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Abstract
Background: Esophagogastric and pancreaticobiliary cancers are associated with chronic 
blood loss, poor nutrition, and surgical interventions that interfere with iron absorption. 
Patients with these cancers often have a higher incidence of chemotherapy-induced anemia 
(CIA) than patients with other malignancies.
Objectives: To investigate the efficacy of intravenous iron or erythropoietin-stimulating 
agents (ESA) for CIA treatment in patients with esophagogastric or pancreaticobiliary 
cancer.
Design: Retrospective, comparative chart review of patients with esophagogastric or 
pancreaticobiliary cancer who received ferric carboxymaltose (FCM), or darbepoetin alfa (DA), 
and myelosuppressive chemotherapy at Chungbuk National University Hospital between June 
2018 and December 2022.
Methods: To assess the efficacy of FCM or DA over time, data on hemoglobin (Hb) levels 
were collected from the time of administration of FCM or DA (baseline) until 6 months post-
baseline, when available.
Results: In total, 214 patients (124 in the FCM and 90 in the DA group) were included in the 
analysis. The FCM group had a higher maximum Hb level and Hb changes for 3 months 
(mean ± standard deviation) following FCM or DA administration from baseline than the DA 
group (11.3 ± 1.5 versus 10.9 ± 1.2 g/dL, p = 0.02 and 2.0 ± 1.4 versus 1.5 ± 1.1 g/dL, p = 0.004, 
respectively). The FCM group had a higher proportion of Hb responders than the DA group 
(83.9% versus 68.9%, p = 0.013). Based on multivariable analysis, only the CIA treatment group 
was a significant factor for Hb response (odds ratio = 2.06, 95% confidence interval = 1.05–4.06, 
p = 0.036).
Conclusion: Both FCM and DA are effective, and FCM showed a higher Hb response than DA 
for CIA treatment in patients with esophagogastric or pancreaticobiliary cancer. Therefore, 
further randomized controlled trials should determine the optimal treatment for CIA in 
patients with these cancers undergoing myelosuppressive chemotherapy.
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Introduction
Anemia is prevalent in patients with cancer, par-
ticularly in patients receiving cytotoxic chemo-
therapy.1–5 The prevalence of anemia in patients 
with cancer varies, ranging from 20% to 60% and 
reaching 60–90% in those undergoing chemo-
therapy.4,5 It is associated with decreased quality 
of life, efficacy of cancer treatments, and overall 
survival.6,7 Evaluating the causes of anemia in 
patients with cancer can be challenging because 
they are often multifactorial, including factors 
such as tumor bleeding, nutritional deficiencies, 
iron deficiency, renal insufficiency, metastatic 
bone marrow infiltration, chemotherapy-induced 
myelosuppression, or a combination of these 
factors.1–3

Current therapeutic options for chemotherapy-
induced anemia (CIA) include red blood cell 
(RBC) transfusions, erythropoietin-stimulating 
agent (ESA) therapy, or iron supplements.1–3 In 
clinical practice, RBC transfusion and/or ESAs 
are commonly performed to treat CIA. Although 
RBC transfusions can increase hemoglobin (Hb) 
levels rapidly and, thus, a rapid improvement in 
anemia-related symptoms, their effects are tem-
porary and can be associated with transfusion-
related adverse events. ESA therapy stimulates 
erythropoiesis, providing a gradual improvement 
in CIA, and helping to avoid RBC transfusions. 
However, given their association with increased 
thrombotic events and possible shortened time to 
tumor progression, ESAs should not be used 
when the treatment intent is curative. Therefore, 
treatment guidelines for CIA aim to prevent RBC 
transfusions and minimize ESA dosage.

Iron deficiency anemia (IDA) is defined as depleted 
iron stores (absolute IDA) or limited mobilization 
of iron from adequately filled iron stores (func-
tional IDA).1–3,8–10 In patients with cancer, abso-
lute IDA is mainly caused by bleeding or insufficient 
intestinal iron resorption. Most importantly, in 
patients with cancer, iron homeostasis is often 
impaired via the release of proinflammatory 
cytokines and upregulation of hepcidin, the main 
regulator of iron uptake and release. Increased 
hepcidin levels result in insufficient iron supply 
due to the internalization of ferroportin, the most 
important transmembrane channel for the export 
of iron from erythrocytes and macrophages into 
the circulation.8–10,11 Iron supplements can be 
administered orally or intravenously. Although 
oral iron supplementation is suitable for most 

patients with IDA, many cancer patients with 
CIA do not respond to or tolerate it well. 
Consequently, the National Comprehensive 
Cancer Network (NCCN) and European Society 
for Medical Oncology (ESMO) guidelines rec-
ommend intravenous (IV) iron supplementation, 
either alone or in conjunction with ESA therapy, 
for CIA treatment.1,2

Esophagogastric and pancreaticobiliary cancers 
are associated with chronic blood loss, poor nutri-
tion, and surgical interventions that interfere with 
iron absorption. Additionally, most systemic anti-
cancer therapies for these cancer types involve 
myelosuppressive cytotoxic chemotherapeutic 
agents. Therefore, the incidence of CIA in 
patients with these cancers is higher than in those 
with other malignancies.12–16

This study aimed to investigate the efficacy  
of IV iron supplementation or ESA therapy  
in CIA treatment in patients with esophagogas-
tric or pancreaticobiliary cancer undergoing 
chemotherapy.

