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Background: Iron supplementation is administered orally or intravenously to treat iron-deficiency anemia (IDA). Ferric

®5s

Carboxymaltose (FCM) “Ferinject™” is an intravenous (IV) iron preparation that has emerged as a safe therapeutic option for treating
IDA in the past decade.

Aim: This study aimed to evaluate safety and efficacy of carboxymaltose in a cohort of patients with IDA not responding to oral therapy.
Methods: This 12-month retrospective study included 106 patients with IDA, with-or without bariatric surgery, who received
(single or multiple doses) of Carboxymaltose 500mg/10mL. Data points included patients’ demographics, baseline data for Hb,
platelet, ferritin, and MCV pre—and at 1, 2, and 3 months following different doses of IV-Carboxymaltose. Changes in Hb, MCV,
platelets, and ferritin levels were recorded in response to Carboxymaltose to assess the optimal dose, risk of hyperferritinemia, and
hypophosphatemia.

Results: At three months (95 days) follow-up, the median change pre-and post-therapy in hemoglobin was from 9.5 to 11.9g/dL (p <0.01),
MCV 73.6-80.5fL (p < 0.01), and ferritin 5.3-93.8ng/mL. A significant difference was observed between platelet count of patients who
underwent bariatric surgery and those who did not. An optimal ferritin response (>30ng/mL) was observed in 87.8% of patients who
received first dose, and none of the full three doses showed no response. 37% of patients who received two doses developed hyperferri-
tinemia. Serum phosphate levels were assessed in 28 cases, and hypophosphatemia was observed in 25% of these patients.

Conclusion: Carboxymaltose is a reliable option for IDA. IV-FCM therapy helps achieve significant improvement in hemoglobin
concentration and MCV from the first dose carrying a low reversible risk of hyperferritinemia following multiple doses. An interesting
finding of this study is the discovery of a population of IDA patients requiring periodic assessment for iron reinfusion to sustain
normal levels, mostly post-bariatric surgery. Changes in serum phosphate levels reported to occur consecutively with FCM treatment
should be further studied.
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Impact of Findings on Practice Statements
e We identified the minimal optimal dose of Ferric Carboxymaltose for correcting anemia, which may be helpful in
clinical practice in managing noncompliant patients.
e The hyperferritinemia which developed after multiple dose infusion proved to be transient, and resolved at follow-
up. This should minimize the concerns among physicians and patients.
e Hypophosphatemia developing in a small portion of the cohort after infusion also proved to be transient on follow-up.
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Introduction

Optimal iron balance plays a critical role in disease management, as iron is an integral component of hemoglobin-
mediated oxygen transport essential for survival and health. Iron deficiency is a major cause of anemia, affecting one-
third of the world population,’ while 50% of anemia cases worldwide are due to iron deficiency anemia (IDA).? Iron
deficiency can be absolute (lack of total iron stores in the body) or functional (impaired iron bioavailability).? Usually,
iron deficiency develops gradually and does not have clinically apparent symptoms until anemia becomes severe. IDA
is the fifth leading cause of disability, affecting 1.24 billion people.' Iron deficiency results from prolonged iron
imbalance due to nutritional deficiency, impaired iron absorption, worm infestations, chronic blood loss, or multiple
pregnancies.”

Oral or intravenous (IV) iron supplementation or rarely blood transfusion is prescribed to combat iron deficiency. The oral
route of iron administration is historically favorable; however, in addition to stomach upset including (pain, bloating and
sometimes vomiting) and constipation side effects, poor absorption and compliance can compromise the effectiveness of the
interventions. Second, there are multiple risks associated with blood transfusion, including transmission of infections such as
human immunodeficiency virus, mismatched transfusions, immune modulation, and other risks.” IV iron therapy is safe and
more cost-effective than blood transfusion and overcomes the many hurdles faced by oral supplementation, such as poor
absorption and gastrointestinal side effects with few side effects mainly allergic reactions.

