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Anemia, defined by the World Health Organization as hemoglobin <8 mmol/L in males and <7.5 
mmol/L in females, is highly prevalent among patients diagnosed with colorectal cancer.1, 2 

Typically, multiple factors contribute to the development of anemia in cancer patients, with iron 
deficiency as principal cause.3 Iron deficiency can be induced by chronic tumor-induced blood 
loss, resulting in an absolute iron deficiency, and impaired iron homeostasis, caused by systemic 
inflammation with increased hepcidin levels and resulting in functional iron deficiency. Finally, 
surgery-induced blood loss further aggravates the severity of anemia.

In patients awaiting surgery, anemia is commonly observed and more and more considered as an 
important health problem.4, 5 Anemia namely is found to be associated with increased postopera-
tive morbidity and mortality, increased duration of hospitalization, and reduced quality of life.6, 

7 Regarding colorectal cancer patients, preoperative anemia is also an independent prognostic 
factor for impaired long-term overall and disease-free survival.8-10 Correcting anemia, notwith-
standing the fact that the observed association should not be held equivalent to causality, has 
therefore become of main interest, not only to improve quality of life but possibly also survival.

Blood transfusions in earlier days were the default therapy to correct such anemia. The overall 
goal of transfusion is to treat or prevent the deficiency in oxygen delivery to body tissues. The 
major benefit of blood transfusion, as compared to other treatment modalities for anemia, is a 
rapid increase in hemoglobin (Hb) levels. Hence, blood transfusion is the only option for patients 
who require immediate correction of anemia. The first blood transfusions were attempted in 
the 17th Century, shortly after the English physician William Harvey discovered the circulation 
of blood. Although successful blood transfusions between animals had been observed, when 
transfusion of animal blood into humans, mostly to treat psychiatric illnesses, proved fatal, a ban 
on transfusions was installed by the pope. It was not until 1818 when James Blundell, a British ob-
stetrician, performed the first successful human-to-human blood transfusions for the treatment 
of postpartum hemorrhage. However, the undiscovered ABO blood group incompatibilities 
caused these blood transfusions to often show grave hemolytic transfusion reactions with severe 
morbidity and even mortality. Ever since, several vital discoveries, such as the ABO human blood 
groups by Karl Landsteiner in 1900, and the ability to anticoagulate and thus test and store blood, 
contributed largely to the present availability and safety of blood transfusions. Blood transfusions 
presently save many trauma and obstetric patients from exsanguination and enable complicated 
surgery and intensive hemato-oncologic treatments. 

In modern transfusion medicine in developed countries, the nowadays’ high level of safety in the 
transfusion chain, involving the entire process from donor recruitment to transfusion outcome, 
is evidenced by the low incidence of adverse events in the transfusion chain.11 However, aside 
from this low risk for adverse events, growing evidence suggests that the correction of anemia by 
blood transfusion is associated with increased postoperative morbidity and mortality.12, 13 In the 
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specific context of colorectal cancer surgery, the use of perioperative blood transfusion was not 
only found associated with increased short-term postoperative morbidity, but, importantly, also 
with impaired long-term overall and disease-free survival, as already demonstrated by Busch et 
al in 1993.14 In a randomized controlled trial, Busch et al. demonstrated that regardless of their 
type (autologous or allogeneic), transfusions are associated with poor prognosis. Twenty years 
later, Harlaar et al. studied the long-term outcomes of this randomized controlled trial, demon-
strating that the patients did not benefit from autologous as compared to standard allogeneic 
transfusion. On the contrary, the overall and colorectal-cancer specific survival rates were worse 
in the patients in the autologous group.15 The causality of the association between blood transfu-
sions and long-term prognosis in colorectal cancer, as well as the potential causal mechanism, is 
being questioned and is still a major topic of discussion.16-18  

Red blood cell production is normally controlled by erythropoietin, a cytokine produced in 
the kidneys. Erythropoiesis-stimulating agents (ESAs) were therefore initially developed for 
the treatment of anemia in patients with chronic kidney disease. Later, in an attempt to avoid 
blood transfusion and eliminate the associated risks, ESAs were additionally used in cancer 
patients undergoing chemotherapy. ESAs indeed increased the Hb level in these patients, and, 
as a result, decreased the need for blood transfusions.19, 20 However, aside from these short-term 
advantageous effects, thromboembolic risks were also found associated with ESA treatment.21-

24 In addition, numerous randomized studies with ESA therapy in various types of cancer have 
shown a decrease in overall and disease-free survival.25-28 ESAs therefore are now contraindicated 
when the anticipated treatment outcome is cure. Hence, only in patients undergoing palliative 
treatment the use of ESAs may be considered.29