Materials and methods

Study design and population
In our Medical Oncology Division, ferric carbox-
ymaltose (FCM) as an IV iron supplement and 
darbepoetin alfa (DA) as an ESA are adminis-
tered according to the decisions of individual cli-
nicians for CIA treatment in patients with 
esophagogastric or pancreaticobiliary cancer 
undergoing chemotherapy. We conducted a ret-
rospective study by reviewing the medical records 
of all consecutive patients diagnosed with esoph-
agogastric or pancreaticobiliary cancer, who 
underwent chemotherapy and received FCM or 
DA for CIA treatment at Chungbuk National 
University Hospital between June 2018 and 
December 2022. We excluded patients who had 
not been followed up for Hb levels within 
3 months following FCM or DA administration, 
and those who had received CIA treatment other 
than FCM or DA within 6 months.

This study was reviewed and approved by  
the Institutional Review Board of Chungbuk 
National University Hospital (IRB No. CBNUH 
2023-03-039-001). The reporting of this study 
conforms to the Strengthening the Reporting of 
Observational Studies in Epidemiology statement 
(Supplemental File).
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Data collection
This study retrospectively used data routinely 
collected during clinical practice at Chungbuk 
National University Hospital. Data were col-
lected by extracting the information from elec-
tronic medical records. Demographic and disease 
characteristics included age, sex (male or female), 
Eastern Cooperative Oncology Group (ECOG) 
performance status, primary tumor site (esoph-
agogastric cancer, including esophageal and gas-
tric cancer, or pancreaticobiliary cancer, 
including pancreatic and biliary tract cancer), 
stage (I–III or IV), the intent of chemotherapy 
(neoadjuvant, adjuvant, or palliative), and chem-
otherapy regimen of cytotoxic agents (single, 
doublet, or triplet). To evaluate the efficacy of 
FCM or DA over time, Hb levels and packed red 
cell (PRC) transfusions from the time of admin-
istration of FCM or DA (baseline) until 6 months 
post-baseline were recorded when available.

Statistical analysis
The data are reported as numbers and percent-
ages for categorical variables and mean and stand-
ard deviation (SD) for numerical variables. The 
Chi-square test was used to compare percentages, 
and Student’s t-test was used to compare mean 
values. The maximum Hb level, maximum change 
in Hb level, and proportion of patients showing an 
Hb response within 3 months of the baseline were 
also analyzed. The definition of Hb response fol-
lowing CIA treatment is unclear. Several previous 
studies have defined it as a Hb increase of  
⩾2.0 g/dL or Hb of ⩾12.0 g/dL,17,18 whereas recent 
studies have defined it as a Hb increase of ⩾ 
1.0 g/dL or Hb of ⩾11.0 g/dL.19,20 In the present 
study, Hb response was defined as a Hb increase of 
⩾1.0 g/dL or a Hb of ⩾11.0 g/dL within 3 months 
following CIA treatment without an RBC transfu-
sion. The proportion of patients receiving a PRC 
transfusion within 6 months of the baseline and the 
time to PRC transfusion were also analyzed.

An exploratory analysis of the clinical factors pre-
dicting the Hb response was conducted using uni-
variable and multivariable analyses. Only the 
factors with a significance level of less than 0.1 in 
the univariable analysis were considered for the 
multivariable analysis. Odds ratios (ORs) and their 
corresponding 95% confidence intervals (CIs) 
were calculated using logistic regression analysis.

All statistical analyses were two-sided, and a 
p < 0.05 was considered statistically significant. 

The SPSS 21 software was used for the statistical 
analysis (IBM®, Chicago, IL, USA).

Results

Patients
We retrospectively reviewed 261 consecutive 
patients with esophagogastric or pancreaticobil-
iary cancer who received FCM or DA for CIA 
treatment between 1 June 2018 and 31 December 
2022. A total of 214 patients (124 in the FCM 
and 90 in the DA group) were included in this 
analysis (Figure 1).

Baseline patient and tumor characteristics are 
presented in Table 1. No significant differences 
were observed in age, sex, ECOG performance 
status, or chemotherapy regimen of cytotoxic 
agents between the FCM and DA groups. In the 
FCM group, significantly more patients received 
chemotherapy for esophagogastric cancer (66.1% 
versus 45.6%, p = 0.003), were at stage I–III 
(53.2% versus 13.3%, p < 0.0001), and had neo-
adjuvant/adjuvant intent (52.4% versus 13.3%, 
p < 0.0001) and a less intensive regimen (single-
agent 36.6% versus 18.9%, triplet 16.1% versus 
28.9%, p = 0.008) compared to those in the DA 
group. The baseline Hb levels (mean ± SD) 
exhibited no difference before CIA treatment 
between the FCM and DA groups (9.3 ± 1.2 ver-
sus 9.4 ± 0.9 g/dL, p = 0.453).

