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Introduction

According to the World Health Organization, Breast 
cancer (BC) was the most complex cancer disease globally 
in and the most common cause of mortality among 
women. According to unequivocal scientific evidence, 
the implementation of an effective preventive operative 
program could save lives of millions women afflicted 
breast cancer [1]. BC stands is the most prevalent and 
diverse malignancy women worldwide, representing a 
significant health issue. Improved understanding of tumor 

Abstract

Background: Breast cancer (BC) is the leading cause of cancer-related mortality among women worldwide. 
The type of BC depends on the specific breast cells undergoing malignant transformation and can originate in 
different regions of the breast. Indoleamine 2,3-dioxygenase 1 (IDO1) is an enzyme that catabolizes tryptophan and 
is overexpressed in several metastatic tumors, suggesting its potential role in cancer progression. This study aimed 
to assess serum IDO1 levels across different stages and ages in Iraqi women with BC, evaluating its diagnostic 
and prognostic value. Additionally, the correlation between IDO1 and clinicopathological features, as well as lipid 
and liver enzyme profiles, was examined. Materials and Methods: A case-control study was conducted on 90 
newly diagnosed Iraqi women with BC and 90 age-matched healthy controls. Serum IDO1 concentrations were 
measured using enzyme-linked immunosorbent assay (ELISA). Lipid profiles and liver enzyme activities (ALT, 
AST, ALP) were also evaluated. Statistical analyses were performed using SPSS software. Results: Serum IDO1 
levels were significantly elevated in BC patients compared to healthy controls (19.25 ± 7.36 vs. 2.16 ± 0.34 
pg/mL; p < 0.001), with levels increasing progressively across advanced disease stages. Patients also exhibited 
elevated ALT, AST, ALP, triglycerides, total cholesterol, LDL-C, and VLDL-C, along with reduced HDL-C 
compared to controls. Serum IDO1 showed significant positive correlations with age, ALT, AST, ALP, TG, TC, 
and HDL-C, but not with BMI, LDL-C, or VLDL-C. Diagnostic performance analysis revealed a cut-off value of 
12.65 ng/mL for IDO1, with 80.0% sensitivity, 81.1% specificity, and an AUC of 0.867 (95% CI: 0.814–0.919; 
p < 0.001). Conclusion: Elevated serum IDO1 is a significant predictor of BC outcomes and may reflect its role 
in disease pathogenesis. IDO1 demonstrates strong potential as a diagnostic and prognostic biomarker, as well 
as a promising target for immunotherapeutic strategies in breast cancer management.

Keywords: Breast cancer- IDO1- Metastasis- Liver enzymes- Lipid profiles

DOI:10.31557/APJCC.2025.10.4.1109

Serum IDO1 and Biochemical Markers Correlation in Iraqi 
Women with Breast Cancer

Hanaa Addai Ali1*, Safaa Mueen Hassoun1, Rawaa Adday Ali2, Maha Abd 
Alkadhim Abd1, Muthana Saleh Mashkour1, Mohauman Mohammed Majeed1

