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Pediatrik Kanserlerin
Tanilara Gore Dagilimi

m TPOG/TPHD Pediatrik Kanser Kayitlar: 2009-2012

TURK PEDIATRIK ONKOLOJI

Tumor Type n %

| Leukaemia @ @
Il Lymphomas and Reticuloendothelial Neoplasm 1505 18,75
Il CNS and Miscellaneous Intracranial and Intraspinal Neoplasm 1005 12,52
IV Sympathetic Nervous System Tumors 600 7,48
V Retinoblastom 217 2,70
VI Renal Tumors 400 4,98
VII Hepatic Tumors 116 1,45
VIII Malignant Bone Tumors 523 6,52
IX Soft-Tlissue Sarcomas 588 7,33
X Germ Cell, Trophoblastic and Other Gonadal Neoplasm 460 5,73
XI Carcinomas and Other Malignant Epithelial Neoplasm 231 2,88
XII Other and Unspecified Malignant Neoplasm 26 0,32

Total 8026 100,0



Antibiyotik tedavilerinde ilerlemelere ragmen

Kemoterapi veya hematopoetik kdk hlicre
nakli yapilan

Notropenik hastalarda (ozellikle uzamis)
Mortalite ve morbiditenin en onemli nedeni

d

infeksiyonlar



Notropeni

Mutlak notrofil sayisi (MNS) = Total [6kosit sayisi
(hticre/mikrolitre)x (notrofil ylizdesi+ band yizdesi)
=100

Hafif notropeni— MNS 1000 to 1500/microl

Orta derecede notropeni— MNS 500 to 1000/microlL

Agir notropeni— MNS <500/microlL

* Granulosit 500/mm?3 olunca infeksiyon riskinde
onemli artig!!!!



Notropenik hastalarda
infeksiyon spektrumu

Bacteria

White
® Blood Cell

 Multidrug rezistan bakteriyel infeksiyonlar

* Fungal infeksiyonlar: Aspergillus, fusarium,
zygomyces



e Pediatrik onkoloji hastalarinda iyilesme orani
son 30 yilda belirgin olarak artmis ve %70’lere

ulasmistir.
* Maliniteli cocuklarda septik sok gelistiginde
mortalite %40

 Hatta KIT yapilip invaziv aspergillus infeksiyonu
olan hastalarda %85’ lere kadar yukselmekte

Hallahan AR, Shaw PJ, Rowell G, O’Connell A, Schell D, Gillis J. Improved outcomes of children with malignancy admitted to a pediatric intensive care unit. Crit Care
Med. 2000;28:3718-21.
Price TH. The current prospects for neutrophil transfusions for the treatment of granulocytopenic infected patients. Transfus Med Rev.2000;14:2-11.



Granulocytes
|

Granulositler |

iod
Neutrophil Eosinophil Basophil

* Normal kisilerde glnlik granulosit Gretimi
6 x 1019%/giin
* Yarilanma dmru 6-7 saat

* Birkac saatten fazla depolanamaz, hizla
viabilitesini kaybederler.

* Granulositler toplanip, gunlik kullaniimal
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Tarihge

« Notrofilik granulositlerin infuzyonu ile konagin direncini
arttirma, 80 yildan uzun suredir arastiriimakta.

* 1934 Strumia: Notropenili hastalara intramuskuler l0kosit krem
injeksiyonu, 9/10 hastada notrofil sayisinda artis

- 1953 Normal I6kositlerin ilk transfiizyonu ™ letal olarak
Isinlanmig kopeklere isogeneik |okositler verilmig, doza bagl
olarak bakteriyel septisemiden hayvanlari koruyabildigi
gosterilmis.

Strumia MM. The effect of leukocytic cream injections in the treatment of the neutropenias. Am J Med Sci 1934;187:527-44.

Brecher G, Wilbur KM, Cronkite EP. Transfusions of separated leukocytes into irradiated dogs with aplastic marrows. Proc Soc Exp Biol
Med 1953; 84:54—6.

Brecher G, Cronkite EP, Bond VP, Dutcher TF. Problems of leukocyte transfusions. Acta Haematol (Kbh) 1958; 20:179-84.

Brecher G, Wilbur KM, Cronkite EP. Transfusions of separated leukocytes into irradiated dogs with aplastic marrows. Proc Soc Exp Biol
Med 1953; 84:54—6.



* 1958 Sican I6kositlerinin farelere enjekte edildiginde bazi
fonksiyonlarini sirdirdiginin gosterilmesi

* 1964 Granulositlerin tedavi edilmemis KML'li hastalardan
toplanma cabalari = Don6r bulmaktaki zorluk, hicre
engrafman olasiligl,potansiyel patojenlerin transmisyon
riski = KML hastalarindan granulosit toplanmasinin
basarisizlikla sonuclanmasina neden olmasi.

Brecher G, Cronkite EP, Bond VP, Dutcher TF. Problems of leukocyte transfusions. Acta Haematol (Kbh) 1958; 20:179-84.

Freireich EJ, Levin RH, Whang J, Carbone PP, Bronson W, Morse EE. The function and fate of transfused leukocytes from donors with chronic
myelocytic leukemia in leukopenic recipients. Ann NY Acad Sci 1964; 113: 1081-90.

Strauss RG. Therapeutic granulocyte transfusions in 1993. Blood 1993; 81: 1675-8.

Schiffer CA, Aisner J, Dutcher JP, Wiernik PH. Sustained post-transfusion granulocyte count increments following transfusion of leukocytes
obtained from donors with chronic myelogenous leukemia. Am J Hematol 1983; 15:65-74.



* 1970 li yillar: Filtrasyon l6koforezi ile grantlosit
toplama cabalari

Filtrelerin hlcreleri travmatize ve aktive etmesi =
Granul salinim ve kompleman aktivasyonu s
Toplanan hiicrelerin yasam surelerinin kisa olmasi,
pulmoner sekestrasyon olasiligi

McCullough J, Weiblen BJ, Deinard AR, Boen J, Fortuny IE, Quie PG. In vitro function and post transfusion survival of granulocytes collected
bybcontinuous-flow centrifugation and by filtration leukapheresis. Blood 1976; 48:315-26.

Hammerschmidt DE, Craddock PR, McCullough F, Kronenberg RS, Dalmasso AP, Jacob HS. Complement activation and pulmonary leukostasis
during nylon fiber filtration leukapheresis. Blood 1978; 51:721-30.



e 1975: Siirekli akim santifigurasyon lokoforezi
(Glinlimiizde de standart olan metod)

* Periferik kanda [6kosit sayisini yukseltmek icin donorlere
kortikosteroid verildi, eritrosit cokistunu hizlandirmak icin
hidroksietil starch (HES) kullanild.

e 10x10°- 30x10° sayida (Gunliik Gretimin %10-30) notrofil
toplanmasi mumkun oldu.

Dale DC, Fauci AS, Guerry D, Wolff SM. Comparison of agents producing a neutrophilic leukocytosis in man: hydrocortisone, prednisone, endotoxin and
etiocholanolone. J Clin Invest 1975; 56:808—13.



e 1972-1982: Bircok klinik calisma, celiskili sonuclar
6 tanesinde iyi yanit

e 1985-1995: Antibiyotiklerin gelisimi, destek bakimda
ilerlemeler, granulosit toplama ve transfiizyonda zorluklar
m) Granilositlerin klinik kullanimdan cekilmesi

* 1990: Aferez tekniklerinde gelisme

e 2000: Donor granulosit yapiminin G-CSF ve steroidle
uyariimasi



G-CSF stimulasyonundan sonra
toplanan notrofillerin kalitesi

* Transflzyonda sonra daha uzun émur (genc?)
* Apoptozda gecikme

* Invitro fonksiyonlarda artma (6rnegin,
solunum patlamasi, kemotaksis ve bakterisidal
aktivite)

Joos K, H zog R, Einsele H, et al. Characterization and functional analysis of granulocyte entrates collected from donors after repeated G-CSF stimulation.
Transfus 2002 42 603.

Lea yPJ Thurman G, Ambruso DR. Functional characteristics of neutrophils collected and stored after administration of G-CSF. Transfusion 2000; 40:414.
Drewniak A, van Ra mBJ Geissler J, et al. Changes in gene expres of granulocytes during in vivo granulocyte colony-stimulating facto /d amethasone
mobilizatio f r transfusion purposes. Blood 2009; 113 5979.



Graniilosit Transflizyonu-indikasyonlar

e Kronik grantilomatoz hastalik disinda MNS
<500/mm?3 olmasi

* Bakteriyel veya fungal infeksiyon bulgulari

( Infeksiyonun klinik semptomlari, pozitif kilturler,
biyopsilerden patolojik tanilar, pnémoni
radyografik bulgular)

* En az 48 saatlik antimikrobial tedaviye yanit
vermeme (Hayati tehdit eden infeksiyon

durumlari harig)

Bishton M, Chopra R. The role of granulocyte transfusions in neutropenic patients. Br J Haematol 2004; 127:501.



Graniilosit Transflizyonunun Tedavi
Amach Kullanilmamasi Gereken Durumlar

 Kemik iligi yetersizligi olup, notrofilin
dizelmesi beklenmeyen ve daha fazla aktif
tedavi planlanmayan hastalar

* Notropeni veya bilinen notrofil fonksiyon
bozuklugunun eslik etmedigi sepsis

 Nedeni bilinmeyen ates




Kemoterapi veya hematopoetik kok hiicre nakli sonrasi notropeni
hala bu populasyonda nadir kullanilmasina ragmen, granulosit
sispansiyonlarinin en yaygin kullanim alanidir.