Efficacy
The Hb response in the CIA treatment group for 
3 months after FCM or DA treatment is shown in 
Figure 2. The maximum Hb level (mean ± SD) 
was higher in the FCM group than in the DA 
group [11.3 ± 1.5 versus 10.9 ± 1.2 g/dL, p = 0.02, 
Figure 2(a)]. Maximum Hb changes from base-
line (mean ± SD) were also higher in the FCM 
group than in the DA group [2.0 ± 1.4 versus 
1.5 ± 1.1 g/dL, p = 0.004, Figure 2(b)]. When Hb 
response was defined as a Hb increase of ⩾ 
1.0 g/dL or Hb of ⩾11.0 g/dL, the proportion of 
Hb responders was significantly higher in the 
FCM group than that in the DA group [83.9% 
versus 68.9%, p = 0.013, Figure 2(c)]. Additionally, 
when Hb response was defined as a Hb increase 
of ⩾2.0 g/dL or Hb of ⩾12.0 g/dL, the proportion 
of Hb responders was also significantly higher in 
the FCM group than that in the DA group (50.0% 
versus 35.6%, p = 0.036). In the subgroup analy-
sis, no significant difference was observed in the 
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maximum Hb level, maximum Hb changes from 
baseline for 3 months, and proportion of Hb 
responders according to age, sex, ECOG perfor-
mance status, primary tumor site, stage, intent of 
chemotherapy, or chemotherapy regimen of cyto-
toxic agents (Supplemental Table 1, Table 2). In 
the subgroup analysis stratified by tumor type and 
chemotherapy regimen of cytotoxic agents, no 
significant difference was observed in the maxi-
mum Hb level, and maximum Hb changes from 
baseline for 3 months (Supplemental Table 2).

After FCM or DA administration, Hb levels 
increased steadily from baseline until 6 months in 
both the treatment groups. Hb levels at 1, 2, 3, 4, 
5, and 6 months from baseline were significantly 
higher in the FCM group than those in the DA 
group (all p < 0.05) (Figure 3).

No significant differences were observed between 
the FCM and DA groups in the percentage of 
patients who received PRC transfusions (15.3% 
versus 18.9%, p = 0.579) or median time to trans-
fusion (515.8 versus 565.9 days, p = 0.545).

Univariable and multivariable analyses  
for Hb response
Age (<70 versus ⩾70 years), sex (male versus 
female), ECOG performance status (0 versus 1 
versus 2), primary tumor site (esophagogastric 

versus pancreaticobiliary), stage (I–III versus IV), 
intent of chemotherapy (neoadjuvant/adjuvant 
versus palliative), chemotherapy regimen of cyto-
toxic agents (single versus doublet versus triplet), 
and CIA treatment group (FCM versus DA) were 
compared between the Hb non-responders and 
responders (Table 2).

Patients under 70 years of age and those treated 
with less intensive single cytotoxic agents included 
higher Hb responders than those aged 70 years or 
older and those treated with more intensive 
chemotherapy regimens, with marginal statistical 
significance (all p = 0.093). Patients who received 
FCM as a CIA treatment had a significantly 
higher proportion of Hb responders compared 
with those who received DA (83.9% versus 68.9%, 
p = 0.013). Multiple logistic regression analysis 
indicated that the CIA treatment group was the 
only significant factor for Hb response (OR = 2.06, 
95% CI: 1.05–4.06, p = 0.036).

Discussion
Although this study is a retrospective compara-
tive study and provides preliminary data from a 
single institution, it is the first to present the effi-
cacy of CIA treatment in patients with esoph-
agogastric or pancreaticobiliary cancer. Both 
FCM and DA were effective for CIA in these 
patients; however, FCM showed a higher Hb 

Figure 1.  Study population and patient identification.
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Table 1.  Patient characteristics.

