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Abstract. – OBJECTIVE: In this study, we 
aimed to evaluate the prognostic value of preop-
erative serum ferritin level in patients with stage 
2 colon cancer who underwent curative surgery.

PATIENTS AND METHODS: The data of 120 
patients who were stage 2 after curative sur-
gery and whose ferritin levels were measured at 
the time of diagnosis without starting any treat-
ment were analyzed. Demographic data such as 
age and gender, histopathological characteris-
tics such as tumor size, lymphovascular inva-
sion (LVI), perineural invasion (PNI), number of 
removed lymph nodes, tumor grade, and clini-
cal and laboratory data were retrieved from the 
hospital medical charts or electronic medical re-
cords. In the survival analysis, the cut-off level 
of ferritin was accepted as 150 ng/ml, which is 
the upper limit determined by the World Health 
Organization (WHO), as a prognostic factor.

RESULTS: Fifty (41.7%) of the patients were fe-
male, 70 (58.3%) were male, and the median age 
was 63.5 (range 24-90) years. There was no sig-
nificant difference between the low and high fer-
ritin groups regarding age, gender, T stage, tu-
mor localization, histological subtype, PNI, LVI, 
removal of less than 12 lymph nodes, and tumor 
size. Disease-free survival and overall survival 
of patients with high ferritin levels were worse 
than patients with low ferritin levels, but this dif-
ference did not reach statistical significance.

CONCLUSIONS: Serum ferritin level is an eas-
ily monitored, cost-effective, and reproducible 
marker. İn this study we found that high ferri-
tin level was associated with poor survival, al-
though it was not statistically significant.
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Introduction

Iron is an indispensable nutrient for human 
life, and iron metabolism is altered in cancer 

cells. Cancer cells are more dependent on iron 
for proliferation compared to normal cells and 
are more sensitive to iron deficiency, this phe-
nomenon is called iron dependency1. Ferritin is 
the major iron-binding protein and is found in 
the extracellular and intracellular space, and its 
extracellular form is called serum ferritin. Serum 
ferritin reflects the iron stores in the body, and it 
is used as a diagnostic marker of iron deficien-
cy anemia in the laboratory2. However, ferritin 
is also an acute-phase protein playing a role in 
cellular defense against oxidative stress and in-
flammation. Increased serum ferritin level has 
also been shown to be associated with liver dis-
eases, infections, inflammatory conditions, and 
malignancy3,4. In addition, ferritin is accepted as 
an oncofetal protein, and it has been shown that 
ferritin could be used as a tumor marker in the 
lung, breast, and renal-cell cancers5-7.

Recent data show that ferritin plays an import-
ant role in processes such as cancer proliferation, 
angiogenesis, immunosuppression, carcinogene-
sis, and resistance to treatment8-10.

In addition, higher serum ferritin levels are as-
sociated with worse survival outcomes. Therefore 
the ferritin protein not only functions in the trans-
port and recycling of iron but also plays a role as 
a diagnostic and prognostic biomarker. 

It has been shown that increased serum fer-
ritin level indicates poor prognosis in various 
malignancies such as breast, lung, and pancreatic 
cancer9,11-13. Data regarding the prognostic value 
of high serum ferritin levels in colon cancer are 
controversial. Although increased serum ferritin 
level is a poor prognostic marker in metastatic 
colorectal cancer 14,15, it is accepted that it has 
no prognostic value in early-stage disease. Pri-
mary curative treatment in the management of 
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patients with early-stage colon cancer is surgi-
cal resection. The standard treatment approach 
after surgery is adjuvant chemotherapy in stage 
3 disease; however, there are conflicting results 
regarding post-surgical adjuvant therapy in stage 
2 disease. Considering that stage 2 disease is a 
heterogeneous group, risk classification is needed 
to decide on adjuvant treatment in these patients. 
Several high-risk features may help determine 
which stage II patients will most benefit from 
adjuvant chemotherapy. However, there are no 
specific trials designed to answer the question of 
which patients with stage II colon cancer are at 
high risks.

 In a study16 reported from Turkey data, being 
over 60 years of age and having T4 tumor stage 
were found to be an independent risk factor in 
stage 2 patients. It was also shown that in this 
study adjuvant chemotherapy reduces the risk of 
recurrence in Turkish patients with stage 2 colon 
cancer and is an independent positive prognostic 
factor.

