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Summary of Evidence Report

The purpose of this report is to identify and summarize the available published
evidence on the management of patients who have severe chronic kidney
disease (CKD) and are not yet on renal replacement therapy (RRT) but are
expected to progress and require RRT within 6 to 18 months. Key management
issues to be addressed for this population include: timing of initiation of RRT;
counseling and rehabilitation prior to initiation of RRT; and the management of
anemia, hypertension, bone disease, lipid abnormalities, and nutrition. The
report has been compiled with the goal of informing a panel charged with
developing a clinical practice guideline (CPG) for patient preparation for renal
replacement therapy. This evidence report constitutes Phase | of a three-step
process whose final product is the CPG.

The most important goal in caring for a patient with CKD and declining kidney
function is to preserve kidney function as long as possible. However, some of
the interventions used to preserve kidney function (e.g., low protein diet,
aggressive blood pressure control) may no longer be beneficial to patients
beginning RRT, particularly to those patients beginning hemodialysis. For
example, although aggressive blood pressure control delays the onset of kidney
failure, some epidemiological evidence suggests that mortality is increased
among hemodialysis patients with lower blood pressure. Care of patients with
impending kidney failure also presents some unique dilemmas. For example,
low-protein diets are usually prescribed to preserve kidney function in patients
with severe CKD; however, this may interfere with the healing of arteriovenous
fistulae or grafts placed for hemodialysis. This report is designed specifically to
examine the effect of a variety of management strategies in the population of
CKD patients for whom RRT is imminent.

The annual mortality rate for ESRD patients is approximately 20% per year, and
half these deaths are from cardiovascular complications such as myocardial
infarction and congestive heart failure. This mortality translates into a life
expectancy that is only 16-37% of the age-, gender-, and race-matched general
population. The highest death risk occurs during the incident year of RRT. The
hospitalization rate for ESRD patients is also several times higher than that for
age- and risk-adjusted comparative cohorts of patients without kidney failure. In
1997, the total cost of care for the Medicare ESRD Program was approximately
$11.76 billion, rendering it the largest single Medicare program fiscally, despite
the fact that it funds care for a relatively small population.

Target practice settings
We expect that the Evidence Report and later guidelines will focus on practice

settings in the United States and will consider a range of organizational
structures. Care for patients with severe chronic kidney disease may involve



primary care practices, nephrology clinics, transplant programs, or dialysis
centers.

Target audience

We expect the primary audience for the Guideline will include primarily physicians
involved in decision making in the preparation for RRT, which is usually shared
between primary care physicians and nephrologists. However, the planned
Guideline will also be extremely useful to other health care providers involved in the
care of patients with ESRD, as well as to patients and their families. Because the
care of patients with CKD is so costly, federal and third-party payers will also be
part of audience for the evidence report, guidelines, and management tools.

Methodology

We performed an in-depth literature review, weighing and summarizing the
current body of knowledge regarding preparation of the patient for RRT, focusing
on the following seven principal areas:

Optimal management of anemia secondary to erythropoietin deficiency;
Prevention of hyperparathyroidism, hyperphosphatemia, hypocalcemia, and
metabolic bone disease;

Blood pressure control;

Maintenance of adequate nutrition;

Managing qualitative and quantitative lipid disorders;

Timing of the initiation of dialysis;

Counseling for choices of renal replacement therapy, patient rehabilitation,
and psychosocial and economic preparation.

N =

Nookow

A description of our technical approach follows.

Literature review and synthesis — overview

A comprehensive analytical review of available published information was
conducted to provide the scientific basis for decisions to prepare patients for
RRT. Information from the literature was abstracted into evidence tables. The
final products of the literature review are summaries of the published studies that
meet the established methodological standards. The results are provided in a
format that permits a direct linkage between the recommendations of future
guidelines planned by the Renal Physicians Association.

The following sections describe the selection of topics for review, method of
identifying the pertinent literature, process for selection of the literature, means of
abstracting data, construction of evidence tables, meta-analysis of pertinent
parameters, and summary of areas for future research. This process was carried
out in a collaborative effort between Duke University physicians and
methodologists, a jointly-appointed panel of content experts, and the Renal
Physicians Association.



Systematic literature review

Our strategy primarily involved MEDLINE, a computerized bibliographic database
of the National Library of Medicine, as the main source to screen for articles.

The MEDLINE search strategies retrieved articles pertaining to each of the key
guestions. The searches were implemented in an information retrieval software
package that offers full-text searching in addition to Medical Subject Heading
(MeSH) term searching.

We excluded articles not pertaining to humans and articles not in the English
language. We also limited initial searches to studies published since 1988
(although pre-1988 articles were identified through references in included
studies).

We also made use of existing evidence-based clinical practice guidelines, review
articles, and articles already known to the Working Group in order to identify
potential articles as efficiently as possible. In addition, citations from included
articles were examined. Working Group members and content experts were
gueried about their knowledge of other information sources such as unpublished
trials.

Screening

Titles and abstracts identified by the MEDLINE search and through other sources
were screened for inclusion by two physicians, one nephrologist and one
methodologist. The decision whether to include or exclude an article was made
according to criteria that took into account the type of interventions, the type of
patients, the study design, and the reported data. Articles were excluded if no
empirical data were presented; if the population was not composed of pre-ESRD,
ESRD, post-transplant, or other CKD patients; and if no clinically relevant
outcomes were presented. The reliability of this selection process was examined
by assessing the agreement between paired reviewers. An article was included
for further review if either reviewer included it; this process leads to greater
sensitivity, minimizing the chance that a valuable article might be overlooked.

Articles not excluded were submitted to a second screening process using a full-
text version of the article and performed by two physicians. At this step, articles
were excluded if on review the study population did not meet the definition of pre-
ESRD (see above). If the study included both patients with pre-ESRD and
without pre-ESRD, the study was excluded if outcomes were not reported
separately for patients with pre-ESRD. Small case series (< 10 cases) and
unique case reports were excluded, with the exception of articles reporting
adverse events of drugs used for the management of hypertension and/or
dyslipidemias. Finally, articles were excluded if they did not address one or more
of the issues formulated in the key questions for the specific topic. Included
articles were then abstracted by a physician investigator using a standardized
abstraction form, and then summarized into an evidence table.



The seven topics used common inclusion criteria for acceptable study
populations. For a study to be included in this systematic review, the study
population was required to have a mean or median glomerular filtration rate
(GFR) below 30 ml/min/1.73 m?, either measured directly or estimated using the
Cockcroft-Gault formula. When an estimation of the creatinine clearance (CrCl)
was not available, a mean or median serum creatinine (SCr) greater than 2.5
mg/ml was considered as fulfilling the criteria for inclusion. If no quantitative data
were reported on GFR, CrCl or SCr, articles were eligible for inclusion if the
population studied was clearly described as a pre-ESRD population. In addition,
two types of studies where patients did not meet these criteria were nevertheless
considered for inclusion: (1) prospective studies in which a population of patients
was followed as GFR declined to pre-ESRD range, and (2) retrospective studies
in which an RRT population (most often patients then undergoing dialysis
treatment) had data collected for the pre-ESRD period.

In addition, all topics generally required the number of subjects to be greater than
10. Further explicit criteria regarding interventions, outcomes and study design
were developed for each specific research question for use by the reviewers.
These are described in each chapter.

Data abstraction and evidence tables

We developed data abstraction forms to collect data regarding details of patient
population, interventions, study design, results, and study quality. These forms
were completed by the Duke clinicians and reviewed in detail during reformatting
the data into evidence tables.

Assessment of the quality of available evidence

Each included and abstracted article was evaluated and rated for level of
evidence (LE) using a generic scale that rates studies according to their purpose
(assessment of efficacy, natural history, etc.) into categories relating to their
susceptibility to bias based primarily on study design.

In addition, each study was evaluated according to six criteria testing for internal
and external validity. These criteria explored the study population’s selection and
representativeness, how attrition was considered, and how well the study
population fit our definition of pre-ESRD. Finally, a global, subjective quality
score (QS) was assigned using a 4-point scale (excellent, good, fair, poor).

Results
Anemia summary
To address the issue of the management of anemia in patients with pre-ESRD,

the following five key questions were formulated:

1. What is the prevalence of anemia in pre-ESRD?



2. What proportion of anemic pre-ESRD patients have deficiencies treatable
by nutritional repletion?

3. What proportion of patients without nutritional deficiencies are resistant to
EPO?

4. What proportion of pre-ESRD patients have low EPO levels?

5. What is the efficacy of EPO in improving intermediate and ultimate
outcomes in patients with pre-ESRD?

The available evidence on anemia in CKD led to us being able to provide data
that addressed only three of our five key questions. Two of the questions posed
were therefore not answered by the current review. The majority of the literature
abstracted focused on the treatment of the anemia of CKD with EPO therapy and
the effect of such therapy on intermediate and surrogate outcomes.

Key Question 1. What is the prevalence of anemia in pre-ESRD?

The modest evidence emerging from two studies using different criteria for pre-
ESRD, and with overlapping populations, suggests that the prevalence of anemia
in this population is in the range of 16% to 18%. It has been shown consistently
that the prevalence of anemia increases markedly as kidney disease becomes
more advanced.

Key Question 2: What proportion of anemic pre-ESRD patients have
deficiencies treatable by nutritional repletion?

No specific estimate of this proportion can be derived from the available
literature. Iron deficiency in particular appears to be not uncommon. Patients on
EPO who are iron deficient have been shown to require higher EPO levels to
attain a target hemoglobin concentration.

Key Question 3: What proportion of patients without nutritional
deficiencies are resistant to EPO?
No direct evidence was identified to answer this question.

Key Question 4: What proportion of pre-ESRD patients have low EPO
levels?

The few studies of this question suggest that EPO levels in CKD are similar to
levels in non-CKD patients without anemia. However, CKD patients are more
likely to have EPO levels inappropriately for relative to their degree of anemia.

Key Question 5: What is the efficacy of EPO in improving intermediate and
ultimate outcomes in patients with pre-ESRD?

We identified no studies relating use of EPO in all or a subset of the pre-ESRD
population to mortality. One study examined the impact of EPO on quality of life,
indicating that relief of anemia with EPO was associated with significant
improvement in quality of life measures. The remainder examined the impact of
EPO on hypertension, LVMI, renal hemodynamics, or endothelial function.
Although not the target of this question, impact of EPO on deterioration of renal



function was evaluated in 17 identified studies; on balance, the evidence does
not suggest a detrimental effect of EPO on kidney function.

Of 16 studies that assessed blood pressure effects of EPO therapy in CKD, eight
suggested at least some increase in the risk of developing or suffering an
exacerbation of hypertension associated with EPO therapy. No study reported
improvement in blood pressure with EPO

Two studies involving small, highly selected populations suggest EPO may be
associated with improvement in LVMI

Two limited studies did not reveal any significant effect of EPO on renal
hemodynamics.

One study suggested that EPO therapy may improve endothelial function as
evidenced by a reduction in the elevation of thrombomodulin levels. The
importance of this finding is unclear as the significance thrombomodulin in
endothelial pathobiology has not been elucidated.

Conclusions

On the order of 1 in 5 pre-ESRD patients are anemic. It is unclear how many of
these patients are nutritionally deficient, but iron deficiency is not uncommon and
(in addition to causing anemia) can interfere with the efficacy of EPO. Individuals
who use EPO for anemia appear to have improved quality of life, as well as
improvement in several intermediate outcomes; although exacerbation is
associated with EPO use. No studies were identified that provide guidance on
the threshold for treatment, or the optimal dose in the population of individuals
with pre-ESRD.

Bone disease summary

Key Question 1. Does the correction of acidosis reduce the risk of bone

disease (osteomalacia, osteitis, osteoporosis) and/or other negative

outcomes in pre-ESRD patients?

e No prospective randomized controlled trials were identified that addressed
this question

e Based upon the only identified retrospective case series, metabolic acidosis
may actually prevent the development of adynamic bone disease and its
correction may be of limited benefit in improving bone disease in pre-ESRD
patients if improvement in osteomalacia, osteitis fibrosa, and osteoporosis is
offset by worsening of adynamic bone disease.

Key Question 2. Does the use of estrogen replacement therapy reduce the

risk of bone disease (osteomalacia, osteitis, osteoporosis) and/or other
negative outcomes in pre-ESRD patients?
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e No published studies of the effects of estrogen replacement therapy among
pre-ESRD patients was identified.

Key Question 3: Does the use of phosphate binders and/or active vitamin

D sterols reduce the risk of complications from hyperparathyroidism in pre-

ESRD patients?

e No articles were identified that addressed the complications of interest which
included parathyroidectomy, hypertension, LVH, coronary artery calcification,
and CHF

Key Question 4: Does the use of phosphate binders and/or active vitamin D

sterols increase the risk of adynamic bone disease, cardiovascular

disease, and/or other negative outcomes in pre-ESRD patients?

¢ No articles were identified that addressed the question of cardiovascular
disease

e Based on 9 prospective, randomized controlled trials evaluating the effects of
active vitamin D sterols, we conclude that alfacalcidol (0.5mcg daily) or
calcitriol (0.125-0.25 mcg daily) is safe and effective in preventing progression
of bone disease among pre-ESRD patients with elevated plasma intact PTH,
as well as upon metabolic markers of bone disease and/or bone
histomorphometry.

e These doses do not appear to have a detrimental effect upon residual renal
function.

Hypertension summary

The general question to be addressed is: “How should physicians manage blood
pressure in subjects with severe chronic kidney disease as they prepare for
ESRD?” The issue of blood pressure management to slow progression of
chronic kidney disease is beyond the scope of this guideline development
project; hypertension and chronic kidney disease progression is a focus of the
new K/DOQI Chronic Kidney Disease Clinical Practice Guidelines.

There are several questions or themes to keep in mind as the evidence is
summarized:

1. What kind of statements should this guideline make regarding blood pressure
management for pre-ESRD patients?

2. What blood pressure goals should the guideline recommend?

3. Are there particular pharmaceutical agents that should be used, should not be
used, or should be monitored carefully in pre-ESRD patients?

Key Question 1. What is the distribution of blood pressure or the
prevalence of hypertension in pre-ESRD patients?

No evidence is available on the distribution of untreated blood pressure in pre-
ESRD patients.

11



Based on two retrospective studies and one prospective trial, the majority of pre-
ESRD subjects have systolic blood pressure greater than 140 OR diastolic blood
pressure greater than 90.

Based on two retrospective studies and two prospective trials, greater than 80%
of pre-ESRD subjects have hypertension based on either elevated blood
pressure or use of anti-hypertensive agents.

Key Question 2: What is the prevalence of antihypertensive treatment in the
pre-ESRD population?

Based on two retrospective studies and one prospective trial, approximately 81%
of pre-ESRD patients are receiving antihypertensive treatement (studies reported
69%, 82%, 86%, and 87%).

Key Question 3: Is there evidence that treatment of elevated blood pressure
with antihypertensive agents in pre-ESRD patients improves clinical
outcomes before and/or after kidney replacement therapy?

Data from eleven prospective intervention trials show that blood pressure may be
lowered in pre-ESRD patients. Usually, these studies do not show blood
pressure lowered to the degree recommended by JNC VI.

A number of studies have shown that particular agents (ACE inhibitors and
possibly calcium channel antagonists) may reduce the decline in kidney function
or may lower protein excretion in pre-ESRD patients.

There are no interventional data showing what level of blood pressure control
during pre-ESRD is optimal for clinical outcomes such as mortality, cardiac
morbidity, or hospitalization.

Several large, randomized intervention trials show that antihypertensives
affecting the renin-angiotensin axis improve some surrogate and clinical
outcomes in patients with earlier stages of chronic kidney disease (HOPE,
RENAAL, IDNT, AASK). These findings do not specifically address the issue of
improving clinical outcomes for pre-ESRD subjects who are preparing to initiate
kidney replacement therapy within 6 to 18 months.

Key Question 4: What is the risk of antihypertensive agent toxicities or side
effects that occur as a consequence of reduced kidney function?

There are no systematic, population-based reports of antihypertensive drug
toxicities or side effects that are specifically associated with reduced kidney
function. Studies regarding this topic are generally reported as either single case
reports or small case series.

12



Bradycardia with either beta-blockers or calcium channel antagonists is often a
concern in advanced kidney failure. There is little data in the literature to
systematically evaluate this phenomenon.

ACE-inhibitors and angiotensin receptor blockers have been related to both
hyperkalemia and acute kidney failure in subjects with advanced kidney
impairment. Two prospective trials involving a total of 124 pre-ESRD subjects
did not show clinically significant hyperkalemia or acute kidney failure associated
with either ACE-inhibitors or ARBS.

Nutrition summary

To address the issues of nutritional interventions and management of nutritional
status in pre-ESRD patients, the following six key questions were formulated:

1. Are pre-ESRD patients at risk for malnutrition?

2. What risks does malnutrition confer to pre-ESRD patients?

3. What is the tolerability/feasibility of nutritional interventions in patients with
pre-ESRD?

4. After appropriate nutritional evaluation, does nutritional intervention result in

improved intermediate outcomes and/or clinical outcomes in pre-ESRD

patients?

What is the rate of change in nutritional parameters in pre-ESRD patients?

What is the effect of follow-up nutritional evaluation in improving intermediate

outcomes and/or clinical outcomes in pre-ESRD patients?

oo

Key Question 1: Are pre-ESRD patients at risk for malnutrition?

e Based on three cross-sectional studies of > 200 patients each and three
smaller cross-sectional studies, we conclude that there is reasonable
evidence demonstrating that nutritional status declines as GFR declines
and that this may be a function of decreased protein and energy intake.

e Based on four small (n =9, n =15, n =9, n = 9) cohort/cross-sectional
studies, we conclude that there is limited and conflicting evidence
regarding the rate of protein metabolism in pre-ESRD patients. There also
exists limited evidence demonstrating that protein catabolism increases as
serum creatinine increases, serum bicarbonate decreases, or as plasma
cortisol increases. In addition, protein catabolism may be reduced by
correction of acidosis using sodium bicarbonate supplementation .

e Based on one small (n = 25) cohort study, we conclude that there is
limited evidence demonstrating that nutritional status is less compromised
in pre-ESRD patients than in those status post renal replacement therapy.

e Based on one small (n=20) before/after study , we conclude that there is
limited evidence demonstrating that erythropoietin does not affect

13



nutritional status in pre-ESRD patients. This study also demonstrated that
pre-ESRD patients had lower nutritional status than healthy controls.

