Anemia of Chronic Renal Failure

William J. Stone

Historical Background

In 1836 Richard Bright first commented on
the pallor of patients with poor kidney func-
tion. The combination of pale mucous mem-
branes and yellow-brown skin, sometimes
darker on the face, may lead the examining
physician to suspect the diagnosis of chronic
renal failure (CRF). Asdocumented by Erslev
and others [1, 2], the degree of anemia is
approximately proportional to the level of re-
nal dysfunction as measured by blood urea
nitrogen (BUN), serum creatinine, or creat-
inine clearance (Ccr). Theworsethe glomeru-
lar filtration rate (GFR), the lower the hema-
tocrit (HCT) will be (Table 1). A plot of HCT

Table 1. Equations Relating Renal Function and
Hematocrit

HCT = -2.1 serum creatinine + 44,

p < 0.001 (both sexes)

HCT = -2.52 serum creatinine + 45.9,
p <0.0001 (men)

HCT = —1.36 serum creatinine + 37.7,
p < 0.0001 (women)

HCT = 0.48 Ccr — 0.0031 (Ccr)2 +26.0,
p <0.0001 (men)

HCT = 0.48 Ccr — 0.0031 (Ccr)? + 21.5,
p <0.0001 (women)

HCT = hematocrit (%), serum creatinine (mg/dL),
Ccr = creatinine clearance (mL/min), Data taken
from reference [2]

versus serum creatinineis shown in Figure 1.
When renal function is < 15% of normal, the
HCT isalmost dwaysin the 20’s. In the study
of Hakim and Lazarus, the mean HCT for
patients with a serum creatinine of 5 — 10
mg/dL was 29%, and for those with a serum
creatinine > 10 mg/dL, it was 26% [3]. The
HCT rarely falls < 20% due to uremia alone.
If such a patient is encountered, other causes
of anemia, such as iron deficiency, mi-
croangiopathic  hemolysis, or multiple
myeloma as a cause of chronic renal failure
(CRF), should be sought.

Physiology of
Erythropoiesis

In 1950 Reissman showed that the hypoxic
rat caused enhanced erythropoiesis in its
parabiotic, non-hypoxic partner [4]. Then
Erdev in 1953 demonstrated a hormone in
anemic animals which stimulated erythropoi-
esiswhen injected into non-anemic recipients
[5]. Thisfactor did not affect whiteblood cells
or platelets. Four years later Jacobson and
colleaguesreported that thekidneysmust play
a key role in the release of this hormone,
erythropoietin (EPO) [6]. It then became ac-
cepted that the kidneys sense an oxygen defi-
cit and respond by increasing EPO produc-
tion. Under normal conditions, aplasmaEPO
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level of 8 — 18 mu/mL will maintain a base-
linerate of erythrocyte synthesis, an adequate
oxygen delivery to the kidneys, and thereby
continued EPO synthesis [7]. In severe ane-
mia (HCT < 20%) the plasma level of EPO
may increase as much as 100-fold in an at-
tempt to restore the erythrocyte mass to nor-
mal. Thus there is a hormonal feedback loop
involving the kidneyswhich controls erythro-
cyte production.

In 1977 Miyake et al. purified EPO from
human urine (from patients with aplastic ane-
mia) [8]. However, the use of EPO asathera-
peutic agent was severely hampered by the
small quantities which could be extracted. By
1985 the human EPO gene had been isolated,
cloned, and expressed in mammadian cell
lines by 2 groups[9, 10]. Biologically active
human EPO could now be produced in large
quantities.

EPO is a heavily glycosylated protein con-
sisting of a single strand of 165 amino acids
with an equal amount of carbohydrates. Its
molecular weight is 30,500 daltons [7]. The
gene coding for EPO isfound on human chro-
mosome 7 and consists of 5 exons and 4
introns. A downstream enhancer is sensitive
to hypoxia An hypoxieinducible factor
(HIF-1) binds to this enhancer and acts as a
transcription factor [7].

2

&

Figure 1. Concentrations of
serum creatinine and hema-
* tocrits of individual patients
from the Nashville Department
of Veterans Affairs Medical
Center (VA) Renal Clinic are
plotted.

Koury et al. first demonstrated that EPO
messenger RNA (mRNA) was localized to a
small fraction of renal cortical interstitial cells
near the base of proximal tubular cells [11].
The rate of EPO production correlated not
only with HCT but also with the number of
renal interstitial cellsexpressing EPO mRNA.
In mild anemia EPO positive cells are present
in small groups in the inner cortex. In maxi-
mum anemia (HCT < 15%), cells throughout
the cortex possess EPO mRNA but still com-
poseonly 7% of thetotal interstitial cells. The
mechanism by which this recruitment occurs
is unknown.

EPO can also be produced by hepatocytes
and other non-renal tissuesinsmall quantities.
However, this supply of EPO to the body is
inadequateto restorenormal hematopoiesisin
the absence of normal renal parenchyma.

The erythrocyte progenitor cells which are
themain targetsfor EPO are the mature burst-
forming units-erythroid (BFU-Es) and col-
ony-forming units-erythroid (CFU-Es) [7].
The EPO receptor on these cells is a 55,000
dalton member of the cytokinereceptor super-
family. In the absence of EPO, these cells
undergo apoptosis. In the presence of ade-
guate quantities of EPO, CFU-Es are trans-
formed into erythroblasts, then to reticulo-
cytes, andfinally to mature erythrocytes. Thus



7 Stone - Anemia of Chronic Renal Failure

the effect of EPO is not one of enhancing the
proliferation of erythrocyte precursors, but
rather of inhibiting apoptosis of these same
cells.

Causes of Anemia Related
to Chronic Renal Failure
(CRF)

Anemia begins to be manifest when renal
function (Ccr) is < 40% of normal, approxi-
mately when the serum creatinine is above 2
— 3 mg/dL. The erythrocytes of patients with
CRF are normocytic and normochromic.
Reticulocytesare diminished for the degree of
anemia. Iron, folateand vitamin B12 storesare
usually normal.