Number of patients (%) p Value

  FCM (n = 124) DA (n = 90)

Age 0.059

  Mean ± SD, years 64.9 ± 10.1 67.3 ± 8.3  

Sex 0.664

  Male 78 (62.9) 60 (66.7)  

  Female 46 (37.1) 30 (33.3)  

ECOG performance status 0.669

  0 13 (10.5) 9 (10.0)  

  1 103 (83.1) 72 (80.0)  

  2 8 (6.5) 9 (10.0)  

Primary tumor site 0.003

  Esophagogastric 82 (66.1) 41 (45.6)  

  Pancreaticobiliary 42 (33.9) 49 (54.4)  

Stage of disease <0.0001

  I–III 66 (53.2) 12 (13.3)  

  IV 58 (46.8) 78 (86.7)  

Intent of chemotherapy <0.0001

  Neoadjuvant/adjuvant 65 (52.4) 12 (13.3)  

  Palliative 59 (47.6) 78 (86.7)  

Chemotherapy regimen of cytotoxic agents 0.008

  Singlea 45 (36.3) 17 (18.9)  

  Doubletb 59 (47.6) 47 (52.2)  

  Tripletc 20 (16.1) 46 (28.9)  

Hb level before anemia treatment 0.453

  Mean ± SD, g/dL 9.3 ± 1.2 9.4 ± 0.9  

aChemotherapy regimens composed of a single cytotoxic agent included 5-fluorouracil, capecitabine, S-1, paclitaxel, 
irinotecan, and gemcitabine.
bChemotherapy regimens composed of double cytotoxic agents included XELOX (capecitabine and oxaliplatin), FOLFOX 
(5-fluorouracil, oxaliplatin, and leucovorin), XP (capecitabine and cisplatin), FP (5-fluorouracil and cisplatin), DP 
(docetaxel and cisplatin), IP (irinotecan and cisplatin), FOLFIRI (5-fluorouracil, irinotecan, and leucovorin), nal-IRI/5-FU/
LV (nanoliposomal irinotecan, 5-fluorouracil, and leucovorin), GA (gemcitabine and nab-paclitaxel), GP (gemcitabine and 
cisplatin), and GX (gemcitabine and capecitabine).
cChemotherapy regimens composed of triplet cytotoxic agents included FOLFIRINOX (5-fluorouracil, oxaliplatin, irinotecan, 
and leucovorin), AGP (nab-paclitaxel, gemcitabine, and cisplatin), OIS (oxaliplatin, irinotecan, and S-1), and PIE (etoposide, 
ifosfamide, and cisplatin).
DA, darbepoetin alfa; ECOG, Eastern Cooperative Oncology Group performance status; FCM, ferric carboxymaltose; Hb, 
hemoglobin; SD, standard deviation.
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response than DA, and this response was sus-
tained for 6 months.

Most previous studies on CIA treatment included 
patients with both hematologic and solid malig-
nancies or cancer patients with all types of solid 
malignancies.1–3 Gastrointestinal cancer, a tumor 
type with a high risk for absolute or relative iron 
deficiency due to tumor bleeding, nutritional 
deficiencies, and poor intestinal absorption, is 
particularly vulnerable. While there have been 
studies on perioperative treatment of anemia or 
CIA in colorectal cancer,21–23 no studies have 
focused on patients with upper gastrointestinal, 
pancreatic, or biliary tract cancer. Patients with 
esophagogastric or pancreaticobiliary tract cancer 
who receive chemotherapy often exhibit more 
pronounced symptoms, such as poor oral intake, 
nausea, vomiting, and abdominal pain, and a 
higher degree of inflammation due to aggressive 
features than those with colorectal cancer. 
Therefore, the present study, which analyzed the 
efficacy of CIA treatment in patients with esoph-
agogastric and pancreaticobiliary tract cancers, is 
meaningful.

Current treatment guidelines for CIA do not rec-
ommend using ESA in patients receiving chemo-
therapy with curative intent due to concerns 
about shortened survival.1–3 Therefore, patients 
undergoing palliative chemotherapy may be can-
didates for ESA therapy. Within our study popu-
lation, the FCM group exhibited a significantly 
higher proportion of patients with esophagogas-
tric cancer, stage I–III cancer, and those receiving 
neoadjuvant/adjuvant chemotherapy and a less 
intensive regimen than the DA group. The 

aggressive nature of pancreaticobiliary cancer was 
reflected by a high proportion of stage IV patients 
receiving palliative chemotherapy with more 
intensive regimens, whereas patients with esoph-
agogastric cancer had a high proportion of stage 
II–III patients receiving neoadjuvant or adjuvant 
chemotherapy with less intensive regimens. 
Consequently, notable differences were observed 
in baseline characteristics between the FCM and 
DA groups. These differences in baseline charac-
teristics may have influenced the difference in 
CIA treatment efficacy between the two groups. 
However, no difference was observed in baseline 
Hb levels between the two groups, and to mini-
mize the influence of underlying diseases while 
assessing the efficacy of CIA treatment, we ana-
lyzed Hb levels over a relatively short period of 
12 weeks. Additionally, in our subgroup analysis, 
no significant difference was observed in Hb 
response according to primary tumor site (esoph-
agogastric versus pancreaticobiliary), stage (I–III 
versus IV), intent of chemotherapy (neoadjuvant/
adjuvant versus palliative), or cytotoxic chemo-
therapy regimen (single versus doublet versus tri-
plet) (Table 2, Supplemental Tables 1 and 2).

