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Figure 2. The structure of the ribosome
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Figure 3. Pre-rRNA processing in human cells.
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The 18S, 5.8S, and 28S rRNAs are transcribed as a single precursor (45S), which is subsequently
processed into mature species by a complex series of cleavage and modification reactions. The 45S
precursor contains two external transcribed spacers at its 5’ and 3’ ends (5’-ETS and 3’-ETS) and two
internal transcribed spacers (ITS1 and ITS2). Two alternative pathways (A and B) differ in the order of
cleavages 1 and 2. Pathway are shown below the 458 pre-rRNA. Cleavage site E is the major site affected
in human cells depleted of RPS19 during pre-rRNA processing.

5. Clinical and laboratory features
1) Anemia
Approximately 90% of affected individuals present in infancy or early childhood, although a “non-
classical” mild phenotype may not be diagnosed until later in life [11].
2) Congenital anomalies
Clinical manifestations of DBA are variable. In about 40% of patients, DBA is associated with
physical anomalies and growth retardation, but in some patients, no congenital anomalies are
found [11]. Table 6 summarizes the prevalence and range of congenital abnormalities found in
DBA patients.
3) Cancer predisposition
29 cases were reported among more than 700 patients in the literature [11]. A recent prospective
study showed that among 608 patients, 15 solid tumors, 2 acute myeloid leukemias (AML), and 2
cases of myelodysplastic syndrome (MDS) were diagnosed at a median age of 41 years in patients
who had not received a bone marrow transplant. The rate of development of solid tumors or leukemia
was 5.4-fold higher in DBA patients than expected in a demographically matched comparison to the
general population. Furthermore, specific tumors had significantly elevated incidence ratios for MDS,
AML, adenocarcinoma of the colon, osteogenic sarcoma, and female genital cancer [14]

Table VI. Frequency of Congenital Abnormalities observed in DBA

Symptom North Europe
ymp America P
No. of patients 420 229
Hypertelorism, cleft palate, high-arched palate,
Head, Face, Palate microcephaly, micrognathia, low-set ears, low 24% 21%
hairline, epicanthus, ptosis, etc.
Triphalangeal, duplex or bifid, hypoplastic thumb,
Upper limb flat thenar eminence, syndactyly, absent radial 21% 9%
artery
Renal, urogenital Absent kidney, horseshoe kidney, hypospadias 19% 7%
. Ventricular septal defect, atrial septal defect, o o
Cardiopulmonary coarctation of the aorta, complex cardiac anomalies 15% 7%
Other
Neck Short neck, webbed neck NA 4%
Eyes Congenital glaucoma, strabismus, congenital NA 12%
cataract
Neuromotor Learning difficulties NA 7%
Short stature NA 30%
At least one anomaly 47% 41%
Two or more anomalies 25% 24%
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6. Therapy

1) Drug therapy .
Approximately 80% of patients respond to steroids. The recommended starting dose is 2 mg/kg/day of
prednisone at initial treatment. In over 20% of DBA patients, steroids eventually are stopped completely.
™ It should be mentioned that important steroid side effects include growth retardation, osteoporosis,
obesity, hypertension, diabetes mellitus, cataract, and glaucoma. The therapy is not generally
recommended in babies under 6 months of age. ' Alternative treatments, including Cyclosporine,
Metoclomide, Epo, and a combination of Prednisolone and Cyclosporin, have been mentioned, but the
constant evaluation has not been warranted in these treatments.

2) Transfusion therapy
Patients who do not respond to steroids may require chronic transfusion therapy every ~4-8 weeks.
Although maintaining hemoglobin levels above 8 g/d! is recommended, a disadvantage of chronic
transfusion therapy is hemosiderosis by iron overload. To avoid liver dysfunction, diabetes, and
myocardiopathy due to iron deposition, combination therapy with desferasiox and deferoxamine is
recommended. However, methods for oral iron chelation therapy in neonates have not been established.

