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ABSTRACT

األهداف: تقييم فائدة الفيريتني واملؤشرات احليوية لاللتهاب في تشخيص مراحل 
سرطان الثدي.

املنهجية: تكونت الدراسة من 4 مجموعات من 20 امرأة، مبا في ذلك مجموعة 
والثانية،  األولى  املرحلتني  من   1 املجموعة  مرضى  يتألف  الصحية.  التحكم 
تقدير  مت  املرض.  من  الرابعة  املرحلة   :3 واملجموعة  الثالثة  املرحلة   :2 واملجموعة 
بواسطة مقايسة  C عالي احلساسية )hsCRP( والهيبسيدين  التفاعلي  البروتني 
الكيميائية.  املناعية  املقايسة  طريق  عن  والفيريتني  باإلنزمي  املرتبط  املناعي  املمتز 
أجريت الدراسة في عام 2018م في معهد جواهر الل للدراسات العليا والبحوث 

الطبية، بونديشيري-6، الهند.

 r=( الهيموجلوبني  مع  الثدي بشكل سلبي  ارتبط تطور مرض سرطان  النتائج: 
الفيريتني  مستويات  مع  إيجابي  ارتباط  وظهر   ،)-0.6937, p<0.0001
الهيموغلوبني  مع  سلًبا  الفيريتني  ارتبط  بينما   .)r=0.8444, p<0.0001(
بني أفراد الدراسة )r=-0.6130, p<0.0001(. وارتبط الهيبسيدين بشكل 
 .)r=0.998, p<0.0001( احلساسية  عالي   C التفاعلي  البروتني  مع  إيجابي 
احتمالية  لتحديد   3.9516 من  أكثر  الفيريتني/الهيموغلوبني  نسبة  استخدمت 
اإلصابة بسرطان الثدي باستخدام قيم منحنى التشغيل للمستقبل )املنطقة حتت 
استخدمنا  اخلصوصية=100(.   ،  96.7 احلساسية=   ،AUC =0.997 املنحنى 
قيم الفيريتني أكثر من 103.4 لتمييز املرحلة الرابعة من املرحلة الثالثة من املرض 

)AUC=0.893، احلساسية=100، النوعية= 85(.

معرفة  في  مفيدان  والفيريتني/الهيموغلوبني  الفيريتني  من  كاًل  يعد  اخلالصة: 
تشخيص مراحل سرطان الثدي.

Objectives: To assess the utility of ferritin and 
inflammatory biomarkers in the diagnosis of stages of 
breast cancer.

Methods: The study consisted of 4 groups of 20 
women, including the healthy control. The patients of 
group 1 comprised of stages I and II, group 2: stage 
III and group 3: stage IV of the disease. High sensitive 
C-reactive protein )hsCRP( and hepcidin were estimated 
by enzyme linked immunosorbent assay and ferritin by 
chemiluminescence immunoassay. The study was carried 
out in 2018 at Jawaharlal Institute of Postgraduate 
Medical Education and Research, Puducherry-6, India.

Results: The breast cancer disease progression correlated 
negatively with hemoglobin )Hb( )r= -0.6937, 
p<0.0001( and with ferritin levels, had a positive 
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correlation )r=0.8444, p<0.0001(. Ferritin negatively 
correlated with Hb among the subjects of the study 
)r= -0.6130, p<0.0001(. Hepcidin correlated positively 
with hsCRP )r=0.998, p<0.0001(. The ferritin/Hb 
ratio >3.9516 was used to identify the possibility of 
breast cancer utilizing the receiver operator curve 
values )area under curve [AUC]=0.997, sensitivity: 
96.7, specificity:100(. Ferritin values >103.4 were 
used to differentiate stage 4 from stage 3 of the disease 
)AUC: 0.893, sensitivity: 100, specificity: 85(.

Conclusion: Ferritin and ferritin/Hb are helpful in the 
differential diagnosis of stages of breast cancer.

