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ABSTRACT

Objective: To elucidate the prognostic value of the albumin-to-fibrinogen ratio (AFR) in patients with triple-negative breast cancer
(TNBC).

Study Design: An observational study.

Place and Duration of the Study: Department of Medical Oncology, Cancer Hospital of China Medical University, Liaoning Cancer
Hospital and Institute, Shenyang, Liaoning, China, from January 2010 to October 2022.

Methodology: A total of 195 patients diagnosed with TNBC were recruited and followed up till October 2022. The optimal cut-off
value of AFR was assessed via receiver operating characteristic curve analysis, after which patients were categorised into low and
high AFR groups accordingly. The relevance between TNBC and clinicopathological parameters were evaluated using x° and Fisher's
exact tests. Survival time was analysed by using the Kaplan-Meier method and log-rank tests. Prognostic factors were identified via
Cox regression model analysis. Nomograms were constructed, and calibration curve analysis (CCA) and decision curve analysis (DCA)
were applied to evaluate their predictive clinical application.

Results: The optimal cut-off value of AFR was 15. The median survival time of patients with high-AFR values was higher than those
with low-AFR values (DFS: 36.54 vs. 33.19 months, p = 0.004; 0S: 56.45 vs. 53.29 months, p = 0.003). According to the Cox regres-
sion model, AFR was a significant predictor of disease-free survival [DFS; hazard ratio (HR): 0.595, 95% CI: 0.377-0.940, p = 0.026]
and overall survival (OS; HR: 0.385, 95% CI: 0.221-0.670, p = 0.001). CCA and DCA indicated that AFR-based nomograms had good
predictive clinical utility within the threshold probability range for different survival rates.

Conclusion: AFR is easy and inexpensive to conduct and has the potential to serve as a predictive factor for preoperative evaluation in

clinical practice.
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INTRODUCTION

Breast cancer is the most common malignant tumour in
females and a leading cause of cancer-associated mortality
worldwide.! Triple-negative breast cancer (TNBC) is a high-
grade subtype, accounting for 15-20% of all cases, with a
higher prevalence in young females and a worse prognosis
than HER2-enriched or luminal subtypes.? Survival rate anal-
ysis after preliminary treatment reveals a significantly high risk
of recurrence and death. Due to a lack of effective therapeutic
targets, chemotherapy remains the main treatment modality
for patients with TNBC.’
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The systemic inflammatory response, which plays a prominent
role inthe tumour microenvironment, is associated with clinical
outcomes and overall prognosis. Its indicators include single
markers—such as neutrophils, monocytes, platelets, lympho-
cytes, albumin (ALB), and fibrinogen (FIB)—and combined
marker ratios or scoring systems, such as lymphocyte-to-
monocyte ratio (LMR), Glasgow prognostic score, neutrophil-
to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio
(PLR).* Coagulation dysfunction increases the risk of throm-
bosis during the development and progression of tumours by
limiting the function of growth factors and natural killer cells.
The nutritional status is a major factor affecting the prognosis of
cancer patients. Previous research has confirmed that ALB was
a critical predictor of nutritional status.® FIB is a soluble serum
glycoprotein that is generated by hepatic cells and involved in
blood coagulation and platelet aggregation. The ALB-to-FIB
ratio (AFR)is a promising prognosticindicator based oninflam-
mation for certain tumours.” However, there have been few
studies on AFR and TNBC. Therefore, this study aimed to eluci-
date the prognostic value of AFR in the prediction of the sur-
vivaltime of TNBC patients.
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METHODOLOGY

A total of 195 female patients diagnosed with TNBC in the
Department of Medical Oncology, Cancer Hospital of China
Medical University, Liaoning Cancer Hospital and Institute,
Liaoning, China, from January 2010 to October 2022, were
included in the study. Clinicopathological and follow-up data
were obtained from the electronic medical records. The study
was approved by the Ethics Committee of Cancer Hospital of
China Medical University, Liaoning Cancer Hospital and Insti-
tute, Liaoning, China, and was performed in compliance with
the revised version of the Declaration of Helsinki. Individual
patient information was protected and not disclosed in this
study. All enrolled patients provided informed consent.

Eligible participants were required to have histologically
confirmed TNBC, complete clinical and pathological data, and
available follow-up information. Preoperative blood samples
were collected prior to any anticancer therapy. Patients were
excluded if they presented with distant metastases (M1 stage)
or concurrent malignancies unrelated to TNBC. Additional
exclusion criteria comprised prior exposure to chemotherapy,
radiotherapy, targeted therapy, or immunotherapy, as well as
the presence of acute or chronic inflammatory diseases,
including infections or autoimmune diseases. Individuals who
had undergone blood transfusions within one month before
surgery were also excluded to minimise confounding effects on
haematological parameters.