Another study17 evaluating the effect of ad-
juvant chemotherapy in patients with low- and 
high-risk stage 2 colon cancer showed that ad-
juvant chemotherapy in high-risk stage 2 dis-
ease correlated with better OS and improved re-
lapse-free survival and disease-specific survival. 
However, this improvement was not observed in 
low-risk patients.

Various prognostic factors have been described 
in colorectal cancers. Age, performance status, 
tumor sidedness, T and N stage, serum CEA, 
Ca.19-9 levels are defined as clinical prognostic 
factors; MSI, K-RAS, N-RAS, B-RAF, Her-2 sta-
tus are defined as molecular prognostic factors18. 
Currently, adjuvant chemotherapy in the treat-
ment of stage 2 disease is given depending on the 
clinical and pathological risk factors defined in 
international guidelines.

In stage 2 disease, European Society of Med-
ical Oncology (ESMO), American Society of 
Clinical Oncology (ASCO), and National Com-
prehensive Cancer Network (NCCN) guidelines 
have defined high-risk factors and recommend 
adjuvant therapy in the presence of any of the fol-
lowing19,20. These risk factors include pT4 tumor, 
lymphatic/vascular invasion, poorly differentiat-
ed tumor, perineural invasion (PNI), obstruction, 
localized perforation, near or positive surgical 
margin, and less than 12 lymph node dissec-
tion. However, some population-based studies 
have failed to demonstrate the survival benefit 
of adjuvant therapy in all high-risk stage 2 colon 

cancers21,22. On the other hand, some molecular 
markers as microsatellite instability, which was 
defined as a prognostic factor, are not available in 
many countries and centers. 

The existing risk factors are considered inade-
quate in the selection of adjuvant therapy, and ad-
ditional prognostic factors need to be determined 
for the effective management of the patients.

This study aimed to evaluate the prognostic 
value of preoperative serum ferritin level in pa-
tients with stage 2 colon cancer who underwent 
curative surgery.

Patients and Methods

The medical records of 470 patients diagnosed 
with colon cancer between December 2012 and 
December 2020 at Afyon Health Sciences Uni-
versity Faculty of Medicine Medical Oncology 
Clinic were retrospectively reviewed. The data of 
120 patients with stage 2 colon cancer who met 
the inclusion criteria were analyzed. The patients 
with stage 2 disease after curative surgery, whose 
ferritin levels were measured at the time of di-
agnosis before starting any therapy, and patients 
with complete and regular medical records and 
follow-up were included in the study. The exclu-
sion criteria of the study were as follows: 
a) stage 1,3 and 4 patients at the time of the di-

agnosis.
b) patients who received chemotherapy or radio-

therapy before the analysis of ferritin level.
c) patients with a prior history of cancer and pa-

tients with asynchronous cancer.
d) patients with hepatic/renal failure or inflam-

matory disease that might affect serum ferritin 
level.

e) patients with inaccessible medical records and 
missing follow-up data. 

Demographic data such as age and gender, 
histopathological characteristics such as tumor 
size, lymphovascular invasion (LVI), perineural 
invasion (PNI), number of removed lymph nodes, 
tumor grade, and clinical and laboratory data 
were retrieved from the hospital medical charts 
or electronic medical records. 

In the survival analysis, the cut-off level of 
ferritin was accepted as 150 ng/ml, which is the 
upper limit determined by the World Health Or-
ganization (WHO), as a prognostic factor.

The overall survival (OS) and disease-free 
survival (DFS) were defined as the primary 
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end-points. OS was defined as the time from 
diagnosis to death (from any cause), and DFS 
was defined as the time from diagnosis to 
recurrence, metastasis, or death. The last fol-
low-up data of the survivors were included in 
the analysis. 