Keywords: breast cancer, inflammation, ferritin, 
hepcidin, differential diagnosis, disease progression
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In the pathogenesis of breast cancer, inflammation has 
an important impact.  Proinflammatory state leads 

to the generation of a tumor-related inflammatory 
microenvironment. Identification of factors for the 
diagnosis of various breast cancer stages can help the 
management of the disease. Studies have reported the 
usefulness of inflammatory biomarkers for predicting the 
prognosis and outcome of breast cancer.1 Only limited 
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studies have addressed their importance in diagnosing 
advanced states of breast cancer. This is of great concern 
since metastasis to various organs can affect both the 
overall survival and disease-free survival of patients. 
In this study, we assessed the utility of inflammatory 
markers, ferritin, high sensitive C-reactive protein 
)hsCRP( and hepcidin in the diagnosis of different 
stages of breast cancer. Liver produces the acute phase 
reactant, C reactive protein )CRP(. The transcriptional 
regulation of CRP synthesis is primarily regulated by 
the Interleukin-6 synthesized and secreted from the 
tumor.2 The microenvironment of tumor cells can also 
initiate inflammation. This enables tumor progression 
via invasion and metastasis.3,4 Therefore, increasing 
CRP levels with advanced stages of breast cancer at 
the time of diagnosis is expected. In the pathogenesis 
of breast cancer, the deranged iron homeostasis plays 
a major role.5 The storage form of iron inside the cells 
is ferritin and is also found in the circulation. The 
tissue and systemic levels of ferritin increase in breast 
cancer and are associated with disease progression.6 

The macrophages that infiltrate breast tumors can 
release ferritin, which is implicated in tumorigenesis by 
triggering inflammation.7

The serum ferritin is elevated in inflammation 
and cancers. This is related to its enhanced synthesis 
in macrophages. During inflammation, hepcidin 
promotes the entry of iron into the macrophages.6 

Therefore, in breast cancer, there are strong associations 
among iron homeostasis, anemia, inflammation and 
hepcidin release. Biochemical derangements related to 
low-grade inflammation is expected to increase in the 
disease progression in breast cancer. Assessment of the 
biochemical parameters like ferritin, hepcidin, hsCRP, 
and ferritin/Hb ratio would be helpful in the differential 
diagnosis of different stages of breast cancer.

The present study was carried out with the hypothesis 
that elevated serum inflammatory biomarkers would 
serve as additional parameters in breast cancer diagnosis 
and staging.

Methods. Consecutive breast cancer patients 
attending the Oncology Clinic in the Department of 
Medical Oncology, Jawaharlal Institute of Postgraduate 
Medical Education and Research )JIPMER(, Puducherry, 

India were recruited for the study. The recruitment was 
carried out based on the set inclusion and exclusion 
guidelines. As controls, we recruited apparently healthy 
women. Ethical clearance to conduct this work was 
obtained from the Institute Ethics Committee )IEC(, 
JIPMER, and the participants have signed the informed 
consent. This was a cross-sectional analytical study. The 
study was conducted in the year 2018 at JIPMER, 
Puducherry, India. The study consisted of 4 groups of 
20 women, each in 30-60 years of age, including the 
healthy control. The sample size was calculated using 
the reported differences in the mean hsCRP levels 
between controls and 3 groups of breast cancer patients.8 

Assuming alpha error of 5%, power of 90% and 
standard deviation within each group as 2, we required 
a minimum of 15 individuals in each group. Based on 
the American Joint Committee on Cancer guidelines 
)AJCC(, the staging of breast cancer was carried out. 
Based on stages, the newly diagnosed treatment-naive 
breast cancer patients were segregated into 3 groups. The 
patients of group 1 comprised of stages I and II of the 
disease. Group 2 consisted of patients in stage III, and 
the stage IV patients were included in group 3. Subjects 
with a history of any chronic or acute inflammatory 
diseases, on anti-inflammatory medication, diabetes 
mellitus, hypertension and liver or kidney diseases were 
excluded from the study. We did not consider ER, PR 
and human epidermal growth factor receptor 2 )HER2( 
neu expressions as inclusion and exclusion criteria for 
the recruitment.

Collection of blood samples. Fasting blood )5ml( was 
drawn from all subjects of the study. The samples were 
collected in EDTA tubes for hemogram. For the assay 
of biochemical parameters, serum was used, which was 
stored at -40°C until the analysis. 

Biochemical assays. Serum hsCRP was estimated 
by ELISA using commercially available kits )DBC, 
Canada(. Serum hepcidin was estimated using ELISA 
kit from Wuhan Fine Biotech co. Ltd, China. Estimation 
of serum ferritin was carried out by chemiluminescence 
immunoassay system in Seimens Advia Centaur CP.

Statistical analyses. GraphPad Prism version 8.0.2 
was used for the statistical analyses. Kolmogorov-
Smirnov test was used for checking the distribution 
of data. The data which did not follow a normal 
distribution are presented as median )interquartile 
range( and Kruskal-Wallis test was used for comparison 
between the groups. The data which followed normal 
distribution are presented as mean±SD and were 
compared with ANOVA. MedCalc software was used 
for plotting the ROC curves. The results were considered 
significant when the p-value was found to be <0.05.

