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Abstract Management of renal anemia in the large and at-

risk population of non-dialysis chronic kidney disease

(CKD) patients is a critical issue. In particular, definition of

the optimal hemoglobin (Hb) target for therapy is contro-

versial but highly warranted by physicians and patients

worldwide. Recently, international clinical practice guide-

lines have recommended delayed initiation of erythropoi-

esis-stimulating agents (ESA) and lower Hb target levels

during maintenance therapy. However, geographical dif-

ferences in terms of ESA dose needed to achieve a given Hb

value can be evidenced, with US patients showing higher

prevalence of ESA resistance. On the other hand, non-US

patients are often maintained in a higher Hb range by means

of low ESA doses. This critical point has never been

addressed. Nevertheless, outside of the US, translating the

restrictive recommendations of new guidelines, which are

essentially based on trials in US patients, can lead to negative

effects, such as an increased need for a blood transfusion, and

worsening of quality of life. In this article we provide a

reappraisal of current recommendations on anemia man-

agement in non-dialysis CKD in light of the geographical

differences in individual responsiveness to ESA.

1 Introduction

Care of non-dialysis chronic kidney disease patients (CKD-

ND) is aimed at slowing progression to end-stage renal

disease (ESRD) and limiting the associated worsening of

cardiovascular (CV) damage. At this stage, the intervention

of a nephrologist is a complex task because it often rep-

resents tertiary prevention in patients with advanced car-

diorenal damage and several comorbidities. Identifying

optimal care, including the definition of therapeutic goals,

is therefore highly warranted.

Among the different complications, renal anemia rep-

resents a paradigmatic case of the complexity of identify-

ing the ideal goal of therapy in CKD-ND. Indeed,

observational studies have demonstrated consistent

advantages of higher hemoglobin (Hb) levels [1–5], while

key randomized controlled trials (RCTs) have disclosed

either harm or no benefit of higher Hb target [6, 7].

Although the main RCTs have been predominantly con-

ducted in the US, where higher doses of erythropoiesis-

stimulating agents (ESA) are used compared with other

countries, critical evaluation of RCTs specifically

addressing more complex issues such as dose and respon-

siveness has not been systematically collated. On the other

hand, clinical practice guidelines (CPG) that are mainly

based on US trials use literature as published, and while

recommendations of individualization have been made, the

main interpretation has been lowering of Hb target levels.

We argue here that recommendations should take into

account geographical differences in individual respon-

siveness to ESA.

2 New Recommendations on Hemoglobin Target

in Chronic Kidney Disease

The Correction of Hemoglobin and Outcomes in Renal

Insufficiency (CHOIR) study and the Trial to Reduce
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have largely contributed to the concerns on safety and

usefulness of increasing Hb to near-normal levels in CKD-

ND [6, 7] (Table 1). The Normal Hematocrit Cardiac Trial

is another negative RCT, albeit in hemodialysis (HD)

patients with a history of CV disease, demonstrating that

complete correction does not improve outcomes [8].

The CHOIR study showed that patients randomized to

an Hb target of 13.5 g/dL were at higher risk of death and

CV complications than controls (target Hb 11.3). In the

more recent TREAT study, composite CV risk in the active

group (Hb target of approximately 13.0 g/dL) was not

different compared with the control group. The study also

reported, as a secondary finding, a significant increased

incidence of stroke (5.0 vs. 2.6 %; p \ 0.001) in the active

arm; however, the incidence rate of stroke in all TREAT

patients was markedly lower (3.8 %) than observed in a

pooled analysis of a US community-based study (7.5 %)

[9]. Moreover, it was not possible to identify predictors of

the risk of stroke in a deeper sub-analysis of TREAT data

[10].

Mainly on the basis of these RCTs, the US FDA man-

dated the change in the product label for ESAs in June

2012 [11]. According to the US agency, CKD-ND patients

should initiate ESA treatment only when Hb is less than

10 g/dL, and reduce or stop it when Hb exceeds 10 g/dL.