Decreased erythrocyte survival in the ure-
mic state has been documented by 3 tech-
niques: >*Cr or **C-cyanate tagged red cellsor
by carbon monoxide exhalation [12]. In gen-
eral, the hemolysis is mild and red cell sur-
vival is approximately 50% of normal. Eryth-
rocytestransfused into uremic patientshave a
similarly shortened life span, while uremic
red cells survive for a normal period when
transfused into normal subjects [13]. There-
fore, the cause of thishemolysisis deemed to
be extracorpuscular. Neither maintenance
hemodialysis nor chronic peritoneal dialysis
(PD) improvesred cell survival. However, this
form of hemolysis is not a major reason for
the anemia of CRF since a normal kidney-
marrow feedback system would easily com-
pensate for it.

Thereis aso evidence that the uremic state
inhibits production of erythroid stem cellsand
their offspring [13]. Among the purported in-
hibitors accumulating in uremic serum are

spermine, spermidine and parathyroid hor-
mone (PTH). Uremic animas have been
shown by someinvestigatorsto haveasubnor-
mal response to exogenous EPO. Pharma-
cologic doses of EPO are sometimes required
in dialysis-dependent anemic humans. Other
studies have been unable to document any
inhibition of erythropoiesis in CRF. Marrow
inhibition is at best of minor significance in
the pathogenesis of uremic anemia.

Themost important cause of anemiain CRF
patients is a deficient production of EPO in
response to diminished renal oxygen delivery
[7,12,13]. Serumlevelsof EPO aremuchless
in uremiathan in other types of anemiawhere
thereis normal renal function. Aslong asthe
kidneyswere not surgically removed, astable
HCT in the 20's could be maintained in pa-
tients during the era prior to EPO therapy.
Following total nephrectomy, all diadysis pa-
tients became transfusion-dependent. In our
experience, an average of 2 units of red cell
transfusionswererequired per monthto main-
tain the HCT at 20% in anephric patients.
Nothing else worked. Androgens had no ef-
fect. Iron was not indicated since iron stores
were either normal or increased in anephrics.
Before EPO therapy, only a successful renal
transplant could correct transfusion-depend-
ent anemiain an anephric patient.

Aggravating Factors

Problems that decrease the response of the
marrow to endogenousor exogenous EPO can
worsen uremic anemia (Table 2). Proinflam-
matory cytokines such tumor necrosis factor
o (TNFa), and interleukins 1 and 6 (IL-1,
IL-6) inhibit the effect of EPO on the bone
marrow [7]. Thismay occur in inflammatory
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Table 2. Causes of Anemia Related to Chronic
Renal Failure

A. Primary Causes
1. Underproduction of EPO
2. Shortened erythrocyte survival due to uremia
3. Inhibitors of erythropoiesis accumulating in
uremia

B. Aggravating Causes
1. Factors hampering EPO production or

effect*
a. Inflammatory states
b. Infections
c. Nephrectomy
d. Aluminum accumulation
e. Neoplasia
f. ACE inhibitors

2. Deficiency states
a. Iron
b. Folate/B12
¢. Malnutrition

3. Other hemolytic states
a. Oxidant drugs/toxins
b. Microangiopathic hemolysis (e.g. accom-
panying malignant hypertension)
c. Hypersplenism
d. Dialysis-related factors (hypotonic dialy-
sate, hyperthermia, copper loading,etc.)

4. Hemorrhage/blood loss
a. Gl Tract (platelet defects may contribute)
b. Dialysis-related blood losses
(1) During vascular access puncture and
needle removal
(2) Into dialyzer and blood lines
(3) For laboratory tests

5. Diseases causing both anemia and renal
failure
a. Sickle hemoglobinopathies
b. Scleroderma
c. Systemic Lupus Erythematosus
d. Lead intoxication
e.Paraprotein disorders

6. Hyperparathyroidism

*See Table 4 about factors causing rHu-EPO re-
sistance

states(e.g. rheumatoid arthritis), during infec-
tions, or with malignant neoplasms. Although
aluminum accumulation has decreased as a
problem in CRF patients lately because of
better purification of dialysate water and less
use of aluminum-containing phosphate bind-
ers, aluminum overload can cause EPO resis-
tance or total insensitivity. The mechanism
may involve an interference with iron meta-
bolism. Following the advent of EPO therapy,
iron deficiency has become amajor therapeu-
tic challenge. Thiswill becovered later inthis
chapter. Either vitamin Bi> or folate defi-
ciency may occasionally contribute to defec-
tive erythropoiesis in CRF patients, but both
are rare due to dietary counsel and multivi-
tamin supplements.

Hemodialysisisaccompanied by apeculiar
set of problems, some of which were never
seen before dialysis became widespread.
Hemolysis may be caused by overheated dia-
lysate (51°C) and by hypotonic diaysate
when concentrate is allowed to run out. Con-
tamination of dialysate with chloramines,
copper, zinc, formaldehyde or sodium hypo-
chlorite (bleach) may also cause hemolysis.
Hemolysis due to shearing of red cells has
been seen when dialyzer blood is pumped at
high speeds through small needles or cannu-
las. Treatment with hemodialysis leads to
massivewholeblood lossesbut insmall incre-
ments. It has been estimated that with each
hemodialysis 15 —25 mL of blood islost into
the diadyzer, on to the gauze pads used to
control bleeding andin the blood linesdespite
careful rinsing. This blood loss is further ag-
gravated by blood withdrawn for laboratory
tests. When summed over the typical 156 di-
alyses each patient receives every year, over 3
L of whole blood have been removed. Itisno
wonder that iron deficiency is rampant in di-
aysis units.