pathophysiology and the development of innovative 
medicines are essential for progressing breast cancer 
treatment [2]. Despite the rise of breast cancer incidence 
with advancing age, around 7 to 10% of women diagnosed 
with breast cancer are under the age of 40. This subgroup of 
patients exhibit distinct risk factors, tumor biology, clinical 
prognosis, and specific psychosocial issues, including 
fertility preservation, family planning, and employment 
reintegration [3]. Nonetheless, age should not be the 
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primary criterion determining treatment aggressive-
ness other considerations, including as the biologic 
aggressiveness of the tumor, potential long-term toxicities, 
and the preferences of the patient, must also be taken into 
account [4]. Fertility preservation techniques must be 
addressed with the patient prior to initiating any cancer 
therapy. Despite the significant percentage of breast cancer 
patients under 40 years of age, limited clinical trials 
have specifically examined the disease characteristics 
and outcomes of this demographic, and the majority of 
medicines routinely administered to these younger women 
were evaluated in older patients. Furthermore, young 
women diagnosed with breast cancer face heightened risks 
of sexual and psychological distress, and necessary for the 
clinicians to address these issues concerns to effectively 
support patients during the long diagnostic and therapeutic 
process [5, 6]. Consequently, it is essential to adhere to 
diagnostic and therapeutic protocol specifically tailored 
young women. Specific procedures should be adhered to 
while treating pregnant patients diagnosed with breast 
cancer [7]. Indoleamine 2,3-dioxygenase (IDO) is an 
immunosuppressive enzyme that catabolizes L-tryptophan 
into kynurenines (Kyn) [8, 9]. A deficiency of tryptophan 
impairs the cytotoxicity of T lymphocytes (T cells) 
[10]. Tryptophan metabolism produces compound that 
induces T cell apoptosis in vitro [11]. IDO participate 
in suppression of T-cell immunological responses by 
promoting the development of regulatory T cells (T-reg) 
[12]. IDO is involved in pathway of tumor immune 
evasion mechanisms [13, 14]. IDO overexpression 
lead to immunosuppression and immunotolerance 
[14]. IDO-expressing dendritic cells are present in the 
tissues and draining lymph nodes of patients with breast 
cancer [15]. IDO originating from tumor, possess the 
ability to obstruct the antitumor immune responses and 
facilitate metastasis [16, 17]. Numerous researchers 
have detected IDO expression in breast, colorectal, 
ovarian, and endometrial cancers [18-21]. IDO inhibition 
represent a developing antitumor approach within cancer 
immunotherapy. Currently, multiple IDO inhibitors are 
undergoing clinical trials [22]. Numerous studies indicate 
that high IDO1 expression in tumor tissues typically 
correlates with a significantly worse prognosis in patients 
[2]. Consequently, obstructing or ablating the IDO1 
immune-inhibitory pathway may represent a significant 
method for anticancer immunotherapy, with multiple 
IDO1 inhibitors currently undergoing clinical trials [22]. 
A multitude of research has demonstrated that indoleamine 
2,3-dioxygenase 1 (IDO1) catalyzes the metabolism of 
tryptophan (Trp) within the tumor microenvironment, 
hence interfering the function of cytotoxic sputum cells 
and resulting. immunosuppression [23].

Materials and Methods

 The study employed was a case–control design with 
180 participants aged 35 to 65 years conducted between 
December 2023 and April 2024. The total participants 
were categorized into two groups: Ninety individuals 
newly diagnosed with breast cancer encompassing 

[all stages: stage I (n=23), stage II (n=36), stage III 
(n=24), and stage IV (n=7)]. Diagnosed were made 
by mammography and histopathological examination 
at the Hospital of Oncology and Hematology in Najaf 
Al-Ashraf, Iraq. Additionally, ninety healthy participants, 
matched by age served as controls. This study excluded 
individuals who were pregnant, afflicted  chronic diseases, 
autoimmune disorders, microbial infections, smokers, 
using oral contraceptives or any hormonal medications, 
and undergoing surgery.

Prior to sample collection for the study, ethical 
principles in accordance with Declaration of Helsinki were 
adhered. Patients granted both verbal and written consent 
before the collection of sample. The study methodology, 
as along with the subject information and consent 
form, received approval from a local Ethics Committee 
following clearance from the ethics commission (IRB) 
of the Faculty of Science, University of Kufa, Iraq. 
Additionally, approved by the hospital’s administration the 
medical records encompass, demographic data, medical 
history, history of exposure, signs and symptoms, and 
laboratory findings.

Subsequently, Five milliliters of blood from each 
individual’s veins were obtained. Gel tubes were utilized to 
transport the blood subsequent to a breast cancer diagnosis 
and prior to initiation of any treatment. The blood is 
centrifuged at 3000 rpm for ten minutes to separate the 
sera into four tubes (Eppendorf tubes). It is subsequently 
stored at -8°C until the examination. The activities of 
AST, ALT, and ALP was measured spectrophotometrically 
utilizing Roche/Hitachi cobas c system in vitro diagnostic. 
The serum concentrations of total cholesterol (TC), 
triglyceride (TG), and high-density lipoprotein cholesterol 
(HDL-C) were quantified using an enzymatic colorimetric 
approach with a commercial kit from Emclab (Germany). 
Level of low-density lipoprotein cholesterol (LDL-C) 
and very low-density lipoprotein cholesterol (VLDL-C) 
were calculated using Friedewald’s formula. Serum IDO1 
was measured using enzyme-linked immunosorbent 
assay (ELISA) kits (Melsin, China. Assay range 
1.25-40 ng/mL). Anthropometric measurements including 
age, weight (kg), height (cm), waist circumference (cm), 
and hip (cm) were assessed. Furthermore, the body mass 
index was calculated by dividing weight in kilograms by 
the square of individual’s in meters: BMI = (weight in kg) 
/ (height in meters²) [24].

