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Effectiveness of Lactoferrin in the Treatment of Anemia in Chronic Kidney Disease: A

Single-Center Pilot Study

Abstract

Background: Anemia occurs in majority of patients with chronic kidney disease despite adequate
dialysis and iron replete status. This study was done to evaluate the effects of lactoferrin
with or without iron supplementation for the treatment of anemia in patients with chronic
kidney disease (CKD). Materials and Methods: In this prospective, observational, single-center,
single-arm pilot study, adult patients aged >18 years, having stage 5 CKD (estimated glomerular
filtration rate [eGFR] <15 ml/min/1.73 m?), and who had anemia (hemoglobin [Hb] <10 g/
dl; transferrin saturation [Tsat] >20%) were included. Patients were treated with 100 mg of oral
lactoferrin twice a day for one month with or without iron supplementation. Patients had been
on stable erythropoietin doses for 21 month prior to inclusion in the study. We report on the
improvement in Hb levels and effect on inflammatory markers from baseline at four weeks.
Results: A total of 46 CKD patients having anemia were included. Patients had a mean age of
39.3 years, and a majority were men (69.6%). Improvement in the mean (SD) Hb level (g/dl) was
observed from baseline (8.18 [1.19]) to Week 2 (8.54 [1.57]), which attained significance at Week
4 (8.96 [1.93]; P < 0.001; mean difference: —0.76; 95% confidence interval [CI]: -1.291 to - 0.2383).
The improvement in Hb was higher in women than in men (P = 0.48) and in patients receiving
lactoferrin with iron supplementation than in those receiving lactoferrin alone (P = 0.14). There was
a non-significant decrease in the erythrocyte sedimentation rate (P = 0.14) and a non-significant
increase in C-reactive protein (P = 0.54) level. Conclusion: Oral lactoferrin therapy was effective in
improving hemoglobin levels in patients with advanced CKD and anemia. The effects of lactoferrin
therapy on inflammatory markers remain uncertain.
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progression and increased mortality.® In
India, CKD patients generally present at
an advanced stage of the disease due
to lack of community-based screening
programs and awareness, late referral to a
nephrologist, and financial constraints.>>°
Furthermore, CKD patients who have
diabetes and older people are more prone
to developing anemia.>*!

Introduction

Chronic  kidney disease (CKD) is a
progressive  condition with a high
prevalence rate of >10% of the global
population accounting for >840 million
individuals.! Anemia is amongst the most
common complications of CKD and its
reported prevalence is twice (15.4%) of that
found in the general population (7.6%).>* In
India, the national level data on anemia in
CKD is scarce, but individual studies have

The pathophysiology of anemia in CKD
is multifactorial, of which deficiency

reported a prevalence of anemia in 40%— Of ~endogenous erythropoietin (EPO),
80% of CKD patients.*® decreased iron intake and utilization,
increased hepcidin levels, and altered

Anemia in CKD generally develops when homeostasis due to inflammation are

the kidney function deteriorates, leading
to a decrease in glomerular filtration
rate (GFR) to <60 ml/min.® CKD progression
leads to increased prevalence of anemia,
ranging from 8.4% at stage 1 to 53.4% at
stage 5.7 Anemia is associated with poor
quality of life, increased risk of infections,
hospitalization, and, possibly, rapid CKD
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the main factors.”?>*> The kidneys are
the main source of erythropoietin (EPO),
and a deficiency of EPO is considered
as a principal cause of anemia in CKD.®
An increase in serum hepcidin levels
due to decreased renal clearance and
associated increase in IL-6 levels in CKD
leads to iron sequestration in macrophages
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and subsequently causes iron-restricted erythropoiesis
that lead to anemia. Furthermore, iron deficiency and
suppression of erythropoiesis by inflammatory cytokines in
case of acute inflammation are other causes of anemia in
CKD patients.’¢*8

The therapeutic armamentarium for anemia in CKD includes
blood transfusion, recombinant EPO, erythropoiesis-stimulating
agents  (ESAs), and  hypoxia-inducible  factor—prolyl
hydroxylase (HIF-PH) inhibitors.>**'® Blood transfusions have
several disadvantages including iron overload, transfusion
reactions, risk of infections, and lung damage.?® Studies have
reported worsening of cardiovascular outcomes with ESAs in
patients with CKD.'®*22 |ntravenous (IV) or oral iron therapy,
with or without ESAs, has shown to be effective in hemoglobin
corrections in CKD patients.” However, iron overload is a major
drawback and can cause multiple organ failure in patients with
renal diseases.*?*® In CKD patients, iron homeostasis should
be maintained for achieving effective treatment of anemia.”®
The HIF-PH inhibitors have differences in the selectivity of
individual HIF-PH inhibitors and may possibly exert off-target
effects.?