The prevalence of anemia in Europe is around 20%.° In contrast, regional studies on anemia present varied results,
with the prevalence of anemia in adolescents in the Kingdom of Saudi Arabia (KSA) as 16-34%.” IDA is the most
common cause of anemia, especially among females, in KSA. However, the prevalence of IDA is not well established by
epidemiological surveys in KSA, with reports limited to single institutes with specific age groups or gender indicating
a wide 6-56% prevalence.® '* In a recent multicenter epidemiological study, the prevalence of IDA was found to be
10.7% among Saudi university students.'®

Aim

Although iron supplementation is often prescribed, the most effective route for this patient population is unclear to attain
stable hemoglobin (Hb) levels. Therefore, the current study aimed to describe the response to IV iron in different
approved doses. It also estimates the minimal optimal dose and the risk of hyperferritinemia through evaluating the
efficacy and safety of IV iron supplementation (carboxymaltose) with its effect on Hb, Mean Corpuscular Volume
(MCV), ferritin, and platelet levels in IDA patients in both bariatric and non-bariatric subgroups and evaluate the related
health conditions such as menorrhagia, ulcerative colitis, anticoagulation or thalassemia.

Methodology
Study Design and Data Collection

This retrospective study was approved by our institutional review board. The inclusion criteria were age >18 years with
a confirmed IDA diagnosis based on Hb <12 g/dL for women and <13 g/dL for men with ferritin levels <30 ng/mL, who
could not tolerate oral iron or had poor response defined with no improvement after 2-month therapy.

This study was conducted in a hematology outpatient clinic for 12 months at a major secondary care center, where
data was collected from the medical records system for 106 patients with IDA who received (single or multiple doses) of
Carboxymaltose “Ferinject™ 500 mg/10 mL at a dose of 500mg in 200 mL normal saline over 30 minutes. A total of 94
(88.7%) patients were included in the statistical analysis, while 12 (11.3%) patients were excluded from the analysis
because they had no follow-up data for the primary efficacy endpoint assessment. Data points included patients’
demographics and baseline data for Hb, platelet, ferritin, and MCV pre— and at 1, 2, and 3 months following different
doses of IV Carboxymaltose.

Statistical Methods
Categorical variables are presented as counts and percentages (eg, sex, bariatric surgery, medical history, and total
administered dose of IV iron). Numerical variables are presented as means and standard deviations if normally distributed
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(eg, age). Laboratory results are presented as the median, interquartile range (IQR), and range. The Wilcoxon signed-rank
test was used to compare the laboratory values pre- and post-therapy with Carboxymaltose “Ferinject”. The magnitude of
change was recorded for laboratory results such as Hb, MCYV, platelets, and ferritin in response to different doses of
Carboxymaltose to assess the optimal dose, risk of hyperferritinemia, and hypophosphatemia as an outcome. The
magnitude of change was compared between the subgroups (age groups, bariatric surgery, and total administered
dose) using the Kruskal-Wallis test. Statistically significance was set at p < 0.05. IBM SPSS (Statistical Package for
the Social Sciences; IBM Corp, Armonk, NY, USA) was used to perform all statistical calculations, version 21 for
Microsoft Windows. No data imputation was carried out for missing data.

Results

The mean age of the cohort was 37 +£12.3 years. There was a female preponderance, with 95.7% of subjects being female. The
median pre-therapy Hb concentration and MCV in our subjects were 9.5 g/dL and 73.6 fL, respectively, which increased to 11.9 g/
dL and 80.5 fL post-therapy. Of our cohort, 3.2% had menorrhagia, 4.3% were on anticoagulants with bleeding, and 2.1% had a
concomitant vitamin B12 deficiency. 39.4% of subjects received one dose, 53.2% received two doses, and 7.4% received three
doses of Carboxymaltose “Ferinject” 500 mg/10 mL. Only 32 (34%) patients underwent bariatric surgery (Table 1).

A median (IQR) increase of 1.8 (2.5) g/dL was observed in hemoglobin levels. The median change observed after
three months of follow-up among patients who received three doses of IV iron was significantly higher (p = 0.003) than
those who received one or two doses of IV iron (Table 2). However, no significant difference was found between patients
who underwent bariatric surgery and those who did not (p = 0.655). Similar to bariatric surgery, no significant difference