Anemi ve trombositopeni ™» Replasman tedavisi

Infeksiyonla iliskili agir ndétropeni Kemik iliginden grantlosit Gretimi
icin G-CSF
Ancak bu gruptaki hastalarin G-CSF yaniti genellikle iyi degil

Sachs UJ, Reiter A, Walter T, et al. Safety and efficacy of therapeutic early onset granulocyte transfusions in pediatric patients with
neutropenia and severe infections. Transfusion 2006; 46:1909.

Stanworth SJ, Massey E, Hyde C, et al. Granulocyte transfusions for treating infections in patients with neutropenia or neutrophil
dysfunction. Cochrane Database Syst Rev 2005; :CD005339.

Diaz R, Soundar E, Hartman SK, et al. Granulocyte transfusions for children with infection and neutropenia or granulocyte dysfunction.
Pediatr Hematol Oncol 2014; 31:425.



Donor Secimi

Dondrden onam alinmali, tibbi degerlendirme
ve virolojik taramadan gecirilmelidir. Donor

olmak

Icin

tasimalidir.

Donorun
olmalidir.

alicyla ABO ve Rh

gerekli

minimum

kriterleri

uygunlugu

Table 1: Hierarchy for selection of granulocytes by ABO blood group

Recipient group

1st choice donation

2nd choice donation

3rd choice donation

)

O

N/A

N/A

A A O HT neg N/A
B B O HT neg N/A
AB AB A (or B) HTneg O HT neg




Granulosit donasyonunda, son 30 gun icinde
vapilan, kan ile bulasabilen infeksiyon testleri
negatif olmalidir.

G-CSF kullanimi onaylanmadigi icin hamile ve
hemoglobinopatili kisiler dondr olmamall
Dondrin veno6z girisime uygun iyi damar yatagi
olmall.

Steroid ve nisasta allerjisi olmamal..

Steroid kullanimina kontrendike hipertansiyon,
diyabet, gastrointestinal Ulser, glokom, tuberkuloz
veya fungal infeksiyon dykusi olmamali.



CMV uyumlulugu arastiriimahidir. Ozellikle CMV (-) aliciya
CMV (-) donorden granulosit transfiizyonu onerilmektedir.

Ancak bazi calismalarda CMV taranmamis GTX ile alicida
daha fazla CMV reaktivasyonu ya da hastaligi olmadigi
gosterildikten sonra bu tarama sorgulanmaya baslamistir.

HLA uygun dondr tartismalidir. Klinisyenler kardesinden KIT
vapilmasi s6z konusu hastalarda alloimmunizasyon
olasihgina  karst aile ici donorlerden  grantlosit
transfliizyonundan kacinmalidir.



Donor Hazirlanmasi

e Saglikli donorlere G-CSF uygulanmasinin etik ve
gUvenilirlilik yona???
* Granulosit notrofil kinetigini ve fonksiyonlarini

aktive edici rolli yaninda, G-CSF monosit ve
lenfosit sayi ve/veya fonksiyonlari etkileyebilir.

* Invivo calismalarda, G-CSF dlizeylerinin, periferik
kanda, G-CSF uygulamasindan 4 saat sonra
maksimuma ulastigl, 2 ginde normal dizeylere
dondugu gosterilmis.

Anderlini P. Effects and safety of granulocyte colony-stimulating factor in healthy volunteers. Curr Opin Hematol. 2009;16:35-40.

Shaw BE, Confer DL, Hwang W, Pulsipher MA. A review of the genetic and long-term effects of G-CSF injections in healthy donors: a reassuring

lack of evidence for the development of haematological malignancies. Bone Marrow Transpl. 2015;50(3):334—40.

Avalos BR, Lazaryan A, Copelan EA. Can G-CSF cause leukemia in hematopoietic stem cell donors? Biol Blood Marrow Transplant. 2011;17:1739-46.



Elde bulunan mevcut klinik veriler ile, G-CSF Un, normal
hematopoetik kok hiicrelerde transformasyon yaptigina
dair net veri yok.

Gec¢ yan etkilerde muhtemel mekanizmalar mevcut.
Sitogenetik anormallikler

Adrenerjik Reseptorler

DNTM aktivasyonu ve DNA Metilasyonu

STAT fosforilizasyonu

MLL

Hox genlerinin deregltlasyonu BCL-2 yi regile etmekte.



Sitogenetik anormallikler
* Birkac aya kadar devam eden allel replikasyonunda asenkroni
* 268 glne kadar sebat eden aneuploidi
* Birkac aya kadar devam eden DNA destabilizasyon
e Replikasyon asenkronisi
* Aneuploidi
Adrenerjik Reseptorler

* insan CD34+ stem hiicrelerinden daha primitif olan CD34+/CD38- hiicreler
katekolaminerjik reseptor tasir. G-CSF bu reseptor ifadelerini arttirir

* Adrenerjik reseptorler motilite, homing ve proliferasyon ile ilgilidir.

Adrenerjik etkiler leukemia gelisimi ile iliskili gibi gortlmektedir
Nagler, Exp Hematol 2004; Shapira, Am J Hematol 2013; Hirsh, Blood 2011
Lapidot, Hematology 2010; Hanoun, Cell Stem Cell 2014



DNTM aktivasyonu ve DNA Metilasyonu

Saglikli stem hicre donorlerinde gecici olarak
rHu G-CSF etkisi ile DNMT aktivitesi
artmaktadir.

DNMT ifadesinin kanseri olan hastalarda arttigi
bilinmektedir

Nagler, Exp Hematol 2004; Herman, Proc Natl Acad Sci USA 1996; Damman Oncogene, 2001
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Haematological malignancies developing in previously healthy
individuals who received haematopoietic growth factors: report
from the Research on Adverse Drug Events and Reports (RADAR)

project

Charles L. Bennett, ' Andrew M. Evens,
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Summary

Pegylated recombinant human megakaryocyte growth and development
factor (PEG-rHuMGDF) and granulocyte colony-stimulating factor (G-CSF)
promote hacmatopoietic progenitor cell maturation. We reviewed the
findings for healthy volunteers/donors who developed haematological
malignancies following PEG-rHuMGDF or G-CSF  administration.
Information was reviewed for three of 538 volunteers who received PEG-
rHuMGDF in clinical trials and two of 200 donors who underwent G-CSF
mobilised stem cell harvesting procedures for sibling stem cell transplants.
Mantle cell, diffuse large B-cell lymphoma and chronic lymphocytic
leukaemia were diagnosed 1-5 years after PEG-rHuMGDF exposure among
three volunteers. For one patient, thrombocytopenia due to autoantibodies to
PEG-rHuMGDF developed shortly after PEG-rHuMGDF administration and
persisted until chemotherapy was administered. All three achieved complete
remission, although one patient relapsed. Acute myeloid leukaemia was
diagnosed 4 and 5 years after G-CSF mobilisation in two donors who
underwent peripheral blood stem cell donation for sibling allogeneic
haematopoictic  stem  cell  transplantation.  Following  intensive
chemotherapy, one died from acute leukaemia and the second is in
complete remission. Controversy exists over the appropriateness of
administering haecmatopoietic growth factors to healthy individuals. While
a causal relationship with haematological malignancies cannot be
demonstrated, long-term follow-up among healthy individuals who receive
haematopoietic growth factors is needed.

Keywords: haematopoietic growth factors, megakaryocyte growth and
development factor, granulocyte colony-stimulating factor, Research on
Adverse Drug Events and Reports,

Benneth 2006; 538 donor
arasinda 1-5 yil sonra,
3 kiside mantle cell,
DLBCL ve KLL

200 donor arasinda ise
2 AML rapor etti.

Sebep-sonuc iliskisi
kanitlanmasa da, uzun
siireli donor takibinin

LV

gerekliligine isaret etti.
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Transplantation. 2016 Jun;100(6):1329-31. doi: 10.1087/TP.0000000000001223.

Safety of Living Donation of Hematopoietic Stem Cells.
Szer J1 Elmoazzen H, Fechter M, Hwang W. Korhonen M, Miller J, Mengling T, Shaw B, Stein J.
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Graniilosit Toplanmasi A
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* Aferez yontemiile

e Granulositlerin alinip, eritrosit ve plazmanin donore
geri donmesi

e Slre 150-180 dakika
e 7-10 It kan
* Antikoagulan sitrat

* Granulositlerin eritrositlerden ayrimi icin donér
kanina HES ilavesi

* Dono6run vital bulgular acisindan izlemi



Toplanan Uriin

 Hacim: 200-250ml|
e |cerik 1x10%0 granilosit

Doz

* <10 kg: 1-2 x 109/kg nétrofil / grantilosit soltisyonu
* >10 kg: 1 x 10" notrofil / grantlosit soliisyonu
* Adolesan: 5-8 x 10 nétrofil / grantilosit soltisyonu

» Istenilen notrofil diizeyi: Birkac giin siireyle 1.0 x 109/L



Grantlosit Saklanmasi [

e Saklamak icin uygun degildir, toplandlktn sonra en
kisa slire icinde (maksimum 24 saat) transfiize

edilmelidir.

 Hemen kullanilamadigi durumlarda, 22 +2°C de, ideal
olarak calkalama yapmadan saklanir.

e Eger granulositler yanlislikla calkalanirsa, bu durum
transfuzyona engel degildir. Calkalamanin
fonksiyonlarini etkiledigine dair sinirli delil vardir.

