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“It was the best of times, it was the worst of times, it was the
age of wisdom, it was the age of foolishness, it was the epoch
of belief, it was the epoch of incredulity, it was the season of
Light, it was the season of Darkness, it was the spring of hope,
it was the winter of despair, we had everything before us, we
had nothing before us, we were all going direct to Heaven, we
were all going direct the other way.”

Charles Dickens, A Tale of Two Cities, 1859'

The recently published landmark study the Trial to Reduce
Cardiovascular Events with Aranesp Therapy (TREAT)? has
turned the world of anemia management upside down. Patients
who have chronic kidney disease (CKD) and anemia and liter-
ally could not get up in the morning will despair that insurance
companies will put erythrocyte-stimulating agents (ESAs) be-
yond their reach. Insurance companies and Medicare may look
at this as the “season of Light.” TREAT provides definitive evi-
dence to justify making tough reimbursement decisions: Re-
stricting the use of ESAs to symptomatic patients or those who
are awaiting kidney transplantation.

Some in the academy will view the era before the anemia
trials as “the age of foolishness”: ESA treatment decisions and
guidelines based on flawed data using hemoglobin (Hb) as a
nonvalidated surrogate. Biotechnology companies looking to
bring a new epoetin molecule to the market might view this as
“the season of Darkness” because the market for their new
drug has just vaporized; however, my guess is that most neph-
rologists will be confused, some perhaps incredulous. How
should the results of the TREAT study and those of the major
anemia trials preceding it be interpreted in terms of making
decisions about treating individual patients?

TREAT? is a placebo-controlled, double-blind, random-
ized study that comprised 4038 patients and was neutral for
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its primary composite end points: Death or a cardiovascular
event occurred in 632 patients assigned to darbepoetin-alfa
and 602 patients assigned to placebo (hazard ratio [HR] for
darbepoetin versus placebo 1.05; P = 0.41). Death or ESRD
occurred in 652 patients assigned to darbepoetin and 618
patients assigned to placebo (HR 1.06; P = 0.29); however,
there was a significantly higher rate of strokes in patients
treated with darbepoetin. Fatal or nonfatal strokes occurred
in 101 patients assigned to darbepoetin and 53 patients as-
signed to placebo (HR 1.92; P < 0.001). A higher rate of both
thromboembolism (and deep venous thrombosis [DVT]) in
the darbepoetin-treated patients was also observed. Among
2012 patients in the darbepoetin group, 39 (1.9%) deaths
were attributed to cancer compared with 25 (1.2%) deaths
among the 2026 patients on placebo (P = 0.08). Among pa-
tients with a history of malignancy at baseline, there were 60
deaths from any cause in 188 (31.9%) patients assigned to
darbepoetin and 37 (23.1%) deaths in 160 placebo patients
(P = 0.13). In this subgroup, 14 (7.4%) of the 188 patients
assigned to darbepoetin died from cancer compared with one
(0.62%) of the 160 patients assigned to placebo (P = 0.002).
There also was a significantly higher risk for red cell transfu-
sions among patients assigned to placebo. Conversely, there
was only a modest improvement in patient-reported quality
of life between the darbepoetin and placebo arms.

Three large studies, including TREAT, of nondialysis pa-
tients with CKD have tested the hypothesis that normaliza-
tion of Hb with ESA associates with improvement in cardio-
vascular, renal, and mortality outcomes; the other two are
Correction of Hemoglobin and Outcomes in Renal Insuffi-
ciency (CHOIR) and Cardiovascular Risk Reduction by Early
Anemia Treatment with Epoetin-beta (CREATE). CHOIR?
was an open-label, randomized trial that studied 1432 pa-
tients who had CKD and were receiving epoetin-alfa targeted
to achieve a Hb of 11.3 g/dl. The median study duration was
16 mo. The primary end point was a composite of death,
myocardial infarction, congestive heart failure, hospitaliza-
tion, and stroke. A total of 125 events occurred among the
high-Hb group and 97 events among the low-Hb group (HR
1.34; P = 0.03). The higher rate of composite events was
explained largely by a higher rate of death (48% higher risk;
P = 0.07) or congestive heart failure hospitalization (41%;
P =0.07). Among other secondary end points, quality of life
improved in both groups but was not significantly better in
the high- versus low-Hb group.

