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Abstract

Background: Anemia is commonly encountered in cancer patients receiving active
chemotherapy. Due to adverse events and presumed negative effects on disease-progression
and survival, erythropoiesis-stimulating agents are not frequently used. In this study, we
assess the efficacy and safety of intravenous ferric carboxymaltose (FCM) to treat cancer-
induced anemia (CIA).

Patients and Methods: We recruited adult cancer patients on active chemotherapy with a
hemoglobin (Hb) level <11.0g/dL. Based on serum ferritin (sFr) and transferrin saturation
(TSAT), patients were divided into 3 groups: group | (absolute iron deficiency, n=26) with
sFr<30ng/mL and TSAT < 20%; group Il (functional iron deficiency, n=24) with sFr 30-800 ng/
mL and TSAT < 20%; and patients with TSAT =20% were placed in group Il as “others” (n=34).
All patients were treated with intravenous FCM. Serum hepcidin and C-reactive protein were
used as biomarkers to predict response.

Results: A total of 84 patients with a median age (SD) of 53.8 (10.6) were recruited. Baseline
median Hb level was 10.2 (range: 8.3-11.0) gm/dL. At week 12, there was a significant
increment in Hb level for patients in groups | and Il (median increment: 2.35 and 1.5gm/dL,
respectively), with limited response observed in group I, and most of the increment noted as
early as week 3 (=1.0g/dL). Responders tended to have lower levels of hepcidin. No clinically
significant adverse events were reported; however, asymptomatic hypophosphatemia was
observed in 39 (46.4%) patients.

Conclusions: Intravenous FCM is a safe and effective treatment option for the management of
a subgroup of patients with CIA.

The study was registered at ClinicalTrials.gov [Identifier: NCT04246021]
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Introduction

Anemia is a commonly encountered problem in
cancer patients receiving chemotherapy with or
without radiation. Its prevalence in published
reports varies and can be as high as 60%.0:2
Anemia can be attributed to a combination of dif-
ferent factors including underlying malignancy-
related bleeding due to the anatomic site of the

tumor, acquired coagulation defects, poor nutri-
tion, chemotherapy, or radiation therapy.3-*

Common constitutional symptoms of cancer, such
as fatigue, weakness, and dyspnea, can be wors-
ened by anemia, and thus negatively affect quality
of life (QOL) and performance status.’> In addi-
tion, preliminary studies have suggested that
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anemia, during cancer therapy, can also have a
negative effect on survival and loco-regional con-
trol after radiation therapy, especially in head and
neck and cervical cancers.® Thus, to improve phys-
ical functioning and QOL in patients with cancer,
it would be reasonable to take a proactive approach
in identifying cancer patients who need treatment
for anemia and provide a timely management.

Although blood transfusion is a rapid and effec-
tive approach to treat anemia on the short-term,
unfortunately its effect is temporary and can be
associated with a number of serious adverse
events. In addition, treatment outcomes can be
negatively affected by transfusion-related immune
modulation associated with recurrent red blood
cell transfusions.”

Erythropoiesis-stimulating agents (ESA) were
proposed as an effective treatment for anemia for
several years.8-1© Randomized clinical trials in
patients with cancer-related anemia, however,
had suggested that although ESAs can signifi-
cantly increase hemoglobin (Hb) levels, decrease
transfusion requirements, and improve QOL,10:11
30-50% of patients do not respond to these
agents. This lack of response in cancer patients
can partly be attributed to a functional iron defi-
ciency state in a significant subset of patients. In
these patients, there is an increase in erythropoie-
sis, but this exceeds the rate of usable iron deliv-
ery, despite adequate iron stores.!? Several
randomized trials were conducted to examine the
role of intravenous iron in addition to ESAs which
would potentially, at least partially, overcome this
problem.13:14 Many of these studies have shown
significant improvement in a number of parame-
ters in favor of the combination, such as response
rates, time to response, reduction in ESA dose,
and improvement in QOL.1516