Seidel MG, Peters C, Wacker A, Northoff H, Moog R, Boehme A, Silling G, Grimminger W, Einsele H. Randomized phase Il study of granulocyte transfusions in
neutropenic patients. Bone Marrow Transplantation. Advance online publication 11 August 2008; doi: 10.1038/bmt.2008.237

Sasakawa S and Miyamoto M. Studies on granulocyte preservation Ill. Effect of agitation on granulocyte concentrates (1987). Transfusion 27(2): 165-6



Granulosit Transflizyonu @
Nasil Yapilir? 0%

-

* Transflizyon reaksiyonu riski yliksek oldugundan 6ncesinde asetaminofen
ve difenhidramin ile premedikasyon

* Transflizyon sirasinda por buyukliga 170 mikron olan filtreleri iceren
standart kan setleri kullanilmali, yatak basi [6kosit filtreleri asla
kullanilmamal

* Cocuk dozu 30 kg alti cocuklara 10-20 ml/kg

* Yavas 2 ml/dak olarak baslatiimali, yakin vital bulgu, O2 satiirasyonu,
komplikasyonlar acisindan izlenmeli, transflizyon reaksiyonu yoksa
inflzyon hizi, hasta tolere edinceye kadar arttiriimal

e Urlin 2 saat icinde transfiize edilmeli

* Transflizyon reaksiyonu gelisirse, inflizyon hemen durdurulmali, SF
verilmeli

e Uriin hemen imha edilmemeli, kan bankasina bilgi verilmeli, hasta tekrar
degerlendirilmeli, bulgular diizeldiyse inflizyona devam edilmeli

e Granulosit imha karari mutlaka doktor tarafindan verilmeli



Tedaviye Yanitin
Degerlendirilmesi G

* GuUnluk mutlak notrofil, [6kosit sayisi izlemi

* 5.1 x 10 graniilosit iceren transfiizyon yapildiginda MNS
sayisinda 1000/microl artis, 1-1.5 giin

* Hastalarin infeksiyon belirti ve bulgulari, mikrobiyolojik kulttr
ve gorintlleme yontemleriile izlenmesi

* Gunluk granulosit transfizyonu, agir nétropenik hastalarda,
notrofil sayisini yukseltme yaninda, bakterisidal, fungisidal,
kemotaktik aktivitenin artmasini, ekstravaskuler alana lokalize
infeksiyon alanina noétrofil migrasyonunu saglar.

Adkins D, Spitzer G, Johnston M, et al. Transfusions of granulocyte-colony-stimulating factor-mobilized granulocyte components to allogeneic transplant recipients: analysis
of kinetics and factors determining posttransfusion neutrophil and platelet counts. Transfusion 1997; 37:737.

Vij R, DiPersio JF, Venkatraman P, et al. Donor CMV serostatus has no impact on CMV viremia or disease when prophylactic granulocyte transfusions are given following
allogeneic peripheral blood stem cell transplantation. Blood 2003; 101:2067.

Ein-Gal S, Pepkowitz SH, Hurvitz CH, Goldfinger D. Dramatic tissue response after a single granulocyte transfusion. Transfusion 2007; 47:2185.



Tedavi Sonlandirma
Kriterleri

* Klinik belirti ve bulgularla ve laboratuar, radyolojik bulgularla
infeksiyonun gerilemesi

* Granulosit transfuzyonu almadan, kemik iligi recovery bulgularindan olan
MNS’nin 3 glin 500/ mm?3 tizerinde olmasi

e Granulosit transfiizyonuna kotu yanitin gostergesi olarak hastanin klinik
durumunun kotlilesmesi (Tedavi plani ailden onay alinarak palyatif bakim
olarak yapilir.) Granilosit transflizyonu, palyatif bakimin bir bolimu olarak
disinitlmemektedir.

~ R
Siire: Hastanin klinik durumu, tedavi plani, tedaviye yanit

ve donor bulabilme durumuna gore 3 gun-aylar
- /




Yanitin Degerlendirilmesi
The Resolving Infection in Neutropenia
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Efficacy of transfusion with granulocytes from G-CSF/dexamethasone—treated donors in neutropenic patients with
infection
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Randomize Graniilosit Calismasi
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Flow diagram of the study. A total of 114 patients were randomized, 56 to the granulocytes group and 58 to the control group. Nine
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Withdrew
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35
PP Analysis

subjects withdrew from the study, and an additional 14 subjects withdrew from treatment.

Kesin veya olasi tanil
Bakteriyel/fungal infeksiyon
G-CSF ile mobilizas yon

114 hasta

Kemoterapi/HSCT
Notrofil<500 mm3

97 hasta calismayl tamamladi




Baseline charactenstics for modified inte ntio n-to-treat subjects (N = 97)

Treatment arm

Control, n = 49 Granulocvtes, n = 48 .!“"i

Age, ¥ 46.9 + 202 549+ 17.1 04
<18, n (%) 6 (12) 4 (8) 24
18-64, n (%) 33 (67) 27 (56)
=65, n (%) 10 (20) 17 (35)

Male sex, n (%) 27 (33) 28 (58) B4

Race, n (%) A8
Whie 31(63) 37(77)

Asian 4 (8) 1 (2)
Black/African American 1(2) 3(6)
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Average Number of Granulocytes per Transfusion per kg (x109 cells)

Figurs 2
Distribution of the averape number of granulo; s per transfusion per kilogram {=10%). Forty-nine subjects received st least 1 G-CSF-stimulated granulocyte
transfusion with sufficient information to calculate dose.




A

MITT
Overall

Bactenal Infection
Bacteremia Only
Tissue Bacterial Infection

Fungal Infection
Fungemia Only
Tissue Fungal Infection

High Risk with Invasive Mold Infection
Low Risk with Invasive Mold Infection
High Risk with other Infection
Low Risk with other Infection

Mold Pulmonary/Chest
Mold ExtraPulmonary

Per-Protocol
Overall

Bactenal Infection
Bacteremia Only
Tissue Bactenal Infection

Fungal Infection
Fungemia Only
Tissue Fungal Infection

High Risk with Invasive Mold Infection
Low Risk with Invasive Mold Infection
High Risk with other Infection
Low Risk with other Infection

Mold Pulmonary/Chest
Mold ExtraPulmonary

Total Granulocytes

N (% Success) N (% Success)
97 (42%) 48 (42%)
51(33%) 26 (35%)
25 (24%) 14 (29%)
26 (42%) 12 (42%)
46 (52%) 22 (50%)
11(64%) 3(33%)
35 (49%) 19 (53%)
22 (55%) 13 (54%)
9 (44%) 4 (50%)
41(27%) 17 (29%)
25 (56%) 14 (43%)
23 (57%) 13 (46%)
10 (40%) 4 (75%)
74 (45%) 35 (49%)
38 (39%) 19 (42%)
19 (32%) 10 (40%)
19 (47%) 9 (44%)
36 (50%) 16 (56%)
7(57%) 2 (50%)
29 (48%) 14 (57%)
18 (61%) 9(67%)
7(29%) 3(33%)
32(31%) 13 (38%)
17 (59%) 10 (50%)
18 (61%) 9 (56%)
8 (25%) 3(67%)

Control P-Value
N (% Success)

49 (43%) >099
25(32%) >099
11 (18%) 066
14 (43%) >099
24 (54%) >099
8 (75%) 049
16 (44%) 074
9(56%) >099
5(40%) >099
24 (25%) >099
11(73%) 023
10 (70%) 040
6 (17%) 019
39 (41%) 064
19(37%) >099
9 (22%) 063
10(50%) >099
20 (45%) 074
5(60%) >099
15 (40%) 047
9(56%) >099
4(25%) >099
19 (26%) 070
7(71%) 062
9(67%) >099
5 (0%) 011

—
252

Logy, Odds Ratio



MITT
Overall

Bacterial Infection
Bacteremia Only
Tissue Bacterial Infection

Fungal Infection
Fungemia Only
Tissue Fungal Infection

High Risk with Invasive Mold Infection
Low Risk with Invasive Mold Infection
High Risk with other Infection
Low Risk with other Infection

Mold Pulmonary/Chest
Mold ExtraPulmonary

Per-Protocol
Overall

Bacterial Infection
Bacteremia Only
Tissue Bacterial Infection

Fungal Infection
Fungemia Only
Tissue Fungal Infection

High Risk with Invasive Mold Infection
Low Risk with Invasive Mold Infection
High Risk with other Infection
Low Risk with other Infection

Mold Pulmonary/Chest
Mold ExtraPulmonary

Total  Granulocytes

N (% Deceased) N (% Deceased)
97 (52%) 48 (52%)
51(59%) 26 (58%)
25 (72%) 14 (64%)
26 (46%) 12 (50%)
46 (43%) 22 (45%)
11 (36%) 3 (67%)
35 (46%) 19 (42%)
22 (45%) 13 (46%)
9(33%) 4 (25%)
41(66%) 17 (65%)
25(40%) 14 (50%)
23(39%) 13 (54%)
10 (50%) 4(0%)
74 (47%) 35 (43%)
38 (50%) 19 (47%)
19 (63%) 10 (50%)
19(37%) 9 (44%)
36 (44%) 16 (38%)
7 (43%) 2(50%)
29 (45%) 14 (36%)
18 (39%) 9(33%)
7(43%) 3(33%)
32(59%) 13 (54%)
17 (35%) 10 (40%)
18 (33%) 9 (44%)
8(63%) 3(0%)

