional hazards model in which p < 0.05 was considered statistically significant. The time to 
BM was considered the primary endpoint.

Results
All patients were female (n=120). The median age at diagnosis was 48 years old (IQR: 42–55), and 13 patients (10.8%) 
were smokers. Pathological examination showed that 72 patients (60%) had hormone receptor positivity. Except for BM, 
the most common metastasis area was the lymph nodes (80%). Patient characteristics are summarized in Table 1.

The median follow-up duration was 44.5 months (IQR: 29–69.75), and 101 patients died (84.2%). The median OS 
was 47 months (95% CI: 40.54–53.45). The time from the first BC diagnosis to brain metastasis was defined as “time to 
BM” and was 22 months (95% CI: 17.22–26.73). Survival after BM was 13 months (95% CI: 10.01–15.98).

In the correlation analysis, there was a negative correlation between time to BM and TyG index as well as the TG/ 
HDL-C ratio (for TyG r:-0.488, p<0.001 for TG/HDL-C r:-0.269 p=0.003) (Table 2). Patients were divided into low and 
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high TyG groups as well as TG/HDL-C groups based on the median TyG (9.32) and TG/HDL-C (2.95). The median time 
to BM in the low TyG group (< 9.32) was 35 months (95% CI: 20.90–49.09). Time to BM was 15 months in the high 
TyG group (≥ 9.32) (95% CI: 8.92–21.07) (p < 0.001) (Figure 1).

In the low TG/HDL-C group (<2.95), the time to BM was 27 months (95% CI: 20.49–33.50) and 20 months in the 
high TG/HDL-C group (≥2.95), (95% CI: 16.76–23.23). Although there was a numerical difference, there was no 

Table 1 Baseline Characteristics of Patients

All Patients

n=120 (%)

Age - years, median (IQR) 48 (42–55)

Gender

Male 0 (0)

Female 120 (100)

Smoke

Yes 13 (10.8)
No 107 (89.2)

Her2 Status
+2 (SISH positive) 6 (5)

+3 114 (95)

Hormone Receptor Positivity

Yes 72 (60)

No 45 (37.5)
Unknown 3 (2.5)

Other Metastatic Areas

Lymph Nodes 96 (80)

Bone 66 (55)
Lung 51 (42.5)

Metastasectomy for Brain
Yes 15 (12.5)

No 105 (87.5)

Radiotherapy for Brain

Yes 109 (90.8)

No 11 (9.2)

Abbreviations: Her2, Human Epidermal Growth Factor Receptor 2; SISH, 
Silver In Situ Hybridization.

Table 2 Correlation Analyzes for Time to 
Brain Metastasis

r p value

TyG −0.488 <0.001

TG/HDL-C −0.269 0.003

Triglyceride −0.78 0.39
Glucose −0.086 0.35

HDL-C +0.098 0.28

Abbreviations: TyG, Triglyceride Glucose Index; TG/ 
HDL-C, Triglyceride to High-Density Lipoprotein; HDL-C 
cholesterol, High-Density Lipoprotein cholesterol.
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statistical significance (p=0.084). Table 3 presents a summary of survival outcomes. Multivariate Cox regression analysis 
with TyG index, TG/HDL-C ratio, TG, HDL-C, and glucose showed that TyG (HR: 20.98, 95% CI: 7.14–61.59, p < 
0.001) was an independent risk factor for time to BM.

Discussion
Our study found that the TyG index at diagnosis is an independent prognostic factor for time to BM in patients with 
HER2-positive BC. Moreover, our findings showed a negative correlation between time to BM and TG/HDL-C ratio. 
Changes in glucose and lipid metabolism play key and complex roles in tumor growth, invasion, and metastasis.16 The 
Warburg effect is one of the main glucose metabolism phenomena. Here, a metabolic shift in energy production occurs 
from oxidative phosphorylation in normal cells towards aerobic glycolysis in cancer cells.9,17 BC exhibits unique 
characteristics according to its pathologic subtypes and metastatic sites. Different glucose-lipid metabolism pathways 
are activated in each subtype.9 One of these pathways is lipid metabolism, which involves lipid synthesis, lipid 
degradation, catabolism, and FA oxidation.18 FASN and ACOX1 are involved in lipid synthesis and oxidation and 
play key roles in the metabolism of BC metastasis.19,20 The expression of these enzymes was higher in HER2 type BC 
and BM in different studies.9,16,18 The brain has different metabolic and anatomical features versus other metastasis sites 
in BC. It produces energy by glycolysis using glucose and not by oxidative phosphorylation—thus, the brain’s metabolic 

Figure 1 Time to Brain Metastasis by TyG index. 
Abbreviation: TyG, triglyceride-glucose index.

