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Thrombopoietin therapy increases platelet yields in healthy platelet donors

David J. Kuter, Lawrence T. Goodnough, John Romo, John DiPersio, Randolph Peterson, Dianne Tomita,

William Sheridan, and Jeffrey McCullough

The recombinant thrombopoietins have
been shown to be effective stimulators of
platelet production in cancer patients. It
was therefore of interest to determine if
one of these, pegylated recombinant hu-
man megakaryocyte growth and develop-
ment factor (PEG-rHUMGDF), could be
used to increase platelet counts and con-
sequently platelet yields from apheresis
in healthy platelet donors. In a blinded,
2-cycle, crossover study, 59 platelet do-
nors were randomized to receive a single
subcutaneous injection of PEG-rHUMGDF
(1 pg/kg or 3 pg/kg) or placebo and 15
days later undergo platelet apheresis. Do-

peak platelet count after PEG-rHUMGDF
injection of 248 x 10%L compared with

366 x 10%Lindonors treated with1  pg/kg

PEG-rHUMGDF and 602 x 109%L in donors
treated with 3 pg/kg PEG-rHUMGDF. The
median maximum percentage that plate-
let counts increased from baseline was
10% in donors who received placebo com-
pared with 70% in donors who received 1
rg/kg and 167% in donors who received 3
rg/kg PEG-rHUMGDF. There was a direct
relationship between the platelet yield
and the preapheresis platelet count: Pla-

cebo-treated donors provided 3.8  x 101t

(range 1.3 x 101-7.9 x 10) platelets com-

12.5 x 10%) or 11.0 x 10™ (range 7.1 x 104-
18.3 x 10™) in donors treated with 1 pg/kg

or 3 pg/kg PEG-rHUMGDF, respectively. Sub-
standard collections ( <3 x 10 platelets)
were obtained from 26%, 4%, and 0% of the
placebo, 1 pg/kg, and 3 pg/kg donors, re-
spectively. No serious adverse events were
reported; nor were there events that met the
criteria for dose-limiting toxicity. Thrombo-
poietin therapy can increase platelet counts

in healthy donors to provide a median 3-fold
more apheresis platelets compared with un-
treated donors. (Blood. 2001;98:1339-1345)

nors treated with placebo had a median pared with 5.6 x 101 (range 2.6 x 10'-  © 2001 by The American Society of Hematology

Introduction

Platelet transfusions are essential to prevent morbidity and mortalityaind safety of PEG-rHUMGDF to increase the yield of platelets collected
patients who are severely thrombocytopenic. Platelets for transfusinapheresis from healthy donors. In a companion study, we examined
are currently obtained either by fractionation of whole blood or bine safety and efficacy of prophylactic transfusion of these platelet
platelet apheresis? Fractionation of a unit of donated whole bloodproducts into thrombocytopenic recipients (see accompanying article by
produces a unit of platelet concentrate that should contain at le@stodnough et & page 1346).
5.5 109 platelets, and 4 to 6 such platelet concentrates are typically
combined for one platelet transfusion in an adult patient.

Increasingly, platelets are being obtained by platelet apheredidaterials and methods
and these account for more than Halof the platelets currently
transfused. The average vyield of platelets collected by plate
apheresis is approximately 4210 platelets.”8 The platelet Platelet apheresis donors at participating study centers who had donated at
yield depends on many factors, but with current automatédehst twice in the previous 12 months were eligible for participation. Donors
technologies, the donor’s preapheresis count, total blood volunfé&re also required to be 50 years old or younger; have no personal or family
and the duration of the procedure are the predominant deterfyjgtory of cardiovascular or thrombotic disease before age 50 years; have a

nants’8 Donor comfort and convenience limit the last parameter. normal platEIEt. COl_mt (ie, 156 1.09/L to 450 1G°/L) at each of .the _2
revious donations; not smoke cigarettes or take oral contraceptives; not be

Thrombopoietin.is the gndogenous agonist of the Cytokirﬁ?orbidlyobese;notbe participating in a directed-blood donor program; and
receptor, Mpl, and is the primary regulator of platelet productiong pe pregnant or breast-feeding.

Several recombinant thrombopoietins have been under clinical develop-The institutional review boards of the participating centers approved the

ment. One of these, pegylated recombinant human megakaryogytsocol, and all donors gave written informed consent before study entry in

growth and development facto(PEG-rHUMGDF), is an effective accordance with the Helsinki protocol.

thrombopoietic agent in patients with cane In addition, platelets

produced under stimulation with PEG-rHUMGDF appear to retairfudy design and laboratory monitoring

normal hemostatic function as assessed by in vitro a$da¥. The objective of this study was to determine the clinically effective dose of
We therefore designed a clinical trial to evaluate the dose respoR&ES-rHUMGDF: no dose-limiting toxicity, no more than 2 of 10 donors