EER

Control P-Value
N (% Deceased)
49(51%) >0.99
25(60%) >099
11 (82%) 0.41
14(43%) >099
24 (42%) >099
8 (25%) 049
16 (50%) 074
9(44%) >099
5(40%) >099
24(67%) >099
11(27%) 041
10 (20%) 020
6(83%) 0.05
39(51%) 049
19(53%) >0.99
9(78%) 035
10 (30%) 065
20 (50%) 0.52
5(40%) >099
15(53%) 046
9(44%) >099
4(50%) >099
19 (63%) 072
7(29%) >099
9 (22%) 062
5(100%) 0.02

1939 92

Log,s Odds Ratio

T
2

vvvvv

4950080

Logyo Odds Ratio

T
N

1
3

Primer sonug:
Survival+Mikrobiyal yanit
Randomizasyonun 42. giiniinde
degerlendirme

Grandilosit grubunda 20/48 %42)
Kontrol grubunda 21/49 (%43)




™
Log-Rank P-value = 0.35
=
o
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e
o - &
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=1 |_ -
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0.3 4
0.2 |
01 - Gontrol
: Granulocytes e
Censored Values o
0.0 T T T T T T T T T
0 10 20 30 40 50 60 70 80 90
Time to Death (Days)
N at Risk
Control: 58 48 4 35 35 30 30 30 30 30
Granulocytes: 56 46 35 3 29 28 27 25 21 21

Survival to 90 days by treatment arm. Analyzed using Kaplan-Meier methodology. Three subjects were censored prior to day 90 due to missing information.



Aldiklari Granulosit
Dozuna Gore Sagkalim

1.0 - Log-Rank P-values:
-- Overall = 0.04
0.9 - High Dose vs Low Dose < 0.01
T High Dose vs Control = 0.11
0.8 - Low Dose vs Control = 0.16
memegees || |
07 = b—— -
2 | eeeees
2 06 :
s ’ <
" 0.5 s
- :
c .
35 ---eeeeeemememeeeeeee. .. .
N 04 - :
0.3 1 :. -®
0.2 Controls _
LowDose @ W ====-
High Dose o
0.1 Censored Values o
0.0 T T T T T T T —
0 5 10 15 20 25 30 35 40 42
Time to Death (Days)
N at risk
High Dose: 34 34 32 28 26 25 24 24 23 23
Low Dose: 15 13 12 9 74 6 6 6 5 4

Control: 52 48 42 39 35 K} | 29 29 29 28



Pediatride Granulosit Calismalari

Table 2 Clinicaltrialsin children

# af pts  Clinical trial Indicatons for GTE Remarks foutcoms Raferen o is
aa Prospecther, phase || Severe nevtopeniaand infectlons Conor mobllization: 75 pgdfg G-05F; esalution of Infection In 924 % of [41]
patdents; B15 % 08 on day +30; cady admiristmbdcon atera median
Infecticn pericd of & days
4% Praipecive Meutapenk andinvalve bacedal ar fongal Infectian Danar mabllizaton wit & pgkg &G05F 4 50 mg PON. Mixed @mhart [43]
Induding 10 ad ubts; 72% O5on day +28 and 2% O5on day 100
13 Frospecive phase Wl MNeutopenl and sevene nfectlon Conor mobllizmton with 5=10poia GL5E Colecdon through the bag [
1 N
1 Praspecive CG0 and Ireelve asperglllasls Dranar's mablizaton with 450 pg & 05F <4 & mg DXAL one patlent ded [4%]
for ARDS, one was lost st foloweup and died 1 yearafte dischage, one
i
[ 15 Fetmspedt i Fetrle rewtm penia or defecthve ganulocyte rction Conor mobllizmton with 80 pg GC5F 4 Bmg CXM; 05 771 and £5.7 %, [H:I]
peapectuely on day 430 and 60 E34 G infectorrrelated 05
52 Rert i et b Sepsls and neutropenia Conor mobllzation with sihgle-dose lenogrestim = DX A mg; 5% 05 ER|
'8 pts died for the underdying infection and &/32 pts for non-infec
Hows Ccauses)
i Retraipecive Severe neutrapenia and dooumented bacierld sndiar Dianar mabllizaton with 2mg DEM after 3507, urstimulated donan (£ ]
AEEETEL A PO o SR T E L I L T
14 Rert i et b High risk febrdle nevtropenia withAwithout miciobilologically Conor mobllzation with & pgfkg G-L5F 4= 8 mg DM Clin Cal esponse Eal
documented sesere infection e £ 5 %, A0 % nifect lorerelated moralby, &0 05 %
12 Retraip ective Fetrle neutrapenia Aesdutan of he dooumented Infectan In 3412 (75 % pty; good eady |
uruva (1214 murees of GTX, 586 5 poar lang ferm urvival {543 ph,
EpR 1
13 Fetmspedt i Sevem nfectlors ard newteperia Conor mobllimton with GCSF 300 pg from day -3; mmplete or partial [43]
ey Inth and 3 of the 15 ouses of GTX (40 and 20 % respectvely)
12 Retraipecive Grandoacyte desfundlon o severe neuropala and aouie life-threatening  Donar mabllizaton wit 880 pg G=05F 4 Emg DM, complete ar partal [3=]
Infectins dinkzl response in 1273 pts (52 %1 15 % Infection +elated mortality and
4% 05
£l Fetmspec Secordary prophylacds of invasive fungal nfectiors duing rewtmopenic Conor mobllizmdon with G-CSF mnommitant comblration andfungal 34
e b o0l Turapy; na Infectiare related mar tality
3 Prospacthen Prphylass in HE meciplents with chonk nfections Conor mobdization with 480 pg G-L5F 4 75 mg DAk afertmnsplnt,no  [B4]
flares of the Infections [actkee S oo mus Ikver abscesses, chronks pulmes
rary spemllcsls, soft dssue mucormy o sk}
Fu Praipecive Praven fungd o bactedal Infecian, unresparslve ta artkemicrabld Inthe oxative graup, Infedion wascantdied in 11 autaf 16 dhildren. Al [34
therapyin= 18} Paxr @mnird o fonglinfection priar 1o dlogenekc paterts Teated pre-emptively wandved the HE(T praa-dure
HECT [n =4)
1] Frospecive CGD with severe infectors Eesclution of InfecHon In % out of 10 mtents, despite the fack that B [r4]

mbents were allicimmunized and Fad pocr ec oveny of ransfised
graruaka oytes

Camplrieda redongoing<linka lirh lsoli erape utic granukx yie ia ndusions inchikdmena e summarnizsed
HECT hematopaleticstem cdl iransplantaion, DO desamaathasone, OF ovaall survival, GTE granulocy be i ahsfusions, OG0 chwonk granubmat ous diseass
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Granulocyte transfusions in children ®
and adults with hematological malignancies:
benefits and controversies

Chiara Cug no'?, Sara Deola', Perla :'Iippinid. David F. Stroncek” and Sergio Rute la"

Abstract

Bacterial and fungal infections continue to pose a major clinical challenge in patients with prolonged severe neutro-
penia after chemotherapy or hematopoietic sterm cell transplantation (HSCT). With the advent of granulocyte colony-
stimulating factor {G-C5F) to mobilize neutrophils in healthy donors, granulocyte transfusions have been broadly
used to prevent and/or treat life-threatening infections in patients with severe febrile neutropenia andfor neutrophil
dyshunction. Althowgh the results of randomized controlled triaks are inconclusive, there are suggestions from pilot
and retraspective studies that granulocyte transiusions may benefit selected categories of patients. We will critically
appraize the evidence related to the use of therapeutic granulooyte transfusions in children and adults, highlighting
current controversies in the field and discussing complementary approadches to modulate phagooyte function in the
host.

Keywords: Granulocyte transfusion, G-C5F, Dexamethasone, Hematopoietic stemn cell transplantation, Febrile
neutrapenia, Infection
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Safety and efficacy of therapeutic early onset granulocyte
transfusions in pediatric patients with neutropenia and severe
infections

[Nrich JLH. Sachs, Alfred Reiter, Tobias Walter, Gregor Bein, and Wilhelm Woessmann

BACKGROUND: Bacteial and fungal infections in
profound neutropania after chamotharagy ana associaled
with high mortality despils appropriste anfibaciosial and
anffungal frealment. Granulocyle ransfusions are wsed
a8 a thesspeutic addendum, bul concesn regasding
pulmonary reactions offen resulis in delayed usa in
clinical practics. Accardingly, many patienis are aleady
al advanced stages of their infectious dsease once

granulocyles are ransfused. Thus, a prospective Phasa Il
triaal was conducted o tast the safaly and efficacy of
therapoutic sarky-onsel granulocyla ansfusions in
immunocampromised childran with neutropania and
savamne infections.

STUDY DESIGN AND METHODS: Twerity-saven
childron with hemaiclogic disceder or malignancy and
sevans nutropania with clinically andfor microbiologicaly
documeniod savers infoction unnesponsive o standnd
iraatmant waes included. They recaived granulocyte
colony-stimulating factor (G-CSF)—eliciled. crossmatched
granulocyle concanirates evary athes day unlil complaba
recovery from infection was documenbed.

RESULTS: A rmadian of two granulocyle tansfusions with
a median of 8 = 10° granulocyles par kilogeam of body
weighl wore adminslened. Al rsnsfusions wena wall
tnleraied, and no pulmonary symploms wans obsarved. A
total of 826 peecont of our palionts ware able o clear
itizl irfection, and 815 porcent were alive and
gns or symipboms of their nfeciion 1 mani later.