CREATE* enrolled approximately 600 patients. Patients
were randomly assigned to an early or a late anemia correc-
tion group. The early group received epoetin-beta therapy
immediately for a target Hb 13 to 15 g/dl. The late anemia
correction group did not receive treatment until their Hb was
<10.5 g/dl; their target Hb was 10.5 to 11.5 g/dl. Complete
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correction was not associated with a higher rate of the first
cardiovascular event (HR 0.78; P = 0.20); however, left ven-
tricular mass remained stable in both groups, but dialysis was
required in more patients in the higher compared with lower
Hb groups (127 versus 111; P = 0.03). Unlike CHOIR, quality
of life measured using the SF-36 showed statistically significant
improvement in several domains in patients assigned to the
higher (and early anemia treatment) Hb arm.

How does one reconcile the results of these three studies? In
each, there was either no benefit or increased risk for mortality
or cardiovascular complications. In CREATE, the point esti-
mate of risk in the direction of harm was 22% (95% confidence
interval [CI] 0.53 to 1.14), in CHOIR 34% (95% CI 1.03 to
1.74),and in TREAT 5% (95% CI 0.94 to 1.17), respectively. In
other words, targeting a higher Hb concentration with ESAs
was certainly not associated with benefit but perhaps increased
risk. Moreover, in TREAT comparing an ESA with placebo,
there was no benefit in terms of hard outcomes. In CHOIR and
TREAT, there were disparate adverse signals: In CHOIR, death
and heart failure were observed in patients targeted to a higher
Hb (13.5 g/dl), whereas, in TREAT, a higher risk for stroke was
observed in darbepoetin-treated patients.

Could this heterogeneity reflect the use of different ESAs? In
other words, is this a class effect? In CHOIR, epoetin-alfa was
tested; in TREAT, the study drug was darbepoeitin-alfa; and in
CREATE, epoetin-beta was used to target higher Hb levels.
There are well-documented biologic differences between epo-
etin-alfa and darbepoetin-alfa and, in turn, between epoetin-
alfa and its derivative darbepoetin-alfa and epoetin-beta.>”
Darbepoetin-alfa differs from epoetin-alfa: Darbepoetin
contains five N-linked oligosaccharide chains and up to 22
sialic acids, a molecular weight of 37,100 Da, and a carbo-
hydrate composition of 51%. In contrast, epoetin-alfa has
three N-linked carbohydrate chains, a maximum of 14 sialic
acids, a molecular weight of 30,400 Da, and a 40% carbohy-
drate composition.>” The additional carbohydrates are ac-
commodated by substitutions at five positions along the
165—amino acid backbone. The result is a longer half-life,
increased biologic activity, and decreased receptor affinity
for darbepoetin compared with epoetin-alfa.> Indeed, the
electropherogram of epoetin and darbepoetin demonstrate
quite distinct isoform patterns.” Similarly, Storring et al.?
published evidence of biologic differences between epoetin-
alfa and epoetin-beta— different isoform patterns, receptor
binding characteristics, and murine in vitro and in vivo ac-
tivity—therefore, it is possible that a class effect might in-
fluence the heterogeneity of clinical outcomes reported in
the three major anemia trials.

Could the heterogeneity of the adverse clinical outcomes re-
flect the enrollment of different populations? In TREAT, all en-
rolled patients had diabetes; in CHOIR, approximately half of the
patients had diabetes; but in CREATE, only approximately 25% of
the patients had a history of diabetes. In a recent article evaluating
CHOIR subgroups,” we presented evidence that comorbidities
may result in differential clinical signals. Observational studies
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also support diabetes as a comorbid factor that increases mortality
risk among patients with CKD and anemia.'”