The FDA also points out that treatment should be indi-

vidualized to use the lowest possible dose of ESA to pre-

vent blood transfusion. The newly released Kidney Disease

Improving Global Outcomes (KDIGO) guidelines for renal

anemia endorsed these recommendations [12] (Table 2).

Noteworthy, when examining the KDIGO statements, the

highest scores in the grading for quality of evidence are

reached by recommendations concerning overcorrection

and ESA use in patients with cancer or history of stroke

(Table 2). This advice is very useful in clinical practice

related to frail patients. Unfortunately, the indications more

frequently required by clinical nephrologists (Hb range in

the CKD population at large) do not reach adequate scores,

being based on low or very low quality of evidence

(Table 2).

Less restrictive recommendations have been generated

in the 2011 update of the guidelines issued by the National

Institute for Health and Clinical Excellence (NICE) in the

UK recommending an aspirational Hb target range of

10–12 g/dL for all patients, which should be maintained by

promptly adjusting treatment in the presence of minor Hb

changes, i.e. within the range limits [13]. The most recent

position statement on KDIGO 2012 granted by the Euro-

pean Renal Best Practice panel confirms the NICE target

range (10–12 g/dL) [14]. Furthermore, they recommend an

early treatment start, i.e. when Hb is 10 g/dL or even

higher in younger patients with very few comorbidities, in

those with worsening ischemic symptoms associated with

anemia, or when the benefit on quality of life (QoL) can be

foreseen. This latter issue is not trivial. Indeed, the impact

of anemia management on QoL in chronic diseases, such as

CKD, should be considered together with hard endpoints,

especially from the patient’s point of view [15]. Of note,

improvement of QoL is an anticipated benefit of ESA

therapy; however, results on this specific topic are con-

troversial. In the CHOIR study there were no differences in

QoL in the high- vs. low-Hb group [6], while a small

improvement in fatigue and overall QoL was reported in

the high-Hb group in the TREAT study [16]. This issue is

also more complex than expected because patients may not

perceive QoL changes as the improvement after anemia

treatment is gradual in onset [17].

Definitely, the limited quality of evidence, the hetero-

geneous recommendations of CPGs, and the limitations

inherent to QoL analyses, leave on the ground more doubts

than certainties. Moreover, not unrealistic is the concern

that the new policies on Hb target will increase the use of

blood transfusions, which may not be a safe approach in

potential candidates for a kidney transplant [18].

3 Generalizability of Recommendations

As mentioned, the more restrictive recommendations on

target Hb are mainly driven by CHOIR and TREAT, which

are the largest trials carried out so far in CKD-ND and,

consequently, those that have more weight in meta-analy-

ses. However, these trials may not be easily translatable to

non-US patients. Investigators have had to titrate ESA

doses to reach the assigned target in the high-Hb arm, and

it was not always possible to achieve the high targets

without over-aggressive dosing. In fact in both trials, where

US patients were predominant (TREAT) or exclusive

(CHOIR), high doses of ESA were used to target complete

correction of anemia. The scenario changes remarkably

when examining the RCTs carried outside the US that

included a large number of European patients (Table 1)

[19–27]. These studies show that much lower doses of ESA

(one-third, on average) allow similar Hb target levels to be

reached in the Hb normalization arm (Fig. 1). From the

RCTs reported in Table 1, we calculated weighted means

for Hb levels and ESA dose in the high-Hb subgroups in

order to take into account the different population included

in each study. We found that compared to US trials, studies

outside the US reached similar Hb levels in the Hb nor-

malization arm (weighted means 13.1 ± 0.7 in non-US

studies vs. 12.6 ± 0.1 g/dL in US studies) despite much

lower doses of ESA (4,911 ± 1,265 in non-US studies vs.

12,958 ± 1,039 IU/week in US studies). Furthermore, no

CV risk excess was observed in the high-Hb arm of the one

non-US trial to assess this endpoint, while improved QoL

160 L. De Nicola et al.
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was a consistent finding in the high- vs. low-Hb groups

across most non-US trials.

