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Erythropoietin Radioimmunoassay in Evaluating Patients with Polycythemia

H. PHILLIP KOEFFLER, M.D.. and EUGENE GOLDWASSER, Ph.D.; Los Angelss, California; and Chicago,

Hlinois

We ed serum trati of erythropoietin in
59 patients with polycythemis using a sensitive and
specific radioimmunocassay. The mean concentration was
17.5 + 8.4 mU/mlL (1 SD) in 26 patients with
polycythemia vera and 14.9 & 4.2 mU/mL in 26 normal
persons. in contrast, the sverage concentration was
94.3 = 101.2 mU/mL in 33 patients with secondasry
polycythemia , representing s highly significant elevation
(p < 0.0001) compared to both normal and
polycythemia vers groups. The average hamatocrit value
did not ditier between the polycythemis vera and the
s.condary polycythcmu patients, and both groups had

dian, 55% ) than the normal donors
(medun, 41 %) Erythropomin concentrations
ascertsined by radiocimmunoassay helped discriminate
between polycythemis vera and secondary polycythemia.
Ninety-two percent of polycythemis vers patients had
concentrations less than 30 mU/mL (the concentration
used 88 3 cut off point), and 94% of sec
polycythemis patients had concentrations greater than 30

. mU/mL. This represents an overali correct classitication

of $3% of the patients. Serum srythropoietin levels as

“Materials and Methods

Blood was oblained with informed consent from normal voi-

- unteers and from patients with polycythemia. The blood was

allowed to clot at room temperature, and the serum was isolst.
ed and tested for erythropoictin concentration by radioimmu-
noassay, as previously described (18). All patient samples and
erythropoietin standards were assayed in quadruplicate and at
two or more different concentrations of serum. All samples
were coded and assayed without knowledge of the diagnosis of
the patient.

Twenty-six patients with polycythemia vera and 33 with sec-
ondary polycythemia were investigated. The patients with sec-
ondary polycythemia isted of 13 pati with cyanotic
congenital heart disease; seven with Jung-associsted disease in-
cluding four patients with severe chronic obstructive pulmo-
nary disease, one with Pickwickian syndrome. and two heavy
cigarette smokers with elevated carboayhemoglobin levels; six
patients with kidney disease including four with a cystic renal
mass and two with renal artery stencsis; three patients with
cancer including two with renal cell carcinoma and one with a
cerebellar tumor; and four with no known diagnosis.

At the time of study, all pati had h I of
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ascertained by radicimmunoassay can distinguish S1% or grester, were not wm.. chemotherapy, had had no e
betwsen most polycythemis vera and secondary phicbotomies within 5 weeks, and had not been treated with “P
polycythemia patients and should prove usatul in the within the past 1'/; years. All patients with ‘polycythemis vera
ditterential diagnosis of polycythemis.  fulfilled the criteria for discase as developed by the Polycythe-
mis Vera Study Group (2). At disgnosis, the total erythrocyte

