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Abstract

Background: Breast cancer (BC) is a significant global health concern with an increasing incidence. Identifying
simple and affordable prognostic indicators for early detection and treatment guidance is crucial. Red Cell
Distribution Width (RDW), a hematologic parameter reflecting erythrocyte volume variation, has the potential
to indicate systemic inflammation and cancer progression. This study aimed to explore the role of RDW as a
prognostic factor in BC patients. Methods: This cross-sectional study involved secondary data from 517 BC
patients. The data included age, RDW values, histopathological grade, and metastasis status. Statistical analysis
utilized independent T-tests, ANOVA, linear regression, correlation analysis, and Receiver Operating Characteristic
(ROC) curves, with a significance level set at p<0.05. Results: The mean RDW was 15.4 + 9.3%. Significant
differences in RDW were observed across histopathological grades (Grade 1: 13.29 £ 1.62; Grade 2: 14.53 +6.90;
Grade 3: 18.28 + 14.03; p<0.001) and between patients with metastasis (16.49 £+ 10.0) and without metastasis
(15.02+9.01; p=0.001). A 1% increase in RDW was associated with a 0.012 increase in histopathological grade
(95% CI: 0.006-0.017; p=0.001) and a 1.016 times increased odds of metastasis (OR: 1.016; 95% CI: 1.001-1.039;
p=0.001). The Area Under the Curve (AUC) of the ROC curve for the highest histopathological grade was 0.841
(sensitivity 83.8%, specificity 78.1%), and for metastasis prediction, the AUC was 0.624 (sensitivity 80.6%,
specificity 28.7%). Conclusion: RDW demonstrates a significant positive correlation with histopathological
grade and metastasis in BC patients, suggesting its potential as an accessible prognostic indicator.
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Introduction

Breast cancer (BC) is a malignancy of the breast
tissue originating from the ductal or lobular epithelium
[1]. In 2020, BC became the most commonly diagnosed
cancer worldwide, surpassing lung and prostate cancer
[2, 3]. In Indonesia, the estimated incidence of BC is
40.3 per 100,000 women, with approximately 48,998 new
cases annually [1]. Consequently, Indonesia is among
the countries facing a double burden, simultaneously

dealing with high morbidity rates from both infectious
and non-infectious diseases [4].

Currently, several diagnostic biomarkers are being
developed for early screening of BC; however, their
clinical use remains limited due to uncertain roles
and high costs [5]. Therefore, it is crucial to identify
a simple, convenient, and sensitive prognostic indicator
for early tumor detection and as a guide in treatment
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decision-making.

Long-term inflammation is associated with the tumor
microenvironment, which is closely linked to tumor
aggressiveness and progression. Therefore, hematological
parameters can serve as markers of systemic inflammatory
response. One such parameter measured in a complete
blood count is Red Cell Distribution Width (RDW).
RDW is a simple and relatively inexpensive parameter
that assesses the heterogeneity of red blood cell volume
and is associated with anemia [6].

In recent years, RDW has been used to assess various
non-hematologic diseases, including cancer. An increase
in RDW may indicate systemic inflammation and the
progression of several types of cancer, such as esophageal
cancer, hepatocellular carcinoma, colorectal carcinoma,
and BC [5].

This study aims to explore alternative screening
methods and/or prognostic factors for BC, with the hope
of assisting developing countries in enhancing breast
tumor screening programs and early detection efforts in
the future.

Materials and Methods

This study is an analytical observational study with a
cross-sectional approach. Sample data were collected from
the medical records of Wahidin Sudirohusodo Hospital
over a three-year period (2018-2020), The sampling
technique is probability sampling using the total sampling
method. Demographic and clinical data were collected:
age, RDW, histopathological grading, metastasis, and
metastasis location.

Inclusion criteria: 1) Complete medical record data of
BC patients, 2) Patients with metastatic BC as evidenced
by radiological examination (Thorax x-ray, USG, CT
scan or MRI), 3) Women with BC aged 20-70 years, 4)
BC patients who have had RDW levels checked before
surgery. Exclusion criteria: 1) Patients with anemia such as
iron deficiency anemia, folic acid deficiency anemia, and
thalassemia, 2) Suffering from other types of cancer (e.g.
ovarian, liver, lung cancer), and 3) patients with chronic
inflammation or nutritional deficiencies.