Key Question 2: What risks does malnutrition confer to pre-ESRD patients?

Based on one cross-sectional study, we conclude that there is no
evidence to suggest that atherosclerosis is associated with malnutrition.

Key Question 3: Do nutritional interventions improve the nutritional status
of patients with pre-ESRD?

Based on one small (n = 67) retrospective cohort study, we conclude that
there is limited evidence that suggests that a LPD may delay mortality in
patients with pre-ESRD who subsequently go onto hemodialysis.

Based on two randomized controlled trials, two large (n = 139 and n = 51)
uncontrolled trials, and one medium (n = 28), four small (n < 10)
uncontrolled trials, and two case series we conclude that there is
inconsistent and insufficient evidence to support or reject that a LPD has a
favorable impact on nutritional parameters of patients with pre-ESRD.
Based on one crossover study, we conclude that there is limited evidence
to suggest that a soy-based LPD can be substituted for an animal-based
LPD without compromising nutritional status.

Based on one randomized controlled trial of 57 patients we conclude that
there is limited evidence that a LPD may result in deficiencies of thiamine
(B1), riboflavin (B2), and pyridoxine (Bs) in pre-ESRD patients.

Based on two randomized controlled trials of 56 and 90 patients,
respectively, we conclude that there is reasonable evidence that a LPD
does not result in vitamin E deficiencies.

Based one small dual-arm, parallel-design trial (n = 59) and one crossover
study (n = 8), we conclude that there is limited evidence to suggest that
choice of supplement (essential amino acids versus ketoacids) does not
affect nutritional status in pre-ESRD patients following a VLPD.

Based on one uncontrolled study of eight patients, we conclude that there
is limited evidence demonstrating that vitamin Bg supplementation
improves vitamin Bg status in pre-ESRD patients.

Key Question 4: What is the rate of change in nutritional parameters in pre-
ESRD patients?

Only one study that attempted to address this question met inclusion criteria.
Gentile et al. reported the rate of change in nutritional parameters in 50 patients
with estimated creatinine clearance of 36 = 16 mL/min (LE: 4, QS: poor).

Patients were randomized to two diets (protein intake 0.6 or 1.0 g/kg/day);
however, results were reported only for the two groups combined. Over 18
months, body weight decreased significantly from 67 + 11 to 65 + 11 kg (p <

0.01).
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Key Question 5: What is the effect of follow-up nutritional evaluation in

improving intermediate outcomes and/or clinical outcomes in pre-ESRD
patients?

We did not identify any studies addressing this question that met our inclusion
criteria.

Key Question 6. What is the tolerability/palatability and feasibility of
nutritional interventions in patients with pre-ESRD?

e Based on two large uncontrolled trials and one large randomized
controlled trial, we conclude that there is reasonable evidence suggesting
that pre-ESRD patients have difficulty adhering to and have low
satisfaction with LPD.

e Based on one large randomized controlled trial, we conclude that there is
reasonable evidence suggesting that administering a LPD to pre-ESRD
patients consumes slightly more time resources from a dietician than does
a standard diet.

Lipids summary

To address the issue of the management of lipids in patients with pre-ESRD, the
following three key questions were formulated:

1. Do dyslipidemias (hyperlipidemia or low lipids) cause increased risk of
adverse clinical outcomes (defined below) in patients with pre-ESRD?

2. Does the treatment of dyslipidemias (by diet and lifestyle modification
and/or pharmacologic therapy) reduce the risk of adverse intermediate
and clinical outcomes in patients with pre-ESRD?

3. Is there an association between pharmacologic lipid therapy and drug
toxicity in patients with pre-ESRD?

Key Question 1: Do dyslipidemias (hyperlipidemia or low lipids) cause
increased risk of clinical outcomes in patients with pre-ESRD?

From the one available study, we conclude that there is limited evidence that
dyslipidemias increase the risk of carotid plaques in patients with pre-ESRD.

Key Question 2. Does the treatment of dyslipidemias (by diet and lifestyle
modification and/or pharmacologic therapy) reduce the risk of intermediate
and clinical outcomes in patients with pre-ESRD?

e Based on these trials, we conclude that there is no available direct evidence
that pharmacological or dietary interventions reduce the risk of clinical
outcomes (as defined above) in patients with pre-ESRD.
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e Based on one randomized controlled trial and one uncontrolled trial, we
conclude that there is limited evidence that gemfibrozil is effective in lowering
total cholesterol, LDL-C, and triglycerides levels, and might be effective in
increasing HDL-C levels in patients with pre-ESRD. This is supported by
effects observed in non-renally impaired people.

e Based on one uncontrolled trial, we conclude that there is limited evidence
that lovastatin combined with a low-cholesterol and low-protein diet is
effective in lowering total cholesterol, LDL-C, VLDL-C, and apoB levels.
Although scant, this is consistent with data on non-renally impaired people.

e Based on dietary intervention studies, we conclude: (1) that there is
inconsistent and insufficient evidence to support or reject that a low-protein
diet has a favorable impact on lipid profiles of patients with pre-ESRD; (2)
that there is limited evidence that a high-carbohydrate/high-fiber diet is
effective in lowering cholesterol levels; (3) that there is insufficient evidence
on the effectiveness of fish oil supplementation in modifying lipid profile to
draw any conclusions; and (4) that there is limited evidence that MPPG is
effective in lowering total cholesterol, LDL-C, and triglycerides, and in
increasing HDL-C levels.

Key Question 3: Is there an association between pharmacologic lipid
therapy and drug toxicity in patients with pre-ESRD?

In summary, based on these trials, we conclude that there is insufficient evidence
to support or reject that gemfibrozil, lovastatin, or MMPG are more or less safe in
patients with pre-ESRD compared to the general population of patients with
dyslipidemias.

Timing summary

To address the issue of timing of initiation of RRT in patients with pre-ESRD,
three key questions were formulated:
1. When —in terms of GFR, symptoms of uremia, or other complications — is
RRT initiated among patients with pre-ESRD?
2. What factors affect the timing of initiation of RRT among patients with pre-
ESRD?
3. What is the effect of early initiation of RRT (at GFR > 20 ml/min, before
development of uremia symptoms) on health and resource utilization
outcomes?

Key Question 1. When —in terms of GFR, symptoms of uremia, or other
complications —is RRT initiated among patients with pre-ESRD?

In summary, the majority of patients at the time of RRT had an early referral to a
nephrologist. Of those referred early to a nephrologist, residual kidney function
was modestly better at the initiation of RRT. Nevertheless, a substantial
proportion of patients referred early to a nephrologist undergo emergent RRT.
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Key Question 2: What factors affect the timing of initiation of RRT among
pre-ESRD patients?

In summary, available studies do not reveal a consistent pattern to explain the
variation in timing of RRT, particularly in laboratory parameters. Two non-US
studies highlight the importance of distance to a facility as a limiting factor;
however this may not be applicable to the somewhat unique US environment.
The finding that Blacks tend to receive RRT later than Whites is concerning, but
has not been studied sufficiently to separate the effect of race per se from other
clinical or health system factors.

Key Question 3: What is the effect of early initiation of RRT (at GFR > 20
ml/min, before development of uremia symptoms) on health and resource
utilization outcomes?

Impact of timing on hospitalizations

Morbidity differences have been examined as a function of the timing of referral
to a nephrologist rather than the GFR at initiation of RRT, and fail to perform
adequate multivariate analyses. Some studies report no difference in
hospitalizations (reported as hospital days after 3 months of RRT), whereas
others observe differences with patients referred late having more hospital days
and duration of hospitalization.

Economic impact of timing

Two studies attempt economic analyses comparing the cost of care for patients
referred to a nephrologist early or late. These are limited analyses, focusing on
hospital charges. However, both studies suggest that late referral may be
associated with increased hospital costs.

Impact of timing on the use of temporary vascular access

Use of temporary vascular access is a of concern as limited evidence indicates
that patients dialyzing with a catheter have higher mortality (LE: 4, QS: poor).
Using a retrospective ESRD cohort of 178 patients in UK from August 1993 to
April 1995, 71.3% of patients required temporary vascular access incident to
RRT. Twenty-five of 127 patients with temporary access died in the first 90 days
of RRT versus 1 of 51 with permanent vascular access (p < 0.01). Notably, the
patients’ demographics and co-morbid conditions are not reported, so it is difficult
to assign the mortality effect to the temporary vascular access.

The impact of timing of referral on the use of a temporary catheter at the initiation
of RRT has been explored in four studies. European and American cohorts
showed that patients referred late are more likely to require hemodialysis with a
temporary catheter rather than an internal vascular access. Conversely, the
percentage of patients with an autologous fistula is lower among patients referred
late to a nephrologist.
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Impact of timing on modality selection for RRT
We identified three studies that examine the relationship between timing of
referral and modality selection for RRT.

One large retrospective cohort analysis of Medicare beneficiaries in New Jersey
found no relationship between the timing of referral and the selection of
peritoneal versus hemodialysis.

Similarly, an analysis of patients in West Virginia and Pennsylvania found no
relationships between late and early referral and the percentage of patients
switching from hemodialysis to peritoneal dialysis after 4 months of RRT (LE: 2b,
QS: fair).

For kidney transplantation, one study reported no difference (LE: 4, QS: fair), and
another reported a significant difference, with late-referred patients being less
likely to be transplanted in follow-up (LE: 2b, QS: good). Both cohorts are from
Europe where transplantation practices may differ from the US. Moreover,
neither study performed appropriate adjustments of confounders such as
patients’ ages, co-morbid conditions, HLA types, insurability, preferences, etc.
that will substantially influence transplantation rates.

Impact of timing on kidney transplantation outcomes

In a retrospective cohort analysis of 1,849 kidney transplant recipients from a
single center in Minneapolis, Minnesota from January 1984 to June 1998,
patients were classified by the type of organ donor (cadaveric (n = 775) versus
living (n = 1,074)). Patient and transplant survival were compared by type of
organ donor and by whether or not patients underwent hemodialysis prior to
kidney transplantation (LE: 2b, QS: fair). The 5-year post-transplant patient
survival was better for patients not dialyzed than those dialyzed regardless of the
type of organ donor (92.6% versus 76.6%, respectively, for cadaver donor
kidneys; p = 0.001 and 93.3% versus 89.5%, respectively, for living donor
kidneys; p = 0.02). The graft survival rate was at 5 years was no different for
cadaveric kidneys, but for living donor kidneys was greater without dialysis
(92.3% versus 84.8%; p = 0.006).

These findings were extended by a retrospective cohort analysis of 8,481
cadaveric kidney transplant recipients from the entire US using a national
Medicare kidney transplant registry (LE: 2b, QS: good). Living related kidney
transplant donors were excluded from this analysis. In comparison to the 6,662
kidney transplant recipients who underwent dialysis of varying duration before
kidney transplants (329 + 638 days of dialysis), the 1,819 patients had a 1-year
allograft failure (defined as death, repeated kidney transplant, or resumption of
dialysis) rate ratio of 0.48 (p = 0.002) and a 2-year failure rate ratio of 0.18 (p =
0.001). The duration of dialysis was positively associated with the occurrence of
acute rejection by kidney biopsy (p = 0.001 for the trend).
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Counseling & rehabilitation summary

Education/counseling

We considered evidence related to three questions:

1. Does early systematic education about RRT choices improve patients’
satisfaction or compliance with RRT or RRT-related health outcomes,
compared with usual care (at time of need; no systematic early
education)?

2. Do comprehensive prepared educational programs, multidisciplinary
teams or specialty educators educate patients better than usual care
(informal, non-specialty educators)?

3. Is there an association between better knowledge about RRT and greater
satisfaction, compliance or health outcomes with RRT?

Exercise

1. Is there an association between physical function and outcomes in pre-
ESRD patients?

2. Does exercise counseling in pre-ESRD patients result in improved self-
reported activity, performance-based measures, or exercise capacity?

3. Does exercise counseling in pre-ESRD patients result in improved health
outcomes compared to no exercise counseling?

4, Does supervised exercise therapy improve outcomes compared to no

exercise therapy?

Key Question 1: Is there an association between physical function and
outcomes in pre-ESRD patients?

We did not identify any studies of pre-ESRD patients that describe the
relationship between level of physical functioning and health outcomes such as
quality of life, mortality, complications, and deterioration in kidney function. To a
certain extent, the intervention studies described under key questions 2 and 3,
below, indirectly address this issue, but they fail to report health outcomes,
focusing instead on measures of physical functioning.

Employment counseling

Key Question 1. Does employment counseling in pre-ESRD patients result
in improved maintenance of employment during RRT?

A single study suggests that predialysis counseling of employed patients,
particularly blue-collar workers, improves maintenance of employment; however,
this study likely overestimates the strength of this effect because of the
retrospective design and long duration of time between surveying employment
status and the intervention. The sample of patients in this study is highly
selected based upon that fact that at the time of enrollment in the study, they
belonged to an HMO, were employed, and had already survived an average of
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over 4 years after initiating hemodialysis. Were this study performed
prospectively, mortality would likely have reduced the observed odds ratio of 2.8
favoring the intervention group.

Evaluation (individualized assessment)

Key Question 1: Does systematic individualized clinical assessment
improve outcomes in pre-ESRD patients compared to usual care with no
systematic individualized psychosocial or rehabilitation assessment (until
dialysis or other RRT)?

We found only one study that described the use of individualized clinical
assessment. This study is described in the section on “Education.”

Encouragement (emotional support)

Key Question 1: Is there an association between clinician-delivered
encouragement and outcomes in pre-ESRD patients?

We found no studies describing clinician-delivered encouragement, broadly
defined, offered to pre-ESRD patients. Although encouragement was certainly a
component of some of the multidisciplinary interventions involving nurses, social
workers, and other health professionals described in education, its effect or
association cannot be determined from the studies described previously.

Future Research

The available literature regarding management of pre-ESRD patients is quite
limited. Current practice and guidelines for this population are likely

based on extrapolation of data from patients with a broader range of kidney
failure severity, or in some cases, data from patients with normal renal
function. The lack of research on the pre-ESRD population as opposed to
the hemodialysis population seems to be one of access. Although the number
of patients with pre-ESRD is substantial and comparable to the number of
patients on hemodialysis, pre-ESRD patients are not as easily accessible for
inclusion in research studies. The prevalence in the general population is
low — too low for population-based studies to be a feasible way to

identify this subpopulation. Within health care systems, access to
pre-ESRD patients has been problematic because of great variability in
consulting behavior. Pre-ESRD patients often do not present to
nephrologists until they require RRT. Increasingly, computerized patient
record systems are available which should allow identification of patients
with severe CKD based on estimates of creatinine clearance from integrated
laboratory (serum creatinine course over time), clinical (body weight) and
demographic data (age). Systematic identification of such patients could
allow entry into trials comparing individual interventions or comprehensive
disease management approaches, which may be tested for whether they modify
clinical outcomes before or after RRT.
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Each of the topics covered in this report suffers from a lack of data

linking interventions in the pre-ESRD phase to improved health outcomes.
The relatively short time patients spend in the pre-ESRD phase makes for
limited time for interventions to exert an effect that would be

measurable. This is a particular problem for conditions that develop over
a protracted period of time, such as atherosclerotic disease and its

clinical manifestations or metabolic bone disease. Thus, intermediate
outcomes are routinely substituted. Whether the link between intermediate
outcomes (blood pressure, serum lipid levels, etc.) and important health
outcomes is the same as in other more well-studied populations is somewhat
uncertain in pre-ESRD patients. Demonstrating these relationships will
require large studies, with sufficient numbers of patients followed for
sufficiently long to accrue enough clinical events for statistical power,

while controlling for potential confounders such as comorbid conditions.
Identification of large numbers of incident ESRD patients may be feasible
in large heath care systems with integrated medical record systems.
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1. Introduction

1.1 Purpose and scope

The purpose of this report is to identify and summarize the available published evidence
on the management of patients who have severe chronic kidney disease (CKD) and are
not yet on renal replacement therapy (RRT) but are expected to progress and require
RRT within 6 to 18 months. Key management issues to be addressed for this
population include: timing of initiation of RRT; counseling and rehabilitation prior to
initiation of RRT; and the management of anemia, hypertension, bone disease, lipid
abnormalities, and nutrition. The report has been compiled with the goal of informing a
panel charged with developing a clinical practice guideline (CPG) for patient preparation
for renal replacement therapy. This evidence report constitutes Phase | of a three-step
process whose final product is the CPG.

The most important goal in caring for a patient with CKD and declining kidney function is
to preserve kidney function as long as possible. However, some of the interventions
used to preserve kidney function (e.g., low protein diet, aggressive blood pressure
control) may no longer be beneficial to patients beginning RRT, particularly to those
patients beginning hemodialysis. For example, although aggressive blood pressure
control delays the onset of kidney failure, some epidemiological evidence suggests that
mortality is increased among hemodialysis patients with lower blood pressure. Care of
patients with impending kidney failure also presents some unique dilemmas. For
example, low-protein diets are usually prescribed to preserve kidney function in patients
with severe CKD; however, this may interfere with the healing of arteriovenous fistulae
or grafts placed for hemodialysis. This report is designed specifically to examine the
effect of a variety of management strategies in the population of CKD patients for whom
RRT is imminent.

