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* Each row represents a prefectural blood center.

In Japan, there are forty-seven prefectural blood centers.
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Guidelines for irradiation of blood and blood
components to prevent post-transfusion
graft-versus-host disease in Japan

( Fifth version by the Committee for prevention of transfusion-associated graft-versus-host
disease of the Japan Society of Transfusion Medicine and Cell Therapy, 2011)

(Translated using a Grant from The Japanese Ministry of Health, Labour and Welfare, 2011 )
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Principles of guidelines

[1] Condition of a patient and cause of post-transfusion GVHD
1. Condition of a patient with post-transfusion GVHD
Blood transfusion complications are serious, and there is no effective cure.
After the onset, all cases were fatal.
Prevention 1s the only measure.
2. Cause and risk factors of post-transfusion GVHD

(1) HLA one-way match  (2) Immunodeficient state (3) Others
Blood from a blood relative is more likely to be an HLA one-way match with the
recipient.

[2] Basic policy of post-transfusion GVHD prevention

1. Irradiation of all blood and blood products (universal irradiation) except for fresh frozen
plasma.

2. Guidelines for urgent blood transfusion

3. Avoidance of in-hospital-collected whole blood usage

4. Promotion of autologous blood transfusion

5. In-hospital system maintenance for prevention

[3]Trradiation for post-transfusion GVHD prevention

1. Transfusions or blood and blood products to be irradiated
Transfusions with all blood and blood products except fresh frozen plasma may cause
post-transfusion GVHD.
(Whole blood, Red blood cell concentrate, Platelet concentrate,
Granulocyte-rich plasma, Fresh liquid plasma)

2. Irradiation dose
Blood and blood products should be irradiated with less than 50 Gy but more than 15
Gy for all parts .

3. Treatment of the irradiated blood
Blood and red cell components should be transfused with care to avoid side effects of
rises in the potassium level, especially for blood transfusion in a newborn baby, or in a
renal insufficiency patient, and for rapid, large-quantity blood transfusions.
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1] Mechanisms and pathophysiology of post-transfusion ~GVHD

1. Pathophysiology of post-transfusion GVHD
PT-GVHD occurs when donor lymphocytes in transfused blood attack recipient organs and
tissues recognizing recipient HLA and are not eliminated by the host’s immunological defense.
PT-GVHD was formerly thought to affect only immunocompromised patients. However, it has
been found that immunocompetent individuals can also suffer from PT-GVHD if the donor(s)
has one-way matched HLA with the recipient. Typical PT'GVHD consists of fever and
generalized erythema one or two weeks after transfusion, followed by liver dysfunction,
diarrhea, and bone marrow aplasia. Most patients die of multi-organ failure within one month
after transfusion.

Since, at present, there are no effective therapeutic protocols for patients with
PT-GVHD, prevention is the only way to avoid death caused by it.

2. Causes or risk factors of post-transfusion GVHD
Causes or risk factors which may permit donor lymphocytes to grow, multiply, and damage the
recipient organs or tissues inducing PT*GVHD, may include the following:
(1) HLA one-way match
Even if the recipient is immunocompetent, donor lymphocytes will not be rejected if the donor
possesses the same HLA antigens as the recipient. On the other hand, donor lymphocytes
may attack the recipient's organs and tissues, responding to HLA antigens not shared by the
donor due to the presence of homozygous donor HLA loci of the recipient. This situation is
referred to as HLA one-way match.
(D HLA one-way match between unrelated persons
HLA one-way match occurs at a rather high frequency, once in several hundred blood
transfusions from unrelated donors in Japan. It is technically difficult and also expensive to
identify HLA one-way match prior to routine blood transfusions.
@ HLA one-way match between blood relatives
Transfusions of blood from relatives may induce PT"-GVHD, because the chance of an HLA
one-way matched transfusion is higher than that in transfusions of blood from unrelated donors.
(2) Immunodeficient state
Recipient risk factors are those conditions in which the recipient may fail to eliminate donor
lymphocytes:
- Recipients with congenital immunodeficiency
- Recipients of transfusion after hematopoietic stem cell or organ transplantation
- Fetuses, low-birth-weight babies, and newborns
- Recipients with leukemias or malignant lymphomas
- Recipients undergoing treatment with high doses of anti-cancer drugs,
irradiation therapy, or immunosuppressive drugs
(3) Other risk factors in immunocompetent recipients in addition to HLA one-way match
- Surgery: especially transfusions for cardiovascular surgery, cancer operations, severe
trauma, and massive bleeding.
- Old age: over 80% of the reported patients with PT"GVHD in Japan were over 65
years old.
- First blood transfusion: PT-GVHD occurred at a higher rate in patients who were
transfused for the first time than in patients who had a history of blood transfusion.
On the reported patients with PT"-GVHD in Japan, about 95% of them had no history
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of blood transfusion.
(4) Risk factors associated with the blood used for transfusion
A major risk factor associated with the blood used for transfusion is donor lymphocytes which
can respond to recipient HLA antigens and proliferate via lymphoblastic transformation.
D Fresh blood
The fresher the blood, the higher the risk, especially with blood used within 3 days after
donation.
@ Blood and blood components until 14 days after collection
Lymphocyte activity declines in proportion to the length of storage of the blood, although a case
of PT"GVHD caused by the transfusion of blood which had been stored for 14 days has been
reported. Lymphocytes in blood stored for 2 weeks have not totally lost their immune response
ability, and retain the potential for lymphoblastic transformation. Live lymphocytes may exist
in any kind of blood component, except fresh frozen plasma.
® Kinds of blood and blood components that should be irradiated.
With the exception of fresh frozen plasma, all kinds of blood/ blood components have been
reported to cause PT"GVHD. Consequently, they should be considered for irradiation if they
are to be used for transfusion in patients with a risk of PI-GVHD. The following kinds of blood,
excluding fresh frozen plasma, should be considered for irradiation:
- Whole blood
- Red blood cells (including leuko-depleted red blood cells and frozen red blood cells )
- Platelets
- Granulocytes
- Fresh plasma
(There has been no confirmed case of PT-GVHD caused by fresh frozen plasma.)