Statistical analysis was performed using SPSS version
26. T-tests, ANOVA, and ROC curve analysis were used
to assess the relationship between the variables. A result
was considered statistically significant if p<0.05.

Red cell distribution width (RDW)

RDW, in this case the RDW-CV, is a quantitative
measurement of the size variation of circulating
erythrocytes, as a mathematical expression of the variation
in the volume distribution of the erythrocyte population
expressed in percent and indicates the variation in
erythrocyte size in the measured population (anisocytosis).

Histopathologic grading

Histopathologic grading of BC is divided into 3 groups
of low, moderate and high grade (based on anatomical
pathology examination) determined from mitotic index,
tubular formation and nuclear pleomorphism (based on
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Scarff-Bloom-Richardson modification), divided into
three groups: low, moderate, high.

Metastasis

BC that has metastasized, which means the cancer
has spread beyond its original site, leads to symptoms
that correspond to the location of the metastasis. The
most common sites of BC metastasis are the bones, liver,
lungs, and brain.

Results

This study involved 517 patients with BC, and their
baseline characteristics are presented in Table 1. The results
showed that 55 patients (10.6%) had histopathological
grade 1, 320 patients (61.9%) had grade 2, and 142
patients (27.5%) had grade 3. The overall mean RDW was
15.4. Additionally, the most common sites of metastasis
among BC patients were the lungs (35 patients, 6.8%),
followed by the liver (31 patients, 6.0%), and the bones
(25 patients, 4.8%).

In Table 2, the RDW values for each histopathological
grade were as follows: 13.29+1.62 for grade 1, 14.534+6.90
for grade 2, and 18.28+14.03 for grade 3. Bivariate
analysis showed a significant difference in RDW values
among histopathological grades 1, 2, and 3 in patients
with BC.

In Table 3, the RDW value in the metastasis group
was 16.49+10.0, while in the non-metastasis group, it

Table 1. Characteristics of Study Participants

Characteristics Total (n=517)
Age, mean + SD (years) 49.6 + 8.8
Histopathological grading, n (%)
1 55 (10.6)
2 320 (61.6)
3 142 (27.5)
RDW (mean + SD) 154+9.3
Metastasis, n (%) 144 (27.9)
Metastasis location, n (%)
Lung 35(6.8)
Liver 31 (6.0)
Bone 25 (4.8)
Lung and liver 2(0.4)
Liver and bone 9(1.7)
Lung and bone 14 (2.7)
Lung, liver, and bone 3(0.6)
Brain 12 (2.3)
Brain and bone 2(0.4)
Lung and brain 1(0.2)
Lung and intestinal 1(0.2)
Lymph node 5(1.0)
Lung and lymph node 1(0.2)
Spinal (vertebral) 1(0.2)

Note; SD, mean + standard deviation.
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Table 2. Bivariate Analysis of RDW and Histopathological Grading

Characteristics Grade 1 Grade 2 Grade 3 p-value
(n=55) (n=320) (n=142)
Mean + SD Mean + SD Mean + SD
RDW value 13.29 £ 1.62 14.53 £6.90 18.28 £ 14.03 0.001%*

Note, * Significant if p<0.05, ANOVA Test

Table 3. Bivariate Analysis of RDW and Metastasis
Grading

Characteristics Metastasis p-value
Yes No
(n=144) (n=373)
Mean+SD  Mean + SD
RDW value 1649+ 10.0 15.02+9.01 0.001

Note, * Significant if p<0.05, T-Test.

Table 4. Relationship Between RDW Values and
Histopathological Grading

Characteristics Histopathological grading p-value
B CI
RDW value 0.012 (0.006-0.017) 0.001

Note, * Significant if p<0.05, OR = Odds Ratio, CI = Convidence
Interval

was 15.0249.01. Bivariate analysis showed a significant
difference in RDW values between the metastasis and
non-metastasis groups in BC patients.