Body mass index (BMI) was evaluated based on the patient’s
weight (kg) and height (m). The 8" edition of the American Joint
Committee on Cancer (AJCC) staging system and the TNM stage
classification of the Union for International Cancer Control
(UICC) were used for cancer staging. The time of menopause
was defined as the final menstrual period one year before
amenorrhea. The fifth edition of the Breast Imaging Reporting
and Data System (BIRADS) was used. The P/T ratio was deter-
mined by positive lymph nodes divided by the total lymph nodes
examined. CK5/6, P53, epidermal growth factor receptor
(EGFR), TOP2A, Ki-67 expression, and lymphovascularinvasion
(LVI1) were obtained by immunochistochemistry in the Depart-
ment of Pathology. Blood samples were collected from a
peripheral vein prior to treatment. Routine haematological
parametersfrom peripheral venous blood were detected by an
automated haematology analyser. AFR was calculated as AFR
= ALB/FIB, where ALB and FIB represent the pretreatment
peripheral ALBand FIB counts, respectively.

All enrolled patients received inpatient and outpatient services
and made phone calls after surgery. The postoperative follow-
up schedule was as follows: three months during the first and
second years, every 6 months from the third to fifth years, and
annually thereafteruntil death. Disease-free survival (DFS) was
definedasthetimefromsurgerytotheoccurrenceoflocalrecur-
rence or distant metastasis. Overall survival (OS) was defined
as the time of surgery to death from any cause or to the date of
the last follow-up. All statistical analyses were conducted using

SPSS Statistics software version 22.0 (IBM Corp.) and GraphPad
Prism software 8.0 (Dotma- tics). The Chi-square test and Fish-
er's exact test were applied to compare nominal clinicopatho-
logic variables [N (%)], such as marital status, menopause,
chemotherapy, radiotherapy, targeted therapy, TNM stage,
type of surgery, and histologic grade. The optimal cut-off value
ofthe AFR was assessed using receiver operating characteristic
curve (ROC) analysis. The Kaplan-Meier method was applied to
computethesurvival curves of DFSand OS, and the curves were
analysed using the log-rank tests. The Coxmodel analyses were
employedtoassess potentialindependentfactors. Nomograms
wereconstructed, and calibrationcurveanalysis (CCA) and deci-
sion curve analysis (DCA) were performed to evaluate the clin-
ical utility of the predictive models. A p-value of less than 0.05
was considered statistically significant. The Youden index was
calculated as sensitivity + specificity-1. Based on the highest
value of the Youdenindex, the optimal cut-off value for AFR was
obtained.

RESULTS

According to ROC analysis, the sensitivity and specificity were
69.35% and 58.65%, respectively. The optimal cut-off value for
AFR was determined to be 15.0 (AUC: 0.697, p <0.0001)
(Annexure 1). Based on this value, patients were classified into
alowAFR group (AFR <15.0) and a high AFR group (AFR =15.0).
Therewere 96 cases (49.23%) inthelow AFR groupand 99 cases
(50.77%) inthe high AFR group. Comparedtothelow AFR group,
the high AFR group’s score was found to be associated with age
(xX*= 4.329, p = 0.037), marital status (x*= 5.425, p = 0.020),
BMI (x°= 4.934, p = 0.026), menopause (x*= 5.596, p = 0.018),
ultrasound (US) tumour size (x’=4.277, p = 0.039), and postop-
erative radiotherapy (x*= 4.775, p = 0.029). Detailed patient
dataareshowninTablel.

According totheclinical stage at diagnosis, 111 (56.92%) cases
were stage | or Il, and 84 (43.08%) cases were stage Ill. There
were significant differences in clinical T stage (x*= 6.655, p =
0.010), histologic grade (x*= 6.315, p = 0.012), positive lymph
nodes (x*= 3.881, p = 0.049), EGFR (x’= 8.587, p = 0.003), and
topoisomerase 2A (TOP2A; x’= 10.412, p = 0.001) between the
twogroups(Tablel).

In the current study, the reference ranges for these para-
meters were as follows: white blood cells (3.5 x 10°-9.5 x 10%1),
red blood cells (3.8 x 10'%-5.1 x 10**/1), platelets (125 x 10°-350 x
10°/1), haemoglobin (115-150 g/l), neutrophils (1.8 x 10°-6.3 x
10%/1), lymphocytes (1.1 x 10°-3.2 x 10°%1), C-reactive protein
(CRP; 10-200 mg/l), ALB (35-55 g/I), alkaline phosphatase (ALP;
35-100U/I), lactate dehydrogenase (LDH; 109-245 U/l), FIB (2-4
g/l), and D-dimer (D-D; 0-0.55 mg/l). Significant associations
were observed for ABO blood type (x*= 6.976, p = 0.008), red
blood cells (x*= 4.310, p = 0.038), ALB (x°= 15.997, p <0.001),
ALP(x°=10.345,p=0.001), LDH (x*=4.957,p=0.026),FIB (\’=
60.897,p <0.001),and D-D (x°=6.253, p=0.012). The associa-
tions between AFR and inflammatory indices are shown in
Tablel.
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Table I: Demographic and clinicopathologic characteristics of TNBC patients.

