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Background: The red cell distribution width—to—albumin ratio (RAR) is a biomarker reflecting systemic inflammation and oxidative
stress, and has been associated with outcomes in multiple diseases. However, its value for predicting postoperative recurrence or
progression in hepatitis B virus—related hepatocellular carcinoma (HBV-HCC) remains undetermined.

Methods: We retrospectively reviewed 1 011 HBV-HCC patients who underwent surgical treatment at three tertiary centres. Patients
were divided into training, internal validation and external validation cohorts. The performance of RAR for predicting progression-free
survival (PFS) was assessed using receiver operating characteristic (ROC) analysis, and restricted cubic spline (RCS) modelling was
used to explore its nonlinear association with progression risk. Independent prognostic factors were identified by multivariate Cox
regression and incorporated into a nomogram and an interactive web-based calculator, which were validated in all cohorts.

Results: RAR achieved an area under the ROC curve (AUC) of 0.662 for predicting PFS. RCS analysis revealed a nonlinear increase
in progression risk with rising RAR values, with the curve plateauing at higher levels. Multivariate Cox analysis confirmed RAR as an
independent predictor of postoperative PFS (hazard ratio [HR]=4.40; 95% CI, 1.74-11.12). The nomogram—integrating RAR,
tumour size, alpha-fetoprotein, TNM stage and portal vein tumour thrombus (PVTT)—demonstrated Satisfactory discrimination,
excellent calibration and consistent net clinical benefit across data sets.

Conclusion: RAR independently predicts postoperative recurrence or progression in HBV-HCC. The RAR-based nomogram offers
a practical tool for individualised estimation of PFS, facilitating more precise postoperative risk stratification and management.
Keywords: red cell distribution width—to—albumin ratio, hepatitis B virus—related hepatocellular carcinoma, progression-free survival,

nomogram, prognostic model

Introduction

Hepatocellular carcinoma (HCC) ranks among the most prevalent and lethal malignancies globally, with a steadily
increasing incidence and mortality rate that poses a significant public health challenge.'* In China, chronic hepatitis
B virus (HBV) infection remains the leading cause of HCC, accounting for the majority of cases.® In recent years,
substantial progress has been made in both locoregional and systemic therapies, including the development of highly
stable radiolipiodol formulations and microenvironment-responsive interventional drug delivery systems, which have
broadened the therapeutic landscape for HCC.*© Despite these advances, surgical resection continues to represent the
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Abbreviations: 900H, 900th Hospital of PLA Joint Logistics Support Force; FIMUUH., Fujian Medical University Union
Hospital; FAHSYSU, The First Affiliated Hospital of Sun Yat-Sen University; TC, training cohort; IVC, internal validation
cohort: EVC, external validation cohort; RAR, red blood cell distribution width-to-albumin ratio; AFP, alpha-fetoprotein;
PVTT. portal vein tumor thrombus; TNM, tumor-node-metastasis; PFS, progression-free survival.

cornerstone and the most effective curative option for patients with HBV-related HCC (HBV-HCC). However, even with
standardized surgical management, postoperative tumor recurrence and disease progression remain alarmingly frequent
and constitute the principal obstacles to achieving durable survival.” Previous evidence indicates that up to 70% of
patients experience recurrence within five years, emphasizing the need for reliable prognostic indicators to identify
individuals at high risk of relapse and to optimize follow-up strategies.™’

Despite continuous progress in HCC prognostic research, many routinely used biomarkers still exhibit substantial
limitations. Inflammatory markers such as the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio
(PLR) are associated with clinical outcomes, yet their predictive performance is unstable due to the influence of
underlying cirrhosis, inconsistency in optimal cut-off values across studies, and population heterogeneity.'® '
Moreover, alpha-fetoprotein (AFP), the most widely used tumor marker, suffers from insufficient sensitivity and
specificity. For early-stage tumors (<3 cm), AFP sensitivity can be as low as 25%, and false-positive elevations are
common during active hepatitis or alanine aminotransferase (ALT) flares; notably, approximately 40% of HCC patients
present with normal AFP levels. These constraints markedly reduce the clinical utility of traditional biomarkers and
underscore the urgent need for novel, economical, reproducible, and readily obtainable prognostic indicators.'*!3