The Kolmogorov-Smirnov test was employed to 
analyze the distribution types of the results group. 
The student t-test was utilized to evaluated differences in 
scale variables across diagnostic categories. The analysis 
of variance (ANOVA) test was employed to assess the 
differences in scale variables among diagnostic groups. 
The results were presented as (mean ± standard deviation) 
for normally distributed values. The Pearson’s correlation 
coefficients (r) assess the relationship between the scale 
variable and the parametric parameter to determine their 
correlation another variable. Statistical significance for 
all hypothesis tests was determined with p-values below 
0.05 (two-tailed). Receiver operating characteristic (ROC) 
curves were utilized to assess the diagnostic efficacy 
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specificity. Figure 3 illustrates the plotted ROC curves. 
Table 4 presents the coordinates of the ROC results 
along with the concentration cutoff that yields optimal 
sensitivities and specificities. The results indicates that 
IDO1 levels exceeding the projected cut-off values suggest 
that subjects may have BC, with sensitivities of 80.0 % 
and specificities of 81.1 %, p < 0.0001 at a cut-off value 
of 12.65 ng/mL.

Discussion

Several prognostic and predictive factors have 
been reported in breast cancer patients, including those 
associated with survival outcomes and the risk of 
treatment-related adverse effects [25-29]. Indoleamine 
2,3-dioxygenase 1  is often activated in various types of 
human cancers, including BC, and influences the innate 
immune system, tumor cells, and stromal cells [30]. 
The presence of IDO1 is frequently linked to a negative 
prognosis. The influence on immunosuppression is intricate 
as it involves the suppression of natural killer and CD8+ 
effector T cells, while enhancing the function of myeloid-
derived suppressor and CD4+ T-reg cells [31]. It has been 
documented that tumors-derived IDO possesses the ability 

of the evaluated biomarkers in diagnosing the disease. 
The cut-off values of the concentrations yield optimal 
sensitivity and specificity based The data was compiled 
and analyzed by using on the area under the curve (AUC). 
IBM’s Statistical Package for Social Sciences, version 27 
(SPSS, Chicago, Illinois, USA).

Results

The baseline characteristics of 90 breast cancer 
patients diagnosed for the first time, compared with 90 
healthy women in the study group, are detailed in Table 1, 
which summarizes various clinicopathological parameters 
of the patients presented as (mean ± SD). The mean age 
at breast cancer diagnosis was years (range, 35-65 years). 
No significant difference was found between the study 
groups regarding mean age and BMI (p < 0.1378 and p 
< 0.8096, respectively). The IDO1 level was significantly 
higher in the BC group compared to the control group 
(19.197 ± 7.212 vs. 11.703 ± 3.866 ng/mL, P < 0.0001; 
Table 1), respectively. Clinical data including liver 
enzymes and lipid profiles, were significantly elevated 
in the BC women compared to healthy women groups. 
In Table 2 and Figure 1, illustrates that serum IOD1 
levels significantly escalated with the progression of BC 
stages in women. The activities of ALT, AST, and ALP 
were significantly elevated in all stages of the patients. 
However, there were no significant differences in mean 
values of BMI, TG, TC, LDL-C, and VLDL-C across all 
stages, a significant difference was observed in HDL-C 
between Stage II and Stage III as well as between Stage 
II and Stage IV. Table 3 shows the correlation among 
the measured parameters and variables. The findings of 
this study indicated toward positive correlation between 
IDO1and all examined parameters with exception of 
BMI, LDL-C and VLDL-C Figure 2. Receiver operating 
characteristics (ROC) analysis was conducted to evaluate 
the efficacy of the measured IDO1 in identifying BC 
patients by assessing its diagnostic sensitivity and 

Table 1. Demographic and Clinical data of Breast Cancer Patients’ healthy Controls

Parameters Patients group Controls group P- value
( mean ± SD ) ( mean ± SD )