Lactoferrin, a nonheme iron-binding protein, in
combination with iron has demonstrated to be effective
in treating anemia in people with chronic diseases, in
pregnant people, in children, and in cancer patients.?%
There is a scarcity of literature on the effects of lactoferrin
on hemoglobin improvement in adult CKD patients. Hence,
this pilot study was conducted to evaluate the efficacy and
safety of lactoferrin in correcting hemoglobin in adult CKD
patients with anemia.

Materials and Methods

Study design and population

This was a prospective, observational, single-center,
single-arm pilot study of patients having CKD with anemia
and who received treatment with lactoferrin at the
outpatient department of the Post Graduate Institute of
Medical Education and Research (PGIMER), Chandigarh,
Punjab, India. The study (CTRI/2020/04/024746) was
conducted between October 2021 and October 2022.

Adult patients older than 18 years of age and with stage 5
CKD and anemia were included in this study. Both group
of patients who were receiving dialysis and who were not
receiving dialysis were included. Stage 5 CKD was diagnosed
as estimated GFR (eGFR) <15 ml/min/1.73 m? based on
the Kidney Disease Improving Global Outcomes (KDIGO)
guidelines 2012.3° CKD patients were included in the study
if their Hb levels were less than 10 gm/dl and transferrin
saturation (T_ ) was >20%. Patients were excluded if they
had experienced blood loss in the last three months, had
hematological malignancy, primary hematological diseases
that cause anemia, an ongoing infection, hepatitis B, C, or
HIV, were receiving systemic immunosuppressive therapy,
and were pregnant/lactating.
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Treatment

The patients were administered lactoferrin (tab.
Ferronemia, La Renon Healthcare Pvt. Ltd., India) at a dose
of 100 mg twice a day for one month. Patients could be
administered iron supplementation at the investigator’s
discretion. All the patients included in this study were
on stable doses of erythropoietin therapy, ranging from
133 to 166 IU/kg once per week for at least one month
prior to inclusion in the study. None of the patients were
on HIF-PH inhibitors. Vitamin B12 and folate levels were
tested at screening, and if their levels were found to be
deficient, they were given the appropriate treatment for
one month and then were included in the study.

Study assessments

The patients were evaluated for medical history and
laboratory investigations, including Hb, serum iron, serum
ferritin, total iron-binding capacity (TIBC), hepcidin, and
inflammatory markers including erythrocyte sedimentation
rate (ESR), C-reactive protein (CRP), IL1, IL 6, IL 8, IL 10, IL12
and TNF Alpha. The study endpoint included improvement
in Hb level from baseline at four weeks. The patient’s
data, including age, gender, etiology of CKD, dialysis status,
estimated GFR (eGFR), and medical history, were noted.

Sample size and statistical analysis

This was a pilot study, and no formal sample size calculation
was performed. This study included 46 adult patients of
CKD stage 5 who were diagnosed with anemia. The data
was collected, and appropriate statistical analysis was
performed using GraphPad Prism version 9. Demographic
and baseline characteristics are summarized using
descriptive statistics. Categorical variables are summarized
with frequency and percentage. Continuous variables
are summarized with count, mean, standard deviation,
etc. One-way repeated measures ANOVA was applied to
multiple comparisons of Hb levels from baseline to Weeks
2 and 4. A P- value of <0.05 was considered significant.

Ethics statement

This pilot study was reviewed and approved by the
institutional  ethics committee  (approval  number:
IEC-08/2019-1344). The study was conducted in accordance
with the ethical principles that have their origin in the
Declaration of Helsinki and in accordance with the
International Conference on Harmonization’s Good Clinical
Practice guidelines (ICH-GCP). All participants provided
written and informed consent.