Variables Number of cases X p-values
Total (n = 195) Low AFR group High AFR group
(<15.0) (=15.0)
(n = 96) (n =99)

Demographic characteristics

Age, (years) 4.329 0.037
<48 96 (49.2%) 40 (41.7%) 56 (56.6%)
=48 99 (50.8%) 56 (58.3%) 43 (43.4%)

Marital status 5.425 0.020°
Married 183 (93.8%) 94 (97.9%) 89 (89.9%)
Unmarried 12 (6.2%) 2(2.1%) 10 (10.1%)

BMI 4.934 0.026
<23.50 97 (49.7%) 40 (41.7%) 57 (57.6%)
=23.50 98 (50.3%) 56 (58.3%) 42 (42.4%)

Menopause 5.596 0.018
No 116 (59.5%) 49 (51.0%) 67 (67.7%)
Yes 79 (40.5%) 47 (49.0%) 32 (32.3%)

US-tumour size (cm) 4.277 0.039
<2 83 (42.6%) 48 (50.0%) 35 (35.4%)
>2 112 (57.4%) 48 (50.0%) 64 (64.6%)

US-LNM 1.458 0.227
No 147 (75.4%) 76 (79.2%) 71 (71.7%)
Yes 48 (24.6%) 20 (20.8%) 28 (28.3%)

US-BIRADS 3.727 0.054
445 99 (50.8%) 42 (43.8%) 57 (57.6%)
6 96 (49.2%) 54 (56.3%) 42 (42.4%)

Postoperative complications 0.182 0.670
No 177 (90.8%) 88 (91.7%) 89 (89.9%)
Yes 18 (9.2%) 8 (8.3%) 10 (10.1%)

Postoperative chemotherapy 0.030 0.862
No 58 (29.7%) 28 (29.2%) 30 (30.3%)
Yes 137 (70.3%) 68 (70.8%) 69 (69.7%)

Postoperative radiotherapy 4.775 0.029
No 138 (70.8%) 61 (63.5%) 77 (77.8%)
Yes 57 (29.2%) 35 (36.5%) 22 (22.2%)

Postoperative targeted therapy 1.034 0.309
No 175 (89.7%) 84 (87.5%) 91 (91.9%)
Yes 20 (10.3%) 12 (12.5%) 8 (8.1%)

Pathological characteristics

Clinical T stage 6.655 0.010
T1+ T2 149 (76.4%) 81 (84.4%) 68 (68.7%)
T3+ T4 46 (23.6%) 15 (15.6%) 31 (31.3%)

Clinical N stage 0.211 0.646
NO 70 (35.9%) 36 (37.5%) 34 (34.3%)
N1 + N2 + N3 125 (64.1%) 60 (62.5%) 65 (65.7%)

Clinical TNM stage 0.941 0.332
[+ 1 111 (56.9%) 58 (60.4%) 53 (53.5%)
1l 84 (43.1%) 38 (39.6%) 46 (46.5%)

Types of surgery 2.552 0.110
Mastectomy 151 (77.4%) 79 (82.3%) 72 (72.7%)
Breast-conserving surgery 44 (22.6%) 17 (17.7%) 27 (27.3%)

Histologic grade 6.315 0.012
[+ 1 100 (51.3%) 58 (60.4%) 42 (42.4%)
Il 95 (48.7%) 38 (39.6%) 57 (57.6%)

Tumour size (cm) 1.126 0.289
<2 105 (53.8%) 48 (50.0%) 57 (57.6%)
>2 90 (46.2%) 48 (50.0%) 42 (42.4%)

Pathological N stage 3.089 0.079
T1+ T2 122 (62.6%) 66 (68.8%) 56 (56.6%)
T3+ T4 73 (37.4%) 30 (31.3%) 43 (43.4%)

Pathological N stage 1.166 0.280
NO 137 (70.3%) 64 (66.7%) 73 (73.7%)
N1 + N2 + N3 58 (29.7%) 32 (33.3%) 26 (26.3%)

Pathological TNM stage 1.166 0.280
[+ 1 137 (70.3%) 64 (66.7%) 73 (73.7%)
1l 58 (29.7%) 32 (33.3%) 26 (26.3%)

Continued...
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Variables Number of cases X p-values
Total (n = 195) Low AFR group High AFR group
(<15.0), (n = 96) (=15.0), (n = 99)

P/T ratio 3.812 0.051
<0.12 125 (64.1%) 55 (57.3%) 70 (70.7%)
=0.12 70 (35.9%) 41 (42.7%) 29 (29.3%)

Total lymph nodes removed 0.004 0.947
<21 100 (51.3%) 49 (51.0%) 51 (51.5%)
=21 95 (48.7%) 47 (49.0%) 48 (48.5%)