1.2 Definition, incidence and prevalence

CKD is established based upon a combination of evidence of kidney damage (such as
proteinuria), elevated blood pressure, and level of kidney function (as indicated by
glomerular filtration rate, or GFR). Nomenclature for describing the clinical spectrum of
CKD has recently been developed by the CKD Work Group of the National Kidney
Foundation Kidney Disease Outcomes Quality Initiative (K/DOQI; Table 1). The
prevalence of CKD can be estimated from cross-sectional epidemiologic data, such as
the Third National Health and Nutrition Examination Survey (NHANES II1), which
suggests that at least 6.2 million Americans have reduced kidney function, defined as a
serum creatinine concentration > 1.5 mg/dL.*

End-stage renal disease (ESRD) is defined by level of GFR and the occurrence of
uremic signs and symptoms that require initiation of treatment by kidney replacement
therapy. In the United States, ESRD is an administrative term, based on conditions for
health care payment by the Medicare ESRD Program. The prevalence of ESRD can be
reliably estimated by enrollment in the Medicare-ESRD program; in 1997, 304,083
patients were enrolled.? The annualized increase in incidence of ESRD in the United
States is approximately 7% to 9%.% In 1999, 80,128 patients entered the ESRD
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program; 90% started hemodialysis, 8% started peritoneal dialysis, and 2% received
kidney transplants.® The principal etiologies of ESRD remain diabetes and
hypertension. In addition, for reasons that are likely multifactorial, certain racial and
ethnic groups have a higher incidence of ESRD. For example, the rate of ESRD due to
diabetes is three- to four-fold higher in Black, Hispanic, and Native American
populations than in the Caucasian population.®

There is no reliable estimate of the incidence or prevalence of the specific population of
patients with severe CKD and who are not yet on RRT but are expected to progress and
require RRT within 6 to 18 months. Estimates of this population, herein referred to as
“pre-ESRD,” have only been inferred from the incidence of ESRD patients.

1.3 Burden of disease

The annual mortality rate for ESRD patients is approximately 20% per year, and half
these deaths are from cardiovascular complications such as myocardial infarction and
congestive heart failure.? This mortality translates into a life expectancy that is only 16-
37% of the age-, gender-, and race-matched general population.* The highest death
risk occurs during the incident year of RRT.>> ESRD patients also experience high
morbidity. In 1997, Medicare-eligible ESRD patients incurred an average of 1.4 hospital
admissions and 10.8 hospitalized days per year.” This hospitalization rate is several
times higher than that for age- and risk-adjusted comparative cohorts of patients without
kidney failure.® Morbidity and hospitalizations are principal cost drivers for ESRD
patients, resulting in an enormous financial burden. In 1997, the total cost of care for
the Medicare ESRD Program was approximately $11.76 billion, rendering it the largest
single Medicare program fiscally,? despite the fact that it funds care for a relatively small
population.

1.4 Disease biology

The K/DOQI Clinical Practice Guidelines Work Group has divided the clinical and
physiologic spectrum of CKD into five stages (Table 1). These stages generally overlap
an earlier description by Knochel.” A reduction in kidney function by 25% or less
represents CKD stage 1. At this stage, metabolic imbalances are not paramount
because the remaining nephrons display adaptive increases in function. GFR may be
normal or even increased. However, intraglomerular hypertension and lipid deposition
are present, and a multitude of growth factors interact to initiate and further glomerular
sclerosis and interstitial fibrosis. Early markers of this kidney damage may include
proteinuria and elevations in blood pressure. As CKD progresses to stages 2 and 3,
kidney function may be reduced up to 75%. During these stages, erythropoietin
production decreases and anemia may become clinically evident. Further progression,
generally through stages 4 and 5, is characterized by a host of metabolic disturbances,
including worsening anemia and the onset of acidemia, hypocalcemia,
hyperphosphatemia, osteodystrophy, and possibly hyperkalemia. Clinical symptoms
such as itching, fatigue, and nausea may present themselves during this period. At that
point, the disease usually progresses rapidly to overt uremic symptoms and the patient
suffers extreme fatigue, malaise, and anorexia. Plasma volume overload due to
reduced excretion by the kidney may cause pulmonary edema or hypertensive crisis.
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This level of reduction in kidney function combined with the presence of clinical signs
and symptoms generally mandate initiation of kidney replacement therapy to treat these
systemic disturbances and prolong survival of the patient.

Although relatively few data exist on the natural progression of chronic kidney disease,
it has long been believed that once kidney insufficiency is established and a “critical”
amount of kidney function is lost, kidney disease progresses inexorably to kidney failure
and ESRD. This critical level of kidney function has not been defined; however, data
from prospective trials such as the Modification of Diet in Renal Disease (MDRD) Study
suggest that the majority of patients with GFR reduced to 55 mL/min or lower will
continue to progress. In the MDRD Study, of 840 patients with glomerular filtration rates
between 13 and 55 mL/min, 87% lost kidney function over the 3-year follow-up.® These
data support the clinical bias that despite excellent therapeutic intervention and risk
factor modification, many patients with kidney disease will continue to progress and will
reach a point where ESRD is anticipated within 6 to 18 months. In this group of
patients, defined as pre-ESRD and corresponding to CKD stages 4 and 5 (but not
receiving kidney replacement therapy — see Table below), proactive preparation for
kidney replacement therapy is recommended to ease the transition into ESRD and
reduce the burden of clinical risk factors known to be associated with worse outcome in
ESRD patients.

Table 1 — Stages of Chronic Kidney Disease

GFR
Stage Description (mL/min/1.73 m?) Action
1 Kidney damage >90 Diagnosis and treatment,
with normal or treatment of comorbid conditions,
increased GFR slowing progression,
CVD risk reduction
2 Kidney damage 60-89 Estimating progression
with mild decrease in GFR
3 Moderate decrease in GFR 30-59 Evaluating and treating complications
4 Severe decrease in GFR 15-29 Preparation for kidney replacement
therapy
5 Kidney failure <15 Replacement (if uremia present)

National Kidney Foundation, K/DOQI Clinical Practice Guidelines for Chronic Kidney Disease: Evaluation, Classification
and Stratification. Am J Kidney Dis 39:519, 2002 (suppl 1). Adapted with permission.

The classification of patients as pre-ESRD is therefore based on overlapping boundary
points that are imposed upon a disease spectrum. Nevertheless, this classification is
useful from both physiologic and practical standpoints. Patients who progress to the
point where further deterioration and ESRD are expected will also be subject to a
myriad of clinical symptoms not seen during earlier kidney disease. Pre-ESRD patients
are also separated from later ESRD by the therapeutic intervention of RRT. Either
through dialysis or kidney transplantation, this intervention itself introduces new
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elements into the disease process, including blood pressure homeostasis, complement
activation, and immune modulation. Recognition of a patient as pre-ESRD should focus
attention on treatment of clinical symptoms associated with overt kidney failure as well
as preparation for eventual RRT. Such preparation should involve medical,
psychosocial, and economic components. It is hoped that appropriate patient
preparation for RRT will both ease the transition into ESRD and improve clinical
outcomes.

1.5 Target population and practice settings

The target population of this Evidence Report is adult patients with severe CKD who are
expected to progress and require RRT within 6 to 18 months. While this definition
incorporates the clinical judgment of the physician, the GFR of the population is
expected to be less than 30 mL/min. The definition implies expected continued
progression to ESRD; the term “pre-ESRD” is therefore the chosen descriptor for the
population within this Evidence Report. This pre-ESRD population definition overlaps
that of the K/DOQ)I definitions for CKD stages 4 and 5 (but not including subjects on
RRT). In this Evidence Report and the upcoming Clinical Practice Guidelines based on
it, we will use the shorthand term “pre-ESRD” to refer to CKD levels 4 and 5, not on
dialysis.

We expect that the Evidence Report and later Guidelines will focus on practice settings
in the United States and will consider a range of organizational structures. Care for
patients with severe chronic kidney disease may involve primary care practices,
nephrology clinics, transplant programs, or dialysis centers.

1.6 Target audience
We expect the primary audience for the Guideline will include primarily physicians involved
in decision making in the preparation for RRT, which is usually shared between primary
care physicians and nephrologists. However, the planned Guideline will also be extremely
useful to other health care providers involved in the care of patients with ESRD, as well as
to patients and their families. Because the care of patients with CKD is so costly, federal
and third-party payers will also be part of audience for the evidence report, guidelines, and
management tools.

1.7 Methodology

We performed an in-depth literature review, weighing and summarizing the current body
of knowledge regarding preparation of the patient for RRT, focusing on the following
seven principal areas:

1. Optimal management of anemia secondary to erythropoietin deficiency;

2. Prevention of hyperparathyroidism, hyperphosphatemia, hypocalcemia, and
metabolic bone disease;

3. Blood pressure control;

4. Maintenance of adequate nutrition;

5. Managing qualitative and quantitative lipid disorders;
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6. Timing of the initiation of dialysis;
7. Counseling for choices of renal replacement therapy, patient rehabilitation, and
psychosocial and economic preparation.

A description of our technical approach follows.

Literature review and synthesis — overview

A comprehensive analytical review of available published information was conducted to
provide the scientific basis for decisions to prepare patients for RRT. Information from
the literature was abstracted into evidence tables. The final products of the literature
review are summaries of the published studies that meet the established
methodological standards. The results are provided in a format that permits a direct
linkage between the recommendations of future guidelines planned by the Renal
Physicians Association.

The following sections describe the selection of topics for review, method of identifying
the pertinent literature, process for selection of the literature, means of abstracting data,
construction of evidence tables, meta-analysis of pertinent parameters, and summary of
areas for future research. This process was carried out in a collaborative effort between
Duke University physicians and methodologists, a jointly-appointed panel of content
experts, and the Renal Physicians Association.

Advisory groups

We were guided in the planning and conduct of this project by two organizations: the
Agency for Healthcare Research and Quality (AHRQ) and an appointed panel of
experts.

The Duke Evidence-based Practice Center (EPC) is one of twelve centers selected and
funded by AHRQ to produce state-of-the art evidence syntheses. Evidence reports
funded by private organizations but conducted according to the EPC methodology may
be designated as EPC products with approval by AHRQ. Such approval requires that
AHRQ reviews and has an opportunity to comment on the project throughout its course.

Duke University and the Renal Physicians Association together appointed a working
committee for this project. This committee, hereafter referred to as the Working Group,
assumed an ongoing advisory role throughout the production of the Evidence Report.
RPA and Duke solicited nominations from various stakeholder organizations, such as
the Renal Physicians Association, American Society of Nephrology, American
Association of Kidney Patients, American Nephrology Nurses Association, National
Renal Administrators Association, Council of Nephrology Social Workers, American
College of Physicians, American Academy of Family Physicians, and American
Association of Dietitians. We selected the Working Group to reflect the diversity of
caregivers involved in management of chronic kidney disease.

Expectations of panel members were carefully specified at the time an offer of
appointment was made. These expectations include policies regarding confidentiality,
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ownership of information generated by the panel, and reimbursement for service and
travel. Each candidate offered an appointment was required to disclose any conflict of
interest, commit to attendance at planned panel meetings, and complete assigned work
in a timely fashion. One of the panelists was identified as Chair: W. Kline Bolton, MD,
of the University of Virginia. The group continues to serve as primary advisors to Duke’s
efforts in the literature review.

Assessing and refining the topic

In our first full meeting, the Working Group assisted in refining the key questions. In
facilitated small group discussions the panelists identified key clinical issues related to
each topic area. For each question we defined patients or clinical presentations that
would and would not be considered. One criterion for the target population was
suggested in the original proposal: GFR < 30 ml/min. However, age criteria for the
target population were specified as well.

The Duke team and the panelists also discussed specific interventions to be
considered, outcomes of interest, and the type and quality of available research for
each topic area. We developed the parameters of the literature search with the Working
Group, including key search words, key databases to be searched, and search
limitations.

We eliminated a proposed vascular access topic because an evidence-based guideline
by the National Kidney Foundation’s K/DOQI group had just been completed.®

Following the initial panel meeting, the Duke team drafted specific key questions for
each of the seven remaining topic areas. These questions were distributed to the
panelists for approval and comment.

Preliminary literature review

We estimated the scope and volume of literature on each topic in preliminary literature
searches designed and conducted in MEDLINE. These searches provided estimates of
the quantity and quality of published studies relating to the proposed key questions.
These data helped the Working Group in the topic refinement process described above.

Systematic literature review

Searches

Explicit and reproducible methods in conducting the literature should lead to an
unbiased assessment of available published data. We used the following process to
provide a complete list of the relevant literature.

Our strategy primarily involved MEDLINE, a computerized bibliographic database of the
National Library of Medicine, as the main source to screen for articles. The MEDLINE
search strategies retrieved articles pertaining to each of the key questions. The
searches were implemented in an information retrieval software package that offers full-
text searching in addition to Medical Subject Heading (MeSH) term searching.
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We excluded articles not pertaining to humans and articles not in the English language.
We also limited initial searches to studies published since 1988 (although pre-1988
articles were identified through references in included studies).

Our initial searches revealed a difficulty in distinguishing between studies of patients
undergoing dialysis and studies of patients with predialysis chronic kidney disease. In
part, this is because the MeSH term Chronic Kidney Failure does not distinguish
between ESRD and CKD. Although other MeSH terms exist that describe treatments
for ESRD (renal replacement therapy and subheadings hemodialysis, hemofiltration,
peritoneal dialysis and chronic ambulatory peritoneal dialysis), they do not permit
reliable discrimination between studies of predialysis versus dialysis patients. However,
text word searching for the phrase hemodialysis patients was a more reliable
discriminator. Thus, we used the following terms to target studies of patients with
chronic kidney disease in the predialysis stage:

kidney failure, chronic/ (MeSH)
chronic renal insufficiency (text word)
chronic renal failure (text word)
hemodialysis patients (text word)
(or2or3)not4

predialysis (text word)

pre-dialysis (text word)

Sor6or7

O~NO O WNE

These terms were supplemented with key words related to each topic to perform
separate searches for each of the key questions. The key words used are described in
each of the following seven chapters.

We also made use of existing evidence-based clinical practice guidelines, review
articles, and articles already known to the Working Group in order to identify potential
articles as efficiently as possible. In addition, citations from included articles were
examined. Working Group members and content experts were queried about their
knowledge of other information sources such as unpublished trials.

Screening

Titles and abstracts identified by the MEDLINE search were screened for inclusion by
two physicians, one nephrologist and one methodologist. The decision whether to
include or exclude an article was made according to criteria that took into account the
type of interventions, the type of patients, the study design, and the reported data.
Articles were excluded if no empirical data were presented; if the population was not
composed of pre-ESRD, ESRD, post-transplant, or other CKD patients; and if no
clinically relevant outcomes were presented. The reliability of this selection process
was examined by assessing the agreement between paired reviewers. An article was
included for further review if either reviewer included it; this process leads to greater
sensitivity, minimizing the chance that a valuable article might be overlooked.
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Articles not excluded were submitted to a second screening process using a full-text
version of the article and performed by two physicians. At this step, articles were
excluded if on review the study population did not meet the definition of pre-ESRD (see
above). If the study included both patients with pre-ESRD and without pre-ESRD, the
study was excluded if outcomes were not reported separately for patients with pre-
ESRD. Small case series (< 10 cases) and unique case reports were excluded, with the
exception of articles reporting adverse events of drugs used for the management of
hypertension and/or dyslipidemias. Finally, articles were excluded if they did not
address one or more of the issues formulated in the key questions for the specific topic.
Included articles were then abstracted by a physician investigator using a standardized
abstraction form, and then summarized into an evidence table.

The seven topics used common inclusion criteria for acceptable study populations. For
a study to be included in this systematic review, the study population was required to
have a mean or median glomerular filtration rate (GFR) below 30 ml/min/1.73 m?, either
measured directly or estimated using the Cockcroft-Gault formula.'® When an
estimation of the creatinine clearance (CrCI) was not available, a mean or median
serum creatinine (SCr) greater than 2.5 mg/ml was considered as fulfilling the criteria for
inclusion. If no quantitative data were reported on GFR, CrCl or SCr, articles were
eligible for inclusion if the population studied was clearly described as a pre-ESRD
population. In addition, two types of studies where patients did not meet these criteria
were nevertheless considered for inclusion: (1) prospective studies in which a
population of patients was followed as GFR declined to pre-ESRD range, and (2)
retrospective studies in which an RRT population (most often patients then undergoing
dialysis treatment) had data collected for the pre-ESRD period.

In addition, all topics generally required the number of subjects to be greater than 10.
Further explicit criteria regarding interventions, outcomes and study design were
developed for each specific research question for use by the reviewers. These are
described in each chapter. A sample of the screening forms used for full-text review is
provided in Appendix 1.

Data abstraction and evidence tables

We developed data abstraction forms to collect data regarding details of patient
population, interventions, study design, results, and study quality. These forms were
completed by the Duke clinicians and reviewed in detail during reformatting the data into
evidence tables. A sample data abstraction form is provided in Appendix 2.

Assessment of the quality of available evidence

Each included and abstracted article was evaluated and rated for level of evidence (LE)
using a generic scale that rates studies according to their purpose (assessment of
efficacy, natural history, etc.) into categories relating to their susceptibility to bias based
primarily on study design (see the last scale on the sample data abstraction form,
Appendix 2)."
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In addition, each study was evaluated according to six criteria testing for internal and
external validity. These criteria explored the study population’s selection and
representativeness, how attrition was considered, and how well the study population fit
our definition of pre-ESRD. Finally, a global, subjective quality score (QS) was
assigned using a 4-point scale (excellent, good, fair, poor).

Peer review

This document has undergone a process of peer review. In consultation with the
Working Group, RPA, and AHRQ, we identified health professionals representative of
the target audience to review a draft report. Members of the Working Group and AHRQ
also reviewed this Evidence Report concurrent with the external peer review. The
authors have addressed comments from all reviewers, in some cases describing
changes to the document, in others offering a rationale for our disagreement if we
believed no change was indicated. The final Evidence Report and our responses to
comments will be reviewed by the Working Group and AHRQ.
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2.Anemia

2.1 Chapter summary

To address the issue of the management of anemia in patients with pre-ESRD, the
following five key questions were formulated:

1. What is the prevalence of anemia in pre-ESRD?

2. What proportion of anemic pre-ESRD patients have deficiencies treatable by
nutritional repletion?

3. What proportion of patients without nutritional deficiencies are resistant to EPO?

4. What proportion of pre-ESRD patients have low EPO levels?

5. What is the efficacy of EPO in improving intermediate and ultimate outcomes in
patients with pre-ESRD?

The available evidence on anemia in CKD led to us being able to provide data that
addressed only three of our five key questions. Two of the questions posed were
therefore not answered by the current review. The majority of the literature abstracted
focused on the treatment of the anemia of CKD with EPO therapy and the effect of such
therapy on intermediate and surrogate outcomes.

Key Question #1: What is the prevalence of anemia in pre-ESRD?