It is also important to highlight a finding of the TREAT

trial reported in the Appendix in the article by Pfeffer et al.

[7]. The risk of primary CV endpoints in patients treated to

complete anemia correction varied by geographical region

of enrollment, and diverged when comparing patients

coming from Western Europe and Australia with US

patients (Table 3). Indeed, there was a trend, which was not

statistically significant, toward a reduced hazard ratio (HR)

of reaching the primary composite endpoint in the active

group. With the caution imposed by the post hoc nature of

the analysis, this finding may suggest a possible protective

role of complete anemia correction in West Europe/

Australia.

A formal comparison of non-US vs. US trials appears to

be difficult because non-US studies generally have lower

sample size and length of follow-up. Furthermore, the

CREATE trial, which is the largest trial conducted outside

the US (mainly in Europe), was underpowered, with the

annual rate of CV events being much lower than expected

(6 % vs. 15 %). Of note, we did not consider two addi-

tional RCTs on the effects of Hb normalization in non-US

CKD-ND patients because ESA dosing was not reported;

one study from Australia showed no effect on left ven-

tricular hypertrophy [28], while the other one, performed in

a small group of Greek patients, evidenced a significant

slowing of CKD progression [29].

While it is now difficult to imagine future studies in

Europe, or other non-US countries, focusing on the optimal

Hb target in CKD-ND, additional evidence on this issue

has recently been provided by a French RCT in kidney

transplant recipients (KTR) with basal glomerular filtration

rate (GFR) 34 mL/min/1.73 m2) [27]. This trial investi-

gated the effects of normalizing Hb levels (mean achieved

Hb value 13 g/dL) vs. partial correction (mean achieved

Hb value 11.5 g/dL). Complete correction was obtained

with low epoetin dose (about 6,200 IU/week), had a posi-

tive impact on general health, exercise capacity, and

physical scores, and, more importantly, allowed a threefold

Table 2 Summary of recommendations on ESA use in adult CKD-ND according to the 2012 release of KDIGO guidelines on renal anemia [12]

Phase of ESA

therapy

Hb level

(g/dL)

Recommendation (strength of recommendations and the strength of evidence grading score)

Any phase Any level Use ESA therapy with great caution, if at all, in CKD patients with active malignancy (1B), a history of stroke

(1B), or a history of malignancy (2C)

Hb [13 Never use ESA to intentionally reach and maintain this level (1A)

Initiation C10.0 Do not initiate ESA (2D)

\10.0 Decision individualized on the basis of rate of fall of Hb concentration, prior response to iron, risks related to

ESA, and presence of symptoms attributable to anemia (2C)

Maintenance Hb [11.5 In general, ESA should not be used to maintain this level (2C). However, individualization of therapy will be

necessary as some patients may have improvements in quality of life and will be prepared to accept the risks.

(Not graded)

ESA erythropoiesis-stimulating agents, CKD chronic kidney disease, CKD-ND non-dialysis CKD, Hb hemoglobin

Levin 

CREATE

ACORD

Cianciaruso 

NEPHRODIAB2KRN321

TREAT

CHOIR

Furuland

Rossert

CAPRIT

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

11.50 11.75 12.00 12.25 12.50 12.75 13.00 13.25 13.50 13.75 14.00 14.25 14.50

Achieved Hemoglobin (g/dL)

E
S

A
 d

o
se

 (
IU

/w
ee

k)

US trials Non-US trials
Fig. 1 Regional differences in

dose of ESA and achieved Hb in

the high-Hb arm of randomized

controlled trials carried out in

the last decade in adult non-

dialysis CKD patients to test

efficacy of complete vs. partial

correction of anemia. Weighted

mean values are reported in the

text. ESA erythropoiesis-

stimulating agents, Hb

hemoglobin, CKD chronic

kidney disease
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slower GFR decline in the absence of increased CV risk.

These results are in agreement with the small Greek RCT

[29], but they are at variance with those obtained in larger

trials in CKD-ND, where either a neutral or detrimental

effect on CKD progression was detected [6, 7, 22, 30].