Al six children with aspengillosis cleared thair infection.
CONCLUSIONS: G-CSF—ulicilod. crossmatched

granulocyle concenlales ane a safe and efficient

therapautic addandum in immunocomgn;
with prolonged neuiropenia and seware in
iransfusion of geanulocyte concantralos o
owarall response e of 2.6 percant w
wwanis. Randomized clinical irials with an sary-onsat
design are reguired io determing appropriate cini

childran

thout adverse

i
applicaiions

espite the use of antibacterial and antifungal
agents, infections still represent the major
canse of morbidity and mortality in patients
with prolonged newtropenta after intensive
chemotherapy or hematopoietic peripheral blood pro-
gendior cell (PBPC) transplantation.™ In many patients,
contool of infection can be adhieved upon recovery from
neufropenta, but not before, indicaring that newtrophil
counts are of eritical importance for pathogen eliming-
thon. Accordingly, granulocyte ransfusions ((71Xs) have
been used s both a supportive messure o bridge the
interval until hemampoietic regeneration and therapeatic
addendurm
Analyais of previous trzals on adminkstration of gran-
wlocytes showed that, besides donor-reciplent HLA-HMNA
match, severity of neutropenta, and patient’s iImmunode-
ficlency status, the dose of cells delivered was erucial * In
contrast o previoasly vsed glucocorticoids, admind-
siration of recombinant human granubocyte  colomy-
stimilaring factor (FHOG-CSE) to donors produces a

ABBREVIATIOMNS: AN =absnlute neutraphil cown
 reactive prossing FTH) = fever of unknown origing G
granulncyte transfusian (s).

From the Tnstitute for Clinical Immunniagy and Transfusion
Medicine and the Department of Pediatnic Hematology and
Oncology, lustus Liehig University, (Sessen, Germany.
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Prospektif, faz Il calisma
33 hasta

G-CSF 7.5 ug/kg ile
mobilizasyon

infeksiyonun rezoliisyonu
%92.6

+30. ginde GS %81.5
Erken uygulama, medyan
infeksiyonun 6. gununde
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Granulocyte Transfusions in Children and Young Adults
Does the Dose Matter?
Markees G. Seilel MD.® Milen Minkov, MD® Vedter Wit, MIL® Susonwse Marthes-Maoriv, MD.*

Uk ike Paoschger, MSe” Ning Worel MD,7 Gerda Leitwer, MD, T Jon Siary, MDJ
Helwad Godiwer, MD.® and Chvisting Peters, MD®
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Therapeutic transfusions of granulocytes collected by simple
bag method for children with cancer and neutropenic
infections: results of a single-centre pilot study

A Kikuta," H. Ohto,” K. Nemoto,! K. Mochizuki," H. Sano," M. Ito! & H. Suouki'

' Department
Fuskusiivea City Jfapan

Pediatrics and * Division of Blood Transfeson and Trensplontotion mmomology Fubushime Medioo Uindeersity School of Medicine,

Recrived: 31 October 2005
revized 30 ianuary 2006,
srrepted | March 2006,
published oniine § Apnd 2006

Background and Objectives Granulocyte transfusion therapy (GTX) can be effective
for life-threatening infections unresponsive to conventional antimicrobial therapies in
sewverely neutropenic children with cancer. We developed a new granulocyte collection
method, named the ‘bag method’, in which apheresis, hydroxyethyl starch [HES) or
dexamethasone are not uwsed. We undertook a pilot shdy to determine the feasibility
and the safety of GTX collected by the bag method for children with cancer and life-
threatening infections.

Materiaks and Methods A total of 25 GTX were administered to 13 patients (median
age 3 years, range: -3-17; median weight 10-6 kg, range: 4-5-49-8) with newtropenia-
related infections. Thirteen blood-relative donors received granulocyte colomy-
stimulating factor (G-CSF) (510 peikg), subcutaneousky, 14 h kefore collection. Major
end-points were granulocyte yields, post-transfusion absolute neutrophil counts
[ANC) in patients, donor and patient safety, and clinical outcome on day 30,

Results The median yield of ANC per 400 ml of processed whole blood was &2 = 107
[range: -5 1503 107 Patients received a mean of 6-4 £ 0-8 x 107 granulocytes per kg
of body weight per transfision. The 1-h and 24-h post-transfusion ANC rose to GO0F £+
124pl and 704 + 300 pl, respectively, from the baseline of 21 jul before the frst GTX.
Adverse reactions were observed in five of 13 donors (bone pain, headache, vasovagal
reaction; all < grade 2) and in two of 25 transfusions of 13 patients (transient hypooia;
grade 3). Ten patients had favourable responses, and infection resobved in nine patients.

Conclusions The bag method withost apheresis relieves the physical load of donors and
enables patients with a low body weight to provide an adequate dose of granulocytes.

Key words: bag method, cancer, granulocyte transfusion, infection, newtropenia.

Introduction

malignant disesses, and are related to incressed morbidity and
mortality [1,2). Despite modern antibiotics and the use of

Sewvere bacterial and fungal infections are major complications
in nentropenic patients undergoing haematopoietic stem cell
transplantation [H5CT) and intensive chemotherapy for
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haematopoietic growth factors to reduce the duration of
past-treatment neutropenia, infection remains 2 major cause
of moriality [3]-

Granulocyte transfusion therapy (GTX) was advocated
enthusiastically in the 1970s; however, interest in it declined
rapidly, for several reasons, including insufficient efficacy,
the introduction of new antimicrobial agents and recombinant
haematopoietic growth factors [4.5]. Recently, there has been
renewed interest in GTX following several reports of the
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Granulocyte Transfusions in Children With Chronic
Granulomatous Disease and Invasive Aspergillosis
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Abstract: The transfusion of granulocytes to restore host
defenses in severely granulocytopenic patients or in
patients with defective granulocyte functions has been
studied for more than 60 years. However, inadequate dos-
age of cells and inconsistent efficacy has limited the usage
of these transfusions. Recently. the use of mobilizing agents
such as granulocyte colony stimulating factors and dexam-
ethasone has renewed interest in these treatment modali-
ties. The present study is conducted to determine an
appropriate method of enriched granulocyte collection
with Fresenius AS.TEC.204 cell separator (Fresenius, Bad
Homburg, Germany) and to evaluate the preliminary clin-
ical results of granulocyte transfusion therapy in patients
with chronic granulomatous disease and invasive
Aspergillosis in parallel with in vitro granulocyte function.
Three patients who have been treated for chronic granulo-
matous disease and invasive Aspergillosis received a total
of 20 granulocyte transfusions. To mobilize granulocytes,

healthy donors were given 450 pg of granulocyte colony-
stimulating factor (G-CSF) subcutaneously and 8 mg of
dexamethasone orally approximately 12 h before collec-
tion. Five pg/kp/day of G-CSF was also subcutaneously
administered prior to granulocyte transfusions. The first
patient received 4; the second, 14 and the third. 2 transfu-
sions. The granulocyte count given to these patients ranged
between 0.4 and 3.0 x 10%kg. Most transfusions were well
tolerated. The nitroblue tetrazolium (NBT) tests that were
done 16-24 h after the transfusion showed 14-46% dye
reduction. Two of the three patients survived the infection.
Granulocyte transfusions from G-CSF and dexamethasone
stimulated donors could be a choice of treatment in chronic
eranulomatous disease patients, especially with dissemi-
nated invasive Aspergillosis. Key Words: Chronic granu-
lomatous disease, G-CSF, Granulocyte transfusion,
Invasive Aspergillosis.
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Effect and Safety of Granulocyte Transfusions
in Pediatric Patients With Febrile Neutropenia
or Defective Granulocyte Functions

Didem Aray, MD* Gulyuz Oziurk, MD,T Arzu Akeay, MD,} Melek Yanasik, MSe,§
Sema Anak, MD, 7 and Omer Deveciogly, MDY

Background: Despite the miroducton of new brosd-sectrum
anlibaitics and antilung] therapies over the past decade, mloctons
remaing the most frequent cawse of death i pabents with
neutropenia. The aim of ks study & 1o ases the effect and salety
of granulocyte transludons (GTX) For the treatment of seven life-
threatening miections m pediatie patients with febrile newt ropena
o defective granulocyle Nunelions,

Methods In this study, 35 pediaine patients with high-rik lebrile
neutmpenia or defective granulocyle Munctions, who received 111
GTX, wene meluded. GTX were wed lor 3 consecutive days d uring
nfeetions nol mesponding 1o antirdenbial therapy.

Resulis The mesn granukcyle conlenl per concenlrale was
274 W (mine 4.2 5 107 1o mawe 684 10%) depending on donor's
white bl cell count belone harvest, GTX wene well tolerated m
all patents. The mlecton-relaied survival rate was 824% and
overall survival rale was 77.1 % at day 30 The overall survival rate
was 65.7% and 52% a1 3 and 48 months, respectively.

Conclwions GTX & sle and elfective in controling the life-
threatenn g miections. Further randomized controlled studies with
long-term Tollow-up ane needed 1o asmes (he exact role of GTX m
the oulcome of patients with neutropents and patents with
delective granulocyle lumetions.