Statistical Analysis
The SPSS v. 26.0 Software (SPSS; IBM, Ar-

monk, NY, USA) program was used in all analy-
ses and a p-value of < 0.05 was considered statis-
tically significant. Descriptive statistics including 
patient age, gender, tumor stage, histopatholog-
ical type, grade, were presented as frequencies 
and percentages of categorical variables and me-
dian (minimum-maximum) of quantitative vari-
ables Chi-square test was used to determine the 
differences between groups according to serum 
ferritin level. The spearman rank correlation test 
was used to analyze the associations among con-
tinuous variables. Kaplan Meier curve was used 
for survival analysis, while log-rank analysis was 
used to compare survival differences between 
groups.

Results

Of 120 patients included in the study, 50 
(41.7%) were female, 70 (58.3%) were male, and 
the median age was 63.5 (range 24-90) years. 
Baseline characteristics of the study group are 
presented in Table I. In the survival analysis, the 
cut-off level of ferritin was accepted as 150 ng/
ml, which is the upper limit determined by the 
World Health Organization (WHO), as a prog-
nostic factor.

When the patients were grouped as below 150 
ng/ml and above according to the ferritin level, 98 
(81.7%) cases were in the low ferritin group, and 
22 (18.3%) were in the high ferritin group.

There was no significant difference between 
the low and high ferritin groups in terms of age, 
gender, T stage, tumor localization, histologi-
cal subtype, PNI, LVI, removal of less than 12 
lymph nodes, and tumor size (Table II). While 
no significant correlation was found between the 
ferritin level and age and tumor size, a positive 
correlation was found between ferritin level and 
hemoglobin level (rho=0.22 p=0.033). This result 
suggests that high ferritin levels in this study 
were independent of chronic disease status or 
inflammation.

When the effect of ferritin level on survival 
was evaluated, disease-free survival and overall 
survival of patients with high ferritin levels were 
found to be worse than those with low ferritin lev-
els, but this difference did not reach statistical sig-
nificance (DFS; p=0.889, OS, p=0.115, Figure 1).

The number of cancer-related deaths was 16 
in the entire study group. The mortality rate 
was 11.3% in the low ferritin group and 22.7% 
in the high ferritin group, and the difference be-
tween the groups was no statistically significant 
(p=0.158).

The median survival was 42 months (1-236) in 
the entire study group. The median survival was 
52.7 (1-236) months in the low ferritin group and 
43 (7-93) months in the high ferritin group.

Table I. Baseline characteristics of all stage-2 colon cancer 
patients.

 Patients (n = 120)

Age, years 63.5 (24-90)
Gender, n (%)
  Male 70 (58.3)
  Female 50 (41.7)
BMI, kg/m2 26.09 ± 4.6
Histology, n (%) 
  Adenocarcinoma 105 (88.2)
  Mucinous adenocarcinoma 14 (11.8)
Tumor location, n (%)
  Right colon 45 (37.5)
  Left colon 75 (62.5)
T stage, n (%)
  T3 91 (75.8)
  T4 29 (24.2)
PNI, n (%)
  Absent 97 (82.9)
  Present 19 (16.2)
  Unknown 1 (0.9)
LVI, n (%) 
  Absent 80 (68.4)
  Present 35 (29.9)
  Unknown 2 (1.7)
Tumor grade, n (%)
  Unknown 5 (4.5)
  Grade 1 21 (19.1)
  Grade 2 78 (70.9)
  Grade 3 6 (5.5)
Chemotherapy regimens, n (%)
  No 48 (40.3)
  FOLFOX-XELOX 20 (16.8)
  Fluorouracil-capecitabine 51 (42.9)
Tumor size grup n (%)
  < 4 cm 23 (19.2)
  ≥ 4 cm 97 (80.8)
Recurrens, n (%)
  Absent 103 (85.8)
  Present 17 (14.2)
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The 3-year and 5-year survival rates were 80% 
and 69% in the high ferritin group, and 87% and 
84% in the low ferritin group, respectively.

Discussion

In this study, the prognostic significance of se-
rum ferritin levels in patients with stage 2 colon 
cancer was evaluated and it was found that high 
ferritin levels were associated with poor survival, 
although not statistically significant. 

Serum ferritin levels are increased in many 
cancers. This increase was usually associated with 

a more aggressive disease course and shorter sur-
vival. In addition, the normalization of high ferri-
tin levels in the follow-up after cancer treatment 
suggests that there is a response to the treatment8.