Results

A total of 46 patients having stage 5 CKD were included in
the study. The mean (SD) age of the patients was 39.3 (13.0)
and ranged from 18 to 66 years. The majority (69.6%)
of patients in our study were men. The mean BMI was
21.47 kg/m?, which ranged from 12.2 to 32.9 kg/m2. The
majority (84.78%) of patients were undergoing dialysis.
Of all patients, 39.13% received lactoferrin along with
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an iron supplementation. Seven of these patients were
on 100 mg of intravenous iron every two weeks and 11
were on oral iron. The average dose of elemental iron was
25.71 + 7.13 mg/day. Table 1 provides the demographics
and baseline characteristics of study patients.

Improvement in hemoglobin

After oral lactoferrin  therapy, improvement in
the mean (SD) Hb level (g/dl) was observed from
baseline (8.18 [1.19]) to Week 2 (8.54 [1.57]), which
attained significance in Week 4 (8.96 [1.93]; P < 0.001;
mean difference: -0.76; 95% confidence interval [Cl]:
-1.291 to - 0.2383) [Figure 1].

The improvement in mean Hb level was higher in women
than in men from baseline at four weeks (0.99 vs.
0.67 g/dl), though it was not significant (P = 0.48). In
patients receiving iron supplementation along with
lactoferrin versus those who were receiving lactoferrin
alone, the improvement in mean Hb level was higher
from baseline to four weeks (1.10 vs. 0.55 g/dl;
P = 0.14) [Figure 2].

Effects of lactoferrin therapy on inflammation

The mean (SD) ESR (ml/h) decreased from baseline (74.22
[28.60]) to Week 4 (67.58 [34.31]), though the
difference was not significant (P = 0.14). The mean (SD)
CRP (mg/dl) increased from baseline (8.23 [13.16]) at
four weeks (11.71 [24.63]) but this difference was not
significant (P = 0.54). At baseline, the mean (SD) IL-6
(pg/ml) and TNF-a (pg/ml) levels were 7.75 (10.9) and
0.31 (1.3), respectively. The post-treatment levels of these
biomarkers were not available and hence could not be
presented.

Hepcidin levels and improvement in hemoglobin

The increase in Hb was not associated with baseline
hepcidin levels. The baseline hepcidin levels were
categorized in three quartiles as <115, 115-218, and
218-260 ng/ml. At four weeks, there were no significant
differences in mean Hb levels observed among hepcidin
quartiles (P = 0.388).

Safety
One patient developed diarrhea two days after starting
treatment with lactoferrin. However, it did not improve
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Figure 1: Improvement in hemoglobin levels after lactoferrin therapy.
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on stopping lactoferrin and responded to antibiotics. This
patient was excluded from the study. No other major or
minor adverse effects were observed.

Discussion

This pilot study demonstrates that lactoferrin therapy
was effective in increasing the Hb levels in patients with

Table 1: Demographics and baseline characteristics
Parameters

Age in years, mean (SD), range
Gender, n (%)

Values
39.3(13.0), 18-66

Male 32 (69.6)
Female 14 (30.4)
Diabetes present, n (%) 7 (15.22)
Hypertension present, n (%) 39 (84.78)
Dialysis, n (%) 39 (84.78)

Serum iron, pug/dl, mean (SD)
BMI, kg/m?, mean (SD)

Hb, g/dl, mean (SD)

TIBC, ug/dl, mean (SD)

T_, %, mean (SD)

Ferritin, ng/ml, mean (SD)
Vitamin B12, pg/ml, mean (SD)

102.73 (66.62)
21.47 (21.99)
8.18 (1.19)
241.20 (57.80)
40.53 (20.86)
954.20 (783.75)
1217.56 (699.06)

sat’

Serum folate, ng/ml, mean (SD) 13.93 (8.46)
ESR, ml/h, mean (SD) 71.38(27.12)
CRP, mg/dl, mean (SD) 8.36 (13.44)
TNF-a, pg/ml, mean (SD) 0.31(1.3)
IL-12p70, pg/ml, mean (SD) 0.17 (0.9)
IL-10, pg/ml, mean (SD) 0.2 (0.9)
IL-6, pg/ml, mean (SD) 7.75(10.9)
IL-1, pg/ml, mean (SD) 0.18 (0.9)
IL-8, pg/ml, mean (SD) 26.26 (29.4)
Hepcidin, ng/dl, mean (SD) 182.6 (89.62)
Iron treatment, n (%) 18 (39.13)