Of minor importance are the following fac-
tors. Gl bleeding from gastritis, duodenitis,
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peptic ulcers or colonic lesions may be en-
hanced by heparin used during hemodialysis
or by uremic platelet dysfunction. The latter
isalmost never aproblem by itself. Drugsmay
contributeto hemolysisif they are oxidants or
blunt the response to EPO (angiotensin-con-
verting enzyme (ACE) inhibitors). Hy-
persplenism and hyperparathyroidism rarely
contribute to uremic anemia. One fina cate-
gory, which is sometimes forgotten by clini-
cians, concerns diseases which cause both
renal failure and anemia, but not necessarily
by the aforementioned mechanisms. Among
these are sickle hemoglobinopathies, lead in-
toxication, systemic lupus erythematosus
(SLE), scleroderma, and paraproteinemias
such as multiple myeloma. In these diseases,
anemiaout of proportion to the level of renal
dysfunction may be aclueto the correct diag-
nosis.

Therapy of Uremic
Anemiain the Pre-EPO Era

Maintenance hemodialysis became avail-
able in many centersin the U. S. in the late
1960's. Widespread use of hemodialysis fol-
lowed over the next 20 years. Initially, most
dialysis patients were young and had disease
limited to the kidneys (glomerulonephritis,
polycystic kidney disease (PKD)). Individu-
als with systemic illnesses, such as diabetes
mellitus (DM), were usualy not dialyzed.
Hemodiaysiswasemployed asatemporizing
measure until the patient could receive arenal
allograft. A large percentage of maintenance
hemodialysis patients were able to be trans-
planted in the late 1960's and early 1970's.
Transplantation corrected uremic anemiaand

Table 3. Therapy of Uremic Anemia in the Pre-
EPO Era

1. Correction of nutritional deficits
a. lron
b. Folate - vitamin B12
c. Protein-calorie

2. Provision of adequate dialysis
3. Androgens

4. Avoidance of total nephrectomy
5. Red cell transfusions

6. Rarely indicated
a. Splenectomy
b. Parathyroidectomy

occasionally was accompanied by erythrocy-
tosis.

Anemiawas considered to be a minor part
of the uremic syndrome in these young pa-
tients. Levels of HCT in the 13 — 19% range
were tolerated if the patient was receiving all
available therapy (short of transfusion) and if
the patient could function at that low HCT.
Red cell transfusions were withheld because
of therisk of sensitization to future alografts
and the risk of viral hepatitis. However, red
cell transfusions were till widely used out of
necessity for very low HCT values, for acute
blood loss or for symptoms attributable to
anemia which could not be corrected by less
toxic therapies. As dialysis practice widened
in the 1970's and early 1980’s, older and
sicker patients were being dialyzed. Very low
levels of HCT could not be tolerated by these
patients, and transfusion usage increased.

Standard therapy of anemia began with the
provision of adequate protein-calorie nutri-
tion, folate, vitamin Biz, and iron (Table 3).
Both of these vitamins were known to be
diayzable. The usual criteria for iron defi-
ciency in non-uremic subjects (serum iron,
total iron binding capacity, and ferritin) were
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found to be too stringent when applied to
dialysis patients, resulting in a change in the
guidelinestoward higher values. For example,
a serum ferritin of less than 20 ng/mL would
be indicative of iron deficiency in a normal
subject, whereas a value of 100 ng/mL might
betoo low in adialysis patient.

Most patients were hemodialyzed for 4
hours on cellulosic dialyzers using blood
flows of 200—250 mL/min and dialysate flow
of 500 mL/min. Thiswould be substandardin
many patients by today’s ideas of diaysis
adequacy. However, it was typical to see an
increase in HCT averaging about 5 pointsin
the first few months following dialysisinitia-
tion if the patient was not anephric. Some
patients, typically those with PKD, normal-
ized their HCT levels with dialysis, iron and
vitamins aone. Those few patients who had
to be totally nephrectomized and thus lacked
endogenous EPO could not be managed this
way and had to be regularly transfused.

Another helpful adjunct to uremic anemia
therapy at that time was the use of androgens
[14]. Androgens somehow augment the effi-
cacy of EPO. Therefore, androgens do not
work in anephric patients unless EPO is sup-
plemented. Although both oral and parenteral
forms of synthetic androgens were used in
some dialysis units, we found them to be too
toxic to the liver. Testosterone enanthate (1 —
4 mg/kg) as a once weekly injection had few
side effects and would increase the HCT by
up to 5 points in the average patient with
native kidneys intact. However, the response
was slow and not all patients were helped. In
our center in the late 1970's, the mean HCT
was 26% in 30 “nephric” patients receiving
testosterone and an average of 0.1 units of
packed red cells per month (very few patients
weretransfused). Themean HCT insurgically
anephric patients (N = 6) was 20%, and they
received an average of 2.1 units of packed red
cells per month.

6

Although rarely indicated and controversial
in success rate, both splenectomy and pa
rathyroidectomy have been advocated as
helpful in certain patients. In the former, ex-
cessive erythrocyte destruction by the spleen
should be carefully documented prior to sur-
gery. Reversal of increased marrow fibrosisis
cited as the reason for the effect of parathy-
roidectomy on uremic anemia. We have not
seen it in our patient population.

The EPO Era

Introduction

Since deficiency of EPO isthe major factor
in uremic anemia, provision of EPO to af-
fected patients would be the ideal treatment.
After the EPO genewascloned in 1985, it was
transfected into Chinese hamster ovary
(CHO) cells enabling the production of EPO
in large quantities [10]. The purified protein
isimmunologically and biologically identical
to human urinary EPO. It is prepared for ad-
ministration to patients in a buffered saline
solution containing 0.25% human serum al-
bumin. Vials (1 mL) of 2000, 3000, 4000 and
10,000 U/mL are available.