Several later studies raised serious concerns about
the safety of ESAs in cancer patients, such as
shortened overall survival or time to tumor pro-
gression, especially among patients whose Hb lev-
els increased to above 12.0g/dL.17-19 These
concerns, in addition to a higher observed inci-
dence of thromboembolic events,2%-2! resulted in
a significant decline in the utilization of these
agents, especially among patients treated with a
curative intent.?? The aforementioned concerns
and issues with both blood transfusions and ESAs
resulted in state of confusion among clinicians
and, in turn, in undertreatment of anemia in can-
cer patients.23:24

Iron plays an important role in Hb synthesis and
inadequate supply is a major element in the
pathogenesis of anemia. Intravenous iron ther-
apy is routinely used in the non-cancer setting to
treat iron-deficiency anemia, especially in
patients with severe anemia and in those who
failed or could not tolerate oral formulations.25-2
Absolute iron deficiency anemia (AIDA) occurs
when iron delivery is impaired because iron
stores are depleted. Functional iron deficiency
anemia (FIDA), on the other hand, occurs when
access to iron stores is restricted or too slow to
keep up with the process of erythropoiesis.?” In
cancer, tumor cells interact with the immune
system leading to a chronic state of inflamma-
tion. Pro-inflammatory cytokines are also
released leading in turn to increased release of
hepcidin; a small (25 amino acids) peptide pro-
duced by the liver.?8 Hepcidin is a regulator of
iron homeostasis; 2%30 it binds to ferroportin-
expressing cells inhibiting iron transport across
cell membranes and decreasing accessibility to
the iron stores.3! At high enough circulating lev-
els, it also impairs gastrointestinal absorption of
dietary iron.3%33 This state of inhibited absorp-
tion and blocked release from stores leads to an
increased frequency of iron-restricted erythro-
poiesis. Hence, it was proposed that patients
identified with FIDA may benefit from extra
doses of iron to overcome the inhibitory effect of
hepcidin.

In a previous pilot study conducted by our group,
intravenous iron without ESAs was investigated
in a group of non-iron deficient anemic cancer
patients on active treatment with chemotherapy.
Patients were given 12 short weekly infusions of
ferric sucrose while receiving their planned chem-
otherapy regimens. For the 15 patients who com-
pleted at least 9 weekly iron treatment doses, the
mean increment in Hb level was 1.7gm/dL
(median, 1.1 gm/dL; range, —1.9 gm/dL to 3.2 gm/
dL). No treatment-related adverse events were
reported.3*

Ferric carboxymaltose (FCM), is a widely used
intravenous iron formulation, used to treat iron
deficiency anemia in different clinical settings
including pregnancy-related anemia and anemia
in patients with chronic renal failure.26:35

This study aims to investigate the effect of FCM,
without ESAs, on anemic cancer patients under-
going chemotherapy; stratified by status of iron
deficiency, that is, AIDA versus FIDA.
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Table 1. Patient grouping according to serum ferritin
and TSAT levels.

Group Ferritin TSAT
(ng/mL)
Absolute iron <30 <20%
deficiency
[l Functional iron 30-800 <20%
deficiency
1 Others any =20%

TSAT, Transferrin saturation.

Methods

Patients

All enrolled patients were adults, at least 18 years
of age, and were about to start a cycle of chemo-
therapy with or without radiation therapy within
1 week of inclusion. Inclusion criteria included an
established diagnosis of a non-myeloid malig-
nancy, anemia with a Hb levels of <11.0g/dL, a
life expectancy of more than 24weeks, and an
Eastern Cooperative Oncology Group (ECOG)
performance status of 0—2. Patients should not
have received ESAs or iron therapy within the
30days preceding enrollment.