. . volume was clevated (men > 36 mL/kg and women > 32 mL/ o
Persons with an elevated circulating erythrocyte vol- kg of body weight) in paticnts with polycythemia vera and sec-
ume may be classified as those with polycythemia vera or ondruy rolycy!hemms:’ o were included in th s
as those with polycythemia secondary to hypoxia or inap- wenty-$ix  nol N ‘
propriste crythropoictin secretion. Polycythemia vera is a :::n”%r:;a?;nmw:nd?h;m 10 men and 16 women. o
clonal hematopoictic stem cell disorder (1), whereas sec-
ondary polycythemis may be a result of such conditions  peguits -
as severe, chronic obstructive pulmonary disease, cyanot- The data obtained .using the radicimmunoassay for
ic congenital heart disease, high oxygen affinity hemoglo-  yeasuring serum erythropoietin concentration in patients
binopathy, and erythropoietin-secreting tumor (2, 3). Pa-  ojth polycythemia vera. those with secondary polycythe-
tients with secondary polycythemia ofien have elevated 1,1y and normal persons are presented in Table | and
urine or plasma erythropoietin concentrations, or both  Figure 1, Jeft. The mean erythropoietin concentration
(3, 4). Patients with polycythemia vera have an inappro-  gaq 17.5 + 8.4 mU/mL (& SD) in polycythemis vera
priately increased erythropoiesis without an increased  parients, 14.9 & 4.2 mU/mL in normal control subjects,
erythropoietin Jevel (4-6). The distinction between poly- 354 94,3 + 101.2 mU/mL in patients with secondary po-
cythemia vers and secondary polycythemis is ofien not  yycvthemia (Table 1). The patients with cyanotic heart
difficult. There sre, however, situations in which diagno-  giccace had a mean erythropoietin value of 151 mU/mL,
sis is not clear, and reliable erythropoietin levels would be  pich was the highest average titer in the secondary po-
diagnostically helpful. Many in-vivo and in-vitro assays  jycyihemia group. The large standard devistion in the
for erythropoietin have not been satisfactory for clinical secondary polycythemia group was due to several pa-
purposes due to lack of reliability, sensitivity, specificity,  jients with very high erythropoietin concentrations (300,
or convenience (7-16). The recent purification of erythro- 356, and 420 mU/mL). The median concentration was
poietin (17) has permitied the development of & specific  1¢ mU/mL for polycythemia vera patients, 14 mU/mL
and sensitive radicimmunoassay for erythropoietin .(18. for normal persons, and 53 mU/mL for patients with
19). We report herein that erythropoietin concentrations sccondary polycythemin (Figure 1, /ef)). The erythro-
measured by radioimmunoassay can be used to diserimi- Loy concentration differed significantly between the
nate between patients with polycythemia vera and pa- (o ondary polycythemia patient group and both the nor-
tients with secondary polycythemia. mal and polycythemia vera groups (p < 0.0001, Wilcox-
® From r'“f.""‘"s?;‘; 0; Madicine, D-‘;m:ﬂ d'"mamm g.';: - on rank-sum test). No significant difference in serum
:‘Lﬁ’& Biochemintry, University of Chicago. ::a"x:'.e Sihwois erythropoietin concentration was found between the
44 Annais of Internal Medicine. 1981:94:44.47. ©198) American Coliege of Physucians
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normal and the polycythemia vera groups. correct diagnoses were calculated (Figure 1, righr). The
All the polycythemia patients had s higher hematocrit  percentage of polycythemia vera patients correctly diag-
value (median, 55%) than sll the normal persons (me- nosed is plotted on the ordinate, and the percentage of
disn, 40%). There was no significant difference in mean  incorrectly diagnosed secondary polycythemia patients is
hematocrit value between polycythemia vera and second-  plotied on the abscissa. If the erythropoietin concentra-
ary polycythemia patients and no significant correlations  tion as assayed by the radicimmunoassay was a perfect
between the erythropoietin concentration and the hema-  discriminant, there would be 100% truc-positive and 0%
tocrit value in any of the groups. false-positive patient diagnoses. We found the best eryth-
We evaluated the scrum erythropoietin concentration ropoietin cutoff point to be 30 mU/mL: At this concen-
of one person in the polycythemia vera group 14 times  tration, 92% of polycythemia vera patients had erythro-
over 8 months. His mean concentrations did not vary  poictin levels under 30 mU/mL and were correctly classi-
much over time, and the variability (SD = 2.9) was fied, whereas 6% of the secondary polycythemia patients
tnuch less than that seen in the control (SD = 6.0) and had levels under 30 mU/mL, and were incorrectly diag-
polycythemia vers (SD = 8.0) groups. This suggested  nosed. This represents an overall correct classification of
that the variability of the radicimmunoassay was small  93%. An erythropoietin of 30 mU/mL gave a 100% cor-
relative 10 the variability among people in each of the rect classification of polycythemis vera but increased the
groups. A patient with an erythropoietin-secreting renal  number of incorrectly classified secondary polycythemia
adenocarcinoma who had a serum erythropoietin concen- patients to 39%.
tration of 35 mU/mL and a hematocrit value of 58% on
two separate days was of particular interest. Seven days Discussion

after removal of the tumor, the serum erythropoietin con- A number of assay methods have been used to measure
cehtration fell to 13 mU/mL and the hemstocrit value  erythropoietin levels in humans. Each, however, has limi-
decreased 10 41%. tations making it unsuitable for general clinical applica-