Clinical Trials

Inlate 1986 and early 1987 the first studies
of the use of recombinant human EPO (rHu-
EPO) on alarge scale (10 dialysis patientsin
theU. K. and 25 dialysispatientsinthe U. S.)
were published [15, 16]. Almost all patients
responded with an increase in HCT, a cessa
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tion of need for blood transfusions, and a
general improvement in the sense of well-be-
ing and exercise tolerance. Inthe U. S. study,
intravenous doses of 1.5, 5.0, 15, 50, 150, and
500 U/kg body weight of rHu-EPO were
given thrice weekly at the end of diaysis.
BasdlineHCTswere 19 —22%. Atthe 1.5 and
5.0 U doses, no changes in reticulocytes or
HCT were observed. Beginning at 15 U/kg
thrice weekly, there was a dose response af-
fecting both maximum HCT and the rate of
rise of HCT. At 15 U/kg thrice weekly aHCT
of 24% was achieved in 12 weeks; at 50 U/kg
thrice weekly the HCT rose to 40% in 11
weeks; and at 500 U/kg thrice weekly the
HCT normalized to 42% in 6 weeks. Seven-
teen patients wound up receiving 25 — 100
U/kg thrice weekly as maintenance therapy
for 3—7 monthsin order to maintain HCTs of
35— 40%. The adverse effects were minimal,
chiefly exacerbation of hypertension in 24%
and hyperkalemia. Hyperkalemia occurred
because 2 patientsfelt so much better that they
saw no need to continue arenal falure diet.

These phase | —11 trialswerefollowed by a
phase 111 study involving 333 U. S. hemodia-
lysis patients beginning in the fall of 1986
[17]. All had a HCT < 30%. rHu-EPO in a
dose of 300 U/Kkg thrice weekly was given
intravenously to theinitial patients. Thisdose
was lowered to 150 U/kg thrice weekly
shortly after the study began. Once a target
HCT of 35% was achieved, the rHu-EPO dose
was adjusted to a maintenance dose required
to keep the HCT at 32 — 38%. The response
rate was 97.4%. An elevated reticulocyte
count occurred in the first 2 weeks, and an
increased HCT was seen within 2 — 6 weeks.
Erythrocyte transfusions were eliminated in
all patients within 2 months of starting rHu-
EPO. The median maintenance rHu-EPO
dose was 75 U/kg thrice weekly. Adverse
effects included iron deficiency (43%), exac-
erbation or new appearance of hypertension

(35%), seizures (5.4%), and myalgias (5%).
The rate of vascular access clotting was no
different (0.5 clotting events/patient/year)
than in dialysis patients not receiving rHu-
EPO. No patient devel oped antibodiesto rHu-
EPO. The 9 patients out of 333 who failed
rHu-EPO therapy had other reasons for ane-
mia including myelofibrosis, chronic infec-
tion, and hemorrhage.

Taking everything into account, the results
of this large and expensive undertaking were
overwhelmingly positive. Nearly al patients
could normalize their HCTs, whether or not
they had residual renal tissue. Improvements
in the qudlity of life were remarkable. The
drug wasnot only effective, if iron storeswere
maintained, but was also safe. The main thing
tolook out for was the exacerbation of hyper-
tension.

rHu-EPO Pharmacokinetics and
Dosing

Similar to other parentera medications,
subcutaneous (SC) dosing of rHu-EPO isfol-
lowed by lower peaksand higher troughsthan
withintravenous(1V) administration. Follow-
ing an IV dose, there is rapid disappearance
(t V2-68 hours), and low rHu-EPO concen-
trations are seen at 24 — 48 hours [18]. With
subcutaneous (sc) administration, therapeutic
levels may be seen for 72 — 96 hours. Aslittle
as 40 U/kg thrice weekly or 60 U/kg twice
weekly of SC rHu-EPO can maintain plasma
EPO levels within the probable therapeutic
range (30—100 mu/mL) (seeFigure?2). Thrice
weekly intravenous (1V) doses of 40 U/kg
result in subtherapeutic EPO concentrations
during asignificant portion of thetime. There-
fore, there is a greater economy with the SC
route of administration. On the average, 25 —
40% less rHU-EPO is required during SC
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Figure 2. Concentration time simulations for differing strategies at a constant erythropoietin dose of 120

U/kg/week. With permission from Besarab et al. [18].

compared to 1V dosing to obtain the same
effect. The rate of risein HCT (points/week)
islinearly related to the logarithm of the rHuU-
EPO dose (U/kg thrice weekly). The steepest
part of the curve, and therefore the most effi-
cient incremental response, oc curs between a
doseof 40 and 150 U/kg thriceweekly (Figure
3). Above a dose of 150 U/kg thrice weekly
theincreasein HCT isless steep.

Patients should be replete in iron, folate,
and vitamin B> before commencing rHu-
EPO therapy. Percent transferrin saturation
(TSAT) is the most cost-effective test [19].
The initial recommended dose is 50 — 100
U/kg thrice weekly, either SC (preferably) or
IV. Weround off to the nearest 1000 U. If after
6 weeks, the patient’s HCT has not increased
by 5—6 pointsor thedesired HCT of approxi-
mately 35% has not been achieved, then the
dose may be increased in increments of 25%

8
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Figure 3. The logarithm of the rHu-EPO dose is
plotted against the rate of increase of HCT. Note the
change in slope above a dose of 150 U/kg IV 3times
per week (log = 2.18). Data are replotted from
reference [25].
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of the maintenance dose or 25 U/kg. Aninter-
val of 4 weeks should elapse between any
dose adjustment thereafter since the erythro-
poietic response may not maximize for 2 -6
weeks. If the HCT exceeds 36%, rHuU-EPO
should not be discontinued since this shuts off
erythropoiesis. We prefer to decreasetherHu-
EPO dose by 25%. Again, the time to equili-
brate with the new lower dose will be 2 — 6
weeks.