Exclusion criteria included any evidence of
hemolysis, gastrointestinal bleeding, leukoeryth-
roblastic features on blood film, or concomitant
folate or vitamin B,, deficiencies. Patients were
also excluded if they had elevated serum ferritin
(=800ng/mL) or transferrin saturation (TSAT)
=50%, or a personal or family history of hemo-
chromatosis. Other exclusion criteria were preg-
nancy or lactation, liver dysfunction (grade 2 or
higher based on National Cancer Institute
Common Toxicity Criteria: Bilirubin >1.5 nor-
mal, Transaminases >2.5 normal), renal dys-
function (serum creatinine levels =2.0mg/dL),
active infection requiring systemic antibiotics,
comorbidities precluding study participation,
known hypersensitivity to intravenous iron, red
blood cell transfusion within the preceding
2weeks, or any investigational agent within
30days before enrollment. Patients with prior
gastric surgery and those planned to receive
definitive radiotherapy alone without chemother-
apy were excluded as well.

During the study period, patients were not
allowed to take any iron-containing, vitamins,

minerals, or herbal supplements. Blood transfu-
sions were permitted at the primary physician’s
discretion, and this was documented and
recorded. Changes to the chemotherapy plan and
duration, as suggested by the treating physicians,
were permitted, and did not trigger study
withdrawal.

Based on serum iron, ferritin, total iron-binding
capacity and TSAT levels, patients were catego-
rized into 3 groups as illustrated in Table 1. In
total, 26 (31.0%) patients were in group I with
AIDA, 24 (28.6%) were in group II with FIDA,
while 34 (40.5%) were in group III (others).
Weritten informed consents were obtained by one
of the investigators from all patients before enroll-
ment. Study protocol and supporting documents
were approved by our local institutional review
board (King Hussein Cancer Center, KHCC
IRB) under the number: 15-KHCC-107. The
study was conducted in accordance with the
Declaration of Helsinki and Good Clinical
Practice as contained in the US Code of Federal
Regulations that governs the protection of human
subjects on clinical trials.

Intravenous iron therapy

Based on body weight and Hb level, patients
received one or two doses of FCM and were then
followed up for a total of 12weeks. FCM
(Ferrinject®, Vifor Pharma, Bern, Switzerland)
dose was calculated based on both body weight
and baseline Hb level as illustrated in Table 2.

FCM was administered as a single short intrave-
nous infusion if the needed dose was 1000 mg,
diluted in 100mL of 0.9% saline over 15-30 min.
If the needed FCM dose was over 1000mg, an
initial dose of 1000mg was given as mentioned
previously, and the remaining dose was given the
following week in a similar fashion. During the
infusion, patients were monitored for all potential
adverse events.

Assessment

Hb level was checked every 3 weeks, mostly in-
line with the scheduled chemotherapy protocol
visits, and then at week 12. Patients were consid-
ered responders if they showed a minimum of
1.0gm/dL increment in Hb level. Laboratory
monitoring of alanine aminotransferase, aspartate
aminotransferase, lactate dehydrogenase, alka-
line-phosphatase, gamma-glutamyl transferase
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Table 2. Ferric carboxymaltose dose.

Baseline Body weight
hemoglobin (gm/dL)

<70Kg >70Kg
<10.0 1500 mg 2000 mg
=10.0 1000mg 1500 mg

and phosphorous were done at baseline and then
repeated at week 3, while ferritin level was done
at baseline and then repeated at week 12. A total
of 4 follow-up visits were required for the study at
weeks 3, 6, 9, and 12.

In addition, tests for C-reactive protein (CRP)
and serum hepcidin level [Hepcidin 25 (bioac-
tive) HS ELISA, DRG Diagnostics, Marburg,
Germany], were performed on the blood samples
drawn at baseline.