Cancer-associated thromboembolism is highly 
consequential for patients with cancer and is 
associated with worsened survival.24 The risk of 
cancer-associated thromboembolism is largely 
influenced by the underlying type of cancer, with 
the highest thrombotic risk observed in pancre-
atic and gastric cancers.25–27 The Khorana score 
for predicting cancer-associated thromboembo-
lism defined pancreatic and gastric cancers as 
having very high-risk scores.27 Moreover, plati-
num-based chemotherapies, which are the most 

Figure 2.  Hb responses by treatment group. (a) Maximum Hb level. (b) Maximum Hb change. (C) Hb responder.
*p < 0.05. **p < 0.01.
DA, darbepoetin alfa; FCM, ferric carboxymaltose; Hb, hemoglobin; ns, not significant.
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Table 2.  Univariable and multivariable analyses of hemoglobin response.

 
 

Univariable analysis Multivariable analysis

Number of patients (%)  

Non-responder (n = 48) Responder (n = 166) p Value OR (95% CI) p Value

Age, years 0.093 0.139

  <70 (n = 134) 25 (18.7) 109 (81.3) 1.66 (0.85–3.24)  

  ⩾70 (n = 80) 23 (28.7) 57 (71.3)  

Sex 0.864  

  Male (n = 138) 30 (21.7) 108 (78.3)  

  Female (n = 76) 18 (23.7) 24 (76.3)  

ECOG performance status 0.951  

  0 (n = 22) 5 (22.7) 17 (77.3)  

  1 (n = 175) 40 (22.9) 135 (77.1)  

  2 (n = 17) 3 (17.6) 14 (82.4)  

Primary tumor site 0.139  

  Esophagogastric (n = 123) 23 (18.7) 100 (81.3)  

  Pancreaticobiliary (n = 91) 25 (27.5) 66 (72.5)  

Stage of disease 1.000  

  I–III (n = 78) 17 (21.8) 61 (78.2)  

  IV (n = 136) 31 (22.8) 105 (77.2)  

Intent of chemotherapy 1.000  

  Neoadjuvant/adjuvant (n = 77) 17 (22.1) 60 (77.9)  

  Palliative (n = 137) 31 (22.6) 106 (77.4)  

Chemotherapy regimen of 
cytotoxic agents

0.093 0.175

  Single 8 (16.7) 54 (32.5)  

  Doublet 29 (60.4) 77 (46.4) 1.71 (0.60–4.82)  

  Triplet 11 (22.9) 35 (21.1) 0.75 (0.33–1.70)  

CIA treatment group 0.013 0.036

  FCM (n = 124) 20 (16.1) 104 (83.9) 2.06 (1.05–4.06)  

  DA (n = 90) 28 (31.1) 62 (68.9)  

CI, confidence interval; CIA, chemotherapy-induced anemia; DA, darbepoetin alfa; ECOG, Eastern Cooperative Oncology Group performance status; 
FCM, ferric carboxymaltose; OR, odds ratio.
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important anticancer drugs for esophagogastric 
and pancreaticobiliary cancer, have also been 
associated with cancer-associated thromboembo-
lism.28 Therefore, it is significant that in our 
study, FCM is more effective than DA for throm-
botic adverse events in patients with esophago-
gastric or pancreaticobiliary cancer.

Supplementing ESA therapy with IV iron pro-
vides the necessary iron support for ESA-driven 
erythropoiesis. Studies have shown that concur-
rent IV iron supplementation improves not only 
the Hb response and reduces the need for transfu-
sions, but also the quality of life and facilitates 
reductions of ESA dose, all without the additional 
risk of thromboembolism beyond that associated 
with ESAs alone.17,18,29 However, recent several 
studies have assessed the efficacy of IV iron as a 
monotherapy for CIA; these studies have consist-
ently demonstrated increases in Hb levels and/or 
notable reductions in transfusion rates.19,20,30–33 
One example is the IRON-CLAD study, which 

showed that IV iron supplementation, specifically 
in the form of FCM monotherapy, allowed most 
patients receiving chemotherapy to maintain Hb 
levels within 0.5 g/dL of baseline, and was signifi-
cantly more effective in doing so when compared 
with a placebo.30 The PROFOUND trial, dem-
onstrated that iron isomaltoside and oral iron 
produced comparable sustained increases in Hb 
concentration.31 Iron isomaltoside was better tol-
erated than oral iron and significantly reduced 
fatigue.