Table | Socio-Demographic Variables

Parameter Categories Count Percent
Gender Male 4 4.3%
Female 90 95.7%
Age (years) Meant SD | 37.0% 123
Bariatric surgery Yes 32 34.0%
Sleeve 22 23.4%
Bypass 9 9.6%
Gastric band | 1.1%
No 62 66.0%
Medical history Yes* 17 18.1%
Multivitamin Deficiency 2 2.1%
Menorrhagia 3 3.2%
Ulcerative colitis | 1.1%
Anticoagulation 4 4.3%
Thrombocytopenia 2 2.1%
MVR | 1.1%
TTP | I.1%
Vitamin B2 deficiency 2 2.1%
vWD | I.1%
Thalassemia | 1.1%
No 77 81.9
Total received dose of | dose 37 39.4%
Carboxymaltose “Ferinject”
2 doses 50 53.2%
3 doses 7 7.4%
Note: *One patient has more than two diseases as medical history.
Journal of Blood Medicine 2022:13 htps: 683
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Table 2 Hemoglobin Level (g/dl) Before and After Treatment in the Total Population and in the Different Subgroups

Patients’ Subgroup Count Before 3 Months Post Change P-value* | P-value®*
Treatment Treatment
Median IQR Median IQR Median | IQR

Total population 94 9.5 2.63 1.9 1.9 1.8 25 <0.001

Bariatric surgery Yes 32 9.7 1.7 12.0 1.5 2.0 24 <0.001 0.655
No 62 9.5 1.9 11.8 1.5 1.8 2.6 <0.001

Number of administered doses | | dose 37 10.6 1.9 12.0 1.5 1.3 2.6 <0.001 0.003
2 doses 50 9.4 1.6 1.9 1.6 1.9 2.1 <0.001
3 doses 7 74 0.6 1.4 0.8 35 1.1 0.018

Age group <40 years 57 9.5 2.0 12.0 1.5 1.9 27 <0.001 0.481
240 years 37 9.5 1.6 1.4 1.6 1.8 2.1 <0.001

Notes: *Wilcoxon signed-rank test was used to compare hemoglobin levels before and after treatment in the total population and all subgroups at 0.05 level of significance.
**Kruskal-Wallis test was used to compare the magnitude of change observed in hemoglobin levels between the different subgroups at 0.05 level of significance.

was found between the different age groups regarding the increase in Hb levels (p = 0.481). Among the total population,
the median hemoglobin concentration pre and post treatment was significantly increased from 9.5 g/dL to 11.9 g/dL (p <
0.01) after almost three months (95 days) of follow-up (Table 2).

Among the total population, the median MCV was significantly increased from 73.6 fL to 80.5 fL (p < 0.01) after
almost three months (95 days). A statistically significant increase was observed among all subgroups. Further assessment
after 133 days (~ 4.5 months) post-baseline showed a median (IQR) MCV of 82.3 (12.3) fL with a significant increase
from the first post-baseline assessment (p < 0.001) (S1).

A significant drop in the median platelet count from 301.5-272 x10°/L was observed among the total population after
almost three months (95 days) of the therapy, regardless of the age group or bariatric surgery (p < 0.05). The total
administered doses of IV iron were found to significantly affect the decrease in platelet count in patients who received
two doses of IV iron, showing a significant drop in their median platelet count (p < 0.001), while those receiving one did
not show a significant drop (p = 0.502). The sample size of those receiving three doses was much smaller than that of
their single- or double-dose counterparts; hence, the statistical comparison was not significant (p = 0.236). Further
assessment of platelet count after 133 days (= 4.5 months) post-baseline revealed a median (IQR) value of 242 (65.0)
x10°/L with a statistically non-significant decrease from the first post-baseline assessment (p = 0.935) (Tables 3, S2).

Among the total population, the median ferritin level was significantly increased from 5.3 ng/mL to 93.8 ng/mL (p <
0.01) at three months (95 days). A statistically significant increase was observed among all subgroups (Figure 1). In
a subgroup analysis of patients who received a single dose of Ferric Carboxymaltose (FCM), the assessment of ferritin
level 133 days (~ 4.5 months) post-baseline showed a median (IQR) of 17.5 (30.1) ng/mL with a significant decrease
from the first post-baseline assessment (p < 0.047) (Tables 4, S3).