Intraperitoneal (1P) administration of rHu-
EPO has been tried in chronic PD patients.
The response is hampered by the slow perito-
neal transport of proteins of this molecular
weight (30,500 daltons) into the circulation
which may take more than 12 hours. The
patient, of course, also needs to be dialyzed.
In our opinion IP rHu-EPO should only be
used as a last resort after the failure of SC
dosing. IP administration should bein asmall
volume (40 mL) injected into the dry perito-
neal cavity followed by a 10 mL saline flush
[20]. Overnight undialyzed dwell times ap-
proaching 12 hours would lead to maximum
absorption and potential TIW dosing in quan-
tities similar to the SC route. When SC rHu-
EPO dosing isused in PD or CCPD patients,
they require less rHU-EPO on average than
hemodialysis patients. Although the cause of
this difference is unclear, potential reasons
include lessiron deficiency, blood |losses, and
laboratory testing than in hemodiaysis pa
tients.

rHu-EPO Resistance

Some patients require large doses of rHu-
EPO (= 300 U/Kkg thrice weekly) to restore
erythropoiesis, or do not respond at all. Table
4 lists most of the common reasons for this
resistance[21]. However, it isnot always pos-
sibleto find the cause in an individua refrac-

Table 4. Causes of rHuU-EPO Resistance

1. Iron deficiency

2. Inflammatory states
a. Infections
b. Rheumatoid arthritis and other connective
tissue diseases

. Inadequate dialysis

. Deficiency of folate/vitamin B12

. Aluminum toxicity

. Marrow fibrosis due to hyperparathyroidism
. Hemolysis

. Hemorrhage

© 00 N o 0o b~ W

. Hemoglobinopathy
10. Anemia of chronic disease

11.Drug interactions and toxicities

tory patient. A careful search for iron defi-
ciency in either an initialy refractory patient
or in one who becomes unresponsive during
maintenance rHU-EPO therapy isagood start-
ing point.

There is no perfect test of iron storesin a
patient with CRF. A serum ferritin concentra-
tion < 50 ng/mL almost always reflects iron
depletion, and a value of < 100 ng/mL may
indicate deficiency. Ferritin is an acute phase
reactant and may be el evated in theface of low
iron stores if there is concomitant infection,
inflammation, liver disease or neoplasia. The
per cent transferrin saturation (TSAT) may be
auseful adjunct to theferritin. A value < 20%
usually indicatesiron depletion. In 52 patients
with a HCT less than 25% during rHu-EPO
therapy, 60% had a serum ferritin < 100
ng/mL, aTSAT < 20% or both [22]. Many of
these patients had been prescribed oral iron
tablets. Othersuse a TSAT cutoff of < 25% to
define an iron-responsive group of anemic
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dialysis patients [23] (See Figure 4). Recent
data from Wave 1 of the Dialysis Morbidity
and Mortality Study (USRDS 1996) suggest
that despite use of rHU-EPO in over 80 —90%
of dialysis patients, 48% had a HCT < 30%
[54]. A total of 54% had TSAT < 20%; almost
25% had TSAT < 10%; and 36% had serum
ferritin < 100 ng/mL. These data suggest that
iron deficiency partly explains the failure to
reach the target HCT of > 30%.

Most hemodialysis patients and some PD
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Figure 4. Serum transferrin saturation cut-off
value between iron-responsive and iron-unrespon-
sive anemic dialysis patients. With permission from
Tarng et al. [23]

Table 5. Oral Iron Preparations

patientswill require oral iron to maximizethe
response to rHU-EPO (see Table 5 for alist of
oral iron preparations). Table 6 lists helpful
hintsto assure compliance with oral iron ther-
apy. Patients must be educated that iron defi-
ciency isthe most common cause of a subop-
timal response to oral iron therapy. Attempts
to giveiron on an empty stomach have gener-
aly failed in our hands dueto Gl side effects.
M edi cationsthat decrease gastric acidity (e.g.
cimetidine), phytates (green, leafy vegeta-
bles) and tannates (tea, coffee, red wine) may
also diminish iron absorption.

Some patients will be noncompliant with
oral iron (suggested dose: = 200 mg of ele-
mental iron/day), and this will blunt their re-
sponsivenessto rHu-EPO. Other patientswill
be unable to replete iron stores (e. g. aserum
ferritin > 100 ng/mL) on oral therapy [25].
Parenteral iron dextranisakey optioninthese
groups. It is formulated in 2 mL ampules
containing 50 mg of iron/mL. Wegive 100 mg
into the venous line over 5 minutes at the end
of dialysis. Ten dosesare given over 10 dialy-
sesfor atotal of 1000 mg per course. A course
may be repeated if indications of iron defi-
ciency persist. For home hemodiaysis (HD)

Preparation Trade Name Elemental Daily Dose
Iron/Tablet (To supply 200 mg
elemental iron)
Total
Ferrous sulfate Feosol 65 mg TID (195 mg)
Ferrous fumarate Tabron 100 mg BID (200 mg)
Ferrous fumarate Chromagen 66 mg TID (198 mg)
Iron-polysaccharide Niferex-150 150 mg one tab Nif-150
complex Niferex W/C 50 mg Plus one tab
Nif. W/C=200 mg
Niferex elixir 100 mg/5 mL 5 mL BID=200 mg

10
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Table 6. Factors Aiding Compliance with Oral
Iron. Preparations and Maximizing Intake of Iron

1. Patient education

2. Increased dosage per day
a. Smaller, more frequent doses
b. Bedtime doses

3. Administration by dialysis nurses of at least 2
doses per hemodialysis

4. Alternative iron formulations for variety and

less Gl side effects

. Pharmacy monitoring of refills

. High iron food

7. Separation of the ingestion of phosphate bin-
ders from the time of oral iron dosing; e. g. iron
before meals and binders after meals

o o1

and PD patientswith absoluteiron deficiency,
1g of iron dextran (in 500 mL saline) or 500
mg (in 250 mL saline) can be administered in
the home training unit after a test dose of 25
mg iron. A test dose of 0.5mL (25 mg of iron)
is given before each course followed by ob-
servation to avert anaphylactoid reactions or
anaphylaxis. However, even test doses can
cause anaphylactoid reactions in 1% of pa
tients and result in 40% of al anaphylactoid
reactions [26]. The incidence of anaphylaxis
isabout 1in 1000 doses, so dialysisunitsmust
be prepared to handle such an emergency.
Adverse reactions occur in about 5% of pa
tients, but most are not serious[26]. An acute
large joint arthritis can be caused by the iron
dextran itself. Itching and wheezing are the
most common adverse events.