Correctly, in fact, the authors conclude that kidney disease

in KTR constitutes a particular entity and that the negative

results on cardiorenal prognosis obtained in ESA studies

conducted in CKD patients should not be extrapolated to

KTR. Nevertheless, the country where the study was per-

formed (France), the long history of transplant (8 years on

average) and the relatively low dose of ESA in the high-Hb

arm may actually make these patients not dissimilar from

the CKD-ND patients of trials conducted outside the US.

4 Responsiveness to Erythropoiesis-Stimulating Agents

and Prognosis

The higher ESA dosage needed to achieve similar Hb

levels in US vs. non-US CKD-ND patients strongly sug-

gests that US patients are characterized by a larger preva-

lence of hyporesponsiveness to ESA. This assumption is

supported by a formal comparison in the HD population; in

this setting, the percentage of hyporesponsive patients (use

of ESA doses [35,000 IU/week) is threefold higher in the

US than in South Europe (about 18 % vs. 6 %) in the

presence of similar levels of achieved Hb and iron dosing

[31].

Interestingly, the high dose of ESA rather than the high-

Hb target may be associated with poor prognosis. A

secondary analysis of CHOIR has showed that the use of

epoetin at a high dose ([20,000 IU/week) was associated

with increased risk of the composite CV endpoint inde-

pendently of randomization to the higher Hb target [32].

More recently, CHOIR investigators re-analyzed 1,244

subjects with complete data and found that irrespective of

achieved Hb, the risk for CV events significantly increased

in patients receiving epoetin alpha at doses [10,095 IU/

week [33].

The exact mechanism underlying the association

between high-dose ESA use and CV risk is unknown.

Experimental studies have suggested that erythropoietin

receptors (EpoRs) may also be present on human endo-

thelial cells and multiple other sites, and that, in non-ery-

throid cells, the levels of EpoR expression are generally

low [34, 35]. Accordingly, large doses of ESAs, while not

reflecting normal erythropoiesis, may have unwanted non-

erythropoietic effects, including reduced nitric oxide

release, increased endothelial release of vasoconstrictors

(endothelin-1, prostaglandin F2a, and thromboxane), and

increased platelet number and function and impairment of

the coagulation system [36, 37]. Furthermore, higher ESA

doses are associated with greater odds of higher levels of

tumor necrosis factor-a, interleukin (IL)-6, IL-8, and

C-reactive protein (CRP) [38, 39], as well as with increased

levels of soluble erythropoietin receptor (sEpoR), which is

a factor that limits erythropoiesis by blocking and inacti-

vating circulating epoetin [39]. Two hypotheses can

therefore be made to explain the association between ESA

dose and CV risk. On the one hand, it is likely that severely

inflamed patients, who usually present a greater burden of

Table 3 Crude incidence and risk of primary cardiovascular composite endpoint in the TREAT study by geographical region, and international

death rates for total cardiovascular disease in the general population 35–74 years of age

TREAT study [7] Heart disease and stroke statistics [60]

Incidence of CV endpoint

(%)

Risk of CV endpoint [HR (95 % CI)] CV death rate (number/100,000

population)

Placebo Darbepoetin Darbepoetin vs. placebo Male gender Female gender

Russia 32.3 41.8 1.26 (0.69–2.31) 1,185 463

Eastern Europea 32.6 36.7 1.04 (0.79–1.37) 387–804d 164–463d

US 30.3 33.0 1.10 (0.96–1.26) 250 124

Latin Americab 22.5 21.0 0.99 (0.66–1.48) NA NA

Western Europec/Australia 28.8 20.9 0.66 (0.43–1.01) 140–212e/141 51–88e/60

CV endpoint included death from any cause, myocardial infarction, stroke, heart failure and myocardial ischemia

CV cardiovascular, NA not available
a Countries of Eastern Europe include Bulgaria, Czech Republic, Estonia, Hungary, Latvia, Poland, Romania, Slovakia, and Slovenia
b Countries of Latin American include Argentina, Brazil, Chile, and Mexico. For these countries, CV death rates are not reported in Go et al. [60]