BMI=Body mass index, CRP=C-reactive protein, ESA=Erythropoietin
stimulating agent, ESR=Erythrocyte sedimentation rate,
Hb=Hemoglobin, IL=Interleukin, SD=Standard deviation, TIBC=Total
iron-binding capacity, Tsat:Transferrin saturation, TNF=Tumor necrosis
factor

1.20 L10

1.00

0.67
0.60 0.55

Improvement in mean Hb level (ng/dL)

Male Female Lactoferrin ~ Lactoferrin alone

+Iron

Figure 2: Improvement in hemoglobin levels after lactoferrin therapy from baseline to
Week 4 in subgroups based on gender and patients receiving iron supplementation.
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CKD. A significant (P < 0.001) increase in Hb level was
reported from baseline to four weeks with daily oral
lactoferrin therapy with or without iron supplementation.
Also, greater improvements, though non-significant, in
mean Hb level from baseline at four weeks in women
versus men and in patients receiving lactoferrin with iron
supplementation versus those receiving lactoferrin alone
were reported.

Lactoferrin is a natural nonheme iron-binding cationic
glycoprotein belonging to the transferrin family. Lactoferrin
has 300 times higher affinity for iron versus transferrin, and
it can retain iron at a pH <4, such as in the gastrointestinal
tract or inflammatory lesions.3 Lactoferrin binds to two
iron ions and enhances the absorption of iron. Lactoferrin
enters the intestinal cell through its own receptor and
releases the iron there which is transported to the
circulation via transferrin.3 Lactoferrin is a promising
option for correction of anemia and has demonstrated
greater effectiveness and no major and minor side effects,
except diarrhea in correcting hematological parameters
and decreasing serum IL-6 levels.3>*® Lactoferrin exerts
hematological properties through the regulation of
hepcidin ferroportin axis, downregulating inflammation
through decrease in IL-6 and increasing the systemic iron
reserve.® Lactoferrin also demonstrates reno-protective
effects in CKD through reduction of inflammation, oxidative
stress, apoptosis and renal fibrosis, and induction of
autophagy and mitochondrial biogenesis in the kidneys.3>3¢
In human kidney proximal tubular cells, lactoferrin induces
autophagy through activating the AMP-activated protein
kinase (AMPK) and inhibiting the Akt/mTOR pathways.3®

In patients with CKD, the level of proinflammatory
cytokines such as IL-6 and TNF-a are elevated.’” The
increase in the levels of inflammatory markers such as
IL-6 in patients with CKD is observed due to oxidative
stress, chronic inflammation, fluid overload, and decreased
clearance of IL-6 associated with impaired renal function.3®
An increased level of IL-6 is reported to be involved in
iron homeostasis disorders.* Lactoferrin downregulates
inflammation through decrease in IL-6 and increases the
systemic iron reserve.? It is hence emerging as a potent
regulator of iron and inflammatory homeostasis.>®

The efficacy of lactoferrin in improving Hb levels has
been evaluated mainly in anemia in those with chronic
diseases, those who are pregnant, in children, and in
cancer patients. In a meta-analysis of 8 studies in patients
with iron deficiency, anemia, pregnant or non-pregnant
women, Zhao et al.*® observed that lactoferrin therapy
had more beneficial effects on serum iron (P < 0.00001),
ferritin (P = 0.003) and Hb level (P < 0.00001) as compared
to ferrous sulfate. EIl Amrousy et al.3? evaluated the efficacy
of lactoferrin in iron-deficiency anemia in children with
inflammatory bowel disease and concluded that lactoferrin
was an effective treatment in improving hemoglobin
and that it showed fewer side effects compared to oral
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elemental iron. Furthermore, lactoferrin is associated with
better gastrointestinal tolerance and fewer side effects than
ferrous sulfate.*®