Positive lymph nodes 3.881 0.049
<2 129 (66.2%) 57 (59.4%) 72 (72.7%)
=2 66 (33.8%) 39 (40.6%) 27 (27.3%)

CK5/6 1.006 0.316
Negative 119 (61.0%) 62 (64.6%) 57 (57.6%)
Positive 76 (39.0%) 34 (35.4%) 42 (42.4%)

EGFR 8.587 0.003
Negative 87 (44.6%) 53 (55.2%) 34 (34.3%)
Positive 108 (55.4%) 43 (44.8%) 65 (65.7%)

P53 0.598 0.439
Negative 105 (53.8%) 49 (51.0%) 56 (56.6%)
Positive 90 (46.2%) 47 (49.0%) 43 (43.4%)

TOP2A 10.412 0.001
Negative 83 (42.6%) 52 (54.2%) 31 (31.3%)
Positive 112 (57.4%) 44 (45.8%) 68 (68.7%)

Ki-67 3.055 0.080
Negative 37 (19.0%) 23 (24.0%) 14 (14.1%)
Positive 158 (81.0%) 73 (76.0%) 85 (85.9%)

LvI 0.536 0.464
Negative 150 (76.9%) 76 (79.2%) 74 (74.7%)
Positive 45 (23.1%) 20 (20.8%) 25 (25.3%)

Inflammation indices

ABO blood type 6.976 0.008
A+B 106 (54.4%) 43 (44.8%) 63 (63.6%)
0+ AB 89 (45.6%) 53 (55.2%) 36 (36.4%)

White blood cells (x10°/L) 0.004 0.951
<5.90 102 (52.3%) 50 (52.1%) 52 (52.5%)
=5.90 93 (47.7%) 46 (47.9%) 47 (47.5%)
Red blood cells (x10™/L) 4.309 0.038
<4.36 97 (49.7%) 55 (57.3%) 42 (42.4%)
=4.36 98 (50.3%) 41 (42.7%) 57 (57.6%)

Platelets (x10°/L) 0.045 0.832
<237.00 99 (50.8%) 48 (50.0%) 51 (51.5%)
=237.00 96 (49.2%) 48 (50.0%) 48 (48.5%)

Haemoglobin (g/L) 1.549 0.213
<131.00 107 (54.9%) 57 (59.4%) 50 (50.5%)
=>131.00 88 (45.1%) 39 (40.6%) 49 (49.5%)

Neutrophils (x10°/L) 0.131 0.718
<3.60 99 (50.8%) 50 (52.1%) 49 (49.5%)
=3.60 96 (49.2%) 46 (47.9%) 50 (50.5%)

Lymphocytes (x10°/L) 1.157 0.282
<1.76 97 (49.7%) 44 (45.8%) 53 (53.5%)
=1.76 98 (50.3%) 52 (54.2%) 46 (46.5%)

C-reactive protein (mg/L) 0.002 0.965
<0.40 110 (56.4%) 54 (56.3%) 56 (56.6%)
=0.40 85 (43.6%) 42 (43.7%) 43 (43.4%)

ALB (g/L) 15.997 <0.001
<45.00 110 (56.4%) 68 (70.8%) 42 (42.4%)
=45.00 85 (43.6%) 28 (29.2%) 57 (57.6%)

ALP (U/L) 10.345 0.001
<68.00 102 (52.3%) 39 (40.6%) 63 (63.6%)
=68.00 93 (47.7%) 57 (59.4%) 36 (36.4%)

LDH (U/L) 4.957 0.026
<168.00 100 (51.3%) 57 (59.4%) 43 (43.4%)
=168.00 95 (48.7%) 39 (40.6%) 56 (56.6%)

FIB (g/L) 60.897 <0.001
<2.88 100 (51.3%) 22 (22.9%) 78 (78.8%)
>2.88 95 (48.7%) 74 (77.1%) 21 (21.2%)

D-D (mg/L) 6.253 0.012
<0.37 101 (51.8%) 41 (42.7%) 60 (60.6%)
=0.37 94 (48.2%) 55 (57.3%) 39 (39.4%)

p-values by Chi-square test and aFisher exact test. AFR: Albumin-to-fibrinogen ratio; BMI: Body mass index; US: Ultrasound; LNM: Lymph node metastasis; BIRADS: Breast Imaging Reporting and Data System; P/T: Positive lymph
nodesy/total lymph nodes; CK: Cytokeratin; EGFR: Epidermal growth factor receptor; TOP2A: Topoisomerase 2A; ALB: Albumin; ALP: Alkaline phosphatase; LDH: Lactate dehydrogenase; FIB: Fibrinogen; D-D: D-dimer; LVI:
Lymphovascular invasion.
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Table II: Uni- and multivariate Cox-regression survival analyses of AFR for the prediction of DFS and OS in TNBC patients.

