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ABSTRACT

Anemia in chronic kidney disease (CKD) is common, causing morbidity and mortality, and is primarily due to reduced
erythropoietin (EPO) release and, to a lesser degree, shortened red cell survival. Erythropoietin Stimulating Agents like
epoetin Alfa and darbepoetin alpha are used commonly to treat this form of anemia. Recent evidence suggests increased
morbidity and mortality associated with higher hemoglobin in the setting of these agents use. Whether these complica-
tions are due to higher dose of erythropoietin or its resistance (i.e., inflammation), or achieving a higher hemoglobin
remains unclear. Tightening restrictions on these agents has led to increase interest in the use of non-ESA adjuvants to
improve erythropoiesis. This review will highlight the most promising of these agents.
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1. Introduction

Anemia in chronic kidney disease (CKD) is common,
causing morbidity and mortality, and is primarily due to
reduced erythropoietin release and, to a lesser degree,
shortened red cell survival [1,2]. The National Health and
Nutrition Examination Survey (NHANES) and the Preva-
lence of Anemia in Early Renal Insufficiency (PAERI)
studies suggest the incidence of anemia in CKD stage V
is more than 70% [3]. As renal function declines, anemia
prevalence increases in CKD, and its associated morbid-
ities generally worsen [4-8].

Since the approval of recombinant human erythropoi-
etin (epoetin Alfa, EPO) by the United States Federal
Drug Administration, this and similar therapeutic agents
like darbepoetin alpha (DPO) and recently approved once
a month agent, methoxy polyethylene glycol-epoetin beta,
called Erythropoiesis Stimulating Agents (ESAs) have
become the standard of care for the treatment of the ery-
thropoietin-deficient, normocytic anemia that occurs in
most patients with CKD. Due to wide spread use of ESA,
average hemoglobin in patients with CKD has increased
[9]. Recent evidence suggesting increased morbidity and
mortality associated with higher hemoglobin levels in the
setting of ESA use has spurred interest in pharmacologi-
cal adjuvants to limit ESA exposure [10-12]. Whether
these complications are due to the higher dose of erythro-
poietin, ESA resistance (i.e., inflammation), or achieving
higher hemoglobin, remains unclear.
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Nevertheless, all ESAs now come with a “black box
warning” recommending physicians to weigh the benefits
of ESA use in anemia of CKD to decrease the need for
transfusions against the increased risks for serious ad-
verse cardiovascular events. Further, dosing should be
individualized to use the lowest dose of ESA sufficient to
reduce the need for transfusion. Although a target hemo-
globin range is not provided, the insert states that for
patients with CKD who are not on dialysis ESA treat-
ment should only begin when the hemoglobin level is
less than 10 g/dL and reduce or stop the ESA dose if the
hemoglobin level exceeds 10 g/dL. For patients on dialy-
sis, one should initiate ESA treatment when the hemo-
globin level is less than 10 g/dL and reduce or interrupt
the ESA dose if the hemoglobin level approaches or ex-
ceeds 11 g/dl [13].

The 2012 Kidney Disease Improving Global Outcome
(KDIGO) [14] recommends the same cut off for ESA
initiation in patients with CKD (non-dialysis) and End
Stage Renal Disease (ESRD) on dialysis. They also re-
commend not to use ESA to keep hemoglobin >11.5 mg/
dl. Tightening restrictions on these agents has led to the
use of non-ESA adjuvants to improve erythropoiesis. This
review will highlight the most promising of these agents.

2.1ron

Iron is a vital to hematopoiesis. The extracorporeal pro-
cess of Hemodialysis (HD) promotes constant blood, and
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therefore iron loss with such patients, losing an average
of 2 g of iron yearly, and subsequent iron deficiency.
Reduced iron stores or decreased availability of iron are
the most common reasons for resistance to ESA agents
[15]. Iron, either IV or oral iron replete lost iron aiding
erythropoiesis.

