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The practice of medicine requires that the assimilation of today’s best available data
be directed toward individual patient-care decisions. In the absence of definitive data,
surrogate measures are adopted to anticipate how therapeutic strategies would influ-
ence clinical outcomes and prognosis. Unfortunately, randomized controlled clinical
trials (RCTs) have not always found these estimates of outcome to be reliable. Anemia
is a clear marker of adverse prognosis, which can be modified by erythropoietic stimu-
lating proteins (ESP). At present, there is sufficient uncertainty regarding the risks and
benefits of ESP treatment in patients with chronic kidney disease and anemia to war-
rant major RCTs. This article reviews the rationale and design features for these trials.
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Adelicate balance exists between providing optimal, up-to-date treatment
for today’s patients and probing investigative frontiers that may lead to
improvements in patient healthcare tomorrow. There is comfort and sat-

isfaction in providing what are considered state-of-the-art therapies. However,
unless the bases for these approaches have been firmly proven in a rigorous
fashion, what is currently considered optimal might not be effective or as ben-
eficial as initially anticipated. Moreover, if inadequately proven therapeutic



Uncertainty in Chronic Kidney Disease continued

S36 VOL. 6 SUPPL. 3  2005   REVIEWS IN CARDIOVASCULAR MEDICINE

approaches are readily adopted and
implemented as standardized care,
the incentive to seek more effica-
cious discoveries may be diminished. 

The Importance of
Randomized Trials
Randomized controlled clinical trials
(RCTs) examining important clinical
outcomes have emerged as the pre-
mier tool with which to evaluate the
risks and benefits of prospective
therapies.1 Under the light generated
from major RCTs, prior therapeutic
approaches, which may have been
considered “state-of-the-art” based
on strong epidemiological associa-
tions or surrogate endpoints from
smaller RCTs, have all too often been
exposed as ineffective.2 Indeed, in a
novel analysis of the 49 most promi-
nently cited articles about medical
therapies published between 1990
and 2003, 5 of the 6 therapeutic ap-
proaches that were based on nonran-
domized case series or large prospec-
tive cohort studies were contradicted
by subsequent RCTs.3 As important
as the efficacy information (positive,
negative, or neutral), these large out-
come trials have generated equally
important quantitative data con-
cerning the risks that can be antici-
pated from the therapy.

Recent experiences with supple-
mental hormone replacement ther-
apy (HRT) for postmenopausal
women offer one of the most illus-
trative examples of a well accepted
and widely utilized clinical therapy
that was considered state-of-the-art,
only to be found ineffective and po-
tentially harmful when studied in a
major placebo controlled RCT. The
linkages of HRT to a strongly held
belief of cardiovascular benefits were
based on multiple large, observa-
tional databases, as well as a smaller
RCT with such surrogate outcomes
as lipid levels and vascular reactiv-
ity.4 Based on those best available

data, use of HRT was endorsed for
both primary and secondary preven-
tion of cardiovascular events in
post-menopausal women. The unex-
pected but definitive negative find-
ings came from the Women’s Health
Initiative, which randomized over
40,000 postmenopausal women to
either an estrogen and progestin
combination or placebo. The results
stunned the medical community
with the recognition that what was
considered state-of-the-art therapy
might actually have been harmful.5

Indeed, in addition to delineating
benefits, if any, the most important
contribution of the Women’s Health
Initiative was to provide sufficient
placebo-controlled exposure to gen-
erate the firmest data quantifying
the risks of this commonly pre-
scribed therapy.

Cardiovascular physicians and in-
vestigators have been repeatedly ex-
posed to the possibility that accepted
therapies may not deliver their pre-
sumed benefits when properly scruti-
nized in RCTs. The Cardiac Arrhyth-

mia Suppression Trial (CAST) offered
1 of the earlier major lessons con-
cerning the unreliability of surro-
gates.6 The presence of ventricular
ectopic activity has long been recog-
nized as a marker of augmented risk.
Although the antiarrhythmic thera-
pies in CAST were effective in reduc-
ing this marker of risk, their use
resulted in significant reductions,
rather than the anticipated prolon-
gation, in survival rates. 