Chronic low doses (25 — 200 mg/week) of
parenteral iron dextran have been given rou-
tinely to hemodialysispatientsintheU. S. and
Europe as an alternative to ora iron therapy
[27]. Benefits have included an increase in
mean HCT, a decrease in rHU-EPO dose by
33 — 46%, and an overal cost savings. The
potential risk of iron overload when such

doses are given over along period of time has
not been assessed. Another factor in need of
study is the use of supplemental androgen
therapy to decrease the rHU-EPO dose and
resultant expense.

rHu-EPO resistance may also be caused by
undiagnosed or untreated infections. Our first
patient with rHu-EPO resistance had astaphy-
lococcal diskitis and vertebral osteomyelitis.
His neck pain was attributed to osteoarthritis,
whichwasalso present, and therewasnofever
or leukocytosis. rHU-EPO resistance led to a
search for areason and to the correct diagno-
sis. Patients with active non-infectious in-
flammatory statessuch asrheumatoid arthritis
may require higher doses of rHu-EPO. Other
reasons for rHU-EPO resistance are summa-
rized in Table 4. Folate deficiency may de-
velop in HD patients who either restrict their
protein intake (because dialysis loss of folate
exceeds dietary intake), or who require
phenytoin therapy. The presence of red cell
macrocytosis suggests folate deficiency, if
iron overloadisexcluded. Oral folic acid ther-
apy corrects or prevents this complication.
However, most dialysis patients ingest
enough dietary folate to remain in positive
folate balance.

Benefits of rHU-EPO
Quality of Life

Almost everyone involved in the initia
rHu-EPO studies has an anecdoteto tell about
this subjective variable. One of my patients, a
42 year old farmer, wasforced to sell hishogs
and cattle when he went on dialysis because
of poor exercisetolerance. Herequired 4 units
of packed red cells per month to maintain a
HCT of 20— 22%. Within afew months of his
participating in the Phase Il rHu-EPO trial,
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he had a HCT of 35 — 38% and needed no
transfusions. He was able to go back to full-
time farming, a rigorous occupation.
Beusterien and colleagues studied 484 di-
alysis patients who had not been previously
treated with rHU-EPO [28]. All patients were
assessed by 6 scales taken from the Medical
Outcomes Study 36-1tem Health Survey at
baselineand 49—180 dayslater. Despitearise
in HCT from only 25.5t0 29.9% at follow-up,
significant improvements occurred in physi-
ca and socia functioning, vitality, hedth
status, mental health, and mental component
summary score. Activity items showing better
scoreswerelooking after thehome, socid life,
interests/hobbies, and sexual satisfaction. The
amount of change in HCT was a significant
predictor of quality-of-life improvements.
Others have reported increases in energy and
activity levels, functional ability, appetite,
tastefor food, cold tolerance, and sexual func-
tion. Sleep patterns have also improved in
patients receiving rHu-EPO with less insom-
niaat night and fewer naps during the day.

Cardiorespiratory Benefits

MacDougall et al. studied 10 hemodialysis
patients by maximum exercisetesting, pulmo-
nary function tests, echocardiography, chest
roentgenography, and rheological assessment
over 12 months as they initiated rHU-EPO
therapy [29]. After 2 months of rHu-EPO,
significant increases in exercise time, maxi-
mum oxygen consumption, and anaerobic
threshold were seen. There was a substantial
decreasein exercise-induced cardiacischemia
and left ventricular mass (by echocardiogra
phy and chest roentgenogram). Other hemo-
dynamic changes seen in rHu-EPO-treated
patients are increased venous tone, peripheral
vascular resistance (PVR), blood viscosity
and tissue oxygenation [25]. Decreased left

12

ventricular end-diastolic diameter and left
atrial diameter have accompanied the dimin-
ished left ventricular mass. Overdl, there is
improved ventricular performance due to in-
creased oxygen delivery. Hemodialysis-re-
lated hypotension islessof aprobleminrHu-
EPO-treated patients.

Reduction in Transfusions

Prior to rHU-EPO therapy, approximately
50% of hemodialysis patientsweretransfused
each year [30]. A mean of 10 unitswas given
annually to each transfused patient. Therisks
of this practice include hypersensitivity reac-
tions, vira hepatitis, human immunodefi-
ciency virus (HIV), sensitization to HLA an-
tigens, iron overload, and a variety of less
common complications. Following a re-
sponse to rHu-EPO therapy, the need for
transfusions is nearly abolished. Inthe U. S.
Phase 1l trial, 333 patients had received 1030
units of red cells in the 6 months prior to
starting rHu-EPO therapy [17]. During the
next year, only rare patients were transfused
for blood losses at surgery or for medical
complications. By avoiding blood transfu-
sions, the rHU-EPO-treated dialysis patient is
abetter candidate to receive arenal transplant
because of less viral hepatitis and lower
amounts of panel-reactive HLA antibodies.

Enhanced Cerebral Function

Poor cognitive function is a part of the
uremic syndrome and is helped by the initia-
tion of an adequate maintenance dialysisregi-
men. rHu-EPO therapy has shown measurable
benefitseven above adequatedialysis. Grimm
et al. found objective improvement in severa
tests of brain function following rHu-EPO
therapy [31]. Asthe HCT increased from 22.7
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to 30.6%, auditory event-related potentials
and multimodality stimulus-related evoked
potentials improved. Marsh and colleagues
also found improvement in event related po-
tentials and 4 neuropsychological tests fol-
lowing 3 — 12 months of rHu-EPO therapy
[32]. During this investigation, HCT values
increased from 23.7 to 36.5%. Thus, improve-
ment in anemia was directly linked to better
cerebral function.

Miscellaneous

Although standard blood coagulation tests
such as prothrombin time (PT), partia throm-
boplastin time (PTT), and fibrinogen concen-
tration are unchanged following treatment
with rHu-EPO, mild increases in platelet
count and platelet aggregation as well as de-
creased bleeding time have been observed
[25]. The higher HCT may force more plate-
letstoward the periphery of blood vesselsand
promote hemostasisin response to injury.