Key Wonls granulocyle tandfusion, pediaire hematology -omeo-
logy patients, sevene infection

(J Padiatr Hemato! Chreol 2011;33:62 0-¢225)

Published reviews have suggested that the efficacy of GTX
in patients with neutropenia is proporgonal to the dose of
granulocytes transfusad, with an optimal level being at lzast
10" granulocytes or at least 10" granulocytes per meter
squarsd of recipient body surface area per transfision 5
Improvement in lkeukapheresis technology and the com-
hined use of granulocyte colony stimulating factor ((G-CS5F)
and glucocorticosteroid treatment for donor stimulation,
now allow granulocyte doses within the therapeutic range
to be routinely collected.

The objective of this study was to determine the effect
and safety of GTX thempy i severe life-threatening
miections. Our study is based on data collected from 35
pediatric patients who had received 111 GTX retrospec-
tvely. We report our results of using transtuson of
granulocytes from unrelated donors for the treatment of
severe Intectons o podiatric patents with  different
oncohematologic discases,

MATERIALS AND METHODS

Meutrophil Recipients

Thirty-five pediatric patents who recaived 111 GTX
were reviewed retrospectively. The criteria for patient
selection were; patients with oncohematologic malignancy
and prolonged neutropenia (<0.5= 10°/L for at lzast 5 days
and expected not to resolve from neutropenia within the
mext 5 davel or dsfactive oramilacvts finetinne it asvers
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Abstract Fungal infections represent
a life-threatening complication for
patients receiving chemotherapy or
undergoing hematopoietic stem cell
transplantation. Historically, antifun-
gal monotherapy is associated with a
poor outcome. We treated three chil-
dren with hematological malignancies
and proven fungal infections (one
cerebral mold infection, one dissemi-

nated Candida infection, one naso-
pharyngeal mucor infection) with
combination antifungal therapy plus
granulocyte-colony-stimulation-
factor-mobilized granulocyte transfu-
sions as secondary prophylaxis during
subsequent neutropenic episodes.
With this approach, the fungal infec-
tion was effectively treated, and the
anticancer therapy was completed
without major delay. All children
survived the fungal infection and the
underlying malignancy. These experi-
ences illustrate the feasibility of this
approach using more than one anti-
fungal agent together with immune-
therapy in high-risk patients.

Keywords Fungal infection -
Childhood - Cancer - Combination
therapy - Granulocyte transfusion
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Granulocyte Transfusion Therapy in Pediatric Patients After
Hematopoietic Stem Cell Transplantation: A 5-Year Single
Tertiary Care Center Experience

Huy P. Pham, MD* Kim Rogoza, CPNP,T Brie Stotler, MD* Deirdre Duffy, BS.]
Sylvia Parker-Jones, MT{ASCP)BB* Yelena Ginzhurg, MD.§ Monica Bharia, MD, 1
Mitehell Cairo, MD.J and Joseph Schwartz, MD*

Background: Cranulocyle translwdon (GTx) has been wed o
neulmpenic palients o teal infectons; however, thene are lew
sludies that document is efficacy, especially in pediaite patients
aller hematopoetic slem oell tranplantation (HSCT). We, thene-
fore, evewed the we of GTx m these pabenls.

Materiak and Methods A retmspectve obsernational analyss was
perormed on all pediairie HSCT patients between January X005
and Jamuary 2000 who mel our matilution's erlerta for GT x and
meceved] maone than 1 GTx. Unstmulaited granvlocyle donors wene
wad wntl June 2007, lolkwed by dexametha s ne-4 Umulaled
dimints, therealler. (uwloomes were inlection clearance, salely profile
of GTx, and Jday survival

Resulie (e hundred fy-three G wene admimistersd o 16
pediatie HSCT patents. dications for GTe bactenal (699 ),
Mgl (199%), and combined miection (12%) Concurrent m-
lections, maostly bactenal, developed n 60% patents. One adverse
reacton (pelmonary loxialy) was reporied The alsolule neu-
trophil count of the stmulsted products was dgnifficantly higher
compared with the unstimuolated prodects; however, nether the
average number of granwhocy e translused by welght nor oulcomes
dilference was noliced between these groups.

Conclwions (Tx = sl in newtropene and mlscled pediatric pa-
tents alter HSCT. However, no dilference in the ouloomes was
noliced belwean the growp that mecemved simulated prodwcts and
the group thal meceived unsimubied prodsets.

Eey Wondse granukcyles, granulocyle randfusion, pediaire hem-
alopoele slem cell ransplant pabents

(F Padiatr Hematol Oneol 201234023 32-2336)

pediatric oncology patients with febrile neutropenia, and in
patients after HSCT, the mortality has been reported up to
40%. % Duration of neutropenia has been associated with a
poOT prognosis in these patients® It has been documented
that in HSCT patients with invasive Aspergilfes, mortality
rates are as high as $5%.* Furthermore, adequate blood
and tisue neutrophils have heen shown to be the strongest
predictor of recovery from nvasive fungal infections.®
These observations led to the wse of daily granulocyts
transfusion (CrTx) from either unstimulated donors or do-
nors stimulated with corticosteroids, gramulocyte colomy-
stimulating factor (G-CSF), or both, for the purpose of
bridging the gap betwsen bone marrow suppression and
neutrophil recovery. However, the data regarding the effi-
cacy of this treatment are limited and the results are in-
conclusive.® Moreover, no study has been conducted to
study the efficacy of GGTx in the specific group of pediatric
patients after HSCT. Therefore, a retrospective analysis
reviewing the efficacy of (GTx and the effect of stmulated
versus unstimulated products on the patient outcome was
conducted.

MATERIALS AND METHODS

Study Design

This is a retrospactive observational review of the use
of GTx in neutropenic and infected pediatric patients
after HSCT from January 1, 2005 to January 15, 20010 at
the Morgan Stanley Children’s Hospital of Mew York-

v rbasbmemines o lemlammnin T et Bl et | o b 07T TRA5
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ARTICLE INFO

ABSTRACT

Keywords:

Children

Febrile neutropenia
Granulocyte transfusions
Hematologic disorder

The data of 10 children who developed 13 high-risk febrile neutropenia with/without
microbiologically documented severe infection, while being treated for a hematologic dis-
order were investigated retrospectively. The 24th hour post-transfusion neutrophil and
platelet counts increased significantly, compared to the baseline values (p=0.034,
p=0025). Except three granulocyte transfusions (GTs) after which oliguda and/or mild
respiratory distress developed, the transfusions were well tolerated. The clinical response,
hematologic response and infection related mortality rates were 69.2%, 53.8% and 30.8%,
respectively. Although our study includes limited number of patients, we can conclude that
GT seems beneficial for children with severe sepsis during neutropenia.

© 2013 Elsevier Ltd. All rights reserved.
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Revisiting the Use of Granulocyte Transfusions
in Pediatric Oncology Patients

Alan 8. Graham, MD®* Thomas H. Price. MD.T T and Thomas V. Brogan, MD§

Objective: To desenbe the elical coune of neulmopene padiatne
omeology patients undergoing granulocyle trans e ons (GTF).

Design: B elrodpeciive charl review including all chalden maceiving
CTFs belween March, 198 and June, 20000,

Setting: Tertiary Chiklren's Hospatal and Begonal Medseal Center.

Patienis Tharieen pedmatne oncolegy patents (age, Ymo o 16y)
with neutropenta and proven of suspected serous infection.

Interventione These 13 palients receved a tolal of 14 courses of
GTFs (number of Lrandusions per aume manged lfrom 1 o 43,
median = 4.5).

Memsuremenis amd Main Bealis: Twelve of the patients had
documented mlections before GTF. Ten of the 14 coumses (71%)
were [ollowed by survival 1o hospital discharge. All § patents who
were inlubaled before GTF wene extubaled allerward. Two eady
desths ocewrred due o invasive Asperglivs. Mo signdfcant
differences in momdionng bboratores wene lound. Uldmately,
Bal 13 (A2%) patenis m this group died.

Conclwions This case seres docwments the curse of 13 seplic
neulropenc pedialre oncology patents who underwent a total of
14 GTF courses. (7TF: wene generally well toléerated with hide
dechne in respiralory status of organ Menetion, Shori-lem survival
m ths population was good whensas long-lenn oulahme remans
maore difficult.

Key Words: cancer, granulocyle, mnlectons, LT A, translu-
2om

(J Peadiatr Hematol Chreold 2000;31:161-165)

penia. Initially, enthusiasm led some physicians in the 1970s
to declare that withholding GTF from such patients was
unethical.® Later, concerns from reports of adverse
pulmonary reactions and questions about appropriate
dosing, saw GTF fall from favor. With the advemt of
mproved collection methods and more efficacious doses,
(3TF has seen a cautious esurgence nternationally in both
children and adults. ™ Data for efficacy and complications
in children remains limited. The ohjective of this study is to
document response to, and complications following, GTF
in a serics of neutropenic pediatric oncology patients at a
regional medical center.