2.1. Diagnosis of Iron Deficiency

Before starting EPO therapy, iron stores must be assessed
and non-renal causes of anemia excluded. The evaluation
should include testing for fecal occult blood, red blood
cell indices, reticulocyte count, serum iron, total iron
binding capacity, percent transferrin saturation, serum
Ferritin and content of hemoglobin in reticulocyte (where
available) [16,17]. Vitamin deficiencies should be cor-
rected in CKD patients [18]. In CKD and ESRD-asso-
ciated anemia, a different standard is applied to deter-
mine adequate iron stores for erythropoiesis [16].

2.2. Absolute Iron Deficiency in CKD

Absolute iron deficiency in CKD occurs when the per-
cent transferrin saturation (TSAT) (plasma iron divided
by total iron binding capacityX100) falls below 20%, and
the serum Ferritin concentration is under 200 ng/mL
(among Hemodialysis patients) or below 100 ng/mL
among predialsyis and peritoneal dialysis (PD) patients.

2.3. Functional Iron Deficiency

Functional iron deficiency occurs when adequate iron
stores, as defined by conventional criteria, are present,
but the iron cannot be mobilized from hepatic and other

storage sites to support erythropoiesis even with ESA use.

The TSAT is less than 20%, but with elevated ferritin
levels (more than 100 - 200 ng/mL). Usually responsive
to iron therapy, functional iron deficiency must be dif-
ferentiated from inflammatory iron block, which may or
may not respond to supplemental iron therapy, and can
lead to refractory anemia [17]. Table 1 outlines these iron
storage states. The response to ESA and or IV iron may
help distinguish between these two.

2.4. A Responseto ESA

With increasing dose of ESA, ferritin levels may decrease
with increase in hemoglobin levels in patients with func-
tional deficiency but not with inflammatory iron block.

2.5. B Responsetolron

Inflammatory block is suspected if weekly administration
of intravenous iron along with increasing dose of ESA
fails to increase hematocrit with progressive increase in
ferritin concentration. In contrast, patients with functional
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Table 1. Different iron states.

Absolute iron Functional iron Inflammatory

Labs deficiency deficiency iron block
Ferritin
<200 >200 >200
Hemodialysis
Pre-dialysis/PD <100 >100 >100
Percent saturation <20 <20 <20
Response to IV iron ++++ ++ +/—

iron deficiency, additional intravenous iron with conco-
mitant increases in ESA can be effective in increasing
hemoglobin levels, as shown in Dialysis Patients Re-
sponse to IV Iron with Elevated Ferritin (DRIVE) study
[19], in which anemic subjects with elevated ferritin lev-
els (500 - 1200 ng/mL) and low TSAT < 25%, who were
on high doses of ESA, were randomly assigned to IV
iron or placebo. ESA dose was increased by 25% in all
patients at the beginning of study. At six weeks, hemo-
globin levels increased more in the active therapy group.
Post hoc analysis of DRIVE study showed that none of
the iron parameters used in clinical practice is sensitive
to predict response to iron supplementation [20].

Hepcidin, a key regulatory protein, controlling intesti-
nal absorption of iron and its distribution throughout the
body, may partially explain these observations regarding
iron. Produced by the liver, high-circulating hepcidin re-
duces iron absorption in response to oral or intravenous
iron. Conversely, limited iron leads to low hepcidin le-
vels, which allows enhanced intestinal iron absorption
and release of storage iron [21,22]. (Figure 1). Hepcidin,
cleared renally, accumulates in renal failure and may
contribute to anemia and ESA hypo response. Admini-
stration of oral or intravenous iron leads to increase in
hepcidin levels, down regulating intestinal iron absorp-
tion. Hepcidin levels fall with ESA therapy improving
iron mobilization, as well as with hypoxia and anemia.
Levels increase with inflammation. Overall, blood hep-
cidin levels change in a similar manner to ferritin, de-
creasing with low iron stores, and increasing as iron
storage increases, and in inflammatory states, confound-
ing the evaluation of iron status [23].

Not surprisingly then, Hepcidin levels are elevated sig-
nificantly in patients on dialysis (and less so in CKD
stage II-IV), relative to the general population, correlat-
ing directly with ferritin levels and inflammatory markers
[24-29]. Hepcidin levels inversely correlate with ESA
and fall with initiation of ESA use [24,29].