Number 90 90 -------
Age (years) 48.344 ± 6.657 49.988 ± 8.074 p˃ 0.05 (NS)
BMI (kg/m2) 28.758 ± 4.209 28.956 ± 6.559 p˃ 0.05 (NS)
ALT (IU/L) 22.185 ± 7.882 7.566 ± 3.187 P˂ 0.0001
AST (IU/L) 20.557 ± 4.773 7.683 ± 3.078 P˂ 0.0001
ALP (IU/L) 241.233 ± 62.521 86.733 ± 31.102 P˂ 0.0001
TG (mg/dL) 209.387 ± 25.511 196.721 ± 33.714 P˂ 0.005
TC (mg/dL) 235.642 ± 28.936 214.047 ± 34.246 P˂ 0.0001
HDL-C (mg/dL) 34.559 ± 5.067 48.661 ± 5.537 P˂ 0.0001
LDL-C (mg/dL) 159.205 ± 26.159 126.041 ± 30.651 P˂ 0.0001
VLDL-C (mg/dL) 41.877 ± 5.102 39.344 ± 6.742 P˂ 0.0001
IDO1 (ng/mL) 19.197 ± 7.212 11.703 ± 3.866 P˂ 0.0001

Data displayed as mean ± SD, were SD denotes: Standard Deviation, BMI: Body Mass Index, ALT: Alanine aminotransferase, AST: Aspartate 
aminotransferase, ALP: Alkaline phosphatase, TG: Triglyceride, TC: Total Cholesterol, HDL-C: High Density Lipoprotein-Cholesterol, LDL-C: 
Low density Lipoprotein-Cholesterol, VLDL-C: Very Low Density Lipoprotein-Cholesterol, IDO1: Indoleamine 2,3-dioxygenase.

Figure 1. Comparison of Serum IDO1 Levels in 
Patients' stages
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Table 2. Comparison of Variables between the Stages of Breast Cancer Patients
Variables Patients Stages (No.= 90)

Stage I Stage II Stage III Stage IV p-value

(No.= 23) (No.= 36) (No.= 24) (No.= 7)

Age (years) 43.739 ± 5.941 49.388 ± 6.442 50.041 ± 5.834 52.285 ± 6.156 a) 0.001
b) 0.001
c) 0.002  
d) 0.001     
e) 0.687      
h) 0.397 

BMI (kg/m2) 27.815 ± 3.574 29.122 ±4.561 29.292 ± 4.232 28.154 ±4.489 a) 0.251    
b) 0.235    
c) 0.853  
d) 0.879     
e) 0.582      
h) 0.533  

ALT (IU/L) 14.095 ± 4.031 20.586 ± 4.558 28.379 ± 5.175 35.757 ± 1.912 a) 0.0001
b) 0.0001
c) 0.0001   
d) 0.0001 
e) 0.0001 
h) 0.0001   

AST (IU/L) 17.982 ± 4.478 20.077± 4.923 22.937 ± 3.682 23.328 ± 3.552 a) 0.079 
 b) 0.0001
c) 0.006    
d) 0.016
e) 0.078 
h) 0.837     

ALP (IU/L) 185.913 ± 46.193 235.778 ± 54.168 296.458 ± 42.601 261.714±38.573 a) 0.0001
b) 0.0001
c) 0.0001   
d) 0.0001
e) 0.197
h) 0.097        

TG (mg/dL) 211.196 ±29.001 201.235 ±22.372 217.036 ± 26.149 219.140±16.535 a) 0.138 
b) 0.424
c) 0.462
d) 0.01 
e) 0.085 
h) 0.845        

TC (mg/dL) 231.408 ± 32.218 230.633 ± 28.745 243.430 ± 27.695 248.615±13.983 a) 0.92 
b) 0.154  
c) 0.168    
d) 0.094  
e) 0.132    
h) 0.675        

HDL-C  (mg/dL) 34.224 ± 4.874 32.335 ± 5.151 37.261 ± 4.011 37.832 ± 2.338 a) 0.131  
 b) 0.028  
c) 0.075   

d) 0.0001
e) 0.005 
h) 0.775

LDL-C (mg/dL) 154.944 ± 28.872 158.051 ± 26.590 162.761 ± 25.969 166.954±13.637 a) 0.66
b) 0.312 
c) 0.294
d) 0.499   
e) 0.416    
h) 0.712

VLDL-C (mg/dL) 42.239 ± 5.800 40.247 ± 4.474 43.407 ± 5.229 43.828 ± 3.307 a) 0.138  
b) 0.424 
c) 0.462    
d) 0.01  
e) 0.085   
h) 0.845        