The modest evidence emerging from two studies using different criteria for pre-ESRD,
and with overlapping populations, suggests that the prevalence of anemia in this
population is in the range of 16% to 18%. It has been shown consistently that the
prevalence of anemia increases markedly as kidney disease becomes more advanced.

Key Question #2: What proportion of anemic pre-ESRD patients have deficiencies
treatable by nutritional repletion?

No specific estimate of this proportion can be derived from the available literature. Iron
deficiency in particular appears to be not uncommon. Patients on EPO who are iron
deficient have been shown to require higher EPO levels to attain a target hemoglobin
concentration.

Key Question #3: What proportion of patients without nutritional deficiencies are
resistant to EPO?
No direct evidence was identified to answer this question.

Key Question #4: What proportion of pre-ESRD patients have low EPO levels?
The few studies of this question suggest that EPO levels in CKD are similar to levels in
non-CKD patients without anemia. However, CKD patients are more likely to have EPO
levels inappropriately for relative to their degree of anemia.

Key Question #5: What is the efficacy of EPO in improving intermediate and
ultimate outcomes in patients with pre-ESRD?
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We identified no studies relating use of EPO in all or a subset of the pre-ESRD
population to mortality. One study examined the impact of EPO on quality of life,
indicating that relief of anemia with EPO was associated with significant improvement in
quality of life measures. The remainder examined the impact of EPO on hypertension,
LVMI, renal hemodynamics, or endothelial function. Although not the target of this
guestion, impact of EPO on deterioration of renal function was evaluated in 17 identified
studies; on balance, the evidence does not suggest a detrimental effect of EPO on
kidney function.

Of 16 studies that assessed blood pressure effects of EPO therapy in CKD, eight
suggested at least some increase in the risk of developing or suffering an exacerbation
of hypertension associated with EPO therapy. No study reported improvement in blood
pressure with EPO.

Two studies involving small, highly selected populations suggest EPO may be
associated with improvement in LVMI.

Two limited studies did not reveal any significant effect of EPO on renal hemodynamics.

One study suggested that EPO therapy may improve endothelial function as evidenced
by a reduction in the elevation of thrombomodulin levels. The importance of this finding
is unclear as the significance thrombomodulin in endothelial pathobiology has not been
elucidated.

Conclusions

On the order of 1 in 5 pre-ESRD patients are anemic. It is unclear how many of these
patients are nutritionally deficient, but iron deficiency is not uncommon and (in addition
to causing anemia) can interfere with the efficacy of EPO. Individuals who use EPO for
anemia appear to have improved quality of life, as well as improvement in several
intermediate outcomes; although exacerbation is associated with EPO use. No studies
were identified that provide guidance on the threshold for treatment, or the optimal dose
in the population of individuals with pre-ESRD.

2.2 Background

Anemia is common in patients with chronic kidney disease and has a detrimental effect
on cardiac function, exercise capacity, quality of life, and cognitive function.* In
addition, it has been suggested that mortality and major complications that develop in
ESRD are associated with anemia that develops early in the course of chronic kidney
disease (CKD). This leads to the hypothesis that correcting anemia before the initiation
of renal replacement therapy (RRT) may improve health outcomes.

Use of erythropoietin (EPO) for treating anemia has become standard practice for
patients receiving RRT). Greater than 90% of adults receiving RRT receive EPO, and
the mean hemoglobin for ESRD patients in the US is 11.1 g/dL.° There is little
epidemiological data as to the prevalence of anemia among pre-ESRD patients in the
US. However, Obrador et al.” report that among a cohort of individuals identified at the
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point of initiating RRT, 51% had a hematocrit below 28%. Fink® also recently reported
in a large cohort of patients initiating RRT derived from Medicare claims data that mean
hematocrit among the 23% of patients who received EPO prior to the initiation of
dialysis was 28.2%, compared to 27% for the 73% of patients who did not receive EPO.
It is notable that dialysis patients with levels of anemia in this range are known to be at
increased risk of death.® In addition, during the years from 1995 to 1997, despite this
high prevalence of anemia, less than a quarter of incident ESRD patients received EPO
before initiating RRT, and this low level of use was relatively constant over the period of
observation.'® Thus, if anemia correction with EPO in the pre-ESRD period is
beneficial, then there may be substantial room to improve care and patients’ outcomes.

Evidence of the benefits of aggressive correction of anemia is found in other clinical
situations. For example, outcomes are improved with blood transfusions following
myocardial infarction in elderly patients,** as well as following gastrointestinal
hemorrhage.'? There is also recent data suggesting that successful treatment of anemia
to hemoglobin > 12 g/dL in patients with advanced congestive heart failure is associated
with a significant improvement an cardiac function and reduction in the need for
hospitalizations.*®* However, the argument for aggressive anemia correction is not
consistently supported. One study demonstrated that a restrictive strategy of red-cell
transfusion (transfusion for hemoglobin < 10 g/dL) in a critical care population was at
least as effective as a more liberal transfusion policy (transfusion for hemoglobin < 7.0
g/dL with the possible exception of patients with acute myocardial infarction and
unstable angina).'* A recent meta-analysis of trials involving treatment of anemia
associated with cancer therapy suggested that the available evidence was inadequate
to determine whether outcomes were superior if EPO therapy was initiated when the
hemoglobin concentration was substantially higher than 10 g/dL compared with starting
treatment when the hemoglobin declines to nearly 10 g/dL.*

A number of factors may influence the likelihood of anemia developing and the
susceptibility of such anemia to EPO therapy in patients with earlier forms of kidney
disease. Such factors include etiology of kidney disease, co-morbid conditions,
concomitant medications, endogenous EPO levels, EPO resistance, and nutritional
deficiencies.

The purpose of this chapter is to systematically review the available literature on the
prevalence of anemia and of low EPO levels, the role of nutritional deficiencies in the
development of anemia and EPO resistance, and the efficacy of EPO in improving
intermediate and ulitimate outcomes for patients with pre-ESRD.

2.3 Methods

To address the issue of the management of anemia in patients with pre-ESRD, the
following five key questions were formulated:
1. What is the prevalence of anemia in pre-ESRD?
2. What proportion of anemic pre-ESRD patients have deficiencies treatable by
nutritional repletion?
3. What proportion of patients without nutritional deficiencies are resistant to EPO?
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4. What proportion of pre-ESRD patients have low EPO levels?
5. What is the efficacy of EPO in improving intermediate and ultimate outcomes in
patients with pre-ESRD?

To identify the literature addressing the five questions related to the management of
anemia, the following search terms were used: “erythropoietin” “anemia,” “hypochromic
anemia,” and “iron, dietary.” Articles of interest were also identified from the reference
lists of other articles reviewed.

Intermediate outcomes considered included blood pressure, hemoglobin, and
hematocrit; ultimate outcomes considered included angina, congestive heart failure,
activity/function, quality of life, cognition, and mortality.

2.4 Results

Five hundred and five titles and abstracts were initially screened. Of these, 70 were
identified for full-text screening. We were unable to obtain a copy of two of these
articles.'®*” Of the remaining 68, twenty-five were excluded during full-text review for
the following reasons: outcomes not reported separately for the pre-ESRD population
(n = 1), did not meet the criteria for the pre-ESRD population (n = 3), did not address at
least one of the key questions (n = 21). The remaining non-review articles (thirty-two)
were abstracted using a standardized form and are summarized in Evidence Table 1.

Key Question 1: What is the prevalence of anemiain pre-ESRD?
Seven studies were identified that focus on the prevalence of anemia in pre-ESR
2024 Two of these were cohort studies from individual nephrology clinics,*®*° two were
US population-based studies,??* one was an analysis based on a multi-center
community-based outpatient clinic patient sample,”* one was based on an analysis of
outpatients from a single medical center® and one was based on a population receiving
nephrology outpatient care at two tertiary care centers in the same geographic region.™

18,19,
D.

The first single-center-based cohort study was performed at Walter Reed Army Medical
Center in Washington DC and involved 106 adult patients with chronic kidney disease
and adult patients with creatinine > 1.5 mg/dL.*® The patients were identified
retrospectively by reviewing medical records of all patients seen between July 1, 1986,
and June 30, 1987. Patients with other explanations for their anemia, those with rapid
deterioration in kidney function (1-month change in creatinine in excess of 1.0 mg/dL),
and patients who had received prior kidney transplants were excluded from analysis.
Patients with incomplete records were also excluded, as were 27 patients who met pre-
ESRD criteria but did not have simultaneous blood count and chemistries available.
The final sample for analysis comprised of 106 patients. Thirty-three percent were
Black and 60% were male. The mean hematocrit in this group of patients was 35.5 +
0.7 g/dL. Criteria for “anemia” were not defined, and the actual prevalence of anemia
was not therefore reported. The authors demonstrated significant correlations between
hematocrit and three conventional measures of kidney function: serum creatinine, BUN,
and creatinine clearance. Using multivariate linear regression they found a significant
interaction between gender and kidney function as predictors of hematocrit, in that
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reduced kidney function was more profoundly associated with lower hematocrits in
males than in females.

Holland et al.?° explored predictors of hospitalization and death in a cohort of 362 adult
patients with chronic irreversible kidney failure attending a pre-dialysis clinic in Ontario,
Canada. The patients were seen between January 1990 and July 1997, and the
majority of patients studied were older than 65 years (51.7%) and male (61%). One
hundred and sixty-four (34%) patients had serum creatinine > 300 umol/L. Overall,
16.3% of patients were found to have hemoglobin < 9.5 g/L. Of those with creatinine >
300 umol/L (3.4 mg/dL) the proportion of patients with anemia was significantly higher.
In addition, lower hemoglobin was found to be an independent predictor of
hospitalization using multivariate analyses.

Using the National Health and Nutrition Examination Survey (NHANES II), Strauss et al.
attempted to estimate the size of the US pre-ESRD population and to estimate the
fraction of those patients with anemia.?* Out of a total study population of 10,453
patients, 44 patients were identified with serum creatinine > 2.0 mg/dL and hemoglobin
< 8.0 mg/dL. As this number was considered too few to accurately estimate the
proportion of pre-ESRD patients with anemia, data from two other studies of patients
with pre-ESRD were added to the NHANES Il data. One of these studies was the
aforementioned by Howard et al.,'® and the other was a study of EPO levels in patients
with pre-ESRD.?® The combination of these three populations added up to 181 patients
with pre-ESRD, and, of these, 34 or 18.8% were identified to have anemia (defined as a
hematocrit < 30%). The prevalence of anemia increased considerably with more
advanced levels of kidney disease, in that 2.8% of those with creatinine > 2.0 and < 3.0
mg/dL were anemic, whereas 17.2% of those with creatinine > 3.0 and < 4.0 mg/dL and
36% of those with creatinine > 4.0 and < 8.0 mg/dL were anemic. When the analysis
was confined to the 44 patients identified from the population-based survey, the
prevalence of anemia was 15.9%. The reported combination of these three data sets
may not have been appropriate because two of the studies refer to incident ESRD
cohorts and one is a population-based sample.

In a large retrospective, cross-sectional population-based analysis of ambulatory
patients from Brigham and Women’s Hospital in Boston, Hsu et al.>® reviewed the
records of 12,055 adult patients and found that a decrease in hemoglobin is apparent
even among patients with mild to moderate kidney disease. The hemoglobin decreased
progressively below CrCl of 60 mL/min in men and below 40 mL/min in women.
Between 10% and 15% of patients with a GFR less than 50 mL/min had hemoglobin
levels below 11.0 g/dL. Because the prevalence of impaired kidney function below a
GFR of 50 mL/min was less than 10% of the population, there were, however, relatively
small numbers of subjects in this study.

A population-based analysis using NHANES Il data similarly demonstrates an
association of level of hemoglobin and level of GFR below an estimated GFR of 60
ml/min. This study analyzed data from 15,419 patients aged 20 years and older; the
survey was conducted from 1988 to 1994. The prevalence of anemia (hemoglobin
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<12 g/dL in men and < 11g/dL in women ) increased from 1% for patients with
estimated GFR of 60 ml/min to 9% for patients at an estimated GFR of 30 mL/min. This
study was limited by the paucity of data points for patients with CrCl < 30 mL/min.

Preliminary results of the Prevalence of Anemia in Patients with Early Renal
Insufficiency (PAERI) Study were presented in abstract form at the ASN meeting in San
Francisco in 2001.* A prospective, multicenter observational study enrolled patients
with a serum creatinine level of 2.0 to 6.0 g/dL for men and 1.5 to 6.0 g/dL for women.
Patients who received rHUEPO or iron supplementation within 3 months prior to
enrollment were considered ineligible. Preliminary results of 4,006 patients revealed
hemoglobin levels of less than 12, 11, and 10 g/dL in 47%, 23%, and 9% of the
population, respectively. Multivariate logistic regression analysis revealed that in
addition to level of renal function, female sex, non-White race, and diabetes were
significant predictors of anemia in this population.

Kazmi et al.'® retrospectively reviewed the records of 604 patients receiving nephrology
outpatient care at two tertiary care centers in the Boston area. Patients included were
those aged > 18 years with persistently elevated serum creatinine for at least 6 months
(2.5 mg/dL in men and 2.0 mg/dL in women). The mean estimated GFR of the study
group was 23.1 (+ 9.3) mL/min and the mean hematocrit was 34.9 (+ 5.6) %. In the 19%
of patients who underwent iron studies 54% had values consistent with iron deficiency
(transferrin saturation < 20%). Linear regression revealed that for every 10 mL/min
decrease in predicted creatinine clearance there was a 3.1% drop in hematocrit and a
hematocrit of 36% or greater was maintained only among patients with a mean
predicted GFR of 27.4 mL/min or greater.

Based on these studies we conclude that the evidence as to the prevalence of anemia
in pre-ESRD remains somewhat inconclusive as the available reports are not based on
a representative sample of pre-ESRD patients and in general focus on patients with
earlier degrees of kidney disease. Reliance on nephrology clinic data may lead to bias
in that those referred for care may be more unwell than those who remain unreferred
and population-based data is limited by the number of patients with advanced CKD. The
absence of clear outcome data for anemia correction in this population also makes
defining anemia prevalence difficult, as the hemoglobin/hematocrit level at which
patients benefit from therapeutic intervention is not clear. The four most recent studies
demonstrate that anemia begins to develop early in the course of CKD and is evident
below CrCl of 60 mL/min. It is also apparent that anemia increases in severity as CKD
progresses to ESRD.

Key Question 2: What proportion of anemic pre-ESRD patients have

deficiencies treatable by nutritional repletion?
No papers were identified that addressed this question.

Key Question 3: What proportion of patients without nutritional

deficiencies are resistant to EPO?
No papers were identified that addressed this question.
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Key Question 4: What proportion of pre-ESRD patients have low EPO

levels?

Three papers were identified that addressed this question. McGonigle et al.”> assessed
EPO levels in a group of 60 CKD patients identified at two hospitals in New Orleans with
serum creatinine levels ranging from 1.6-10.9 mg/dL and hematocrit values ranging
from 16.5% to 52%. The mean EPO level was 34.67 (= 6.7) mU/ml. This was slightly
higher than that found in 40 normal subjects. EPO concentrations were, however,
inexplicably extremely high in three of the CKD patients. Serum EPO concentrations in
kidney failure patients were not found to correlate with plasma creatinine levels or with
hematocrit, whereas EPO levels were found to correlate with hematocrit in non-kidney
failure anemia patients, suggesting a relative erythropoietin deficiency in CKD. The
authors also found evidence of inhibition of erythroid progenitor cell formation in CKD.

25
l.

Yamazaki et al.? reported mean EPO levels of approximately 23.1 mU/mL in 20 pre-
dialysis patients. The patients included in this study visited the hospital as outpatients.
No other selection processes are described in the study. This study was designed to
compare the pharmacokinetics of IV and SC EPO, and as normal ranges for the EPO
assay offered were not provided and the population studied appears to have been a
selected anemic population, the study did not provide meaningful estimates of the
prevalence of EPO deficiency.

Kamper et al.?” reported baseline mean EPO levels of 32 (range 10 — 86) mU/mL in a
59-patient randomized controlled trial of enalapril versus conventional anti-hypertensive
therapy in pre-ESRD patients. The corresponding mean baseline hematocrit value
reported in the study was 7.6 g/dL (range 4.9 — 10.2). After 90 days of therapy the mean
EPO level in the enalapril treated group decreased from 32 (range 10-59) mU/mL to 24
(range 7-70) mU/mL and was unchanged in the control group 34 (rangel11-86) mU/mL
to 35 (range 10-92) muU/mL.

Key Question 5: What is the efficacy of EPO in improving

intermediate and ultimate outcomes in patients with pre-ESRD?
Twenty studies were identified that assessed the effect of EPO therapy on intermediate
outcomes, including blood pressure effects, deterioration of kidney function, left
ventricular geometry, kidney hemodynamics, levels of vasoactive substances, and
nutritional status and quality of life. Of these, eight were randomized controlled
trials,?®?%** three were cohort studies,***” and nine were before/after studies.»**°

Effects on hematopoietic outcomes or direct assessment of drug efficacy were not
considered, but a number of studies that focused on such efficacy outcomes did provide
evidence of EPO effects on other outcomes and were therefore considered. These are
summarized in Evidence Table 1.

No studies were identified that assessed mortality.
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Blood pressure

Seventeen studies addressed the issue of blood pressure effects of EPO
therapy.!#26:30-3234-36.38-4346 None of these was primarily designed to assess blood
pressure. Ten of the 17 studies compared blood pressure of EPO-treated and non-
treated patients based on actual blood pressure measurements.*#31:34-36:3846.47 ¢
these ten, six were randomized trials,**%3!**4° two cohort studies,**® and two before-
after studies.™®® The other seven studies®*>****? did not report blood pressure
measurements but did comment on changes in antihypertensive medication or adverse
effects of medications.

Of the ten studies reporting blood pressure measurements, nine’*31:34364647 giq not
show a difference in blood pressure between EPO-treated and non-treated groups.
One study of 11 pre-ESRD patients before and after EPO demonstrated a significant
increase in systolic and mean blood pressures, but no difference in diastolic
pressures.®® Of the nine studies that reported no differences between measured blood
pressure values, two studies which together included a total of 201 patients specifically
reported no increased in blood pressure “adverse events” recorded. The adverse
events recorded were not predefined or categorized and included “hypertension,”
“headache,” “arthralgia,” “edema,” and others.?** Of the seven studies that
commented on EPO blood pressure effects but did not involve measured BP outcomes,
five?®39-4143 reported an increase in antihypertensive medications in patients treated
with EPO, one* reported an increase in “hypertension-related” adverse events, and
one*? reported no difference in anti-hypertensive medication prescription between
groups treated with EPO and those without.