METHODS

The charts of all pediatric patients with Fever and
neutropenia who received GTF at Children’s Hospital and
Regional Medical Center (CHREMC) in Seattle between
March 1, 1998 and December 1, 2000 were mviewed
retrospectively. This study period was chosen because it
appearad to be a representative time period for the review
ol children undergoing GTF and also represented the tme
perind that all authors were availablke to perform the
review . Criteria for GTF were prolonged absolite neutro-
penia (absolute meutrophil count < 200) and evidence of
overwhelming or dissminated life-threatening infection.
Criteria for dscontinuing (GTF were a return of absolute
neutrophil count > 500 to 1000 for at least 24 hours atter
the last GTF. CHRMC is a regional referml hospital for

rediatric care servine S states in the Western [inited States
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Granulocyte—colony-stimulating factor-
stimulated healthy donors and leukaemia risk

5. Cesamn, P Marson® & T Messina'
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Recererd: 15 Apnd X003, occepied 10 Moy 2002

The question of whether leukaemia may derive from stimu-
lating healthy donors with granulocyte-colony-stimulating
factor [G-C5F) receptors of haematopoietic stem cells & still
debated. The problem has, to date, been under-investigated,
but published data argue against any risk after 4-5 days of
exposure to G-CSF [1], at least in the mid-term [3-5 years).
Recently, Anderlini ef ai. reported that none of 281 sibling or
blood-relative healthy adult donors, who underwent G-CSE
stimulation prior to collection of peripheral blood progenitor
cells, developed acute or chronic leukaemiz after a median of
3% months (range: 7-80] from donation [3]. Another appli-
cation of G-CSF-stimulated healthy donors is granulocyte
transfusion (GTX), where donors are stimulated differently,
with 2 less intensive but longer schedule.

From 1994 to0 3003, we performed a stody on GTX for
severe infection in neutropenic paediatric patients. Permis-
sion to undentzke the study was granted by the local ethical
commitbee. Twenty infectiows episodes in 15 severely neutro-
penic (granulocytes < 0-1 = 10%/ 1) patients, unresponsive to
broad-spectrum  antibiotic and antifungal trestment for
= 7 days, received 2 median of three GTX (rmange 1—11). Gran-
ulocyte donors were selected among parents or blood rela-
tives after the suitability for blood donation (on the basis
of aptinede tests required by [talian lsw) was confirmed and
informed consent was obtained. Twenty donors were stimu-
lated daily with filgrastim, 300 pg. subrutanecusty, starting
2 or 3 days before the first granulocyte collection and con-
tinuing until the end of the trextment, for 2 median & days
[range 3-14L Lenkapheresis for ganolocyte collection was
performed by centrifugal cell separators (NDECO-Vivacell,
Mirandola, Italy or CORE-Specira, GambmofCobe BCT, Inc.,
Lakewond, OO0, USA), daily or on alternate days, withouat amy
significant side-effect.

Stimulztion with filgrastim was well tolerated., the most
common side-effiects being bone pain, malaise and paresthesiz.
All of these symptoms were mild and no G-CSF withdrawal
or medication were ever necessary ; all the symptoms regressed

& M Blacowel| Putksting

Vox Sanquinis

when the treatment was stopped. All donors zre alive and
well, after a median of & years (mnge 0-7-9) since donation.

Concern regarding the long-term safety of colony-
stimulating factors has limited their more widespread use in
unrelzted donors of haematopoietic stem cells or blood for
transplantation znd GTX, respectively. On the other hand,
the G-CSF stimulation of the donor enables, or is advisable
for, haplpidentical haematopaietic stem cell transplantation,
mini-allo, and T-depleted haematopoietic siem cell tmans-
plantation, as well zs for GTX in severe infections [3-5].

In this light, our retrospective survey may sdd some reas-
suring dxta o the issse of the long-term safety of G-CSE We
believe that greater efforts should be made, in years io come,
by national and internationzl blood donor registries, to
oollect data prospectively on the long-term haematnlogical
safety of G-CSF priming in donors. This would enzble us to
clarify whether administering G-CSF to bealthy donors can
indwce zany morbidity and mortality caonsed by haemabolog-
iral malignancies.
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Granulocyte Transfusions for Children with Infection
and Neutropenia or Granulocyte Dysfunction

Rosa Diaz, MD," Esther Soundar, MD, MPH,? S. Kate Hartman, MD,?
ZoAnn Dreyer, MD," Jun Teruya, MD, DSc¢,%* and Shiu-Ki Rocky Hui, MD?

Department of Pediatrics, Texas Children’s Hospital, Houston, TX, USA; ?Department
of Pathology, Baylor College of Medicine, Houston, TX, USA; ? Department of Pediatrics
and Medicine, Bayfor College of Medicine, Houston, TX, USA

Transfusions of granulocytes can be used as an adjunct therapy to antimicrobials in patients with
infection and neutropenia or granulocyte dysfunction. However, there is a lack of strong clinical
evidence to support the use of this treatment strategy, particularly in children. We retrospectively
reviewed the medical records of children who received granulocytes at our institution from April
2009 to October 2012, with emphasis on primary indication for the transfusion and clinical out-
come in terms of infection. The patients had granulocyte dysfunction or severe neutropenia, de-
fined as absolute neutrophil count (ANC) = 500 cells/mm? due to chemotherapy or hematopoistic
stem cell transplant (HSCT), and reasonable hope for bone marrow recovery or engraftment. Eigh-
teen children received granulocytes during 20 distinct episodes: 62% (n = 13) for acute infection,
29% (n = 5) for unresolved chronic infection during the time of HSCT, and 9% (n = 2) for other
clinical conditions such as typhilitis and appendectomy. Overall, 92% (n = 12) of the episodes of
acute infection had complete or partial resolution, as determined by review of vital signs, physical
exam findings and discontinuation of antimicrobials. A substantial number (46%) of children who
received granulocytes for acute infection developed respiratory adverse events, but all of these re-
covered. We conclude that granulocyte transfusions continue to be primarily used in neutropenic
patients with acute infections, and that its use in this group of patients is reasonable. However, a
prospective randomized clinical trial is needed to evaluate safety and whether the use of granu-
locytes is superior to antimicrobial-only therapy.

Wavnunrde hana marreaar trancnlant  infactinne nantramania comnnrtiva cars francfucinn
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The relationship between alloimmunization and posttransfusion
granulocyte survival: experience in a chronic granulomatous
disease cohort

K.F. Heim, T.A. Fleisher, D.F. Stroncek,  5.M. Holland, J.I. Gallin, H.L. Malech, and S.F.
Leitman

Departments of Transfusion Medicine and Laboratory Medicine, Warren Grant Magnuson Clinical
Center and the National Institute of Allergy and Infectious Diseases, Mational Institutes of Health,
Bethesda, Maryland

Abstract
BACKGROUND—The efficacy of granulocyte transfusiens m patients with HLA

alloimmumization 15 uncerfain. A flow cytometrie assay using dibydrorhodamme 123 (DHE), a
marker for cellular NADPH oxidaszs actvity, was used to monitor the differential survival of
transfused oxidase-posiive granulocytes in allovmmunized pahents with chrome granulomatous
dizeasze (CGD).

STUDY DESIGH AND METHODS—Ten patients with CGD and serious mfections were
treated with daily zranulocyte fransfusions derived from steroid and gramulocyte—colony-
stimmlating factor—stimmlated doners. The proportion of neutrophils with intact oxidase activity
was quantitated by DHE flucrescence on samples drawn before and | hour after transfusion. The
incidence of acute transfusion reactions was comrelated with the results of DHR fluorescence and
brweekly HLA serologic screemng assays.

RESULTS—Eight of 10 pahents expenenced acute adverss reactions in association with
zranulocyte transfusions. Four had enly ehills and/or fever, and four expenenced respiratory
compromise; all eight exhibited HLA alloimmamization. Mezn (+5D)) exidase-positive eell
recovery was 19.7 = 17.4% (n= 15 transfusions) versus 0.95 = 1.59% (n = 16) in the absence and
presence of HLA allosensitization, respectrvely (p < 0.01). Greater than 1% m vive recovery of
DHR.-enhanemg donor granulocytes was strongly comrelated with lack of HLA alloimmamization.

COMNCLUSION—The alhity to detect DHR-positive donor granulocytes by flow cytometry 15
strongly comelated with absence of HLA allommmunization and lack of acute reactions to
zranulocyte transfusions in patients with CGD. If HLA antibodies are prezent and the survival of
donor granulocytes 13 low by DHR analy=is, transfusions should be discontinued, avoiding a
therapy associated with high rnisk and unclear benefit.

Prospektif calisma

10 hasta

9/10 hastada hastalik
bulgularinda iyilesme

8 hasta alloimmunize,

Bu hastalarin granulosit
sayisinda yeterli yukselme
yok




Granulosit Profilaktik kullanimi
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Granulocyte transfusions for preventing infections in people
with neutropenia or neutrophil dysfunction
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Abstract

Background—Despite modern antimicrobials and supportive therapy, bacterial and fungal
infections are still major complications in people with prolonged disease-related or therapy-related
neutropenia. Since the late 1990s there has been increasing demand for donated granulocyte
transfusions to treat or prevent severe infections in people who lack their own functional
granulocytes. This is an update of a Cochrane review first published in 2009.

Objectives—To determine the effectiveness and safety of prophylactic granulocyte transfusions
compared with a control population not receiving this intervention for preventing all-cause
mortality, mortality due to infection, and evidence of infection due to infection or due to any other
cause in people with neutropenia or disorders of neutrophil function.

Search methods—We searched for randomised controlled trials (RCTs) and quasi-RCTs in the
Cochrane Central Register of Controlled Trials (Cochrane Library 2015, Issue 3), MEDLINE

2015 Cochrane metaanaliz
11 randomize ¢alisma
653 notropenili hasta

30. Gunde mortalite ve
infeksiyon orani farkl degil
Bakteriyemi ve fungemi
riskinde azalma
10x101° granilosit/gin yeterli




Komplikasyonlar

ES replasmanina gore transfizyon reaksiyon riski daha
fazla

— %25-50 hafif-orta reaksiyonlar
— Agir komplikasyon riski %1
— En fazla karsilasilan reaksiyon ates ve titreme.