Statistical analysis

Hb levels were recorded as absolute levels per
patient and as mean, median, and range for the
whole group of patients and for each subgroup
throughout the 12weeks of the study. The same
was done to show the changes of Hb levels per
each 3-week period. Comparisons of means of
Hb levels were made between baseline Hb and
Hb levels on weeks 3, 6, 9, and 12, using Wilcoxon
rank test. All analyses were performed using SAS
version 9.4 (SAS Institute Inc, Cary, NC, USA),
and a significance criterion of p<<0.05 was used.
The datasets generated and analyzed during the
study are available from the corresponding author
on reasonable request

Results

A total of 84 patients were consented and
recruited to the study. The majority (70 patients;
83.3%) were females and the median age [stand-
ard deviation, (SD)] was 53.8years (10.6years).
Breast cancer was the most common primary
tumor, encountered in 48 (57.1%) patients, fol-
lowed by colorectal cancer in 19 (22.6%) patients
and gynecological tumors in 8 (9.5%) patients.
The majority of the patients had advanced-stage
disease; 44 (52.4%) patients with stage IV disease
and 21 (25.0%) with stage III disease. All patients
were receiving active chemotherapy which varied
according to the primary cancer site, and these

included platinum, taxanes, anthracyclines,
cyclophosphamide, high dose ifosfamide, vincris-
tine, vinblastine, bleomycin, and others. Many of
the included patients had their chemotherapy
treatment as second-line or beyond. Patients’
characteristics across treatment groups including
age, primary tumor, and active anticancer treat-
ment are summarized in Table 3.

The mean Hb level of the 84 patients at baseline
was 10.1gm/dL (median, 10.2 gm/dL; range, 8.3—
11.0gm/dL). Table 4 details baseline values for
Hb, serum ferritin, iron and TSAT for the three
study groups. Patients in group I had a median
baseline Hb level of 10.1gm/dL (range, 8.4gm/
dl-10.9gm/dL). Following the FCM therapy,
median Hb increased to 11.4gm/dL on week 3,
12.2gm/dL on week 6 and 12.3gm/dL on week
12. The median change in Hb at week 12 com-
pared with baseline was 2.35 (-1.0, 4.6) gm/dL.
Baseline Hb for group II was 10.3gm/dL,
increased to 11.3gm/dL on week 3 and 11.8gm/dLL
on week 6 and then reached 11.8gm/dL on week
12. The median change in Hb at week 12 for this
group was 1.5 (-1.0, 3.7) gm/dL. Patients in group
IIT had a baseline Hb of 10.3 gm/dL that increased
to 10.8gm/dL on week 6 and 11.0gm/dL on week
12. Their median change in Hb at week 12 was
0.5 (-1.6, 3.3) gm/dL. Figure 1 illustrates the
course of Hb changes among the 3 groups during
the 12 weeks of follow up.

Among the whole study population, a total of 50
(59.5%) patientshad anincrementin Hb = 1.0 gm/
dL (responders) at week-12. Response rate was
the highest among the patients with AIDA
(80.8%). However, patients with FIDA had also
a high repose rate (70.8%) and both were signifi-
cantly higher than group III, with a response rate
of 35.3% (p=0.00027; Table 5). A total of 6
(7.1%) patients received blood transfusions.

CREP level, a marker of inflammation, was elevated
in patients with FIDA with a mean level (SD) of
45.5 (60.2) mg/L. This was significantly higher
than in those with AIDA [8.0 (7.8) mg/L] and in
those in group III [7.6 (7.5) mg/L, p=0.0004].

Serum hepcidin level was performed on all
patients at baseline. The mean (SD) hepcidin
level was 15.1 (22.5) ng/mL. Levels were lowest
in group I (AIDA) [mean (SD) level was 1.7 (1.1)
ng/mL], significantly lower than those with FIDA
(group II) with a mean level of 25.7 [(33.1) ng/
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Table 3. Baseline patients’ characteristics (n=84).

