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Guidance for Industry and FDA Review Staff

Collection of Platelets by Automated Methods

This guidance represents the Food and Drug Administration’s (FDA’s) current thinking on this
topic. It does not create or confer any rights for or on any person and does not operate to bind
FDA or the public. You can use an alternative approach if the approach satisfies the
requirements of the applicable statutes and regulations. If you want to discuss an alternative
approach, contact the appropriate FDA staff. If you cannot identify the appropriate FDA staff,
call the appropriate number listed on the title page of this guidance.

L INTRODUCTION

This guidance provides you, blood establishments, and FDA staff with revised recommendations
for the collection of Platelets by automated methods (plateletpheresis). This guidance is intended
to help you ensure donor safety and the safety, purity, and potency of Platelets collected by an
automated blood cell separator device. For the purpose of this document, Platelets collected by
automated methods and resuspended in plasma will be referred to by the product name

“Platelets, Pheresis.” We consider the recommendations in this guidance document to provide
appropriate criteria for a biologics license application or supplement for manufacturing Platelets,
Pheresis, and provide guidance on preparing a manufacturing supplement for Platelets, Pheresis
under Title 21 Code of Federal Regulations 601.12

(21 CFR 601.12).

This guidance applies only to the following Platelets, Pheresis components:

o Platelets, Pheresis (single, double, and triple collections);
Platelets, Pheresis Leukocytes Reduced (single, double, and triple collections); and

o Platelets, Pheresis or Platelets, Pheresis Leukocytes Reduced collected concurrently with
Plasma, Red Blood Cells (RBCs), and/or Source Plasma.’

This guidance replaces FDA’s “Revised Guideline for the Collection of Platelets, Pheresis” dated
October 1988. Also, this guidance finalizes the draft guidance, “Guidance for Industry and FDA
Review Staff: Collection of Platelets by Automated Methods” dated September 2005.

FDA’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the FDA’s current thinking on a topic and should be
viewed only as recommendations, unless specific regulatory or statutory requirements are cited.

! This guidance does not apply to plateletpheresis components collected concurrently during apheresis granulocyte
collection procedures or plasma reduced apheresis platelets, which are not currently licensed products, or to platelets
prepared from plasmapheresis as described in 21 CFR 640.22(b).

o
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The use of the word should in FDA’s guidances means that something is suggested or
recommended, but not required. :

If you have any questions about the effect of any portion of this guidance on a regulatory
requirement, contact the Center for Biologics Evaluation and Research (CBER), Office of Blood
Research and Review, Division of Blood Applications, at 301-827-3524.

II.

DISCUSSION
A. Background

Plateletpheresis is the routine collection of platelets using an automated blood cell
separator device, which results in the product Platelets, Pheresis manufactured from a
high yield of platelets from a single donor. Transfusion of Platelets, Pheresis is effective
for treating patients with platelet related insufficiencies, while limiting the recipient’s
exposure to platelets from multiple donors. In recent years, many improvements have
been made in automated blood cell separator device technology, platelet storage stability,
and blood cell counting methods, including:

o collection process efficiency;
storage container characteristics; and

e accuracy of methods for determining a donor’s pre-donation platelet count and
component yields.

Automated blood cell separator devices are now capable of various plateletpheresis
collection procedures including but not limited to the following:

e collection of double and triple platelet components obtained during a single
procedure;

e use of in-process leukocyte reduction (Ref. 1),

¢ collection of concurrent plasma components (Ref. 2); and

¢ collection of concurrent RBC components (Ref. 3).

This document includes the following recommendations:

o Published research indicates that there is poor recovery of viable platelets stored at a
pH of less than 6.2 (Refs. 4 and 5). Therefore, your process validation and quality
control (QC) testing for Platelets, Pheresis should assure a pH at or above 6.2, to rule
out a pH less than 6.2 on the date the product is issued or on the date the product
expires (outdates). Note that we recommend that you adopt a stricter pH standard than
that currently specified in 21 CFR 640.25(b)(2).

* You should include additional deferral cniteria for donors of Platelets, Pheresis who
have taken certain medications (see section 1L A.) (Refs. 6, 7, and 8).
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o To protect the safety of the donor, seven days should elapse after collection of a
double or triple Platelets, Pheresis before the donor is eligible to donate Platelets,
Pheresis again. In addition, first-time donors without a pre-donation platelet count
should not undergo collection of a triple Platelets, Pheresis.

e Because of similarities between plateletpheresis and Source Plasma donation, you
should follow the donor weight provisions for Source Plasma donors under
21 CFR 640.63(c)(6) (see Section II1.A.).

e QC testing, as prescribed in 21 CFR 640.25(b)(1) through (3) requires that, each
month, four units prepared from different donors be tested at the end of the storage
period for platelet count, pH of not less than 6.0 when measured at the storage
temperature of the unit, and volume. In addition, 21 CFR 211.160(b) requires that
laboratory controls include the establishment of scientifically sound and appropriate
specifications, standards, sampling plans, and test procedures designed to assure that
components, drug product containers, closures, in-process materials, labeling, and

" drug products conform to appropriate standards of identity, strength, quality, and
purity. ,

We also note that bacterial contamination of blood components and associated
transfusion risks is a continuing problem (Refs. 9 and 10). Bacterial contamination
testing 1s a necessary part of process validation and quality assurance monitoring for
Platelets, Pheresis. :

B. Definitions
For purposes of the terms used in this guidance, the following definitions apply:

Actual platelet yield — The total platelet yield in the component, calculated by
multiplying the platelet count of the sample times the volume of the component (platelet
count x component volume = actual platelet yield).

Apheresis — Automated blood collection in which a device continuously or intermittently
removes a small volume of whole blood, separates the components, collects certain
components, and returns to the donor the uncollected remainder.

Automated blood cell separator — A device that uses a centrifugal or filtration
separation principle to automatically withdraw whole blood from a donor, separate the
whole blood into blood components, and return to the donor the remainder of the whole
blood and blood components. The automated blood cell separator device is intended for
routine collection of blood and blood components for transfusion or further
manufacturing use.

Bacterial contamination testing — Testing conducted to determine whether a product
contains viable contaminating bacteria.

Component — A part of a single donor’s blood, such as platelets, separated from whole
blood by physical or mechanical means. For Platelets, Pheresis, a component is a
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transfusable product that may result from a single collection (resulting in one
component), a double collection (resulting in two Platelets, Pheresis components), or a
triple collection (resulting in three Platelets, Pheresis components).

Concurrent component — When a blood component, such as Platelets, is being collected
during an apheresis procedure, a concurrent component is a different blood component
(1.e., Plasma, RBCs) collected at the same time.

Dedicated donation — Platelets, Pheresis donated for a specific recipient.

Devices cleared or approved — Describes a device that has been cleared or approved by
FDA pursuant to a 510(k) Premarket Notification (cleared device) or Premarket Approval
Application (approved device). (See Title 21, United States Code, section 360c; Federal
Food, Drug, and Cosmetic Act (FDCA), section 515 — Premarket Approval; and, FDCA,
section 510(k)).

Donation frequency — Interval between a donor’s collection procedures.

Process validation — Establishing documented evidence which provides a high degree of
assurance that a specific process will consistently produce a product meeting its pre-
determined specifications and quality characteristics.

Qualification — A part of process validation that establishes confidence that a
manufacturing device 1s capable of operating consistently (equipment installation
qualification) and can be performed effectively and reproducibly (process performance
qualification), and that the fimished product meets all of the release requirements for
functionality and safety (product performance qualification).

Residual White Blood Cell (WBC) count — The number of WBCs remaining in a
Leukocytes Reduced component, calculated by multiplying the WBC count from a
sample of the component times the volume of the component. In this document:

o references to residual WBC count testing apply when the Platelets, Pheresis will be
labeled as Leukocytes Reduced.

o references to percent platelet retention apply to leukocyte reduction by filtration,
provided there is access to a pre-filtration sample.

Rolling 12-month period — Continual assessment of a donor over a 12-month period.
This 1s not a set 12-month period (i.e., calendar year).

Target platelet yield — The intended platelet yield programmed into an automated blood
cell separator device, which may be based on the donor’s platelet count and other factors.

Tolerance values — Minimum and maximum values (1.e., container volume; platelet
concentration) described by the manufacturer as being acceptable. These values may also
be described as specifications.
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Weight/volume conversion — The total weight of the component minus the tare weight
of the empty container divided by the specific gravity of the component equals volume of
the component.

III. DONOR SELECTION AND MANAGEMENT
A. Donor Selection

Under 21 CFR 640.21(c), plateletpheresis donors must meet donor suitability criteria
described in the biologics license application or supplement. These typically conform to
donor suitability requirements (21 CFR 640.3) and recommendations applicable to
donors of Whole Blood. In addition, we recommend:

o donor weight of at least 110 pounds (currently required for Source Plasma donors
under 21 CFR 640.63(c)(6))

¢ Prior to the first donation, collect a sample for a platelet count.

e Ifyou cannot test a sample for a platelet count prior to the first donation (for example,
because the donor presents at a mobile collection site), you should collect a pre-
donation sample and evaluate the donor’s platelet count after the first collection.

You should not collect Platelets, Pheresis from donors who have ingested platelet
inhibitory drugs recently enough to adversely affect platelet function in the product, or
the safety of the donor. These recommendations include, but may not be limited to:

+ Aspirin (ASA)/ASA-containing drugs/Feldene — two full medication free days prior
to donation (Refs. 6 and 7)

+ Plavix (Clopidogrel) and Ticlid (Ticlopidine) — 14 full medication free days prior to
donation (Ref. 8).

When the drugs listed in this section are taken for a specific medical condition, donors
should not discontinue taking drugs prescribed or recommended by their physicians in
order to be eligible2 to donate Platelets, Pheresis. However, we do not necessarily
recommend deferral of such donors for all blood products, if the donors are in-good
health, and establishments may make eligibility determinations for donations of other
products.

* We are using the terms “eligible” and “eligibility” in this guidance to refer to the donor suitability requirements
described in 21 CFR 640.3 and 640.21(c).
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Donor Management

L.

2.

Platelet Count

You should collect a pre-donation sample from the donor for a platelet count. -
The device operator should enter that platelet count, or the one obtained
immediately following initiation of the collection procedure, to more
accurately set the target platelet yield parameters for each collection of
Platelets, Pheresis. These steps should be consistent with the automated
blood cell separator device manufacturer’s directions for use.

For any collection facility that cannot test a pre-donation sample for a platelet
count (for example, a mobile collection site), you may use an average of
previous historic platelet counts (as specified by the device manufacturer), or
a default platelet count (either as recommended by the automated blood cell
separator device manufacturer, or determined by using blood center specific
values), to set the target platelet yield. You should not collect a triple
Platelets, Pheresis from first-time donors who do not have a pre-donation
platelet count available either prior to or immediately following initiation of
the collection procedure. Concurrent components may be drawn if the donor
meets eligibility requirements for those components.

You should defer from donation donors whose platelet counts are less than
150,000 platelets/uL. until a subsequent pre-donation platelet count indicates

" that the donor’s platelet count is at least 150,000 platelets/ul.

Donation Frequency

To protect the safety of the donor:

3.

a donor should undergo no more than 24 Platelet, Pheresis collections in a
rolling 12-month period.

the interval between each collection of Platelets, Pheresis should be at least
two days with no more than two procedures in a seven-day period.

the interval between collection of a double or triple Platelets, Pheresis and any
subsequent collection of Platelets, Pheresis should be at least seven days.

the automated blood cell separator device should be set with a post-donation
platelet count target of no less than 100,000 platelets/ul.

RBC Loss Prior to a Collection of Platelets, Pheresis

To protect the donor from significant RBC loss, we recommend that:

you not allow a donor who has donated a unit of Whole Blood, a single unit
of Red Blood Cells by apheresis, or a single unit of Red Blood Cells by
apheresis concurrent with Platelets, Pheresis or Plasma in the previous 8
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weeks to donate Platelets, Pheresis, unless the extracorporeal red blood cell
volume during the Platelets, Pheresis collectlon 1s expected to be less than
100 mL (Ref 3).

e you not perform any collection procedure on a donor who has donated two
units of Red Blood Cells by apheresis within the previous 16 weeks (Ref. 3).

4. Total Plasma Volume Loss Per Collection Procedure

The total plasma volume (excluding anticoagulant) of all blood components
retained per collection of Platelets, Pheresis should not exceed:

¢ 500 mL (600 mlL for donors weighing 175 lbs or greater), or

* the volume described in the labeling for the automated blood cell separator
device (this volume may be more or less than the 500 mL or 600 mL volume
stated in the above bullet).

IV. INFORMATION PROVIDED TO THE DONOR

Under 21 CFR 640.22(c), the collection procedure must be as described in the biologics license
application or supplement. As part of the collection procedure, Platelets, Pheresis donors should
recerve information about the collection procedure and its associated risks. You should provide
Platelets, Pheresis donors with the same information that is provided to a Whole Blood donor?,
plus the following information specific to the platelet collection:

a description of the procedure for collection of Pl atelets, Pheresis and its associated risks.

¢ information about potential side effects of the procedure mcludlng possible effects as a
result of solutions and/or treatment to reduce side effects such as treatment with a calcium
replacement. Examples of side effects include anticoagulant effects (tingling and/or
nausea), hypovolemia (decreased blood volume), fainting, and any other side effect as
described by the automated blood cell separator device manufacturer.

* information indicating that there are limitations to the number and types of components that
can be donated per year.

V. COMPONENT COLLECTION

Improvements in collection of Platelets, Pheresis have enabled blood establishments to obtain
from a single collection procedure one, two, or three Platelets, Pheresis component(s) (and
concurrent collection of Plasma, Source Plasma and/or RBC components).

