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Abstract An association between anaemia, poor func-
tional status and, compared to non-anaemic patients, worse
clinical status and a higher risk of hospitalisation and death
has been consistently reported in chronic heart failure (CHF),
although cause an effect has not been proven. While it is
attractive to think that correction of a co-morbidity that
exacerbates already diminished delivery of oxygen to the
tissues in heart failure is likely to beneficial, the possible
haemodynamic effects of increasing haemoglobin, for
example vasoconstriction, might not be. Consequently, the
balance of benefit and risk of anaemia correction in CHF is
uncertain, may vary according to the severity of anaemia
(and other factors) and needs to be properly evaluated. To
date, most studies of anaemia correction in CHF have used
erythropoiesis stimulating agents (ESAs). The trials with
erythropoietin have been of small size, uncontrolled or
unblended/single blind, raising concerns again about inter-
pretation of subjective outcomes. In addition, the analyses of
these trials have been suboptimal. Two double-blind, pla-
cebo-controlled, darbepoetin studies have been published in
full. Neither showed an improvement in functional capacity
or consistent effect on patient reported symptoms/quality of
life. Darbepoetin is, however, currently being tested in a
large-scale, phase III morbidity and mortality trial, the
Reduction of Events with Darbepoetin alfa in Heart Failure
(RED-HF) which should contribute important information of
the safety and efficacy of ESAs in this syndrome. Other
approaches, notably parenteral iron supplementation, are
also being evaluated and other agents for anaemia correction
are under development.
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Rationale for treatment of anaemia

Anaemia results in reduced oxygen delivery to the meta-
bolising tissues, sets in train an array of neurohumoral,
cardiovascular and renal responses and causes dyspnea,
fatigue and oedema [1-3]. Indeed, the fundamental prob-
lem (reduced oxygen delivery), the pathophysiologic
responses and the symptoms and signs of anaemia closely
(but not exactly) mirror those in chronic heart failure
(CHF) [1-3]. Some differences exist; for example, anaemia
is associated with vasodilatation whereas CHF is charac-
terised by vasoconstriction [1-3].

An association between anaemia, poor functional status
and, compared to non-anaemic patients, worse clinical
status and a higher risk of hospitalisation and death has
been consistently reported in CHF, although cause an effect
has not been proven [3, 4-15].

It is, however, easy to believe that correction of a co-
morbidity that exacerbates already diminished delivery of
oxygen to the tissues in heart failure is likely to beneficial
although the possible haemodynamic effects of increasing
haemoglobin, for example vasoconstriction, might not be
[2]. Consequently, the balance of benefit and risk of
anaemia correction in CHF is uncertain, may vary
according to the severity of anaemia (and other factors) and
needs to be properly evaluated.

Aetiology as a basis for treatment

It seems logical that the treatment of anaemia in CHF should
be based upon some understanding of its aetiology.
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Surprisingly, although we know much about the prevalence
and prognostic importance of anaemia in these patients, we
know very little about its causation. We think the aetiology of
anaemia in CHF is multifactorial, with impaired iron
metabolism, bone marrow suppression by pro-inflammatory
cytokines, inadequate erythropoietin production and blunted
response to erythropoietin in the bone marrow among the
suspected culprits [6, 10, 16-22]. Other potential candidates
include renal dysfunction, salt and water retention causing
haemodilution and the use of drugs such as antiplatelet and
anticoagulant agents which increase the risk of blood loss
from the gastrointestinal tract [6, 10, 16-22]. Angiotensin
converting enzyme (ACE) inhibitors and angiotensin receptor
blockers (ARBs) are also thought to reduce haemoglobin
concentration by reducing EPO secretion. The ACE inhibitors
also prevent the breakdown of the naturally occurring hae-
matopoiesis inhibitor N-acetyl-seryl-aspartyl-lysyl-proline
(AcSDKP) [10, 23-27]. Given this potential complexity of
causation, it will be fortunate if any single treatment is
effective in all or even the majority of patients. Replacement
of haematinic factors in deficient patients might be sufficient
for many. Despite this, the focus of treatment of anaemia in
CHF to date has been on erythropoiesis stimulating proteins
(ESPs), particularly erythropoietin.

