Ganme I rradi ation of Blood Products (7/22/93)

Dat e: July 22, 1993

To: Al Registered Blood Establishments

From Acting Director, Ofice of Blood Research and Revi ew
Subj ect : Recommendat i ons Regardi ng Li cense Amendnents and

Procedures for Gamma Irradi ati on of Bl ood Products

This menorandum transmts recommendati ons regarding |icense
amendnments and procedures pertinent to irradiated bl ood and bl ood
products. Irradiation of these products is a practice which has
devel oped over many years to reduce the risk of transfusion--
associ ated graft-versus-host disease in recipients at this
conplication. Since |abeling of blood and bl ood products as
irradiated pertains to safety and i ntended use, irradiated and
non-irradi ated products are considered different products by the
Center for Biologics Evaluation and Research. Recommrendations are
provi ded here regardi ng manufacturing and quality contro
procedures, |abeling and other aspects of production and use of
i rradi ated bl ood and bl ood products. Wen the products are
i ntended for interstate shipnent, |license anendnents are
requi red, as described in the recommendati ons.

/sl
CGerald V. Qinnan, Jr., MD.

RECOVIVENDATI ONS REGARDI NG LI CENSE AMENDMENTS AND PROCEDURES
FOR GAMVA | RRADI ATI ON OF BLOOD PRODUCTS
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l. I NTRODUCT! ON

Graft-versus-host disease (GYHD) is a conmon conplication after
bone nmarrow transplantation. GVHD has al so been reported after
transfusion in i munoconproni sed hosts, though such reports have
been uncomon. 1,2 Mre recently, cases of transfusion-associated
GVHD i n i mmunoconpet ent patients have been reported when both
donor and recipient share genes for HLA determ nants, a situation
nost likely to occur when fanily nenbers serve as donors. 3,4
Wil e irradiati on of blood conmponents intended for

i mmunoconprom sed patients has been used for over 30 years, nore
recently, irradiation of directed blood donations fromfirst
degree fam |y nenbers (parents, children, siblings) was
recormended by the Anerican Association of Bl ood Banks (AABB) to
reduce the risk of graft versus host disease (GvHD) and

effective 1 May 1993, the AABB' s recomrendati on was extended to
bl ood derived fromall donors who are genetically related to the
recipient. 5 This nmenorandum provi des information on preparing
bl ood products irradiated with ganma or ionizing radiation.

Concl usive data are not available regarding all potential effects
of radiation on blood cells. This nenorandum describes quality
control applicable to the manufacture of irradi ated bl ood
products and procedures applicable to |icensure of such products,
including quality control, stability and | abeling. The
uncertainties which exist regardi ng product quality are addressed
i n discussion of |abeling procedures

. BACKGROUND
A TRANSFUSI ON- ASSOCI ATED GVHD

GVHD occurs when viable T | ynphocytes in transfused bl ood
or bl ood components engraft, multiply, and react agai nst
the tissues of the recipient. GVHD may be seen when bl ood
conponents are transfused to inmunoconproni sed recipients,
such as bone marrow transpl ant patients, patients with

mal i gnanci es recei ving aggressi ve chenot herapy and persons
wi th congenital imune deficiency syndronmes. Luban and
Sacher have suggested that several factors affect the

i nci dence of transfusion-associated GVHD: 1)

Hi stoconpatibility factors and | ynphocyte subsets; 2) Type



of bl ood component, dosage of imunoconpetent cells per
transfusion and rate of infusion; 3) Underlying nedical
condition; 4) Type of imrunosuppressive therapy or

chenot herapy; 5) Age of patient; and 6) Mcrobial factors.
6

There are recent reports of GVHD occurring in apparently
non-i nmunoconproni sed recipients foll owi ng transfusion of

bl ood donated by family nmenbers, 7-10 and the probability
of such occurrences has been estinmated using accepted
genetic principles. 4,11,12 While the true incidence of
transfusi on-associated GVHD i s not known, estimates of
frequency are available fromtheoretical calculations, from
limted studies in selected popul ations outside the U S.

and from survey data:

1990 AABB Questionnaire of 1,999 hospitals showed 12
cases of transfusion-associated GvHD anong 14, 296, 314 bl ood
conponents admi ni stered, of which 570,859 had been
irradi ated. 13

A retrospective study of 63,257 patients who had
undergone cardi ac surgery in Japan yielded 96 cases of GvVHD
attributed to transfusion (incidence = 1 case/ 659
transfusions). 7

There is consensus that transfusion of blood from HLA
honbzygotes to HLA heterozygotes with a shared hapl otype
constitutes a situation that is high risk for occurrence of
transfusi on-associ ated GvHD. Cal cul ati ons of the frequency
of this occurrence in the U S. vary from1/500 14 to
1/7174. 11 These nunbers vary due to differences in the
dat abases used for calculation and in the definitions of
HLA conpatibility.