Another possibility is that exposure to higher and different
dosages of ESAs in the three trials could explain the observed
risk. In CHOIR, the higher Hb arm received a median of 10,952
U/wk; in TREAT, the median dosage was 8800 U/wk in the
darbepoetin arm; and in CREATE, a median dosage of 5000
U/wk epoetin-beta was used in the higher Hb arm. Toxicity
from high ESA dosage is suggested by several studies''-'> and
debated.'* Hence, it is possible that escalation in epoetin dos-
age might explain some of the heterogeneity in the severity of
the adverse clinical signals.

CHOIR, CREATE, and TREAT differ in blood transfusion
rates, perhaps not surprising. In CHOIR, 115 (8.1%) of 1422 pa-
tients required a blood transfusion within 6 mo of randomization
(unpublished data): 60 (8.5%) of 707 in the higher (13.5 g/dl) Hb
arm and 55 (7.7%) of 715 in the lower (11.3 g/dl) Hb arm. In
CREATE, overall, 59 (9.8%) of 603 patients required blood trans-
fusion: 26 (8.6%) of 301 patients in the higher Hb group and 33
(10.9%) of 302 patients in the lower group. In contrast, nearly
twice as many patients assigned to placebo versus darbepoetin
(496 patients (24.5%) required blood transfusions versus 297 pa-
tients (14.8%; P < 0.001), respectively. These data point to a
higher risk for red cell transfusions when adopting a strategy based
on the placebo arm of TREAT.

The patient-reported outcomes in CHOIR and TREAT
seem concordant in that quality-of-life measure improved in
both arms of the study, whereas CREATE seems to be an out-
lier because quality of life deteriorates in the lower Hb arm and
improves in patients assigned to the higher Hb. Patient-re-
ported outcomes were assessed in TREAT using the FACT-
fatigue and SF-36 instruments; in CHOIR, patient-reported
outcomes were evaluated using the Linear Analogue Scale As-
sessment (LASA), Kidney Disease Questionnaire (KDQ), and
SF-36; and in CREATE using only SF-36. In TREAT, using
FACT-fatigue, there was an increase in the mean * SD fatigue
score of 4.2 = 10.5 points in the darbepoetin group versus
2.8 £ 10.3 points in the placebo group (P < 0.001 for between-
group changes). In CHOIR, LASA demonstrated an increase in
both groups: In the higher Hb group, there was an increase in
the mean = SD score for energy of 16.6 = 28.6 versus 15.5 =
28.6 in the lower Hb group (P = 0.67 for between-group
changes). CREATE did not use a specific energy or fatigue in-
strument; therefore, a comparison is not possible. Conversely,
all three studies used the SF-36 instrument. Although no sig-
nificant differences for the domains of energy and physical
functioning were observed in either CHOIR or TREAT, a sig-
nificant difference was observed for these domains in CRE-
ATE. What explains the SF-36 findings between TREAT and
CHOIR on the one hand and CREATE on the other? As
Coyne's noted elsewhere, patients in CREATE knew to which
arm they were randomly assigned, and, during the first year,
98% of patients in the high arm received injections whereas
only 32% did in the low arm. As well, the patients in the low
arm had to develop worsening anemia before institution of
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epoetin therapy. The differences in quality of life observed in
CREATE abated with time despite continued separation in
mean Hb levels between groups.

In summary, the results from CHOIR, CREATE, and
TREAT should be viewed as complementary rather than con-
tradictory, demonstrating increased risk at higher Hb concen-
trations and higher ESA dosage; however, unlike CHOIR and
CREATE, which were open-label studies comparing one Hb
target with the other, TREAT was double-blind in design and
compared darbepoetin against placebo. The importance of
TREAT should not be understated. Against placebo, ESAs con-
fer no benefit in mortality or cardiovascular or renal outcomes
but do demonstrate a higher risk for stroke, thromboembo-
lism, and possibly cancer. There was a lower rate of transfu-
sions with darbepoetin but with only a modest improvement
in fatigue. TREAT lays bare the question, “Is the risk of treating
with ESAs patients who have CKD and anemia worth it?