%?nor population
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with a platelet count more than 100010%/L, and 80% or more of donors maximum platelet count, and fold change in platelet count compared to
with a doubling of platelet count compared with baseline by the planned dbgseline, are summarized using donor-cycle as the unit of measurement.
of apheresis (day 15). A blinded, 2-cycle, crossover, dose-escalation designiables associated with the apheresis procedure, platelet yield, platelet
was used. At least 25 eligible donors were to be randomized to each dospmfduct variables (eg, concentration), and change in platelet count follow-
PEG-rHUMGDF studied. Donors were randomized in a 2:2:1 allocation tng the apheresis procedure were analyzed for the subset of donors who
receive a single subcutaneous injection of either PEG-rHUMGDF in the figtmpleted the apheresis.
cycle followed by placebo in the second cycle (10 donors), placebo in the
first cycle followed by PEG-rHUMGDF in the second cycle (10 donors), or
placebo in both cycles (5 donors). Results
The first injection of blinded study drug was given on the first day of the
first cycle, and the second injection of blinded study drug was given 28 daygnor population
later. Platelet apheresis was done on day 15 of each cycle of study drug
administration. Fifty-nine platelet donors were randomized in this study. Most of
Hematology values (platelet count, white blood cell count withhe donors were male and Caucasian. Treatment groups were well
differential, and hematocrit) were obtained in each cycle on days 1 (befg§g|anced with respect to other demographic characteristics and
study drug administration), 6, 9, 12, 15 (before and after platelet apheresj seline platelet counts (Table 1). All donors randomized in this

and 22. Ser'um chemistries, including ferritin, were determined at_basgll dy received their first injection of the study drug, and all were
and on the first day of each cycle. Samples for measurement of antibodies to

PEG-rHUMGDRS® were drawn in each cycle before administration of theevaluable for safety analysis. Two donors were withdrawn before

study drug, at the end of the study (day 29 of the second cycle), and 3 ant{'§ S€cond cycle because of unrelated medical conditions (border-
months later. line positive test for hepatitis C, prostate biopsy for benign

At one site, platelet function tests were performed 2 to 4 hours aftBfostatic hypertrophy).
collection of the apheresis products. The platelet concentration was
adjusted to 300< 10°/L and the extent of aggregation measured upoﬁlate“at countresponse
exposure to 8 different concentrations of adenosine diphosphate (Aq._-n

(0-40 uM).16 The extent of spontaneous aggregation and the dose of AD,
that produces 50% of maximal aggregation were determined. ose. The 59 donors had a total of 116 donor-cycles of platelet

The dose of PEG-rHUMGDF was escalated to the next level as long %gunt data (70 cycles with p'ac?b‘)' 23 cycles withug/kg
no dose-limiting toxicities were seen, and a doubling of the platelet colEG-THUMGDF, and 23 cycles with g@g/kg PEG-rHUMGDF).
compared with baseline was seen in fewer than 80% of the cycles in the fifghong donors administered placebo, the platelet count varied little
10 donors treated with PEG-rHUMGDF. Dose escalation stopped wherflaring days 1 to 15 before platelet apheresis, decreased below
clinically effective dose was obtained. Any donor found to have a platelbaseline after platelet apheresis as expettadd recovered to
count 1000x 10%L or higher was to undergo early platelet apheresis.  baseline levels by day 22. In donors treated with PEG-rHUMGDF,
the platelet count was increased compared with baseline by day 6,
Platelet apheresis procedure reached a maximum on day 12, and decreased slightly by the time
>platelet apheresis on day 15. After platelet apheresis on day 15,

ure 1 shows the platelet count response by study drug and drug

One platelet apheresis was performed on day 15 of each cycle of the st (ﬁ

using a single-arm procedure with the Cobe Spectra (Cobe BCT. Lafbe platelet count declined but still remained above baseline until

wood, CO). Platelet apheresis was done for the initial 66 collections withdd@y 28. There was no effect of PEG-rHUMGDF on the hemoglobin,
the leukocyte reduction system and thereafter with the leukocyte reductiiite blood cell count, or neutrophil count, and these parameters
system for the remaining 44 collections. The volume of blood processditl not change after platelet apheresis.

was standardized as 85% of the donor’s estimated total blood volume asThe median baseline platelet count was similar in all 3 dose
calculated by a Cobe Spectra software algorithm based on donor sgreups (Table 2). The median maximum platelet count in donors
height, weight, and hematocrit. All platelet apheresis procedures were

conducted at a rotor speed of 2400 rpm and were also standardized across

all institutions for other machine variables. After collection, products werEble 1. Donor demographics