Increasing evidence highlights the critical role of systemic inflammation and nutritional status in HCC development
and progression. Hematologic and biochemical biomarkers have drawn growing attention because they are inexpensive,
accessible, and reproducible for routine assessment.'® Red cell distribution width (RDW), a routinely measured para-
meter representing erythrocyte size heterogeneity, has been linked to systemic inflammation and oxidative stress in
malignancies.'”'® Serum albumin (ALB), a classical indicator of hepatic synthetic function and nutritional reserve, also
reflects the host’s inflammatory and immune status.'® Previous studies have indicated that inflammatory markers have
potential value in predicting postoperative recurrence,”” and the ratio of RDW to ALB (RAR), which integrates both
inflammatory and nutritional dimensions, has recently emerged as a novel inflammation-based prognostic marker and has
demonstrated prognostic relevance in multiple cancers.”' >

Nevertheless, whether RAR can predict progression-free survival (PFS) in patients with HBV-HCC undergoing
surgical treatment remains unclear. PFS, which captures the interval until tumor recurrence or progression, was chosen as
the primary endpoint because it directly reflects early postoperative tumor behavior and is less influenced by subsequent
treatments or competing events compared with overall survival (0S).**** Exploring the prognostic value of RAR for

postoperative PFS may therefore help refine risk stratification and facilitate precision management in HBV-HCC.
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Accordingly, this multicenter, real-world study systematically evaluated the prognostic impact of RAR in surgically
treated HBV-HCC patients and developed a RAR-based nomogram for individualized prediction of postoperative
progression risk, aiming to support tailored follow-up and therapeutic decision-making.

Materials and Methods
Study Population

This multicenter retrospective cohort included HBV-HCC patients who underwent surgical treatment between
January 2012 and December 2022 at three tertiary hospitals in China. The inclusion criteria were: (1) confirmed HCC
diagnosis via contrast-enhanced computed tomography (CT), magnetic resonance imaging (MRI), or histopathological
examination; (2) hepatitis B surface antigen (HBsAg) positivity for more than six months; and (3) no prior antitumor
therapy before the initial diagnosis. Exclusion criteria included other viral hepatitis, additional cancers, and incomplete
clinical information or missing follow-up data. The selection process is illustrated in Figure S1.

A total of 601 eligible patients from the 900th Hospital of PLA Joint Logistics Support Force (900H) were randomly
allocated to the training set (n = 421) and the internal validation set (n = 180) in a 7:3 proportion using R software. An
additional 410 cases from Fujian Medical University Union Hospital (FIMUUH) and the First Affiliated Hospital of Sun
Yat-sen University (FAHSYSU) constituted the external validation cohort. Relevant demographic, clinical, and biochem-
ical variables were retrieved retrospectively from the institutional electronic medical record systems.

PFS was defined as the interval from the date of surgical treatment to the first documented tumor recurrence,
radiologic or clinical disease progression, or death from any cause, whichever occurred first. Patients without events at
the last follow-up were censored at that date. The study protocol was approved by the institutional review boards of 900H
(2022-014), FIMUUH (2023KY225), and FAHSYSU (Ethics approval No. [2024]241). Given the retrospective observa-
tional design, informed consent was waived by all committees. Throughout the entire process, patient privacy and data
confidentiality were strictly protected. All data were fully anonymized before analysis, and no identifiable information
was accessible to the researchers.

Identification of Prognostic Factors and Nomogram Construction
The prognostic capability of RAR for PFS was first examined through receiver operating characteristic (ROC) curve
analysis. Nonlinear relationships between RAR levels and progression risk were further explored using restricted cubic
spline (RCS) functions. Potential predictors identified in univariable Cox analyses (p < 0.05) were incorporated into
a multivariable Cox regression model to isolate independent prognostic factors. These variables were subsequently
integrated into a nomogram constructed within the training cohort.

Model performance was verified across the internal and external validation sets. Discriminatory power was quantified
by ROC curves at 1, 2, and 3 years, whereas calibration plots were applied to compare predicted versus actual outcomes.
The clinical value of the nomogram was further evaluated using decision curve analysis (DCA).

Development of a Web-Based Dynamic Nomogram

An online dynamic nomogram was implemented using the Shiny and DynNom packages in R and deployed on the
shinyapps.io platform. Clinicians can input patient-specific clinical variables to obtain real-time individualized PFS
predictions along with visualized results.