Elevated hepcidin impairs release of stored iron. Par-
enteral, but not oral iron, can overcome hepcidin-induced
iron blockade [29,30] Studies in CKD and dialysis pa-
tients show that intravenous iron improves anemia in
most patients, including those with elevated hepcidin
levels. Iron use however would over express hepcidin

OJNeph



88 I. MASOOD, G. TEEHAN

Decreased hepcidin:

Erythropoiesis
Iron deficiency
Hypoxia
Er) thopletm

X Fe’ Bone
e = mdrro“
EPN ° 2 X ' R’,
b X L~ rn -
4 FPN \ FPN

u, Q

Increased
hepcidin:
Iron suffciency
Inflammation, g

Duodenum = — ’(
FPN™ .

Macrophage

Figure 1. Iron (Fe) sufficiency and inflammation enhance
hepcidin production in theliver. Kidney International (2011)
80, 240-244. doi:10. 1038/ki. 2011.141.

further, restricting iron later. Hepcidin and its regulatory
pathways are potential therapeutic targets, which could
lead to effective treatment of anemia and EPO hypo re-
sponsiveness in patients with CKD.

Thus, high hepcidin levels may contribute to the ESA
resistance observed in many dialysis patients. Conse-
quently, lowering hepcidin or inhibiting its signaling
would release iron from stores, promote erythropoiesis,
and prolong red cell survival. This may ultimately be
safer than high doses of ESAs with repetitive parenteral
iron. Hepcidin and its regulatory pathways are therefore
potential therapeutic targets, which could lead to effec-
tive treatment of anemia of CKD and ESA hyporeson-
siveness.

In animal models, administration of an anti-hepcidin
antibody has been shown to treat inflammation-induced
anemia when combined with ESA treatment [31].

2.6.1V versusOral Iron

Iron may be given orally or IV to treat and prevent the
development of iron deficiency. A trial of oral iron is
often recommended for predialsyis patients, but may be

limited by gastrointestinal symptoms and limited efficacy.

Intravenous iron is preferred in most patients on PD and
hemodialysis patients due to poor GI absorption [32-34].

2.7. Iron in Hemodialysis Patients

Among hemodialysis patients, oral iron usually is inef-
fective in raising trasferrin saturation or ferritin. In one
study, 39 iron-deficient patients starting hemodialysis but
not on ESA were randomly assigned to receive oral iron,
intravenous iron or none. Those treated with IV iron had
a significant increase in hemoglobin levels [32]. Mac-
Dougall et al. studied 37 HD patients beginning ESA
therapy with Epogen (EPO) and found the increase in
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hemoglobin was greater and the EPO dose requirement
were lower among those assigned to IV iron, compared
to those receiving either oral or no iron. There was no
difference in erythropoietic response to ESA in oral or no
iron group [33]. Winard et al. prospectively studied 46
patients on EPO, randomized to four different oral iron
regimens to give 200 mg of oral iron daily with at least
100 mg of ascorbic acid for 6 months. They found that
with compliance, oral iron at the dose used in the study
was able to maintain adequate iron status over a short
term (less than 6 months) without the need for IV iron
Dextran, but eventually IV iron Dextran would be re-
quired due to depleted iron stores [34].

Ferumoxytol, an intravenous form of elemental iron,
was compared with oral iron by Provenzano et al., and
showed a greater increase in mean hemoglobin along
with greater increase in TSAT as compared to oral iron,
suggesting even in iron-replete patients, those supple-
mented with IV iron have an enhanced hemoglobin re-
sponse to EPO with better maintenance of iron stores and
lower dosage requirements of EPO [35]. The preferred
route of administration of iron in patients with ESRD on
HD is intravenous as supported by National Kidney
Foundation Disease Outcomes Quality Initiative (NKF
KDOQI) of 2006 [36]. Recently published 2012 Kidney
Disease Improving Global Outcome (KDIGO) [14] guide-
lines suggest a trial of IV Iron in patient with ESRD on
HD if an increase in hemoglobin is desired without using
ESA and if TSAT is <30% and ferritin is <500 ng/ml.