IDO1 (ng/mL) 11.872±0.804 16.052±1.048 26.608±2.265 34.014±1.629 a) 0.001  
b) 0.0001   
c) 0.0001   
d) 0.0001   
e) 0.0001   
h) 0.0001

Data displayed as mean ± SD, where SD denotes as: Standard Deviation, BMI: Body Mass Index, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, 
ALP: Alkaline phosphatase, TG: Triglyceride, TC: Total Cholesterol, HDL-C: High Density Lipoprotein-Cholesterol, LDL-C: Low density Lipoprotein-Cholesterol, 
VLDL-C: Very Low Density Lipoprotein-Cholesterol, IDO1: Indoleamine 2,3-dioxygenase. Significant differences among stages; a) Stage I compared to Stage II, b) 
Stage I compared to. Stage III, c) Stage I compared to Stage IV, d) Stage II compared to Stage III, e) Stage II compared to Stage IV, h) Stage III compared to Stage IV.
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to inhibit the immunological responses against tumor [32]. 
IDO proposed to play a crucial role in the pathogenesis of 
breast cancer. Inflammatory cytokines indicates the ability 
to create an inflammatory environment that promotes 
tumor proliferation. Interferon‐gamma (IFN-γ) recognized 
for its significant role in antitumor immune responses, 
while Interleukin 6 (IL-6) is considered a pro-tumorigenic 
cytokine. Recent studies indicate that IDO1 is linked to 
the induction of IL-6, while IFN-γ serves as a primary 
catalyst for IDO1 induction. Despite extensive research 
on the effects of Trp deprivation, the functions of Kyn 
and other Trp catabolizes remain ambiguous [20]. 
Godin-Ethier et al. reported that Kyn serves as a natural 
ligand for the aryl hydrocarbon receptor, a transcription 
factor integral to proinflammatory processes and finding 
particularly relevant to inflammatory carcinogenesis 
[30]. IDO overexpression correlate with reduced overall 
survival in patients with solid tumors [19]. Huang et al 
[33] confirmed that elevated IDO expression correlates 
with improved survival rates in breast cancer patients, 
aligning with results reported by Jaquemiere et al [34]. 

Yu et al. observed  that the influx of T-regs into the tumor 
microenvironment by IDO1 activation in primary BC 
may suppress the local immune response and facilitate 
metastasis [35]. Song et al. demonstrated that L-Kyn, 
a catabolite of IDO1, can trigger apoptosis in NK cells 
by stimulating the generation of ROS, thus facilitating 
immune evasion [36]. Recent years demonstrated that the 
upregulation of IDO1 in many malignancies leads to Trp 
deprivation in the local environment, thereby inhibiting the 
T cell-mediated immune response. IDO1 expression and 
clinical outcomes exhibit significant correlations across 
several cancers, including BC. The involvement of IDO1 
in various carcinomas is controversial due to inconsistent 
results. In colorectal cancer, endometrial, ovarian, and 
esophageal carcinomas, the expression of IDO1 is 
indicative of a poor clinical prognosis [37]. In contrast, 
patients with hepatocellular carcinoma and elevated  
IDO1 levels demonstrates a favorable prognosis. While 
most experimental studies indicate a positive correlation 
between IDO1 activity and breast tumor progression, one 
study reported contrary findings [38] and another observed 