There are additional reports describing nethods for
calculating risk estimates anong rel atives, e.g., if donor
and recipient are related as grandparent, uncle or aunt,
the risk is one-half that which would pertain if donor and
reci pient were parent and child. 4,12

In cases of family nmenber transfusions, GYVHD nmay occur nore
frequently than in random donor transfusi ons because fanily
nmenbers are nore likely to share the same HLA hapl ot ypes
than people in the population at large. In nany of these
cases, it was found that the donors were HLA honpzygous for
one of the recipient's haplotypes. |n such situations, the
reci pient's | ynphocytes do not recognize HLA anti gens on

t he donor |ynphocytes as foreign, and the donor |ynphocytes
can survive indefinitely and may react inmunol ogically

agai nst the recipient's tissues. |nmunoconproni sed

pati ents who are suitable candidates for receiving

i rradi ated bl ood products have been categorized in the



scientific literature according to risk status. 15-22 AABB
now reconmends the irradiation of directed donations from
all famly menber donors to i mmunoconpetent recipients. 5

Platelets; Platelets, Pheresis; G anulocytes, Pheresis;
Whol e Bl ood; and Red Bl ood Cells contain 100,000 or nore

| ynphocytes per unit and have been inplicated in cases of
GVHD. Red Bl ood Cells, Deglycerolized may contain snal
nunbers of residual T |ynphocytes, but no case reports of
GVHD associated with this product have been published. 23
There are sufficient |ynmphocytes in single donor plasma to
initiate GVHD in inmunoconpron sed patients and GVHD
possibly related to fresh frozen plasma has been reported
in an infant with congenital inmrunodeficiency. 24
Cryoprecipitated AHF has not been reported to be associ ated
with GvHD. Methods of producing | eukocyte-reduced whol e
bl ood and conponents (including washing, filtration, and
centrifugation) reduce the number of viable T |ynphocytes,
but may not decrease tho risk of GVHD as effectively as

i rradi ation. 1, 25, 26 White cell filters have not been
effective to date, but their use continues under

i nvestigation.

B. | RRADI ATI ON OF BLOOD PRODUCTS TO PREVENT GVHD.

Ganme i rradi ation of blood products has been in routine use
in conjunction with bone marrow transplantation for

approxi mately twenty years. The evidence in support of
ganme irradiation of blood products for transfusion in
prevention of GVHD is:

1. Gammm irradiation can abrogate the ability of

| ynphocytes to proliferate in vitro. 1500 cGy of
ganme radi ati on reduce |ynphocyte response to
ntogens by 90% 27 while 5000 cGy result in a 98%
decrease in nitogen stinmulation. 28 Published
studi es indicate that doses of 1500 to 2000 cGy
reduce m togen-responsive | ynphocytes by 5 to 6
orders of magnitude. 19 Simlar effects have been
reported using 1500 to 2500 cGy. 25

2. Various studies have shown that the incidence of
GVHD can be reduced if |ynphocytes are physically or
i mmunol ogically renmpoved from donor bone narrow.

3. Limted studies 2 support the contention that
ganme irradi ation of blood products nmay prevent
t ransf usi on- associ ated GvHD

4. Cinical observation over approxinmtely 30 years

during which transfusion of irradiated bl ood has been
practiced has resulted in only 2 case reports of GVHD
in recipients of irradiated bl ood products, and these



cases involved use of a suboptinmal dose of
irradi ation. 19, 29

C EFFECTS OF GAMVA | RRADI ATI ON ON PRODUCT QUALI TY AND
STABI LI TY.