2.8.1ron in Pre-Dialysis Patients

National Kidney Foundation Disease Outcomes Quality
Initiative (NKF-KDOQI) guidelines recommend either
oral or IV iron for patients with non-ESRD CKD, due to
inconsistent data. KDIGO 2012 also recommends a trial
of oral iron for 1 - 3 months with the same TSAT of
<30% and ferritin of <500 as in ESRD on HD. They also
recommended selecting the route of administration based
on severity of iron deficiency, response and side effects
to prior therapy, patient’s compliance and availability of
venous access [14].

Contrary to ESRD data, in CKD non-dialysis, multiple
trials have failed to show that IV iron is superior to oral
iron in hemoglobin response or reduction in EPO dose.
In a prospective, controlled trial of 45 anemic patients
with non-ESRD CKD, randomized to receive either oral
ferrous sulfate (200 mg TID) or intravenous iron Sucrose
(300 mg monthly) along with EPO, after an average fol-
low up of 5.2 months, there was no difference in hemo-
globin response or EPO dose between the two groups
[37]. Another prospective, randomized, controlled trial of
96 non-ESRD CKD patients on EPO, assigned to either
IV iron (5 doses of 200 mg Iron Sucrose weekly) or oral
iron (ferrous sulfate 325 mg TID), showed that the hemo-
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globin increased in both groups, but only in the IV iron
group did the ferritin increase [38]. In a trial of 75 non-
ESRD CKD patients who were ESA naive were ran-
domly assigned to receive either IV Ferric gluconate
250mg weekly for 4 weeks or oral ferrous sulfate 325 mg
TID for 42 days. Hemoglobin increased in both groups
[39].

In another trial of 182 patients with CKD stage III - V,
hemoglobin increase of 1gm or more was more common
in the IV treatment group (Sucrose 1 gm in divided doses
over 14 days) than in oral iron treatment (ferrous glucon-
ate 325 mg TID for 56 days) [40]. In a phase II trial of
Ferumoxytol, 304 patients with CKD were assigned in a
3:1 ratio to two 510-mg doses of intravenous Ferumoxy-
tol or 200mg of elemental iron orally for 21 days. Among
patients who were not on ESA, hemoglobin increased
significantly with IV ferumoxytol [41]. Thus in non-
ESRD CKD, the data are conflicting with regards to the
efficacy of IV versus oral iron.

3. Ascorbic Acid

Vitamin C or Ascorbic acid, increases iron release from
the reticuloendthelial system, enhancing iron utilization
during heme synthesis [42-44]. These findings led to an
increased interest in investigating its use in hemodialysis
patients with EPO hyporesonsiveness, elevated serum
ferritin, and functional iron deficiency. Ascorbic acid
levels have been variably reported to be low, normal, or
even above normal in dialysis patients. In an observa-
tional study Deicher et al. failed to show a significant
correlation between Vitamin C plasma levels and re-
sponse to EPO. They concluded that in some hemodialy-
sis patients Vitamin C levels account, at least partially
for the response to EPO, particularly those with EPO-hy-
po responsiveness and functional iron deficiency [45].
Intravenous Vitamin C can overcome ESA resistance and
“functional iron deficiency” in HD patients and by limit-
ing iron use, may avoid hemosiderosis [46].

A Meta analysis of randomized controlled trials found
that Vitamin C therapy significantly increased hemoglo-
bin levels, decreased EPO dose, and improved trasferrin
saturation among hemodialysis patients [47]. These find-
ings were however based on small study sizes with sub-
stantial study heterogeneity limiting any solid conclu-
sions about Vitamin C [48-53].

One randomized trial examined patients with EPO-
hypo responsiveness and or functional iron deficiency
[54]. Among 42 patients the EPO dose exceeded 450 1U/
kg per week, the ferritin level was >500 ng/ml, TSAT
<50% and the hemoglobin <11.0 g/dl. Subjects were as-
signed to intravenous Vitamin C (300 mg with dialysis)
and standard therapy. After six months, active therapy
resulted in significantly higher hemoglobin levels (9.3 -
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10.5 g/dl vs 9.3 - 9.6 g/dl in standard group), TSAT level
(29% - 37% vs 29%) and lower EPO dose in active group
(477 to 429 units/kg per week vs 474 to 447 units/kg per
week). No significant adverse effects were reported.