Parameters DFS 0S
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
Hazard ratios  *p-values  Hazard *p-values  Hazard ratios  *p-values  Hazard ratios  **p-values
(95% ClI) ratios (95% CI) (95%ClI) (95% CI)
Age (<48 vs. =48 years) 1.155 0.793 0.931 0.901
(0.393-3.401) (0.305-2.840)
Marital status (married vs. unmarried) 1.703 0.531 1.698 0.538
(0.322-9.005) (0.315-9.156)
BMI (<23.50 vs. =23.50) 1.229 0.666 1.192 0.713
(0.482-3.132) (0.467-3.041)
Menopause (No vs. Yes) 0.498 0.003 0.522 0.006 0.481 0.217
(0.313-0.791) (0.328-0.831) (0.151-1.539)
US-LNM (No vs. Yes) 3.417 0.013 3.071 0.001 5.209 0.019 2.426 0.004
(1.289-9.059) (1.629-5.791) (1.317-20.602) (1.321-4.453)
US-BIRADS (4 + 5 vs. 6) 1.151 0.719 1.680 0.218
(0.534-2.482) (0.736-3.833)
Postoperative chemotherapy (No vs. Yes) 0.141 0.003 0.298 0.002 0.243 0.015 0.400 0.016
(0.039-0.507) (0.141-0.630) (0.077-0.764) (0.190-0.842)
Postoperative radiotherapy (No vs. Yes) 0.571 0.222 0.410 0.084
(0.233-1.402) (0.149-1.128)
Postoperative targeted therapy (No vs. 0.335 0.050 0.648 0.437
Yes) (0.112-1.001) (0.217-1.937)
Clinical T stage (T1 + T2 vs. T3 + T4) 1.684 0.425 2.449 0.136
(0.467-6.072) (0.755-7.947)
Clinical N stage (NOvs. N1 + N2 + N3) 1.991 0.472 1.019 0.983
(0.305-12.985) (0.181-5.734)
Clinical TNM stage (I + Il vs. 1ll) 1.053 0.963 2.988 0.269
(0.120-9.264) (0.429-20.811)
Types of surgery (mastectomy vs. breast- 0.343 0.055 0.397 0.094
conserving surgery) (0.115-1.022) (0.135-1.172)
Histologic grade (I + Il vs. Ill) 1.093 0.826 1.927 0.101
(0.497-2.401) (0.880-4.220)
Tumour size (<2 vs. >2 cm) 1.265 0.673 1.343 0.587
(0.424-3.770) (0.463-3.899)
Pathological T stage (T1 + T2 vs. T3 + T4) 1.108 0.813 1.160 0.739
(0.472-2.605) (0.485-2.775)
Pathological N stage (NO vs. N1 + N2 + N3)  2.221 0.0003 2.611 <9.0001 2.336 0.0001 2.163 0.0004
(1.441-3.423) (1.670-4.085) (1.517-3.597) (1.414-3.310)
Pathological TNM stage (I + Il vs. IIl) 2.661 0.489 3.834 0.391
(0.167-42.469) (0.177-82.880)
P/T ratio (<0.12 vs. 20.12) 6.984 0.065 5.485 0.128
(0.886-55.038) (0.612-49.136)
Total lymph nodes removed (<21 vs. =21) 1.339 0.414 1.846 0.106
(0.664-2.700) (0.878-3.883)
Positive lymph nodes (<2 vs. =2) 5.540 0.104 2.459 0.429
(0.702-43.716) (0.265-22.868)
CK5/6 (Negative vs. Positive) 3.991 0.003 . 0.011
(1.626-9.798) (1.354-10.701)
EGFR (Negative vs. Positive) 1.606 0.431 1.379 0.617
(0.494-5.217) (0.391-4.867)
P53 (Negative vs. Positive) 1.761 0.239 1.614 0.300
(0.686-4.522) (0.652-3.991)
TOP2A (Negative vs. Positive) 2.874 0.067 2.100 0.166
(0.928-8.899) (0.735-6.000)
Ki-67 (Negative vs. Positive) 0.912 0.836 1.063 0.896
(0.384-2.169) (0.427-2.646)
LVI (Negative vs. Positive) 3.412 <0.0001 3.352 0.002 2.458 0.012 5.203 <0.0001
(1.800-6.469) (1.572-7.145) (1.221-4.948) (2.569-10.536)
ABO blood type (A + B vs. O + AB) 1.128 0.751 1.838 0.097
(0.536-2.370) (0.896-3.769)
White blood cells (<5.90 vs. =5.90 x10°/L) 2.438 0.142 2.739 0.123
(0.743-7.998) (0.760-9.872)
Red blood cells (<4.36 vs. 24.36 x10%/L) 1.890 0.134 2.309 0.060
(0.821-4.349) (0.964-5.527)
Platelets (<237.00 vs. 2237.00 x10°/L) 1.220 0.585 1.122 0.766
(0.597-2.496) (0.526-2.393)
Haemoglobin (<131.00 vs. =131.00 g/L) 1.315 0.283 1.141 0.608
(0.798-2.167) (0.690-1.884)
Neutrophils (<3.60 vs. =23.60 x10°/L) 1.249 0.683 1.358 0.594
(0.430-3.624) (0.441-4.181)
Lymphocytes (<1.76 vs. =1.76 x10°/L) 0.591 0.150 0.698 0.357
(0.288-1.209) (0.325-1.500)
CRP (<0.40 vs. =0.40 mg/L) 1.966 0.110 1.622 0.235
(0.858-4.506) (0.730-3.604)
ALB (<45.00 vs. =45.00 g/L) 0.182 0.007 0.507 0.117 0.464 0.021 0.578 0.180
(0.053-0.621) (0.217-1.185) (0.242-0.891) (0.259-1.288)
ALP (<68.00 vs. =68.00 U/L) 1.141 0.737 1.250 0.566
(0.527-2.471) (0.583-2.680)
LDH (<168.00 vs. =168.00 U/L) 3.443 0.006 2.247 0.001 1.560 0.040 2.201 0.001
(1.427-8.309) (1.401-3.602) (1.021-2.383) (1.365-3.550)
FIB (<2.88 vs. =2.88 g/L) 1.811 0.315 2.507 0.158
(0.569-5.764) (0.701-8.970)
D-D (<0.37vs. =0.37 mg/l) 1.061 0.876 1.425 0.369
(0.505-2.228) (0.657-3.090)
AFR (<15.0 vs. =15.0) 0.627 0.045 0.595 0.026 0.238 0.039 0.385 0.001