1. Danmge to cellular products. Ganme irradiation
has been shown to affect red cells 28, 30,31 so that
use of the conponent should be nodified

a. RED BLOOD CELLS

i. The 24 hour recovery of irradiated
red blood cells, after storage, is
decreased conpared to controls.
Publ i shed data from several |aboratories
show that red blood cells irradiated
within 24 hours of collection maintain
satisfactory viability up to 28 days,
while cells stored for 42 days had
unsatisfactory viability (for cells
irradi ated on the day of collection and
stored for 42 days, the 24 hour
aut ol ogous recovery is 68.5 + 8. 1% vs
78.4 + 7.1%for non-irradiated
control s). 30

O her data have been interpreted to
suggest that red cells irradiated within
24 hours of collection can be stored
satisfactorily for up to 35 days and t hat
red cells irradiated as |late as 14 days
after collection nay be satisfactorily
stored for an additional 28 days (G
Mor of f, personal comunication).

ii. Units of red blood cells which have
been irradi ated have been shown to
contain approximately tw ce as much
extracel lul ar potassium after equival ent
peri ods of storage as non-irradiated
controls. 31-33 The data show that
irradiation of red blood cells may

i ncrease the rate of potassiumion

| eakage upon storage. Therefore, a high
pl asma potassiumlevel may result if a
significant portion of the total blood
volunme is replaced with irradiated red
cell conponents

iii. Red blood cells which have been
irradi at ed have been shown to contain
nore cell-free henogl obin (approxi mately



50% i ncrease) than control cells after
equi val ent periods of storage. 31, 33

b. PLATELETS

Signi ficant changes in cell function have not
been denonstrated in platelet products and
changes in storage are not required for
platelets irradiated on the day of collection.
34-35 Platelets irradiated at tinmes up to 5
days after collection showed no
post-irradiation change in function. 36, 37

2. Theoretical risks associated with use of
irradi at ed bl ood Products.

a. POTENTI AL FOR MALI GNANT TRANSFORMATI ON OF

| RRADI ATED NUCLEATED CELLS CAPABLE OF SURVI VAL
IN THE RECI PI ENT. Radi ation of nucleated cells
may result in malignant transformation.
Quantitative risk assessnment of this phenonenon
occurring in irradi ated bl ood has not been
perfornmed, but there is evidence that this
theoretical risk is extrenely renote. First,
there are no reports of non-autol ogous

mal i gnancy in recipients of irradiated bl ood.

Second, studies with murine cells indicate that
the ampbunt of radiation used for bl ood
conponents is nuch nore likely to cause
conplete cell death than a single
transformation event. It is also known that
nmurine cells are much nore susceptible to

radi ati on-i nduced transfornmation than human
cells. Thus, although existing data are
insufficient to prove that there is no risk of
transformation, there are no data to
substantiate such a risk, and the data that are
avai l abl e indicate a very low risk. 38-40

b. ACTI VATI ON OF LATENT VI RUSES

Ganme i rradi ati on has been shown to disrupt the

| atency or viruses which are potential contam nants
of bl ood products. Despite the theoretical risks of
viral activation, no reports of adverse events

refl ecting such occurrences have been published or
received by FDA, and it is likely that the anmount of
radi ation routinely used substantially exceeds
anmounts associated with this risk.

[11. LI CENSE AMENDMENTS FOR | RRADI ATI ON OF BLOOD AND BLOOD
PRCODUCTS



Facilities irradiating bl ood products to be shipped in interstate
conmer ce should submit applications for amendnents to those
license affected. The amendnments should be subnmitted in
duplicate with the appropriate product |icense application for
and include the foll ow ng:

A STANDARD OPERATI NG PROCEDURES ( SOPs) .

The SOPs for irradiation of Wol e Blood and bl ood
conponents shoul d descri be:

i. the irradiator

ii. the dose delivered to the center of the
container, corrected for air - liquid differences 41
(including dosage validation data);

iii. the strength of the source;

iv. the length of tine required to deliver the
i rradi ation; and

V. how monitoring will be perfornmed to detern ne
that the intended dose is actually delivered (see
11.0.

B. | RRADI ATI ON BY CONTRACTOR

If product irradiation is to be perforned in a different
facility (e.g., a hospital radiation therapy departnent),
the ternms of the agreenment with such facility should be

i ncluded. Establishments performng the irradiation are

participating in the manufacture of a product and shoul d
register with the FDA in accord with 21 CFR 607

The ternms of the agreement should specify that the
operations are under the control of the bl ood establishnment
with respect to the procedures for irradiation of blood
products, including the activities specified above, and for
review of training and audit by the bl ood establishnent.
The docunent ation should allow FDA to determnine that the
contractor performing the irradiation is operating
effectively as part of the |icensed establishnent.