? Refer to FDA regulations and guidance developed by FDA on this topic and available on the FDA website.
http://Awww.fda.gov/cber/blood/bldpubs htm
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Under 21 CFR 640.22(c), the collection procedure must be as described in the biologics license
application or supplement. In addition, the phlebotomy must be performed by a single
uninterrupted venipuncture with minimal damage to, and minimal manipulation of, the donor's
tissue (21 CFR 640.22(d)). A sterile connecting device may be used as described in the
manufacturer’s directions for the apheresis collection set. The automated blood cell separator
device must perform in the manner for which it was designed (21 CFR 606.60(a)). Accordingly,
your collection procedures should be consistent with the Operator’s Manual, directions for use,
and/or manufacturer’s specifications. - Specifications identified by the manufacturer may include,
but not be limited to, the donor’s platelet count, weight, height or hematocrit; the
minimum/maximum volume of the storage container; platelet concentration per uL in the storage
container, or actual platelet yield. In addition, supplies and reagents must be used in a manner
consistent with instructions provided by the manufacturer (21 CFR 606.65(¢)).

V1. VALIDATION OF THE COLLECTION PROCESS

The Current Good Manufacturing Practice (CGMP) regulations described in 21 CFR Parts 210
and 211 contain the minimum requirements for methods to be used in, and the facilities or
controls to be used for, the manufacture, processing, packing or holding of a drug to assure that
the drug meets the requirements of the FDCA as to safety, and has the identity and strength and
meets the quality and purity characteristics that it purports or is represented to possess

(21 CFR 210.1(a)). These CGMP regulations also apply to Whole Blood and blood components
(21 CFR 210.2(a), 211.1(b)) and supplement the CGMP regulations for blood and blood
components contained in 21 CFR Part 606. As an element of CGMP, process validation
“establishes documented evidence which provides a high degree of assurance that a specific
process will consistently produce a product meeting its pre-determined specifications and
quality characteristics” (Ref. 11).* We recommend that establishing documentation of process
validation include, but not be limited to, validation protocol development, installation
qualification, process operator performance qualification, and product performance component
qualification (Ref. 11).

Each device intended for the routine collection of Platelets, Pheresis must be cleared or
approved by FDA for this purpose (see 21 CFR 864.9245). You should conduct validation of
the collection process using each type of device used in your establishment prior to
implementing routine collections.

In addition, your validation efforts should include the following manufacturing steps:

¢ cell counting

¢ pH measurement: we recommend that a pH meter or gas analyzer be routinely used rather
than pH (nitrazine) paper.

e component weighing

“ The requirement for process control is set forth in general terms in 21 CFR 211.100.
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sterile connecting method (Ref. 12)
storage
shipping

A. Equipment Installation Qualification

21 CFR 606.60(a) requires that equipment be observed, standardized and calibrated on a
regularly scheduled basis as prescribed in the Standard Operating Procedures Manual
and must perform in the manner for which it was designed. Upon initial installation, the
automated blood cell separator device should be qualified as described in the Operator’s
Manual or manufacturer’s directions for use.

B. Validation Protocol

An integral element of the performance and documentation of process validation is the
development of a validation protocol. You should refer to FDA’s “Guideline on General
Principles of Process Validation” (Ref. 11) as an outline for developing your validation
protocol. The validation protocol should include at least the following:

¢ adescription of the equipment to be used
¢ minimum/maximum acceptable values for the Platelets, Pheresis collection and/or
component as specified by the automated blood cell separator device manufacturer
- total volume (after removal of samples for hematological testing and bacterial
contamination testing), including per component {container) from double and
triple collections
- actual platelet yield
- residual WBC count (if Leukocytes Reduced) for the collection and components
(if multiple components are collected), and percent platelet retention when
applicable
- concurrent component volume (Plasma or RBC), if applicable
- pH measurement
« manufacturer’s specifications or recommendations for processing parameters (i.e.,
actual platelet yield and concentration, weight or volume collected)
o description of supplies used in the collection (e.g., collection/storage containers,
anticoagulants, etc.)

e failure investigation criteria

e personnel training criteria

» standard operating procedures for performing each element of the collection process
¢ documentation of the validation protocol criteria (all of the above)

C. Process Performance Qualification (Operator)

Each person engaged in the collection of Platelets, Pheresis must have adequate
education, training, or experience to assure competent use of the automated blood cell
separator devices involved (21 CFR 211.25(a)). Establishments must maintain
applicable proficiency test results (21 CFR 606.160(b)(5)(v))-

e



Contains Nonbinding Recommendations

We recommend that personnel training include the successful, consecutive, performance
under supervision of an appropriate number of procedures, as defined by your facility.
These procedures should result in the collection of Platelets, Pheresis meeting relevant
component specifications.

D. Product Performance Qualification for Component Collection Process

Various mechanical and biological factors may influence the plateletpheresis collection
process (i.e., the optical qualities of a donor’s plasma, the donor’s platelet count and
platelet size, vascular access, and procedure duration) (Ref. 14). The objective of
collection performance qualification is to verify that the automated blood cell separator
device performs according to the manufacturer’s claims when used, and through
appropriate testing establishes confidence that the finished product produced by the
specified process meets all release requirements for functionality and safety (Ref. 11).
All components collected during the validation process can be released for transfusion
provided that they meet minimum specifications as defined by the manufacturer, are
labeled appropriately, and are otherwise suitable.

Process performance qualification should include testing for the actual platelet yield, pH,
and volume; residual WBC count and percent platelet retention (for Leukocytes Reduced
components) (See Table 1). We recommend that you assess the following at each
collection site:

e actual platelet yield (platelet count multiplied by the volume):

o determine actual platelet yield at collection.

o follow the platelet pre-donation count recommendations in section III.B.1., and
set an appropriate target platelet yield as recommended by the automated blood
cell separator device manufacturer to maximize the likelihood that each
transfusable component contains > 3.0 x 10! platelets and the target collection
type (single, double, triple) is achieved.

¢ pH as a measurement of quality after storage:

o determine pH on the date the product is issued or on the date the product expires
(outdates).

o each transfusable component should have a pH > 6.2

¢ percent platelet retention

o perform when the automated blood cell separator device or filtration method is
first put into use at an establishment and/or as recommended by the automated
blood cell separator device manufacturer.

o ifleukocytes are reduced by filtration and there is access to both a pre-filtration
and post-filtration sample, calculate percent platelet retention using pre- and
post-filtration volume and cell content.

e residual WBC count:

o perform when the automated blood cell separator device or filtration method is
first put into use at an establishment and/or as recommended by the automated
blood cell separator device manufacturer.

10



o]

O

Contains Nonbinding Recommendations

perform within 48 hours of collection or per the manufacturer’s directions for the
cell counting methodology used (Ref. 15).

conduct testing on the collection (parent container) and on the individual
components from double and triple collections

volume:

(o]

o]

O

determine the volume after removal of samples for testing (i.e., cell count,
bacterial contamination testing).

fill each storage container consistent with the manufacturer’s
minimum/maximum specifications.

equilibrate storage containers for double or triple collections + 10 mL, or per the

~ manufacturer’s directions if different.

You also should qualify devices and perform failure investigations as follows:

Devices:

(e]

o

complete product performance qualification for apheresis devices from different
manufacturers, and for each model.

obtain data from all automated blood cell separator devices at each site for initial
product performance qualification. If additional devices of the same model are
added at the facility after qualification, include qualification data in monthly QC
only.

Failure investigation: Conduct an investigation for all component qualification
failures, and when appropriate, initiate corrective action and follow-up measures (see
21 CFR 211.192; 606.100(c)). We understand that some failures may occur due to
conditions not resulting from a failure of the process (e.g., automated blood cell
separator device failures, donor reactions). In addition, you should:

(o]

@]

investigate as qualification failures residual WBC counts that exceed the
following:
e single collection: > 5.0 x 10®(collection)
e double collection: > 8.0 x 10° (collection), and > 5.0 x 10° (either or both
components)
e triple collection: > 1.2 x 107 (collection), and > 5.0 x 10° (one, two or all
three components).

However, each transfusable component from a double or triple collection of
Platelets, Pheresis may be labeled as Leukocytes Reduced provided the residual
WBC count on the component is found to be < 5.0 x 10°. investigate collections
that fail to meet the percent platelet retention, if performed. However, the
component may be transfused if the actual platelet yield is determined subsequent
to filtration, and the component is labeled appropriately.

Variation in the actual platelet count might be due to the platelet counter used and the
type of platelet count used at the time of collection (pre-donation or historic average).
However, you should select a statistically sound sample size, based on 95% confidence
that 75% of components (platelet yield) will meet the recommended results (see Table
1). For pH and recommended residual WBC count, you should select a statistically

11
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sound sample size, based on 95% confidence that 95% of components (pH) or
collections (residual WBC count) will meet the recommended results. Using the
binomial statistic for example, a minimum of 60 components/collections should be
tested, with zero process failures (93 tested with one process failure, 124 tested with two
process failures, etc.) to qualify the process. Determine the sample size selection before
starting the qualification process. For example, if you test 60 samples and encounter a
failure, you should not continue with the testing of an additional 33 components. If you
select a sample size of 93 and encounter a failure during testing, you may continue to
test but there should be no additional failures. Similarly, if you select a sample size of
124 and encounter two failures, you may continue to test, but there should be no
additional failures.

12
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Table 1. Product Performance Qualification Criteria for the Platelet Component
' Collection Process
Test Recommended Results Target' Allowable Process Failures to achieve
recommended results for a set of N tests®
Actual platelet >3.0x 10" 95%,/75% * N=11 " N=18"" N=23
yield of
transfusable 0 1 2
component
pH > 6.2 95%, / 95%, N=60 N=93 N=124
0 1 2
Percent > 85% component 95%/95% N=60 N=93 N=124
component retention if performed .
retention e 0 1 2
Residual WBC Single collection: 95% /1 95% N= 60 N=93 N=124
count """ <5.0x 10° collections collections collections
0 1 2
Double collection: 95%/195% N=60 N=93 N=124
Collection: < 8.0 x 10° collections collections collections
or Components: <5.0 x 0 1 2
10°¢
Triple collection: 95%/95% N=60 N=93 N=124
Collection: <1.2 x 107 collections collections collections
or Components: <5.0 x 0 1 2
10
%)

Process failures only; non-process failures should be excluded.
Corrective actions for exceeding allowable process failures

¢  if you select a sample size of 11 and find one failure, 17 additional samples would need to be

tested with no additional failures.

¢ if you select a sample size of 60 and find one failure, 91 additional samples would need to be
tested with no additional failures. If you select a sample size of 93 and find two failures, 157
additional samples should be tested with no failures. If you select a sample size of 124 and find

three failures, 127 additional samples should be tested with no failures.
95% confidence that greater than 75% of the components meet the standard.
The sample size numbers can be used in a sampling plan that should be representative of products
collected on each machine type in each facility.
95% confidence that greater than 95% of the components meet the standard.
Or per the container/automated blood cell separator device manufacturer’s specifications

ey

LT

YT

The stratified recommended results should ensure that the individual transfusable units will be < 5.0 x
10° even with a 25% error in equilibration of the volume for double and triple collections.

13
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E. Re-Qualification/Re-Validation

» Exceeding the allowable process failures of the collection process qualification may
indicate that the process is not in control. You must investigate and correct the
source of this failure (see 21 CFR 211.192, 606.100(c)) and should repeat validation.

e The manufacturer may provide re-qualification requirements for the automated blood
cell separator device to be followed.

VII. QUALITY ASSURANCE AND MONITORING

Quality assurance (QA) is the sum of activities planned and performed to provide confidence
that all systems and system elements that influence the quality of the component are functioning
as expected (Ref. 13). When this is demonstrated, the process is considered to be in a state of
control. Whether a process is operating in a state of control is determined by analyzing the day-
to-day process and the data for conformance with the manufacturer’s specifications and for
vanability.

You must have a quality control (QC) unit that has the responsibility and authority to approve or
reject all components, containers, closures, in-process materials, packaging material, labeling
and drug products and the authority to review production records to assure that no errors have
occurred or, if errors have occurred, that they have been fully investigated (21 CFR 211.22(a)).
Thus, the QC unit’s responsibilities include the review of production records, and the review of
complaints involving the possible failure of a product to meet its specifications. (See, for
example, 21 CFR 211.22,211.192, 211.198, 606.100(c)). Please refer to FDA’s “Guideline for
Quality Assurance in Blood Establishments” (Ref. 13) for developing a QA and Monitoring
program. ‘

A, Standard Operating Procedures (SOPs) and Recordkeeping
1. Requirements for SOPs

e An automated blood cell separator device must “perform in the manner for
which 1t was designed” (21 CFR 606.60(a)) during the collection or
processing of apheresis components. Written SOPs must be maintained and
must include all steps to be followed in the collection, processing,
compatibility testing, storage, and distribution of blood and blood
components (21 CFR 606.100(b)). Therefore, you must have written SOPs
for each step in the collection of Platelets, Pheresis.

2. Additional Provisions Applicable to SOPs
e Adverse reactions: You must have a written SOP for investigating adverse

donor and recipient reactions (21 CFR 606.100(b)(9)). In addition, you
should have a written SOP for managing a cardiopulmonary emergency or
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any other adverse reactions associated with donation, containing steps for
contacting physicians, obtaining an emergency rescue squad response, and
transporting the donor to the hospital.

Hematocrit: If the final platelet collection contains more than 2 mL of
packed RBCs, you should attach a sample of donor blood to the platelet
storage container for compatibility testing to prevent the possibility of an
adverse reaction during transfusion. In addition, you should hold the
Platelets, Pheresis collection prior to distributing as Leukocytes Reduced
until a residual WBC count of the transfusable component can be determined
and found to be < 5.0 x 10°.

Component volume: You should describe how to process components in the
event the volume exceeds the automated blood cell separator device
manufacturer’s specifications. In addition, the volume in the storage
containers from double or triple collections should be within +10 mL of each
other or per the manufacturer’s directions if different.