Several IV iron formulations are available on the 
market, with recommended options including 
low-molecular-weight iron dextran, ferric gluco-
nate, iron sucrose, FCM, and ferumoxytol. FCM 
(Ferinject™; Vifor Pharma, Glattbrugg, 
Switzerland) is a stable colloidal solution of nano-
particles, consisting of a polynuclear iron (III)-
(oxyhydr)oxide core stabilized by carboxymaltose. 
This formulation allows for slow and prolonged 
release of iron and is administered as a single 

Figure 3.  Hb changes over time by treatment group.
*p < 0.05. **p < 0.01. ***p < 0.001.
DA, darbepoetin alfa; FCM, ferric carboxymaltose; Hb, hemoglobin; ns, not significant; SD, standard deviation.
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high-dose infusion of 1000 mg of iron over 
15 min.34 Based on extensive experience in clini-
cal trials and real-world settings, FCM is an effec-
tive and well-tolerated treatment for rapidly 
replenishing iron stores and correcting anemia in 
patients with IDA of various etiologies.34 FCM 
was proven effective in patients with active malig-
nancies and IDA (n = 420) and in those with 
hematological malignancies or solid tumors and 
anemia (n = 367) in two real-world, non-interven-
tional studies conducted in Germany and 
France.32,33 Additionally, a recent prospective 
study conducted in South Korea reported a sig-
nificant increase in Hb levels following treatment 
with FCM in patients with solid cancers receiving 
chemotherapy.19

Recently, there has been active research into pre-
dictive biomarkers for CIA treatment with IV iron 
supplements. The NCCN and ESMO guidelines 
define iron store status using ferritin and transfer-
rin saturation levels.1,2 However, CIA closely 
resembles anemia of chronic disease, with patients 
frequently exhibiting elevated serum ferritin  
levels due to chronic inflammation, even in  
iron-deficient status.10,11 Consequently, a new 
biomarker is needed to identify patients who 
require iron supplementation. Several studies 
have suggested that low serum hepcidin levels 
may be helpful in identifying patients with iron 
deficiency who are more likely to benefit from IV 
iron supplementation.19,20,30

This study had some limitations. First, it was a 
retrospective analysis from a single institution, 
and the results cannot be generalized. Also, base-
line characteristics differed between the FCM 
and DA groups. These differences in baseline 
characteristics may have influenced the differ-
ences in CIA treatment efficacy between two 
groups. However, no difference in Hb response 
was observed according to the primary tumor site, 
stage, intent of chemotherapy, and chemotherapy 
regimen of cytotoxic agents over a relatively short 
period of 3 months. Second, since our study ana-
lyzed patients treated in real practice; anemia-
related parameters such as iron levels, total iron 
binding capacity, vitamin B12, folate, and adverse 
events of FCM or DA, were not systematically 
measured. Finally, this study did not include 
patients treated with IV iron supplements in con-
junction with ESA therapy. There is insufficient 
data to routinely recommend IV iron monother-
apy without ESA for treating functional IDA. 
The NCCN and ESMO guidelines suggest that 

IV iron supplementation combined with ESA 
therapy should be considered in patients with 
functional IDA.1,2 Since our study was based on 
data from real clinical practice, very few patients 
were treated with both IV iron and ESA, and 
most were administered sequentially in our insti-
tution. However, recent studies have reported 
that some patients with functional IDA or high 
ferritin levels (even if ferritin ⩾500 ng/mL) 
responded to IV iron therapy alone.19,20,30–33 Our 
study showed that the mean Hb level increased 
from a baseline of 9.3 g/dL to a maximum of 
11.3 g/dL after FCM monotherapy and did not 
require additional CIA treatment. Additionally, 
for cancers with a high risk of cancer-associated 
thromboembolism, using only IV iron without 
ESA, which poses a thrombotic risk, could be 
more beneficial. In the future, a prospective com-
parative study of IV iron alone and IV iron with 
ESA therapy is needed in cancer patients with 
functional or non-functional IDA who are receiv-
ing palliative chemotherapy.

Conclusion
Our preliminary results suggest that IV iron mon-
otherapy with FCM can improve the Hb response 
in patients with esophagogastric or pancreatico-
biliary cancer undergoing myelosuppressive 
chemotherapy compared with ESA with DA. 
Further prospective trials are warranted to dem-
onstrate the efficacy and safety of IV iron supple-
mentation in these patients with well-defined 
accrual criteria at high risk of CIA.

Declarations

Ethics approval and consent to participate
This study was performed in accordance with the 
Good Clinical Practice guidelines and was 
approved by the Institutional Review Board of 
Chungbuk National University Hospital (IRB 
No. CBNUH 2023-03-039-001). The IRB 
waived the requirement for informed consent 
from patients because of the retrospective nature 
of this study.

Consent for publication
Not applicable.

Author contributions
Minkwan Cho: Conceptualization; Data cura-
tion; Formal analysis; Investigation; Methodology; 
Resources; Software; Validation; Visualization; 
Writing – original draft.

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 16

10	 journals.sagepub.com/home/tam

Eunkyung Park: Data curation; Investigation; 
Methodology; Writing – review & editing.

Yong-Pyo Lee: Data curation; Investigation; 
Methodology; Writing – review & editing.

Hongsik Kim: Investigation; Methodology; 
Project administration; Resources; Software; 
Writing – review & editing.

Hee Sue Park: Investigation; Project adminis-
tration; Writing – review & editing.