Positive inotropic agents for the
treatment of patients with heart fail-
ure attributed to systolic dysfunction
provide other vivid examples of

strongly held views, which directly
influenced patient care, but were re-
versed by unexpected data from RCTs
powered to address clinical out-
comes. Impaired pump function and
inotropic incompetence are the hall-
marks and central pathophysiologic
defect in these forms of heart failure.
In numerous small surrogate end-
point-directed RCTs, positive in-
otropic agents were shown to amelio-
rate the hemodynamic derangements
of heart failure, resulting in lower fill-
ing pressure and higher cardiac out-
put and ejection fraction. In initial
studies, several of these agents were
considered quite promising, based on
their effects on hemodynamics mea-
surements.

Following extensive basic and clin-
ical data demonstrating positive in-
otropic properties and initial tolera-
bility in patients with heart failure,
flosequinan was shown in relatively
small, placebo-controlled RCTs to
significantly improve exercise dura-
tion, functional status, and quality
of life in patients with heart fail-

ure.7,8 The cumulative information
from these studies and other non-
clinical outcomes trials was consis-
tent and sufficiently convincing for
the US Food and Drug Administra-
tion (FDA) to approve flosequinan
for treatment of patients with heart
failure (FDA web site).9 Though not
definitive, the flosequinan package
insert included a specific mention of
a potential worrisome signal from
the cumulative experiences of these
small trials, suggestive of higher
mortality rates in those treated with
the inotropic agent. Fortunately, a
properly powered, placebo-controlled

Cardiovascular physicians and investigators have been exposed repeatedly to
the possibility that accepted therapies may not deliver their presumed ben-
efits when properly scrutinized in RCTs.
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RCT with a primary outcome mea-
sure of mortality was conducted.
This study demonstrated that ad-
ministration of flosequinan, which
had been shown to improve many
surrogates of heart failure severity,
resulted in an approximately 40%
higher risk of death compared to
placebo.10 The dissociation between
the effects of flosequinan and indeed
other orally active, positive inotropic
agents that improved symptoms and
quality of life but produced a signifi-
cant increase in the risk of death,11

may be germane when considering
the use of erythropoietic agents for
the treatment of anemia in patients
with chronic kidney disease (CKD).

Obviously, RCTs cannot be avail-
able to answer all the myriad clinical
questions facing the practitioner.12

Expert guidelines are commonly
available to assist clinicians in navi-
gating and prioritizing among thera-
peutic options.13 These guidelines
generally provide recommendations
along with supporting documenta-
tion based on the strength of the cur-
rently available evidence (Figure 1).
Guidelines intended to summarize
contemporary data should also serve
to identify areas where more defini-
tive future information is needed. As
such, guidelines should be consid-
ered as time-sensitive documents

ready to be revised in response to
new relevant data. Indeed, progress
in a particular field can be tracked by
the need to update guidelines when-
ever new, more robust data becomes
available.

Anemia 
The presence of anemia, defined as a
hemoglobin level of less than 12 g/dL
in women (hematocrit less than

36%) and less than 13 g/dL in men
(hematocrit less than 39%), has been
demonstrated in multiple epidemio-
logic databases to be associated with
greater risk for subsequent cardiovas-
cular events.14,15 This negative im-
pact of the presence and indeed the
degree of anemia on prognosis per-
sists after adjustment for other
known risk factors and can be con-
sidered additive or even synergistic
with more established classical risk
factors.16,17 These and multiple other
studies designate the degree of ane-
mia as a readily quantifiable marker
of risk. The development of erythro-
poietic therapies that are effective in
raising hematocrit levels makes low

hemoglobin a particularly attractive
therapeutic target. Because it is possi-
ble to correct anemia with pharma-
cological agents, it is important to
design appropriate RCTs to deter-
mine whether the risk associated
with the presence of anemia can be
modified by therapies directed to
raise hematocrit levels and result in
safe and favorable outcomes.