The origin of serum ferritin in cancer pa-
tients is controversial. There are different opin-
ions about the cause of increased serum ferritin 
levels in cancer patients. It is considered that the 
neoplasm itself might be the reason for increased 
serum ferritin level. The observation of higher 
serum ferritin levels in patients with metastatic 
disease compared to patients without metastasis 
and the decrease in serum ferritin after surgery 
or remission supports this opinion23.

Table II. Comparison of clinical features and baseline characteristics according to serum ferritin group in stage-2 colon cancer.

                                              Serum Ferritin (SF, ng/ml)
   
   Low SF (n = 98) High SF (n = 22) p-value

Age, years   0.278
  ≥ 65 41 (41.8) 12 (54.5) 
  < 65 57 (58.2) 10 (45.5) 
T stage n (%)   0.354
  T3 76 (77.6) 15 (68.2) 
  T4 22 (22.4) 7 (31.8) 
Gender, n (%)   0.577
  Male 56 (57.1) 14 (63.6) 
  Female 42 (42.9) 8 (36.4) 
Tumor location, n (%)   0.715
  Right colon 36 (36.7) 9 (40.9) 
  Leftcolon 62 (63.3) 13 (59.1) 
BMI, kg/m2, n (%)   0.377
  ≥ 25 34 (63) 7 (50) 
  < 25 20 (37) 7 (50) 
Tumor grade, n (%)   0.468
  Grade 1 17 (20) 4 (20) 
  Grade 2 62 (72.9) 16 (80) 
  Grade 3 6 ( 7.1) – 
Chemotherapy, n (%)   0.994
  Yes 58 (59.2) 13 (59.1) 
  No 40 (40.8) 9 (40.8) 
Tumor size, n (%)   0.639
  < 4 cm 18 (18.4) 5 (22.7) 
  ≥ 4 cm 80 (81.6) 17 (77.3) 
Removed lymph node, n (%)   0.797
  ≥ 12 77 (79.4) 18 (81.8) 
  < 12 20 (20.6) 4 (18.2) 
LVI, n (%)   0.720
  Absent 64 (68.8) 16 (72.7) 
  Present 29 (31.2) 6 (27.3) 
PNI, n (%)   0.524
  Absent 77 (81.1) 20 (90.9) 
  Present 17 (17.9) 2 (9.1) 
Recurrence, n (%)   0.450
  Absent 83 (84.7) 20 (90.9)
  Present 15 (15.3) 2 (9.1) 

SF: serum ferritin, LVI: lymphovascular invasion; PNI: Peri-neural invasion, BMI: Body Mass.
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Recent studies24,25 on breast cancer suggest that 
the increased serum ferritin might be due to a 
stromal reaction rather than an excessive synthe-
sis from the tumor, this suggests that an increase 
in tumor-associated macrophages might be the 
cause of increased serum ferritin. Extracellular 
ferritin released from tumor-associated macro-
phages may stimulate tumorigenesis at various 
levels and indirectly induce the proliferation of 
tumor cells and angiogenesis and suppress lym-
phocyte responses25,26.

It is also considered that chronic inflammation 
in cancer patients might be the cause of increased 
ferritin levels. The positive correlation between 
serum hemoglobin and serum ferritin levels de-
tected in the present study suggests that chronic 
inflammation may not be the cause of increased 
ferritin levels.

It has been previously shown that increased 
ferritin level has prognostic significance in var-
ious cancers. In a study by Wang et al27 in 
which they evaluated the relationship between 
serum ferritin levels and prognosis in patients 
with locally advanced pancreatic cancer receiv-
ing chemo-radiotherapy, lower progression-free 

and overall survival was demonstrated in patients 
with high ferritin levels before the therapy. In 
a study involving patients with advanced-stage 
non-small cell lung cancer, Lee et al28 showed 
that high serum ferritin levels predict poor prog-
nosis.

There is controversy regarding the prognostic 
significance of serum ferritin levels in both ad-
vanced and early-stage colon cancer.

In their study, Lee et al14 evaluated the effects 
of various serum biomarkers on prognosis in 
patients with relapsing-refractory and metastatic 
colorectal cancer and identified high serum ferri-
tin level as an independent prognostic factor. In 
the present study, patients with high serum ferri-
tin levels exhibited a significantly poorer survival 
outcome.