split into separate platelet storage bags per institutional protocol and stored Placebo PEG-rHUMGDF PEG-rHUMGDF
at 22°C on oscillating racks. (n=13) 1 pglkg (n = 23) 3 pg/kg (n = 23)
Gender
Study drug Male, no. (%) 10 (73) 20 (87) 20 (87)
Female, no. (%) 3(27) 3(13) 3(13)
PEG-rHUMGDF is formulated as a sterile, clear, preservative-free Ii’(ﬁi’uid.Ethnicity
Placebo and study drug (250 and 50g/mL) were packaged in identical \yite no. (26) 13 (100) 20 (87) 23 (100)
vials. Investigators, all study staff, and study monitors were blinded to StUdyOther, no. (%) 0(0) 3(13) 0(0)
drug assignment. Age,y
Median 41 41 41
Statistical analysis Range 26-48 27-50 27-50
. . Weight, kg
The effect of the study drug on continuous variables was analyzed by doscﬁedian a2 - o1
group (O [placebo] vs g/kg vs 3pg/kg PEG-rHUMGDF), treatment arm Range 68-123 70-121 73-110
(placebo in both cycles vs placebo in cycle 1 followed by PEG'rHUMGDﬁeigm, om
in cycle 2 vs PEG-rHUMGDF in cycle 1 followed by placebo in cycle 2), Median 177 178 178
cycle (cycle 1 PEG-rHUMGDF vs cycle 2 PEG-rHUMGDF within a dose ange 160-188 163-201 154-161
group), and appropriate interaction terms using analysis of varianggSeline platelet
methods. Effects of treatment arm and interaction terms were not found to count. X 10%/L*
be statistically significant. Thus, the results are presented by dose groug ion ' 232 230 297
only. The effect of PEG-rHUMGDF on dichotomous or categoric variables Range 168-341 169-328 161-366

was analyzed using either the Fisher exact test ogZhest.
Pharmacodynamic variables, such as median daily platelet count, *Baseline platelet count taken on the first day of the first cycle.
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range 8-113) because iron deficiency is associated with an increase
| | in the platelet count?
T Prior to the scheduled apheresis on day 15, the platelet count for
I ‘ | both PEG-rHUMGDF groups was 10% lower (Table 3) than the
' maximal platelet count but still showed the same dose-dependent
increase seen for the maximal platelet count changes.

800

Platelet apheresis

Platelet Count, 10°/L

—

T The 59 donors had a total of 110 completed apheresis procedures
(65 completed procedures following administration of placebo, 23
following 1 wg/kg PEG-rHUMGDF, and 22 following 3ug/kg
PEG-rHUMGDF). Six donors had an incomplete platelet apheresis,
which was due to venous infiltration (4), citrate reaction (1), or low

1 6 9 12 15,pre 15, post 22 28 platelet count (1); and 2 donors were deferred from a second cycle
Day of platelet apheresis because of unrelated medical conditions.
Figure 1. The platelet count rises in a dose-dependent manner following the There was a high degree of compliance with the standardized

administration of PEG-rHUMGDF to apheresis donors.  The response of the donor  platelet apheresis protocol as shown by the correlation between the
median platelet count (+ SD) to placebo (M), 1 pg/kg PEG-THUMGDF (L)), or3nglkg  getual and predicted blood volume processed: 0_94) and

PEG-rHUMGDF (&) administration. Platelet counts in donors were obtained on day 1 bet th tual d dicted | f platelet-rich pl
just prior to injection, on the indicated days thereafter, before (15, pre) and after (15, etween the actual and predicted volume or platelet-rich plasma

post) platelet apheresis. collected ¢ = 0.89). The duration of the apheresis procedure was
not significantly different in the 3 treatment groups (median
treated with PEG-rHUMGDF increased in a dose-related mann%lrj.rimonr(;):j 9:’2;’ zzr;(t:ii\}eolo)mlnutes for the placebaglkg, and 3
Subjects treated with placebo had a median peak platelet counfkg( g groups, resp Y)- . 1
. . . . The platelet yield from apheresis (Table 3) was 3.80' in
248 X 10°/L, compared with 366< 10%L in subjects treated with 1 . . i
donors treated with placebo, compared with 5.80" in donors

rg/kg PEG-rHUMGDF and 60X 10°/L in subjects treated with 3 treated with 1ug/kg PEG-rHUMGDF and 11.8 101 in donors

ug/l_(g PEG-THUMGDF P < .001). The hlghest platelet Counttreated with 3ug/kg PEG-rHUMGDF P < .001). When the actual
achieved was 90X 10%L. No donor-administered placebo had . . . .

. . . plf’nelet yield was compared with the yield predicted by the Cobe
more than a 2-fold increase in platelet count compared with 22% ectra alaorithm. there was a hiah dearee of linear correlation
donors administered fg/kg PEG-rHUMGDF and 95% of donors O\F/)erall ¢ :go 88) ' 9 9

treated with 31g/kg PEG-rHUMGDF. Baseline, maximum, preapheresis, and postapheresis platelet
There was no correlation between the baseline platelet count ' » preap ' P P P

; . . cc%unts were examined for correlation to platelet yield. There was
and the maximum platelet count attained in any of the treatmen . . )
no correlation with the baseline platelet count, but both the

groups. At baseline, women donors had a 24% higher median _ . .
platelet count than men donors (2%2L0°/L vs 219X 1%L, maximum platelet count (approximately day 12 0.91) and the

P < .001). This difference is not unexpectednd did not af preapheresis platelet count (day 15; 0.92) were highly corre-

fect response to PEG-rHUMGDF (data not shown). It may bIgted v_wth plgteletyleld (Figure 2_).The postapheresis plat_elet count
. . . .~ _was higher in donors treated with PEG-rHUMGDF than in donors
related to the differenceP(< .001) in median serum ferritin

between men (56 ng/mL, range 5-190) and women (21 ng/m]aldmlnlstered placebo (Table 3), but the postapheresis platelet count