In conclusion, of the 17 studies that assessed blood pressure effects of EPO therapy in
CKD, eight suggested at least some increase in the risk of developing hypertension or
suffering an exacerbation of hypertension associated with EPO therapy. As there were
no studies that suggested improvement in blood pressure with EPO, the balance of
evidence appears to suggest that EPO use is associated with at least a modest
exacerbation of hypertension.

Deterioration in renal function

The effect of EPO on residual renal function was evaluated in 18 studies.
444647 Renal function was assessed by a variety of different methods, including
reciprocal of creatinine (12 studies),?®>13+36:394244 g|gpeg of the reciprocal of creatinine
over time (11 studies), 2313436394244 (iffarences in slope between EPO treated and
non-treated groups (one study),*® creatinine clearance (two studies),***° and time to
dialysis (one study, which also measured creatinine clearance).** No single study had
sufficient power to detect a minimally clinically important difference.

4,26,30-36,39-

Although one study did suggest a trend toward possible reduction in slope of
deterioration of renal function with EPO therapy (p = 0.06),%° none of the 11 trials that
used reciprocal of creatinine curves as a measure of renal deterioration found any
difference between EPO-treated and non-treated patients.
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Two studies that compared EPO-treated and non-treated groups assessed differences
in renal deterioration using creatinine clearance.®**® One of these studies also
compared patients based on time to dialysis using survival analyses.** Neither study
described any difference in the rate of renal deterioration between EPO-treated and
non-treated groups. Two other studies compared pretreatment serum creatinine with
serum creatinine during treatment with EPO and observed no difference in serum
creatinine associated with EPO therapy.**’ Watson et al., in a study that primarily
evaluated the safety and efficacy of subcutaneous EPO therapy in patients with CKD,
reported that two of the 11 patients studied were discontinued from the trial because of
rapid deterioration in renal function.®®* Finally, Kuriyama et al., in a study specifically
designed to assess the impact of EPO therapy on renal deterioration, observed a
reduction in renal deterioration (defined as time to doubling of serum creatinine ) when
42 anemic CKD patients treated with EPO were compared with 31 untreated anemic
CKD patients (P = 0.0003).%° This comparison was unadjusted, however, and the
results could possibly be attributable to some extent to the fact that there was a higher
prevalence of diabetes in the untreated group.

In conclusion, of the 17 studies that addressed the effect of EPO therapy on
deterioration in renal function, 14 demonstrated no change in the rate of deterioration of
renal function associated with EPO therapy, one demonstrated improvement in renal
function with EPO therapy,*® one showed a non-significant trend toward improvement,
and one suggested that there may be an increase in deterioration in renal function with
EPO therapy.*

40

Left ventricular geometry

Two studies were identified that assessed the effect of EPO therapy on left ventricular
geometry.'*® Portoles et al.' described a selected group of 11 patients before and at
the end of 6 months of EPO therapy. Mean left ventricular mass index (LVMI) was
178.2 + 20.6 g/m? pre-therapy and 147.3 + 20.6 g/m? (p < 0.01) after 6 months of EPO
therapy. Hayashi et al.*® studied nine patients with hematocrit < 25% who underwent
normalization of hematocrit with EPO over 10 months and demonstrated a reduction in
LVMI from 140.6 + 12.1 g/m? to 111.2 + 8.3 g/m? (p < 0.05).

These studies were both significantly underpowered and the populations studied were
also highly selected. The effect of EPO therapy on left ventricular geometry in this
population remains, therefore, uncertain.

Renal hemodynamics

There were two studies identified that briefly addressed the issue of alteration of renal
hemodynamics with EPO therapy. Frenken et al.*® determined that increases in
effective renal plasma flow and renal blood flow noted in anemic patients treated with
captopril were not as evident in patients whose anemia had been corrected with EPO
prior to receiving captopril. Abraham et al.*® compared four patients who received EPO
with four controls receiving placebo and derived renal vascular resistance (RVR) values
for each patient using mean arterial pressure (MAP) and p-aminohippurate clearance
derived estimates of renal blood flow (RBF) (RVR = MAP/RBF x 80,000 [dyn\s\cm™)).
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EPO-treated and untreated patients were not noted to have different values for this
parameter.

Quality of life

Three papers were identified that assessed quality of life measures in EPO-treated CKD
patients. In a randomized, parallel-group, open-label clinical trial of EPO versus
placebo involving 83 CKD patients, Revicki et al.> demonstrated that quality of life was
relatively better in EPO-treated patients than in those who received placebo. This study
involved follow-up evaluations over 48 weeks. Hematocrit levels were measured at
baseline and monthly, and quality of life was assessed at baseline and at 16-week
intervals for a total of 48 weeks. Significant improvements in assessments of energy (P
< 0.05), physical function (P < 0.05), home management (P < 0.05), social activity (P <
0.05), and cognitive function (P < 0.05) were found for the r-HUEPO-treated group.
Between-group differences favoring the r-HUEPO-treated group were found for energy
(P < 0.05) and physical functioning (P < 0.05). The quality-of-life analysis reported in
this paper was for the same group of patients for whom pharmacokinetic data and
progre354sion of kidney disease and blood pressure outcomes were reported in an earlier
paper.

Three of the studies that primarily addressed blood pressure and deterioration in renal
function issues also discussed quality-of-life issues. One study, an RCT comparing
three different EPO dosing strategies with placebo over 8 weeks, described significant
improvement in energy levels and work capacity in patients whose anemia had been
corrected (i.e., achievement of a hematocrit of 40% for men and 35% for women).!
Using a scale ranging from 1-5, 60% of patients whose anemia had been corrected
reported increased energy at the final evaluation versus 42% of those whose anemia
had not been corrected. The other study was a double-blind RCT of 14 patients
comparing different EPO dosing strategies over 8 weeks. Seven patients who received
EPO and one who received placebo underwent exercise tolerance assessment as
measured by oxygen consumption using breath testing and a cycle ergometer.* The
one placebo-treated patient showed a slight decrease in exercise tolerance, and the
seven EPO-treated patients were found to have developed increased oxygen
consumption at anaerobic threshold (9.23 + 1.05 mL/min at baseline vs. 9.94 + 1.03
mL/min at 8 weeks, P < 0.02) and at maximal work rate (16.0 £ 1.8 mL/min at baseline
vs. 17.5 £ 1.9 mL/min at 8 weeks (P < 0.02)) following 8 weeks of EPO therapy.
Kleineman et al.> used a quality of life assesment consisting of three questions related
to energy level in a study primarily designed to assess the effects of anemia correction
on blood pressure and renal function. The EPO treated patients showed a greater mean
increase in quality of life than the placebo group.
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We conclude that the evidence supporting quality-of-life improvement with EPO therapy
is reasonably convincing and is consistent with data in oncology and hematology
patients.

Levels of vasoactive substances

Two of the studies outlined earlier also assessed the influence of EPO therapy on
various vasoactive substances. Kuriyama et al.*” demonstrated that thrombomodulin
levels correlated with increasing creatinine in CKD patients and that EPO therapy
resulted in a reduction in the expected increase in thrombomodulin levels, suggesting
that EPO may have a beneficial effect on endothelial dysfunction in CKD. Portoles et al.
assessed levels of Endothelin 1, plasma renin activity, epinephrine, norepinephrine, and
dopamine pre- and post-EPO therapy in 11 CKD patients and found no differences.*

The effect of EPO therapy on various vasoactive mediators is thus an interesting but
understudied area that may offer insights into EPQO’s effect on important clinical
outcomes in the future.

Nutrition

Lastly, Nishikage et al., in a prospective clinical trial of 27 CKD patients identified from
an outpatient clinic setting, assessed the effect of EPO therapy on amino acid
metabolism.®” There were no significant changes noted in the concentrations of non-
essential amino acids, essential amino acids, or branched chain amino acids after
treatment with EPO to a target hematocrit of 30% in patients with CKD and anemia.
There is a notable paucity of data in the literature as to the effect of EPO therapy on
more global measures of nutrition such as weight, BMI, muscle mass or nutritional
intake.

In conclusion, the association of EPO therapy with nutritional indices is not well studied.

2.5 Discussion

The available evidence on anemia in CKD led to us being able to provide data that
addressed only three of our five key questions. Two of the questions posed were
therefore not answered by the current review. The majority of the literature abstracted
focused on the treatment of the anemia of CKD with EPO therapy and the effect of such
therapy on intermediate and surrogate outcomes. Based on the studies that evaluated
the prevalence of anemia in CKD we concluded that the evidence remains somewhat
inconclusive. Using different criteria for pre-ESRD, and with overlapping populations,
two studies estimated the prevalence of anemia to be 16.3 and 18.3% respectively. All
studies identified demonstrated that the prevalence of anemia increases markedly as
kidney disease becomes more advanced.

Information about EPO levels in CKD is scarce but suggests that EPO levels in CKD
were not necessarily lower than in patients who were not anemic, but that CKD patients
may suffer from a relative EPO deficiency; that is, EPO levels were inappropriately low
considering level of anemia.
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Research on intermediate outcomes following EPO therapy in CKD patients focused
primarily on two areas, blood pressure and progression of CKD. Of 16 studies that
assessed blood pressure effects of EPO therapy in CKD, eight suggested at least some
increase in the risk of developing or suffering an exacerbation of hypertension
associated with EPO therapy. As there were no studies that suggested improvement in
blood pressure with EPO, the balance of evidence appears to suggest that EPO use is
associated with an exacerbation in blood pressure.

Of the 17 studies that addressed the effect of EPO therapy on deterioration in renal
function, 14 demonstrated no change in the rate of deterioration of renal function
associated with EPO therapy, one demonstrated improvement in renal function with
EPO therapy,*® one showed a non-significant trend toward improvement,*® and one
suggested that there may be an increase in deterioration in renal function with EPO
therapy.®® In this case, therefore, the majority of the evidence suggests that EPO
therapy is associated with no change and if anything a slight improvement in the rate of
renal function deterioration.

Although the number of studies that address the issues of blood pressure control and
progression of kidney disease is considerable it is important to note that none of the
studies described were adequately powered to detect small or even moderate
differences in these parameters.

Two studies suggested improvement in LVMI but involved small highly selected
populations, and further evidence is required in larger population-based samples before
it can be conclusively stated that EPO therapy leads to a reduction in LVMI in CKD
patients.

The papers that assessed renal hemodynamics did not conclusively demonstrate any
significant differences between EPO-treated and non-treated patients, but neither study
was designed to comprehensively evaluate such questions

The evidence supporting quality-of-life improvement with EPO therapy is reasonably
convincing for EPO having an associated quality-of-life benefit and is not surprising in
the light of extensive other data describing improvement in oncology and hematology
patients.

Lastly, one study suggested that EPO therapy may improve endothelial function as
evidenced by a reduction in the elevation of thrombomodulin levels. The use of
surrogate outcomes such as this makes conclusions difficult in that the pathobiology of
endothelial function and the role of EPO and thrombomodulin in that pathobiology may
not yet be completely elucidated.

In conclusion, therefore, the available literature on anemia and its management in

patients with pre-ESRD predominantly addresses the management of anemia with
EPO. Data as to the prevalence of anemia in CKD is limited and inconclusive but
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suggests that 15-20% of pre-ESRD patients are anemic. Anemia treatment with EPO is
probably associated with an increased risk of developing hypertension or of
exacerbating current hypertension and does not appear to be associated with an
increased risk of deterioration in renal function. Substantial opportunities remain for
further research into the prevalence of anemia and its treatment in this population and
into the role of nutrition and nutritional interventions in both the pathobiology of the
disease and its management.
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Evidence Table 1 — Anemia

Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Abraham, Design: RCT (n =8) No. of pre-ESRD subjects: 8 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

Opsahl, pre-ESRD?: 1) Global assessment: Poor

Rachael, et Intervention(s) studied: Inclusion criteria: Anemia (Hct < 2) Validity criteria:

al., 1990 1) Placebo administered 36%) secondary to chronic renal Not addressed Population described: Completely

intravenously or
subcutaneously 3 times per
week for up to 8-12 weeks to
achieve a goal Hct of 40% for
males and 37% for females
(n =4). Mean duration of
treatment (£ SD), 9.4 £ 2.2
weeks.

2) Intravenous or

subcutaneous EPO 3 times per

week for up to 8-12 weeks to
achieve a goal Hct of 40% for
males and 37% for females.
Doses used were 50 U/kg
(n=1), 100 U/kg (n = 2), and
150 U/kg (n = 1). Mean
duration of treatment (£ SD),
7.6 £ 2.7 weeks.

At the completion of the RCT
phase, all patients were given
EPO and entered into a long-
term open-label study.

Dates: NR

Location: Minneapolis, MN

Recruitment setting:
Nephrology clinic/department

failure (SCr > 3.0 mg/dl); predialysis;
clinically stable for at least 1 month
prior to start of study

Exclusion criteria: Other causes of
anemia; androgen, immuno-
suppressant, or corticosteroid
therapy in previous 2 months; any
condition that might interfere with or
complicate EPO therapy

Age (mean, with range): Placebo,
54 (43-69); EPO, 39 (26-50)

Sex: Placebo, 75% M, 25% F; EPO,
50% M, 50% F

Race: NR

Renal function at entry:
CrCl (mean, ml/min):
Placebo: 33.5

EPO: 19.8

SCr (mean + SD, mg/dl):
Placebo: 3.7+0.4
EPO: 52+1.6

Inulin clearance (mean + SD,
ml/min):

Placebo: 27 +8

EPO: 16 +13

Hgb at entry: NR

Hct at entry (mean + SD):
Placebo: 28 + 2%

EPO: 32+ 3%

p <0.05

Incl/excl described: Partially
Dropouts discussed: Partially
Sample size justified: No/not

Key Question 2) What proportion of anemic pre-ESRD
patients have deficiencies treatable by nutritional

repletion?: assessable
3) GFR/CrCl: Measured by
Not addressed investigators

4) % pre-ESRD: > 75%
Key Question 3) What proportion of patients without 5) Level of evidence: 2b
nutritional deficiencies are resistant to EPO?:

Note: Very small sample size (n = 8).

Not addressed

Key Question 4) What proportion of pre-ESRD patients
have low EPO levels?:

Not addressed

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?

a) Hct (mean + SD):

Baseline End of treatment
Placebo: 28 + 2% 29 + 3%
EPO: 32+3% 37+ 2%

Both groups, end of treatment vs. baseline, p < 0.05.
EPO vs. placebo, at baseline and at end of treatment,
p < 0.05.

b) Blood pressure:
Mean blood pressure (mean = SD, mmHg):

Baseline End of treatment
Placebo: 106 + 15 98 +7
EPO: 102 £ 12 100+ 7

No significant pre-/post- or between-group differences.

Antihypertensive medication was increased in 2 patients
in each group.

(continued on next page)
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Evidence Table 1 — Anemia (continued)

Study

Design and
Interventions

Patient Population

Results (by Key Question)

Quality Scoring/Notes

EPO levels at entry: NR
Nutritional parameters at entry: NR

Co-morbidities at entry:

Diabetes as cause of CRF: 50%
each group

Antihypertensive medication: 100%
of patients in placebo group; 75% of
patients in EPO group

c) Total protein excretion (mean + SD, mg/day):

Baseline End of treatment
Placebo: 1,527 +1,015 1,294 + 973
EPO: 1,100 + 1,023 1,477 + 1,592

Placebo, end of treatment vs. baseline, p < 0.05;
otherwise no significant pre-/post- or between-group
differences.

d) Renal vascular resistance (mean + SD, dyn x s x
-5
cm™):

Baseline End of treatment
Placebo: 58,753 + 13,135 66,801 + 8,492
EPO: 183,625 + 170,622 129,167 + 103,548

No significant pre-/post- or between-group differences.

e) Inulin clearance (mean + SD, ml/min):

Baseline End of treatment
Placebo: 27+8 20+7
EPO: 16 +13 18+11

No significant pre-/post- or between-group differences.
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Evidence Table 1 — Anemia (continued)

Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Albertazzi, Design: Cohort study No. of pre-ESRD subjects: 84 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

Di Liberato, started therapy; 65 were followed up pre-ESRD?: 1) Global assessment: Fair

Daniele, et  Intervention(s) studied: through 6 months; 25 were followed 2) Validity criteria:

al., 1998 Subcutaneous EPO 2,000 units up through 12 months Not addressed Population described: Partially

twice per week for 6 weeks. If
at the end of the 6™ week Hgb
had not increased by 1 g%,
then dosage of 3,000 units
given twice per week for a
further 6 weeks. Further
increases of 1,000 units per
administration were then
permitted, if necessary,
“through reducing time
treatment to 4 weeks.” Doses
reduced by 50% and given
once per week when Hgb levels
stabilized between 10-11 g%.
Therapy suspended if SCr
increased by > 30%. Mean
EPO doses (+ SD) were 4,000
units/week at start of study,
4,784 + 1,535 units/week at 3
months, 3,592 + 1,685
units/week at 6 months, and
2,840 + 1,178 units/week at 12
months.

65 patients were followed
through 6 months, 25 through
12 months.