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.
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Results.  The mean age in years in different groups 
were 49 in control, stages I, 2 and 4 and 46 in stage 
3. Twelve participants were post-menopausal in each 
group except in the stage 3 group, where 9 patients were 
post-menopausal. The number of triple-negative breast 
cancer patients were 4, 3 and 2 respectively in groups 
1, 2 and 3. 

Comparison of study parameters between controls 
and all breast cancer patients. The Hb was found to be 
lower, and the levels of ferritin, hepcidin and hsCRP 
were found higher among breast cancer patients of our 
study )Table1(.

Comparison of study parameters between controls 
and breast cancer patients in different stages of the 

disease. There was a significant increase in the levels 
of serum ferritin across the different groups of study. 
A trend for decrease in Hb and increase in hepcidin 
and hsCRP with increasing stages of the disease was 
observed among the breast cancer patients. The results 
are presented in Table 2. There was a significant increase 
in the neutrophil/lymphocyte ratio among the stage 4 
breast cancer patients when compared to all the other 
groups. 

The comparison of log ferritin/Hb ratio between the 
study groups is further represented in Figure 1.

Comparison of lipid profile between controls and 
breast cancer patients in different stages of the disease. 
The lipid profile did not differ much from the normal 

Table 1 - Comparison of study parameters between controls and breast cancer patients.

Parameters Control (n=20) Cases (n=60) P-value

Hb )g/dL( 12.40 )12.10- 12.50( 10.95 )10.33- 11.80( <0.0001*

HsCRP )ng/ml( 3686 )463.2-7628( 6008 )2653- 19032( 0.0326*

Hepcidin )pg/ml( 73710 )9263-512749( 120165 )53060- 640558( 0.0397*

Ferritin )ng/ml( 29.70 )25.73-45.70( 82.95 )52.65-167.9( <0.0001*

Ferritin/Hb ratio 2.458 )2.035-3.757( 7.590 )4.859-16.02( <0.0001*

All data expressed as median )Inter Quartile Range(. *P-value <0.05 considered as significant

Table 2 - Comparison of study parameters between controls and breast cancer patients in different stages of the diseases.

Parameters Control (n=20) Stage 1&2 (n=20) Stage 3 (n=20) Stage 4 (n=20)

Hb )g/dl( 12.40 
)12.10-12.50(

11.65 
)10.68-12.33(*

11.20 
)10.13-11.78(††††

10.50
)10.23-10.88(§,‡‡‡‡

Hepcidin )pg/ml( 73710 
)9263-152564(

87725 
)44175-179148(

122348 
)30678-367928(

224315
)78415-457778(‡

hsCRP )ng/ml( 3686 
)463.2-7628(

4386 
)2209-8957(

6117 
)1534-18396(

11216
)3921-22889(‡

Ferritin )ng/ml( 29.70 
)25.73-45.70(

56.35 
)50.73-78.55(**

66.90 
)50.23-96.25(†††

178.9 
)137.0-209.5(‡‡‡‡,§§§,††

Ferritin/Hb ratio 2.458 
)2.035-3.757(

5.501 
)4.291-6.713(**

5.580 
)4.737-8.759(†††

16.86 
)13.03-20.22(‡‡‡‡,§§§,††

Log ferritin/Hb ratio 0.1184 
)0.1133- 0.1343(

0.1571 
)0.1473- 0.1652(**

0.1635 
)0.1490 -0.1840(†††

0.2118 
)0.1987-0.2244(‡‡‡‡,§§§,††

N/L ratio 1.90 
)1.467- 2.225(

1.60 
)1.194- 2.211(

1.71 
)1.222 - 2.298(

3.149 )2.104-4.591( ‡‡,§§§,††

All data expressed as Median )Inter Quartile Range(.  P-value <0.05 is considered as significant.
*control vs. stage 1&2; †control vs. stage 3; ‡control vs. stage 4; §stage 1&2 vs. stage 4, ††stage3 vs. stage 4, 

‡p-value <0.05; **, ††p-value <0.01; †††, §§§p-value <0.001; ††††, ‡‡‡‡p-value <0.0001
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range among the different stages of the breast cancer 
except in stage 3. The results are presented in Table 3.