Erythropoietin

Erythropoietin is a glycoprotein growth factor produced mainly
by the peritubular cells of the renal cortex its production is
stimulated by tissue hypoxia when renal function is intact [28].
Erythropoietin acts by binding to a specific receptor on the cell
surface where it then regulates the production of red blood cells.
Plasma erythropoietin levels increase exponentially with
decreasing haemoglobin concentration.

Erythropoietin in CHF

Erythropoietin is probably increased in CHF in response to
tissue hypoxia, although, apparently, not to the levels
appropriate for the level of haemoglobin [20]. This mismatch
between erythropoietin and haemoglobin may be because
erythropoietin production is impaired in CHF or because
there is erythropoietin resistance in the bone marrow (or
both) [6, 10, 16-22]. The chronic renal impairment that often
accompanies CHF may also play a role, as a part of the
pathophysiological “vicious cycle” that has been named the
cardio-renal-anaemia syndrome [29].

Effects of exogenous erythropoietin

The most obvious effect of erythropoietin is to increase
haemoglobin and thereby oxygen delivery to the tissues.
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This action, however, has other consequences, including an
increase in blood viscosity, peripheral resistance and,
probably, blood coagulation (possibly related to an increase
in platelet count) [2]. The starting, target, achieved (the
latter two often differing) and change in haemoglobin may
also be important in determining the net effect of treatment.
Higher targets will usually require greater doses of eryth-
ropoietin, further complicating evaluation of the treatment
intervention. Related to this are the possible additional
effects of erythropoietin reflecting the wide repertoire of
actions attributed to this complex hormone and growth
factor [28, 30, 31]. Furthermore, in rare cases, patients can
develop antibodies to the synthetic erythropoietin which
cross react with the patient’s own naturally occurring
erythropoietin which cause life threatening pure red cell
aplasia. Finally, ESPs are rarely used alone and, usually,
concomitant iron therapy is given; the benefits and risks of
iron in patients with CHF are also unquantified [32].
Consequently, the net effect (reflecting the sum of poten-
tially beneficial and potentially harmful actions) of
treatment regimens using erythropoietin (or other synthetic
ESPs) is difficult to predict and needs to be determined in
appropriated designed, powered, conducted and analyzed
clinical trials [33].

Studies of erythropoietin as a treatment for CHF

The first study reporting the use of exogenous erythropoi-
etin to correct anaemia in patients with CHF was published
by Silverberg and colleagues in 2000 [34]. These investi-
gators treated 26 patients for a mean of 7.2 £ 5.5 months
with subcutaneous erythropoietin (mean dose 5,277 IU/
week) and intravenous iron sucrose (mean dose 185 mg/
month) with the intention of raising haemoglobin concen-
tration to 12.0 g/dl. All patients had severe resistant CHF,
despite maximal CHF treatment for 6 months, and co-
existent anaemia. In this unblinded, uncontrolled, study,
mean haemoglobin increased from 10.2 to 12.1 g/dl with
erythropoietin treatment. Compared to before treatment,
left ventricular ejection fraction (LVEF) increased and
NYHA class, dose of diuretic required, rate of decline in
GFR and rate of hospitalisation were all lower, after
treatment. Although interesting, it is difficult to interpret or
draw any conclusions from these findings in the absence of
a control group.

The same investigators published the result of a further
study [35] in 2001 in which 32 patients with anaemia
(haemoglobin 10-11.5 g/dl) were randomised to no treat-
ment (n = 16) or to subcutaneous erythropoietin (n = 16;
4000 IU once to three times/week) and intravenous iron
sucrose (200 mg every 2 weeks) aimed at increasing hae-
moglobin to at least 12.5 g/dl (the actual increase in the
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erythropoietin group was from 10.3 to 12.9 g/dl). All
patients had NYHA class III or IV CHF and a LVEF
<40%. Over the mean follow-up period of 8.2 £ 2.6
months, the investigators found that, as in their first study,
there was a significant improvement in both cardiac and
patient function over the course of the study in patients
treated with erythrpoietin. LVEF and NYHA class
improved, renal function remained static and patients’
requirement for diuretics decreased. There were no CHF-
related deaths in the erythropoietin-treated group and four
CHF-related deaths in the untreated group. Once again,
however, the small numbers of subjects, subjective out-
comes and lack of blinding make these findings difficult to
interpret.