Lactoferrin, through its IL-6 downregulating properties,
can modulate hepcidin and ferroportin synthesis. In a
multicenter, comparative, interventional study, lactoferrin
increased total serum iron and decreased the inflammatory
markers IL-6 and hepcidin to a greater extent than ferrous
sulfate did in pregnant or non-pregnant women with anemia
or anemia of inflammation.?* In the current study, based
on the different quartiles of baseline hepcidin levels, no
significant differences for Hb improvement were observed.
The effects of lactoferrin therapy on inflammation remained
uncertain in this study as there was a non-significant
decrease in mean ESR, whereas an increase in CRP was
observed. Most of the patients were on dialysis. Factors that
could have caused increased CRP are dialysis itself, presence
of dialysis catheters, and chronic kidney disease per se.
TNF-a level was very low in a majority of the patients in
this study. However, TNF-a, levels were found to be elevated
in patients with CKD as opposed to healthy individuals.*
In our study, improvements in inflammatory markers were
not certain; however, there was improvement in Hb levels.
It indicates that improvement in inflammation either is not
significant with lactoferrin or a higher dose of lactoferrin is
required to reduce inflammation in CKD. Interestingly, a few
of the studies on pregnant women with anemia used a high
daily dose of lactoferrin at 250 mg/day versus 100 mg b.i.d.
in our study.®42%* Future studies are warranted to evaluate
the effects of lactoferrin on inflammatory markers.

Inflammation has been reported to increase the risk of
cardiovascular events and subsequent mortality.As an
example high CRP levels that occur in inflammation in
patients on hemodialysis have been reported as a predictor
of cardiovascular death.** Improvement in inflammation
improves cardiovascular outcomes and mortality.* We did
not find a consistent decrease in inflammatory markers
in our study; it indicates that the dose of lactoferrin
used in this study may not improve mortality outcomes.
It is possible that a larger dose for a prolonged duration
is needed to improve inflammation and inflammatory
markers in CKD. If so, lactoferrin may improve outcomes in
CKD, beyond improvement in anemia and this may retard
decline in glomerular filtration rate and reduce mortality.

El-Farsy et al.*® recently demonstrated the efficacy and
safety of lactoferrin for anemia correction in children
with anemia and CKD stages 1 to 4. The authors reported
a significant increase in Hb levels within a month of
lactoferrin therapy, which is consistent with our findings
where significant increase in Hb levels were reported four
weeks after lactoferrin therapy in adult patients had been
initiated. However, the researchers did not report the
effects of lactoferrin on inflammatory markers in these
patients who had renal anemia.?
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Patients who have CKD are generally treated with IV iron
rather than oral iron formulations as the efficacy of oral
iron supplements in these patients can be hampered
because of limited gastrointestinal absorption of iron
due to elevated circulating concentrations of hepcidin.*
The current study has reported benefits of combining
lactoferrin with iron, and studies evaluating these effects
with IV iron also are warranted.

Renal anemia is more prevalent in diabetic CKD patients than
in non-diabetic CKD patients, as reported in the Prevalence
of Anaemia in Early Renal Insufficiency (PAERI) study (52.7
vs 39.4%; P < 0.01).* In the current study, 15.2% of patients
having CKD and anemia were suffering from diabetes.
Limitations to our study include the following: this was a
pilot study design without randomization and with a short
follow-up duration. The details pertaining to hepcidin (key
mediator of iron metabolism), ferritin, transferrin, iron
status, and adverse events at follow-up were not available
and could hence not be analyzed in this pilot study. Prior
to conducting a larger study with a longer follow-up, in
this pilot study, we intended to assess if lactoferrin was
effective at all in improving anemia in CKD and whether the
response to anemia was dependent on baseline hepcidin
and inflammatory markers. A study with a larger number of
patients and longer follow-up is ongoing and we shall report
the changes in iron indices and hepcidin on follow-up. We
intended to estimate the effect size of lactoferrin, if any,
in this study. Based on these results, we are conducting
a randomized study with a parallel non-lactoferrin arm.
Also, the benefits from improvement in anemia, such as
improvement in quality of life, reduced risk of infections and
hospitalization, and avoidance of delay in vascular access
creation due to severe anemia, could not be assessed in this
pilot due to the short study duration. We plan to address
these limitations in our larger ongoing study.

Conclusion

This pilot study demonstrates that lactoferrin therapy
was effective in improving hemoglobin levels in CKD
stage 3-5 patients with anemia. Largescale randomized
clinical trials are required to better elicit these findings.
Furthermore, studies are warranted to evaluate the
association between lactoferrin and inflammatory markers,
which are known to aggravate anemia in patients with CKD.
Overall, lactoferrin, with its reno-protective properties,
could be a suitable add-on therapy irrespective of EPO, ESA,
or HIF-PH inhibitors patients with renal anemia, though
these effects need to be evaluated in future studies.
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