Dates: NR

Location: 12 sites in Italy

Recruitment setting:
Nephrology clinics/departments

Inclusion criteria: Age 18-75; SCr 3-
9 mg%,; Hgb 6-9 g%; SCr measured
at least 6 times in previous 8 months

Exclusion criteria: Previous
treatment with EPO, cytostatics,
and/or immunosuppressors;
accelerated hypertension; severe
hyperparathyroidism (alkaline
phosphatase > 300 U/l); blood
transfusion in previous 2 months

Age (mean + SD): 61.7 + 13.9
Sex: 45% M, 55% F
Race: NR

Renal function at entry:
SCr (mean + SD): 5.17 £ 1.42 mg%

Hgb at entry (mean + SD): 8.00 £
0.77

Hct at entry (mean + SD): 24.9 +
3.0%

EPO levels at entry: NR

Nutritional parameters at entry
(mean £ SD):

Serum iron: 66.6 + 24.9 ug/dI
Serum ferritin: 148.6 + 37.6 ng/ml

Co-morbidities at entry:
Hypertension: 45/84 (54%), of
whom 29 were good responders to
antihypertensive therapy, and 16
maintained diastolic BP > 95 mmHg

Key Question 2) What proportion of anemic pre-ESRD
patients have deficiencies treatable by nutritional
repletion?:

Not addressed

Key Question 3) What proportion of patients without
nutritional deficiencies are resistant to EPO?:

Not addressed

Key Question 4) What proportion of pre-ESRD patients
have low EPO levels?:

Not addressed

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?

a) Hematocrit (means + SD, in %):

Baseline (n =84): 24.9+3.0

3 months (n =7?): 29.7 + 3.5 (p < 0.001 vs. baseline)
6 months (n = 65): 31.5+ 3.2 (p < 0.001 vs. baseline)
12 months (n = 25): 32.51 + 2.52 (p < 0.001 vs.
baseline)

b) Hemoglobin (means + SD, in g%):

Baseline (n = 84): 8.00 £ 0.77

3 months (n =7?): 9.35+1.00 (p < 0.001 vs. baseline)
6 months (n = 65): 10.06 + 1.04 (p < 0.001 vs.
baseline)

12 months (n = 25): 10.25 + 0.62 (p < 0.001 vs.
baseline)

c) Blood pressure:

Systolic BP (mean + SD, mmHg):
Baseline (n = 84): 146 + 19.2

3 months (n=7?): 152 +19.8

Incl/excl described: Partially
Dropouts discussed: No/not
assessable

Sample size justified: No/not
assessable

3) GFR/CrCI: ?7?

4) % pre-ESRD: ??

5) Level of evidence: 2b

Notes:
A total of 9 patients suspended EPO
therapy to start dialysis treatment.

1 patient each withdrew due to an

increase in SCr of > 30%, heart
failure/angina, and phlebitis.

(continued on next page)
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Evidence Table 1 — Anemia (continued)

Study

Design and
Interventions

Patient Population

Results (by Key Question)

Quality Scoring/Notes

6 months (n = 65): 151 +21.7
12 months (n = 25): 151 +19.3
p = not significant

Diastolic BP (mean + SD, mmHg):

Baseline (n=84): 81+8.6

3 months (hn=7?): 85+9.5

6 months (n = 65): 86+ 9.2

12 months (n = 25): 87 £13.5

p = not significant

13 patients had an increase in BP during treatment. Of
these, 2 completed EPO therapy, 7 were withdrawn,
and 4 were suspended for start of dialysis.

d) Renal function: Treatment with EPO did not impair
residual renal function (assessed by plotting the
reciprocal of SCr vs. time — results reported only in
graphic form).

56



Evidence Table 1 — Anemia (continued)

Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Anastas- Design: Prospective clinical No. of pre-ESRD subjects: 11 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

siades, trial (before/after study) pre-ESRD?: 1) Global assessment: Fair

Howarth, Inclusion criteria: Severe renal 2) Validity criteria:

Howarth, et Intervention(s) studied: failure, but not yet requiring dialysis Not addressed Population described: No/not

al., 1993 Subcutaneous EPO, initial dose assessable

60 units/kg twice a week, with
subsequent dose adjustments
to achieve a Hgb > 10 g/dI

(n =11). Antihypertensive
therapy and fluid status
optimized in the 2-week run-in
period before start of EPO
therapy. Treatment continued
for 12 weeks.

Dates: NR
Location: Manchester, UK

Recruitment setting:
Nephrology clinic/department

Exclusion criteria: None specified
Age: NR

Sex: NR

Race: NR

Renal function at entry: NR

Hgb at entry (mean + SEM): 6.90 +
0.35 g/dI

Hct at entry: NR
EPO levels at entry: NR
Nutritional parameters at entry: NR

Co-morbidities at entry:
Hypertension: Antihypertensive drug
score (mean + SEM) at baseline was
1.16 + 0.27 (score of 1 = maximal
daily dose of a single drug, with
lower doses of a drug having
proportionately lower scores)

Key Question 2) What proportion of anemic pre-ESRD

patients have deficiencies treatable by nutritional
repletion?:

Not addressed

Key Question 3) What proportion of patients without

nutritional deficiencies are resistant to EPO?:

Not addressed

Key Question 4) What proportion of pre-ESRD patients

have low EPO levels?:
Not addressed

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?:

a) Hgb (mean + SEM, in g/dl):
Baseline: 6.90 + 0.35

12 weeks: 10.05 + 0.47

p < 0.0001

b) Blood pressure:

Mean BP (= SEM, mmHg):
Baseline: 95+5

12 weeks: 103 £ 6

p =0.028

Systolic BP (mean + SEM, mmHg):
Baseline: 132+7

12 weeks: 146 £ 9

p =0.029

Diastolic BP (mean + SEM, mmHg):
Baseline: 77 +5
12 weeks: 81 %5

Incl/excl described: No/not assessable
Dropouts discussed: No/not
assessable

Sample size justified: No/not
assessable

3) GFR/CrCl: Not assessable

4) % pre-ESRD: 50-75%

5) Level of evidence: 4

Note: Study also included 16 patients
on continuous ambulatory peritoneal
dialysis, whose results are not
described here.

(continued on next page)
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p = not significant

This study demonstrated a marked increase in
expansion of red cell volume and blood volume in pre-
dialysis patients after treatment with EPO. This was

offered as a possible explanation for the increase in BP.
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Evidence Table 1 — Anemia (continued)

Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions
Astor, Design: Population-based No. of pre-ESRD subjects: 15,625 Key Question 1) What is the prevalence of anemiain  Quality Scoring:
Muntner, cohort study individuals age 20 or older were pre-ESRD?: 1) Global assessment: Excellent
Levin, et al., surveyed for NHANES IlI; 15,419 of 2) Validity criteria:
in Press Intervention(s) studied: these had SCr and Hgb measure- The NHANES III survey found the following anemia Population described: Completely
None. Investigators used data ments and GFR > 15 and were prevalences (anemia defined as Hgb < 12 g/dl for men Incl/excl described: Completely
from the third National Health  included in the analysis; 52 of these and < 11 g/dI for women) among patients of varying Dropouts discussed: No/not
Nutrition Examination Survey  had GFR 15-29 ml/min/1.73 m? GFR (GFR expressed in ml/min/1.73 mz): assessable
(NHANES IIl) to assess the GFR 90+: 1.8% anemic Sample size justified: No/not
association of kidney function  Inclusion criteria: Surveyed in GFR 60-89: 1.3% anemic assessable
and Hgb levels across the NHANES lIl; age > 20; non- GFR 30-59: 5.2% anemic 3) GFR/CrCI: Calculated by
range of kidney function among institutionalized GFR 15-29: 44.1% anemic investigators
non-institutionalized adults in 4) % pre-ESRD: < 50%/not
the US. Exclusion criteria: None specified Key Question 2) What proportion of anemic pre-ESRD assessable
patients have deficiencies treatable by nutritional 5) Level of evidence: 2b
Dates: NHANES Il conducted Age (n = 15,419 included subjects): repletion?:
from 1988 to 1994; results 40% 20-39; 27% 40-59; 14% 60-69; Note: Best available evidence on the
projected to 1990 19% 70+ Not addressed prevalence of anemia among patients
with chronic kidney disease. Limited
Location: Nationally Sex (n = 15,419 included subjects):  Key Question 3) What proportion of patients without by small number of patients with
representative population- 46% M, 54% F nutritional deficiencies are resistant to EPO?: GFR <30 (n=52).

based survey
Race (n = 15,419 included subjects): Not addressed

Recruitment setting: 42% non-Hispanic White; 27% non-

Community setting Hispanic Black; 27% Mexican- Key Question 4) What proportion of pre-ESRD patients
American; 4% other have low EPO levels?:
Renal function at entry: NR Not addressed

Hgb at entry (n = 52 subjects with Key Question 5) What is the efficacy of EPO in
predialysis renal insufficiency; mean improving intermediate and ultimate outcomes?:

+ SEM): 11.8 £ 0.33 g/dl
Not addressed
Hct at entry: NR
EPO levels at entry: NR
Nutritional parameters at entry: NR

Co-morbidities at entry: NR
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Evidence Table 1 — Anemia (continued)

Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions
Austrian Design: Cohort study No. of pre-ESRD subjects: 130 (of Key Question 1) What is the prevalence of anemiain  Quality Scoring:
Multicenter whom 123 were included in the pre-ESRD?: 1) Global assessment: Poor
Study Intervention(s) studied: analysis) 2) Validity criteria:
Group of Subcutaneous EPO 10,000 U Not addressed Population described: No/not
r-HUEPO in  once per week for 3 months. Inclusion criteria: Progressive renal assessable
Predialysis Dose adjustments made every failure; predialysis; renal anemia Key Question 2) What proportion of anemic pre-ESRD Incl/excl described: Partially
Patients, 4 weeks based on an increase (with no other causes of anemia); patients have deficiencies treatable by nutritional Dropouts discussed: No/not
1992 or decrease in Hgb of 1 g/dl or Hgb < 10 g/dl repletion?: assessable
more. Dose adjustments Sample size justified: No/not
generally made in 4,000- Exclusion criteria: None specified Not addressed assessable

U/week increments. Mean
dose at end of treatment
(+ SEM) was 9,000 + 4,000 U.

Dates: NR

Location: 20 sites “all over
Austria”

Recruitment setting:
Nephrology clinic/department

Age (mean, with range): 56.6 (18-
84)

Sex: 48% M, 52% F
Race: NR

Renal function at entry:
SCr (mean + SEM): 6.2 £ 0.2 mg/dI

Hgb at entry (mean): Either 9.0 g/dl
(abstract) or 8.4 g/dl (figure)

Hct at entry (mean): 25% (estimated
from figure)

EPO levels at entry: NR

Nutritional parameters at entry:
Serrum ferritn (mean): 180 ng/ml
(estimated from figure)

Co-morbidities at entry:
Diabetes as cause of CRF: 13%
Antihypertensive medication: 75%

Key Question 3) What proportion of patients without
nutritional deficiencies are resistant to EPO?:

Not addressed

Key Question 4) What proportion of pre-ESRD patients
have low EPO levels?:

Not addressed

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?:

a) Hgb (mean):

Baseline: 9.0 g/dl (abstract) or 8.4 g/dI (figure)
3 months: 10.8 g/dI

p <0.05

b) Blood pressure:

Mean systolic BP (estimated from figure):
Baseline: 152 mmHg

3 months: 158 mmHg

p = not significant

Mean diastolic BP (estimated from figure):
Baseline: 100 mmHg

3 months: 86 mmHg

p = not significant

Percentage of patients on antihypertensive medication:
Baseline: 75%
3 months: 75%

3) GFR/CrCIl: SCr

4) % pre-ESRD: < 50%/not
assessable

5) Level of evidence: 4

Note: No clear statistics or power
statements.

(continued on next page)
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Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes

Interventions

¢) Renal function:
Slope of 1/SCr curve was not significantly affected by
EPO treatment (results presented only graphically).
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Evidence Table 1 — Anemia (continued)

Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Eschbach, Design: RCT (8-12 weeks), No. of pre-ESRD subjects: 17 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

Kelly, Haley, followed by long-term, pre-ESRD?: 1) Global assessment: Fair

et al., 1989 uncontrolled follow-up Inclusion criteria: Chronic renal 2) Validity criteria:

Intervention(s) studied:

1) Intravenous placebo (n = ?;
6 placebo-treated patients
altogether)

2) Intravenous EPO 50 U/kg
(n =7?; 11 EPO-treated patients
altogether)

3) Intravenous EPO 150 U/kg
(n =?; 11 EPO-treated patients
altogether)

4) Subcutaneous placebo
(n = ?; 6 placebo-treated
patients altogether)

5) Subcutaneous EPO 100
U/kg (n = ?; 11 EPO-treated
patients altogether)

Intravenous doses given 3
times per week for 8 weeks or
until target Hct reached (37%
for women, 40% for men).
Subcutaneous doses given 3
times per week for 12 weeks or
until target Hct reached (38%
for women, 40% for men). No
dose adjustments described for
this period.

Once RCT complete (8-12
weeks), all patients invited to

continue in an open-label, long-

term maintenance study, in
which subcutaneous EPO
given, with dose adjusted
according to Hct response.
Patients followed until RRT

failure (SCr 4-11 mg/dl); anemia (Hct
< 30%); predialysis

Exclusion criteria: Inflammatory
disease that might impair the
response to EPO; use of
immunosuppressive therapy
Age: Range, 24-72

Sex: 59% M, 41% F

Race: NR

Renal function at entry: NR
Hgb at entry: NR

Hct at entry (mean):

Placebo (n = 6): 29%

EPO (n =11): 25%

EPO levels at entry: NR
Nutritional parameters at entry: NR
Co-morbidities at entry:

Diabetes as cause of CRF: 12%
Antihypertensive medication: 82%

Not addressed

Key Question 2) What proportion of anemic pre-ESRD
patients have deficiencies treatable by nutritional
repletion?:

Not addressed

Key Question 3) What proportion of patients without
nutritional deficiencies are resistant to EPO?:

Not addressed

Key Question 4) What proportion of pre-ESRD patients
have low EPO levels?:

Not addressed

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?:

a) Hct (mean + SD; RCT phase; 3 EPO groups
combined, 2 placebo groups combined):

Baseline End of RCT
Placebo: 29% 28 £ 2%
EPO: 25% 37+4%

EPO vs. placebo, p = 0.0001

b) Blood pressure (RCT and open phases): 9/14
patients taking antihypertensive medication at the start
of the study required increased or additional
medications. Two patients who were normotensive at
the start of the study required antihypertensive therapy.

¢) Renal function:
SCr (mean + SD; RCT phase; 3 EPO groups combined,
2 placebo groups combined):

Baseline End of RCT
Placebo: NR 6.5+ 1.3 mg/dI
EPO: NR 8.6 + 2.3 mg/dI

EPO vs. placebo at baseline, p = not significant

Population described: Partially
Incl/excl described: Partially
Dropouts discussed: Partially
Sample size justified: No/not
assessable

3) GFR/CrCIl: SCr

4) % pre-ESRD: < 50%/not
assessable

5) Level of evidence: 4

Notes:

(continued on next page)
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Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions
instituted. EPO vs. placebo at end of RCT, p=0.2
Dates: NR Slope of 1/Scr x 100 (RCT and open phases): There

Location: Seattle, WA

Recruitment setting:
Nephrology clinic/department

was no significant difference in the pre-treatment and
post-treatment slopes after a median of 12 months of
EPO therapy (p = 0.78).

7 patients (41%) required hemodialysis as a result of
CrCl declining to < 5 ml/min at a mean of 6.5 months.
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Evidence Table 1 — Anemia (continued)

Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Frenken, Design: RCT No. of pre-ESRD subjects: 24 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

Verberck- pre-ESRD?: 1) Global assessment: Fair

moes, Intervention(s) studied: Inclusion criteria: Progressive 2) Validity criteria:

Michielsen, Intravenous EPO initially given chronic renal failure; anemia (not Not addressed Population described: Partially

etal., 1989 3 times per week for 8 weeks or attributable to other causes); no Incl/excl described: No/not assessable

until Hct exceeded target value
by 2 percentage points (cor-
rection phase), then once per
week thereafter (maintenance
phase). Patients were
randomized to three initial
doses:

1) 50 U/kg (n = 8)

2) 100 U/kg (n = 8)

3) 150 U/kg (n=8)

After initial (correction)
treatment period, same total
weekly dose given (adjusted for
response), but once per week.
Total treatment period 8 months
(2-month correction phase + 6-
month maintenance phase).

other clinically significant diseases;
hypertension either absent or
medically controlled; dietary and
medication regimens stable for at
least 1 month before study entry

Exclusion criteria: Blood transfusion
within 30 days of start of study;
acute illness with 7 days of start of
trial

Age: Range, 23-68
Sex: 46% M, 54% F
Race: NR

Renal function at entry:
Target Hct values initially 37%  SCr: Range, 375 to 1204 umol/l
for women and 39% for men,
but changed to 35% for both in

Oct 1987 for safety reasons.

Hgb at entry: Range, 5.3 to 10.2 g/dI

Hct at entry: Range, 0.16 to 0.30 I/l
Dates: NR

EPO levels at entry: NR
Location: Nijmegen, The
Netherlands Nutritional parameters at entry:
Serum ferritin (estimated from
Recruitment setting: Not graph): 90 pg/l
specified/unable to determine

Co-morbidities at entry:

Anemia: 100%

Hypertensive treatment: 75%

Key Question 2) What proportion of anemic pre-ESRD Dropouts discussed: No/not

patients have deficiencies treatable by nutritional assessable
repletion?: Sample size justified: No/not
assessable

Not addressed 3) GFR/CrCl: SCr
4) % pre-ESRD: < 50%/not
assessable

5) Level of evidence: 2b

Key Question 3) What proportion of patients without
nutritional deficiencies are resistant to EPO?:
Not addressed Notes:

Key Question 4) What proportion of pre-ESRD patients
have low EPO levels?:

Not addressed

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?:

a) Hgb: At the end of the 8-week correction phase,
Hgb had risen significantly in all three dosage groups
(p < 0.01 for each comparison vs. baseline); the
increase was significantly lower in the 50-U/kg group
than in the other two dosage groups (p < 0.05). Mean
values (in g/dl, + SD) were as follows:

Baseline 8 weeks
50 U/kg 9.3+0.6 11.1+1.3
100 U/kg 79+14 11.8+1.7
150 U/kg 8.4+1.0 12.1+1.1

b) Blood pressure:

There were no significant changes in MAP in any of the
three dosage groups during the correction phase.
Mean values (in mmHg, = SD):

Baseline 8 weeks
50 U/kg 99+ 10 98+9 .
100 U/kg 105 + 11 11349 (continued on next page)
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150 U/kg 107 £23 109 £ 24

Mean systolic BP, diastolic BP, and MAP did not
change during the maintenance period (detailed data
not reported).

9/18 patients on antihypertensive medication at the start
of the study had to increase their dose during the
course of the study; none of the initially normotensive
patients developed hypertension.