Benz et al. showed that once daily ascorbic acid (500
mg) in 21 EPO resistant anemic HD patients significantly
decreased ferritin levels and EPO dose requirements
while significantly raising hemoglobin and hematocrit.
Hemoglobin increased 9% from 11.4% to 12.2% gm/dl
(p = 0.05), hematocrit increased 10% from 33.3% to
36.7% (p = 0.05), and EPO dose requirement decreased
33% from 26,229 to 17,559 U/week (p = 0.03). Ferritin
levels decreased 21% from 873 to 691 ng/mL (p = 0.004).
Patients with oxalate levels >27 micromol/L were in-
structed to stop ascorbic acid treatment, and mean levels
decreased from 107 to 19 micromol/L (p = 0.01) over a
mean time of 71 days [48].

Secondary oxalosis in hemodialysis patients who re-
ceived IV Vitamin C remains a concern [55,56]. Oxalate
levels have been shown to increase modestly after eight
weeks of IV Vitamin C [47]. In one study a progressive
increase in plasma oxalate levels occurred when 504 mg
Vitamin C was given into the arterial line throughout
each hemodialysis treatment for 12 weeks [57]. In an-
other study, plasma oxalate levels progressively increased
as the dose of Vitamin C was increased from 250 to 500
mg/week. After 6 months, 40 percent of patients attained
plasma oxalate levels that exceeded the range that would
be associated with calcium oxalate super saturation at
usual calcium concentration [58]. Elevated plasma ox-
alate levels also occur in hemodialysis patients treated
with oral Vitamin C [48].

The 2006 KDOQI anemia guidelines in CKD conclude
insufficient evidence exists to recommend Vitamin C as
an adjuvant to Epoetin therapy [35]. The European Best
Practice Guidelines suggested that correction of impaired
Vitamin C status can reduce hypo responsiveness to EPO
or functional iron deficiency, but do not recommend rou-
tine use [59]. The guidelines noted that use of high dose
Vitamin C requires monitoring but also commented that
the risk of oxalate deposition precludes a recommenda-
tion for routine use. Also the 2012 KDIGO guidelines
recommend not using VITAMIN C, due to lack of suffi-
cient and long term data to address the safety [14].

Further well controlled trials are needed to determine
the role of Vitamin C in anemia of CKD. A short trial of
oral or IV Vitamin C may be tried in selected patients
with marked EPO hypo responsiveness who are closely
monitored for toxicity and efficacy, and should be re-
served for the patients who are unable to achieve and
maintain target hemoglobin levels despite adequate iron
stores and on high epoetin therapy (>450 IU/kg per
week). The duration of therapy should not be more than 2
to 6 months.
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4. Carnitine

Carnitine is required for the transport of long chain fatty
acids into mitochondria. Carnitine also converts acyl
CoA which accumulates in renal failure and is toxic, into
less toxic acyl Carnitine [60]. Carnitine metabolism is
reduced as the glomerular filtration rate falls. Its loss
through dialysis has been suggested to result in a Car-
nitine deficient state. L-Carnitine has been used with or
without concomitant ESA [61].

Carnitine increases formation of colony forming unit-
serythroid (CFU-E) colonies in cell cultures of mouse
bone marrow [62]. It has also been suggested to increase
red cell survival by reducing red cell osmotic fragility.
However there is no convincing evidence yet about the
importance of this in ESRD.

Small case series suggest intravenous or oral L-Carni-
tine may increase hemoglobin levels or reduce the EPO
requirement in patients with renal failure and on dialysis
[61-63].

A 2002 metaanalysis of six randomized trials evalu-
ated the efficacy of IV Carnitine supplementation in low-
ering the required dose of EPO. The EPO dose was found
to be significantly lower among those administered Car-
nitine, with a beneficial response reported in four of the
six studies [63].

Only a few randomized, controlled trials of L-Carni-
tine exist in patients with CKD. One such trial in hemo-
dialysis patients, found that treatment with intravenous
L-Carnitine was associated with a 37% reduction in EPO
dose without any effect on hematocrit. Neither hema-
tocrit nor EPO dose changed in the control group. A fall
in EPO dose was observed in seven of 13 treated patients
with maximal benefit by four months [64].