Figure 2 . Correlation between IDO1 levels and A: Age, B: BMI, C: ALT, D: AST,  E: ALP, F: TG, G: TC, H: HDL-C, 
I: LDL-C, J: VLDL-C.
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no significant differences in IDO1 expression between 
tumorigenic and non-tumorigenic tissues [39]. The same 
research group contradictory findings IDO1 activation in 
patients with invasive BC, indicating that IDO1 activity 
was significantly reduced in patients exhibiting higher 
number of metastatic abrasions compared to those with 
no or fewer metastatic abrasions [40]. Previous research 
demonstrated a favorable correlation between IDO1 
expression and the number of metastatic abrasions [41]. 
The concurrent expression of cytokeratin 18, IL-6 and 
IDO1 in BC patients prior to neoadjuvant chemotherapy; 
identifying a correlation between IL-6 and IDO1 
expression in advanced BC and an reduced response to 
neoadjuvant treatment [42]. Wei et al. demonstrated a 
positive correlation between the expression of IDO1 and 
CD105 in Michigan cancer foundation-7 malignant BC 
cell lines. This was associated with the initial metastasis 
of tumor draining tumor-draining lymph nodes, lymph 
node metastasis stage, and histological grade. Beside 
inhibiting immunological responses, IDO1 may facilitate 
tumor progression by enhancing angiogenesis through the 
proliferation of CD105-expressing human umbilical vein 
endothelial cells [43]. Dill et al. demonstrated that IDO1 
expression was highest in triple-negative breast cancer 
(TNBC), with roughly 70% of Programmed death-ligand 
1 (PD-L1) breast neoplasms exhibiting IDO1expression. 
The majority of breast neoplasms with low PD-L1 
expression were negative for IDO1 [44]. In 2020, 
Wei et al. proposed that IDO1 and tumor-infiltrating 
immune cells serve as a significant  prognostic markers 
in BC [45]. Costa et al. indicated that 40% of human 
epidermal growth factor receptor-2-positive breast 
tumors overexpress IDO1, suggesting the potential of a 
synergistic treatment approach similar to that shown in 
TNBC models [46]. Research conducted by Sakurai et al. 
demonstrated that high IDO1 expression in breast cancer 
is associated with clinical stage and may significantly 

contribute to the immunosuppression in affected 
patients [47]. The mechanisms involving this pathogenic 
process remain unidentified. It is proposed that local 
T-cell-mediated  immunotolerance induced by elevated 
IDO1 level in the tumor microenvironment may serve as a 
primary immunoregulatory mechanism facilitating tumor 
metastasis [19]. IDO1 facilitates the degradation of the 
essential amino acid tryptophan resulting in the synthesis 
of immunosuppressive Kyn and the depletion of Trp. 
IDO1 expression and activity facilitate aggressive tumor 
growth, inferior therapeutic efficacy and poor prognosis 
[48]. The microenvironment of breast tumor comprises 
several cell types, including lymphocytes. IDO1 has been 
linked to the tumor evasion from the immune system  
[49]. Another immunosuppressive enzyme investigated 
in BC is IDO1. It is a Trp catabolic enzyme expressed 
during fetal development to protect against maternal T 
lymphocyte destruction. IDO1 expression is suppressed 
under normal physiological conditions in adults, however 
it is observed during inflammatory settings and in different 
tumors. IDO1 expression is linked with tumor evasion by 
suppressing the antigen specific immune response [50]. 
A limitation of this study is the small sample size in the 
advanced-stage groups of BC patients. Consequently, 
future research involving larger patient populations is 
recommended to validate the observed associations 
between IDO1 and BC.

In conclusion, the elevated level of IDO1 in BC 
women was identified as the most significant predictor 
of prognosis and a valuable instrument for prognostic 
evaluation and potentially indicating its involvement in 
disease pathogenesis. It can produce an inflammatory 
microenvironment by serving as a central interface for 
inflammatory cytokines. Furthermore, elevated IDO 
levels are significantly linked with reduced overall patient 

Table 3. Correlation between IDO1 and Studied Parameters in Breast Cancer Patients
Parameters r p-value Parameters r p-value
Age (years) 0.362** 0.001 TG (mg/dL) 0.192 0.069
BMI (kg/m2) 0.068 0.522 TC (mg/dL) 0.217* 0.04
ALT (IU/L) 0.798** 0.0001 HDL-C (mg/dL) 0.373** 0.001
AST (IU/L) 0.363** 0.0001 LDL-C (mg/dL) 0.13 0.223
ALP (IU/L) 0.577** 0.0001 VLDL-C (mg/dL) 0.192 0.069

**. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed). r: Pearson correlation coefficient.

Table 4. Receiver Operating Characteristic-area 
under Curve Analysis of the Diagnosis for Breast Cancer 
Patients vs. Healthy Control

Variables IDO1(ng/mL)
Area Under Curve (AUC) 0.867
Cut-off value 12.65
P-value p ˂ 0.0001
Specificity 80.00%
Sensitivity 81.10%
Confidence interval 95% 0.814-0.919 

Figure 3. Receiver Operating Characteristic Curve for 
Breast Cancer Patients vs. healthy control.
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survival. IDO may serve as a potential biomarker and 
immunotherapeutic target in patients with breast cancer.
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