3. THERAPEUTIC MEASURES FOR PT-GVHD

(1)Diagnosis

When a patient has symptoms or laboratory findings suggestive of PT-GVHD, physicians and
surgeons should consult specialists in transfusion medicine in order to make a diagnosis with
the support of blood centers. The diagnosis should be supported by clinical symptoms and
laboratory data, and should be proven by the presence of chimerism of lymphocytes in the
patient's peripheral blood. Lymphocyte chimerism should be determined by examining the
disparity of HLA types or DNA polymorphism. The Japanese Red Cross Blood Centers will
support these investigations.

(2) Cure

Although there is no established effective treatment, when a definitive diagnosis of PT'GVHD
has been made, aggressive treatment with the most reliable and promising methods should be
given with the assistance of specialists in transfusion medicine. As supportive therapy, care
should be given in a bio-clean environment and the administration of antibiotics and protease
inhibitors should be performed for leukopenia, thrombocytopenia, and multi-organ failure, like
the treatment of bone marrow transplantation patients. It is clear that a procedure for the
eradication of donor lymphocytes is urgently required and is eagerly awaited.

2] PRINCIPLES OF PT-GVHD PREVENTION
Since there is no effective treatment, the prevention of PT-GVHD is of the utmost importance.
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The principles of PT"-GVHD prevention are as follows:

1.Universal irradiation for blood and blood components except for fresh frozen plasma

If allogeneic blood transfusion cannot be avoided, the prevention of PT-GVHD by irradiation of
universal irradiation for blood and blood components except for fresh frozen plasma should be
considered.

2. Correspondence in the urgent blood transfusion

If blood transfusion is urgently required for the treatment of a patient, and ABO blood type
identical irradiated blood cannot be obtained immediately, ABO not-identical but compatible
irradiated blood or blood products should be transfused in conformity with "Guidelines for
critical bleeding" devised by the Japanese Society of Transfusion Medicine and Cell Therapy
and the Japanese Society of Anesthesiology in collaboration.

In addition, it is necessary to acquire emergent informed consent for blood transfusion based on
these guidelines. An in-hospital system should be maintained so that irradiated blood and blood
components will be available for urgent blood transfusion.

3. Evasion of the in-hospital collected blood transfusion

The usage of in-hospital-collected blood should be avoided as much as possible. At least,
non-irradiated in-hospital-collected blood should not be transfused.

(1) Exclusion of transfusion of blood donated by relatives

HLA one-way match is considered to be a risk factor for PT-GVHD, and may occur more often
with blood from blood-relatives than with that from unrelated donors. Therefore, transfusion of
blood from relatives should be avoided.

(2) Exclusion of transfusion with fresh blood

As the transfusion of fresh blood leads to an increased risk of post-transfusion GVHD,
non-irradiated fresh allogeneic blood transfusion is contraindicated.

4. Promotion of the autologous blood transfusion
Autologous blood transfusion by preoperative storage or intra-operative collection is preferable
to allogeneic blood transfusion.

5. Establishment of an in-hospital system for the prevention of post-transfusion GVHD

Within the medical institution, the importance of the prevention of post-transfusion GVHD
should be publicized by the transfusion committee. Strictly specified indications for allogeneic
transfusion are recommended, and it is important to promote a no-blood-transfusion operation,
allogeneic transfusion avoidance through autologous blood transfusion. For the prevention of
post-transfusion GVHD onset, a system should be established so as to avoid the transfusion of
non-irradiated in-hospital-collected blood.