(73% to 75%) for all 3 cohorts. As expected, the median absolute

Table 2. Baseline and maximum platelet count by treatment group decrease in the platelet count after apheresis was larger in donors
Placebo PEG-THUMGDF  PEG-rHUMGDF treated with PEG-rHUMGDF87 X 1(°/L and—157 X 10%L for
(n=70 1pgkg(n=23 3pgkg(n=23
cycles) cycles) cycles) P

Table 3. Platelet apheresis yield by treatment group
Baseline, X 109/L*

Placebo = PEG-rHUMGDF  PEG-rHUMGDF

Median 230 230 227 NS
Range 165-366 170-296 161-384 n=65 1ngkg=2%) 3wokg=22) P
Maximum, X 109/Lt Preapheresis platelet
Median 248 366 602 <.001 count, X 109/L*
Range 180-386 231-542 438-901 Median 231 330 544 <.001
Maximum fold change Range 155-346 208-533 341-789
from baseline Postapheresis platelet
Median 1.1 1.7 2.7 <.001 count, X 109/L*
Range 1.0-1.8 1.1-2.4 2.1-36 Median 168 247 405 <.001
Category of maximum Range 121-266 163-347 278-542
platelet count, Platelet yield, x 1011
% 109Lt Median 3.8 5.6 11.0 <.001
Less than 450 70 (100) 18 (78) 1(4) Range 13-7.9 2.6-12.5 7.1-18.3
450-750 0 (0) 5(22) 15 (65) < .001 Collection efficiencyt
More than 750 0 (0) 0(0) 7 (30) Median 0.44 0.49 0.53 <.001
Range 0.18-0.72 0.13-0.58 0.45-0.64
NS indicates nonsignificant.
*Baseline platelet count taken as the day 1 value of each cycle. *On day 15.
tTMaximum platelet count after day 1 and prior to apheresis. TNumber of platelets collected/[([preapheresis count + postapheresis count]/

FNumber (%) of donors with the indicated maximum platelet count. 2) X blood volume processed)].

was approximately the same percentage of the preapheresis count
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mL. Among donors treated with jug/kg PEG-rHUMGDF, 9%

o ofproducts were less than 1X010°mL, and 4% were more than

15 4 2.1 X 10°/mL. Among donors treated with 3ug/kg PEG-

. rHUMGDF, no products were less than X0L0°/mL; however,

te, 00 * 32% of products were between 2<110°%mL and 2.8X 10°mL.

‘e o As expected, there was a strong correlation between platelet yield
o "gm and platelet storage concentration=(0.86). The volume of

. platelet-rich plasma collected increased with the platelet yield
- (Table 4) but in no case exceeded the standards for volume of
plasma removed from individual dondts.

Yield of Platelets, 10"

0 200 400 600 800
Preapheresis Platelet Count, 10%/L

Figure 2. Platelet apheresis yield is directly proportional to the donor preaphere- End-of-study measurements of all biochemical parameters showed
sis platelet count. The relationship between the preapheresis platelet count on day . . .

15 and the platelet apheresis yield is shown for donors treated with placebo (O, no changes from baseline values. Donors were monitored dunng
n=65), 1 pg/kg PEG-THUMGDF (M, n=23), or 3 pglkg PEG-rHUMGDF (®,  both treatment cycles and thereafter at 3 months and 6 months for
n=22);r=092 the development of antibodies to PEG-rHUMGDF. None were

detected in any donor. None of the subjects became thrombocytope-

the 1pg/kg and 3.g/kg cohorts, respectively) than in donors giveﬁ“c (platelets less than 100 10°/L). There was also no change in
placebo (56 X 1(P/L), and this decrease showed a strong cosreld€ Platelet count 6 months after the end of the study. In
tion with the platelet yield. placebo-treated donors the median baseline platelet count was
The collection efficiency is a measurement of how well the cefl27 X 10°/L (range 168x 10°/L-341 X 1(°/L), and 6 months after
separator removes platelets from the blood that it has procesd&@.conclusion of the study the median platelet count was2a’/
For the cell separator used in these studies, 45% to 60% (efficiency- (range 164X 10°/L-323 X 1(°/L). For the 1q.g/kg and 3pg/kg
0.45-0.60) of the platelets that pass through the separator sdjects, the median baseline platelet count was 227°L
routinely collected® Because the technical ability of the cell(range 150< 10°%L-366 X 10°/L), and 6 months after the conelu
separator used in this study had rarely been tested at such elevated of the study the median platelet count was 2220°/L (range
platelet counts, collection efficiency was measured for all 846 x 10°/L-321 X 10°/L).
treatment groups. There was actually an increase in the collectionPlatelet aggregation testing was performed on 35 of the
efficiency P <.001) at the higher platelet counts (Table 3)apheresis products. There was no statistically significant difference
Platelets were collected at a median rate ot 40°%min (range in the ADP median effective concentrations (medians 2.26, 2.12,
1.3X 10%min to 7.5X 10°/min), 5.5X 10F/min (range 2.5< 1% 3 86.M) or the extent of spontaneous aggregation (medians 5.0%,
min to 12X 10°min), and 10.9X 10°min (range 7.1x 10°min to 3.6%, 5.7%) for the placebo ¢a 21), 1ug/kg (n= 6), or 3ug/kg

17.1X 1®¥min) for the placebo, jug/kg, and 3pg/kg cohorts, (n = 8) PEG-rHUMGDF products, respectively.
respectively.