Statistical Analysis

The normality of continuous variables was examined using the Kolmogorov—Smirnov test. Data following a normal
distribution were expressed as the mean + standard deviation (SD), whereas non-normally distributed data were
summarized as the median and interquartile range (IQR). Categorical variables were described as frequencies and
percentages. Differences between groups were analyzed using independent Student’s t-tests or Mann—Whitney U-tests
for continuous variables and y or Fisher’s exact tests for categorical variables, as appropriate. Only cases with complete
baseline and follow-up information were included, so no additional missing-data handling was required. All statistical
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procedures were conducted using R software (version 4.2.1; R Foundation for Statistical Computing, Vienna, Austria)
and SPSS (version 26.0; IBM Corp., Armonk, NY, USA). A two-tailed p < 0.05 was considered statistically significant.

Results

Patient Characteristics

A total of 1011 patients diagnosed with HBV-HCC who underwent surgical treatment were retrospectively analyzed.
Among them, 601 patients from the 900H had a median age of 54 years (IQR: 45-62), and 87% were male (522/601).
Their median tumor diameter was 7.0 cm (IQR: 3.9-10.9), with median follow-up and PFS times of 52 and 8 months,
respectively. The FIMUUH cohort included 310 patients with a median age of 58 years (IQR: 50-66); 85% were male
(264/310), with a median tumor size of 5.3 cm (IQR: 3.0-9.3), median follow-up of 17 months, and median PFS of 34
months. The FAHSYSU cohort consisted of 100 patients, 90% male (90/100), with a median age of 54 years (IQR:
45-60) and a median tumor diameter of 6.0 cm (IQR: 3.8-9.1). The median follow-up and PFS durations were 62 and 15
months, respectively. No significant baseline differences were detected between the training and internal validation
cohorts (all p > 0.05), as detailed in Table S1, while comprehensive baseline data for each institution are presented in
Table 1.

Table | Clinical Characteristics of the Patients in Three Healthcare Facilities

Characteristic Data Source
900H, N = 601 FJMUUH, N =310 | FAHSYSU, N = 100

Age, years 54 [45, 62] 58 [50, 66] 54 [45, 60]
Gender

Male 522 (87%) 264 (85%) 90 (90%)

Female 79 (13%) 46 (15%) 10 (10%)
LYM, x109/L 1.53 [1.18, 1.97] 1.64 [1.27, 2.03] 1.66 [1.27, 2.08]
RBC, x1012/L 4.55 [4.15, 4.96] 4.60 [4.21, 5.05] 4.57 [4.19, 5.01]
RDW, % 13.60 [12.90, 14.30] | 12.90 [12.40, 13.70] 13.00 [13.00, 14.00]
RAR, %/g/L 0.33 [0.30, 0.38] 0.32 [0.30, 0.36] 0.34 [0.30, 0.40]
MCV, fL 92 [87, 96] 93 [90, 96] 90 [86, 94]
PLT, x109/L 182 [133, 231] 174 [131, 230] 186 [144, 245]
TBIL, umol/L 14 [10, 19] 14 [11,19] 16 [12, 21]
ALB, g/L 41.1 [38.0, 44.4] 40.4 [36.9, 43.8] 39.0 [35.0, 41.6]
Tumor size, cm 7.0 [3.9, 10.9] 5.3 [3.0, 9.3] 6.0 [3.8, 9.1]
AFP, ng/mL

Negative 343 (57%) 189 (63%) 62 (62%)

Positive 254 (43%) 109 (37%) 38 (38%)
HBYV DNA

Negative 225 (39%) 79 (30%) I (11%)

Positive 352 (61%) 187 (70%) 89 (89%)
HBeAg

Negative 423 (79%) 275 (91%) 78 (78%)

Positive 112 (21%) 27 (9%) 22 (22%)
Tumor number

Single 313 (52%) 222 (72%) 65 (65%)

Multiple 288 (48%) 88 (28%) 35 (35%)

(Continued)
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Table | (Continued).