(NA)
c Countries of Western Europe include Austria, Denmark, France, Germany, Italy, Portugal, and the UK
d Range refers to countries listed in footnote a
e Range refers to countries listed in footnote c
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CV comorbidities [37], are also more severely anemic and

consequently require aggressive ESA therapy (‘confound-

ing by indication’). An alternative hypothesis is that upti-

trating ESA dosage in poor responders, while not

effectively correcting anemia because of the ‘barrier’ cre-

ated by the high circulating levels of sEpoR, can induce

release of inflammatory cytokines by stimulating EpoRs on

macrophages or other inflammatory cells. On the basis of

the dose-dependent proinflammatory effect of ESA, it is

reasonable to hypothesize that in US patients randomized

to the Hb normalization group, the greater (or non-

decreased) risk of adverse CV outcome may be dependent

on the frequent use of ESA doses that are higher, either in

absolute terms or relative to the inflammation status.

The prognostic role of ESA dosing has been recently

supported by a meta-regression analysis of trials in dialysis

and non-dialysis patients [40]. The study identified a sig-

nificant association between higher ESA dose and

increased mortality, with the relationship persisting after

adjustment for target or achieved Hb. However, the asso-

ciation was significant only in dialysis trials, while it did

not reach statistical significance when only the non-dialysis

trials were examined, therefore suggesting that in CKD-ND

patients, ESA dosing may not act as a unique player. More

insight into this phenomenon has been provided in a post

hoc analysis of TREAT evaluating the Hb response to the

initial two fixed weight-based doses of darbepoetin in

patients in the active arm [41]. Patients in the lowest

quartile of response had a 31 % higher CV risk and 41 %

higher mortality risk. The authors report that the ability to

predict a poor initial Hb response from a model incorpo-

rating as many as 92 baseline characteristics was limited.

These results therefore suggest that, in CKD-ND, ESA

response prevails over ESA dose in predicting CV out-

come, and that individual characteristics predominate over

the commonly measured determinants of response. Nev-

ertheless, in the secondary analysis of TREAT, darbepoetin

doses were maintained in the high range (median dose

during follow-up was 232 and 167 lg/month, i.e. 58 and

42 lg/week, in the poor and better response groups,

respectively). Therefore, the study left unanswered the

critical question of whether the association between

responsiveness and adverse outcome also holds true for the

lower ESA dosages commonly administered in daily

nephrology practice outside the US. An additional, unex-

plored question was whether responsiveness also modifies

the risk of ESRD, i.e. the main outcome of patients regu-

larly seen in nephrology [42]. In this regard, a recent study

by our group has suggested that in CKD-ND patients under

nephrology care, hyporesponsiveness is associated with a

greater risk of ESRD (Fig. 2) [43]. The results of this study

obtained in the presence of low ESA dosing (mean dar-

bepoetin-equivalent dose in the first 6 months was

17.6 ± 8.2, 23.9 ± 9.8, and 23.5 ± 11.9 lg/week in the

good, intermediate, and poor response groups, respec-

tively) support the need to explore also the usefulness of

ESA response as a prognostic tool for renal survival in

patients receiving low-dose ESA.

5 Why the Difference?

No study has formally evaluated the potential mechanisms

underlying the differences between US and European

patients in terms of responsiveness to ESA and related

outcome. It is well known that the leading cause of ESA

Log-Rank test 11.44, P=0.003
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hyporesponsiveness is represented by iron deficiency [12,

13]. However, the presence of low iron indices does not

seem to be relevant in explaining geographical differences

in ESA response because iron deficiency is largely as

prevalent in US CKD patients as in European CKD patients

[44, 45]. More intriguing is the observation that the

inflammatory status of CKD patients significantly differs in

the US and Europe. A retrospective cohort study in HD

patients receiving care at a Fresenius Medical Care-North

America facility has shown a median CRP value of

20.4 mg/L [46], i.e. a value double that observed in

European HD patients [47–50]. Similar differences have

also been found in the non-dialysis CKD population, where

CRP levels in US patients are three to six times higher the

value registered in European patients [41, 43, 51–54].