We investigated the uscfulness of the erythropoietin  tion. In whole-animal assays. the lower limits of erythro-
level ascertzined by radicimmunoassay in differentiating poictin detection are SO mU using the plethoric mouse
between polycythemia vera and secondary polycythemia  assay and 1000 mU using the fasted-rat method (7, §).
patients. Various erythropoietin concentrations were ar-  Thesc methods are not sensitive enough 1o detect eryth-
bitrarily chosen as cutoff points, and the percentage of  ropoietin titers in the normal range, lack precision, are
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Figure 3 Leit. The median (heavy bars), the 25th to 75th percentile (lignt bars), snd range of erythropoietin concentrations and hematocnit
values of 26 normal persons, 26 patients with polycythemia vera, and 33 patients with secondary polycythemis (represented by circles).
Right. Erythropoietin discriminate curve based on erythropoietin concentration cutof! points ot 10, 20, 30, 40, and 50 mUsml (cutoft
point is in parentheses). Al patients with erythropoietin leveis less than the cutof! point are piaced in the polycythemia vers ciassitication.
The ordinate represents the percent of polycythemis patients correctly ciagnosec. ana the abscissa represents the percent of secondary
poiycythemia patients incorrectly diagnosed. The analysis is based on all the patents represented in Figure 1 /eff (poiycythemis vera. 26
patients; secongary polycythemia, 33 patients).

Koetiier and Gi * Ery 45

A 166427
ONFIDENTIAT

AM-ITC 00213064



-4

Case 1:05-cv-12237-WGY Document 638-12

Table 1. Composite Erythropoistin Data

Pstient Diagnosi Paii H rit Erythropoietin
(Mesn x SD)
n e mUtmL
Polycythemis vers 26 54 7+ 8
Secondary polycythemi 33 56 94 & 10t
Lung-associated disease ? 55 80 %
Heart disease 13 58 151 2= 126
Kidney disease 6 55 5= 19
Cancer 3 56 ¥ §
Unknown . 4 53 B 19
Normsl donors 26 41 15+ 4

labor intensive, and require 3 large number of animals,
therefore being expensive. Sensitive tissue culture assays
can detect 2 to 5 mU of erythropoietin (9-12), but they
are often affected by nonspecific inhibitors. A hemagglu-
tination inhibition assay has been developed (20) and
commercially marketed, but the assay appears to lack
specificity (21). There have been radicimmunoassays de-
veloped that used-erythropoietin preparstions and anti-
sera that were not pure and hence did not yield reliable
resuits (14, 16). Human urinary erythropoietin has been
purified to apparent homogeneity (17), thereby permit-
ting the development of an erythropoietin radicimmu-
noassay that is both specific and sensitive enough to de-
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centration in plasma of polycythemic patients. The plas-
ma was concentrated 40-to-100 times, and erythropoietin
was bioassayed in the polycythemic mousc assay. The
mean level in the normal subject was 7.8 mU/mL. All
the patients with polycythemia vera and 249 of those
with secondary polycythemis had undetectable plasma
erythropoietin levels. We were not sble to distinguish be-
tween normal subjects and polycythemia vera patients by
the erythropoictin concentrations. This may reflect po-
tential differences in measurement of immunoreactive
versus bioactive hormone. A previous study, however,
showed that comparable erythropoietin Jevels were ob-
tained from the sera of anemic pnuems that were assayed
by both radioimmunoassay and the wnvennonn plethor-
ic mouse bioassay (18). There was, however. s significant
discrepancy between the radicimmunn y and bi ¥

. values of serum from a uremic patient, suggesting the

existence of an immunoreactive but biologically inactive
component. \

In this study we show that the serum erythropoietin
concentration measured by the crythropoietin radioim-
munoassay can be used to differentiste between poly-
cythemis vera and secondary polycythemis. Using an
erythropoietin concentration of 30 mU/mL., 92% of the
polycythemia vera patients were correctly classified and
6% of the secondary polycythemia patients were incor-
rectly classified. Erythropoietin titers measured by radio-
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tect 2 to 3 mU of human crythropoietin (18, 19). Weused  immunoassay should prove useful in the differential diag- @
this radioimmunoassay to study erythropoietin concen- nosis of polycythemia. The assay may alsd be helpful in
trations in polycythemia patients and found the concen-  detecting early the recurrence of erythropoietin-secreting
trations to be similar in patients with polycythemis vera tumors and renal transplant rejection.
(mean, 17.5; median, 16 mU/mL) and in normal persons ACKNOWLEDGMENTS: The suthors thank the physicians st UCLA. =
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