In a subgroup analysis, we found that 37% of the patients who received two doses developed hyperferritinemia. Of these,
19.6% had ferritin levels <300 ng/mL, whereas 17.4% had ferritin levels >300 ng/mL. Approximately 9.1% of patients receiving
one dose developed hyperferritinemia, but the level in all patients was <300 ng/mL. Among those who received the three doses,
57.1% developed hyperferritinemia, with 28.6% having >300 ng/mL. An optimal ferritin response (>30 ng/mL) was observed in
87.8% of the patients receiving one dose. This can be explained by the fact that the first dose was successfully administered to most
of the patients, while the second and third dose was given to a portion of the cohort. One dose was insufficient to replenish ferritin
stores in 3% of the patients, while none of the other full three doses resulted in nonresponse (Tables 5, S5). Serum phosphate levels
were assessed in 28 patients 3-months post-infusion, of which seven (25%) had hypophosphatemia. Of the patients in whom the
assessment was performed, four patients (14.3%) received one dose, two patients (7.1%) received two doses and only one patient
(3.6%) received three doses.
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Table 3 Platelets Counts Before and After 3 Months Treatment in the Total Population and the Different

Subgroups
Population Timing Count | Median | IQR | Min. | Max. | P-value*
Total population Before treatment 94 301.5 122.0 | 132.0 | 828.0 <0.001
After treatment 94 272.0 94.4 86.0 | 552.0
Bariatric surgery Yes Before treatment 32 303.5 113.7 | 132.0 | 605.0 0.002
After treatment 32 269.0 108.9 | 86.0 | 552.0
No Before treatment 62 300.5 126.9 | 152.0 | 828.0 0.002
After treatment 62 281.5 869 | 117.0 | 513.0
Total administered dose | | dose Before treatment 37 262.0 97.8 | 132.0 | 531.0 0.502
After treatment 37 278.0 100.1 | 86.0 | 513.0
2 doses Before treatment 50 3125 135.6 | 152.0 | 828.0 <0.001
After treatment 50 269.0 835 | 117.0 | 552.0
3 doses Before treatment 7 428.0 70.5 | 258.0 | 463.0 0.236
After treatment 7 323.0 121.0 | 220.0 | 497.0
Age group <40 years | Before treatment 57 296.0 130.3 | 132.0 | 828.0 0.004
After treatment 57 280.0 1043 | 86.0 | 552.0
240 years | Before treatment 37 311.0 109.7 | 152.0 | 735.0 0.001
After treatment 37 264.0 75.6 | 141.0 | 496.0

Note: *Wilcoxon signed-rank test at 0.05 level of significance.

A median (IQR) increase of 5.8 (10.9) fL was observed in the MCV level. The median change observed among patients
who received three doses of IV iron was significantly higher (p = 0.036) than that observed among patients who received one

or two doses of IV iron. On the other hand, no significant difference was found between patients who underwent bariatric
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Table 4 Ferritin Level (ng/mL) Before and After 3 Months Treatment in the Total Population and the Different Subgroups

Descriptive
Population Timing Count | Median | IQR | Min. | Max. | P-value* | P-value**
Total population Before treatment 90 53 321 1.00 199.3 <0.001
After treatment 86 93.8 173.8 | 1.48 | 87530
Bariatric surgery Yes Before treatment 31 7.0 25.5 1.00 112.6 <0.001 0.212
After treatment 31 48.4 133.2 | 3.01 | 581.90
No Before treatment 59 5.0 353 1.0 199.3 <0.001
After treatment 55 111.0 190.6 | 1.48 | 87530
Total administered dose | | dose Before treatment 35 5.8 483 1.00 | 199.29 <0.001 <0.001
After treatment 33 31.8 82.7 39 291.1
2 doses Before treatment 48 5.6 12.1 1.00 63.9 <0.001
After treatment 46 116.9 1983 | 1.48 | 87530
3 doses Before treatment 7 1.8 1.6 1.0 4.5 0.018
After treatment 7 2383 182.8 | 534 | 521.6
Age group <40 years | Before treatment 53 53 38.0 1.0 199.3 <0.001 0.929
After treatment 51 105.8 134.6 | 3.01 | 521.64
240 years | Before treatment 37 5.3 21.7 1.00 | 11275 <0.001
After treatment 35 42.9 220.3 1.5 875.3

Notes: *Wilcoxon signed-rank test was used to compare ferritin levels before and after treatment in the total population and all subgroups at 0.05 level of
significance. **Kruskal-Wallis test was used to compare the magnitude of change observed in ferritin levels between the different subgroups at 0.05 level of

significance.