Immune function has benefited from rHu-
EPO therapy in 3 areas: phagocytosis/chemo-
taxis, antibody responses to vaccines, and
cell-mediated immunity [25]. Some of these
changes may be related to a better nutritional
status.

Adver se Effects of rHu-EPO

Hypertension

During thefirst 3 months of the U. S. Phase
[11 trial of rHu-EPO, 35% of patients devel-
oped anincreasein diastolic blood pressure of
> 10 mm Hg or needed increased doses of
antihypertensive medications [17]. Sub-
sequent multicenter studies in Europe, West
Germany, and Japan have demonstrated a

similar incidence. This phenomenon has not
been seen in normal subjects, HIV positive
patients, patients with advanced multiple
myeloma, or rheumatoid arthritics with nor-
mal renal function treated with rHu-EPO.
Risk factorsfor the devel opment of rHu-EPO-
induced hypertension besides CRF are high
rHu-EPO dosage, IV administration, rapid
correction of anemia and severe anemia be-
fore rHuU-EPO therapy (HCT < 20%). Postu-
lated mechanisms include increased blood
viscosity, loss of hypoxic vasodilatation,
heightened endothelin productionwithimbal -
ance of local endothelia factors — endothe-
lium derived relaxing factor (EDRF) and en-
dothelin 1 —, and increased free calcium in
vascular smooth muscle cells. In practica
terms, the development of hypertension post-
rHu-EPO can be prevented or ameliorated by
achieving good control of blood pressure
prior to beginning therapy viamedication and
by maintaining low interdialytic weight gains.
Blood pressure should be monitored not only
during dialysis but also on non-dialysis days.
Adjustments in fluid weight and dosages of
antihypertensive drugs are almost awaysable
to prevent serious hypertension in rHuU-EPO-
treated patients. This is especially important
in the first two months of therapy. With this
approach, there is no difference in severe hy-
pertension (diastolic pressure > 110 mm Hg)
in rHu-EPO-treated vs. control subjects|[7].

Iron Deficiency

Careful monitoring of iron storesin all pa
tients receiving rHU-EPO is mandatory. Dur-
ing the Phase |11 rHU-EPO trial, 43% of pa-
tients became iron deficient despite oral iron
[17]. Serum ferritin and TSAT values should
be obtained monthly during the 3 month in-
itiation phaseand then at least quarterly there-
after. If thepatient isreceiving parenteral iron,
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thetests should be drawn 2 —4 weeks after the
|ast dose of iron dextran since fal se elevations
are seen before that time.

Seizures

Seizures were seen in the Phase | — 11 rHu-
EPO trias and were attributable to hyperten-
sive encephalopathy in nearly all cases [15,
16]. Patients had a prodrome of headache and
visual  blurring.  Unlike hypertensive
encephal opathy, papilledemais often absent.
In Phase Il of the U.S. multicenter study,
seizures were reported in 5.4% of patients
receiving rHU-EPO. This was not signifi-
cantly different from the incidence (4 — 6%)
in the control dialysis-dependent population
[17]. Although there is no evidence suggest-
ing rHU-EPO is epileptogenic, uncontrolled
hypertension resulting in changes in cerebral
perfusionisundoubtedly amajor factor. Good
blood pressure control as in the Canadian
Multi-centre Trial has resulted in no excess
appearance of seizures in the rHu-EPO-
treated group versus controls. Therefore, sei-
zures can be avoided during rHu-EPO therapy
by careful attention to the maintenance of
normal blood pressures by medication and
avoidance of hypervolemia.

Vascular Access Clotting

Hemodialysis patients regularly clot their
vascular accesses, especidly if they are syn-
thetic — polytetrafluoroethylene graft (PTFE).
Native arteriovenous fistulas are less at risk.
Although acontrol group was not included in
theU.S. Phaselll trial, theincidence of access
thrombosis seen (0.5 events per patient year)
was similar to non-treated patients [17]. Sub-
sequent investigations have shown a higher
incidence (up to 3-fold) of PTFE fistulaclot-

14

ting in rHu-EPO-treated versus control pa-
tients. This is not a reason to withhold rHu-
EPO therapy. Patientswho appear to havethis
problem can be managed with careful atten-
tion to vascular access performance (venous
pressure, recirculation) and intervention by
radiologists or surgeons prior to complete
thrombosis. Antiplatel et drugs may be ahelp-
ful adjunct. Sreedhara et a. found dipyri-
damole to be beneficial in patients with new
PTFE grafts [33]. However, aspirin did not
improvetherisk of thrombosisin these grafts.
Neither dipyridamole nor aspirin had any
beneficial effectsin patientswith prior throm-
bosis of PTFE grafts. Dialyzer clotting has
been successfully managed by modest in-
creasesin heparin dosages.

Less Efficient Hemodialysis

This was a theoretical problem because
higher HCT values would result in a smaller
plasma volumes. Most studies saw either
small or no changes in BUN, serum creat-
inine, serum potassium, and serum phosphate
following initiation of rHU-EPO therapy. The
few instances of severe hyperkaemia were
more related to dietary indiscretions than to
inefficient hemodialysis. In this era of fre-
guent monitoring of dialysisadequacy by urea
kinetics, any loss of dialysis efficiency dueto
rHu-EPO will be measurable and can be com-
pensated for by alterationsin dialysisparame-
ters, such as blood flow and type of dialyzer
employed.