(0.397-0.990)

(0.377-0.940)

(0.061-0.927)

(0.221-0.670)

#p-value by univariate Cox regression, ##p-value by multivariate Cox regression. AFR: Albumin-to-fibrinogen ratio; DFS: Disease-free survival; OS: Overall survival; BMI: Body mass index; US: Ultrasound; LNM: Lymph
node metastasis; BIRADS: Breast imaging-reporting and data system; P/T: Positive lymph nodes / Total lymph nodes; CK: Cytokeratin; EGFR: Epidermal growth factor receptor; TOP2A: Topoisomerase 2A; CRP: C-reactive

protein; ALB: Albumin; ALP: Alkaline phosphatase; LDH: Lactate dehydrogenase; FIB: Fibrinogen; D-D: D-dimer; LVI: Lymphovascular invasion.
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Figure 1: DFS and OS in patients with TNBC stratified by AFR. Kaplan-Meier analysis of (A) DFS and (B) OS in patients with TNBC according to low or
high AFR values. Kaplan-Meier analysis of (C) DFS and (D) OS in patients with recurrence and metastasis stratified by AFR values. Kaplan-Meier
analysis of (E) DFS and (F) OS in patients who received chemotherapy after surgery by AFR values. Kaplan-Meier analysis of (G) DFS and (H) OS in
patients receiving radiotherapy after surgery by AFR values. DFS: Disease-free survival; 0S: Overall survival; TNBC: Triple-negative breast cancer; AFR:
Albumin-to-fibrinogen ratio.

1562 Journal of the College of Physicians and Surgeons Pakistan 2025, Vol. 35(12):1557-1567



Preoperative albumin-to-fibrinogen ratio in triple-negative breast cancer

A

B

6
Nomogram-predicted probability of 3-year OS

Nomogram-predicted probability of 5-year OS

0 10 20 30 40 50 60 70 80 9 100 0 10 20 30 40 50 60 70 80 9 100
Fokis 1 h n 1 | h | h | 1 } S 1 h N f | h h h | 1 7
0| ‘es
Menopause r J US.LNM r !
Yes No
les Yes
USLNM T ! T !
No No
el 14N2+N3
r J Pathological N stage r J
No NO
N14NR#N3 ds
Pathological N.stage r Lymph.vessel.invasion r )
NO No
Yes 68
Lymph.vessel.invasion 1 LDH T
No <164
168 15.0
LDH r g AFR r d
<16 >15.0
15.0
AFR T d Total Points T T T T T T T T 1
>150 0 50 100 150 200 250 300 350 400
Total Points r T T T T T T T T T 1 1-year Survival |
0 50 100 150 200 250 300 350 400 450 500 09
1-year Survival r T T T T 1 3-year Survival r T T T T
0.9 08 07 06 05 04 09 08 07 06 05 04
3-year Survival r T T T T T T T 1 5-year Survival r T T T T T T 1
09 08 07 06 05 04 03 02 01 0.9 08 07 06 05 04 03 02
5-year Survival r T T T T T T T ol
09 08 07 06 05 04 03 02 0.1
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a v o ] T T T T T T TR ST YT
< 7
L /}: s
t T ik
o 3 S =
g =3 %
bt : a & g 4
[72]
w 2
a a
& 3 53
[ [
> >
3 o g
©
2 2
o 5]
< - <g
T T T T T T T T T T T T
00 02 04 06 08 10 0o 02 04 06 o8 10
Nomogram-predicted probability of 1-year DFS Nomogram-predicted probability of 3-year DFS
e T e e o] TT—
s B LB
= £«
a 3 5 3
Ie) Q
g o
= 2 o |
» s &3
e 7]
=) o}
- 5 -
§ 3 g3
> >
w -
= o4 = o4
S-° s°
2 2
o Q
< <
24 .- s
T T T T T T ¥ T ¥ L) ¥ ¥
00 02 04 08 08 10 0, 02: o i o o
Nomogram-predicted probability of 5-year DFS Nomogram-predicted probability of 1-year OS
& T v T arw A T T
= z
§ 8
5 31 52
8 Q
o o
o 2
S | 2 e
Z 8 g
7]
o (o]
5 54 5 x4
@ 3
> >
™ w
= o = 5
5 @ S S
2 2
17 Q
< gl < g
S S
T T T T T T T T T T T T
00 02 04 o 08 10 00 02 04 06 08 10