¢) Renal function:

There were no significant differences in the slopes of
1,000/SCr versus months before therapy and after
therapy (n = 14 patients with adequate data).
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Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Frenken, Design: Prospective clinical No. of pre-ESRD subjects: 8 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

Wetzels, trial (before/after) pre-ESRD?: 1) Global assessment: Poor

Sluiter, et Inclusion criteria: Progressive 2) Validity criteria:

al., 1992 Intervention(s) studied: chronic renal failure; dietary and Not addressed Population described: No/not

Intravenous EPO initially given
3 times per week for 8 weeks,
then once per week thereafter.
Patients randomized to three
initial doses (no between-group
comparisons made):

1) 50 units/kg

2) 100 units/kg

3) 150 units/kg

After initial 8-week treatment
period, same total weekly dose
(adjusted for response), but
given once per week.

Post-treatment measures taken
when Hct had been stable
within target range (0.35-0.45
liter/liter) for at least 3 weeks,
which was at 89 + 19 days
(mean + SD) after start of EPO
therapy.

Dates: NR

Location: Nijmegen, The
Netherlands

Recruitment setting:
Nephrology department/clinic

medication regimens stable for at
least 1 month before study entry

Exclusion criteria: Blood transfusion
within 3 months of start of study; use
of ACE inhibitors

Age: Median, 33; range, 25-66

Sex: 50% M, 50% F

Race: NR

Renal function at entry:

CrCl (mean £ SD): 13+5
mi/min/1.73 m?

Hgb at entry: NR

Hct at entry (mean + SD): 0.24 +
0.05 liter/liter

EPO levels at entry: NR
Nutritional parameters at entry: NR
Co-morbidities at entry:

Anemia: 100%
Antihypertensive treatment: 50%

Key Question 2) What proportion of anemic pre-ESRD

patients have deficiencies treatable by nutritional
repletion?:

Not addressed

Key Question 3) What proportion of patients without
nutritional deficiencies are resistant to EPO?:

Not addressed

Key Question 4) What proportion of pre-ESRD patients

have low EPO levels?:
Not addressed

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?:

a) Hct (mean + SD):

Baseline: 0.24 + 0.05 liter/liter
Post-treatment: 0.39 + 0.03 liter/liter
(no p-value reported)

b) Renal function:

Captopril-induced increases in renal blood flow and
effective renal plasma flow were diminished following
correction of Het with EPO.

assessable

Incl/excl described: No/not assessable
Dropouts discussed: No/not
assessable

Sample size justified: No/not
assessable

3) GFR/CrCl: Measured by
investigators

4) % pre-ESRD: < 50%/not
assessable

5) Level of evidence: 4

Notes:
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Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Hayashi, Design: Prospective clinical No. of pre-ESRD subjects: 9 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

Suzuki, trial (before/after study) pre-ESRD?: 1) Global assessment: Poor

Shoiji, et al., Inclusion criteria: Pre-dialysis 2) Validity criteria:

2000 Intervention(s) studied: patients; Hct < 25% Not addressed Population described: Completely

Intravenous EPO given at
6,000 U/week to a target level
of Hct 30%. Hct maintained at
this target level for 2 months
using subcutaneous EPO.
Dose then increased to reach a
target Hct level of 40%, again
using subcutaneous EPO.
Target level of 40% maintained
for 2 months.

Dates: NR
Location: Osaka, Japan

Recruitment setting:
Nephrology clinic/department

Exclusion criteria: Valvular disease;
arrhythmia; active ischemic heart
disease; history of seizures;
cerebrovascular disease; severe or
uncontrolled hypertension;
malignancy

Age (mean £ SEM): 62.4+3.3
Sex: 56% M, 44% F

Race: NR

Renal function at entry:

GFR (mean): 8.4 ml/min/1.73 m?
SCr (mean + SEM): 6.2 + 0.7 mg/dI
Hgb at entry: NR

Hct at entry (mean + SEM): 23.6 +
0.5%

EPO levels at entry: NR

Nutritional parameters at entry:
Serum ferritin (mean + SEM): 105.8
+ 40.6 ng/ml

Co-morbidities at entry:
Diabetes: 11%
Antihypertensive medication: 100%

Other:
Left ventricular mass index (LVMI)
(mean + SEM): 140.6 + 12.1 g/m*

Key Question 2) What proportion of anemic pre-ESRD

patients have deficiencies treatable by nutritional
repletion?:

Not addressed

Key Question 3) What proportion of patients without

nutritional deficiencies are resistant to EPO?:

Not addressed

Key Question 4) What proportion of pre-ESRD patients

have low EPO levels?:
Not addressed

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?:

a) Hct (mean = SEM):

Baseline: 23.6 £ 0.5%

Partial correction (Hct 30%): 32.1 + 0.6%
Normalization (Hct 40%): 39.1 + 0.8%

p <0.0001

b) Blood pressure (mean + SEM, mmHg):
Systolic BP:

Baseline: 147.8+7.7

Partial correction (Hct 30%): 151.3+7.6
Normalization (Hct 40%): 148.2 +7.4

p = not significant

Diastolic BP:

Baseline: 74.2+4.9

Partial correction (Hct 30%): 76.5+ 2.6
Normalization (Hct 40%): 72.7 + 3.2

p = not significant

Incl/excl described: Completely
Dropouts discussed: Completely
Sample size justified: No/not
assessable

3) GFR/CrCl: Calculated by reviewers
4) % pre-ESRD: > 75%

5) Level of evidence: 4

Note: Issue of statistical power not
addressed.

(continued on next page)
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Quality Scoring/Notes

c) LVMI (mean = SEM, g/m?):

Baseline: 140.6 +12.1

Partial correction (Hct 30%): 126.9 + 10.0
Normalization (Hct 40%): 111.2 £ 8.3
p<0.01
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Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Holland and Design: Cohort study No. of pre-ESRD subjects: 362 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

Lam, 2000 (retrospective) pre-ESRD?: 1) Global assessment: Fair

Intervention(s) studied:

None (univariate and
multivariate Cox proportional
hazard models used to identify
predictors of hospitalization
prior to initialization of dialysis)

Dates: Included patients were
referred to nephrology service
between Jan 1990 and July
1997

Location: Kingston, Ontario,
Canada

Recruitment setting:
Nephrology clinic/department

Inclusion criteria: Age > 16; chronic
irreversible renal failure; pre-dialysis;

attendance at pre-dialysis clinic at
least once

Exclusion criteria: None specified
Age: 48% < 65; 52% > 65

Sex: 61% M, 39% F

Race: NR

Renal function at entry:

SCr: 55% < 300 pmol/l; 45% > 300

umol/l

Hgb at entry: 16% < 9.5 g/dl; 84% >

9.5 g/dI

Hct at entry: NR

EPO levels at entry: NR
Nutritional parameters at entry:
Serum albumin: 46% < 3.5 g/dl;
54% > 3.5 g/dI

Co-morbidities at entry:

Diabetes as cause of renal failure:
38%

Hypertension: 77% of patients had

systolic BP > 140 mmHg
CHF: 15%
Myocardial infarction: 10.5%

16.3% of patients had Hgb < 9.5 mg/dl

Key Question 2) What proportion of anemic pre-ESRD
patients have deficiencies treatable by nutritional

repletion?:

Not addressed

Key Question 3) What proportion of patients without
nutritional deficiencies are resistant to EPO?:

Not addressed

Key Question 4) What proportion of pre-ESRD patients

have low EPO levels?:

Not addressed

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?:

Not addressed

2) Validity criteria:

Population described: Partially
Incl/excl described: Completely
Dropouts discussed: Partially
Sample size justified: No/not
assessable

3) GFR/CrCl: Not assessable
4) % pre-ESRD: > 75%

5) Level of evidence: 2b

Notes:
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Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Howard, Design: Cohort study No. of pre-ESRD subjects: 106 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

Moore, (retrospective) pre-ESRD?: 1) Global assessment: Fair

Welch, et Inclusion criteria: Age > 18; chronic 2) Validity criteria:

al., 1989 Intervention(s) studied: renal failure (SCr > 1.5 mg/dl); 12/83 (14.5%) patients with SCr > 2.0 mg/dl and < 8.0  Population described: Partially
None (simple and multiple complete medical records mg/dl had anemia (Hct < 30%). The prevalence of Incl/excl described: Completely
regression analyses examining anemia varied by SCr level: 1/33 patients (3.0%) with ~ Dropouts discussed: Completely
the relationship between Exclusion criteria: Rapid SCr between 2.0 and 3.0 mg/dl were anemic, compared Sample size justified: No/not
anemia and CRF ) deterioration in renal function with 2/14 (14.3%) of those with SCr between 3.0 and assessable

(change in SCr > 1.0 mg/dl/month); 4.0, and 9/36 (25.0%) of those with SCr between 4 and 3) GFR/CrCl: Calculated by

Dates: Patients seen between dialysis; previous transplantation; 8. investigators

July 1986 and June 1987
Location: Washington, DC

Recruitment setting:
Nephrology clinic/department

other causes of anemia

Mean Hgb (+ SEM) in the cohort was 118 + 2.6.
Age (mean + SEM): 56 + 1.6
Key Question 2) What proportion of anemic pre-ESRD

Sex: 66% M, 34% F patients have deficiencies treatable by nutritional
repletion?:
Race: 63% Caucasian; 31% Black;
6% Oriental Not addressed
Renal function at entry (mean + Key Question 3) What proportion of patients without
SEM): nutritional deficiencies are resistant to EPO?:
CrCl: 31.0 + 1.6 ml/min/1.73 m’
Scr: 3.7+ 0.2 mg/dl Not addressed
Hgb at entry (mean + SEM): 118 + Key Question 4) What proportion of pre-ESRD patients
264/ have low EPO levels?:
Hct at entry (mean + SEM): 35,5+ Notaddressed
0.7%
Key Question 5) What is the efficacy of EPO in
EPO levels at entry: NR improving intermediate and ultimate outcomes?:

Nutritional parameters at entry: NR  Not addressed

Co-morbidities at entry:

Diabetes as cause of renal failure:
24.5%

Hypertension as cause of renal
failure: 35%

4) % pre-ESRD: > 75%
5) Level of evidence: 2b

Notes:

This study demonstrated that SCr and
CrCl correlated with Hct imprecisely.
Statistics on the prevalence of anemia
are not clear.

Data on prevalence of anemia (under
Key Question 1) taken from Strauss,
Port, Somen, et al., 1993.
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Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Hsu, Bates, Design: Cohort study (cross-  No. of pre-ESRD subjects: 12,055 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

Kuperman, sectional, retrospective, (8,495 women and 3,560 men) pre-ESRD?: 1) Global assessment: Good

et al.,, 2001 population-based) 2) Validity criteria:

Intervention(s) studied:
None (observational study)

Dates: Jan 1990 - Dec 1998
Location: Boston, MA

Recruitment setting: Primary
care (hospital-based clinics,
community health clinics, and a
variety of community-based
practices)

Inclusion criteria: Adult (age > 18)
ambulatory patients; > 2 SCr
measurements, 2 or more years
apart, during study period; weight
recorded; Hct measured

Exclusion criteria: None specified

Age (mean + SD): Women, 49 + 16;
men, 51 £ 15

Sex: 30% M, 70% F

Race: Women Men
White 45% 44%
Black 27% 22%

Other/unknown  28% 34%

Renal function at entry (mean + SD):
CrCl (ml/min):

Women: 85 + 39

Men: 89 + 32

SCr (mg/dl):
Women: 1.0+0.4
Men: 1.3+0.7

Hgb at entry (mean + SD; g/dI):
Women: 129+1.3
Men: 143 +14

Hct at entry (mean £ SD):
Women: 38.7 + 3.6%
Men: 42.8 + 4.0%

EPO levels at entry: NR
Nutritional parameters at entry:

Serum albumin (mean + SD; g/dl):
Women (n = 8,255): 4.3+0.4

Not addressed

Key Question 2) What proportion of anemic pre-ESRD
patients have deficiencies treatable by nutritional
repletion?:

Not addressed

Key Question 3) What proportion of patients without
nutritional deficiencies are resistant to EPO?:

Not addressed

Key Question 4) What proportion of pre-ESRD patients
have low EPO levels?:

Not addressed

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?:

Not addressed

Population described: Partially
Incl/excl described: Partially
Dropouts discussed: No/not
assessable

Sample size justified: No/not
assessable

3) GFR/CrCI: Calculated by
investigators

4) % pre-ESRD: < 50%

5) Level of evidence: 2b

Note: 741/12,055 subjects (6%) had a
GFR < 50 ml/min/1.73 m’.

(continued on next page)
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Interventions

Men (n = 3,462): 45+0.4

Co-morbidities at entry: NR
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Evidence Table 1 — Anemia (continued)

Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Kaizu, Uriu, Design: Prospective clinical No. of pre-ESRD subjects: 11 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

and Eto, trial (before/after study) pre-ESRD?: 1) Global assessment: Fair

1993 Inclusion criteria: Pre-dialysis 2) Validity criteria:

Intervention(s) studied:
Intravenous EPO 6,000 U once
per week for 8 weeks (freeze-
dried epoetin beta preparation
dissolved in saline). 1V iron
(ferric oxide 40 mg) also given
once per week.

Dates: May 1990 — Mar 1991
Location: Kitakyushu, Japan

Recruitment setting:
Nephrology department/clinic

ESRD; renal anemia; no blood
transfusion in 2 weeks prior to start
of study

Exclusion criteria: None specified
Age (mean £ SEM): 62.3+4.6
Sex: 36% M, 64% F

Race: NR

Renal function at entry (mean +
SEM):

CrCl: 16.1 £ 6.2 ml/min

SCr: 5.15 £ 0.6 mg/dl

Hgb at entry (mean + SEM): 7.76 £
0.34 g/dl

Hct at entry (mean + SEM): 23.5 +
1.0%

EPO levels at entry: NR

Nutritional parameters at entry
(mean £ SEM):

Serum iron: 91.6 + 18.54 pg/dl
Total IBC: 157.5 + 21.29 pg/dl
Serum ferritin: 239.8 + 61.22 ng/dl

Co-morbidities at entry:
Diabetes: 18%

Not addressed

Key Question 2) What proportion of anemic pre-ESRD
patients have deficiencies treatable by nutritional
repletion?:

Not addressed

Key Question 3) What proportion of patients without
nutritional deficiencies are resistant to EPO?:

Not addressed

Key Question 4) What proportion of pre-ESRD patients
have low EPO levels?:

Not addressed

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?:

a) Hgb and Hct: Treatment with EPO significantly
increased Hgb and Hct (results reported only
graphically; quantitative data could not be transcribed).

b) Renal function: There was no significant difference
between the reciprocal changes in SCr concentrations
before (-0.660 + 0.2477 x 10° dl/mg/day) and after
(-0.117 + 0.1999 x 10 di/mg/day EPO therapy (slope of
the regression line of 1/Cr over time; mean + SEM).

c) Coagulation, fibrinolytic and platelet systems: There
were no significant changes in PT, APTT, fibrinogen,
thrombin, FDP, plasmin inhibitor complex, or platelet
throbogloburin after treatment with EPO.

d) Iron: Serum iron levels were significantly decreased
after EPO therapy.

e) Adverse effects: 1/11 patients (9%) reported an
adverse effect of EPO (upper abnormal pain)

Population described: Partially
Incl/excl described: No/not assessable
Dropouts discussed: No/not
assessable

Sample size justified: No/not
assessable

3) GFR/CrCl: Measured by
investigators

4) % pre-ESRD: > 75%

5) Level of evidence: 2b

Notes:
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Evidence Table 1 — Anemia (continued)

Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Kamper and Design: RCT No. of pre-ESRD subjects: 59 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

Nielsen, pre-ESRD?: 1) Global assessment: Excellent

1990 Intervention(s) studied: Inclusion criteria: Progressive 2) Validity criteria:

1) Enalapril (n = 27). Dose
started at 2.5 mg, then
increased depending on BP
response and level of renal
function. Mean dose 9.4 mg
(range, 2.5-40). Other anti-
hypertensive drugs given as
needed.

2) Control = “conventional
antihypertensive treatment”
(n=32).

In both groups, therapeutic goal
was systolic BP of 120-140
mmHg and diastolic BP of 80-
90 mmHg. Patients followed for
90 days.

Dates: NR

Location: Copenhagen,
Denmark

Recruitment setting:
Nephrology clinic or department

chronic nephropathy; SCr 150-900
pmol/l

Exclusion criteria: Steroid or NSAID

therapy

Age: Median, 46 (enalapril) and 49
(control); range, 25-75

Sex: 54% M, 46% F
Race: NR

Renal function at entry:

GFR (median, with range; ml/min/
1.73 m?):

Enalapril: 15 (6-54)

Control: 19 (7-47)

SCr (median, with range; pmol/l):
Enalapril: 375 (150-806)

Control: 397 (184-862)

Hgb at entry (median, with range;
mmol/l):

Enalapril: 7.6 (5.7-10.8)

Control: 7.6 (4.9-10.2)

Hct at entry: NR

EPO levels at entry (median, with
range; U/l):

Enalapril: 32 (10-59)

Control: 34 (11-86)

Nutritional parameters at entry: NR

Co-morbidities at entry: NR

Median Hgb at entry only relevant data reported (see

under “Patient Population,” at left)

Key Question 2) What proportion of anemic pre-ESRD
patients have deficiencies treatable by nutritional

repletion?:

Not addressed

Key Question 3) What proportion of patients without
nutritional deficiencies are resistant to EPO?:

Not addressed

Key Question 4) What proportion of pre-ESRD patients

have low EPO levels?:

Median EPO levels at entry only relevant data reported
(see under “Patient Population,” at left)

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?:

Not addressed

Population described: No/not
assessable

Incl/excl described: Partially
Dropouts discussed: Completely
Sample size justified: No/not
assessable

3) GFR/CrCl: Measured by
investigators

4) % pre-ESRD: > 75%

5) Level of evidence: 2b

Notes:
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Evidence Table 1 — Anemia (continued)

Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Kazmi, Design: Cohort study No. of pre-ESRD subjects: 545 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

Kausz, (retrospective) pre-ESRD?: 1) Global assessment: Good

Khan, et al., Inclusion criteria: Age > 18; SCr 2) Validity criteria:

2001 Intervention(s) studied: None  persistently > 1.5 mg/dl (women) or In the 19% of patients who underwent iron studies, 54% Population described: Completely

(observational study). Patients
followed from time of first visit
after Oct 1, 1994 until initiation
of dialysis, transplantation,
death, transfer to another
facility, loss to follow-up, or end
of study. Median follow-up, 5.7
months (range, 0.2 to 47.9
months).