Samples for QC: Containers for QC samples should be attached to the
component/collection set using a sterile connecting device, to ensure the
maintenance of the closed system.

Actual platelet yield: The platelet yield from each collection of Platelets,
Pheresis should be available to provide to the transfusion facility.

pH measurement: Accurate pH measurement is time dependent, and
samples should be tested within 1 hour of sampling, or as suggested by the
manufacturer of the pH measurement system. We recommend that a pH
meter or gas analyzer be routinely used rather than pH (nitrazine) paper.
However, if you choose to determine pH measurements with nitrazine paper,
- the selected paper should read in increments of one-tenth units, or it may
provide inaccurate measurements.

RBC loss: You must have a written SOP for your collection procedure,
including in-process precautions to measure accurately the quantity of blood
removed from the donor (21 CFR 606.100(b)(5)). You should calculate the
donor’s RBC loss, which may include the residual RBCs remaining in the
apheresis collection set after a collection of or discontinued collection of
Platelets, Pheresis; the extracorporeal RBCs remaining in event of no RBC
rinseback; the RBC loss from collection of tubes for testing; and/or collection
of a concurrent RBC. You should record such RBC loss in the donor’s
record; in a manner that allows tracking of cumulative RBC loss over time.
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Bacterial contamination testing: You must maintain written SOPs and
include all steps to be followed in the testing of blood and blood components
(21 CFR 606.100(b)). Bacterial contamination testing should be performed
using a culture based methodology, and using your established procedures.

QC failures: You must thoroughly investigate any unexplained discrepancy
or the failure of a batch to meet any of its specifications (21 CFR 211.192).
You should define appropriate criteria for retesting of components, testing of
additional components, final labeling, and disposition of components that fail
to meet specifications.

Failure investigations: (see 21 CFR 211.192; 606.100(c)) The criteria to
assess 1n the performance of a thorough failure investigation (including the
conclusions and followup) should include, but not be limited to: donor
characteristics or specifications; operation and or performance of the
collection device; adherence to SOPs; lot numbers of reagents or supplies;
sample collection, handling, storage or shipping; operator performance,
training or competency; and cell counting instrument performance including
shifts or trends in controls.

Manufacturer’s performance specifications: You should state the
acceptable tolerance specifications for the volumes, platelet concentration,
and/or actual platelet yield for each storage container as described by the
manufacturer. You should have a procedure addressing the handling of
components that do not meet the manufacturer’s performance specifications
(e.g., use in research or further manufacture).

Labeling:

o The final component volume stated on the label should be determined

~ after removal of samples for platelet count determination, QC, and/or
bacterial contamination testing.

o Platelets, Pheresis for transfusion should routinely contain > 3.0 x 10*!
platelets. When special circumstances warrant their use, Platelets,
Pheresis components containing less than 3.0 x 10" platelets should be
labeled with the actual platelet content.

Component Storage:

o If Platelets, Pheresis are stored at 20 to 24 °C, you must maintain a
continuous gentle agitation throughout the storage period (21 CFR
640.25(a)). You should describe how temperature and agitation will be
monitored, and the disposition of platelet components that are not stored
properly. ’

o You must follow the automated blood cell separator device
manufacturer’s directions for use (21 CFR 606.60(a)). If sterile
connecting an additional container(s) is necessary, use a container(s)
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designed to achieve and protect a sterile conduit. Because of differences
in container specifications, you should use containers from the same
manufacturer.

3. Recordkeeping

All recordkeeping requirements of 21 CFR Part 606, Current Good
Manufacturing Practice for Blood and Blood Components, Subpart I (Records and
Reports); Part 211, Current Good Manufacturing Practice for Finished
Pharmaceuticals, Subpart J (Records and Reports); and applicable provisions of
21 CFR 640.20 through 640.27, must be met.

Donor Monitoring
1. Platelet Counts

If the platelet count is known, you should notify your Medical Director when a
donor has a post collection platelet count less than 100,000/uL., and you should
defer the donor until his/her platelet count has returned to at least 150,000/uL..

Transient decreases in platelet counts have been reported in donors undergoing
multiple collections of Platelets, Pheresis (Ref. 16). You should periodically
review a donor’s records to monitor platelet counts.

2. Adverse Reactions in Donors

Records must be maintained of any reports of complaints of adverse reactions
regarding each unit of blood or blood product arising as a result of blood
collection or transfusion and a thorough investigation of each reported adverse
reaction must be made (21 CFR 606.170(a)).

3. Red Blood Cell Loss

e Per collection: )

o Ifthe collection procedure needs to be discontinued for any reason before
completion, and if the Operator’s Manual allows, you should attempt to
return RBCs to the donor.

o Donor eligibility based on RBC loss (with or without RBC rinseback, and
including all other types of donation) is described in Table 2.
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Table 2: Recommendations for donor eligibility based on RBC loss per collection

Donor’s Initial

Donor’s Second

Eligibility

packed RBC loss packed RBC loss
within 8 weeks

Less than 200 mL No donation or No deferral of donor for packed RBC loss;
total from initial frequency of donation of Platelets, Pheresis
and second loss as discussed in section ITI.B.2
less than 200 mL

Less than 200 mL More than 200 mL | Donor is not eligible to donate for 8 weeks
but less than 300 | from 2™ loss

: mL total

More than 200 mL NA Donor is not eligible to donate for 8 weeks

but less than 300 mL from initial loss

Less than 200 mL Total loss from Donor is not eligible to donate for 16 weeks
initial and second | from the 2™ loss
loss of more than
300 mL

300 mL or more NA Donor is not eligible to donate for 16 weeks

from initial loss.

¢ Per 12 months:

C.

L.

Under 21 CFR 640.3(b), a person may not serve as a source of Whole Blood
more than once in 8 weeks. In any such assessment, and in assessing a
donor’s RBC loss during the past rolling 12-month period, the RBC loss
associated with the collection of Platelets, Pheresis, and including any other
donation type (i.e., Whole Blood, RBC by apheresis), should also be
considered.

Total plasma volume loss per 12 months:

The maximum volume (excluding anticoagulant) collected from a donor
during a rolling 12-month period, and including any other donation type (i.e.
Whole Blood, plasmapheresis) should not exceed:

o 12 liters (12,000 mL) for donors weighing 110 — 175 Ibs

o 14.4liters (14,400 mL) for donors weighing more than 175 lbs

(Ref. 2).

Component Testing

Component Specification Check

Actual platelet yield (volume x platelet count) must be determined after each
collection (21 CFR 211.103).

Weight/volume conversion is necessary to determine the volume of each
collection. To convert weight to volume, divide the weight of the collection
(the total weight minus the weight of the bag) by the specific gravity (1.03).
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e Bacterial contamination testing: You should perform bacterial testing as
specified by the storage container manufacturer (i.e., 7-day storage of
Platelets, Pheresis, Leukocytes Reduced).

2. QC Monitoring

Under 21 CFR 211.160(b), laboratory controls must include the establishment of
scientifically sound and appropnate specifications, standards, sampling plans and
test procedures to assure that components and products conform to appropriate
standards. One example of a scientifically sound statistical sampling and
analytic plan is based on a binomial approach (see Table 1: Product Performance
Qualification Criteria for the Platelet Component Collection Process). The
sampling sizes described in Table 1 will confirm with 95% confidence a < 5%
non-conformance rate for pH and residual WBC count, and < 25% non-
conformance rate for actual platelet yield.

However, other statistical plans may also be appropnate, such as the use of scan
statistics.

As part of your QC protocol you should:

¢ define a plan for non-selectively identifying collections to be tested. This
should ensure testing of components collected on each individual automated
blood cell separator device, each collection type, and each location.

e define sampling schemes for actual platelet yield (including volume
determination) and pH, and residual WBC. We recognize that these sampling
schemes may be mutually exclusive. However, the platelet yield of the
collection (and designation of single, double or triple) should be made prior
to performing the residual WBC count QC.

o test actual platelet yield (platelet count times the volume) and pH at the
maximum allowable storage time for the container system used (or
representing the dating period). Title 21 CFR 640.25(b) specifies that QC
testing, including platelet count and measurement of actual plasma volume,
be performed at the end of the storage period. We believe that such testing
may be conducted “at issue” or within 12 hours after expiration. In addition,
actual platelet yield and pH testing may be conducted on one storage
container of a double or triple collection.

¢ include the residual WBC count (Ref. 1) for Leukocytes Reduced collections,
if manufacturing leukocytes reduced products.

o Perform the residual WBC count on the collection. For the purpose of
labeling as Leukocytes Reduced (see 21 CFR 606.121(c)(1)), you may
also perform a residual WBC count on the transfusable units for double
and triple collections that fail the collection acceptance criteria listed (see
below in this section).

19

-3



Contains Nonbinding Recommendations

o Test for the residual WBC count within 48 hours after collection (Ref.
15), or per the manufacturer’s directions for the cell counting
methodology, to reduce aberrant results due to cellular deterioration and
clumping.

o Test for percent platelet retention, if leukocytes reduced by filtration.

¢ describe the criteria for investigation of failures during QC, including the
factors to consider in categorizing a failure as process or non-process.
¢ have a method to document all calculations and test results.

We recommend that you consider the following QC results to be acceptable:

e pH2>6.2. If one component from a double or triple collection is found to
have a pH < 6.2, the corresponding component(s) from the collection should
be retrieved and/or quarantined until they are tested and found to be
acceptable.

» transfusable Platelets, Pheresis components > 3.0 x 10"! platelets.
residual WBC count:

o Single collection: < 5.0 x 10°WBC

o Double collection: < 8.0x 10° WBC
Note: If> 8.0 x 10°, but each transfusable component is < 5.0 x10°, this
1s not considered a collection failure.

o Triple collection: <1.2x 10’
Note: If > 1.2 x 107, but each transfusable component is < 5.0 x10°, this
1s not considered a collection failure. '

e percent platelet retention should be > 85% or per the manufacturer’s
specifications. Components with < 85% platelet retention may be distributed
but a failure investigation should be performed.

* negative for bacterial contamination testing, when performed.

>

D. Equipment/Supplies

Equipment must be observed, standardized, and calibrated on a regularly scheduled basis
as prescribed in the Standard Operating Procedures Manual (21 CFR 606.60(a)). Such
equipment includes, but may not be limited to, the automated blood cell separator
device, cell counting instrument(s), pH meter, scales and sterile connector.

All supplies (including containers) and reagents must meet all of the requirements
described in 21 CFR 606.65.

E. Operator Training
Operators must have adequate training, education and experience, or combination

thereof, to assure competent performance of their assigned functions
(21 CFR 606.20(b)). We recommend that assessment of operators include scheduled
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competency assessment and proficiency testing. In addition, we recommend that you
develop and document appropriate training on component preparation and/or machine
maintenance as updated information becomes available (Ref. 12).

F. Quality Monitoring
You should assess the following:

e total component volume and equal distribution of volume in double and triple
component collection containers. This assessment should include checking the
performance of the scale; the use of the tare weight of the empty containers/tubing;
and the weight/volume conversion.

s component bacterial contamination testing: Rates of bacterial contamination of
plateletpheresis should be monitored, and bacterial contamination rates that exceed
1:3000 (Refs. 10 and 12) should be investigated.

PROCESSING AND TESTING
A. Processing

Platelets, Pheresis must be processed as described in 21 CFR 640, Subpart C — Platelets
(21 CFR 640.20-640.27).

B. Communicable Disease Testing

Donations of Platelets, Pheresis must be tested for communicable diseases (21 CFR
610.40, 640.5(a) through (c), 640.23). Platelets, Pheresis may be released or shipped
prior to completion of communicable disease testing in accordance with

21 CFR 610.40(g).

You must test donations of human blood and blood components from a donor whose
donations are dedicated to and used solely by a single identified recipient except that, if
the donor makes multiple donations for a single identified recipient, you may perform
such testing only on the first donation in each 30-day period (21 CFR 610.40(c)(1)(1)).

C. Expiration Date

The dating period for Platelets, Pheresis collected using an FDA cleared or approved
collection container under a closed or functionally closed system will be specified by the
collection container manufacturer.

In accordance with such instructions and our recommendation, Platelets, Pheresis

collected in an open system expire 24 hours from the termination of the procedure if the
integrity of the hermetic seal is broken during processing.
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If the integrity of the hermetic seal is broken after collection, the Platelets, Pheresis

expire 4 hours from the time of the integrity violation, or at the original explratlon date,
whichever is earlier (21 CFR 606.122(1)(2)).

IX. LABELING

An instruction circular must be available for distribution if the product is intended for
transfusion (21 CFR 606.122).

Your container labels must comply with 21 CFR 606.121 and 610.60.

In addition:

e The label should include the estimated amount of anticoagulant in the component container.

o Platelets, Pheresis components for transfusion, containing less than 3.0 x 10'! platelets per
storage container, should be labeled with the actual platelet content.

e A component from a double or triple Platelets, Pheresis may accurately be labeled as
Leukocytes Reduced when the residual WBC count of the collection is > 8.0 x 10° (double)
or > 1.2 x 10’ (triple) IF the transfusable component is tested and found to have a residual
WBC count < 5.0 x 10°,

e Platelets, Pheresis may be labeled (i.e., tie-tag) with the residual WBC count if counted and
found to contain < 1.0 x 10°,

X. REPORTING CHANGES TO AN APPROVED BIOLOGICS LICENSE
APPLICATION (BLA)

Licensed establishments must report changes to their approved application(s) in accordance with
21 CFR 601.12. For assistance in reporting your changes see FDA’s “Guidance for Industry:
Changes to an Approved Application: Biological Products: Human Blood and Blood
Components Intended for Transfusion or for Further Manufacture.” The information below is
intended to assist you in determining which reporting mechanism is appropriate for a change to
your approved BLA, as it applies to the manufacture of Platelets, Pheresis. You should
prominently label each submission with the reporting category under which you are reporting
your change, e.g., “Prior Approval Supplement;” “Supplement - Changes Being Effected in 30
Days;” “Supplement - Changes Being Effected;” or “Annual Report.”

