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Abstract
Aim: Iron Deficiency Anemia (IDA) is common among Colorectal Cancer (CRC) patients. This 
study evaluated the iron status of CRC patients as the stage of cancer progressed.

Methods: We used a prospectively constructed database to retrospectively retrieve data for 435 
consecutive patients who underwent elective resections. We examined correlations between cancer 
stage and anemia-related profiles.

Results: Progressively lower hemoglobin levels correlated with more advanced cancer stage. 
Transferrin saturation decreased with increasing cancer stage. Ferritin levels decreased with 
increasing cancer stage for stages I through III, but were significantly higher in stage IV disease. 
Transferrin levels significantly increased from stage I to stage II, did not change in stage III, and 
then significantly decreased in stage IV. Among patients with stage IV disease, higher ferritin levels 
did not correlate with prognosis.

Conclusion: CRC patients may become more anemic, have worse nutrition, and become iron 
deficient with increasing cancer stage. Patients with metastatic disease had higher ferritin levels and 
lower transferrin. Notably, it is believed that these factors are altered by inflammation. Therefore, 
serum iron and transferrin saturation are more reliable markers of iron status in CRC patients than 
ferritin and transferrin.
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Introduction
Anemia is a co-morbidity of Colorectal Cancer (CRC) and is a contributing factor to patient 

fatigue [1]. Anemia has also been correlated with prognosis [2,3]. Several studies have revealed 
that a significant number of CRC patients have occult bleeding and anemia [4,5], while other 
studies have reported that the majority of newly-diagnosed CRC patients have iron deficiencies at 
presentation [6,7].

Typically, the laboratory spectrum of Iron Deficiency Anemia (IDA) includes low values for 
Hemoglobin (Hgb), Mean Corpuscular Volume (MCV), ferritin, serum iron, and Transferrin 
Saturation (TS), and high values for serum transferrin and Red Blood Cell (RBC) Distribution 
Width (RDW) [8,9]. Assessments of serum ferritin and serum iron are the principal diagnostic 
tests for IDA [10-12]. However, ferritin is also an Acute Phase Protein (APP) and a member of a 
protein family that orchestrates cellular defenses against oxidative stress and inflammation [13-
15]. Increased plasma ferritin levels have been shown to correlate with liver disease, infection, 
inflammation, and malignancy [16]. Additionally, ferritin is considered an oncofetal protein and 
tumor marker for lung cancer, breast cancer, and renal cell carcinoma [17-20]. Beale et al. [6] 
reported a poor correlation between ferritin levels and TS in their study of CRC patients (n=57). 
Their results suggest that TS is a more sensitive measurement of iron deficiency than serum ferritin, 
but the authors did not specify further details.

Therefore, the aim of this study was to determine changes in the levels of various iron-related 
parameters according to the stage of CRC. Understanding these correlations may improve our 



Shung-Haur Yang, et al., Clinics in Surgery - Colon and Rectal Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2018 | Volume 3 | Article 22182

ability to deduce the iron status of CRC patients.

Materials and Methods
This study enrolled 435 consecutive CRC patients who underwent 

elective resections performed by a Single Surgeon (SHY) at Taipei 
Veterans General Hospital between June 2000 and May 2009. The 
Institutional Review Board of Taipei Veterans General Hospital 
approved the study (95-05-06A). Patients with inflammatory bowel 
disease, uremia, liver cirrhosis, collagen-vascular disease, pregnancy, 
a history of blood transfusion or iron supply within 2 months of 
surgery, a history of thalassemia or other inherited anemia, or 
synchronous cancer were excluded from this study.

We retrospectively retrieved data from a prospectively constructed 
database. Data included age, gender, tumor node metastasis stage 
according to the 6th American Joint Committee on Cancer (AJCC) 
system [21], RDW, MCV of RBC, levels of Hgb, serum iron, albumin, 
ferritin, and C-Reactive Protein (CRP) as well as clinical follow-up. TS 
was calculated as the serum iron concentration divided by total iron 
binding capacity. For rectal cancer patients treated with preoperative 
concurrent chemoradiotherapy, all data were recorded according to 
the disease stage before neoadjuvant treatment.

Statistical Analysis
Data are represented as the mean ± standard deviation, unless 

otherwise stated. Numerical values were compared using Student’s 
t-tests and analysis of variance tests. The Least Significant Difference 
test was used for post hoc multiple comparisons. Follow-up data 
extending to September 30, 2010 were included in the analysis. 
Statistical analysis was performed using SPSS software (Ver.18.0, 
SPSS Inc., Chicago, IL, USA). The significance level was set at p<0.05.

Results
We analyzed data from 435 patients (268 males, 167 females) who 

underwent elective resection for CRC. The mean age at the time of 
tumor resection was 65.5 ± 13.3 years (range, 28 to 95 years; median, 
67 years). Classification using the AJCC staging system revealed that 
79 patients (18.2%) had stage I disease, 114 patients (26.2%) had stage 
II disease, 147 patients (33.8%) had stage III disease, and 95 patients 
(21.8%) had stage IV disease.