Table 3 Survival Outcomes

Time To Brain Metastasis OS

Month 95% CI p value Month 95% CI

All patients 22 17.22–26.73 47 40.54–53.45

TyG Low 35 20.90–49.09 <0.001
High 15 8.92–21.07

TG/HDL-C Low 27 20.49–33.50 0.084

High 20 16.76–23.23

Abbreviations: OS, Overall Survival; TyG, Triglyceride Glucose Index; TG/HDL-C, Triglyceride to High-Density Lipoprotein 
cholesterol.
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environment is differentiated.9 Although endothelial cells form a continuous barrier that prevent cancer cells from 
penetrating easily, brain-tropic HER2-positive BC cells that outcompete the proximate cells for glucose uptake and 
metabolize lactate can initiate BM.7

Various studies have reported a relationship between hyperglycemia-dyslipidemia and malignancy.21,22 Hyperglycemia 
and dyslipidemia may play roles in tumor initiation and progression.23 A trial found that high TG levels are a risk factor for 
lymphatic metastasis of early cancer in the upper gastrointestinal tract.24 Another study determined that hyperglycemia 
activates intranuclear nuclear factor kappa B (NF-κB), which regulate several genes regarding neoplasia and metastasis.25

Despite all of these data, no markers are yet standard in clinical practice to reflect glucose-lipid metabolism and BC 
metastases. The biomarkers used in studies on metabolism typically have one component (eg, FASN, ACOX1), and they 
fail to adequately reflect the BM-BC relationship with different metabolic pathways and mechanisms. The TyG index is 
used initially in metabolic syndrome consisting of TG and glucose components and is a practical and reliable measure
ment for IR.26,27 Many studies have demonstrated that the TyG index could predict the incidence of type 2 DM and 
cardiovascular disease.28,29 Metabolic syndrome and its indicator, IR, play an important role in the development of 
cancer.30 The adipose tissue and related products are the main factors in metabolic syndrome physiopathology. The 
changed production of adipokines, cytokines, and hormones generate a tumorigenic micro-environment resulting in 
increased tumor progression and reduced survival.31,32

Moreover, IR induces hyperinsulinemia and activates the PI3K/AKT/mTOR/S6K signaling pathway in malignancy.33 

Fritz et al studied patients with obesity-related cancers. The authors reported that the TyG index, an IR indicator, was 
associated with an increased risk of cancers of the digestive system such as the liver, pancreas, colon, and rectum.15 

Different studies on patients with gynecologic cancers, non-small cell lung cancer, and colorectal cancer showed that the 
TyG index predicted the incidence of cancer.34–36

The TyG index was used to predict cancer incidence relative to the normal population in BC as in other previously 
mentioned malignancy studies. A multicenter study conducted by Panigoro et al revealed that a high TyG index was 
associated with the risk of occurring BC.10 Another study on breast mass patients demonstrated the TyG index’s 
predictive effect in distinguishing benign and malignant lesions of the breast.14 In addition to all these publications, 
our study found that the TyG index may also effectively predict the risk of developing BM in HER2-positive BC. The 
TyG index activates the AKT signaling pathway, which promotes the metastasis process by G protein-coupled receptor.37 

Another study supports these findings and demonstrates that FA promotes glioblastoma multiforme proliferation via 
triglyceride metabolism.38 A meta-analysis of seven studies on brain tumors revealed that hyperglycemia has an obvious 
prognostic significance in patients with brain tumors and is associated with shorter OS.39

We found a negative correlation between time to BM and TG/HDL-C ratio, but it did not reach statistical significance 
probably due to the low number of patients when divided low-and high grouped with reference to median cut off value. 
A study conducted with colorectal cancer patients demonstrated that HDL-C was related to increased proinflammatory 
cytokines, which promote cancer cell proliferation.40 A Chinese study found that TG/HDL-C ratio was associated with 
a higher risk of colorectal cancer.13 Some studies have failed to find associations between lipid lipoproteins and the risk 
of BC, while other large clinical studies have demonstrated an inverse association between HDL-C and BC risk.41 In 
contrast, a population-based survival study suggested no relationships observed between lipids and prognostic outcomes 
among patients with luminal A and luminal B subtypes. However, the authors reported that TG and the HDL-C/total- 
cholesterol ratio could independently provide information regarding prognostic outcomes among triple-negative BC 
patients. TG levels were inversely associated with OS in HER2 patients.42

This study does have some limitations. The most important of these is the inability to report body mass index data, 
which is one of the factors that may affect the TyG index. Moreover, it was a retrospective and single-center study; thus, 
despite impressive results, a prospective multicenter study can be more effective in evaluating the TyG index. There is 
also a risk of bias in some results due to the low number of patients and missing data.

Conclusion
This study demonstrated that the TyG index could be used as a prognostic biomarker at the time of diagnosis for risk of 
time BM in patients with HER2-positive BC. In this patient group, a closer follow-up may be required regarding the risk 
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of BM. This was the first study to investigate the predictive value of TyG with BM HER2-positive BC in English 
literature. Large prospective studies on this subject will provide better information, thus reducing the possibility of bias.
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