Dates: Oct 1, 1994 - Sep 30,
1998

Location: 5 sites in Greater
Boston area

Recruitment setting:
Nephrology clinic/department

2.0 mg/dl (men) for at least 6
months; outpatient visit during study
period; at least one Hct level
recorded during study period
Exclusion criteria: None specified
Age (mean + SD): 63 + 16

Sex: 53% M, 47% F

Race: 81% White, 7% Black, 9%
Asian, 3% other

Renal function at entry (mean + SD):
GFR: 23.1+9.3 mimin/1.73 m’
SCr: 3.0 + 1.5 mg/dI

Hgb at entry: NR

Hct at entry (mean + SD): 34.9+5.6

EPO levels at entry: NR
Nutritional parameters at entry: NR

Co-morbidities at entry: NR

met criteria for iron deficiency (transferrin saturation <
20%).

45% of patients with SCr < 2 mg/dl had Hct < 36%; 8%
had Hct < 30%.

Linear regression analysis showed that for every 10-
ml/min decrease in CrCl, there was a 3.1% drop in Hct.
Hct > 36% was maintained only among patients with a
mean predicted GFR of 27.4 ml/min or greater.

Key Question 2) What proportion of anemic pre-ESRD
patients have deficiencies treatable by nutritional
repletion?:

Not addressed

Key Question 3) What proportion of patients without
nutritional deficiencies are resistant to EPO?:

Not addressed

Key Question 4) What proportion of pre-ESRD patients
have low EPO levels?:

Not addressed

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?:

Not addressed

Incl/excl described: Partially
Dropouts discussed: No/not
assessable

Sample size justified: No/not
assessable

3) GFR/CrCI: Calculated by
investigators

4) % pre-ESRD: 50-75%
5) Level of evidence: 2b

Notes:
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Evidence Table 1 — Anemia (continued)

Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Kleinman, Design: RCT No. of pre-ESRD subjects: 14 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

Schweitzer, pre-ESRD?: 1) Global assessment: Poor

Perdue, et  Intervention(s) studied: Inclusion criteria: Chronic renal 2) Validity criteria:

al., 1989 1) Placebo (n=7) insufficiency of at least 3 months’ Not addressed Population described: Partially

duration; SCr 265 -972 umol/l;
clinically stable; constant diet and
medication for > 2 weeks prior to
start of study; stable lab values;
adequate serum folate levels, B12
levels, and iron stores; no evidence
of chronic GI blood loss

2) EPO 100 U/kg (n=7)

Both treatments administered
subcutaneously 3 times per
week, at no less than 48-hour
intervals, for 12 weeks or until a
target Hct of 38-40% attained.
Exclusion criteria: Marked obesity;
active hepatitis or hepatic disease;
asthma; severe atopic illness;
significant cardiovascular,
pulmonary, malignant, or
hematologic diseases; severe or
uncontrolled hypertension (supine
diastolic BP > 110 mmHg);
neurological disease; history of
seizures; gross hematuria; sickle cell
anemia; untreated ischemic heart
disease; clinically significant Gl
disease; conditions that might
interfere with the effects of EPO;
thrombocytopenia or leukopenia;
alcohol or drug abuse; acute iliness
within 7 days of screening period;
use of androgen within prior 2
months; use of immunosuppressive
medications within prior month

Dates: NR
Location: Van Nuys, CA

Recruitment setting: NR

Age: Mean, 57.9; range, 38-73
Sex: 64% M, 36% F

Race: NR

Renal function at entry: NR
Hgb at entry: NR

Hct at entry (mean):

Key Question 2) What proportion of anemic pre-ESRD
patients have deficiencies treatable by nutritional
repletion?:

Not addressed

Key Question 3) What proportion of patients without
nutritional deficiencies are resistant to EPO?:

Not addressed

Key Question 4) What proportion of pre-ESRD patients
have low EPO levels?:

Not addressed

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?:

a) Blood pressure: There were no significant
differences between the two treatment groups in
systolic or diastolic BP at baseline or in change in
systolic or diastolic BP from 0-12 weeks as measured
by slopes.

b) Slope of 1/SCr: There were no significant
differences between the two treatment groups in 1/SCr
at baseline, and no significant differences in average
change in 1/SCr per week as measured by individual
slope parameters.

¢) Quality of life (mean scores + SD; level of energy,
ability to do work, and overall quality of life):

Baseline 12 weeks
Placebo: 38+16 33+21
EPO: 40 + 22 68 + 22
p=0.03

Incl/excl described: Completely
Dropouts discussed: No/not
assessable

Sample size justified: No/not
assessable

3) GFR/CrCI: Not assessable
4) % pre-ESRD: > 75%

5) Level of evidence: 2b

Note: Study underpowered for BP and
1/SCr endpoints.

(continued on next page)
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Study

Design and
Interventions

Patient Population Results (by Key Question)

Quality Scoring/Notes

Placebo: 28.2%
EPO: 28.1%

EPO levels at entry: NR

Nutritional parameters at entry
(mean):

Serum transferrin saturation:
Placebo: 24.2%

EPO: 28.3%

Serum ferritin (ng/ml):
Placebo: 239.4

EPO: 406.3

Co-morbidities at entry: NR
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Evidence Table 1 — Anemia (continued)

Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Koch, Design: Prospective clinical No. of pre-ESRD subjects: 275 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

Koene, trial (before/after study) enrolled; 266 included in safety pre-ESRD?: 1) Global assessment: Fair

Messinger, analysis; 225 included in efficacy 2) Validity criteria:

et al., 1995 Intervention(s) studied: analysis Not addressed Population described: Partially

Subcutaneous EPO, given
according to one of the
following regimens:

1) 3times per week (n = 48):

3 x 1,000 IU per week if body
weight < 75 kg; 3 x 2,000 IU per
week if body weight > 75 kg to
target Hct of 33-37%; dose
reduced thereafter.

2) Daily (n=177): 7 x500 IU
per week if body weight < 75
kg; 7 x 1,000 IU per week if
body weight > 75 kg to target
Hct of 33-37%,; dose reduced
thereafter.

Median duration of therapy was
211 days (range, 105-350).

Dates: NR

Location: Multiple sites in
Germany and The Netherlands

Recruitment setting: Not
specified/unable to determine

Inclusion criteria: Adult pre-dialysis
patients with renal anemia (Hct

< 30%) and stable chronic renal
failure; 8-10 SCr values available
from the last 1-4 years

Exclusion criteria: Epilepsy;
thrombocytosis; poorly controlled
hypertension; iron, vitamin B12, or
folic acid deficiency; malignant
tumor; acute or chronic infection

Age (median, with interquartile
range): 56 (46-66)

Sex: 37% M, 63% F
Race: NR

Renal function at entry:
SCr: Median, 6.0 mg/dl
<4 mg/dl: 20%

>4 to <6 mg/dl: 35%
> 6 mg/dl: 45%

Hgb at entry (median, with inter-
guartile range): 8.6 g/dl (7.8 t0 9.1)

Hct at entry (median, with inter-
guartile range): 25.6% (23.7% to
27.4%)

EPO levels at entry: NR

Nutritional parameters at entry
(median):

Serum transferring saturation: 21%
Serum ferritin: 143.0 pg/ml

Key Question 2) What proportion of anemic pre-ESRD
patients have deficiencies treatable by nutritional
repletion?:

Not addressed

Key Question 3) What proportion of patients without
nutritional deficiencies are resistant to EPO?:

Not addressed

Key Question 4) What proportion of pre-ESRD patients
have low EPO levels?:

Not addressed

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?:

a) Blood pressure: 24% of patients showed a
hypertensive reaction to EPO during the correction
stage, an additional 26% in the maintenance phase.

b) Renal function: Difference in slope of 1/SCr (x 10™
di/mg) from baseline to post-treatment (median, with
interquartile range; n = 253):

Baseline: -1.828 (-3.652 to -1.001)

Post-treatment: -1.660 (-4.626 to -0.353)

Median difference: 0.303 (-1.858 to 1.838; p = 0.854)

c) Iron: Iron supplementation was required during the

course of treatment by 40/135 patients not taking iron at

start of study.

d) Adverse events: 44/250 reported AEs were
classified as possibly related to EPO administration.

Incl/excl described: Partially
Dropouts discussed: Partially
Sample size justified: No/not
assessable

3) GFR/CrCl: Not assessable
4) % pre-ESRD: > 75%

5) Level of evidence: 2b

Notes:

(continued on next page)

78



Evidence Table 1 — Anemia (continued)

Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Co-morbidities at entry:
Diabetes as cause of CKD: 17%
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Evidence Table 1 — Anemia (continued)

Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Kulzer, Design: Cohort study No. of pre-ESRD subjects: 75 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

Schaefer, (prospective) pre-ESRD?: 1) Global assessment: Fair

Krahn, et Inclusion criteria: Chronic renal 2) Validity criteria:

al., 1994 Intervention(s) studied: failure (SCr 350-800 pmol/l); anemia Not addressed Population described: Partially

Subcutaneous EPO 50 U/kg

3 times per week for 24 weeks,
with dose adjustments as
needed to achieve and
maintain target Hgb of

10-12 g/dl. Maximum weekly
dose 300 U/kg. EPO
administration discontinued if

(Hgb < 9.0 g/dl); slow decline in
renal function (rise in SCr < 20% in
last 3 months); clinically stable

Exclusion criteria: Other causes of
anemia; uncorrected folate, vitamin
B12, or iron deficiencies; use of

corticosteroids, androgens, or other

Hgb > 12 g/dI. drugs known to affect erythropoiesis;
uncontrolled hypertension; severe
Dates: NR secondary hyperparathyroidism;

aluminum intoxication; uncontrolled
diabetes; lipodystrophy caused by
insulin injection

Location: 15 sites in Denmark,
Finland, France, Germany,
Norway, and Sweden

) ] Age (mean £ SD): 56 + 15
Recruitment setting: Not
specified/unable to determine  Sex: 53% M, 47% F
Race: 97% White, 1% Black, 1%
Oriental

Renal function at entry:
SCr (mean + SD): 599.68 + 167.50
umol/l

Hgb at entry: Mean NR; 28/75
patients (37%) had a baseline Hgb
<8 g/dl, 47/75 (63%) had a baseline
Hgb > 8 g/dl

Hct at entry (mean + SD): 24.73 +
2.68%

EPO levels at entry: NR
Nutritional parameters at entry:

Serum albumin (mean + SD): 38.77
+5.40 g/dl

Key Question 2) What proportion of anemic pre-ESRD
patients have deficiencies treatable by nutritional
repletion?:

Not addressed

Key Question 3) What proportion of patients without
nutritional deficiencies are resistant to EPO?:

Not addressed

Key Question 4) What proportion of pre-ESRD patients
have low EPO levels?:

Not addressed

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?:

a) Hct:

Mean change (+ SD) from baseline to 12 weeks
(n=66): 9.30 +4.50% (p < 0.001)

Mean change (+ SD) from baseline to 24 weeks
(n =54): 7.47 +5.04% (p < 0.001)

b) Hgb:

64/75 patients (85%) achieved the target Hgb of 10-12
g/dl and did so in a mean time (+ SD) of 6.8 £ 5.2
weeks on a mean EPO dose (+ SD) of 158.1 + 50.5
U/kg. 75% of patients with baseline Hgb < 8 g/dI
achieved the target, as did 92% of patients whose
baseline Hgb was > 8 g/dI.

¢) Blood pressure:

Diastolic BP (mmHg):

Baseline (mean + SD): 82.3+8.4

Mean change from baseline to 12 weeks (+ SD): + 2.5
+11.2 (p = 0.061)

Incl/excl described: Partially
Dropouts discussed: No/not
assessable

Sample size justified: No/not
assessable

3) GFR/CrCI: Not assessable
4) % pre-ESRD: > 75%

5) Level of evidence: 2b

Note: 23/75 patients (31%) dropped
out before 24 weeks, 17 (23%)
because of a need for dialysis.

(continued on next page)
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Study

Design and
Interventions

Patient Population

Results (by Key Question)

Quality Scoring/Notes

Co-morbidities at entry:
Diabetes as cause of CRF: 8%
Hypertension as cause of CRF:
27%

Mean change from baseline to 24 weeks (+ SD): + 2.0
+10.3 (p = 0.076)

Systolic BP (mmHg):

Baseline (mean + SD): 147.7 + 20.9

Mean change from baseline to 12 weeks (+ SD): - 0.8
+18.8 (p = 0.996)

Mean change from baseline to 24 weeks (+ SD): + 2.0
+10.3 (p = 0.076)

6/75 patients (8%) reported worsening of hypertension
as an AE.

d) Renal function:

SCr (umol/l):

Baseline (mean £+ SD): 599.68 + 167.50
Change from baseline to 12 weeks (mean + SD):
+64.94 + 86.38 (p = 0.020)

Change from baseline to 24 weeks (mean + SD):
+130.37 + 174.86 (p = 0.006)

Slope of 1/SCr during treatment with EPO similar to the
pre-study phase.

e) Adverse events:
31/75 patients (41%) reported > 1 AE.
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Evidence Table 1 — Anemia (continued)

Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Kuriyama, Design: Cohort study No. of pre-ESRD subjects: 16 of 20 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

Hopp, (prospective) patients completed treatment and pre-ESRD?: 1) Global assessment: Fair

Yoshida, et were included in the analysis 2) Validity criteria:

al., 1996 Intervention(s) studied: Not addressed Population described: Partially

Intravenous EPO 6,000 units
once per week for 16 weeks
(n=16). IViron given as
appropriate. All patients put on
low-protein diet.

Dates: NR
Location: Tokyo, Japan

Recruitment setting:
Nephrology clinic/department

Inclusion criteria: Chronic renal
failure at the pre-dialysis stage; SCr
2-5 mg/dl; anemia secondary to
renal failure

Exclusion criteria: None specified
Age: Mean, 57; range, 32-70

Sex: 50% M, 50% F

Race: NR

Renal function at entry (mean + SD):
CrCl: 15 + 4 ml/min/1.73 m’

SCr: 3.8+1.0

Hgb at entry (mean, estimated from
graph): 9.2 g/dI

Hct at entry (mean £ SD): 27.1 +
2.6%

EPO levels at entry: NR
Nutritional parameters at entry: nr

Co-morbidities at entry:
Diabetes as cause of CRF: 40%

Key Question 2) What proportion of anemic pre-ESRD
patients have deficiencies treatable by nutritional
repletion?:

Not addressed

Key Question 3) What proportion of patients without
nutritional deficiencies are resistant to EPO?:

Not addressed

Key Question 4) What proportion of pre-ESRD patients
have low EPO levels?:

Not addressed

Key Question 5) What is the efficacy of EPO in
improving intermediate and ultimate outcomes?:

a) Hct and Hgb: Both increased significantly during
treatment (p < 0.05, 12 weeks vs. baseline; p < 0.01,

16 weeks vs. baseline). Mean Hct (= SD) rose from
27.1+2.6% to 34.6 + 3.2% (p < 0.001) (Hgb data
reported in graphical form only and could not be reliably
transcribed.)

b) Blood pressure (mean + SD, in mmHg):
Systolic BP:

Baseline: 137 £ 19

16 weeks: 136 + 12

p = not significant

Diastolic BP:
Baseline: 79+ 8
16 weeks: 76 £9
p = not significant

¢) Thrombomodulin concentration (mean + SD; n = 16):

Baseline: 7.9 + 2.8 ng/ml

Incl/excl described: Partially
Dropouts discussed: Completely
Sample size justified: No/not
assessable

3) GFR/CrCl: Calculated by
investigators

4) % pre-ESRD: < 50%/not
assessable

5) Level of evidence: 2b

Note: 4/20 patients dropped out after
the study started because they were
unable to receive periodical EPO
injections.

(continued on next page)
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Design and
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Results (by Key Question)

Quality Scoring/Notes

16 weeks: 6.6 £ 2.4 ng/ml
p<0.01

d) SCr (mean + SD):
Baseline: 3.8 + 1.0 mg/dl
16 weeks: 4.4+ 1.6 mg/dl
p = not significant

e) A positive correlation was found between
thrombomodulin concentration and SCr (r = 0.61;
p < 0.05), but no correlation was found between
endothelin-1 concentration and SCr.
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Evidence Table 1 — Anemia (continued)

Study Design and Patient Population Results (by Key Question) Quality Scoring/Notes
Interventions

Kuriyama, Design: RCT No. of pre-ESRD subjects: 73 Key Question 1) What is the prevalence of anemiain  Quality Scoring:

Tomonari, pre-ESRD?: 1) Global assessment: Good

Yoshida, et Intervention(s) studied: Inclusion criteria: Outpatient; age 2) Validity criteria:

al., 1997 1) No treatment (n = 31). 30-75; SCr 2-4 mg/dl; predialysis; Not addressed Population described: No/not

2) Intravenous EPO (n = 42).
Initial dose 6,000 IU once per
week; dose could be decreased
on a monthly basis over 36
weeks. When Hct reached
38%, dose adjusted to maintain
it at a level of 33-35%.

All patients completed an 8-
week stabilization period before
the start of the trial to achieve
control of BP and nutritional
parameters. Daily protein
intake 0.6 g/kg/day and daily
salt intake of 7 g/day prescribed
for all patients. Iron therapy
could be started at the
discretion of the physician.

Dates: Trial began Jan 1993
Location: Tokyo, Japan

Recruitment setting: Hospital

Hct < 30%; systolic and diastolic BP
< 160 and 95 mmHg, respectively, at
end of pre-study stabilization period

Exclusion criteria: Iron deficiency
anemia; transfusion dependency;
any other systemic disease; any
other inflammatory condition or
infection that might interfere with the
effect of EPO

Age (mean + SD): Control, 59.2 +
13.4; EPO, 63.8 £ 10.6

Sex: Control, 52% 