Characteristic Data Source
900H, N = 601 FJMUUH, N =310 | FAHSYSU, N = 100

Splenomegaly

No 396 (66%) 183 (59%) 66 (66%)

Yes 205 (34%) 127 (41%) 34 (34%)
Cirrhosis

No 217 (36%) 108 (35%) 47 (47%)

Yes 384 (64%) 202 (65%) 53 (53%)
PVTT

No 430 (72%) 258 (83%) 72 (72%)

Yes 171 (28%) 52 (17%) 28 (28%)
TNM

| 171 (28%) 180 (58%) 52 (52%)

Il 128 (21%) 34 (11%) 8 (8%)

11l 217 (36%) 74 (24%) 26 (26%)

\" 85 (14%) 22 (7%) 14 (14%)
Child-Pugh grade

A 533 (89%) 282 (91%) 89 (89%)

B 61 (10%) 28 (9%) 10 (10%)

C 7 (1%) 0 (0%) 1 (1%)
Hypertension

No 520 (87%) 302 (97%) 88 (88%)

Yes 81 (13%) 8 (3%) 12 (12%)
Diabetes

No 550 (92%) 302 (97%) 86 (86%)

Yes 51 (8%) 8 (3%) 14 (14%)

Abbreviations: LYM, lymphocyte; RBC, red blood cell; RDW, red blood cell distribution width; HCT,
hematocrit; MCV, mean corpuscular volume; PLT, platelet; TBIL, total bilirubin; ALB, albumin; RAR, red blood
cell distribution width to albumin ratio; AFP, alpha fetoprotein; PVTT, portal vein tumor thrombus; 900H,
900TH Hospital of Joint Logistics Support Force; FJMUUH, Fujian Medical University Union Hospital;
FAHSYSU, The First Affiliated Hospital of Sun Yat-sen University.

Prognostic Value of RAR for Postoperative PFS

ROC curve analysis demonstrated that RAR predicted postoperative PFS with an AUC of 0.662 (95% CI: 0.626—0.697)
(Figure 1A). RCS analysis further revealed a nonlinear association between RAR and recurrence or progression risk,
showing a gradual increase in risk with higher RAR values, which plateaued at elevated levels (p < 0.001) (Figure 1B).

Independent Predictors of PFS

In the univariable Cox regression, age, RAR, alpha-fetoprotein (AFP), maximum tumor diameter, portal vein tumour
thrombus (PVTT), and TNM stage were all significantly associated with postoperative PFS (all p < 0.05). After
multivariable adjustment, RAR remained a strong and independent prognostic indicator (HR = 4.40, 95% CI:
1.74-11.12, p = 0.002). AFP (HR = 1.23, 95% CI: 1.05-1.45, p = 0.011), tumor size (HR = 1.06, 95% CI: 1.04-1.08,
p <0.001), and PVTT (HR = 1.27, 95% CI: 1.03-1.57, p = 0.024) also retained independent significance. The risk of
postoperative recurrence increased progressively with advancing TNM stage, with hazard ratios of 1.69 (95% CI:
1.34-2.14) for stage II, 2.20 (95% CI: 1.73-2.79) for stage III, and 4.02 (95% CI: 3.02-5.35) for stage IV (all
p < 0.001). These parameters consistently served as independent predictors of postoperative PFS (Table 2).
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Figure | ROC and restricted cubic spline analyses of RAR for predicting PFS. (A) Time-dependent ROC curve evaluating the discriminative performance of RAR for PFS;
(B) Restricted cubic spline (RCS) curve depicting the nonlinear association between RAR and progression risk.
Abbreviations: RAR, red cell distribution width-to-albumin ratio; ROC, receiver operating characteristic; RCS, restricted cubic spline; PFS, progression-free survival.

Nomogram Development and Validation

Independent prognostic factors from the multivariable Cox model—RAR, AFP, maximum tumor diameter, PVTT, and TNM
stage—were integrated to build a postoperative nomogram (Figure 2). In the training cohort, discrimination for 1-, 2-, and 3-year
PFS was favorable, with AUCs of 78.7% (95% CI. 74.3-83.2%), 81.0% (95% CI. 76.4-85.6%), and 80.9% (95% CI:

Table 2 Univariate and Multivariate Analysis of Factors Associated with PFS

Characteristic Univariable Multivariable
HR 95% CI p-value | HR | 95% CI p-value

Age, years 0.99 | 0.99-1.00 0.022 1.00 | 0.99-1.01 0.842

Male — —

Female 0.85 0.68-1.07 0.165
Hypertension

No — —

Yes 1.14 | 0.90-1.43 0.282
Diabetes

No — —

Yes 098 | 0.74-1.30 0.907
RAR, %/g/L 28.11 | 12.83-61.60 | <0.001 440 | 1.74-11.12 | 0.002
AFP, ng/mL