In Table 4, the relationship between RDW values
and histopathological grading shows that for every 1%
increase in RDW, there is an associated 0.012 increase in
histopathological grading in BC patients.

In Table 5, the relationship between RDW values and
metastasis shows that for every 1% increase in RDW, there
is a 1.016 times increase in the likelihood of metastasis
in BC patients.

In Table 6, the correlation coefficient (R) for
histopathological grading was 0.183 with a p-value of
0.001, while for metastasis, the correlation coefficient
(R) was 0.171 with a p-value of 0.001. The positive R
values indicate that an increase in RDW is correlated with
both higher histopathological grading and the presence
of metastasis, although the strength of the correlation is
considered weak. Statistically, the p-value < 0.05 for both

variables suggests that this relationship is significant.

In this study, a Receiver Operating Characteristic
(ROC) curve analysis was conducted to evaluate the
ability of RDW to differentiate BC patients based on
histopathological grading (1, 2, and 3). The results showed
that in Figure 1A, Histopathological Grade 1 as “Yellow
line” the AUC value was 0.286 with a 95% confidence
interval (CI) of 0.221 — 0.350, a sensitivity of 65.5%,
and a specificity of 15.2%. Histopathological Grade 2 as
“Red Line” the AUC value was 0.298 with a 95% CI of
0.249 — 0.347, a sensitivity of 69.1%, and a specificity of
18.3%. Meanwhile, Histopathological Grade 3 as “Blue
line”, the AUC value was 0.841 with a 95% CI 0f 0.802 —
0.880, a sensitivity of 83.8%, and a specificity of 78.1%.
Furthermore, RDW demonstrated moderate predictive
ability for metastasis the AUC value was 0.624 with a 95%
confidence interval (CI) of 0.569 —0.679, a sensitivity of
80.6%, and a specificity of 28.7% (Figure 1B).

Discussion

This study found that most patients had histopathological
grade 2 (61.9%), with grade 1 and grade 3 accounting
for 10.6% and 27.5%, respectively. This is consistent
with previous studies indicating that grade 2 (moderate
differentiation) is the most common in BC, suggesting
intermediate malignancy [7]. Metastasis analysis revealed
the lungs were the most frequent site (6.8%), followed
by the liver (6.0%) and bones (4.8%), which aligns with
typical BC metastatic patterns. Lung metastasis often
signifies more aggressive tumors, while bone metastasis
indicates advanced disease [8, 9].

Correlation analysis revealed a significant association
between RDW levels and histopathological grading in
BC patients. RDW was higher in grade 3 (18.28+14.03)
compared to grades 1 and 2 (13.29+1.62 and 14.53+6.90,
respectively; p=0.001). The increasing RDW trend with
higher histopathological grading suggests that RDW may
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Figure 1. ROC Curve: A) Showing the relationship between RDW values and histopathological grading in BC patients,
Yellow: Histopathological Grade 1, Red: Histopathological Grade 2, Blue: Histopathological Grade 3. B) Showing the

relationship between RDW values and BC metastasis.
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Table 5. Relationship Between RDW Values and
Metastasis

Characteristics Metastasis p-value*
OR CI
RDW value 1.016  (1.001-1.039) 0.001

Note, * Significant if p<0.05, Linear Regresion, OR = Odds Ratio,
CI = Convidence Interval

Table 6. Correlation Between RDW Values and
Histopathological Grading and Metastasis

Characteristics R* p-value**
Histopathological grading 0.183 0.001
Metastasis 0.171 0.001

Note, * Correlation coefficient, ** Significant if p<0.05

reflect tumor malignancy.

Elevated RDW in higher-grade tumors could be
linked to chronic inflammation and oxidative stress,
which contribute to increased RDW levels observed
in BC patients [6, 10]. Chronic inflammation disrupts
erythropoiesis, leading to red blood cell size heterogeneity,
reflected in RDW values [8, 10, 11]. This process may
create an immunosuppressive environment, promoting
tumor growth and metastasis through the secretion of
pro-tumor cytokines [12, 13].