Because a yield of X 10! platelets in more than 75% of
collections is considered the minimum standard for apheresisile 4. Analysis of platelet apheresis products by treatment group

Laboratory monitoring

platelet units3” the ability of the products in this study to meet PEG-rHUMGDF  PEG-rHUMGDF
this standard was analyzed (Table 4). Among donors given Placebo 1 nglkg 3 nglkg
(n = 65) (n=23) (n=22) P

placebo, 17 (26%) of 65 platelet apheresis collections had fewer
than 3 10" platelets, compared with 1 (4%) of 23 for donorsCategory of platelet yield,
given 1ug/kg PEG-rHUMGDF and none (0%) of 22 for donors ~ * 10™**

given 3 ng/kg PEG-rHUMGDF. In contrast, triple (8 101t to ~ lessthan3 17.(26) 1@ 00
<12 x 10U platelets) or quadruple12 x 10 platelets) prod ~ 3“P°® 43 (66) 12(52) 0(0)
6upto9 5(8) 9(39) 4(18) < 001

ucts were obtained 82% of the time in.them@/I.(g cohort but in Supio 12 000) 00) 11 (50)
none of the placebo group. The relatively high rate of platelet,, .. 1, 0(0) 1(4) 732)
collections with fewer than X 10 platelets in the placebo yoyme piatelet-rich
group is due to the fixed blood volume processed in the protocol; pjasma, me
in practice, larger blood volumes would have been processeghedian 288 422 576 < .001
and the yields somewhat higher. Range 163-513 227-737 446-711
The ability of platelets to remain viable after storage at 22°C fdatelet concentration,
up to 5 days is dependent on the platelet concentration and volume * 10%/mLt

of platelet-rich plasma in the storage bag. The recommendedfedian 1.2 L4 20 =001
- : : Range 0.56-2.0 0.66-2.3 1.3-2.8

storage concentration with the Cobe system is>3 D%’ mL to cat ¢ latelet

2.1 X 10°mL, and the recommended volume is 100 to 400 ¥hL. aeg:;z;nptrzﬁe;

The distribution of platelet storage concentration (platelet yield/ 109mL)t '

volume of anticoagulated plasma collected) and storage vOlUM@gss than 1.0 6(9) 2(9) 0(0)

were therefore determined for the products in this study (Table 4)3 021 59 (91) 20 (87) 15 (68) < .001

All storage volumes per bag were within the recommended rang@ore than 2.1 0(0) 1(4) 7(32)

because larger volume products were split for storage. Among the N o

.. *Number (%) of products containing the indicated amount of platelets.
platelet products collected from donors administered placebo, 9% ;paelet concentration in platelet apheresis product.
were less than 1.8 10%mL and none were more than 2<110°%/ +Number (%) of products containing the indicated range of platelet concentration.
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Safety chemotherap? Although most of the donors were Caucasian and

male, it is unlikely that the responses obtained reflect ethnic or

The incidence of adverse events is shown in Table 5. All eve Snder biases. Similar responses have been seen in women
except one (a severe headache in a placebo-treated donor) ol .

reported as mild or moderate in severity. and no serious events r§ergoing chemotheraflyand in Japanese subjects. There was
p : : vertty, lous ev VR e variability in the maximal platelet response between donors at
reported. The most frequently reported adverse event in donorﬁg :
exposed to PEG-rHUMGDF was headache, and all resolved eitﬁ>I ror PEG-rHUMGDF dose, but the j2g/kg dose fulfilled the
p . . o ’ . s?udy objectives and is the clinically effective dose in that all
spontaneously or with a pain medication (acetaminophen or oth onors had a platelet count increase of at least 2-fold and none
nonprescription pain product). Headaches were reported mare o -
. o exceeded 100& 1Q%L. This is comparable to the clinically
frequently in the 3ug/kg dose group, but this did not reach

statistical significance. Circumoral paresthesia, a common effectec:;fe ctive 3- to Sug/kg dose found in cancer patients undergoing
emotherapy?1t

citrate anticoagulant used during apheresis, was noted durl(];]gThe increased platelet count resulted in increased platelet

rocedures in 4% of PEG-rHUMGDF-treated and 9% of placebo- o . .
Freated donors ° °orp apheresis yields. Although this response had been predicted by

previous studies over a narrow range of donor platelet ccffts,

our studies have confirmed and extended this principle over an
extensive range of donor platelet counts. The linearity of the
response of platelet yield to platelet count (Figure 2) showed no
ence of reaching a plateau even at platelet counts up to