C RADI ATI ON DOSAGES AND VALI DATI ON

Cesium 137 is the nost conmonly used source for irradiation
of bl ood and bl ood components; use of Cobalt-60 or a |inear
accel erator nmay al so be acceptable. 1,15, 25, 28, 42,43 The
dose of irradiation delivered should be 2500 cGy targeted
to the central portion of the container and 1500 cGy should
be the m ni mum dose at any other point. 1t should be
recogni zed that the irradiation delivered to the instrunent
canister (as identified by isodose curves supplied by the



manufacturer) may differ fromthe actual dose delivered to
t he bl ood bag or container (as quantified by

t her nol um nescence dosinmeter (TLD) chips or other direct
net hod of neasurenment). Validation studies should be
performed to establish the perfornmance of the irradiator
within these limts, and mai ntenance procedures established
to ensure satisfactory ongoi ng perfornmance. 6, 15, 44

Val i dation should be done annually and after mechani cal
repairs, especially those involving the sanpl e-handling
apparatus (e.g., the turntable). Use of indicator devices,
whi ch signal exposure of the blood product container to
radi ati on, i s encouraged.

D. REMOVAL OF PLASMA PRI OR TO RELEASE.

El evat ed potassium | evels have been reported in irradi ated
red blood cell products. 31,33 Renoval of residual plasm
may reduce tho risks associated with high plasnma potassium
If this practice is used in manufacture of irradi ated bl ood
products, it should be described in the anendrent.

E. LABELI NG

1. Irradiated bl ood product containers should be
permanently | abel ed as irradiated. Renovable
tie-tags are not acceptable for this purpose.

2. The license nunber should not appear on the
cont ai ner | abel unless the blood establishnent is
licensed by FDA for preparation of the irradiated
bl ood product.

3. The circular of information should be nodified to
i nclude a di scussion of appropriate indications for

i rradi ated bl ood products and appropriate warni ngs
based on the known safety concerns, nanely:

Irradi ated bl ood products are indicated for use in
patients at risk of transfusion-associated GVHD.

Caution should be used when adninistering irradiated
red cell products to patients at risk for
hyperkal emi a, if supernatant plasna has not been
renoved fromthe product just prior to transfusion

4. The dating period for red blood cell products
(Red Blood Cells, Whole Blood) should be not nore
than 28 days fromthe date of irradiation, but

ot herwi se not nore than the dating period of the
non-irradi ated product.

5. The dating period for Platelets and Pl atel ets,
Pheresis should be in accord with established



regul ati ons and gui del i nes, regardl ess of the day of
i rradi ation. 34-37

6. Approved product nanmes and drug codes will be
provi ded by FDA at the tine of application for
l'i censure.

V. RECORDS

Records must be nmmintai ned according to 21 CFR 606. 160, to
docunent the follow ng significant steps in the irradiation of
each product:

A The radi ation source: ldentify the strength of the
source, duration and | evel/dose (nunber of cGy) of
irradiation, and identity of operator, and the date and
time of irradiation.

B. Total irradiation: If a product is irradiated nore
than once, the docunentation should clearly indicate the
steps taken; individual irradiation doses should be
cross-referenced and the total (additive) irradiation dose
recorded.

C. Sit of irradiation: |If the irradiating facility is
different fromthe collecting facility, the records shoul d
i nclude information regarding this irradiating facility.

D. Quality control of the irradiating device: Quality
Control should include calibration and docunmentation of the
procedures discussed in the SOP section of this nenmorandum
or equi val ent procedures.

E. Personnel training: Training should include safety
procedures, and radiation nonitoring.

V. When a fatality due to transfusion-related G/HD has been
confirmed, the FDA nust be notified as soon as possible by

tel ephone with a witten report of the investigation to follow
wi thin seven days after the fatality [21 CFR 606.170 (b)]. Direct
such notifications to the

Di rector

O fice of Conpliance, HFM 600

Center for Biologics Evaluation and Research
1401 Rockville Pike, Suite 200N

Rockville, MD 20852-1448

Tel ephone: 301-594- 1191

Fatal GVHD in bone marrow transpl ant recipients who received
Wol e Bl ood or bl ood conponents during the post-transplantation
peri od need not be reported if the fatality was caused by the
marrow graft.



VI . | NFORVATI ON SOURCES

Techni cal questions, information and coments nmay be directed to
t he:

Di vi sion of Blood Collection and Processing, HFM 350
1401 Rockville Pike, Suite 200N

Bet hesda, MD 20852-1448

Phone: (301) 594-6700 FAX: (301) 594-6431

Questions, information and coments concerning | abeling or
shi pment may be directed to the

Di vi sion of Bl ood Establishnment and
Product Applications, HFM 370

1401 Rockville Pike, Suite 200N

Bet hesda, MD 20852-1448

Phone: (301) 594-2012 FAX: (301) 594-1973
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