In an open label randomized trial, 55 adult chronic HD
patients at a single hemodialysis center were divided into
two groups; a group of 20 patients who received 1500
mg/day oral L-Carnitine and a control group of 35 pa-
tients. The mean weekly maintenance dose of erythro-
poietin was not statistically significantly different in
L-Carnitine group (80.16 + 35.61 units’kg) and the con-
trol group (91.9 + 38.21 units/’kg, p = 0.20) [65]. In an-
other randomized control trial involving 14 patients, L
Carnitine was not associated with a reduction in EPO
dose or change in hematocrit over a six month treatment
period [66]. In the post-hoc analysis, there was a non-
significant trend towards lower EPO dose in patients
over the age of 65.

In another study, patients on Hemodialysis received
either 5 or 15mg/kg of L Carnitine at each dialysis treat-
ment for 8 months, with IV iron for the first four months
with the control group receiving only IV iron. EPO dose
did not change over a 4 months period [67]. Mean
weekly EPO dose fell by 37% percent among those re-
ceiving L-Carnitine.
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In two additional randomized trials in which anemia or
EPO dose was not the primary endpoint, there was no
change in hemoglobin or epogen dose from baseline in
patients on L-Carnitine [68,69].

Intravenous L-Carnitine has been well tolerated apart
from a small percentage of patients with seizures and has
been recommended by some to be used in selected pa-
tients with renal failure and EPO resistance, while some
have suggested routine use [61]. Treatment with oral
Carnitine up to 3 years has been well tolerated [61] with
some concern about the accumulation of toxic metabo-
lites of oral L Carnitine in patients with CKD [70,71].

2006 KDOQI guidelines for anemia of CKD con-
cluded that insufficient evidence exists to recommend L-
Carnitine [72]. The 2012 KDIGI guideline suggest not
using L-Carnitine [14].

5. Pentoxifylline

Pentoxifylline is a methyl xanthine derivative with pos-
sible anti inflammatory properties [73,74]. Approved for
the treatment of peripheral vascular disease, Pentoxi-
fylline has been shown to suppress IL-2, interferon (INF)
gamma, TH1 and TH2-derived cytokines [73].

These findings led to the possible application in EPO-
resistant anemia. The benefits of Pentoxifylline were ob-
served in a small study comprised of 16 patients on HD,
PD and failing transplants [75]. The mean hemoglobin
increased from 9.5 to 11.7 g/dL. Epo dose was reduced in
only one patient while remaining the same in the rest.
One patient, previously transfusion-dependent, was able
to stop transfusion. In another study 7 anemic patients
with CKD were treated with Pentoxifylline 400 mg daily
for 6 months with the goal of defining the effects of Pe-
toxifylline as an agent with anti-tumor necrosis factor
(TNF) alpha properties. Petoxifylline-treated patients at 6
months had significant improvement in hemoglobin with
reduction of TNF-alpha concentration [76]. Thus Pen-
toxifylline by virtue of counteracting anti-erythropoietic
cytokines may allow epogen dose reducetions in the
anemia of CKD. This should be followed up with a larger
prospective study to confirm these findings before con-
sideration for common practice. The 2012 KDIGO guide-
line suggests not using Pentoxifylline at this time due to
lack of high-quality evidence [14].

6. Statins

Statins are a class of drug use to lower cholesterol by
inhibiting HMG-CoA redcutase, which plays a central
role in the production of cholesterol in the liver. Statins
have some anti-inflammatory and antioxidant properties.
In a retrospective study, Sirken et al showed mean he-
moglobin rose from 10.6 to 12.5 g/dl in 70 hemodialysis
patients, with associated 25% reduction in EPO dose,
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over a mean of 4.7 months after treatment with statin was
started [77]. Roughly half of the patients were started on
a statin within one month of starting Hemodialysis, lim-
iting generalizabilty. Another study assessed the efficacy
of Statins in patients with type 2 diabetes who were on
Hemodialysis. The mean EPO dose was significantly
lower in statin group [78]. Another prospective study
assessed the effects of statin therapy on EPO hypo re-
sponsiveness by assessing the anti-inflammatory effects.
30 patients with baseline cholesterol >220 mg/dl were
prescribed 10 mg of Atorvastatin for 12 weeks. EPO
hypo responsiveness defined by EPO to hematocrit ratio
was significantly reduced along with reductions in Inter-
leukin 6 and TNF-alpha level suggesting that statin ther-
apy may benefit patients with EPO hyporesonsiveness
[79]. Further investigation of the effects of Statins as an
Epo adjuvant is needed. For now Statins cannot be rec-
ommended at this time to be used solely for the treat-
ment of anemia, but remain a central weapon in combat-
ing cardiovascular disease, the most common cause of
death in patients with CKD [80].