Discussion

therapy for patients with thrombocytopenia. Whether the use 9p1x 10°/L. Because equivalent amounts of blood were processed
new thrombopoietic growth factors such as recombinant thromp§-all 3 treatmentgroups (85% of total blood volume), the increased
poietin or interleukin-11 will impact this need is unclé@ver the Platelet yield from the PEG-rHUMGDF-treated donors was the
past decade there has been a shift away from pooled random dcﬁ‘?&r‘“t of increased platelet clearance by the c_eII separator at_the
platelet concentrates to single-donor apheresis platefets- hlghgr platelet counts. As demonstrated by thglmprpved collection
though usually more expensive than comparable doses of plat&ficiency, there appears to be no technical limitation of the cell
concentrates, the reason for this shift has been the perception figarator at these e.Ievated platelet_ counts. Even hlgher pl_atelet
single-donor platelets are a better platelet product due to th€!dS might be obtained by harvesting donors at their maximal
reduction in the number of donors to which the patient is expos@telet count on day 12, rather than at day 15, and/or performing
and the consequent reduction in transfusion-transmitted dised8¥/tiple apheresis procedures during the period of elevated platelet
bacterial contaminatioffebrile transfusion reactior8and possi  levels. For example, the number of platelets collected>(110')
bly alloimmunizatior?! It is estimated that currently more thanat the 3ug/kg dose accounted for only 37% of those potentially
50% of platelets are produced by platelet aphetésisspite great available for collection had the apheresis been repeated until the
variability among geographic regions. postapheresis count reached the value observed in the placebo-
Platelets are a perishable commodity that are outdated aftefr@ated donors (168 10°/L). Furthermore, the improved platelet
days of storage at room temperature, and this results in tf€ld at the higher platelet counts reduced the number of substan-
continuous need to replace this valuable resource. Methodsd@d products and markedly increased the potential number of
freeze platelets are available but are complex, costly, and rigtheresis products that could be split. Platelet aggregation testing
widely used. Therefore, efforts to improve platelet apheresis yieldgowed that the PEG-rHUMGDF-mobilized platelets also had
are a valuable strategy for supplementing the national blod@rmal function.
platelet supply. Because the key variable in platelet apheresis yield The greatly increased platelet yields available after thrombopoi-
is the donor platelet count, we have studied whether increasing gté therapy present potential advantages. For the blood center
donor platelet count with thrombopoietin therapy might be atiese include the ability to provide increased platelet inventory
effective and safe approach to increasing the yield of platéfom perhaps a stable or even declining donor base and possibly at
let apheresis. a reduced unit cost. Each high-yield platelet product could be
We have shown that a single subcutaneous injection of PE@ivided into multiple products each containing the same number of
rHUMGDF in healthy platelet donors produces a dose-dependg@tatelets as existing products. Alternatively, each high-yield prod-
increase in the platelet count that is maximal on day 12 and theat could be used as a single product. This method may be
declines to baseline by day 28. This time course is identical to thasarticularly helpful in providing platelets from donors with certain
previously seen in cancer patients given PEG-rHUMGDF prior tdLA types or from directed donors due to the possibility of

For more than 30 years, platelet transfusions have been the prim%%’)i{j
0

Table 5. Incidence of adverse events reported in all donor cycles

PEG-rHUMGDF PEG-rHUMGDF
Placebo All PEG-rHUMGDF 1.0 pg/kg/d 3.0 pa/kg/d
n=70 n =46 n=23 n=23
No. of adverse events reported in any donor cycle (%) 28 (40) 18 (39) 7 (30) 11 (48)
Specific adverse events reported in at least 4% of all cycles, no. (%)
Headache 5(7) 8(17) 2(9) 6 (26)
Paresthesia 6 (9) 2(4) 0(0) 2(9
Gastrointestinal (nausea, diarrhea, pain) 5(7) 3(7) 1(4) 2(9)
Apheresis access problems 4 (6) 2 (4) 1(4) 1(4)
Upper respiratory tract congestion 3(4) 2(4) 2(9) 0(0)
Upper respiratory infection 4 (6) 1(2) 1(4) 0(0)