How should nephrologists manage CKD anemia? With the
publication of TREAT, the 2007 revised Kidney Disease Out-
comes Quality Initiative (KDOQI) anemia guidelines'¢ as well
as those from other countries discussed in detail elsewhere!”
should be revised. New guidelines should incorporate the prin-
ciples of cost-effectiveness, an approach studied by Winkel-
mayer and colleagues'® and applied with much success by the
National Institute for Health and Clinical Excellence (NICE)
in the United Kingdom.

The higher rate of stroke and thromboembolic events and pos-
sibly a higher risk for cancer in TREAT with only very modest
benefits to quality of life tip the scale in favor of no ESA treatment
of anemia in most nondialysis patients with CKD. Consequently,
the best evidence we have so far supports holding off on ESA
treatment for the majority of nondialysis patients who have CKD
with anemia (National Kidney Foundation definition of anemia:
adult males <13.5 g/dL and adult females <12.0 g/dL'®), unless
there are extenuating circumstances. A tradeoff of higher risk ver-
sus reduced blood transfusions is an alternative; however, this
strategy should be used selectively and after discussing risks and
benefits with the patient.

In patients with mild to moderate anemia (Hb approxi-
mately 9 to 11 g/dl), especially those who feel well, or even
those with mild symptoms and low-level fatigue, non—ESA-
based strategies should be the focus of treatment. Iron therapy,
the exclusion of occult bleeding, and suppression of any in-
flammation (e.g., an infected ulcer in a patient with diabetes)
should be the focus. At least for the first 3 mo of anemia man-
agement, iron therapy with oral iron should be tried; only if
unsuccessful should intravenous iron therapy be attempted.
Long-term safety studies in nondialysis patients who have
CKD and are treated with intravenous iron have not been
done; therefore, we should use iron products with caution. A
blood transfusion or treatment with a short course of ESA may
be necessary as “rescue therapy” for patients who have CKD
with anemia and anemia worsens (Hb <9 g/dl) and the patient
becomes symptomatic. In patients with a history of cancer or
those who are undergoing chemotherapy, there should be a
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very high threshold for use of ESAs, even among patients who
are symptomatic. Data from TREAT support such an ap-
proach, as do data from the cancer literature.'® Most patients
who have cancer with CKD should be treated with blood trans-
fusions, not ESAs.

In patients who are transplant candidates or have more severe
anemia (Hb <9 g/dl) and cannot be managed with regular blood
transfusions, long-term treatment with ESAs should be consid-
ered. It is likely, on the basis of the TREAT experience, for many
patients, dosages of 500 to 1000 U/wk epoetin-alfa (or its equiva-
lent in darbepoetin) will be sufficient to maintain Hb in the 9- to
11-g/dl range, but it is likely these patients will be at risk for need-
ing blood transfusions. For patients for whom blood transfusions
are contraindicated (e.g., transplant candidates), higher ESA dos-
ages may be necessary to achieve Hb levels in the 9- to 11-g/dl
range, but the dosage of ESAs should be moderate (<5000 U per
week or equivalent of epoetin).

In conclusion, avoiding use of ESAs in managing anemia in
nondialysis patients with CKD is now the soundest approach
given the remarkable observations from the TREAT study. Is
this a major shift in managing CKD anemia? Yes, but this is
precisely why expensive randomized clinical trials are under-
taken. These trials represent type A evidence. Are more trials
necessary? Absolutely. Important questions remain unan-
swered. For example, are ESA-hyporesponsive patients with
inflammation at greater risk? Is there a similar risk in dialysis
patients with CKD? Is there a toxic dosage range for ESAs? Is
there an ESA class effect? Does frequency of ESA administra-
tion make a difference? Is stimulating endogenous erythropoi-
etin production using a HIF-1-stabilizing agent safer than us-
ing an exogenous recombinant ESA? Turning back to
Dickens,?® quoting from his book Hard Times, he counseled,
“There is a wisdom of the head, and a wisdom of the heart.” On
the basis of the results of the TREAT study and the CHOIR and
CREATE studies preceding it, the time has come with respect
to ESA treatment of nondialysis patients with CKD for “a wis-
dom of the head.”
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