In 2003, Mancini and colleagues [36] published the
results of a single-blind (patient-blind) study in which 26
patients with NYHA class II-IV CHF, anaemia (haema-
tocrit < 35%) and a baseline plasma erythropoietin level
<100 mU/ml were randomised 2:1 to treatment with
15,000-30,000 IU of erythropoietin per week (adjusted to
raise haematocrit to >45%) or to placebo, for a duration of
3 months. Patients randomised to erythropoietin were also
prescribed ferrous gluconate 325 mg daily and folate 1 mg
daily. Haemoglobin increased from 11.0 £ 0.6 to
14.3 £+ 1.2 g/dl in the erythropoietin group. There was a
significant improvement in peak VO, uptake in the eryth-
ropoietin group, but not in the placebo group (peak VO,
increased from 11 + 0.8 to 12.7 + 2.8 ml kg ' min™";
P < 0.05 in the erythropoietin group but declined from
10.0 £ 1.9 at baseline to 9.5 & 1.6 ml kg~' min~" in the
placebo group). Minnesota Living With Heart Failure
(MLHF) quality of life score and exercise duration (6 min
walk test) also improved in erythropoietin-treated patients
and the erythropoietin therapy itself was well tolerated.
Interestingly, resting and post-ischaemic forearm vascular
resistance was not altered by treatment with erythropoietin.
Although this trial was better designed than the earlier
ones, it was still single blind, raising concerns again about
interpretation of subjective outcomes. In addition within—
rather than between—group significance testing was
performed.

Darbepoetin alfa as a treatment for CHF

Darbepoetin alfa is a long-acting ESP preparation with a
threefold longer half life and increased bioavailability com-
pared to erythropoietin. It therefore provides the opportunity of
two weekly or even four weekly dosing, simplifying treatment
and potentially improving adherence in generally older patients
already taking an extensive list of medications. Cleland and
colleagues [37] investigated the pharmacokinetics and

pharmacodynamics of darbepoetin alfa administered on two
occasions, one-month apart, to 30 healthy volunteers and to
33 CHF patients with co-existent anaemia (haemoglobin
< 12.5 g/dl), in two randomised, double blind, placebo-
controlled studies. In the first study, 0.75 pg/kg darbepoietin,
administered subcutaneously or intravenously, were compared
in a cross-over study. In the second study, various doses of
subcutaneous darbepoietin were compared with placebo. The
investigators found that subcutaneous darbepoietin (at a higher
dose than 0.75 pg/kg) given on two occasions one-month apart,
was suffice to elevate and maintain the haemoglobin concen-
tration. There were no pharmacokinetic differences between
healthy volunteers and CHF patients.

In 2007, Ponikowski and colleagues reported a multi-
centre, randomised, double-blind, placebo-controlled study
in which CHF patients with anaemia (haemoglobin > 9.0
to <12.0 g/dl) and a peak VO, <16 ml/kg/min were
assigned either subcutaneous placebo (n = 22) or darbe-
poetin alfa (n = 19) at a starting dose of 0.75 pg/kg every
2 weeks for 26 weeks [38]. All patients were also pre-
scribed 200-300 mg/day of elemental oral iron, unless
baseline serum ferritin was >800 ng/ml. The target hae-
moglobin was 13.0-15.0 (and not >15.5) g/dl. The primary
end point was change in peak VO, from baseline to week
27. Differences (95% confidence interval) in mean changes
from baseline to week 27 between treatment groups were
1.5 g/dl (0.5-2.4) for haemoglobin concentration (an
increase from 11.8 to 13.9 g/dl in the darbepoetin group;
P = 0.005), 0.5 ml/kg/min (—0.7 to 1.7) for peak VO,
(P = 0.40), 45 ml/min (—35 to 127) for absolute peak VO,
(P = 0.27), and 108 s (—11 to 228) for exercise duration
(P = 0.075). Patients receiving darbepoetin alfa compared
with placebo had an improvement in self-reported Patient’s
Global Assessment of Change (79% vs. 41%, P = 0.01)
but no significant differences in the Kansas City Cardio-
myopathy and MLHF Questionnaire scores. There was no
between-group treatment-related difference in B type
natriuretic peptide or renal function. In summary, this trial
did not confirm the supposed benefits of using an ESP in
patients with CHF and anaemia. This study was notable for
being the first with a double-blind and placebo-controlled
design and the first with a robust statistical analysis. It was
also the first multi (as opposed to single) centre study. The
only important limitation was its small size, which may
have precluded detection of treatment effects.