Apheresis access site ecchymosis 4 (6) 1(2) 0(0) 1(4)
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multiple donations from one such donor over a period of sevenalet-rHuG-CSF (recombinant methionyl human granulocyte colony-
days. Because a little more than one third of the platelets availalstémulating factor) to mobilize neutrophils or hematopoietic stem
for apheresis at the @g/kg dose are actually removed by a singleells2425 In reported studies in a much larger number of cancer
apheresis procedure, it is possible that repetitive apheresis praeatients, PEG-rHUMGDF has not been associated with any signifi-
dures over several days would be desirable in some donors.  cant adverse event such as thrombosis, even at platelet counts in
For the donor, potential advantages include a reduced likelihoegcess of 100x 10°%/L.10-13However, the clinical development of
of providing a substandard donation and, possibly, shorter platefEG-rHUMGDF has been discontinued in the United States
apheresis procedures. This latter aspect may be especially imgmeause in another study 4% of healthy volunteers who received
tant for platelet donors who voluntarily donate multiple timesnore than one dose of PEG-rHUMGDF developed neutralizing
a year. No donor dropped out of this study because of tl@tibodies to endogenous thrombopoietin with consequent throm-
inconvenience of visiting the donor center for the PEGbocytopeni&®2” None of the apheresis donors described herein
rHUMGDF injection. received more than one injection of PEG-rHUMGDF, and none
For the recipient, a larger platelet dose may translate intodaveloped antibodies to thrombopoietin or had any persistent blood
reduced need for subsequent transfusions, a longer interval beunt abnormality. Whether a future administration of a recombi-
tween transfusions, and fewer donor exposures. This approach waat thrombopoietin might cause antibody formation in these
studied in a companion protocol in which thrombocytopenisubjects is uncertain. All available participants in this study have
patientd* were transfused with the platelets collected in this studgeen informed of the antibody issue and have been enrolled in an
Before recombinant thrombopoietin-stimulated platelet donangoing follow-up study.
tion can be routinely employed, 2 issues must be addressed. Thein summary, our study showed that thrombopoietin therapy is
firstis whether the thrombopoietin-mobilized platelets are effectivfective in increasing the platelet count and platelet yield in
upon transfusion. Platelets are normally stored for up to 5 daysételet apheresis donors. If another recombinant thrombopoietin,
room temperature at a concentration of XA0”mLt0 2.1X 10%  thrombopoietin peptide mimet?8, or nonpeptidyl receptor ago
mL. The high platelet concentration obtained in the PEGris#® can be developed that lacks the antigenicity of the PEG-
rHUMGDF products (32% more than 2410°mL) may ad rHuMGDF used in these studies, thrombopoietin-stimulated plate-

versely affect platelet viability during storage. However, in &t donation may have a significant role in enhancing platelet
companion study we show that the PEG-rHUMGDF-mobilizedinventory for health care delivery.

platelets have normal posttransfusion recovery and are at least as
effective as platelets from placebo-treated donors when transfused
into thrombocytopenic recipients.
The second issue is whether repetitive doses of recombinmknowledgments
thrombopoietin should be administered to healthy volunteers.
Although only a relatively small number of donors were treatede are grateful to MaryAnn Foote for her assistance in writing this
with PEG-rHUMGDF, the only significant adverse event waarticle. We thank Dr Robert Schuyler of Cobe BCT for helpful
headache, which has also been observed commonly in donors gisaggestions.

References

1. The Trial to Reduce Alloimmunization to Platelets 9. Bartley TD, Bogenberger J, Hunt P, et al. Identifi- tients with immune thrombocytopenic purpura.
Study Group. Leukocyte reduction and ultraviolet cation and cloning of a megakaryocyte growth Blood. 2000;96:250a.
B irradiation of platelets to prevent alloimmuniza- and development factor that is a ligand for the 16. Harker LA. Marzec UM, Hunt P, et al. Dose-re-
tion and refractoriness to platelet transfusions. cytokine receptor Mpl. Cell. 1994;77:1117-1124. sponse eff'ects of pegyl:ated hur’nan megakaryo-
N Engl J Med. 1997;337:1861-1869. 10. Fanucchi M, Glaspy J, Crawford J, et al. Effects cyte growth and development factor on platelet

2. Goodnough LT, Brecher ME, Kanter MH, AuBu- of polyethylene glycol-conjugated recombinant production and function in nonhuman primates.
chon JP. Transfusion medicine: first of two human megakaryocyte growth and development Blood. 1996;88:511-521.
parts—blood transfusion. N Engl J Med. 1999; factor on platelet counts after chemotherapy for 17. Bithell TC. Thrombocytosis. In: Lee GR, Bithell
340:438-447. lung cancer. N Engl J Med. 1997;336:404-409. TC. Foerster J Athen):JW Lukens JN ’eds. Clini-

3. Goodnough LT, Brecher ME, Kanter MH, AuBu- 11. Basser RL, Rasko JE, Clarke K, et al. Random- cal Hematology. 9th ed. Philadelphia, PA: Lea
chon JP. Transfusion medicine: second of two ized, blinded, placgbo—controlled phase | trial of and Febiger; 1993:1390-1396.
parts—blood conservation. N Engl J Med. 1999; pegylated recombinant human megakaryocyte ) ) )
340:525-533. growth and development factor with filgrastim af- 18. Zingsem J, Zimmerman R, Wiesbach V, Glaser A,

van Waeg G, Eckstein R. Comparison of COBE

ter dose-intensive chemotherapy in patients with X . .
pyinp white cell reduction and standard plateletpheresis

4. Kuter DJ, Cebon J, Harker LA, Petz LD, McCul- advanced cancer. Blood. 1997;89:3118-3128.

lough J. Platelet growth factors: potential impact protocols in the same donors. Transfusion. 1997;
on transfusion medicine. Transfusion. 1999;39: 12. Basser RL, Rasko JE, Clarke K, et al. Thrombo- 37:1045-1049.
321-332. poietic effects of pegylated recombinant human .