A study in the South Indian population [14] and in
Chhattisgarh, India [15] found that RDW increased with
higher histopathological grades, indicating its potential
as a prognostic marker in BC. These findings support
previous studies [6, 16] suggesting RDW as a prognostic
biomarker, with higher RDW levels often associated
with more aggressive tumor malignancy. Our study also
shows that elevated preoperative RDW is linked to poor
prognosis and worse survival outcomes in BC patients.

This study also demonstrated a significant difference
in RDW levels between patients with and without
metastasis. Among the 144 metastatic BC patients, the
mean RDW was 16.49+10.0, compared to 15.02+9.01 in
373 non-metastatic patients (p =0.001). Elevated RDW in
metastatic patients may be due to more intense systemic
inflammation, oxidative stress, and erythropoiesis
dysfunction, all of which contribute to increased red
blood cell size heterogeneity [17]. Additionally, cancer-
related anemia, resulting from tumor effects, inflammatory
responses, or chemotherapy, may further increase RDW
levels [18]. A meta-analysis has shown that patients
with elevated RDW have larger tumors, more advanced
stages, and higher rates of lymph node metastasis [19].
Another meta-analysis confirmed that high pretreatment
RDW levels are linked to poor survival outcomes across
various cancers, including BC, underscoring RDW’s
prognostic significance [20]. These findings confirm that
higher RDW levels are associated with poor prognosis
and more severe disease.

Our study showed that each 1% increase in RDW
was associated with a 0.012 increase in histopathological
grading, suggesting that factors like microangiopathy,
inflammatory anemia, and erythropoiesis dysregulation
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may exacerbate RDW elevation in higher-grade cancers
[21]. These findings align with previous research
indicating RDW as a parameter reflecting tumor
aggressiveness [8].

Correlation analysis between RDW levels and
metastasis revealed that each 1% increase in RDW
was associated with a 1.016-fold increase in metastasis
risk. This can be explained by chronic inflammation
and oxidative stress, which play a crucial role in
facilitating metastasis [17]. Systemic inflammation leads
to erythropoiesis dysregulation and an imbalance in
erythrocyte production, resulting in higher RDW levels
in metastatic patients [22]. Metastatic patients also often
experience more severe anemia, further exacerbating
RDW elevation [19].

The correlation between RDW and histopathological
grading showed an R-value of 0.183 with a p-value of
0.001, confirming a positive correlation between RDW and
higher tumor grade. ROC curve analysis supported this,
demonstrating that RDW has good discriminative ability
in differentiating BC patients by histopathological grade.
This supports previous research suggesting RDW as an
indicator of cancer aggressiveness [16]. The progressive
increase in RDW with higher histopathological grading
highlights its potential prognostic value [21]. To improve
clinical accuracy, RDW should be combined with other
markers such as the neutrophil-to-lymphocyte ratio (NLR)
or platelet-to-lymphocyte ratio (PLR) [23].

Correlation analysis between RDW and metastasis
revealed an R-value of 0.171 with a p-value of 0.001,
indicating a statistically significant positive correlation.
However, ROC curve analysis showed an AUC of 0.624,
indicating weak to moderate discriminative ability in
distinguishing patients with and without metastasis.
This suggests that RDW, as a standalone biomarker,
has limitations in predicting metastasis accurately.
RDW?’s non-specific nature, influenced by factors such
as inflammation and anemia, likely explains its limited
predictive ability for metastasis [8, 24]. Therefore, the
clinical applicability of RDW as a standalone biomarker
should be approached with caution, and further research
is needed to explore its role in combination with other
inflammatory markers like NLR and PLR for better
prognostic accuracy.

Study Limitations

This study’s cross-sectional design limits the ability
to establish causal relationships between RDW levels
and BC progression. The data represent a single point
in time, preventing conclusions about whether elevated
RDW precedes or results from higher tumor grade and
metastasis. To confirm RDW’s role as a prognostic factor,
longitudinal or prospective cohort studies are required.

In conclusion, this study demonstrates a significant
relationship between RDW and both histopathological
grading and metastasis in BC patients. An increase in RDW
is associated with higher tumor grade and an elevated risk
of metastasis. These findings highlight the potential of
RDW as a simple, accessible prognostic biomarker that
may aid in the clinical assessment and management of BC
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patients, particularly in resource-limited settings.
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