Medical institutions without an irradiator should ask blood centers to supply only irradiated
blood and blood components except fresh frozen plasma to carry out measures to prevent
post-transfusion GVHD. In addition, medical institutions with an irradiator should prepare
irradiated blood or blood components for emergency transfusion by establishing a system to be
able to irradiate them for 24 hours, or also ask for irradiated blood and blood components from
blood centers when blood irradiation for 24 hours is difficult.
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['3 ] Blood irradiation for the prevention of post-transfusion GVHD

1. Indications for blood irradiation and blood and blood components for irradiation
(1) Indications for blood irradiation (universal irradiation)
As the risks of post-transfusion GVHD arise from suffering diseases, surgical operations, aging,
immunosuppressive treatments, anti-cancer therapy, transplantations, or the freshness of blood,
it is very complex to estimate the risk of each blood transfusion. As a result, very few blood
transfusions with HLA one-way match may prevent post-transfusion GVHD, and you should
irradiate all blood and blood components (universal irradiation) except for fresh frozen plasma
before transfusion,
(2) Kinds of blood and blood components that should be irradiated.
With the exception of fresh frozen plasma, all kinds of blood/ blood components have been
reported to cause post-transfusion GVHD. Consequently they should be considered for
irradiation if they are to be used for transfusion. Although, blood and blood components
supplied from Japan Red Cross Blood Centers are all depleted leukocytes, the effect of leukocyte
depletion for the prevention of post-transfusion GVHD has not been confirmed. The following
kinds of blood, excluding fresh frozen plasma, should be considered for irradiation:

- Whole blood

- Red blood cells (including frozen red blood cells )

- Platelets

- Granulocytes

- Fresh plasma

(There has been no confirmed case of PT-GVHD caused by fresh frozen plasma.)

2. IRRADIATION DOSAGE

Irradiation of blood to prevent PT-GVHD should be performed at a dose between 15 and 50 Gy.
Irradiation at a dose of 15 Gy or more is required to prevent the proliferation of T lymphocytes
which may cause PT"-GVHD. On the other hand, the dose should not exceed 50 Gy in order to
avoid harming the function or decreasing the lifespan of red blood cells, platelets, or
granulocytes. Care must be taken to ensure that all blood receives a dose between 15 and 50 Gy.
Each radiation machine has its own characteristics depending on the beam source and energy.
The conditions of irradiation should be established so that all blood bags are irradiated within
the dose range. The conditions of irradiation should remain constant by conducting regular
tests and maintenance of radiation machines.

3. IRRADIATED BLOOD

Irradiated blood may be used for other patients and is good for up to 3 weeks after donation,
which is the limit for the usage of red blood cells in Japan, unless the elevated potassium level
in such blood is harmful to the patient.

(1) Supernatant potassium level

The potassium level in plasma (or plasma with additive solutions) will increase by leakage from
erythrocytes during storage in refrigerator because the sodium-potassium pump of the
erythrocyte membrane will not be able to work under cold conditions, and these potassium
leakages are faster with irradiated erythrocytes. Because of this, the irradiated blood tends to
show an increased potassium level during storage more quickly than non-irradiated blood.
Since the rapid infusion of potassium is hazardous to the cardiac function, blood must be
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transfused immediately after its irradiation for infants, premature babies, patients with renal
failure, and those requiring rapid, massive transfusion. For example, 2 units (in Japan, 1 unit
is prepared from 200 ml of whole blood) of RC-MAP (red cell concentrate suspended in MAP
solution containing mannitol, adenine, and sodium phosphate) contains 7.1 0.8 mEq of
plasma potassium after 21 days of storage following irradiation with 15 Gy on the 2nd day after
donation. The transfusion of 10 units of this blood in one hour to a patient weighing 60 kg is
equivalent to infusing 0.5 91-0.07 mEq/kg body weight/hour.

TIrradiated blood/ blood components can be used until their official expiration dates, if they are to
be transfused into patients able to tolerate the accompanying amount of potassium.

(2) Effect on blood cells

It has been established that there is no distinct effect of irradiation of blood at the dose
recommended above on the lifespan or function of erythrocytes, platelets, or granulocytes.
Approximately 80% of transfused erythrocytes which have been irradiated soon after collection
and stored for 21 days before transfusion are still in the circulation 24 hours after transfusion
(Table 1).
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Table 1. Erythrocyte survival 24 hours after transfusion of blood components
stored for 21 days after irradiation

Blood component Irradiation dose (Gy)  Survival 24 hours after
transfusion (%)
1) 0 90.4
AS-3

20 82.7
0 83.5

rReC 2
30 76.1
0 81.7

prC )
50 82.6
100 83.8
200 784
0 81.2

cpp )
50 78.0
100 84.3
200 77.5

AS-3: Erythrocytes in AS-3 solution, RBC, PRC: Packed red cells,
CPD: Whole blood with CPD

1): Friedman KD et al., 1991

2): Kagen L, 1990

3): Button LN et al., 1981
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