Levels of the various factors that were analyzed according to 
cancer stage are shown in Table 1. All parameters were significantly 
different among the cancer stages, except for RDW, which had a 
borderline significance (p=0.05).

Progressively lower Hgb levels were noted with increasing cancer 
stage, except between stages II and III (Figure 1A). Additionally, stage 
I disease was associated with higher MCV compared to other stages 
(Figure 1B). In contrast, RDW was lower in stage I disease than in the 
other 3 stages (Figure 1C). Albumin levels were significantly lower 
(Figure 2A), and CRP levels were significantly higher, in patients 
with stage IV disease compared to patients with lower disease stages 
(Figure 2B). Among the 4 iron-related parameters, serum iron 
(Figure 3A) and TS (Figure 3B) had similar trends of progressively 
lower levels with advancing cancer stage, except between stages II and 
III. This trend was very similar to the results for Hgb. Ferritin levels 
decreased, although not significantly, with advancing stage until stage 
III, but they were significantly higher in stage IV patients (Figure 
3C). Transferrin levels significantly increased from stage I to stage II 
patients, did not change in stage III patients, and then significantly 
decreased in stage IV patients (Figure 3D).

We investigated whether elevated ferritin levels predicted survival 
among stage IV patients by performing a survival analysis using 93.8 

Figure 1: Hemoglobin levels (A), mean corpuscular volume (B), and red blood cell distribution width (C) according to the stage of disease, with post hoc analysis. 
Figures are presented as mean values, and error bars represent 95% confidence intervals. *p<0.05.

Figure 2: Levels of albumin (A) and C-reactive protein (B) according to 
disease stage, with post hoc analysis. Figures are presented as mean 
values, and error bars represent 95% confidence intervals. *p<0.05.
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ng/mL ferritin (the median), as the cutoff level. As shown in Figure 4, 
there was no significant difference in survival between patients with 
high versus low ferritin levels.

Discussion
This study demonstrates that iron levels decrease with advancing 

CRC stage, suggesting that patients become more anemic, and more 
iron deficient as this disease progresses. The decreasing trend in Hgb 
levels correlated with the decreasing trends in serum iron and TS 
levels. Though ferritin levels increased with advancing stage, lower 
ferritin levels were observed in stage IV patients. The stage IV results 
were discordant with the other trends, resulting in confusion as to the 
actual iron status of stage IV patients. Progressively lower MCV and 
higher RDW in patients with stage IV disease support the hypothesis 
of progressive iron deficiency with advancing disease stage [22,23]. 
Elevated ferritin levels may be stimulated in response to metastatic 
disease; therefore, ferritin is not a reliable marker of body iron storage 
in these patients. Ferritin levels did not correlate with the prognosis of 
patients with metastatic disease.

The causes and mechanisms of cancer-related anemia are 
multifactorial [24]. Various studies have reported different incidence 
rates for iron deficiency (40.5% to 60%) and IDA (32% to 41.5%) in 
CRC patients; this variation likely occurred because these studies 

used different definitions for these conditions [5,6,25-27]. Our 
results revealed that iron deficiency increased as cancer progressed. 
The iron status of CRC patients should be carefully evaluated using 
reliable markers such as serum iron and TS levels. The discovery 
of the ferroportin-hepcidin regulatory axis was one of the most 
important revelations about cancer-related iron metabolism [28]. 
Tumor-related hepcidin secretion is a potential cause of cancer 
anemia. However, serum hepcidin levels were not measured for all 

Figure 3: Levels of 4 iron-related parameters: serum iron (A), transferrin saturation (B), ferritin (C), and transferrin (D) according to disease stage, with post hoc 
analysis. Figures are presented as mean values, and error bars represent 95% confidence intervals. *p<0.05

Variable All (n=435)
Stage

pa

I (n=79) II (n=114) III (n=147) IV (n=95)

Hgb (g/dL) 11.8 ± 2.3 12.6 ± 1.8 11.4 ± 2.5 11.7 ± 2.3 11.4 ± 2.1 0.001

MCV (fL) 86.3 ± 9.7 90.5 ± 6.9 84.7 ± 11.2 86.0 ± 9.6 85.0 ± 9.0 <0.001

RDW (%) 15.4 ± 4.1 14.2 ± 2.0 15.7 ± 4.0 15.5 ± 3.6 15.9 ± 5.7 0.05

Albumin (g/dL) 4.0 ± 0.4 4.0 ± 0.5 3.9 ± 0.4 4.0 ± 0.4 3.9 ± 0.5 0.044

CRP (mg/dL) 1.2 ± 2.5 0.8 ± 1.9 1.2 ± 3.0 0.9 ± 1.8 2.1 ± 2.9 0.001

Iron (μg/dL) 66.5 ± 44.4 86.1 ± 39.7 64.0 ± 43.2 69.9 ± 48.8 47.8 ± 33.4 <0.001

Transferrin Saturation (%) 23.7 ± 22.0 30.7 ± 14.1 23.5 ± 17.6 23.6 ± 16.0 18.2 ± 11.9 <0.001