Variables All patients  Group | Group Il Group Il
(n=84) absolute iron  functional iron others
deficiency deficiency (n=34)
(n=26) (n=24)
Age (years) Mean (SD) 53.8 (10.6) 52.6 (7.8) 54.5 (12.8) 51.9 (11.0)
Gender Female 70 (83.3%] 20 (76.9%]) 19 (79.2%) 31(91.2%)
Male 14 (16.7%) 6 (23.1%) 5 (20.8%) 3(8.8%)
Primary tumor  Breast cancer 48 (57.1%) 15 (57.7%) 11 (45.8%) 22 (64.7%)
Colorectal cancer 19 (22.6%) 7 (26.9%) 8 (33.3%) 4(11.8%)
Gynecological cancer  8(9.5%) 3 (11.5%]) 2 (8.3%) 3 (8.8%)
Others 9(10.7%) 1(3.8%) 3(12.5%) 5 (14.7%)
Stage I 4 (4.8%) 3(11.5%]) = 1(2.9%)
I 15 (17.9%) 4 (15.4%) 3(12.5%) 8(23.5%)
1 21 (25.0%) 10 (38.5%) 3(12.5%) 8 (23.5%])
v 44 (52.4%) 9 (34.6%) 18 (75.0%) 17 (50.0%)
Table 4. Baseline hemoglobin and iron study profiles.
Variables All patients Group | Group Il Group Il p-value
(n=84) absolute iron functional iron others
deficiency deficiency (n=34)
(n=26) (n=24)
Baseline Hb Mean (SD) 10.1 (0.6) 10.1(0.7) 10.3(0.7) 10.3(0.5) 0.4283
Median (Range) 10.2 (8.3, 11.1) 10.1 (8.4, 10.9) 10.3 (8.3, 11.0) 10.3 (8.8, 11.1)
Serum iron Mean (SD) 48.2 (22.2) 34.5(10.2) 34.9 (12.5) 68.1(19.1) <0.0001
Median (Range) 43 (15-113) 35.5(19.0, 52.0) 33.5(15.0, 65.0) 66.5(20.0, 113)
Ferritin Mean (SD) 120 (132) 16.2 (6.7 164 (156) 168 (120) <0.0001
Median (Range) 67.1(5.2-537) 18.1 (5.2, 26.7) 82.7 (31.8, 573) 139 (7.8, 457)
TSAT Mean (SD) 17.7 (8.6) 10.7 (3.5) 12.9 (4.5) 26.5(5.1) <0.0001
Median (Range) 16.8 (5, 37) 10.0 (5.0, 17.0) 13.5 (6.0, 19.0) 25.0 (20.0, 37.0)
CRP Mean (SD) 18.5 (36.6) 8.0(7.8) 45.5(60.2) 7.6 (7.5) 0.0004
Median (Range) 6.5(0.016, 221) 4.1 (0.3, 30.4) 20.9 (0.4, 221) 5.6 (0.016, 34.8)

CRP, C-reactive protein; Hb, hemoglobin; TSAT, transferrin saturation.

mL] and those in group III [17.7 (16.8) ng/mL,
$<0.0001; Table 6]. In addition, among the 50
patients who showed significant response, 39
(78.0%) had low hepcidin levels, this included all
of the 21 (100%) responders in group I and 11
(64.7%) of the 17 responders in group II
(»=0.0018).

No immediate infusion-related adverse events were
reported. Specifically, no skin rash, itching, or
anaphylaxis. The highest ferritin level among
patients who completed the planned iron treat-
ments was 4184ng/mL in one patient, with
5 other patients developing levels in the 2000ng/
mL range. Hypophosphatemia (serum phosphate
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Figure 1. Hemoglobin changes following intravenous iron infusion.

Table 5. Response rates per patient subgroup™.

Table 6. Hepcidin levels according to group.

Groups Number Response p-value
of patients n (%)

Group | 26 21(80.8%) 0.00027*

Absolute iron

deficiency

Group Il 24 17 (70.8%)

Functional

iron deficiency

Group llI 34 12 (35.5%)

Others

Total 84 50 (59.5%)

*Response defined as a Hb increment =1.0gm/dL at week 12.
**Group | and Il versus group Ill.

concentration <2.0mg/dl.) was observed in 39
(46.4%) patients; more in patients with AIDA (17:
65.4%; Table 7). All patients with hypophos-
phatemia were asymptomatic, were treated with
oral phosphate supplements, and this subsided with
the next blood testing.