Currently, there is no question

that erythropoietic stimulating pro-
teins (ESPs) can raise hematocrit. The
cumulative results from multiple
studies supports the conclusion that
in patients on renal replacement
therapies with severe anemia, treat-
ment with ESPs will increase hemo-
globin, improve quality of life, and
decrease transfusion requirements.
In the much larger population of pa-
tients with CKD and anemia, ESPs
have also been shown to increase he-
moglobin and improve quality of
life.18 These conclusions are based on
the findings of generally small trials
that were not designed or intended
to accurately identify possible alter-
ations (either positive or negative) in
clinical outcomes.

Equipoise in Theories of Anemia
Treatment
Equipoise is the state in which there
is balance between different influ-
ences. In a medical context, this bal-
ance relates to a “present or immi-
nent controversy in the clinical
community over the preferred treat-
ment.”19 In clinical practice, front-
line practitioners and their patients
never achieve this exquisite state of
balance. The basis for an RCT should
be “uncertainty over the efficacy and
safety of a treatment.”20 The RCT
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Figure 1. The evolution of evidence-based
medicine in clinical therapeutics. Clinical tri-
als, guidelines, and physician practice all
play a part in changing ideas of “state-of-
the-art” care. Adapted with permission from
Califf et al.13

Currently, there is no question that erythropoietic stimulating proteins can
raise hematocrit.
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affords the vehicle by which the po-
tential of a therapy to improve clini-
cal outcomes against the potential to
harm is most rigorously determined.
The word potential must be used in
the absence of such definitive data. 

Potential Benefit. Anemia is a
strong independent marker of car-
diovascular risk, and it is plausible
that low hemoglobin, by causing re-
duced oxygen delivery and greater

cardiac workload, may play a part in
the pathophysiologic cascade precip-
itating cardiovascular events.21

Moreover, sufficient studies already
exist in patients on renal replace-
ment therapy with severe anemia to
indicate that raising hemoglobin
with erythropoietic agents can im-
prove patients’ quality of life, princi-
pally in the physical function do-
main.18 Erythropoietin therapy may
slow the progression of renal dis-
ease.22 ESP, apart from increasing red
cell production, may also contribute
to improved patient outcomes in
other ways. Erythropoietin increases
levels of bone marrow progenitor
cells believed to lead to neovascular-
ization23 as well as cells involved that
may forestall atherosclerotic
lesions.24

Potential Harm. The largest RCT
to date that evaluated the use of re-
combinant human erythropoietin to
either partially or totally normalize
hematocrit in patients on hemodialy-
sis with known cardiac disease did
not demonstrate a benefit.25 There
was a 30%, statistically nonsignifi-
cant trend for an increase in the
trial’s primary outcome measure—

risk of death or nonfatal myocardial
infarction (MI) in patients random-
ized to the higher hematocrit level
(risk ratio 1.3; 95% confidence inter-
val, 0.9-1.8). A higher incidence of
thrombosis of vascular access sites
also occurred in the patients random-
ized to the higher hematocrit level.
Although the study did not show a
significant difference in blood pres-
sure, the use of erythropoietic ther-

apy has been associated with a
greater need for antihypertensive
agents. In a totally unrelated popula-
tion of women with metastatic breast
cancer, the use of erythropoietin was
associated with a higher rate of death
than in the placebo group.26 Another
RCT in oncology patients with head
and neck cancer also produced the
unanticipated and unexplained, wor-
risome finding of reduced survival in
subjects randomized to erythropoi-
etic therapy.27 Although these unex-
pected findings can be attributed to
the play of chance from RCTs lacking
adequate statistical power, the poten-
tial that supplemental erythropoietin
contributed to adverse outcomes
must be considered. This uncertainty
cannot be dismissed without further
studies.