Lorenzi et al29 al evaluated the relationship be-
tween serum ferritin level and survival in patients 
with colon cancer. They showed that patients with 
stage 3 and who had high ferritin serum values 
also had a shorter survival. Similarly, high serum 
ferritin levels were associated with poor survival 
in advanced-stage patients who underwent palli-
ative surgery.

Giessen et al30 their study evaluating the re-
lationship between preoperative levels of serum 
markers and prognosis in patients with early 
colon cancer, did not find any effect of serum 
ferritin on survival.

Only patients with stage 2 disease were in-
cluded in this study, and no significant relation-
ship was found between serum ferritin level and 
the well-known prognostic factors. Also, patients 
with high serum ferritin levels had a higher mor-
tality rate and shorter survival, but it was con-
cluded that there was no significant relationship 
with prognosis since the difference did not reach 
statistical significance. 

In a recent prospective study involving patients 
with stage 1-3 colon cancer, Tingting et al31 re-
ported preoperative serum ferritin levels as an in-
dependent prognostic factor and showed that the 
mortality rate was 2.21 times higher in patients 
with high ferritin levels.

According to our literature review, this is the 
first study to evaluate the relationship between 
serum ferritin level and prognosis in patients with 
stage 2 colon cancer, but it has some limitations 
that might have affected the results. The first 
limitation is the recruitment of a small number 
of patients from a single center and retrospective 
study design. The second limitation is the short 
follow-up period. 

Figure 1. Kaplan-Meier curve of OS for groups by serum 
ferritin level. 5-year survival rates were 69% in the high fer-
ritin group and 84% in the low ferritin group.
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Conclusions

Serum ferritin is an easily monitored, cost-ef-
fective, and reproducible marker. Available data 
suggest that high serum ferritin levels play a role 
in the etiopathogenesis of cancer and might be 
associated with prognosis and response to treat-
ment. Our study found that high serum ferritin 
levels were associated with worse survival, al-
though not statistically significant. 

We think that the results obtained in our study 
may inspire more comprehensive studies that will 
determine the prognosis of patients with stage 2 
colon cancer and evaluate its effect on the treat-
ment decision. 

Conflict of Interest
The Authors declare that they have no conflict of interests.

Funding
No financial support for commercial or non-commercial or-
ganizations was received.

Ethics Approval
The study was approved by the local Ethics Committee of 
Afyonkarahisar Health and Science University (Approval 
No: 2021/8 2011-KAEK-2).

Constent for Publication
All authors have approved the manuscript and consent for 
publication.

Authors’ Contribution
Study concepts: H. Demir; Study design: H. Demir; Qual-
ity control of data and algorithms: I. Beypınar, M. Bay-
kara, SE. Davarcı, S. Urvay; Statistical analysis: I. Bey-
pınar; Manuscript preparation: H.Demir; Manuscript re-
view: M. Baykara, S. Urvay, SE Davarcı; Manuscript edit-
ing: M. Baykara.

ORCID ID
Hacer Demir: ORCID ID: 000-0003-1235-9363; Ismail 
Beypinar ORCID ID: 0000-0002-0853-4096; Semiha Ur-
vay ORCID ID :0000-0002-0181-3842; Sena Ece Davarcı 
ORCID ID: 0000-0003-1142-9411; Meltem Baykara OR-
CID ID:0000-0003-3291-8134.

References

 1) David HM, Nicole LB, Bibbin TP ,Torti FM ,Torti 
SV. Ann N Y Acad Sci 2016; 1368: 149-161.

 2) Polin V, Coriat R, Perkins G, Dhooge M, Abitbol V, 
Leblanc S, Prat F, Chaussade S. Iron deficiency: 
From diagnosis to treatment. Dig Liver Dis 2013; 
45: 803-809.

 3) Arosio P, Levi S. Cytosolic and mitochondrial fer-
ritins in the regulation of cellular iron homeosta-
sis and oxidative damage. Biochim Biophys Acta 
2010; 1800: 783-792.