Negative — — — —

Positive 1.75 1.50-2.03 <0.001 1.23 | 1.05-1.45 0.011
HBV DNA

Negative — —

Positive 1.10 | 0.93-1.29 0.270
Tumor size, cm 1.13 I.11-1.14 <0.001 1.06 | 1.04-1.08 <0.001
PVTT

No — — — —

Yes 3.23 2.74-3.8I <0.001 1.27 | 1.03-1.57 | 0.024
TNM

| _ — — —

Il 1.63 1.29-2.06 <0.001 1.69 | 1.34-2.14 <0.001

1] 3.62 3.00-4.36 <0.001 220 | 1.73-2.79 <0.001

v 6.91 5.43-8.80 <0.001 4.02 | 3.02-5.35 <0.001

Abbreviations: RAR, red blood cell distribution width to albumin ratio; AFP, alpha fetoprotein;
PVTT, portal vein tumor thrombus; PFS, progress free survival.
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Figure 2 Nomogram for predicting progression-free survival in patients with HBV-HCC.
Abbreviations: RAR, red cell distribution width-to-albumin ratio; AFP, alpha-fetoprotein; PVTT, portal vein tumor thrombus; PFS, progression-free survival.

75.8-85.9%), respectively (Figure 3A). Performance remained robust in the internal validation cohort, yielding AUCs of 80.9%
(95% CI: 74.3-87.5%), 83.9% (95% CI: 77.1-90.7%), and 90.8% (95% CI: 85.5-96.1%) (Figure 3B). External validation
showed AUC:s of 78.1% (95% CI: 72.9-83.4%), 78.4% (95% CI: 72.9-83.9%), and 75.8% (95% CI: 69.6-82.0%), confirming
satisfactory discrimination (Figure 3C). Calibration curves demonstrated close agreement between predicted and observed PFS
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Figure 3 Time-dependent ROC curves of the nomogram for predicting PFS. (A) Time-dependent ROC curves for |-, 2-, and 3-year PFS in the training cohort; (B) Time-
dependent ROC curves for |-, 2-, and 3-year PFS in the internal validation cohort; (C) Time-dependent ROC curves for |-, 2-, and 3-year PFS in the external validation
cohort. Abbreviations: AUC, area under the curve; PFS, progression-free survival.
Abbreviations: AUC, area under the curve; PFS, progression-free survival.
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Figure 4 Calibration curves of the nomogram for predicting PFS. (A—C) Calibration curves for |-, 2-, and 3-year PFS in the training cohort; (D-F) Calibration curves for |-, 2-,and
3-year PFS in the internal validation cohort; (G-I) Calibration curves for |-, 2-, and 3-year PFS in the external validation cohort.

Abbreviations: PFS, progression-free survival.

across cohorts (Figure 4). DCA indicated consistent net clinical benefit across a broad range of threshold probabilities at all

evaluated time points (Figure 5).

Deployment of the Web-Based Dynamic Nomogram
To enhance accessibility, the RAR-based nomogram was implemented as an online interactive tool (available at:
https://fmuuhrar.shinyapps.io/dynnomapp/). Clinicians can input patient-specific variables to obtain individualized 1-,

2-, and 3-year PFS probabilities in real time, facilitating the integration of the model into clinical decision-making.
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Figure 5 Decision curve analysis (DCA) of the nomogram for clinical utility. (A—C) DCA for |-, 2-, and 3-year PFS in the training cohort; (D—F) DCA for |-, 2-, and 3-year
PFS in the internal validation cohort; (G-I) DCA for |-, 2-, and 3-year PFS in the external validation cohort.
Abbreviations: DCA, decision curve analysis; PFS, progression-free survival.

Discussion
This study is the first to establish the independent prognostic value of RAR for postoperative PFS in patients with HBV-
related HCC and to construct a validated nomogram based on this marker for individualized risk assessment. The
findings indicate that RAR may serve as a practical tool to guide postoperative surveillance and clinical decision-making.