Ferritin (ng/mL) 118.8 ± 142.8 123.5 ± 18.1 112.6 ± 141.5 89.3 ± 110.7 168.2 ± 188.7 <0.001

Transferrin (mg/dL) 240.9 ± 59.1 226.6 ± 46.3 251.2 ± 59.9 252.0 ± 55.6 223.4 ± 55.6 <0.001

Table 1: Parameter levels according to the 6th American Joint Committee on Cancer stage.

aANOVA test, MCV: Mean Corpuscular Volume; RDW: Red Blood Cell Distribution Width; CRP: C-Reactive Protein.

Figure 4: Overall survival according to ferritin levels in patients with stage IV 
colorectal cancer.
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the patients in our study. A recent study found a correlation between 
CRC tumor iron accumulation and serum hepcidin and CRP [29]. 
Furthermore, hepcidin reportedly correlated with serum ferritin in 
patients with inflammatory bowel disease [30]. All these findings are 
compatible with our results and highlight the complex interactions 
among these markers. As reported by Torti et al. [31], iron metabolic 
pathways might be a new target for cancer treatment.

High ferritin levels in patients with metastatic disease are likely 
a result of cancer-related systemic inflammation. Ferritin expression 
has been previously reported in CRC tissue [32]. However, it is not 
known whether ferritin levels are affected by similar inflammation 
during the initial stages of CRC (I to III). Our study included the 
investigation of several APPs; CRP and ferritin belong to the class 
of positive APPs, while albumin and transferrin are negative APPs 
[33]. There was a significant increase in the expression of CRP, which 
is more purely an inflammation marker, in patients with stage IV 
disease. The other 3 APPs have other original functions, and their 
own homeostasis and feedback pathways may affect their levels. The 
lower albumin levels in advanced-stage patients suggest a decline in 
nutritional status as well as increased inflammation. Interestingly, 
the trend in transferrin levels was almost the inverse of the trend 
in ferritin levels. The initial increase in transferrin levels may be 
caused by the body’s response to decreased iron levels. However, 
inflammation cannot negatively modulate transferrin levels until 
the metastatic state is reached. Similar conditions were described 
by Jacober et al. [34], who classified anemia of solid cancers as IDA 
(hypoferremia and hypoferretinemia); Anemia of Chronic Disease 
(ACD; hypoferremia, normal or increased serum ferritin); and 
cancer-related anemia (no abnormalities in iron status). They found 
that the ACD group had high levels of inflammatory cytokines (CRP 
and interleukin-6), and that anemia likely occurred due to an effect 
of inflammation on iron metabolism [34]. These 3 types of anemia 
clearly exist in our study population, especially among the patients 
with stage IV disease. Inflammation can significantly reduce iron 
release from enterocytes and the reticuloendothelial system [35,36], 
causing functional iron deficiency and possibly absolute iron 
deficiency in the long-term [35]. Inflammatory cytokines inhibit 
erythroid progenitor cells and renal erythropoietin production [37]. 
We believe that the use of erythropoiesis-stimulating agents plus 
intravenous iron supplementation is indicated to correct IDA in 
patients with significant systemic inflammation [7].

Regarding the impact of inflammatory cytokines on prognosis, 
CRP serum levels and genetic polymorphisms have been shown to 
be significant prognostic indicators for CRC [38-40]. In this study, 
hyperferritinemia was not a prognostic factor for patients with stage 
IV disease. Further detailed evaluations and correlation analyses 
with other cytokines are needed to fully delineate the effect of 
hyperferritinemia, which was outside the scope of the current analysis.

This study has several limitations. Our data were collected by a 
single surgeon and retrieved retrospectively, potentially resulting in 
some degree of collection bias. As previously mentioned, the causes 
and mechanisms of cancer-related anemia are complex. We did not 
analyze other pathological and physiologic factors, such as other 
nutritional deficiencies and aging. Furthermore, serum hepcidin is an 
important factor in iron regulation, and we were not able to obtain 
serum hepcidin levels for each patient in this retrospective study.

In conclusion, CRC patients may become more anemic, have 
worse nutrition, and become iron deficient with advancing cancer 

stage. Patients with metastatic disease had high ferritin levels and 
low transferrin levels, and it is believed that both factors are altered 
in reaction to inflammation. Therefore, serum iron and TS levels are 
more reliable markers of iron status in CRC patients compared to 
ferritin and transferrin. Further studies on the effect and management 
of inflammatory reactions in advanced-stage cancer are warranted.
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