Figure 3: CCA assessing the performance of the nomograms for practising survival time after surgery in patients with TNBC. CCA for (A) 1-year,
(B) 3-year, and (C) 5-year DFS, and for (D) 1-year, (E) 3-year, and (F) 5-year OS.
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Figure 4: DCA for assessing the clinical utility of the nomograms for predicting survival time after surgery in patients with TNBC. DCA for (A) 3-year

and (B) 5-year DFS, and for (C) 3-year and (D) 5-year OS.

Multivariate analysis indicated that menopause (95% ClI:
0.328-0.831, HR: 0.522; p = 0.006), US-lymph node metas-
tasis (LNM; 95% Cl: 1.629-5.791, HR: 3.071; p = 0.001),
postoperative chemotherapy (95% Cl: 0.141-0.630, HR:
0.298; p = 0.002), pathological N stage (95% CI:
1.670-4.085, HR: 2.611; p <0.0001), LVI (95% ClI:
1.572-7.145, HR: 3.352; p = 0.002), LDH (95% ClI:
1.401-3.602, HR: 2.247; p = 0.001), and AFR (95% CI:
0.377-0.940, HR: 0.595; p = 0.026) were found to be poten-
tial prognostic factors for the DFS. Ultrasound-lymph node
metastasis (US-LNM; 95% Cl: 1.321-4.453, HR: 2.426; p =
0.004), postoperative chemotherapy (95% Cl: 0.190-0.842,
HR: 0.400; p = 0.016), pathological N stage (95% ClI:
1.414-3.310, HR: 2.163; p = 0.0004), LVI (95% CI:
2.569-10.536, HR: 5.203; p <0.0001), LDH (95% ClI:
1.365-3.550, HR: 2.201; p = 0.001), and AFR (95% Cl:
0.221-0.670, HR: 0.385; p = 0.001) were found to be poten-
tial prognostic factors for the OS (Table II).

According to multivariate Cox regression analysis, AFR had
prognostic significance for both DFS and OS. For DFS, the
hazard ratios were 0.627 (95% CI: 0.397-0.990; p = 0.045)
and 0.595 (95% CI: 0.377-0.940; p = 0.026), respectively.
For OS, the hazard ratios were 0.238 (95% CI: 0.061-0.927;
p = 0.039) and 0.285 (95% CI: 0.221-0.670; p = 0.001),
respectively. The median survival time of patients with high
AFR values was higher than that of those with low AFR
values (DFS: 36.54 vs. 33.19 months, p = 0.0042; 0S: 56.45
vs. 53.29 months, p = 0.0031, respectively; Figure 1A and
B). Among the 93 patients who had recurrence and metas-

tasis, those with high AFR values also had a higher median
survival time than those with low AFR values (DFS: 29.30 vs.
23.30 months, p = 0.0024; OS: 63.47 vs. 56.30 months, p =
0.0016, respectively; Figure 1C and D). In addition, 137
patients received chemo-therapy after surgery. For these
patients, the median survival time of patients with high AFR
values was higher than that of patients with low AFR values
(DFS: 39.70 vs. 22.80 months, p = 0.0035; 0S: 59.17 vs.
52.67 months, p = 0.0039, respectively; Figure 1E and F).
Furthermore, 138 patients received radiotherapy after
surgery, and among these patients, the median survival
time of patients with high AFR values was also higher than
that of those with low AFR values (DFS: 34.27 vs. 28.97
months, p = 0.0058; 0S: 57.43 vs. 51.23 months, p =
0.0018, respectively; Figure 1G and H).

The variables identified by multivariate Cox analyses— meno-
pause status, US-LNM, postoperative chemotherapy, patho-
logical N stage, LVI, LDH, and AFR—were used to generate
a DFS-predicting nomogram. Moreover, US-LNM, postopera-
tive chemotherapy, pathological N stage, LVI, LDH, and
AFR were applied to generate an OS-predicting nomogram
(Figure 2).