— Grantulosit konsantrasyonunun yavas inflizyonu ve
oncesinde premedikasyon yapilmasi yan etkilerin sikhgini
ve siddetini azaltiyor.

Pulmoner yan etkiler

Transfuzyon iliskili graft versus host hastalig
HLA alloimmunizasyon

Transflzyonla bulasan infeksiyonlar



Granulosit transfiizyonu-
Pulmoner komplikasyonlar

Orta-agir siddette pulmoner yan etkiler
Oksurtik, dispne, hipoksi, akciger filminde degisiklikler
Bazi serilerde %5 oraninda bildirilmis.

Oncesi ve sonrasinda 02 satlirasyonu 6lcilerek yapilan
degerlendirmelerde O2 satiirasyonu degismedigi bildirilmis.

Amfoterisin B ve granulosit transfizyonunun birlikte
uygulanmasi pulmoner komplikasyonlarla iliskili bulunmamis.

Hester JP, Dignani MC, Anaissie EJ, et al. Collection and transfusion of granulocyte concentrates from donors primed with granulocyte stimulating factor and response of
myelosuppressed patients with established infection. J Clin Apher 1995; 10:188.

Quillen K, Yau YY, Leitman SF. The determinants of granulocyte yield in 1198 granulocyte concentrates collected from unrelated volunteer donors mobilized with dexamethasone and
granulocyte-colony-stimulating factor: a 13-year experience. Transfusion 2009; 49:421.

Catalano L, Fontana R, Scarpato N, et al. Combined treatment with amphotericin-B and granulocyte transfusion from G-CSF-stimulated donors in an aplastic patient with invasive
aspergillosis undergoing bone marrow transplantation. Haematologica 1997; 82:71.

Spielberger RT, Falleroni MJ, Coene AJ, Larson RA. Concomitant amphotericin B therapy, granulocyte transfusions, and GM-CSF administration for disseminated infection with Fusarium in
a granulocytopenic patient. Clin Infect Dis 1993; 16:528.

Dutcher JP, Kendall J, Norris D, et al. Granulocyte transfusion therapy and amphotericin B: adverse reactions? Am J Hematol 1989; 31:102.
Bow EJ, Schroeder ML, Louie TJ. Pulmonary complications in patients receiving granulocyte transfusions and amphotericin B. Can Med Assoc J 1984; 130:593.

Dana BW, Durie BG, White RF, Huestis DW. Concomitant administration of granulocyte transfusions and amphotericin B in neutropenic patients: absence of significant pulmonary toxicity.
Blood 1981; 57:90.



Grantulosit transfiizyonu- |
Akut Graft Versus Host Hastaligi

* Nedeni: Granulosit konsantrelerinde canli
fonksiyonel dondr lenfositleri bulunmasi ve
bunlarin aliciya karsi immunolojik saldiriya
gecmesi

* Genellikle immuan yetmezlikli hastalarda
gorulmesine ragmen, immun sistemi normal
kisilerde de olabilir.

* Rutin olarak granulosit konsantreleri isinlanmal

(2500-3000 rad) Bu radyasyon granulosit
fonksiyonlarini etkilememekte.



Granulosit transfuzyonu-

Alloimmunizasyon Bl
: ) .\_gq

* Aplastik anemili hasta grubunda %17 oraninda, granulosit
transflizyonu sirasinda HLA antikorlari bildirilmis, bu
hastalarda daha az Iokosit artislari gozlenmis.

* HLA antikorlarinin veya granulosit spesifik antijenlerin
olusumu, invivo granulosit yasam slresini azaltmakta ve
granulositlerin anormal migrasyonuna neden olmakta.

* Bu hastalarda anti-HLA antikorlari nedeniyle, trombosit
transflizyonlarina refrakterlik olusmakta.

O'Donghaile D, Childs RW, Leitman SF. Blood consult: granulocyte transfusions to treat invasive aspergillosis in a patient with severe aplastic anemia
awaiting mismatched hematopoietic progenitor cell transplantation. Blood 2012; 119:1353.

Quillen K, Wong E, Scheinberg P, et al. Granulocyte transfusions in severe aplastic anemia: an eleven-year experience. Haematologica 2009; 94:1661.

Dutcher JP, Schiffer CA, Johnston GS, et al. Alloimmunization prevents the migration of transfused indium-111-labeled granulocytes to sites of
infection. Blood 1983; 62:354.

Schiffer CA. Granulocyte transfusions: an overlooked therapeutic modality. Transfus Med Rev 1990; 4:2.



Granulosit transfuzyonu-
infeksiyon

* Diger kan urunlerinde oldugu gibi infeksiyon cok dnemli
* Toplamadan hemen sonra granilosit stispansiyonu kullaniimal

* CMV riski yuksek, cinkt CMV periferik kan lokositlerine siginiyor.
* Seronegatif donor tercih, bunun karsitini savunanlar da var.

* Gegis olasiligl cok az oldugundan, seronegatif hastaya seropozitif hastadan,
yakin CMV viremi monitorizasyonu ve gerekirse erken antiviral tedavi ile
transfizyon yapilabilir.

Schreiber GB, Busch MP, Kleinman SH, Korelitz JJ. The risk of transfusion-transmitted viral infections. The Retrovirus Epidemiology Donor Study. N Engl J Med 1996;
334:1685.

Price TH. Granulocyte transfusion: current status. Semin Hematol 2007; 44:15.

Meny GM, Santos-Zabala L, Szallasi A, Stramer SL. West Nile virus infection transmitted by granulocyte transfusion. Blood 2011; 117:5778.

America's Blood Centers. Granulocyte transfusions. Blood Bulletin 2000; volume 2, number 4. http://www.americasblood.org (Accessed on February 11, 2010).
Nichols WG, Price T, Boeckh M. Cytomegalovirus infections in cancer patients receiving granulocyte transfusions. Blood 2002; 99:3483.

Vij R, DiPersio JF, Venkatraman P, et al. Donor CMV serostatus has no impact on CMV viremia or disease when prophylactic granulocyte transfusions are given following
allogeneic peripheral blood stem cell transplantation. Blood 2003; 101:2067.

Narvios A, Pena E, Han XY, Lichtiger B. Cytomegalovirus infection in cancer patients receiving granulocyte transfusions. Blood 2002; 99:390.



Sonuclar

Gecmis calismalardaki grantlosit transflizyonu basarisizhigl,
transfiizyon icin vyeterli dozda granulosit toplanmamasi ile iliskili
gorunmektedir.

G-CSF bulunmasi, Granulosit transfizyonu icin yeni bir dénem
acmistir.

Saglkl donérler icin G-CSF kullanimi masum olmamakla birlikte,
glinumuzde uygulamaya engel olacak kadar veri bulunmamaktadir.

Ancak G-CSF uygulanan donérlerin uzun sireli izlemleri ve saptanan
problemlerin geri bildiriminin yapilmasi gereklidir.

Yine G-CSF icin yuaratilmekte olan calismalarin (NCT0O0785525,
NCT01362179, NCT00115128) sonuclari takip edilmeli ve Turkiye
donorlerinin verileri ¢ikarilmalidir.



Premedikasyon olarak asetaminofen ve
difenhidramin

Transflzyon reaksiyonlarini minimuma indirmek
icin rutin olarak isinlanmali

Transflzyon sirasinda por buyukltigi 170 mikron
olan filtreleri iceren standart kan setleri
kullanilmali, yatak basi lokosit filtreleri asla
kullaniimamali

Uygulama suresi, hastanin klinik durumu, tedavi
plani, tedaviye yaniti ve don6r bulunabilme
durumuna gore 3 glin-aylar arasinda degisebilir.



* Eriskinlerde yapilan randomize calismada (RING),
granllosit transfizyonunun sonuclari gelistirdigi
gosterilememistir.

* Ancak bu calismada etkinligi yeterince
degerlendirmek icin  vyeterli sayida hastaya
ulasilamadigi ve uygulanan granulosit miktarinin
survide farkliliklara yol actigi bildirilmistir.



e Calisma gruplarinin heterojenitesi,

* Infeksiyonlarin tipi, kullanilan antibiyotik
tedavilerinin ve transflize edilen granulosit
sispansiyonlarinin doz farkhhgi

 Randomizasyon yoklugu

Dogru onerilerde bulunmayi zorlastirmakla
birlikte,



Granulosit transflizyonlari,tedavisi zor firsatci
infeksiyonu olan hastalarda,

Ozellikle primer hastaligi remisyonda olup,

Notrofillerin yukselmesine kadar gecen sire
icin zamana ihtiyaci olan hastalarda

Bu sire icin kdpru goérevi gormektedir.



 Kemoterapi ve hematopoetik hicre nakli
sonrasi olusan nétropeni, halen bu grupta
kullanimi nadir kalsa da, granilosit
sispansiyonunun en yaygin kullanim alanidir.

* Septik, notropenik yuksek riskli hastalarin
tedavisinde

* Profilaktik granulosit kullaniminin olasi
rol(????



e Secilmis klinik indikasyonlarda
MNS <500 hicre/microL;
Bakteriyel veya fungal infeksiyon delili olan;

En az 48 saatlik antibiyotik tedavisine yanit vermeyen
hastalarda

* Graniilosit transflizyonlarinin yeri olduguna inanmaya
devam edilmeli

 Cocukluk caginda grandilosit kullanimi konusunda randomize
kontrollii calismalara olan ihtiya¢ devam etmektedir.
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