These data support the hypothesis that adverse non-eryth-

ropoietic effects of ESA are more evident in the presence

of more severe inflammation. Indeed, it is well known that,

in CKD, inflammation contributes to the genesis of anemia

and that the two conditions concur in worsening patient

prognosis [37, 38, 55].

Additional differences, however, should be considered.

The higher age-adjusted rates of all-cause mortality and CV

mortality in HD patients observed in the US vs. Europe are

explained for as much as 50 % by differences existing in the

mortality rates of respective general populations [56]. The

impact of general population mortality on HD mortality has

also been confirmed within Europe, where 26 % of the

European north-south mortality difference could be attrib-

uted to the variability of general population mortality [57].

Interestingly, this background risk also influences the asso-

ciation between main traditional CV risk factors and mor-

tality due to coronary heart disease (CHD); the Seven

Countries Study showed that, at similar degrees of hyper-

cholesterolemia or hypertension, age-adjusted CHD mor-

tality in the general population was more than threefold

higher in men from the US and northern Europe than in

Mediterranean southern Europe [58, 59]. It is of great interest

that remarkable geographical differences in CV mortality

still persist nowadays [60], and, moreover, that such differ-

ences mimic the discrepant results, by country, of the

TREAT trial (Table 3). Notably, habitual diet may contrib-

ute to the different background risk; a recent RCT has in fact

demonstrated that the Mediterranean diet typical of southern

Europe is independently associated with a 30 % lower risk of

CV events [61], the effect being possibly due to the signifi-

cant reduction of systemic vascular inflammation [62].

Finally, among the environmental factors that poten-

tially contribute to the geographical differences in ESA

responsiveness and outcome, timing of referral of CKD

patients to a nephrologist may also play a significant role.

In Europe, early referral (at least 6 months before the first

HD session) has been reported in 50–70 % of the CKD

population [63–65]. Conversely, late referral is common in

the US; a recent retrospective cohort study of the Veterans

Health Administration examining 89,585 patients with

CKD and anemia has shown that only 16 % were seen by a

nephrologist [66]. Indeed, one of the main goals of the

Healthy People 2020 program in the US is to increase early

referral to a nephrologist from the 2007 value of 27.1 % to

29.8 % [67]. Steady nephrology care is likely to be

essential to limit the phenomenon of ESA resistance. There

are in fact main nephrologist interventions that improve

responsiveness to ESA, namely slowing of GFR decline

[68], and prescription of a low-protein diet [51], iron

supplements [69], and vitamin D [70]. Whether other fac-

tors, such as genetic background or healthcare organization

system, may play a role in explaining the geographical

differences in ESA responsiveness and outcome remains to

be elucidated.

6 Conclusions

ESA responsiveness is emerging as a critical element in the

management of anemic CKD patients. This hypothesis is

supported by the secondary analyses of CHOIR and

TREAT [32, 41], including the most recent analysis

showing that higher Hb levels ([11.5 g/dL) are not asso-

ciated with the penalty of adverse CV outcomes if main-

tained by means of low doses of ESA (\10,000 IU/week)

[33]. Hence, individualizing care is now recommended by

current KDIGO guidelines (Table 2). This holds true

everywhere in the world. However, US patients require

higher ESA doses compared with individuals living outside

the US. Therefore, if different targets are to be applied to

patients who respond differently, higher Hb targets may

possibly be indicated outside the US where patients can

more often be maintained in a higher Hb range by means of

low ESA doses. These good responders can indeed

potentially gain advantages from higher Hb levels because

of the reduced need for blood transfusions and better QoL.

However, hypotheses must be adequately verified before

changing clinical practice. Indeed, as stated by the KDIGO

panel of experts [12], ad hoc studies are required to gain

insight into the observed ‘differences in anemia treatment

outcomes between different geographic regions’.
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