CCA indicated a good agreement for 1-, 3-, and 5-year DFS
and OS between predicted and actual probability (Figure
3). Furthermore, DCA indicated that the constructed nomo-
gram models had an improved predictive clinical utility
compared with AFR alone within the threshold probability
(Figure 4).
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DISCUSSION

Systemic inflammation has been recognised as a critical
hallmark of tumours and is associated with tumour angio-
genesis, recurrence, and metastasis.® A low preoperative
nutritional status has been associated with a prolonged
hospitalisation after surgery.” However, the potential
mechanisms associated with systemic inflammation and
nutritional status remain poorly understood. Although
genetic markers, the TNM system, and histological
subtypes have been used to predict survival, the same
histological subtype or TNM stage can have significant
heterogeneity, which greatly hampers their clinical applica-
tion.*

ALB is involved in the maintenance of plasma colloidal
osmotic pressure and the metabolism of toxic substances.
Serum ALB plays a critical role in both acute and chronic
inflammation in human body and acts as a critical nutri-
tional reference index for patients with cancer.'* A
previous study showed that, in patients with endometrial
cancer, low preoperative serum ALB levels were associ-
ated with postoperative complications and increased
mortality.”” In addition, Saito et al.”> reported that postop-
erative ALB level was a useful predictor of prognosis in
older patients with gastric cancer. FIB is a clotting protein
in the blood that is converted into fibrin and serves an
important role in thrombosis.'* Moreover, FIB may be
expressed abnormally in coagulation-associated diseases
and is increased under certain conditions. Studies have
also indicated that FIB may be a critical inflammatory regu-
lator associated with malignant tumour cell metastasis,
invasion, and proliferation.” In a study performed by Hong
et al.,** a high level of FIB in blood predicted poor prog-
nosis in patients with colon or rectal cancer. In the present
study, although ALB and FIB were found to be relevant to
treatment outcomes and prognosis in patients with breast
cancer, the combined biomarker AFR provided a superior
reflection of prognosis. Patients with low AFR values have
been reported to exhibit higher mortality and recurrence
rates across multiple malignancies.” However, few studies
have investigated the relationships between AFR and
breast cancer, particularly in TNBC. In a study by Hwang et
al.,'® breast cancer patients with a high preoperative FIB-
to-ALB ratio had worse prognoses than those with a low
ratio. Notably, the prognostic effect of FIB- to-ALB ratio
was more prominent compared with that of either single
marker alone. Besides, another study demonstrated that
AFR was an independent predictor of oncological
outcomes in patients with invasive ductal carcinoma of
the breast.”

The present study’s results also indicated that AFR was a
powerful and significant potential predictor. Using Cox

regression and survival analyses, an independent associa-
tion between AFR levels and DFS/OS was confirmed. Using
the optimal cut-off value for AFR, a high AFR was corrected
to several improved factors, including clinical T stage,
histologic grade, positive lymph nodes, EGFR, TOP2A, ABO
blood type, red blood cells, ALB, ALP, LDH, FIB, and D-D.

Through multivariate Cox analysis, factors such as US-
LNM, postoperative chemotherapy, pathological N stage,
LVI, and LDH were also found to be significant predictors
for DFS and OS. A previous study reported that AFR is asso-
ciated with tumour type and TNM stage and may act as a
potential biomarker for evaluating prognosis in patients
undergoing surgery for renal cell carcinoma.”® LVI is
commonly assessed to evaluate clinical and pathological
outcomes in breast cancer.”’ In a study by Kurozumi et
al.,”” LVl was shown to be associated with the development
and metastasis of invasive breast cancer, as well as with a
specific transcriptomic profile. In addition, LDH has been
found to be highly expressed in some tumours and plays a
role in regulating glycolysis.”

Some potential mechanisms have previously been
described that may explain the prognostic value AFR in
breast cancer. FIB has been indicated to mediate cell prolif-
eration by binding to tumour cell surfaces, thereby also
increasing cancer cell metastasis, while ALB is associated
with the immune status of tumours and its expression is
selectively inhibited by tumour necrosis factor-a.** In addi-
tion, a meta-analysis showed that a low AFR is relevant
with increased cancer-related mortality and recurrence
risk.”

It is worth noting that this study had some constraints that
should be considered. First, it was performed as a retro-
spective study; therefore, prospective studies are needed
to further investigate the prognostic value of AFR. Second,
the sample size was relatively small. Finally, heterogeneity
among patients with breast cancer after surgery could
contribute to a difference in clinical prognosis. Hence, addi-
tional research is necessary to externally verify the prog-
nostic role of AFR.

CONCLUSION

The present study revealed that TNBC patients with a high
AFR value had a lower rate of metastasis and improved
survival rate compared with those who had a low AFR
value. AFR is easy and inexpensive to determine and is
potentially a predictive factor for preoperative evaluation
in clinical practice.
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