Relationship between study parameters and disease 
progression. The disease progression significantly 
correlated negatively with Hb )Correlation coefficient= 
-0.6937, p<0.0001( and positively with serum ferritin 
levels )Correlation coefficient = 0.8444, p<0.0001(. 
Hemoglobin negatively correlated with ferritin among 
the subjects of the study )Correlation coefficient= 
-0.6130, p<0.0001, Figure 2(. The serum levels of 
Hepcidin correlated positively with hsCRP which is 
a marker of inflammation )Correlation coefficient= 
0.998, p<0.0001(.

Utility of serum ferritin levels in the diagnosis and 
staging of breast cancer. We evaluated the usefulness 
of ferritin and ferritin/Hb ratio in the diagnosis of 
different stages of breast cancer by receiver operating 
characteristic )ROC( analyses. In the absence of any 

comorbidities, ferritin/Hb ratio >3.9516 were used 
to identify the possibility of breast cancer utilizing 
the ROC curve values )AUC=0.997, sensitivity: 96.7, 
specificity:100(. Similarly, ferritin values >103.4 were 
used to differentiate stage 4 from stage 3 of the disease 
)AUC: 0.893, sensitivity: 100, specificity: 85(. These 
results are presented in Figure 3.

Discussion. The anatomic extent of the disease 
was the only consideration for breast cancer staging 
until recently. However, of late, it has been realized 
that biological factors are also essential to determine 
prognosis and to take decisions on treatment.3 There 
are 2 staging systems, according to the American Joint 
Committee on Cancer’s Staging System )8th edition( 
for breast cancer. The size of the tumor, metastasis and 
the nodal status are the considerations for anatomic 
staging. However, in the prognostic staging, which is 

Figure 1 - Comparison of log ferritin/ hemoglobin )Hb( ratio between 
the study groups

Figure 2 - Correlation of hemoglobin with serum ferritin levels 
)correlation coefficient= -0.6130, p<0.0001(

Table 3 - Comparison of lipid profile between controls and breast cancer patients in different stages of the disease.

Parameters Control 
(n=20)

Stage 1&2
(n=20)

Stage 3
 (n=20)

Stage 4 
(n=20)

Total cholesterol )mg/dl(* 172.95±19.24 203.70±30.91† 216.75±29.34‡‡‡ 199.65±43.06§

HDL-c )mg/dl(* 42.55±7.85 46.10±5.94 48.15±11.43 46.45±11.24

LDL-c )mg/dl( 110.5)32( 140)63.3( 141.5 )30(‡‡ 119.5)47.5(

VLDL-c )mg/dl( 25.50)14( 25.50)25.5( 21.0)9( 24.0)13.5(

TG )mg/dl( 128.0)78( 126.5)127.3( 110.0)52.25( 122.0)65.75(

*Data expressed as mean ± SD. All other data expressed as Median )Inter Quartile Range(. 
†control vs. stage 1&2; ‡control vs. stage 3; §control vs stage 4; †, §p-value <0.05; ‡‡p-value <0.01; ‡‡‡p-value <0.001
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more beneficial for the patients, oncogene expression, 
histological grade of the tumor and status of hormone 
receptor are considered.2,3 However, anatomic staging is 
still being used when the expensive biomarker testing 
is not available.4 In this context, there is a need for the 
identification of less expensive markers. At present, 
the treatment strategies for breast cancer have been 
revolutionized due to the advances in the availability of 
individual’s hormone receptor status and multiple gene 
panels. However, this becomes more fruitful when it is 
integrated with the prognostic staging of the disease.

We assessed the utility of serum ferritin and other 
inflammatory biomarkers, hsCRP and hepcidin in the 
diagnosis of different stages of breast cancer. Among 
the parameters of our study, we found ferritin as most 

useful in the diagnosis and staging of breast cancer. 
Jacobs et al reported higher ferritin concentrations 
among cancer patients. As per their study, the tumor 
recurrence is higher among those patients whose basal 
systemic ferritin levels are >200ug/l.6 This prognostic 
value of ferritin justifies its inclusion among the battery 
of biochemical and genetic parameters in the prognostic 
staging of breast cancer. 