A. Prior Approval Supplement (PAS): Changes Requiring Supplement
Submission and Approval Prior to Distribution of the Product Made Using
the Change (Major Changes) (21 CFR 601.12(b))

Under 21 CFR 601.12(b), changes that have a substantial potential to have an adverse
effect on the identity, strength, quality, purity, or potency of the product as they may
relate to the safety or effectiveness of the product must be reported to FDA in a Prior
Approval Supplement (PAS).
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Under this standard, the following kinds of manufacturing changes would fall within this
category, warranting subnussion of your request to implement the following changes to
your approved BLA as a PAS:

o if you currently hold an unsuspended, unrevoked BLA to manufacture blood
components other than Platelets, Pheresis, and you intend to manufacture and
distribute Platelets, Pheresis under that license. ‘

» if you are currently approved to manufacture Platelets, Pheresis at a specific facility,
and you intend to manufacture Platelets, Pheresis at a different facility, not under an
approved Comparability Protocol. To submit a request for a Comparability Protocol
see below.

e if you are approved to manufacture Platelets, Pheresis, but intend to change your
manufacturing process in a manner that presents a substantial potential for an
adverse effect on the product. FDA believes that such manufacturing changes
include: change in storage conditions; change in anticoagulant; leukocyte reduction;
and collection of an additional or different product.

e ifyou intend to collect Platelets, Pheresis using an automated blood cell separator
device new to the market or new to your establishment.

* if you are requesting approval for a Comparability Protocol. The Comparability
Protocol described in 21 CFR 601.12(e) is a supplement that describes the specific
tests and validation studies and acceptable limits to be achieved to demonstrate the
lack of adverse effect for specified types of manufacturing changes on the identity,
strength, quality, purity, or potency of the product as they may relate to the safety or
effectiveness of the product. A new Comparability Protocol, or a change to an
existing one, requires approval from FDA prior to distribution of the product which,
if approved, may justify a reduced reporting category for the particular change
because the use of the protocol for that type of change reduces the potential risk of
an adverse effect (21 CFR 601.12(e)).

A Comparability Protocol is appropriate, but not required, if you wish to add
multiple collection facilities under your direction and control, using the same process
to manufacture Platelets, Pheresis. If you request approval for a Comparability
Protocol, you should describe the procedures and processes that each new collection
facility will implement to ensure conformance with the Comparability Protocol. You
may identify one or more collection facilities for the purpose of validation and
submission of the Comparability Protocol and supporting data to CBER for review.
Approval of such a Comparability Protocol for future collection facilities justifies a
reduced reporting category for the particular change because the use of the protocol
for that type of change reduces the potential risk of an adverse effect.

If you are using an approved Comparability Protocol, you should routinely review
the procedures and specifications in the Comparability Protocol to assure that they
remain current and consistent with the applicable application and current guidance.
If modifications are required, you should contact FDA to discuss the change and to
determine the appropriate reporting category.
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* We consider the recommendations in this guidance document to provide appropriate
criteria for a biologics license application or supplement for Platelets, Pheresis. You
may use an alternative approach if such approach satisfies the requirements of the
applicable statutes and regulations. Your alternative procedure(s) may be acceptable
if you demonstrate that the resulting Platelets, Pheresis components meet applicable
standards. We have determined that it may be adequate to determine the actual
platelet yield at collection, and that re-determination of the actual platelet yield at
issue or outdate is unlikely to provide additional relevant information. If you choose
to discontinue determining the platelet count for QC testing as described under
21 CFR 640.25(b)(1), you must submit a request for an alternative procedure under
21 CFR 640.120.

You must not distribute in interstate commerce blood components made using a changed
manufacturing process requiring a PAS until you have received our approval of your
PAS (21 CFR 601.12(b)(3)).

B. Changes Being Effected in 30 Days (CBE-30) Supplement: Changes
Requiring Supplement Submission at Least 30 Days Prior to Distribution of
the Product Made Using the Change (21 CFR 601.12(c))

Under 21 CFR 601.12(c), changes that have a moderate potential to have an adverse
effect on the identity, strength, quality, purity, or potency of the product as they may
relate to the safety or effectiveness of the product must be reported to FDA in a Changes
Being Effected in 30 days (CBE-30) supplement.

You must submit your request to implement manufacturing changes with a moderate
potential for an adverse effect to your approved BLA as a CBE-30 supplement under 21
CFR 601.12(c). The manufacturing changes described below are examples of changes
that we believe fall within this category:

 certain software and hardware upgrades provided by the manufacturer to your
cleared or approved automated blood cell separator device

e addition of concurrent plasma collection
implementation of a new collection facility under an approved Comparability
Protocol

You may distribute your blood components made using the change requested in your
CBE-30 supplement in interstate commerce 30 days after we receive your supplement,
unless we notify you otherwise (21 CFR 601.12(c)(4)).

C. Submission Inclusion Documents

1. PAS: To comply with the requirements in 21 CFR 601.12(b)(3), the following must
be included in the supplement:
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e identification of the components involved (e.g., single plateletpheresis component,
double plateletpheresis components, and/or triple plateletpheresis components) and
manufacturing site(s) or area(s) affected, and a detailed description of the
manufacturing change (including device collection technology and the collection
protocol(s)) (21 CFR 601.12(b)(3)(1) through (111)). We recommend that this
information be documented in a cover letter and FDA Form 356h. To permit
assessment of the manufacturing change we recommend including copies of the
following SOPs:

collection

informed consent

labeling including labels

donor qualification, deferral and adverse event follow-up

a description of training (or an example of training documents)

component manufacturing

monitoring donor RBC and plasma loss

failure investigation

quality control including sampling scheme, sample handling, tracking and

trending

equipment standardization/calibration

o quarantine and disposition of unsuitable products

0O 000 O0OO0CO0CO0O0

o

Additionally, we recommend that the following SOPs, if already approved for other
blood collection activities and unrevised, would not need to be submitted:

o sample preparation

o component storage and shipping

o donor arm preparation

¢ product labeling for each component, if changed (21 CFR 601.12(f)). We
recommend submitting a Form FDA 2567 including Circular (unless already on file
at FDA) ‘

o areference list of relevant SOPs (21 CFR 601.12(b)(3)(vi1))

¢ relevant validation protocols and data (21 CFR 601.12(b)(3)(vi)). We recommend a
summary of the validation protocol, including failure investigations.

o adescription of the methods used and studies performed to evaluate the effect of the
change and the data derived from such studies (21 CFR 601.12(b)(3)(iv) through
(v)). We recommend submitting the following information and data:

o the device manufacturer

the device type

blood unit number

component description (i.e., leukocytes reduced)

date of collection

date of testing

result interpretation(s)

the 1dentity of the person performing the testing

O 0 0 00 OO0
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o the identity of the collection facility
o evidence of QA oversight, and
o expected component specifications.

Additionally, we recommend two months of QC data for actual platelet yield and
volume, pH, and residual WBC count (if requesting approval for Leukocytes
Reduced platelets).

We further recommend that you provide an agreement to summarize bacterial
contamination testing results for the first two hundred and fifty (250) Platelets, Pheresis
collections in your Annual Report.

2.

Comparability Protocol: If you are an establishment with multiple manufacturing
sites and wish to submit a comparability protocol to justify a reduced reporting
category for a manufacturing change at multiple sites (see Section X.C.4 below), you
must submit that protocol as a PAS (21 CFR 601.12(e)). In addition to the
information listed in Section X.C.1 above , we recommend that you include the
following:

implementation plan

proposed reporting category for ch'anges made under proposed Comparability
Protocol

CBE-30 submissions (excluding new facilities under an approved Comparability
Protocol): Under 21 CFR 601.12(c)(3) and 601.12(b)(3)(i) through (vii), the
following information must be included in your CBE-30 submission:

identification of the Platelets, Pheresis components involved (e.g., single
plateletpheresis component, double plateletpheresis components, and/or triple
plateletpheresis components) and manufacturing site(s) or area(s) affected, and a
detailed description of the proposed manufacturing change (including device
collection technology and the collection protocol(s)). We recommend that you
document this information in a cover letter and FDA Form 356h. To permit
assessment of the documented manufacturing change, we recommend that you
include copies of any new or revised SOPs.

relevant validation protocols and data. We recommend that you submit a summary
of the validation protocol, including failure investigation.

the data derived from such studies. We recommend two months of QC data for
actual platelet yield and volume, pH, and residual WBC count (if requesting
approval for Leukocytes Reduced platelets).

CBE-30 submissions for new facilities under an approved Comparability Protocol:

To comply with 21 CFR 601.12(c)(3) and 601.12(b)(3)(i) through (vii), the
following information must be included:
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¢ identification of the components involved (e.g., single plateletpheresis component,
double plateletpheresis components, and/or triple plateletpheresis components) and
new manufacturing site(s) or areas(s) affected, and a detailed description of the
proposed implementation plan (manufacturing change including device collection
technology and the collection protocol(s)). Additionally, we recommend that this
information be documented in a cover letter and FDA Form 356h.

e relevant validation protocols and data. We recommend a summary of the validation
protocol, including failure investigations to meet the requirement.

e the data derived from studies. We recommend two months of QC data for actual
platelet yield and volume, pH, and residual WBC count (if requesting approval for
Leukocytes Reduced platelets). '

In addition, you should include the submission tracking number (STN) of the approved
Comparability Protocol, or the STN(s) of changes to the SOPs associated with an
approved Comparability Protocol.

D. Submission of Platelets, Pheresis Sample(s) to CBER

To obtain a biologics license under Section 351 of the Public Health Service Act for any
biological product, the manufacturer must submit an application to CBER, and sample(s)
representative of the product must be listed in the application (21 CFR 601.2(a)).

We recommend that:

e applicants with no prior experience in the collection of Platelets, Pheresis schedule
submission of Platelets, Pheresis products to CBER.

o applicants who submit a CBE-30 for an additional facility under an approved
Comparability Protocol generally would not need to submit Platelets, Pheresis
products to CBER. '

CBER may request the submission of product samples by other applicants, as necessary,
during the review process or at any other time (21 CFR 610.2(a)).

E. Shipping Platelets, Pheresis Sample(s) to CBER

If CBER has requested you to submit a Platelets, Pheresis sample(s) to CBER, you
'should contact CBER Division of Hematology, Laboratory of Cellular Hematology at
(301) 496-2577 to schedule delivery of the products to arrive prepaid. Platelets, Pheresis
sample(s) should be shipped to the following address between 8:30 a.m. and 4:00 p.m.
Monday through Friday, excluding Federal holidays:
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Center for Biologics Evaluation and Research (CBER)
Food and Drug Administration

8800 Rockville Pike

Building 29, Room 323

Bethesda, Maryland 20892

We recommend that you enclose a pre-paid, self-addressed shipping label to allow return
of shipping boxes and coolants, if desired.

We recommend that you ensure that the Platelets, Pheresis sample(s) arrives at CBER
prior to the expiration time. The Platelets, Pheresis sample(s) should not expire on
Friday or Saturday at midnight, or at midnight on the day before a Federal holiday.

Labeling and processing, including required testing for evidence of infection due to
communicable disease agents (21 CFR 610.40), should be complete prior to shipment.

When shipping to us, you should follow your SOPs for collection, processing, storage
and distribution of blood components intended for transfusion.

XI. CONTACT INFORMATION

You may direct questions specific to Platelets, Pheresis application submissions to the Division
of Blood Applications. You may also direct questions to the Office of Communications,
Training, and Manufacturers Assistance (OCTMA) as an initial general point of contact.
Submut all registration forms (Form FDA 2830) and licensure applications/supplements to the
Director, CBER.
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Table 3: FDA Contact Information

Submissions:
| Registrations
License Applications

Director, Division of Blood Applications

| Center for Biologics Evaluation and Research, HFM-370,
1 Food and Drug Administration,
| ¢/o Document Control Center, HFM-99,

1401 Rockville Pike, Suite 200N,

| Rockville, MD 20852-1448.

| General Questions

| Director, OCTMA, HFM-40,

.| Food and Drug Administration,

:| ¢/o Document Control Center, HFM-99,

.| 1401 Rockville Pike, Suite 200N,

1 Rockville, MD 20852-1448,

| Voice (301) 827-2000; Fax (301) 827-3843.

Application Submission

:| Director, Division of Blood Applications,

Center for Biologics Evaluation and Research, HFM-370,

.| Food and Drug Administration,
| ¢/o Document Control Center, HFM-99,

1401 Rockville Pike, Suite 200N,
Rockville, MD 20852-1448,
Voice (301) 827-3543; Fax (301) 827-3534.

Platelets, Pheresis Samples to
CBER

Center for Biologics Evaluation and Research (CBER)

Food and Drug Administration
8800 Rockville Pike

Building 29, Room 323
Bethesda, Maryland 20892
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Implementation of measuring hemoglobin
concentration at pre-donation test
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BLOOD DONORS AND BLOOD COLLECTION

Statistical analysis of inappropriate results from
current Hb screening methods for blood donors

Virge James, Keith F. Jones, Elizabeth M. Turner, and Robert J. Sokol

BACKGROUND: The objective was to apply statistical
analysis to the false passes and fails that occur with the
primary and secondary Hb-screening methods used at
blood-donor sessions.

STUDY DESIGN AND METHODS: Venous samples
from 1513 potential donors who had undergone primary
CuS0, screening using capillary blood (Hb cut-offs:
women, 125 g/L; men, 135 g/L) were tested at the ses-
sion by a secondary method (HemoCue; cut-offs:
women, 120 g/L; men, 130 g/L) and again at the base
laboratory using another system (Beckman Coulter
General S system), which generated the “true” Hb
value.