7. Androgens

Before the availability of Epogen, androgens were used
routinely to treat anemia in patients with dialysis [81-84].
Androgens may increase endogenous erythropoietin pro-
duction, sensitivity of erythroid progenitors to the effects
of erythropoietin and red blood cell survival. Their role
as monotherpay for anemia in CKD patients has declined
markedly since epoetin alpha was approved. A possible
role of androgens in combination with epoetin therapy in
dialysis patient has been evaluated in few small studies
with EPO with conflicting results.

One study evaluated 15 patients with ESRD, 8 of
whom received intramuscular nandrolone decanoate 1000
mg once weekly in combination with EPO with each
dialysis session (the remaining 7 received no androgens).
The combination was associated with a greater increase
in hematocrit values from 24 to 33 percent as well as
greater overall response rate defined as having an in-
crease in hematocrit of 1% during a two week period.
The authors concluded that androgen therapy signifi-
cantly augments exogenous Epo, resulting in a lower
dose of intravenous EPO [85].

A second trial enrolled 12 hemodialysis patients, ran-
domly assigned to receive EPO 40 units/kg IV three times
weekly with or without nandrolone decanoate (2 mg/kg
IM weekly) for 16 weeks. The rate of rise of hematocrit
did not differ, and only one of six patients receiving nan-
drolone reached the HCT target of 30 percent as com-
pared to 3 in the Epo-only group [86].

In another longer open label trial, with low dose EPO
therapy [87] 19 chronic HD patients were randomly as-
signed to receive EPO 1500 units with each HD treat-
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ment either alone or in combination with nandrolone de-
canoate 100 mg intramuscularly each week for 26 weeks.
With no serious side effects reported, nandrolone group
achieved higher final hematocrit values than Epo-alone
group (33.2% vs 28.3%) with higher mean increase in
hematocrit (8.2% vs 3.5%).

Another study of 32 hemodialysis patients randomly
assigned to receive low dose EPO therapy 1000 units
subcutaneously at each HD treatment either alone or in
combination with nandrolone decanoate 50 mg intra-
muscularly twice weekly for six months showed no sta-
tistically significant rise in HCT in nandrolone group
compared with the control group with significant side
effects of gynecomastia, hirsutism, menstrual irregulari-
ties and increase in liver enzymes and triglycerides [88].

The data on androgens are conflicting; prompting both
the NKF-K/DOQI and European Best Practice Guideline
to conclude their role is limited and further complicated
by unwanted side effects [35,59]. Cost itself also limits
the role of androgens. The 2006 KDOQI guidelines for
anemia in CKD stated that androgens should not be used
as an adjuvant to epoetin alfa [35]. The 2012 KDIGO
guidelines recommend not using androgens.

8. N-Acetylecysteine

N-Acetylecysteine (NAC) is used primarily as a mu-
colytic, for acetaminophen overdoses, and to prevent
contrast induced nephropathy [89,90]. Due to lack of
benefit in preventing contrast induced nephropathy in a
recent trial [91], NAC is falling out of favor, but still
recommended by KDIGO 2012 to prevent contrast in-
duced nephropathy in high risk patient [92].

There is growing interest in exploring NAC as an ad-
juvant to EPO due to its antioxidant properties in patients
with CKD. In one study, 49 patients on HD received
NAC 200mg three times daily for the first 3 months of
dialysis, and were compared to 276 patients who did not
receive NAC. During the 4-month study, when the EPO
dose was stable, only NAC group had significant in-
crease in hematocrit, accompanied with decrease levels
of 8-isoprostane and oxidized low-density lipoprotein,
both markers of oxidative stress [93].