 4) Wang W, Knovich MA, Coffman LG, Torti FM, 
Torti S V. Serum ferritin: Past, present and future. 
Biochim Biophys Acta 2010; 1800: 760-769

 5) Ulbrich EJ, Lebrecht A, Schneider I, Ludwig E, 
Koelbl H, Hefler LA. Serum parameters of iron 
metabolism in patients with breast cancer. Anti-
cancer Res 2003; 23: 5107-5109.

 6) Kirkali Z, Esen AA, Kirkali G, Güner G. Ferritin: a 
tumor marker expressed by renal cell carcinoma. 
Eur Urol 1995; 28: 131-134.

 7) Yildirim A, Meral M, Kaynar H, Polat H, Ucar EY. 
Relationship between serum levels of some acute-
phase proteins and stage of disease  and perfor-
mance status in patients with lung cancer. Med Sci 
Monit  Int Med J Exp Clin Res 2007; 13: 195-200.

 8) Alkhateeb AA, Connor JR. The significance of 
ferritin in cancer: anti-oxidation, inflammation and 
tumorigenesis. Biochim Biophys Acta 2013; 1836: 
245-254. 

 9) Alkhateeb AA, Leitzel K, Ali SM, Campbell-Baird 
C, Evans M. Elevation in Inflammatory Serum Bio-
markers Predicts Response to Trastuzumab-Con-
taining Therapy. PLoS One 2012; 7: 51379.

10) Chekhun VF, Lukyanova NY, Burlaka CACP, 
Bezdenezhnykh NA, Shpyleva SI, Tryndyak VP, 
Beland FA, Pogribny IP. Iron metabolism distur-
bances in the MCF-7 human breast cancer cells 
with acquired  resistance to doxorubicin and cis-
platin. Int J Oncol 2013 Nov; 43: 1481-1486.

11) Kalousová M, Krechler T, Jáchymová M, Kubě-
na AA, Zák A, Zima T. Ferritin as an independent 
mortality predictor in patients with pancreas can-
cer. Results of a pilot study. Tumour Biol J Int Soc 
Oncodevelopmental Biol Med 2012; 3: 1695-1700.

12) Shi HB, Li XD, Jiang JT, Zhao WQ, Ji M, Wu CP. 
Serum ferritin is elevated in advanced non-small 
cell lung cancer patients and is associated with 
efficacy of platinum-based chemotherapy. J Can-
cer Res Ther 2014; 10: 681-685. 

13) Petekkaya I, Aksoy S, Roach EC, Okoh AK, Gec-
mez G, Gezgen G, Isler DC, Dogan E, Babacan 
T, Sarici F, Petekkaya E, Altundag K. Impact of in-
flammatory markers on the prognosis of patients 
with operable breast cancer. J BUON 2014; 19: 
673-680.

14) Lee S, Song A, Eo W. Serum Ferritin as a Prog-
nostic Biomarker for Survival in Relapsed or Re-
fractory  Metastatic Colorectal Cancer. J Cancer 
2016; 7: 957-964.

15) Lorenzi M, Lorenzi B, Vernillo R. Serum ferritin in 
colorectal cancer patients and its prognostic eval-
uation. Int J Biol Markers 2006; 21: 235-241.



Prognostic role of pre-operative serum ferritin level in stage 2 colon cancer

6479

16) Artac M, Turhal NS, Kocer M, Karabulut B, Bozcuk 
H, Yalcin S, Karaağac M, Gunduz S, Isık N, Uy-
gun K. Do high-risk features support the use of 
adjuvant chemotherapy in stage II colon cancer? 
A Turkish Oncology Group study. Tumori 2014; 
100: 143-148. 

17) Kumar A, Kennecke HF, Renouf DJ, Lim HJ, Gill 
S, Woods R,Speers C,Cheung WY. Adjuvant che-
motherapy use and outcomes of patients with 
high-risk versus low-risk stage II colon cancer. 
Cancer  2015; 121: 527-534. 

18) De Divitiis C, Nasti G, Montano M, Fisichella R, 
Iaffaioli RV, Berretta M. Prognostic and predictive 
response factors in colorectal cancer patients: 
between hope and reality. World J Gastroenterol 
2014; 20(41): 15049-15059.