New approaches to optimize the preoperative hemoglobin level and thus reduce the blood 
transfusion requirement, however, remain of large interest and are collectively termed as patient 
blood management (PBM). In this regard, the effect of iron, and especially intravenous iron, is in-
creasingly being explored.30-32 While oral iron is the standard treatment for iron deficiency anemia 
since the 19th century, it also has significant disadvantages. It is known to be slow in terms of 
absorption rate, to potentially cause constipation, and, due to poor duodenal absorption caused 
by increased hepcidin production, to be largely ineffective in patients with inflammation and 
cancer. These side effects have led to the development of parenteral iron compounds, that indeed 
showed to be more effective in optimization of Hb level and to have less side effects. Presently, 
ferric carboxymaltose (Ferinject)33-35 and iron isomaltoside 1000 (Monofer)36 are most frequently 
used for intravenous iron administration. In the perioperative setting, the iron preparations can 
be administered as a single treatment of up to 1000 mg in a relatively short time, and the effect of 
such iron preparations is mostly studied in orthopedic and cardiac.37-39 However, presently, also in 
cancer surgery perioperative intravenous iron therapy is more and more considered while anemia 
in cancer patients is most frequently associated with iron deficiency.3 In the specific context of 
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colorectal cancer surgery, intravenous iron, as compared to oral iron, has been shown to be 
more effective in treating preoperative anemia and iron deficiency. However, most studies so far 
did not demonstrate intravenous iron to reduce the blood transfusion requirement and, more 
importantly, actually improve postoperative outcome.40, 41 As a result, the advantages and use of 
preoperative intravenous iron remain matter of debate in colorectal cancer patients. 
 
Whilst the short-term effects and safety of intravenous iron are increasingly reported, strikingly no 
data on the long-term oncological effects and safety are available. Possible long-term oncological 
effects of iron therapy, however, are of special interest for several reasons. First, the results of 
laboratory, epidemiological and animal studies have shown a crucial role of iron in promoting 
cancer development and cancer growth.42-47 Second, anemia of inflammation is believed to be 
a potentially defense strategy of the human body to limit the growth of tumor cells.48 Anemia of 
inflammation is characterized by both reduced duodenal iron uptake and the sequestration of 
iron into the reticuloendothelial system. As a result, there is a disturbance of iron homeostasis 
with subsequent limitation of the availability of iron for not only erythropoiesis, but also, and 
importantly, the growth of tumor cells. Third, and finally, corroborating evidence implicates that 
especially gastrointestinal cancer cells, likely by their original iron-absorbing nature, have an 
altered iron homeostasis.49 This altered iron metabolism is characterized by increased iron import 
and decreased iron export proteins, resulting in enhanced proliferation. 

Outline of the thesis
Against the background described above, the general aim of this thesis was to evaluate the role 
of iron in anemic patients with solid cancer, with special attention to the long-term oncological 
effects of iron therapy in the preoperative setting. In this thesis, this role of iron is specifically 
studied in the context of colorectal cancer.

Colorectal cancer is the second most common malignancy in the Western world after non-mel-
anoma skin cancer.50 Patients with TNM stage I-III colorectal cancer (i.e. no distant metastases) 
are considered for curative treatment by surgical resection of the primary tumor.51 Partly because 
of advances in surgical techniques, coupled with effective (neo)adjuvant therapy), the five-year 
survival rate of colorectal cancer has increased to 64%.52 The main reason to study the role of 
iron in the specific context of colorectal cancer is because the effects of both anemia and blood 
transfusion are already extensively studied in this patient group. As anemia and blood transfusion 
appear to be strongly associated with adverse short and long-term outcome following surgery, 
the use of iron therapy has gained increased attention in this patient group.30, 40 Specifically in 
colorectal cancer patients awaiting elective surgery, this has led to an increased administra-
tion of iron, and specifically intravenous iron, with the aim of optimizing patient’s condition and 
improving the postoperative outcome.
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In Chapter 2 the long-term prognostic value of preoperative anemia in colorectal cancer patients 
is assessed in a systematic review and meta-analysis. In Chapter 3 data on the prevalence 
and type of iron deficiency are reported. In addition, the prognostic value of iron deficiency is 
presented. Chapter 4 includes a national survey among gastroenterologists, surgeons, and anes-
thesiologists to assess the current preoperative blood management strategies in the Netherlands, 
and to identify preferences of different physicians in the treatment of preoperative anemia. In 
Chapter 5, the short-term effects of preoperative intravenous iron therapy, including change in 
hemoglobin level and postoperative complication and blood transfusion rate, are studied. In 
Chapter 6 the hypothesis that iron therapy, as treatment of anemia, may impair long-term tumor 
prognosis is discussed. The effect of preoperative intravenous iron therapy on long-term survival 
and tumor prognosis is presented in Chapter 7. Chapter 8  presents a general discussion of the 
overall results together with perspectives for further research. Finally, Chapter 9 and 10 contain 
the respective English and Dutch summary of the main findings in this thesis. 
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