RESULTS: False-pass and -fail rates for women and
men, respectively, were 11.2 and 6.3 percent (women)
and 5.2 and 1.8 percent (men) for CuSO,; 1.9 and 3.7
percent (women) and 1.5 and 0.4 percent (men) for He-
moCue; and 2.7 and 2.4 percent (women) and 1.8 and
0.2 percent (men) for a combined procedure that mim-
icked current practice of only testing CuSO, fails by
HemoCue.

CONCLUSION: CuSO, Hb screening gives large num-
bers of false passes, particularly in women. Using ve-
nous samples, the majority correctly pass at the lower
HemoCue cut-offs. The current dual-testing policy ap-
pears convenient for donor sessions, but because small
percentages of false passes and fails represent large
numbers of donors, every effort should be made to im-
prove the accuracy of Hb screening.
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otential blood donors who attend donor ses-
sions in the Trent Region (situated in the East
Midlands, UK) initially undergo a health-
screening survey. After passed this survey, they
are subjected to primary Hb screening by the CuSO,
gravimetric method carried out on finger-prick capillary
blood, the cut-off levels for donation being set to corre-
spond to Hb values of 125 g per L for women and 135 g
per L for men.'"3 To optimize blood-collection rates, UK
regulations allow individuals who fail the primary CuSO,
test to continue with the donation process if they pass the
secondary Hb screening performed on a predonation ve-
nous sample using the HemoCue system.>+5 With this
method, donor acceptance or rejection is set at lower Hb
levels: 120 g per L for women and 130 g per L for men.
We have recently become concerned that some do-
nors are being bled inappropriately with these screening
methods, whilst others with an acceptable Hb level are
failing the tests. The purpose of this study is to determine
whether this is the case and how to quantitate the prob-
lem by applying statistical analysis to the primary and
secondary Hb-screening procedures used at our donor
sessions, comparing them with a standard Hb measure-
ment.

MATERIALS AND METHODS

Studies were carried out on potential volunteer blood do-
nors attending routine donor sessions held throughout
the Trent Region. All participants were fully informed of
the purpose of the project and gave signed consent. The
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study had been formally approved by the Trent Multicen-
tre Research Ethics Committee.

To avoid bias when selecting individual subjects for
the study, a simple systematic sampling scheme was used
at each donor session. Before screening, every n® poten-
tial donor was approached for consent to enroll in the
trial. If an individual declined, each subsequent person
was approached until one consented. Subsequently, the
next n™ individual was approached and so on. The value
of n was controlled by the transfusion service staff at the
screening station.

During quiet periods, n could be set at 1 so that every
potential donor could be approached. During busier pe-
riods a larger value of n could be set, and at exceptionally
busy times, sampling could be discontinued completely
to avoid delaying the session.

Venous blood samples were collected from 730
women and 783 men who were potential donors who had
undergone the primary CuSO, gravimetric Hb-screening
test. All the venous samples, which included those from
individuals who passed and failed CuSO, screening, were
taken before any blood donation and tested at the donor
session by the HemoCue method. These machines are
calibrated to the International Council for Standardiza-
tion in Haematology standard. The HemoCue results
were used to construct a hypothetical screening test and
were expressed as either a pass or fail in respect to cut-off
Hb values of 120 g per L for women and 130 g per L for
men.

A combined procedure that followed current practice
was also applied. Thus, respondents were initially
screened on the standard CuSO, test; those who passed
were deemed to have passed the combined procedure.
Those who failed the CuSO, test were considered to have
passed the combined procedure if a subsequent He-
moCue result was at least 120 g per L for women and 130
g per L for men.

The venous samples were tested again at the base
laboratory with the Beckman Coulter General-S system
(Beckman Coulter, High Wycombe, UK). These results
were deemed to be the “true” Hb values against which
the results of the CuSO,, HemoCue and combined pro-
cedures could be compared.

ANALYSIS OF BLOOD DONOR Hb SCREENING

nial age bands and then testing to determine whether
reweighting of the age-stratified data was necessary. This
was achieved by chi-squared tests, comparing test and
whole donor population data, and by a one-way ANOVA
conducted for each of the women and men data sets with
various Hb counts as the dependent variable and age
category as the factor of interest.

The need to reweight was confirmed by both tests. A
chi-squared value of 54.88 (p < 0.0001, df = 10} in respect
to age distribution for women indicated that the test
sample was severely under-represented in the 17 to 30
years age range, whereas for the age distribution for
men, a chi-squared value of 18.60 (p < 0.046, df = 10)
showed the test sample was under-represented in the
20-and-under ages. For the ANOVA, F values of 3.00 (df =
10,724, p = 0.001) for women and 2.23 (df = 10,782, p =
0.015) for men confirmed that in each case, Hb varied
with age.

Reweighting to give reasonable donor population es-
timates was therefore carried out by calculating the
stratified sample proportion of individuals possessing the
appropriate attribute, together with its SE. This propor-
tion is an unbiased estimator of the true population pro-
portion possessing the desired attribute.®7 All values and
standard errors were obtained using a statistical software
package (SAS, SAS Institute, Cary, NC), and all propor-
tions and standard errors were converted to percentages
by multiplying them by 100.

The results of each screening test were compared to
baseline Beckman Coulter Hb values of 125 g per L
(women) and 135 g per L (men) for the CuSO, test
and 120 g per L (women) and 130 g per L (men) for the
HemoCue and combined procedures. The “false-pass”
rates (i.e., the percentages of potential donors who would
pass the relevant screening test but would fail the base-
line Beckman Coulter test) were of particular interest.

RESULTS

Table 1 shows the results of the CuSO, Hb screening com-
pared with the baseline Beckman Coulter values of 125 g
per L (women) and 135 g per L {men). Table 2 (women)

. TABLE 1. Results of CuSO, screening test compared with Beckman
Statistical methodology Couiter baseline at Hb levels of 125 and 135 g per L for women and
In view of the known differences in Hb men, respectively: population percentage estimates, stratum weighted

by age
levels between men and women, data yog
for the diff t alvzed Women Men
or the dillerent sexes were an YZ? CuSO, Beckman Estimated Estimated
separately. Because donor characteris- result Coulter result  percentage =~ SE  percentage  SE
tics would be likely to vary considerably Fail Fail 12.4 13 39 0.7
between individual donor sessions, any Fail Pass 6.3 0.9 1.8 0.5
; . . Pass Fail 11.2 1.3 52 0.8

sampling biases with respect to donor Pass Pass 70.1 18 89.0 11
age were adjusted by stratifying data for Correct classification (%) 82.5 93.0
both men and women into quinquen-
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estimates, stratum weighted by age

TABLE 2. Results of screening tests for women compared with Beckman
Coulter baseline Hb level of 120 g per L: population percentage

The primary purpose of Hb screen-
ing is donor protection, preventing an
anemic individual from exacerbating

their condition with potential ill effects.

Beckman CusSO, HemoCue Combined -
Screening test Coulter  Estimated Estimated Estimated The secondary purpose is to ensure the
result test result percentage SE percentage SE percentage SE patient receives a minimum infused Hb
Fait Fail 6.0 1.0 6.0 0.9 5.3 0.9 dose per RBC transfusion. Screening
Fail Pass 12.7 13 3.7 0.7 24 0.6 also acts nonspecific ' £
Pass Fail 19 06 19 06 27 07 as a p measure o
Pass Pass 79.4 18 88.4 13 89.6 12 the general health of the donor and
Correct may identify some conditions which
classification (%) 85.4 94.4 94.9

could potentially be harmful to the re-

cipient.?
Protocols with set cut-offs are not

estimates, stratum weighted by age

TABLE 3. Results of screening tests for men compared with Beckman
Coulter baseline Hb level of 130 g per L: population percentage

without problems: they cause adminis-
tration and quality control costs, donor
inconvenience, expense and anxiety as

a result of medical follow-up of defer-

Beckman CuSO, HemoCue Combined
Screening test Coulter  Estimated Estimated Estimated rals, as well as permanent loss of do-
result test result percentage SE percentage SE percentage SE nors. Additionally, cut-offs need to be
Eai{ Fail 22 0.5 2.0 0.5 1.7 0.5 set to maximize donor safety but be
ai Pass 3.6 0.6 04 0.2 0.2 0.2 . ' s
Pass Eail 13 04 15 04 18 05 balanced against the system'’s ability to
Pass Pass 930 09 96.2 07 963 07 collect an adequate blood supply, a
Correct particular concern when trying to ex-
classification (%) 95.3 98.2 98.0

clude women with iron deficiency. Hb

and Table 3 (men) give the results of the individual
CuSO, and HemoCue screening tests and of the com-
bined procedures, comparing them with Beckman
Coulter baseline values of 120 g per L for women and 130
g per L for men.

DISCUSSION

The UK requires a predonation Hb screening to be car-
ried out on all potential donors, and only individuals with
an Hb level at or greater than 120 g per L for women or
130 g per L for men proceed to donate.®® However, ac-
curacy of Hb-screening procedures at blood-donor ses-
sions may be a problem, and our study, by quantitating
this, provides data for informed debate (Tables 1-3). It
also shows how such studies may be approached in the
future. In the present case, statistical analysis without the
need to reweight would have required an even larger
sample size. This would have been impractical because
the length of time it took to obtain the informed consent
required by the Ethics Committee had a deleterious effect
on the efficient running of many donor sessions, particu-
larly busy ones. As a result, the test sample was not rep-
resentative of the donor population as a whole. This, and
because of clustering of sessions, made it important to
reweight the data so that the test population truly re-
flected the whole donor population with regard to factors
that affect screening outcomes, such as age and sex. Re-
weighting necessitated expressing the results in propor-
tions (percentages) rather than as raw figures.
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reference ranges vary with age, race,
and sex, and are affected by altitude,
smoking, and the site from which the sample is taken.2'®
It has been suggested that, rather than having set cut-off
values, a standard should be established whereby blood
donations contain a “minimum Hb dose” of 50 g; this
would allow individual blood centers to evaluate the ap-
propriate safe Hb cut-off for their donors.?

The CuSO, gravimetric test has been the method of
choice in the UK for primary Hb screening of potential
blood donors for many years. It is fast, inexpensive, does
not require a venous sample, and, although rigorous
training and constant monitoring of session staff is nec-
essary, does not need trained laboratory personnel. It
does not, however, give a quantitative result, has a sub-
jective endpoint, is difficult to quality control, and
presents problems with the disposal of biohazardous ma-
terial.2 Although very anemic donors can, on occasion,
pass the CuSO, test,'! early reports suggested that the
CuSO, method tended to give inappropriate failures, and
thus significant numbers of such failed donors could be
recovered with a revised Hb range or if an alternative
screening method was applied.?

This is the rationale for the primary and secondary
Hb-screening tests used in the UK. It is supported by
several studies that show that many units of blood can be
collected that would otherwise be lost. Figures of be-
tween 11 and approximately 50 percent recovery of do-
nations with secondary screening are quoted.>!2-1* The
lowering of the cut-off Hb values for the secondary
screening also helps. In one study, 29 percent of failed



donors passed the secondary test (HemoCue) at Hb cut-
offs of 125 and 135 g per L (women and men, respec-
tively); but with the cut-offs reduced to 120 and 130 g per
L, this figure increased to over 44 percent.'*

Initially there was concern that such a high propor-
tion of donors, 11.2 percent of women and 5.2 percent of
men in the present study, inappropriately pass the CuSO,
screening test {(Table 1); and, it should be noted that at
these higher baselines, a HemoCue screening test would
have considerably reduced the false-pass rates. Thus, the
high false-pass rates in Table 1 do not mean that there is
a similar proportion of donors being bled inappropri-
ately. Examination of Tables 2 and 3 show that at base-
lines of 120 and 130 g per L, the CuSO, screening tests
exhibit conservative false-pass rates similar in magnitude
to the HemoCue procedure; only 1.9 percent of women
and 1.3 percent of men who pass the CuSO, test have Hb
levels less than 120 and 130 g per L, respectively, and
should have been rejected as donors, indicating that, in
practice, the current CuSO, cut-off levels can be toler-
ated. (The higher false-fail rates with the CuSQ, test in
Tables 2 and 3 are due to the higher cut-off settings.)

Tables 2 and 3 show that, had it been used in isola-
tion, the HemoCue procedure would have classified 94.4
percent of women and 98.2 percent of men correctly at
Hb levels of 120 and 130 g per L, respectively. Although
this would appear to offer an improvement on the CuSO,
test (set at 125 and 135 g/L for women and men, respec-
tively), at present, the HemoCue procedure would be dif-
ficult to apply as a primary screening test on every po-
tential donor because venous samples are preferred at
our sessions. (HemoCue can be used on finger-prick
blood, but capillary samples are known to give unreliable
results’?1® with all technologies and are thus unsuitable
for secondary screening of blood donors.) Taking a ve-
nous sample from each person before donation could
prove unacceptable to donors, slow down the donation
process, as well as increase costs. Many studies have
shown the excellent correlation between HemoCue and
standard photometric methods in the laboratory,4-18 and
indeed we found the same in a prestudy evaluation of the
analyzers used in this project. (In addition, HemoCue has
a theoretic advantage over other photometric methods in

that it incorporates a turbidity control, allowing more ac-

curate results on lipemic samples.?) However, previous
work has shown that accurate measurement of Hb level
using the HemoCue system is difficult to achieve in the
field.'*-2° There are several possible reasons for this; they
include inadequate mixing of specimens,'® sampling
techniques, and operator performance,?® rather than
problems inherent to the methodology, and studies have
shown that meticulous attention to sample mixing, mode
of filling the cuvette, and continuous monitoring and
training of staff can help to improve performance.??
Tables 1 through 3 show that the CuSO, and Hemo-
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Cue screening tests are less accurate, compared with
Beckman Coulter values, for women than men, with
false-pass and -fail rates being higher for women than
males. This has been recognized previously, and it was
suggested that such differences in screening-test perfor-
mance can be explained by the distribution of women
and men donor Hb levels relative to the cut-off values for
acceptance.?! A comforting factor in our study, in spite of
its relatively small sample size, is that the lowest false-
pass levels were 109 g per L for women and 123 g per L for
men. Although it was inappropriate to collect blood from
such individuals by our current guidelines, these figures
are not alarming; there were no clinical sequelae, as far as
we are aware, in the donors, and the recipients would
have obtained an adequate amount of Hb. The donors
who had been inappropriately bled were contacted and
informed.