In 2007, van Veldhuisen and colleagues reported a
multi-centre, double-blind placebo-controlled trial in
patients with NYHA class II-IIT CHF, a LVEF <40% and
haemoglobin 9.0-12.5 g/dl using darbepoetin alfa as the
active treatment [39]. Placebo (n = 55) or darbepoetin alfa
was given subcutaneously every 2 weeks for 26 weeks at a
starting weight adjusted dose of 0.75 mcg/kg (n = 56) or a
fixed dose of 50 mcg (n = 54), to gradually achieve and
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maintain a target haemoglobin of 14.0 g/dl. The primary
endpoint was rate of rise in haemoglobin during the titra-
tion phase. The rate of rise of haemoglobin was similar in
the darbepoetin alfa weight-based (+1.87 g/dl) and fixed
dosing (+1.64 g/dl) groups compared to +0.07 g/dl in the
placebo group.

Mean haemoglobin rose from 11.5 g/dl at baseline to
13.3 g/dl at 27 weeks in the darbepoetin groups. There
were statistically non-significant trends to an improvement
in the combined darbepoetin alfa group compared to pla-
cebo for 6 min walk distance (P = 0.074) and Patient’s
Global Assessment score (P = 0.057). There was a sig-
nificant improvement in Kansas City Cardiomyopathy
Questionnaire total symptom score (8.2 vs. 1.5 points;
P = 0.027) but no change in NYHA class, LVEF, and
MLHF Questionnaire score. Six deaths occurred in the 110
darbepoetin alfa-treated patients and none in the 55 pla-
cebo-treated patients. Other adverse events were similar
between groups. In summary, the largest and most robust
study to date with an ESP did not show convincing evi-
dence of clinical benefit in patients with CHF and anaemia.
It is noteworthy that the achieved mean haemoglobin was
lower than the farget haemoglobin in both the darbepoetin
studies described above.

Results of the Study of Anaemia in Heart Failure—
Heart Failure Trial (STAMINA-HeFT) have been reported
recently [40]. In that study, patients with NYHA class II-
IV CHF, an LVEF <40%, serum creatinine >3 mg/dl, and
haemoglobin concentration ranging from 9.0 to 12.5 g/dl
were randomised to receive subcutaneous darbepoetin
(n = 162) or placebo (n = 157) every 2 weeks for up to a
year. The dose of darbepoetin was titrated to achieve
haemoglobin in the range of 14.0 £ 1.0 g/dl. Anyone with
a serum ferritin <800 ng/ml also received 200-mg/day
supplements of elemental iron.

The mean baseline haemoglobin concentration was
between 11.0 and 11.5 g/dl in both groups and rose into the
target range after about 3 months in the darbepoetin group.

No significant differences were observed in the primary
end point of exercise duration at 27 weeks or in NYHA
functional class or quality-of-life scores. Exercise duration
did, however, tend to increase more in patients with a
greater increase in haemoglobin concentration.

A pooled analysis of STAMINA-HeFT and the study
reported by van Veldhuisen et al. suggested that darbe-
poetin treatment in patients with CHF was not associated
with an increase in mortality or morbidity (Table 1), a
concern raised by other studies with erythropoietin in
chronic kidney disease [40].

Darbepoetin, is currently being tested in a large-scale,
phase III morbidity and mortality trial, the Reduction of
Events with Darbepoetin alfa in Heart Failure (RED-HF)
which complements the existing outcome trials with ESAs
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Table 1 Morbidity mortality outcomes in pooled darbepoetin trials

[40]

End point HR (95% CI) P-value
All-cause mortality 0.76 (0.39-1.48) 0.418
HF-related hospitalisation 0.66 (0.40-1.07) 0.091
All-cause mortality or 0.67 (0.44-1.03) 0.064

first HF-related hospitalisation

HF = heart failure; HR = hazard ratio

conducted in patients with chronic kidney disease and
which will contribute important information of the safety
and efficacy of ESAs (Table 2) [33].

Iron metabolism and iron deficiency in heart failure

Iron deficiency in patients with CHF probably has several
aetiological factors including poor dietary intake, malab-
sorption due to oedema of the bowel wall, blood loss from
the gastrointestinal tract as a result of antiplatelet and
anticoagulant medication, uraemic gastritis and defective
mobilisation of iron due to cytokine activation and the
hepatic peptide hepcidin [6, 10, 16-22, 41].