surgery and those who did not undergo bariatric surgery (p = 0.191). Like bariatric surgeries, no significant difference was

Table 5 Comparing the Prevalence of Hyperferritinemia Between
the Different Doses

Hyperferritinemia Yes No P-value
One dose (37) 3 9.1 30 90.9 0.005
Two doses (50) 17 37.0 29 63.0

Three doses (7) 4 57.1 3 429

Total (68)* 24 279 62 72.1

Note: *Eight patients with missing ferritin data at first assessment post-treatment.

found between the different age groups with respect to the increase in the MCV level (p = 0.889) (S4).

A median (IQR) decrease of 29.5 (72.)3 x10°/L was observed in platelet count. The median decrease observed among
patients who received two doses of IV iron was significantly higher (p = 0.024) than that observed among patients who
received one dose of IV iron. The sample size of those receiving three doses was much smaller than that of their single-
or double-dose counterparts; hence, the statistical comparison was not significant. However, no significant difference was

found between patients who underwent bariatric surgery and those who did not undergo bariatric surgery (p = 0.503).
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Similar to bariatric surgeries, no significant difference was found between the different age groups regarding the decrease
in platelet count (p = 0.254) (S2).

Changes were observed in ferritin level after the first dose with a median (IQR) increase of 59.6 (193.2) ng/mL. The
median change observed among patients who received three doses of IV iron was significantly higher (p < 0.001) than
that observed among patients who received one or two doses of IV iron. In contrast, no significant difference was found
between patients who underwent bariatric surgery and those who did not (p = 0.212). Like bariatric surgery, no
significant difference was found between the different age groups regarding the increase in ferritin levels (p = 0.929).

Discussion

In the current study, we aimed to investigate the efficacy and safety profiles of various doses of IV iron to identify the
minimal optimal dose without the risk of hyperferritinemia in IDA patients, both post-bariatric and non-bariatric
subgroups of patients suffering from related health conditions such as menorrhagia, ulcerative colitis, anticoagulation,
thalassemia, or bariatric surgery.

FCM is a novel, next-generation complex for IV iron treatment with several advantages over previously used IV
preparations including reduced administration time, optimal pH range and lack of reactivity with dextran antibodies."*
We have found that hemoglobin levels increased significantly in the study group. Compared to orally administered
ferrous sulfate, FCM is better tolerated, prompts a more rapid hemoglobin response, especially at low or very low Hb
levels, and is more reliable.'”> The formulation releases a minimal amount of iron into the circulation taken up by
macrophages in a controlled manner and delivered via physiological iron metabolism pathways to transferrin and
ferritin.'* Other IV iron preparations are also marketed and prescribed in various cases, but they usually cause increased
adverse events, including hypersensitivity reactions.'® IV iron sucrose, for instance, carries side effects affecting Hb level
enhancement.'” Tron dextran, another IV iron preparation, carries the risk of anaphylactic reactions.'®

Although oral iron supplementation is the first-line treatment for IDA, some patients cannot tolerate oral iron owing
to gastrointestinal side effects. For some patients with IDA, the rate of chronic loss is greater than the replacement rate of
oral iron supplementation.'” A recent observational study published by Das et al compared the safety and efficacy
profiles of oral iron with those of IV iron. The increase in Hb and serum ferritin levels was higher for IV iron than for oral
iron.”?! FCM is typically recommended in cases in which the oral preparations are ineffective or cannot be used. FCM
can be administered as a single dose providing up to 1000 mg of iron as a rapid infusion or in multiple doses (100—
200 mg) without the need for a test dose.”> FCM is a suitable method of iron supplementation, especially in very low Hb
levels or cases where multiple doses of IV iron are not convenient, or there is a patient compliance challenge.”**

In addition to Hb levels, MCV evaluation is also recommended to assess the efficacy of iron supplementation by
comparing pre- and post-treatment values.”* Reduced MCV is a marker of anemia. Similar to the increase in Hb levels,
we found a significant increase in the levels of MCV in our study group. However, the increase in MCV levels was
significantly higher for the individuals receiving three doses of FCM than those receiving a single dose. To our
knowledge, this is a novel finding that has not been investigated to date, and the precise molecular mechanisms that
lead to increased long-term efficacy of multiple FCM doses in terms of MCV require further investigation. Overall, these
findings suggest that FCM can effectively treat iron deficiency in patients with IDA caused by various pathologies.