The results of the “combined” screening procedures
(Tables 2 and 3), which mimic current practice at donor
sessions, respectively, show false-pass and false-fail rates
of 2.7 and 2.4 percent, respectively, for women and 1.8
and 0.2 percent, respectively, for men. The false-pass
rates for the combined procedure slightly exceed those
for the HemoCue alone: 95-percent Cls for these differ-
ences in rate are approximately 1.6 and 0.8 percent for
women and men, respectively. On the other hand, the
false-fail rates on the combined procedures are slightly
smaller than for HemoCue alone, with 95-percent Cls for
these differences in rate of approximately 2.3 and 0.6 per-
cent for women and men, respectively. It should be noted
here that any false pass on HemoCue alone would also
pass the combined procedure, regardless of the CuSO,
test result. Consequently, the false-pass rate for the com-
bined procedure must be at least as great as that for He-
moCue alone.

In summary, compared with HemoCue alone, cur-
rent practice trades off a slightly higher false-pass rate
against a slightly lower false-fail rate, and so is still rea-
sonable in spite of the error rates in the initial CuSO,
screen, and they need not be changed until the problems
of accurately measuring Hb in the field can be reduced or
eliminated. Because approximately 2 million donations
are collected annually in the UK, even small percentages
of false passes and false fails at the Hb-screening stage
represent a large number of individuals, and, conse-
quently, any improvement in accuracy of Hb screening
will be welcome.
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EZRD, MBONT, 2EIHORIMATIC Hb A3 10.0g/dIHAT, & U B R2ERERR, I
BT 800 mI BF il T b 7= 1561 (8.1%) B, ZOMERIMRIL 66.7 %L EOEMICH
S 7, 800 ml frififlOMEGIMF L AEEERD L >, £, BB IMEREY BEH L T
LeBlid 9Bl D, Zofigim™®eit 44.4%E HRITED o1z, MR TREBIR A2 SAH & FBEEF
2 thigd % L HiE TREMBDERICERETH > (ES, kb, 2flickhuyTEampasfiit
otz

B

DRMEAREEIC BV T, MO TR < X b Rl e i 555 HhEH
b, FaFMEAEMNE LY 2 FEOEEMTFROTT 2BMEN D DDH S, BERIEKAD
Eo LHLMARNALEE LT, Mgl 8 Al BT E s X 5k b ¥, ATOE A
95 LARMEFNCHNTIE, HEREF-BORTELEINTHLE?, LY LZO@EISRlr iR

24 MBHC I BRI & S ) O T RS ok

2R M R M {5 P{iE
Bzt W/F) 17/17 102/50 0. 060
Fin (vears) 69.4 + B.2 61.7 +13.3 0.002 =
*hE (Ke) 51.7 = 8.5 57.3 +9 0.001 *
Frmg (mi) 741 £ 144 777 £ 91 0. 067
EPO{ERZE (x10001y 21.9 + 4.6 20.6 £ 6.1 0. 269

ABeEsHb  (e/dD) 12.5
FHHEAHD  (e/dD) 10.0
AID MBS min) 173
FWHEHM  min) 381

1.5 131 +1.4 0.032 *
1.1 11.2x1.4 <0. 001 =
123 101 + 42 <0. 001 *
211 216 + 64 <0. 001 *

+ + K &

#5 MBI 2HRnMRICEET SHT

ks Mmp  |BME p value

800m| & 5E% 15 (8.1% 5 66. 7%

800m| 5E2% 171_(91. 9%) 29 83.0%  0.221

B (+) 9 (4.8% 5 44. 4%

B ) 177 (95. 2%) 29 83. 6% 0.012 *
sEBAR/ A /XA 12 (38.7%) 20 72. 2%

FEREFW 16 (40. 9%) 1 90.8%  0.003 *
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WL TR, BEREATEZLTVERVOVPERTH S, MRETFERTE, RE KR0S,
W TOIMMICTT 2D A, v NRU—F HOEWAETRELAZOT, HalfFmcid b5
HICEETENRONTLRTH S, BEHORMBIKEZRY, SROMESEETE UL, B
MBPREENICH LT HOILBRDO L THS, UHLOKMEFHCBOTR, ZHZEELHD
PR Z R TER L k2 EFII DA, EloRBREOBREIRE LB UGS, W10 AR H
KEZIZODHRTH 2, NkERTORMBIEBHTH D, BOHOLS A=y kHYHT
LTVAARBEZBRUNTE, T —0fEHNH 720, DREEE TONKRMI AL E
£, BHEOMAOMMNEHEKE Y, LES>T, YHREZ5 THEH, ARKOH O
MmMAVFER & x5, HOMirfilc EPORSLMRATHA LRELBEINSY, ZLACOHHR
THEHAINTHWASD, FERERE T MED 800 ml L_ET 1 BB FOFMBABMARE L EZHoNT
W5, TORERREZL, MORECHMEAMZRT 5728, UNTRHHTISHHSDARE KU
FriuBAs 2 ifT LT &7z, MBMBII 81 7% HEIREHFBEINZBATIEHSH, 2 v Erimiy
MORWEF L IET 2 &, ARZRITVEDOBEWEMICH 5T, Ubh LEFImEARAS 1 8RN
T, 400ml LM TERD - R (SED XY RERICRIFLABIENRTH- -, BOHRCD
A THhmR E mi§mz e, BESERERLEHELDH S Y, UL EELSGLIOLRSEH
100 %FEYLE N T WA WVEE, $4 26 HAaMiFmR FPORSOEENH O, BEMmOATEED 1%
TULWA 5456, ZOFRBREHRINAZRETHA S5 9, Ol CRMEMERMICE 5 /2 iE
Bk, EEEmMENCIER, EHEMTHEAR, WRTO HbEMENE WS BRIZMRER b, AT
MBS KU FHREOEWIINE CHMEBENENE W SERLMORE LA TH 727, < OEH/
T 800 ml DERIMIE FHEF] O Hb fESUDOFFICHARZE U KL, FEH 1.0 £ 14g/dI THoTz,
DE D FPOKRE T, +oEMRESRET NS ICBEBEAETESHE Lk, LU ART
FACKZEMAEZETICRESBERNAELOIHELRONSE Y, UL, bhbhud it
BHHETEEMRIEAREIC EDV> TOAEREHRE LTV 2 Y, FIEOB.LMIcET 2 mER
800 mIDEHETHAHEVIMELRONS 2D, ZD800ml ZRiML /=% DOFMER Hb ENE N
EIREATW R EELER  Bbhs, CNRFMEE LEMEICKRE L, < ORER HbE
DEX G OIMFEDRATH S > L EX S, L LIKOEEDOL G RECEENRVED, £
HETH TS 400 ml OFFMIE MM TFRICED L E X 5, HMEREOMOBER 2 E U K iEf o
BMBIIEL < B, THNSOEFIEF MM, BlclEFEX AEMKMPELLEEXD
h20DT, FIEFHRCBNIERMFEIE S P URIGEEDbN -, £, EER/ 1S AR OMEHR
MBHPRBIEFMICHANERCARTH o720, #iEDHHINAINAT T 7 MRV ETHEIC
FRREDENC &, RflciigERDRESE SN T35l %£ <, HmEISWHEEZ BN,
C DR MFED 42 RE LIEE, BIMMPRETN, OEPRRBESENT &, LA O
REEI R MR OEOVEF TH N, MBI NEERIMEONIHEL Bbinl, DROFII
BTHAL PRENTLFHEACRE, HONEL A5 bbb, BT HEE -HFMcEX
W TRARORFMEANZRY, TE32EIZROFMETS ) LI LIKRERESLEBDLNS,
LaLl, AEMfEENEBETHED, BEICHBOBEEEREICOI <RV EVI T, Y
BTl ok ZiFmEr AL Uk, $XTOBMICEDN LRV A AVETE, EHOZEHE
RIDERT S U O FEFINC T U, FREA AR O iRl Abds & CHrif IR T3 E Bof g 32 52
RTEH—FFEL LT, SHREFEHLIZVEEZ S,



+2h
)i Fia

AT 020K 0E Fiflc B0 T, Bmifd 8 H T 800 ml ZHFiMd 2 & Sy 186
Blichais U, HGMm=R 81.7%L s BIFARERB LN,
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HOMmEstn H17EH 25 2004812 H .l

R &

H 2L 400 ml 320112 2 B ONTE S 1 U U AEDRIEEIC
5 2 35721 DOkiET

B OB ME EE-EK BT A0 6B

LI

HRIBEFBETIRO—DOTH 5 EFEEREEIHICH LT, 400 ml Rindfym=\ 8 i & 7
fRAE mEamA G L, EREMERTmA 100 %ERL T D, AP0S40 2 BEXE < TRE
THoH, KEHOLENRBL LW FELH 2, YT, BAmBEMcK>TERTE2NEY
MY (HbfE) 2 USHETHE2ORTOEEZERL, FTEFMHOIBEBFICRMTS T
EEREHICL TS Y, UL, BEOEAR LK D 2 @O MmE REX SNDEHNEH
%, &M@, Fil 2 HREENCRIIE T > HEBEONT Ju b MHEOHEEICEEE 52 2R IO
THETL 72,

FOE ke~

B R RN BREIRICEBV T, XBLOHEICTHAMEmOFRAL TORIENMES N, FiRoO
# 2 3EIRTIC 400 ml OB SR MZFEFT L7z BE 4T 7 (B 138, i34 8 ZHgell. H
CfidR Y HoORMATc A m A FE L, HbfE, mi&kE, 7o UF A6, BEEEEE (TIBC),
FEMSAS O6E (UIBO), MEREME (TP), m/ ki (Plv, HMmEE (WBC) ZBIEL.
400 ml D EH MM ~ZIT- 728, 7 x>/ * 80 mg ZINA 2 1000 ml OFEEREER E /213 300 ml D
BERImK AT, SOICRMPADS 280, 200 mg/day O#FZRO®RE LY, Ak, F
TR RE R ZTTL, CORO Hb 2 HMER Hb (e Uz, TERMEEE, AIESERICK->T
KELBRZY M, YT, /400 ml ORMAET-> T 578, RiED Hy EETORED
BB EeEZOND, T T, 400 ml OHMIRMAE, 1000 ml O AE R X 7213 300 ml DEH
WERE 21T - 72O Hb {2 TRITTE S, URTHO TV AEENEY 2RO TRIOE S Ho E %
BIHU-, BEEOKE (CBV) & Ogawa R ¥ ITR, MRS RICTHROE FHI Hb i LT
F#I Hb EOFMAT Hb &I 28 & (o) ZEH U, £, FRU -MHEF Hb MO MAT Hb
EICH T 258G (B RSB, IOICKROMOBZHRET— 2 & B & OO RO A B2 Mt
UZe. SEEHUFRIC I 080N (B EILESRRTE @ Schelfe i), y*REBITET Y Y OMHBEFREROR
TR, GRE1sRREEREERD L.

FHER
WREELEOPRHb AZEHLELC A, FOPHMHEIT 124 g/d THh- . RMATOFE Hb

B RN - 2R E R E 0
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FEAE  0.168 X (B m))3+0.05 X K H (kg) +0.444
- BRLKE(CBV) @ =
T 0.25 X (B () +0.063 X K (kg) —0.662

© ROE P @) = RAMHOE @a x —BY-_08
c o - I T HbE (g/a)
M RTHbIE (g/dny
B T ERTHOE (grd)
"B M FTHLE (z/d))
K1 aBXOBOEHFE
a © HRIfE TR Hb B0 BRIAT Hb &l it 2814
B FHP U HiE R Hb A O$RMLET Hb EiC 33 285
#£1 ABBXUBEOBEEYE L RMARERE
ARE BAE
(n=22) (n=25)

Btk (B:%&) 5 : 17 8 : 17
A () 23.1+6.9 242+3.9
B (em) 162.1+7.9 163.8+11.1
(EN::N (kg) 53.9+73 57.7+13.3
REE5S (g d) 88.1+31.1 84.8+27.3
TxF (ng,/ml) 51.6+375 49.9+57.6
WRekAS 688 (TIBC) (wg/dD) 281.5+38.8  288.4=+31.1
NEAFEEHRE A8 (UIBC) (ue a) 193.4+539  205.0%=40.7
1 #E ka2 1 2 (TP) (g/d) 7.1+0.4 7.1+04
1R E (<104 1) 214+56 234+53
B i B (10 544112 622+14.2
B M RTHHE (g/dl) 133+12 % 143+1.3

* p<0.01 (Mean+SD)

ABE: a 00351 EHSINLT-sE
B D aOEMH 0035 KETH - BE

B3 13.8 g/dI TH-72DT, a DV 0894 L7555, %7, EROWER Hb Eid 12.8 g/dl T
BoFDTRDTPEL 0920 272D, NELED (f—a) 1, Rk 2B TEE0.035 FELT
Wl Liciah. DT LMD abb 0035 ERINUZEEA AL L, 0035 RETH-HER
BEFE UTHEBMET Lz, ABHZ 2248, BREZ 252 ThHD, BEOBKME, F8 SE, KREICE
HEEWRS LN o e, ABOMmMEEE, 7« UF /M6 TIBC, UIBC, TP, Plt, WBCIC
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#2 CEBIUDROBEERLEMITRAR