The prevalence of iron deficiency in CHF patients with
anaemia varies depending on the methods used for con-
firming the diagnosis. Weiss and Goodnough recently
proposed a classification strategy for anaemia of chronic
disease, suggesting that iron deficiency was present if the
Tsat was <16% and the ferritin was <30 ng/ml [42]. Felker
et al. [43] showed a prevalence of 21% in a study of the
patients enrolled into the OPTIME-HF clinical trial. At the
other end of the spectrum Nanas et al. [44] investigated
the causes of anaemia (haemoglobin <12 g/dl for men
and <11.5 g/dl for women) in 37 patients hospitalised with
advanced, decompensated, heart failure. They performed a
thorough investigation of these patients after initial medical
stabilisation, including bone marrow aspiration and stain-
ing, the test which remains arguably the gold standard
investigation for the diagnosis of iron deficiency. Iron
deficiency confirmed by bone marrow staining was found
to be present in 73% of their patients [44].

There are theoretical and real concerns about the use of
iron as a treatment. Theoretically, exogenous iron can
cause free radical formation and oxidative stress [32]. More
practically, some formulations of parenteral iron can cause
anaphylactic reactions.

Treatment of anaemia in CHF using iron alone

Bolger and colleagues [45] reported a non-randomised,
uncontrolled, study of the treatment of anaemia in patients
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Table 2 Comparison of trials
with erythropoietin (adapted
from [33])

Hb = haemoglobin;

GFR = estimated glomerular
filtration rate; BP = blood
pressure

4 Approximate; now fully
recruited

b Projected; recruitment or
follow-up still ongoing

¢ Unless haemoglobin falls
below 9 g/dl

CREATE, CHOIR, TREAT, RED-HF,
n = 603 n=1432  n=4,000" n = 3,400
Study population CKD CKD CKD CHF
Inclusion criteria
GFR (ml/min/1.73 m?) 15-35 15-50 20-60 “Normal”
Hb eligibility 11-12.5 <11 <11 9-12
Target Hb (g/dl) in treatment arm 13-15 13.5 13.0 13.0
Study drug Epoetin beta Epoetin alfa Darbepoetin alfa Darbepoetin alfa
Control arm Active Active Placebo® Placebo
Presence of diabetes 26% 49% 100% 302)¢
Presence of heart failure 32% 23% (30%7)° 100%
Presence of hypertension 90% 94% (70%7)¢ 40% )¢
Baseline systolic BP (mm Hg) 139 136 (135—140?)0l (1 10?)0l
Baseline eGFR (ml/min/1.73 m?) 24.5 27.2 (2574 (537)¢
Number of patients experiencing 105 222 1200° ~1450°

d Assumptions; based on
similar/earlier studies

a primary cardiovascular endpoint

with CHF patients, using only iron, at the end of 2006.
They treated 16 anaemic patients (haemoglobin <12 g/dl)
who had stable NYHA class II-III CHF and a serum ferritin
<400 ng/ml. Iron deficiency was present in 44% of
patients using the diagnostic criteria of Tsat <16% and
ferritin <30 ng/ml. Patients were treated with intravenous
iron sucrose (up to a maximum of 1 g, titrated according to
ferritin response) over a 12-day period in the out-patient
department. The patients were then followed up for a mean
of 92 + 6 days. With treatment, haemoglobin rose from
11.2 £ 0.7 to 12.6 &+ 1.2 g/dl (P = 0.0007). NYHA class,
MLHEF score and the 6-min walk test all improved, changes
in the latter two correlating with changes in haemoglobin
concentration. Although the design of this study makes
interpretation of the results difficult, the study does suggest
that many patients with CHF and anaemia might have an
adequate haemoglobin response to iron alone, without use
of an ESA. However, even this conclusion is limited by the
small numbers of patients studied and uncertainty about
patient selection and how generalisable these findings
might be.