Summary

Monitoring for adverse effects of rHU-EPO
should be doneon aroutinebasisinall treated
patients. Attention to achieving normal blood
pressures and adequate iron storesis of para
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mount importance. Fistulas need to be moni-
tored for signs of impending thrombosis such
as increased percent recirculation and higher
venous pressures (VDP). Decreased hemo-
dialysis access flow as measured by duplex
ultrasonography has been shown to be a sig-
nificant predictor of future HD access throm-
bosisand may be amore promising technique
compared to VDP monitoring. Dialysis ade-
guacy (urea reduction ratio > 70% or Kt/V >
1.4) should be measured on a regular basis,
and the dialysis prescription adjusted accord-
ingly. Fortunately, antibodies to rHu-EPO
continue to be an extremely rare occurrence.

rHu-EPO in the Pre-dialysis
Patient

Pre-dialysis patients (Ccr of 10 — 30
mL/min) with HCT values < 30% are candi-
datesfor rHu-EPO therapy. Similar guidelines
are followed as in dialysis patients. Blood
pressure must be normalized and iron stores
replenished prior to starting rHu-EPO therapy
and monitored during treatment. Initial stud-
ies using 50, 100, or 150 U/kg IV thrice
weekly have shown good response rates and
few adverseevents[34]. Target HCTswere 33
—36%. Progression of renal insufficiency was
not increased by receiving rHu-EPO, in the
setting of blood pressure control and avoid-
ance of rapid increasesin Hct (> 4% increase
in 4 weeks). Subsequently, others have dem-
onstrated efficacious use of SC rHuU-EPO in
doses of 75— 150 U/kg thrice weekly or even
75 — 150 U/kg once weekly [35]. Patientsin
whom predialysis rHU-EPO is particularly
recommended are listed in Table 7.

A beneficial aspect of predialysisrHu-EPO
is its potential for reducing left ventricular
hypertrophy (LVH). The adverse effects of
LVH are well documented in the diaysis

Table 7. Indications for rHu-EPO in Pre-dialysis
Patients with Anemia

. Left ventricular hypertrophy

. Coronary artery disease

. Upcoming elective major surgery
. HIV nephropathy

. Students

o o A W N

. Job holders and at-home mothers with small
children

~

. Transfusion dependence

8. Living-related transplant candidates

population including the relative risk of death
that it confers[36]. Furthermore, once estab-
lished, LVH rarely regresses in diaysis pa
tients. Levin and colleagues recently noted
that the prevalence of LVH in a prediaysis
population was 38.9%, and this percentage
increased with progressive renal failure [37].
LV H was present in 26.7%, 30.8%, and 45.2%
of patients with Ccr > 50 mL/min, 25 — 49
mL/min, and < 25 mL/min, respectively. Lo-
gistic regression analysis revealed that age,
Ccr, hemoglobin, and systolic blood pressure
weresignificantly different between those pa-
tientswith and without LVH. Thelast two, as
modifiable risk factors, could potentially be
controlled to lessen the consequences of LVH
in the dialysis population.

rHu-EPO and Renal
Transplantation

A successful renal transplant results in a
peak serum EPO level of 100 mu/mL or more
within thefirst week after grafting even if the
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patient is still oliguric [38]. Thisis followed
by afalling serum EPO concentration as graft
excretory function improves. A second EPO
peak is seen from day 20 to day 50. HCT
valuesreturn to normal rangein thefirst 1—2
months, and serum EPO levels are normal by
2 months postgrafting. About 10 — 15% of
renal transplant recipients devel op erythrocy-
tosis (HCT > 51%), usually within the first 2
years [39]. Factors other than EPO may be
involved, and the condition rarely spontane-
ously resolves. Therapy consists of phlebot-
omy, ACE inhibitors, and consideration for
native nephrectomy.

It is controversia as to whether and when
rHu-EPO therapy should cease in a dialysis
patient who receivesarenal all ograft. Because
endogenous EPO production picks up rapidly
in non-rejecting renal transplants, prudence
would dictate that rHu-EPO therapy be
stopped either at the time of grafting or within
the first 2 weeks thereafter. Most episodes of
acute rejection are brief enough not to require
reingtitution of rHu-EPO. However, in the
chronically failing allograft, anemiawill recur
inasimilar manner asin nativekidney failure.
If patients with chronic rena insufficiency
from graft disease or rejection become ane-
mic, rHu-EPO therapy should be resumed
following guidelines similar to those for
predialysis patients.

Conclusions

The past 10 years have seen arevolutionary
treatment of the anemia of CRF evolve and
gain broad acceptance. rHu-EPO therapy has
been remarkably effective in correcting ane-
mia and returning most patients to a better
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state of health. With careful management few
adverse events are observed. The overall
benefitsto patientsare almost asgreat asthose
of maintenance dialysis itself. While recog-
nizing this remarkable progress, it is not suf-
ficient to stop there.

As of late 1995 in the U.S., 90% of
hemodialysis patients and 60% of peritoneal
diaysis patients were recelving rHu-EPO
therapy. The mean HCT was 31.4%, and the
median HCT was 32% [40]. At a minimum
cost of $10 per 1000 units and a mean dose of
5000 units thrice weekly, $7800 would be
spent per patient per year on just rHu-EPO. It
is not unreasonable to assume that 200,000
CRF patientsintheU.S. arenow being treated
with rHu-EPO for an overall annual cost of $
1.56 hillion. These figures only consider the
expense of rHU-EPO itself. The devel opment
of acheaper method of treating the anemia of
CRF is of paramount importance. Areas of
clinical research which may help aleviatethe
problem somewhat include determining the
optimum HCT range with the lowest risk to
benefit ratio, finding the best method of
achieving and maintaining normal iron stores
in the presence of rHU-EPO therapy, and the
optimization of rHu-EPO-sparing adjuncts
such asandrogens. Patient and physician edu-
cation programs still have a long way to go.
SC administration of rHu-EPO is not being
used enough. In 1993, 92.5% of rHu-EPO
doses were given 1V and only 7.5% were SC
[24]. Since SC rHu-EPO is about 40% more
effective, switching 1V to SC dosing could
result in a large cost saving. Finaly, new
laboratory investigations may provide
cheaper, small molecular weight peptide
mimetics of rHu-EPO [41]. Such molecules
have been discovered and may possibly be
developed into pharmaceuticals. Competition
may aso lower the price of the established
drug.
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