CHf D&

(n=5) (n=42)

Bkt (F:%&) 2 .3 11 : 31
R () 242+11.4 23.6+4.6
& (em) 164.6+8.0 162.8+9.9
(LN (kg) 56.6+4.4 55.8+11.5
1 75 8% (nersdn 1060462 3k  84.0%26.0
TxF (ng,/ml) 65.2+41.4 48.9+49.9
Kegkih & A (TIBC) (g dD) 278.8+456  2859+33.8
REAFIEASE S HE (UIBC)  (ug an 172.8+86.3 3k 202.7+41.0
1A% B & (TP) (e/dl) 7.0+0.4 7.1+0.4
I/ AR 2 (2104 4 D) 20.2+8.1 22.8+5.1
H 1 BR K (<102 1) 498+11.0 59.5+13.4
LML FTHLIE (g/d) 13.2+1.8 13.9+1.3

*k p<0.05 (Mean=SD)

CBE: BMIDIETH- T BE
D#: B I KMTHHTEE

HEEIDENE -7, Bk Hb i #3 BEEEREBIURMAREREE B & OFEREMEE
ABMTHEEBICRNMEEZRLYE (£1), UL, e m
e . ARAIRE
Rifual Hb & g OMBERIHRIC DV TR, RE Py .041‘9?9 01?226
7% (0.069), FHEIREL (— 0.093) L HICK HE 0.235 0.150
R 0.135 0414
< *aﬁggﬁ{‘r‘biwuy)gzlﬁb‘o 7‘; ﬂu?ﬁ@‘k 0.356 0026
JiC, B 2 B OMERT Hb B R ] 7=0F 0.227 0.166
N - . P . MRS (TIBC) -0.207 0.208
HbﬁMLL%MLtCﬁ(B%1>a%hu TR AR (UIBC) - 0359 0,024
FicUhEE LGP/ DE (B< ) I MR B B (TP) - 0.047 0.780
L, KMzt L, CRAUEs 4, DBHZ 42 % /(R -0.0% 0564
‘ £ BR AL -0.301 0.062
THot-, MBHOBEEERICHEEZZRD S ATHbAE -0.093 0.574

S, MiESkB XU UIBCICHEE

BB (F2), UL, R Hb EXEL

FOMORMAREMEICATEAD SN Ao . MEHKB XU UIBC & g OMHMEZRS &,
BEIEFNFN 0356, - 0350 LKL, mAEOMICE, FOMHEBERLIRBDLNEN -7 (K3

%m

TEERRE R IISRMARE L K5 X5 KRR 2BE0HD, BEOQOL 2ERET
%&ﬁ%#oi%&@ﬂ@%ﬁﬁ%ih%n%ﬁuﬁw%imﬁ@ﬁmim,ﬁﬁﬁ@ﬁ%f%o
~ 800 ml TH B, 1,000 ml B, EHIMT 2EMELH 2750, HEICHEBENELAEHET 5 /-0
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G HIMPMEBATSH S, Fald, RECHLT 400 ml OE O AT > TO 5%, e
BOTEWHIORT LR 400 mI BEFE - T35, 800 ml L EOBIMAFTHIRNE 1) AT
TF VIRERRBROBIOI & KB bHEHTES, Rifilc X2 MPEEE W 27610k, +907%
BHZ L 20BN S5, BHBENFHIFBENTHD, KEDOBEREL, HEREEE
W THB DN RRAAFTEET, BHIHEHE < HiE e E L 20 L T2 B, BEOE
M RE &S FHHORENBET 2 2 L Sl K OHIRAEHE 2582 HOES 55, 5
ﬁ@?ﬁm%wtuﬁﬁ%@%ﬂwomut%%a&%&5&&%?@101mﬁ1%y%ﬁmb
TP DEREE TRIOVET, HbEOEFLIELACEDONED > LS SMERSBL D, —
KT, BDORMABH > TH WG 400 ml FEi% U= E S RHIC 0T 100 %O IR 075
BMTERLOIWMEY LHY, ETERFABSBENNZ 2 2 BE T 400 ml OFFf & High e %
TRE BT & THBMERNE 100 %2 & DRI T2 E#2 bMWD,

RHARID TEAMA S > TARMmMAICRIRIRE U CHBRT 20 BT 28010, W8HATHD ¥, &
A DERNFRMBREERIE, 2MEBICHETZ L 1H30~10 ml THD 0V, x51c, GHKE
BRI & L AR MBRELE FRELRA S ~ 6 % Crud 2 0. CN5DT bk, 280

frinff]i BinEHEIC I 0B TH L K S ICELBND, LA L, SERSL 475t 400 ml

Rtk 2 @M TR TTO Hb EICEE L L DR 5 PIOBRTH - LH D, ERARESIC I, Riuh
SFMETORMMN 2B LSS T ENHEE LV EEZ N5, EHED Doz C bbb,
TRIAT 2RI T T LIS TEAD - 70, RILHTO Hb EOIEVEFIDSH B B o722 &
5, IRUFT Hb EDMEW N AR MEREMAED FUET 2 ATREM TG E N, UL, B sreims
HE, FrBAsh 1 ~ 280 R 5 ERREMAEDTTESR S NS L VS FRAELOHE » L5
T2 COMME LTRMERTE, BMOXOEE & e U TRIBONEELY 20Ky
REAENY ZEDBEZLENS, UL, Bk, TUAOELF L b EIcHE L % 28PN
HTHB, CHEDOSERNE, DEO 12 EFIL B LT, BRlugi Hb 32575 (. MESBE T
UIBCICAREERDI:, 7x UF VMECREBERBDOENED -1, ZOTHHEIE D B
48.9 ng/ml TH -T2 DICH L CEETIE 65.2 ng/ml E@ENMERICH -7, THUE, BiEEDSHE
HHOD Hb fEDEIRIZEOD, SERICEHET 2 723bic AR R AR S 2 TR DB 5, Bl 2
P BENZE T RS ZRE LTV AOT, ROFOEBEE,SEGEYT 2 AEEE D& 51
BbNBN, HORINIEAZENSH D, RIFHCHBGRD S BEEDHHEEORILENE - 7
CEDBERD-DELTEALND, £/, CEHORMMHbEE DEOFTNLEEENIKLS, B
BHBIIED 5/ BEX THERINC Hb IR T ETOLAEENEZ OGNS LA L,
G FHKEH G5B OBR 2 HE L TR0 72 DS I E T X 5o Teo EBICKETZED D
C LT, FRENRFMA T2 X0 ANARHLETS C LT K2 L DEER D,

E2F
Mea

mﬁzﬁﬁmmom@ﬁm%ﬁokﬁmtﬁwfHbﬁ@@m%%%ﬁ$E?E¥KOMTﬁ%
U7z, $RI0ET Hb & & B KRS Hb [ER1EREICEE S 52 TV B IEEED TS E s, '

— 124 —

— iy -



51

11)
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A=, &AL, FRRK, i EFSERRESNCNT S - R E s
HROE MR HOMES. HEmE 273138, 1999.

FEARR T HO MR OBRAR IR T 222 OME. B OmEim 14199205, 2001.
Gregersen, M. 1. Rawson, R. A.: Blood volume. Physiol Rev 39 : 307-342, 1959.

MAEH, BHF=, BT . i BOmRnBEEOERMKERESRIcOVT—RE
W eBHEROLE: . B 14106110, 2001,

NI B BEELE L. WREHE - HAANOTERME R FHEEOMZE. 0 L7558 18 833838,

1970.
WERH, BEff—, BA% L RS KUREEEEN B RO DS R EE 3
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SRR, HHETT, PERERL, (i RRARTZIRRHIIC 35 % Bl Atk E - 800 ml,
1200 ml £ mﬁ*ﬁu@ktﬁé@d—. H Cififn 15148156, 2002.
B W, WE, BAE, M RN B ih R & e O
R E Mm@ 16131 135, 2003,
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BLOOD DONORS AND BLOOD COLLECTION &)

Daily doses of 20 mg of elemental iron compensate for iron
loss in regular blood donors: a randomized, double-blind,

placebo-controlled study

Hartmut Radtke, Joanna Tegtmeier, Lothar Récker, Abdulgabar Salama, and Holger Kiesewetter

BACKGROUND: A considerable number of regular blood
donors develops an iron deficiency, and the exact amount
of iron required to compensate for the iron loss from
whole-blood donation in males and females is still
unknown.

STUDY DESIGN AND METHODS: A tota! of 526 regular
blood donors (289 male and 237 female) were randomly
assigned to treatment with either 40 mg, 20 mg, or 0 mg
per day of elemental iron as ferrous gluconate for a period
of 6 months, during which one unit of whole blood was
collected on four occasions (males) or three occasions
(females). Hemoglobin level, serum ferritin, and soluble
transferrin receptor levels were measured before each
donation.

RESULTS: Daily doses of either 40 mg or 20 mg of
elemental iron adequately compensated for iron loss in
males, who gave blood at 2-month intervals, but did not
result in a positive iron balance or an increase in storage
iron as reflected by the logarithm of the ratio of transferrin
receptor to ferritin concentration. In females, who donated
at 3-month intervals, the same daily doses not only
restored the iron balance but also led to an increase in
storage iron. The number of gastrointestinal side effects
due to iron supplementation (12%) was only slightly
higher in both iron groups than in the placebo group.
CONCLUSION: The results of this study indicate that 20
mg of elemental iron per day can adequately compensate
for iron loss in males and females who donate whole
blood up to four (females) or six times per year (males).

he major side effect of whole-blood donation is

iron depletion. In Germany, men are generally

allowed to donate whole blood every 8 weeks

and women every 12 weeks. However, the nor-
mal diet is usually unable to compensate for the resulting
iron loss."? Consequently, a considerable number of regu-
lar blood donors develops a negative iron balance that
may eventually progress to iron deficiency anemia.*”
Menstruating female donors are at a particularly high risk
for chronic iron deficiency. Although this is well-known,
only a few controlled, double-blind studies have dealt
with the question of whether iron supplementation can
prevent iron depletion in menstruating female blood
donors.*' There is evidence suggesting that daily doses of
40 mg of elemental iron as ferrous sulfate can sufficiently
compensate for iron loss resulting from whole-blood
donation and can improve iron status.'”'' However, the
question of whether a lower dose of iron is sufficient to
compensate for iron loss in female donors is still open. In
addition, controlled studies on iron supplementation in
male donors are lacking. Most importantly, no valid mea-
sure of iron storage was used in early studies.'*'* Today,
serum ferritin and soluble transferrin receptor levels can
be routinely measured and iron status can be much better
assessed than previously.'"'” The logarithm of the ratio of

ABBREVIATIONS: Fe™ = elemental iron as ferrous gluconate;
log(TfR/F) =logarithm ofratio of the soluble transferrin receptor
to ferritin concentration.

From the [nstitute of Transfusion Medicine, Charité—University
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RADTKE ET AL.

the soluble transferrin receptor to ferritin concentration
(log{ TER/F]), which was shown to have a highly linear cor-
relation to body storage iron, is currently the most precise
measure of body storage iron available.”*'® Here, we
present the results of a double-blind study in which we
randomly assigned regular male and female blood donors
to treatment with 40 mg, 20 mg, or 0 mg (placebo) per day
of elemental iron for 6 months.

MATERIALS AND METHODS

Selection of donors and study design

A total of 526 regular blood donors (289 male and 237
female) were enrolled in this study, which was approved
by the Ethics Committee of Charité University Medical
Center. Written informed consent was obtained from all
volunteers. In accordance with the German guidelines for
blood donor selection, all donors were determined to be
healthy based on their history and had hemoglobin (Hb)
concentrations of no less than 13.5 g per dL (males) or
12.5 g per dL (females). The investigational products con-
sisted of identical capsules in blister packs containing 1.5
mg pyridoxal-phosphate, 2.25 ug cyanocobalamine, 400
mg ascorbic acid, 200 pg folic acid, and 75 ug biotin with-
out (placebo) or with 20 mg of elemental iron as ferrous
gluconate (Fe*) (Phyt-Immun GmbH, Homburg, Ger-
many). Ascorbic acid was added to enhance iron absorp-
tion. Because most people believe in beneficial effects of
vitamin supplements, the other selected vitamins were
added for improved compliance. The form of iron used

289 regular donors,
malc gender, Hb > 13,5 g/dl,
informed consent

meets the European Community criteria for dietary foods
for special medical purposes. The participants were ran-
domized to one of three groups receiving either 40 mg
Fe*, 20 mg Fe*, or 0 mg Fe* in two capsules once daily
for 6 months. Hb, serum ferritin, and soluble transferrin
receptor levels were determined before blood collection
at each initial and follow-up visit. Each male volunteer
was scheduled for a total of four visits, including a ran-
domization visit before the first donation at Week 0 and
three subsequent predonation visits at 2-month intervals.
The females were scheduled for a total of three visits: a
randomization visit at Week 0 and two predonation visits
at 3-month intervals (Fig. 1). The intervals were chosen in
accordance to the German guidelines, which allow six
donations per year for male and four donation per year
for female volunteers. Volunteers with hemoglobin con-
centration less than 13.5 g per dL (inales) or 12.5 g per dL
(females) were deferred, but not excluded from study.
Compliance, which was defined as the ingestion of at
least 90 percent of the capsules as prescribed, was
checked by counting the returned capsules between
blood donations.