Hee Kyung Kim: Investigation; Methodology; 
Project administration; Writing – review & 
editing.

Yaewon Yang: Investigation; Methodology; 
Project administration; Writing – review & 
editing.

Jihyun Kwon: Conceptualization; Investigation; 
Writing – review & editing.

Ki Hyeong Lee: Conceptualization; Supervision; 
Writing – review & editing.

Hye Sook Han: Conceptualization; Data cura-
tion; Formal analysis; Funding acquisition; 
Investigation; Methodology; Project administra-
tion; Supervision; Validation; Visualization; 
Writing – original draft; Writing – review & 
editing.

Acknowledgements
None.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: This work was 
supported by the research grant of the Chungbuk 
National University Hospital in 2023.

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
The data supporting the results of this study are 
available from the corresponding author upon 
request.

ORCID iDs
Hongsik Kim  https://orcid.org/0000-0003- 
1232-9439

Hye Sook Han  https://orcid.org/0000-0001- 
6729-8700

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 National Comprehensive Cancer Network 

Guidelines. Hematopoietic growth factors. 
Version 2.2023, chrome-extension://
efaidnbmnnnibpcajpcglclefindmkaj/,  
https://www.nccn.org/professionals/physician_gls/
pdf/growthfactors.pdf (2023, accessed August 
2023).

	 2.	 Aapro M, Beguin Y, Bokemeyer C, et al. ESMO 
Guidelines Committee. Management of anaemia 
and iron deficiency in patients with cancer: 
ESMO Clinical Practice Guidelines. Ann Oncol 
2018; 29: iv96–iv110.

	 3.	 Gilreath JA and Rodgers GM. How I treat 
cancer-associated anemia. Blood 2020; 136: 
801–813.

	 4.	 Ludwig H, Van Belle S, Barrett-Lee P, et al. The 
European Cancer Anaemia Survey (ECAS): a 
large, multinational, prospective survey defining 
the prevalence, incidence, and treatment of 
anaemia in cancer patients. Eur J Cancer 2004; 
40: 2293–2306.

	 5.	 Knight K, Wade S, Balducci L, et al. Prevalence 
and outcomes of anemia in cancer: a systematic 
review of the literature. Am J Med 2004; 
116(Suppl. 1): 11–26.

	 6.	 Caro JJ, Salas M, Ward A, et al. Anemia as an 
independent prognostic factor for survival in 
patients with cancer: a systemic, quantitative 
review. Cancer 2001; 91: 2214–2221.

	 7.	 Crawford J, Cella D, Cleeland CS, et al. 
Relationship between changes in hemoglobin 
level and quality of life during chemotherapy 
in anemic cancer patients receiving epoetin alfa 
therapy. Cancer 2002; 95: 888–895.

	 8.	 Camaschella C. Iron-deficiency anemia. N Engl J 
Med 2015; 372: 1832–1843.

	 9.	 Pasricha SR, Tye-Din J, Muckenthaler MU, et al. 
Iron deficiency. Lancet 2021; 397: 233–248.

	10.	 Busti F, Marchi G, Ugolini S, et al. Anemia and 
iron deficiency in cancer patients: role of iron 
replacement therapy. Pharmaceuticals (Basel) 
2018; 11: 94.

	11.	 Ganz T. Anemia of Inflammation. N Engl J Med 
2019; 381: 1148–1157.

	12.	 Xu H, Xu L, Page JH, et al. Incidence of anemia 
in patients diagnosed with solid tumors receiving 

https://journals.sagepub.com/home/tam
https://orcid.org/0000-0003-1232-9439
https://orcid.org/0000-0003-1232-9439
https://orcid.org/0000-0001-6729-8700
https://orcid.org/0000-0001-6729-8700
https://www.nccn.org/professionals/physician_gls/pdf/growthfactors.pdf
https://www.nccn.org/professionals/physician_gls/pdf/growthfactors.pdf


M Cho, E Park et al.

journals.sagepub.com/home/tam	 11

chemotherapy, 2010–2013. Clin Epidemiol 2016; 
8: 61–71.

	13.	 Park S, Jung CW, Kim K, et al. Iron deficient 
erythropoiesis might play key role in development 
of anemia in cancer patients. Oncotarget 2015; 6: 
42803–42812.

	14.	 Tang GH, Dhir V, Scheer AS, et al. Intravenous 
iron versus oral iron or observation for 
gastrointestinal malignancies: a systematic review. 
Eur J Gastroenterol Hepatol 2019; 31: 799–808.

	15.	 Tang GH, Hart R, Sholzberg M, et al. Iron 
deficiency anemia in gastric cancer: a Canadian 
retrospective review. Eur J Gastroenterol Hepatol 
2018; 30: 1497–1501.

	16.	 Osmola M, Gierej B, Mleczko-Sanecka K, et al. 
Anemia, iron deficiency, and iron regulators in 
pancreatic ductal adenocarcinoma patients: a 
comprehensive analysis. Curr Oncol 2023; 30: 
7722–7739.