) megakaryocyte growth and development factor 19. COBE Spectra Aphere5|s_ System Operators

5. Menltove_ J. Stangards for Blood Ba}nks and (PEG-rHUMGDF) in patients with advanced can- Manual for Use with Versions 4.7 and 5.1 Soft-
Transfusion Services. 19th ed. Baltimore, MD: cer. Lancet. 1996:348:1279-1281. ware Programs. Lakewood, CO: Cobe BCT;
AABB Press; 1998. 13. O'Malley CJ, Rasko JE, Basser RL, et al. Admin- 1997.

6. Wallace EL, Churchill WH, Surgenor DM, Cho istration of pegylated recombinant human 20. Chambers LA, Kruskall MS, Pacini DG, Donovan
GS, McGurk S. Collection and transfusion of megakaryocyte growth and development factor to LM. Febrile reactions after platelet transfusion:
blood and blood components in the United humans stimulates the production of functional the effect of single versus muiltiple donors. Trans-
States, 1994. Transfusion. 1998;38:625-636. platelets that show no evidence of in vivo activa- fusion. 1990;30:219-221.

7. Lasky LC, Lin A, Kahn RA, McCullough J. Donor tion. Blood. 1996,;88:3288-3298. 21. Gmur J, von Felten A, Osterwalder B. Delayed
platelet response and product quality assurance 14. Goodnough LT, Kuter DJ, McCullough J, et al. alloimmunization using random single donor
in plateletpheresis. Transfusion. 1981;21:247- Prophylactic platelet transfusions from healthy platelet transfusions: a prospective study in
260. apheresis donors undergoing treatment with thrombocytopenic patients with acute leukemia.

8. Goodnough LT, Ali S, Despotis G, Dynis M, thrombopoietin. Blood. 2001;98:1346-1351. Blood. 1983;62:473-479.

DiPersio JF. Economic impact of donor platelet 15. Bussel J, Aledort L, Hayward C, et al. A prospec- 22. Vadhan-Raj S, Verschraegen CF, Bueso-Ramos
count and platelet yield in apheresis products: tive cross-sectional study to characterize se- C, et al. Recombinant human thrombopoietin at-
relevance for emerging issues in platelet transfu- lected autoimmune (Al) markers and report the tenuates carboplatin-induced severe thrombocy-

sion therapy. Vox Sang. 1999;76:43-49. incidence of antithrombopoietin antibodies in pa- topenia and the need for platelet transfusions in

¥20z dunr zo uo 3senb Aq Jpd'6€€1L0L0LL8U/6ZI9LIL/BEE L/S/86/)Pd-al01IE/POO| AU SUONEDIIGNdYSE//:d}IY WOIj papeojumog



BLOOD, 1 SEPTEMBER 2001 - VOLUME 98, NUMBER 5

23.

24,

patients with gynecologic cancer. Ann Intern Med.

2000;132:364-368.

Schiffer CA, Lee EJ, Ness PM, Reilly J. Clinical
evaluation of platelet concentrates stored for one
to five days. Blood. 1986;67:1591-1594.
Stroncek DF, Clay ME, Petzoldt ML, et al. Treat-
ment of normal individuals with granulocyte-
colony-stimulating factor: donor experiences and
the effects on peripheral blood CD34+ cell
counts and on the collection of peripheral blood
stem cells. Transfusion. 1996;36:601-610.

25.

26.

27.

THROMBOPOIETIN AND HEALTHY PLATELET DONORS 1345

Patterson KL, Masuda SY, Brown SL. Safety pro-
file of filgrastim (r-metHuG-CSF). In: Morystyn G,
Dexter TM, Foote M, eds. Filgrastim (r-metHuG-

CSF) in Clinical Practice. 2nd ed. New York, NY: 28.

Marcel Dekker; 1998:583-601.

Li J, Xia'Y, Bertino A, Coburn J, Kuter DJ. Charac-
terization of an anti-thrombopoietin antibody that

developed in a cancer patient following the injec- 29.

tion of PEG-rHUMGDF. Blood. 1999;94:51a.

Yang C, Xia Y, Li J, Kuter DJ. The appearance of
anti-thrombopoietin antibody and circulating

thrombopoietin-lgG complexes in a patient devel-
oping thrombocytopenia after the injection of
PEG-rHUMGDF. Blood. 1999;94:681a.

Cwirla SE, Balasubramanian P, Duffin DJ, et al.
Peptide agonist of the thrombopoietin receptor as
potent as the natural cytokine. Science. 1997;
276:1696-1699.

Erickson-Miller CL, Delorme E, Tian SS, et al.
Discovery and characterization of a selective,
non-peptidyl thrombopoietin receptor agonist.
Blood. 2000;96:675a.

¥20z dunr zo uo 3senb Aq Jpd'6€€1L0L0LL8U/6ZI9LIL/BEE L/S/86/)Pd-al01IE/POO| AU SUONEDIIGNdYSE//:d}IY WOIj papeojumog