19) Labianca R, Nordlinger B, Beretta GD, Mosconi 
S, Mandalà M, Cervantes A, Arnold D . Early co-
lon cancer: ESMO Clinical Practice Guidelines for 
diagnosis, treatment and  follow-up. Ann Off J Eur 
Soc Med Oncol 2013; 24 Suppl 6: 64-72.

20) Benson AB 3rd, Schrag D, Somerfield MR, Co-
hen AM, Figueredo AT, Flynn PJ,Krzyzanowska 
MK, Maroun J, McAllister P, Cutsem EV, Brou-
wers M, Charette M, Halller DG. American Soci-
ety of Clinical Oncology recommendations on ad-
juvant chemotherapy for stage II colon cancer. 
J Clin Oncol Off J Am Soc Clin Oncol 2004; 22: 
3408-3419. 

21) O’Connor ES, Greenblatt DY, LoConte NK, Gang-
non RE, Liou J-I, Heise CP, Smith MA. Adjuvant 
chemotherapy for stage II colon cancer with poor 
prognostic features. J Clin Oncol Off J Am Soc 
Clin  Oncol 2011; 29: 3381-3388.

22) Verhoeff SR, van Erning FN, Lemmens VEPP, de 
Wilt JHW, Pruijt JFM. Adjuvant chemotherapy is 
not associated with improved survival for all high-
risk factors in stage II colon cancer. Int J cancer 
2016; 139: 187-193.

23) Usnarska-Zubkiewicz L, Strutyńska-Karpińska M, 
Zubkiewicz-Kucharska A, Zarębski P, Grabows-
ki K. Soluble urokinase-type plasminogen activa-
tor receptor and ferritin concentration in patients 
with advanced alimentary tract carcinoma. Rela-

tionship to localization, surgical treatment and the 
stage of the disease--preliminary report. Adv Clin 
Exp Med 2014; 23: 959-967.

24) Jézéquel P, Campion L, Spyratos F, Loussou-
arn D, Campone M, Guérin-Charbonnel C, Joal-
land MP, Andre J, Descotes F, Grenot C, Roy P, 
Carlioz A, Martin PM, Agnes C, Jourdan ML, Ri-
colleau G. Validation of tumor-associated mac-
rophage ferritin light chain as a prognostic  bio-
marker in node-negative breast cancer tumors: A 
multicentric 2004 national PHRC study. Int J can-
cer 2012; 131: 426-437.

25) Alkhateeb AA, Han B, Connor JR. Ferritin stimu-
lates breast cancer cells through an iron-indepen-
dent mechanism and is localized within tumor-as-
sociated macrophages. Breast Cancer res Treat 
2013; 137: 733-744.

26) Tesfay L, Huhn AJ, Hatcher H, Torti FM, Torti S V. 
Ferritin blocks inhibitory effects of two-chain high 
molecular weight kininogen (HKa) on adhesion 
and survival signaling in endothelial cells. PLoS 
One 2012; 7: e40030.

27) Wang SL, Cao S, Wu R, Chi F, Tang MY, Jin XY, 
Chen XD. Serum ferritin predicted prognosis in 
patients with locally advanced pancreatic  cancer. 
Future Oncol 2015; 11: 2905-2910.

28) Lee S, Eo W, Jeon H, Park S, Chae J. Prognostic 
Significance of Host-related Biomarkers for Sur-
vival in Patients with Advanced Non-Small Cell 
Lung Cancer. J Cancer 2017; 8: 2974-2983.

29) Lorenzi M, Lorenzi B, Vernillo R. Serum ferritin in 
colorectal cancer patients and its prognostic eval-
uation. Int J Biol Markers 2006; 21: 235-241.

30) Giessen JC , Nagel D , Glas M , Spelsberg F , 
Lau-Werner U , Modest DP , Schulz C , Heine-
mann V , Di Gioia D , Stieber P. Preoperative se-
rum markers for individual patient prognosis in 
stage I-III colon cancer Tumour Biol 2015; 36: 
7897-7906.

31) Tingting H, Di S, Xiaoping C, Xiaohong W, Dong 
H. High preoperative serum ferritin predicted poor 
prognosis in non-metastatic colorectal cancer. 
Saudi Med J 2017; 38: 268-275.