To determine the contribution of injectable iron ad-
ministered to HD patients in causing oxidative stress and
the beneficial effects of NAC in reducing it, a prospec-
tive double blind, cross over trial was conducted on 14
adult hemodialysis patients [94]. To assess for oxidative
stress, lipid peroxidation marker, melondiaaldehyde was
measured along with highly sensitive C-reactive protein.
Non-invasive assessment of endothelial dysfunction was
assessed by digital plethysmography before and after
intravenous therapy. NAC was found to reduce oxidative
stress along with endothelial dysfunction. Thus by re-
ducing the oxidative stress, NAC may reduce EPO hypo-
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Table 2. Summary of different ESA adjuvants.

Recommended by KDOQI or

Agent Strength of evidence European best practice guiddine Additional comments
Oral iron Strong for pre-dialysis CKD, not strong Recommended for initial trial in . .
for ESRD on HD. pre-dialysis CKD/PD. Limited by GI side effects.
Recommended for ESRD on IV iron may be able to bypass
IV iron Strong: pre-dialysis and ESRD dialysis and also for pre-dialysis Y yp

Mixed. Few small RCTS suggest

Ascorbic acid some benefit.

Mixed, small prospective studies suggest

Carnitine some benefit, while other do not.
Androgen Mixed results.
Statin Small retrospective and prospective study

suggest some benefit.

. Small prospective studies suggest
N-Acetyl cysteine some benefit.
Small retrospective studies suggest

Pentoxifylline some benefit.

CKD patients.

NKF-KDOQI does not recommend
use, European best practice
guideline acknowledges benefit but
does not recommends it use.
KDIGO suggest not using.

hepcidin effect.

Secondary oxalosis may occur.
Larger trials needed to confirm
benefit. Consider for short course
in selected patients with severe
EPO resistance.

NKF-KDOQI does not suggest use.
2012 KDIGO-does not recommend.

Not recommended to be used solely

NKF-KDOQI: insufficient
evidence to suggest its use.
KDIGO 2012-Do not suggest.

Expensive, seizure has been
reported.

Former agent of choice before
ESA as monotherpay. Serious
adverse effects including
abnormal LFTS, risk of
hepatocelullar carcinoma etc.

Many CKD/ESRD patient already

for EPO hypo responsiveness. on statin ﬁ:nge?;lgia(ﬁyyﬁorbidity

Not recommended at this time. Larger trials needed to assess
benefit.

Larger trials needed to assess

Not recommended at this time.
benefit.

responsiveness.

Another small, uncontrolled pilot study enrolled 12
hemodialysis patients treated with 600 mg po BID of
NAC showed a 53% reduction in EPO resistance index
(weekly EPO dose per Kg/Hematocrit) [95].

These small studies suggest a role for NAC in treating
anemia in CKD population, but need larger controlled
trial with less confounding factors. Until then, routine
use of NAC as an EPO adjuvant cannot be suggested.

9. Summary (Table 2)

The high cost of ESAs and the rising incidence of mor
bidity and mortality associated with its use have prompted
a search for adjuvants to ESAs to limit cost and potential
toxicities in CKD and ESRD-associated anemia. Ade-
quate iron stores are essential for effective erythropoiesis
and should be corrected. Use of parenteral, as opposed to
oral, iron, particularly in ESRD, can overcome some
EPO resistance. Identifying correctable causes of anemia
(B12/Folate deficiency, gastrointestinal bleeding) and non-
renal causes of anemia (malignancy, hematologic disor-
ders, infections, inflammation) remains vital, as escalat-
ing doses of EPO can lead to morbidity and mortality.
Thus far, no one particular adjuvant has proven to be
reliably efficacious in improving anemia, reducing ESA

Copyright © 2012 SciRes.

dosages, or reducing ESA hyporesonsiveness. IV iron
and ESA remain the backbone of all anemia therapy in
ESRD. Nevertheless, this review will serve to generate
new hypotheses, and may lead to new innovations in
anemia management. We believe that Ascorbic Acid,
N-Acetyl Cysteine, and targeting hepcidin represent the
most promising ways to combat the erythropoietin hypo
response, but due to lack of sufficient high quality evi-
dence, should not be routinely use.
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