	17.	 Pedrazzoli P, Farris A, Del Prete S, et al. 
Randomized trial of intravenous iron 
supplementation in patients with chemotherapy-
related anemia without iron deficiency treated 
with Darbepoetin alfa. J Clin Oncol 2008; 26: 
1619–1625.

	18.	 Bastit L, Vandebroek A, Altintas S, et al. 
Randomized, multicenter, controlled trial 
comparing the efficacy and safety of darbepoetin 
alpha administered every 3 weeks with or without 
intravenous iron in patients with chemotherapy-
induced anemia. J Clin Oncol 2008; 26: 1611–1618.

	19.	 Jang JH, Kim Y, Park S, et al. Efficacy of 
intravenous iron treatment for chemotherapy-
induced anemia: a prospective phase II pilot 
clinical trial in South Korea. PLoS Med 2020; 17: 
e1003091.

	20.	 Abdel-Razeq H, Saadeh SS, Malhis R, et al. 
Treatment of anemia in cancer patients 
undergoing chemotherapy with intravenous 
ferric carboxymaltose without erythropoiesis-
stimulating agents. Ther Adv Med Oncol 2020; 12: 
1758835920953292.

	21.	 Calleja JL, Delgado S, del Val A, et al.; Colon 
Cancer Study Group. Ferric carboxymaltose 
reduces transfusions and hospital stay in patients 
with colon cancer and anemia. Int J Colorectal Dis 
2016; 31: 543–551.

	22.	 Keeler BD, Simpson JA, Ng O, et al.; IVICA 
Trial Group. Randomized clinical trial of 
preoperative oral versus intravenous iron in 
anaemic patients with colorectal cancer. Br J Surg 
2017; 104: 214–221.

	23.	 Lim AR, Kim JH, Hyun MH, et al. Blood 
transfusion has an adverse impact on the 
prognosis of patients receiving chemotherapy 

for advanced colorectal cancer: experience 
from a single institution with a patient blood 
management program. Support Care Cancer 2022; 
30: 5289–5297.

	24.	 Lyman GH, Culakova E, Poniewierski MS, et al. 
Morbidity, mortality and costs associated with 
venous thromboembolism in hospitalized patients 
with cancer. Thromb Res 2018; 164(Suppl. 1): 
S112–S118.

	25.	 Khorana AA, Mackman N, Falanga A, et al. 
Cancer-associated venous thromboembolism. Nat 
Rev Dis Primers 2022; 8: 11.

	26.	 Aonuma AO, Nakamura M, Sakamaki K, et al. 
Incidence of cancer-associated thromboembolism 
in Japanese gastric and colorectal cancer patients 
receiving chemotherapy: a single-institutional 
retrospective cohort analysis (Sapporo CAT 
study). BMJ Open 2019; 9: e028563.

	27.	 Frere C. Burden of venous thromboembolism 
in patients with pancreatic cancer. World J 
Gastroenterol 2021; 27: 2325–2340.

	28.	 Costa J and Araújo A. Cancer-related venous 
thromboembolism: from pathogenesis to risk 
assessment. Semin Thromb Hemost 2021; 47: 
669–676.

	29.	 Auerbach M, Ballard H, Trout JR, et al. 
Intravenous iron optimizes the response to 
recombinant human erythropoietin in cancer 
patients with chemotherapy-related anemia: a 
multicenter, open-label, randomized trial. J Clin 
Oncol 2004; 22: 1301–1307.

	30.	 Makharadze T, Boccia R, Krupa A, et al. 
Efficacy and safety of ferric carboxymaltose 
infusion in reducing anemia in patients receiving 
chemotherapy for nonmyeloid malignancies: a 
randomized, placebo-controlled study (IRON-
CLAD). Am J Hematol 2021; 96: 1639–1646.

	31.	 Birgegård G, Henry D, Glaspy J, et al. A 
randomized noninferiority trial of intravenous 
iron isomaltoside versus oral iron sulfate 
in patients with nonmyeloid malignancies 
and anemia receiving chemotherapy: The 
PROFOUND Trial. Pharmacotherapy 2016; 36: 
402–414.

	32.	 Steinmetz T, Tschechne B, Harlin O, et al. 
Clinical experience with ferric carboxymaltose 
in the treatment of cancer- and chemotherapy-
associated anaemia. Ann Oncol 2013; 24: 475–482.

	33.	 Toledano A, Luporsi E, Morere JF, et al. Clinical 
use of ferric carboxymaltose in patients with 
solid tumours or haematological malignancies in 
France. Support Care Cancer 2016; 24: 67–75.

	34.	 Scott LJ. Ferric carboxymaltose: a review in iron 
deficiency. Drugs 2018; 78: 479–493.

Visit Sage journals online 
journals.sagepub.com/
home/tam

 Sage journals

https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