The risk of developing IDA is higher both pre- and post-operatively in individuals undergoing bariatric surgery due to
increased consumption of high-calorie food with low iron content before the procedure,” and reduced oral intake and
decreased iron absorption due to the decline in gastric acid production and bypass of the proximal small intestine after the
surgery.’“?” FCM is helpful in the treatment of persistent or relapsing IDA after Roux-en-Y gastric bypass.”® In
a retrospective review of five Phase III studies, FCM effectively increased hemoglobin and ferritin levels. The observed
adverse effects were similar to those observed for other IV iron products.?’ Most studies published to date have evaluated
the safety and efficacy profiles of iron supplementation in individuals who underwent bariatric surgery. We evaluated the
efficacy of IV FCM administration in individuals undergoing bariatric surgery and found no statistically significant
difference between the two groups; however, our results suggested periodic re-evaluation with a possible need for
maintenance of IV iron, especially in this group of patients. The hemoglobin concentration and MCV did not differ
significantly between the two study groups.
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An increase in circulating platelets, referred to as thrombocytosis, may occur secondary to iron deficiency.*”
Therefore, correction of IDA leads to a reduction in platelet count to the normal range. We observed a significant
decrease in the median platelet count among study subjects. Similar to the Hb concentration and MCV, no significant
difference was noted for individuals who underwent bariatric surgery. The decrease was higher for individuals receiving
multiple doses of IV iron than for those receiving a single dose, which may indicate that even though one dose can
achieve an adequate level of Hb and ferritin, it may not be sufficient to replenish the deficient stores. This finding is
similar to that of MCV, indicating at long-term influence on iron homeostasis.

Hypophosphatemia has been reported as a side effect of FCM more often than of other iron formulations.>’ FCM
treatment leads to a transient increase in the plasma levels of phosphaturic hormone intact FGF23 (iFGF23) which
stimulates renal phosphorus excretion.*> As mentioned in various case reports and cohort-based studies, extensive renal
excretion of phosphorus leads to low serum phosphate levels.*'* We also observed that some of our subjects had
hypophosphatemia; however, there were fewer cases of hypophosphatemia in patients receiving increased doses. This can
be attributed to the relatively small number of patients receiving increasing doses. The hypophosphatemia associated
with FCM reportedly resolves spontaneously after 6-12 weeks.>*

IV FCM has been reported to produce a rapid and pronounced initial increase in serum ferritin levels that decline over
time but remain higher than baseline.*>* Our study findings are in concordance with the reported data, whereby the
ferritin levels remained significantly elevated during the first three months after treatment with FCM but then dropped
gradually. In contrast, other forms of IV iron therapy are associated with only a slight increase in serum ferritin level.*>’
To our knowledge, the effects of single and multiple doses of FCM on hyperferritinemia have not been reported in the
literature. We found that multiple doses carry an increased risk of transient hyperferritinemia compared with a single dose
of IV FCM. Thus, the optimal response is inversely related to the number of doses administered. Interestingly,
a population of IDA patients requires periodic review for reinfusion of iron to sustain the level above the required
level of >30 ng/mL. Further subgroup studies are needed to determine the optimal dose and the relationship between the
number of doses and increase in ferritin levels and the various modifiers of this relationship. This study is limited by its
retrospective design and smaller sample size.

Conclusion and Future Prospects

FCM is a robust and reliable option for the IDA treatment. Therapy with IV FCM helps achieve quick significant
improvements in Hb concentration, MCYV, and reactive thrombocytosis. The risk of transient hyperferritinemia associated
with IV FCM administration was tolerable and reversable Furthermore, hypophosphatemia has been reported in some
cases following FCM treatment. We observed that the full two or three doses of IV iron resulted in decrease in platelet
count although not statistically significant. We recommend conducting a prospective large-scale study to confirm our
findings. An interesting finding of this study is the discovery of a population of IDA patients requiring periodic

assessment for iron reinfusion to sustain normal levels, mostly post-bariatric surgery.
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