Discussion

Our study clearly demonstrates the efficacy of
FCM in anemic cancer patients with either AIDA
or FIDA. Response to FCM infusion was evident as
early as 3 weeks after starting the treatment. In both
AIDA and FIDA groups, a 1.3 and 1.25gm/dLL

Group Number Mean (SD) Median

of patients ng/mL (Range)

ng/mL

Group | 26 1.7 (1.1) 1.2(0.3, 4.8)°
Absolute iron
deficiency
Group 24 25.7(33.1)  13.7(1.0, 123)
Functional
iron deficiency
Group llI 34 17.7(16.8)  10.5(0.7,59.4)
Others
Total 84 15.1(22.5)  4.6(0.3,123)

*p-value between group | and group Il <0.0001.

median increment, respectively, was noted at
week 3. We have not checked the response earlier
than week 3, but even a response as early as this
should prevent treatment escalation with blood
transfusions or ESAs. The lack of response
among patients in group III is clinically expected;
patients with a TSAT = 20% and/or serum of fer-
ritin >800ng/mL are unlikely to respond. In
such situations, other treatment options can be
tried early on.

While concerns may be raised about the rapidity of
intravenous infusion of FCM, we have not
encountered any serious adverse events including
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https://journals.sagepub.com/home/tam

H Abdel-Razeq, SS Saadeh et al.

Table 7. Treatment and complications according to patient group.

Variables Absolute iron Functional iron Others p-value
deficiency deficiency (n=34)
(n=26) (n=24)
Dose of FCM Mean (SD) 1577 (306) 1500 (330) 1397 (320) 0.0974
(mg) Median (Range] 1500 (1000, 2000) 1500 (1000, 2000) 1500 (1000, 2000)
Ferritin level Mean (SD) 589 (509) 838 (875) 956 (667) 0.0247
(wk 12) Median (Range)] 442 (177, 2794) 577 (168, 4184) 802 (166, 2687)
(mg/mL])
Phosphorus Mean (SD) 1.8 (0.7) 2.5(1.0) 2.2(0.9) 0.0124
level (wk 3) Median (Range) 1.5(1.1, 3.4) 3.3(1.0,5.4) (1.0, 4.1)
(mg/dL)
Hypophosphatemia 17 (65.4%) 6 (25.0%) 16 (47.1%) 0.0421

n [%]

FCM, ferric carboxymaltose.

anaphylaxis. Hypophosphatemia was commonly
encountered; however, it was clinically insignifi-
cant, transient, and did not mandate any inter-
ventionotherthanoralphosphatesupplementation.
The high incidence of hypophosphatemia encoun-
tered in our patients is consistent with previously
published data. In a recent prospective study, the
incidence of hypophosphatemia 2 weeks after treat-
ment, similarly defined as a serum phosphate con-
centration of <2.0mg/dL, was 38.7%.3% In another
retrospective study, a similar decrease in phosphate
at week 2 following FCM infusion was seen in 64
of 164 (39%) patients.?’

Despite the small number of patients enrolled in
our study, a correlation between hepcidin level
and the type of anemia was evident; patients with
FIDA had significantly higher levels of hepcidin.
In addition, there might be some correlation
between low hepcidin level and response to iron
therapy. This was most pronounced in patients
with AIDA, where all responders had low levels
and in patients with FIDA where almost two-
thirds of responders had low levels as well. CRP
level should also be explored as a potential marker
for response to intravenous iron therapy.

Although larger than many published studies in
the field, our study population is still small, and
some caution is required before generalizing our
results. However, several conclusions can be made.
First, FCM is safe and effective in treating anemia
in select cancer patients undergoing chemother-
apy. Second, patients with AIDA can be easily

identified based on ferritin and TSAT levels and
do respond to FCM. Third, patients with FIDA,
especially those with low hepcidin levels, have high
response rates, justifying a treatment trial. Fourth,
patients with TSAT=20% and/or serum ferritin
>800ng/mL are unlikely to respond, and FCM
should not be used. Larger studies evaluating and
confirming these conclusions are highly needed to
improve the management of this commonly
encountered clinical problem.
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