Current Trials
In addition to deterioration in renal
function necessitating dialysis, pa-
tients with diabetes and CKD are at
an even higher risk for a major non-
fatal cardiovascular event or death.
Anemia makes this risk more worri-
some. The Trial to Reduce Cardiovas-
cular Events with Aranesp® Therapy

(TREAT) is a multicenter, double-
blind, placebo-controlled RCT specif-
ically designed to determine whether
patients with CKD (estimated
glomerular filtration rate of 20-60
mL/min/1.73 m2), type 2 diabetes,
and anemia (hemoglobin less than
11 g/dL) will experience a reduction
in the risk of the composite endpoint
of death or cardiovascular morbidity
(nonfatal MI, hospitalization for my-
ocardial ischemia, congestive heart
failure, or stroke) when treated with
darbepoetin alfa to raise hemoglobin
to 13g/dL.28 TREAT plans to enroll
and follow 4000 subjects for suffi-
cient duration so that approximately
1200 primary, centrally adjudicated
endpoints are accumulated to test
this hypothesis at a power of 80%, to
detect a 20% reduction in the above
composite cardiovascular events
with randomization (intention to
treat) to darbepoetin alfa. A portion
of the alpha was also prespecified to
address the influence of this erythro-
poietin therapy on the risk of pro-
gressing to dialysis or dying. The tar-
get hemoglobin for the active
therapy group is 13g/dL, whereas the
placebo group will receive subcuta-
neous injections of inactive vehicle
unless their hemoglobin falls below
9 g/dL. Blinding and dose titrations
(twice monthly or monthly) will be
managed by using an interactive,
voice-recognition-system algorithm
directing usage of prefilled syringes.
Endpoints will be adjudicated by an
expert committee without knowl-
edge of assignment or hemoglobin
levels.

Fortunately, there will be other im-
portant sources generating data re-
garding the potential impact on car-
diovascular disease from the
treatment of anemia in patients with
CKD. The Cardiovascular Risk Reduc-
tion in Early Anemia Treatment with
Epoetin beta (CREATE) randomized
approximately 600 patients with

Treatment of anemia presents a potential benefit in that anemia is a strong
independent marker of cardiovascular risk and it is plausible that low he-
moglobin, by causing reduced oxygen delivery and greater cardiac workload,
may play a part in the pathophysiologic cascade precipitating cardiovascu-
lar events.
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anemia and CKD to either partial
(hemoglobin target 10.5-11.5 g/dL)
or more complete correction of
anemia (hemoglobin target 13-15g/
dL).29 With 2.5 years of follow-up,
there were a total of 105 cardiovas-
cular events and no significant
difference was demonstrated be-
tween groups. The higher hemoglo-
bin group was associated with im-
provements in the secondary
endpoint of quality of life. However,
more of these patients experienced
progression of renal disease to
require dialysis.

The Correction of Hemoglobin
and Outcomes In Renal Insufficiency
(CHOIR) trial is another important
RCT designed to determine whether
targeting a higher hemoglobin level
with an erythropoietic agent in pa-
tients with CKD (estimated glomeru-
lar filtration rate 15-50 mL/min/
1.73 m2) would favorably impact
mortality and cardiovascular mor-
bidity.30 This trial of approximately
1350 patients also did not have a
placebo arm and randomized to ei-
ther partial or higher hemoglobin

targets utilizing different doses of re-
combinant human erythropoietin
(epoetin).

Although addressing a similar
composite cardiovascular endpoint,
TREAT differs in that it is placebo-
controlled. TREAT is also unique in
that it is an event-driven trial, with
almost double the number of pa-
tients in the combined experience
that will be obtained from CREATE
and CHOIR (Table 1). Even more im-
portant than the number of patients
is the actual number of clinical out-
come events, as there are several ex-
amples in cardiovascular medicine
where a larger (by endpoints) RCT
did not confirm the observation of a
smaller trial.3,31 As such, TREAT
should provide the most robust test
of the hypothesis that raising hema-
tocrit with an ESP in patients with
CKD and anemia can favorably re-
duce cardiovascular as well as renal
risk.