Higher RAR values were consistently associated with unfavorable PFS outcomes. Elevated RAR likely represents
a systemic milieu dominated by inflammation and oxidative stress, which promotes residual tumor cell persistence and
immune escape.”®?” RDW reflects variability in erythrocyte volume and is a sensitive marker of inflammatory and
oxidative injury. Persistent inflammation disrupts erythropoiesis and damages erythrocyte membrane integrity, thereby
increasing RDW, while oxidative stress amplifies this disturbance.'®*® Meanwhile, serum albumin reflects not only
hepatic synthetic capacity but also nutritional reserves and antioxidant potential.”’ By integrating RDW and albumin,
RAR captures multiple physiological dimensions, offering a comprehensive assessment of systemic inflammation,
oxidative stress, and nutritional status. Elevation of RAR may therefore indicate disrupted metabolic and immune
homeostasis, contributing to a microenvironment conducive to tumor recurrence and progression.

In addition to RAR, the nomogram further incorporated AFP, maximum tumor diameter, portal vein tumor thrombus
(PVTT), and TNM stage to enhance predictive accuracy. Elevated serum alpha-fetoprotein (AFP) levels are commonly
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indicative of more biologically aggressive hepatocellular carcinoma, characterized by poorer cellular differentiation,
increased incidence of microvascular invasion, greater tumor burden, and unfavorable survival outcomes.>*>2 In
addition, tumors exceeding 5 cm in diameter are associated with significantly worse prognosis in hepatocellular
carcinoma, as larger tumors tend to harbor more aggressive pathology, higher rates of vascular invasion and early
recurrence.’> > The presence of portal vein tumor thrombus (PVTT) denotes advanced-stage disease and is frequently
correlated with a median survival of fewer than four months.*® Moreover, higher TNM stages generally reflect enhanced
tumor invasiveness and a greater propensity for metastasis. Incorporating these clinical variables alongside RAR enables
the nomogram to capture the comprehensive disease burden and postoperative progression risk with improved precision.

Compared with conventional inflammation- or nutrition-related indices such as NLR, PLR, or PNI, RAR offers
distinct advantages in clinical application. Traditional markers mainly capture immune cell ratios or nutritional status, but
do not fully reflect liver functional reserve or oxidative stress.''”** RAR, by contrast, integrates these physiological
dimensions, providing a more holistic overview of systemic metabolic state. Furthermore, the continuous relationship
between RAR and PFS was confirmed through ROC and restricted cubic spline analyses, avoiding information loss from
arbitrary categorization and enhancing predictive precision and stability.

Beyond traditional markers, emerging HCC prognostic biomarkers such as AFP-L3, DCP/PIVKA-II, circulating
tumor DNA (ctDNA), and specific microRNA panels also provide valuable information on tumor biology or residual
disease.***' However, their clinical application is often limited by cost, accessibility, or technical complexity. In
contrast, RAR, derived from routine blood tests, represents a low-cost, convenient, and readily available alternative
that reflects host systemic condition rather than tumor-specific features alone, offering an additional dimension for
postoperative risk stratification. Clinically, the RAR-based nomogram provides individualized predictions of PFS, which
can inform follow-up intensity and adjuvant therapy decisions. High-risk patients may benefit from more frequent
imaging or closer monitoring of liver function and tumor markers, whereas low-risk patients can adhere to standard
surveillance schedules. The availability of an online dynamic nomogram allows real-time calculation of PFS probabil-
ities, supporting risk-adapted, evidence-based postoperative management.

Several limitations should be considered. First, incomplete follow-up data in some patients may have led to under-
estimation of progression events. Second, the retrospective design introduces inherent selection bias, limiting the
generalizability of the results, which warrants validation in prospective studies. Third, only baseline RAR was assessed,
precluding longitudinal evaluation of temporal changes. Future multicenter, prospective studies with large cohorts and
longitudinal monitoring of inflammatory and oxidative biomarkers are needed to further elucidate the biological and
clinical significance of RAR in HCC recurrence and progression.

Conclusions

RAR is an accessible and cost-effective laboratory indicator derived from routine testing and independently predicts
postoperative tumor progression risk in patients with HBV-HCC. The RAR-based nomogram demonstrates robust
predictive performance and provides an effective tool for individualized postoperative risk assessment. Owing to its
simplicity and ease of implementation, this model may be incorporated into postoperative surveillance workflows to
support risk-adapted clinical management. Prospective studies are needed to further validate its clinical utility and

elucidate the biological mechanisms linking RAR to tumor progression.
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