Laboratory methods

Hemoglobin concentrations in fingerstick blood samples
were determined by the acid methemoglobin method
using a photometer (HemoCue B-Hemoglobin photome-
ter, HemoCue, GrofRostheim, Germany). Ferritin and sol-
uble transferrin receptor concentrations in serum were

237 regular donors,
female gender, Hb > 12,5 g/dl,
informed consent

Visit 0 Visit 0
Randomization Randomization
Visit 0 97 assigned to 96 assigned to 96 assigned to 79 assigned to 79 assigned to 79 assigned to Visit 0
® 40 mg Fc'' daily 20 mg F¢® daily 0mgFe’ daily 40 mg Fe'" daily 20 mg Fe™ daily 0 mgFc daily st
21 dropped out 17 dropped out 25 dropped out
Visit 1 74 donated 78 donated 67 donated
2 deferred [ defered 4 deferred 13 dropped out 24 dropped out 32 dropped out
I l I 66 donated 53 donated 43 donated Visit 1
2
20 dropped out 20 dropped out 24 dropped out 0 deferred 2 deferred 4 deferred
Visit 2 56 donated 59 donated 46 donated
0 deferred 0 deferred 1 deferred
2 dropped out 5 dropped out 7 dropped out 9 dropped out 11 dropped out 7 dropped out
Visit 3 53 donated 53 donated 36 donated 56 donated 44 donated 34 donated Visit 2
I deferred 1 deferred 4 deferred I deferred 0 deferred 6 deferred
Fig. 1. Flow of participants during study.
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determined by nephelometry using an automatic analyzer
(BN Prospec, Dade Behring, Marburg, Germany).

Statistics
Sample-size calculation, randomization, and statistical

analyses were performed using software (Stata for Win-
dows, Stata Corp., College Station, TX). Based on the
serum ferritin concentration, the required sample size was

determined to be 49 males and 40 females per group,”

assuming a power of 0.9, a significance level of 0.0167
(Bonferroni adjustment for three groups), a smallest
meaningful ferritin difference of 10 ug per L between
groups, three (males) or two (females) follow-up measure-
ments, a within-subject correlation coefficient of 0.8, and
a standard deviation (SD) of 26 ug per L (males) or 22 pg
per L (female) for serum ferritin. Assuming a dropout rate
of 50 percent, we arrived at a final sample size of 98 males
and 80 females per group.

The randomization plan was-generated using block
randomization with variable block length. Statistical anal-
yses were performed as an intent-to-treat analysis for all
participants coming for more than one visit using a linear
regression model for longitudinal data (cross-sectional
time-series regression model with generalized estimating
equation analysis).” The logarithm of the ratio of transfer-
rin receptor to ferritin concentration, an accepted mea-
sure of storage iron, was used as the outcome variable. To
model the change in storage iron over time, we applied the
difference values for log(TfR/F) and included the iron
supplement as the predictor variable.

RESULTS

Males

Of the 289 male volunteers (age range, 19-67 years)
enrolled in the study, 141 (49%) dropped out, yielding a
dropout rate of 44 percent in the 40 mg of Fe** group, 44
percent in the 20 mg of Fe** group, and 58 percent in the
placebo group (p = 0.075; Fisher’s exact test). A total of 63
(45%) of the male dropouts withdrew before their second
visit (Table 1). The mean interval between visits was 60

IRON SUPPLEMENTATION IN BLOOD DONORS

days. Deferral from donation because of unacceptable
hemoglobin concentration values (<13.5 mg/dL) occurred
in 14 of 825 visits (1.7%). This was more frequently the case
in the placebo group than in the 20 mg and 40 mg iron
groups (n =9 vs. 2 vs. 3, p = 0.022; Fisher’s exact test).
Compliance was poor in roughly one-third of the male
participants.

In the male placebo group, the mean serum ferritin
concentration decreased from 35 pg per L at baseline to
21 pg per L at the final visit, the number of males with
depleted iron stores (ferritin <12 pug/L) increased from 20
percent to 54 percent, and the mean concentration of sol-
uble transferrin receptors rose slightly from 1.6 mg per L
to 1.7 mg per L (Table 2, Fig. 2). In the male 20 mg iron
group, serum ferritin decreased from 35 pg per L to 25 pg
per L, whereas the median ferritin value changed only
slightly (Table 2, Fig. 2); both the number of males with
depleted iron stores (25%) and the transferrin receptor
concentration (1.5 mg/L) remained nearly constant. In the
male 40 mg iron group, the ferritin (33 ug/L) and transfer-
rin receptor levels (1.5 mg/L) remained constant, whereas
the number of individuals with iron depletion dropped
from 26 percent to 13 percent.

The log( TfR/F) remained nearly constant in both iron
groups, but rose continuously in the placebo group

Ferritin [ug/l]
3
——— T 1+ e oo
AN o
[yBwiy] sordeseu uuisysuel]

0123 0123 0123
40mg 20mg O0mg

0123 0123 0123
40mg 20mg 0mg

Fig. 2. Box-plot for the concentration of serum ferritin and sol-
uble transferrin receptor in male donors.

TABLE 1. Reasons and numbers of dropouts during study

Gastrointestinal

Unknown complaints Poor compliance Other

Reason (%) (n/total) (%) (n/total) (%) (n/total) (%) (nv/total)
Male donors

40 mg iron 15.5 15/97 52 5/97 124 12/97 13.4 13/97

20 g iron 18.8 18/96 6.3 6/96 16.7 16/96 3.1 3/96

0 mg iron (placebo) 20.8 20/96 6.3 6/96 21.9 21/96 11.5 11/96
Female donors

40 mg iron 8.9 7/79 25 2/79 10.1 8/79 6.3 5/79

20 mg iron 20.3 16/79 6.3 5/79 1.4 9/79 6.3 5/79

0 mg iron (placebo) 241 19/79 38 3/79 101 8/79 11.4 9/79
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Females
o Sores i Eonesnson 3 oer,of donrs wit depeed | Ofthe 237 emae volunters agerange,
transferrin receptor to ferritin concentration (log[TfR/F]) for all donors with 19-65 years) enrolled in the study, 96
at least one follow-up visit (41%) dropped out, yielding a dropout
Ferritin (ug/L) Depleted iron stores log(TfR/F) rate of 28 percent in the 40 mg iron
Visit number (mean + SD) (%) (n/total) (mean + SD) group, 44 percent in the 20 mg iron
Mj’g :fg"ﬁ;i group, and 49 percent in the placebo
0 3274275 26.3 20/76 1.54 + 0.51 group (p = 0.015; Fisher's exact test). A
1 31.4+188 16.2 12/74 1.47 £0.49 total of 69 (72%) of the female dropouts
;2; ggg i Sg:g gg 1352‘? 12(2) i 82415 withdrew before the'ir second visit
20 mg iron (Table 1). The mean interval between
0 347+ 36.3 25.3 2079 1.48 +0.48 visits was 88 days. Deferral from dona-
; gg; ‘i ggg S;i :;ZS }:jg’ i 8:3‘5‘ tion because of unacceptable dropout
3 250+ 19.8 24.5 13/53 152 + 0.47 concentration values (<12.5 mg/dL)
0 mg iron (placebo) occurred in 13 of 546 visits (2.4%). This
? SIE BT ML 3% | vasdecasemor fequents ntheph
2 2491247 298 14/47 1.60 + 0.52 cebo group than in the 20 mg and 40 mg
3 214 +275 53.9 21/39 1.67 £ 0.53 iron groups (n =10 vs. 2 vs. 1, p =0.001;
Fe‘;gar'ﬁgdi‘:ggrs Fisher's exact test). Compliance was
19.3 £ 15.0 39.4 26/66 143+ 0.65 poor in roughly one-quarter of the
1 28.5+19.8 15.2 10/66 1.26 £ 0.49 female participants.
20 mg iron 31.4+19.4 14.0 8/57 1.29 + 0.54 In the female placebo group, the
0 20.0+ 323 54.6 30/55 1.38 + 0.46 mean concentration of serum ferritin
1 233+27.9 45.1 23/51 1.36 £0.42 decreased from 18 pg per L at baseline
2 23.5+26.1 84.1 15/44 135049 to 15 ug per L at the final visit, the num-
0 mg iron (placebo) .
0 17.7 + 15.0 48.9 23/47 1.39 + 0.65 ber of females with depleted iron stores
1 17.6+ 145 44.2 19/43 1.40 +0.42 (ferritin <12 pg/L) remained constant
2 151+123 8.7 19/39 1.55+£0.66 (49%), and the mean soluble transferrin
receptor concentration rose from 1.4 mg
per L to 1.6 mg per L (Table 2, Fig. 4). In
the female 20 mg iron group, serum ferritin increased
Males Females from 20 pug per L to 24 pg per L, the number of individuals
: . with depleted iron stores decreased from 55 percent to
34 oo @ ¢ ° 34 percent, and the transferrin receptor concentration
N . remained nearly constant (1.4 mg/L). In the female 40 mg
] [ e E iron group, ferritin concentration rose from 19 ug per L to
5 L 31 ug per L, transferrin receptor level fell slightly from 1.4

log (TfR/F)
N
()
o

0123 0123 0123 012 012 012
40mg 20mg Omg 40mg 20mg Omg

Fig. 3. Box-plots for the logarithm of the ratio of soluble trans-
ferrin receptor to ferritin concentration in male and female
donors.

(Fig. 3}, as was clearly demonstrated in the regression
analysis (Table 3). The log(TfR/F) value increased by
nearly 0.09 per donation in the placebo group, but
changed only marginally in the two iron groups. Both iron
groups differed significantly from the placebo group with
respect to log(TfR/F).
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mg per L to 1.3 mg per L, and the number of individuals
with iron depletion decreased from 39 percent to 14
percent.

The log(TfR/F) dropped in both iron groups, but rose
continuously in the placebo group (Table 2, Fig. 3), as
demonstrated by the regression analysis. The log(TfR/F)
value increased by nearly 0.09 per donation in the placebo
group (Table 3), but decreased by roughly 0.06 and 0.12,
respectively, in the 20 mg and the 40 mg iron groups.

Side effects

Most donors (approx. 60%) did not report any side effects.
There was no significant difference in the incidence of
adverse effects between the three groups. In particular, the
frequency of gastrointestinal complaints was low (11% in
the 40 mg iron group, 13% in the 20 mg iron group, and
11% in the placebo group).

B —
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cent.” The question of whether the

TABLE 3. Regression models for the change in log(TfR/F) other vitamins may play any role in this

Predictor Coefficient 95-percent confidence interval p value context is speculative. The only reason

Mglg i(;ng;sb -0.074 -0.121 to -0.028 0.002 'for in.clu<.iing these vitamins in t,he

40 mg Fe?* _0.118 _0.168 1o —0.068 <0.001 investigational products was our desire
Constant 0.091 0.058 to 0.123 <0.001 to improve the compliance rate.

Feg)aﬁgdgggrs -0.150 ~0.238 to ~0.061 0.001 [ the present study, we monitored

40 mg Fe** -0.209 -0.292 to -0.127 <0.001 ferritin and soluble transferrin receptor

Constant 0.086 0.018 to 0.153 0.012 levels as well as the logarithm of the

TfR/F ratio. The latter variable, which

was shown to have a highly linear corre-

lation with body storage iron, is the most precise measure

o ° 5 of body storage iron available.'*"® Until now, body iron of

1004 ° °s : - o » 5 l?logd donE)rs was assessed mainly by measuring serum

8 ° 2 ferritin."*>” However, this variable is somewhat unspecific

%:.E T 5 g, and may give false-high results in the presence of various

= ° . 3 underlying diseases.” In fact, if ferritin had been the only

£ 10 oo 22T Lo _§ variable used for assessment of body storage iron, the

2 g effects of 20 mg elemental iron in males would have been

é » E underestimated in our study.
= Interestingly, the number of side effects in the two
1 oo o ° Lo groups treated with iron(I)-gluconate was only slightly

012 012 012
40mg 20mg O0mg

012 012 012
40mg 20mg Omg

Fig. 4. Box-plot for the concentration of serum ferritin and sol-
uble transferrin receptor in female donors.

DISCUSSION

Regular blood donation frequently leads to iron depletion,
and it has been shown that iron supplementation can
prevent this complication.*'*" However, the exact dose
needed to compensate for this type of iron loss remains
unclear, and there is uncertainty as to whether iron sup-
plementation is required in both male and female donors.
Attempting to elucidate this complex issue more precisely,
we monitored the logarithm of the TfR/F ratio as a mea-
sure of body storage iron in regular male and female
whole-blood donors. The donors were randomly assigned
to receive daily supplements containing selected vitamins
plus 40 mg, 20 mg, or 0 mg of elemental iron. Dropout
rates were marginally (male) or significantly (female)
higher in the placebo group than in both iron groups. The
reason for this finding is obscure.

Daily doses of 40 mg and 20 mg of elemental iron
resulted in both a positive iron balance and an increase in
storage iron in female donors and compensated for iron
loss in males. This indicates that 20 mg of elemental iron
per day is indeed sufficient to compensate for iron loss in
both males and females. The differences in storage iron
responses may be due to the shorter donation intervals
in males (every 2 months) compared to females (every 3
months). It is likely that the ascorbic acid in the capsules
may have increased the iron absorption by roughly 50 per-

higher than the number observed in the placebo group. In
particular, the incidence of gastrointestinal side effects in
the iron groups was very low (12%). Due to the slight risk
of poisoningin children, iron capsules should be delivered
in individual packages. Elemental iron preparations like
carbonyl iron are preferred as an alternative by many
experts due to the much higher lethal doses.”'****' How-
ever, carbonyl iron is not available in the European coun-
tries. In comparison, bioavailabity of carbonyl iron is
slightly lower than that of ferrous salts,”' but side effects
seem to be comparable: The incidence of gastrointestinal
complaints for both preparations was reported much
higher in two previous studies, probably due to the sup-
plementation with higher doses of iron.** The utility of
iron supplements for prevention of iron deficiency in
menstruating female blood donors is currently being dis-
cussed.”” However, others and we prefer a supplementa-
tion of iron for a short-term period after blood donation
but not in general.

In conclusion, our results indicate that daily doses of
20 mg Fe’* can adequately compensate for iron loss result-
ing from whole-blood donation in males who donate up
to six times a year and in females who donate up to four
times a year.
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