Conclusion
Patients with diabetes and CKD are a
vulnerable high-risk cohort for pre-

mature death as well as major nonfa-
tal cardiac and renal events. These
patients benefit from an aggressive
multidisciplinary approach to all of
their currently considered, classic
modifiable risk factors.32 Anemia is a
readily identifiable surrogate associ-
ated with even higher rates of ad-
verse clinical outcomes. Because ESP
can raise hematocrit, it is imperative
to definitively determine the risk:
benefit ratios of these available ther-
apies in this expanding patient pop-
ulation. To accept a benefit based on
the existing data may be exposing
patients to an expensive therapy that
is either ineffective or may even con-
tributes to adverse outcomes. On the
other hand, to accept harm based on
existing data may deny patients the
ability to improve their prognosis as
well as quality of life. The public
health importance of these questions
should stimulate the medical com-
munity to cooperate and support ad-
equately powered RCTs so that this
current state of uncertainty can be
replaced by high quality, definitive
data.

Table 1
Randomized Clinical Trials of Anemia Therapy in Chronic Kidney Disease

CREATE CHOIR TREAT
(n � 600) (n � 1350) (n � 4000)

Primary Composite All-cause mortality or All-cause mortality or All-cause mortality or 
Endpoint CV morbidity: CV morbidity: CV morbidity: 

(Change in echo LV mass) MI, Stroke, Heart Failure MI, Stroke, Heart Failure, Myocardial Ischemia

eGFR at entry 15-30 15-50 20-60
(mL/min/1.73m2)

DM 20% DM � 60% DM 100% DM

Hemoglobin (g/dL)

Entry 11-12.5 � 11 � 11
Target 13-15 vs. 10.5-11.5 13.5 vs. 11.3 13 vs. Placebo unless Hb � 9

# of CV Endpoints 105 N/A Projected: 1200

CREATE, Cardiovascular Risk Reduction by Early Anaemia Treatment with Epoetin-�; CHOIR, Correction of Hemoglobin and Outcomes in Renal Insufficiency;
TREAT, Trial to Reduce Cardiovascular Events with Aranesp Therapy; CV, cardiovascular; DM, diabetes mellitus; Hb, hemoglobin; MI, myocardial infarction; LV,
left ventricular, eGFR, estimated glomerular filtration rate.
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Main Points
• Therapeutic approaches considered “state-of-the-art” based on strong epidemiological associations or surrogate end-

points from smaller trials can be exposed as ineffective when tested via randomized controlled clinical trials (RCTs).

• Recent experiences with hormone replacement therapy in post-menopausal women and the positive inotropic agent
flosequinan in heart failure patients illustrate the need to test surrogate associations of benefit for all therapies with
rigorous RCTs.

• In the absence of definitive RCT data, expert guidelines can be used to determine the best course of therapy. However,
guidelines should be viewed as documents in a constant state of revision, based on the latest and best information.

• Multiple studies designate the degree of anemia as a readily quantifiable marker of risk in patients with chronic kid-
ney disease (CKD) and the development of erythropoietic therapies that are effective in raising hematocrit levels
makes low hemoglobin a particularly attractive therapeutic target.

• The Trial to Reduce Cardiovascular Events with Aranesp Therapy (TREAT) is a multicenter, double-blind, placebo-
controlled RCT specifically designed to determine whether patients with CKD, type 2 diabetes, and anemia will
experience a reduction in the risk of the composite endpoint of death or cardiovascular morbidity when treated with
darbepoetin alfa to raise hemoglobin to 13 g/dL.

• TREAT will enroll 4000 subjects and, along with data generated from the Cardiovascular Risk Reduction by Early
Anaemia Treatment with Epoetin � (CREATE) and Correction of Hemoglobin and Outcomes in Renal Insufficiency
(CHOIR) studies, should definitively answer any questions regarding the efficacy of anemia therapy with recombinant
human erythropoietin in pre-dialysis CKD patients.
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