Our study reveals that ferritin and ferritin/Hb ratio 
are useful in the diagnosis of the different stages of breast 
cancer. However, these results need to be confirmed 
with a bigger sample size. The median value of ferritin 
among the breast cancer patients did not cross 200ug/l. 
Even the median value of serum ferritin among the 
healthy control of our study is only 29ug/l. This may 

Figure 3 - Receiver operating characteristic curve analyses for the diagnosis and differentiation of the stages of breast cancer. A( Differentiation of healthy 
controls and breast cancer patients using Ferritin. B( Differentiation of stage 3 and stage 4 of breast cancer using Ferritin. C( Differentiation of 
healthy controls and breast cancer patients using Ferritin/Hb ratio. D( Differentiation of stage 3 and stage 4 of breast cancer using Ferritin/Hb 
ratio. AUC: Area under curve
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be explained by the poor socioeconomic status of our 
patients. The ratio of ferritin/Hb was chosen based on 
the fact that in breast cancer patients, when the ferritin 
levels rise, the Hb levels decrease. 

Iron homeostasis is closely associated with the 
inflammatory processes. The serum ferritin levels 
increase through the upregulation of hepcidin mediated 
by IL-6.9-12 In our study, serum levels of hepcidin 
correlated positively with hsCRP, which is a marker 
of inflammation. In breast cancer, increased levels of 
ferritin have been observed, which could be due to excess 
iron stores, or the underlying inflammation, or both.13 

The systemic ferritin serves as an index of inflammation 
or the body’s iron stores. The elevated levels of ferritin 
in blood as well as in tumor tissues of breast cancer 
patients correlated with poor prognosis and the 
advanced histological grade.7 The breast cancer patients 
have higher plasma hepcidin levels which is not an 
observation in non-cancerous breast diseases. Sandhya 
et al reported the usefulness of ferritin in differentiating 
breast cancer patients with and without metastasis.14 
The presence of malignancy can be identified by elevated 
ferritin levels and is useful in predicting lymph node 
involvement in breast cancer.15 The origin of serum 
ferritin in physiological and pathological conditions 
could be hepatocytes, macrophages, and cancer cells.11 
Liver is the primary site of hepcidin synthesis. Infection 
and inflammation enhance the expression of hepcidin 
by the hepatocytes.16 In inflammation, the iron recycling 
from macrophages is inhibited by increased hepcidin 
levels. This increases serum ferritin levels, systemic 
iron deficiency and anemia.17,18 The breast cancer cells 
assimilate and retain surplus iron by enhancing the iron 
import and reducing the iron export.19

One of the crucial targets of cancer therapy is its 
glucose metabolism. The tumor cells, in general, 
manifests increased uptake of glucose in comparison 
to the neighboring normal cells.20,21 Iron is required 
as a micronutrient for glucose oxidation.22 The iron 
metabolism is altered in tumors of the breast.3 The 
proteins and enzymes involved in iron homeostasis 
could serve as diagnostic and prognostic indicators 
as well as potential targets for therapy. In order to 
arrest disease progression, iron chelators could be 
administered.23   Further anti-inflammatory agents may 
arrest the progression of breast cancer.

The major outcome of this study is the identification 
of ferritin and inflammatory biomarkers as useful 
parameters in the diagnosis of different stages of 
breast cancer. One of the limitations of this study is 
that we did not collect data on the body mass index 
of the patients. The iron metabolism, ferritin, hepcidin 

and obesity are inter-related. The impaired metabolic 
functions observed in patients with type 2 diabetes 
are associated with iron overload and elevated levels of 
hepcidin.24  Obesity can induce inflammation which can 
disturb iron homeostasis by inhibiting its absorption, 
and by its retention in the reticuloendothelial system. 
The altered iron homeostasis can cause anemia and its 
related pathological complications.25,26 Activation of 
noncanonical Wnt signaling through the up-regulation 
of WNT5A may promote a proinflammatory state 
in the mammary adipose tissue contributing to the 
development of obesity-associated comorbidities. This 
has been shown in visceral adipose tissue.27,28 Aquaporin 
7 operates as a glycerol channel in vivo. Adipocyte 
glycerol permeability has a key role in the regulation 
of fat accumulation. In view of this, inhibition of 
aquaporins have been suggested to be beneficial.29,30   
Therefore, activation of noncanonical Wnt signaling 
and Aquaporin 7 are some of the important future areas 
of research in breast cancer.

In conclusion, biochemical derangements related 
to low-grade inflammation increased progressively in 
the disease progression of breast cancer. Assessment 
of ferritin, hepcidin, hsCRP as well as ferritin/Hb 
ratio would be helpful in the differential diagnosis of 
different stages of breast cancer. Although the present 
study was carried out with a small cohort of patients, 
further studies with a larger sample size may be carried 
out to establish cut off values for the other indices of 
iron homeostasis like transferrin receptor-ferritin index  
)sTfR/log ferritin(, and so forth.
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