The Ferric iron sucrose in Heart Failure study (FERRIC-
HF) was designed to evaluate the effect of intravenous iron
sucrose on exercise capacity in iron deficient, anaemic and
non-anaemic, CHF patients with reduced exercise capacity
(peak VO, <18 ml/kg/min). A total of 35 CHF patients
(mean LVEF 29%) were first stratified according to the
presence (n = 18) or absence (n = 17) of anaemia and
then randomised in a 2:1 manner to open label, observer-
blinded treatment or to placebo [40]. The treatment group
received intravenous iron sucrose 200 mg/week during a 4-
week iron correction phase (definition of iron deficiency
was serum ferritin <100 pg/l or ferritin 100-300 pg/l and
Tsat <20%) and then 200 mg/month during 3-month

maintenance phase. At study completion, ferritin levels,
functional class based upon Patient Global Assessment,
and NHYA class were all significantly increased in the
treatment compared to the placebo group, however, con-
trary to the above findings of Bolger et al., there were no
differences in change in haemoglobin concentration
between the treated group and the placebo group. There
was a trend to an improvement in VO, max in the entire
group (P = 0.08), which corresponded to increase in Tsat,
with a greater effect seen in the anaemic as compared to the
non-anaemic patients.

Clearly, these two small studies do not tell us anything
definitive about the use of iron alone as a treatment for
anaemia (and even iron deficiency without anaemia) in
heart failure. Nevertheless, they are sufficiently intriguing
to suggest that further investigation of this treatment
approach is worthwhile. This view is supported by the
recent finding that intravenous iron reduces NT pro B type
natriuretic peptide concentrations in patients with CHF and
renal impairment [46]. Another study of exogenous iron as
a treatment in patients with CHF and anaemia is underway
[47].

Potential future anaemia treatments in heart failure

The Continuous Erythropoietin Receptor Activator
(CERA) is a pegylated ReHuEPO which has a longer
elimination half life than epoietin and darbepoietin [48].
Both pre-clinical and clinical studies have shown that it
requires less frequent dosing and may also have reduced
immunogenicity in comparison to epoietin and darbepoie-
tin and may be as effective in treating anaemia. It is
undergoing regulatory review for the treatment of anaemia
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in chronic kidney disease and phase 2 trials are currently
underway in cancer patients with anaemia secondary to
chemotherapy.

Another novel pegylated synthetic erythropoietin
receptor agonist ‘Haematide’ has recently been developed
[48]. It comprises a dimeric peptide, unrelated in sequence
to any of the synthetic erythropoietin currently on the
market. Early results from small trials show it to be
effective at raising and maintaining haemoglobin concen-
trations and suitable for monthly dosing. It is currently in
phase 1II trials.

Hypoxia-inducible transcription factors (HIF) activate
erythropoietin and thus play an important role in the reg-
ulation of erythropoiesis, iron mobilisation and utilisation
and the survival of red blood cells in hypoxic conditions
[49]. HIF activity is negatively regulated by prolyl
hydroxylases (PH). Recently inhibitors of HIF-PH have
been shown to stabilise HIF resulting in stimulation of
erythropoiesis and an increase in haemoglobin concentra-
tion [28]. They may have a more comprehensive effect on
erythropoiesis than other ESAs through their capacity to
stimulate iron mobilisation and to suppress the negative
effects of pro-inflammatory cytokines. That they are oral
preparations is clearly attractive. These agents are currently
in early clinical development.

Conclusions drawn from the evidence to date

Although anaemia is a rational therapeutic target in the
drive to improve morbidity and mortality in patients with
heart failure, we have, as yet, no convincing data on effi-
cacy, in terms of symptoms or morbidity—mortality
outcomes, or safety, for any treatment. We do not know
which is the most appropriate treatment in any individual
patient. We do not even know the haemoglobin threshold
below which it may be appropriate to start treatment. Even
the most commonly tested treatment to date, ESPs, actually
reflect a complex regimen usually involving a variable dose
of an ESP, iron (the dose of which also varies) and a
change in haemoglobin from a certain baseline to a certain
achieved concentration, which may or may not match the
target concentration. Experience in chronic kidney disease
reveals the paradox that some of the patients with the
smallest rise in haemoglobin are those that receive the
highest dose of ESP and iron (i.e., are “poor responders”).
Despite these complexities, the quality of studies in this
area have steadily improved over time and we now have a
very large morbidity—mortality trial underway which will,
hopefully, give the definitive answer on the true benefit to
risk ratio for one ESP. Similar high standards of proof will
be required of other agents.
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