3) Hematopoietic stem cell transplantation
Chronic transfusion dependence with refractoriness to steroids is considered an acceptable indication
for hematopoietic stem cell transplantation (HSCT). The outcomes of HSCT for DBA in Japan are better
than those reported in other countries. To date, 19 patients have received transplants of allogeneic
hematopoietic stem cells (HSCs), and all 13 patients received BMT (6 cases with HLA-matched siblings
and 7 cases with unrelated donors) have disease-free survival. ') Five patients have been treated with
cord blood transplantation (CBT), and two of these with transplants from siblings have survived. However,
in three patients treated with unrelated donor cord blood, two were not successfully engrafted, and the
third died of lympho-proliferative disease, despite confirmed engraftment. Consequently, bone marrow
should be selected as a source of HSCs for transplantation at present. Better therapeutic outcomes have
been proven with the conditioning therapy of a combination of busulfan (oral administration, 16mg/kg or
560mg/m2) and cyclophosphamide (120-200mg/kg), although it has been almost adopted in HLA
matched related transplantation. Although the reported number of patients is few, a conditioning therapy
using a half dose of busulfan leads to good outcomes when using unrelated HSCs T. In pretreatment
without busulfan, the number of cases with engraftment failure was modestly higher. There is not
sufﬁciengg)evidence supporting the value of bone marrow non-destructive pretreatment therapy for HSCT
in DBA.

7. Issues - Future perspective
In Japan, monitoring the number of new DBA patients and follow-up surveillance every year has been
performed by the committee for aplastic anemia in the Society of Japanese Pediatric Hematology, but
each institute has executed the diagnosis. We established a registration system for the central review of
diagnosis in 2009 and also started the genetic screening of DBA. However, since there are no criteria for
the accurate diagnosis of mild DBA, improvement in diagnostic capabilities is necessary. DBA is the only
human congenital disease caused by deficits of ribosomal proteins. However, it is thought that all the
causative gene products for congenital bone marrow failure syndromes (e.g. Dyskeratosis Congenita
and Shwachman-Diamond syndrome) participate in ribosome biogenesis. In addition to bone marrow
failure, DBA and these syndromes share congenital anomalies and predisposition to cancer. It seems
that these diseases are bone marrow failure syndromes caused by the dysfunction of ribosomes.
Furthermore, recently, it has been revealed that 5q deletion (5g-) syndrome, which belongs to the
category of acquired blood disorders, is also a ribosomopathy. 5g- syndrome is a distinct subtype of MDS
associated with chromosomal abnormality involving 5q and causing impairment of erythroid differentiation.
This syndrome is found predominantly in females of advanced age and is characterized by macrocytic
anemia, thrombocytosis, less than 5% blasts in bone marrow, and conspicuity of mononuclear or
hypolobular micromegakaryocytes. Most patients become transfusion dependent, but have a low risk of
transformation to leukemia. In 2008, Ebert et al. identified the RPS 74 gene, encoding a ribosomal protein,
as the gene responsible for the syndrome.®® Therefore, the study of DBA is expected to make a large
contribution to the advancement of diagnosis and treatment of acquired hematopoietic failure. The
development of a novel therapy for steroid treatment is expected. Recently, using DBA models in
zebrafish and mice, it has been reported that administration of L-leucine, an essential amino acid,
provided relief from anemia. * 32 Already clinical trials to evaluate the therapeutic effects of L-leucine are
underway in the United States. Less than half of DBA patients have been identified as having one of the
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known causative mutations. Comprehensive genetic analysis using next-generation sequencing in
remaining DBA patients would be valuable in the identification of other causative gene mutations.
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TEREIE (513K 220 (17%) 219 (24%) 44 (30%) 86 (90%)
B/ % 1.23 1.05 1. 10 1. 00
W AR JL(E 7 (0-48) NA 5 (0-45) 4.4 (0-24)
(%) (R IERFAERD)
Ay -
BRERFURAEGRE ) 205 (16%) 100 (13%) 32 (22%) 32 (33%)
EE % 68 (5%) 67 (9%) 13 (9%) 10 (10. 4%)

#&5. Fanconi BIMICH 5 h HEREDRR GEHIZD)

AL B i 2HEH Fin (PRE)
SAZEER 13 13 26 28
B8 1 8 9 27
TEREE - 3 3 25
i 2 4 6 3
WIRES 3 3 6 3
& 1 5 6 30
LE - 4 4 37
JFii 20 14 44 13
fifi 3 0 3 29
Y g 1 1 2 1
= 2 0 2 28
N 0 1 1 21
B 0 1 1 7
gl 0 1 1 0.3
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6. AR

1) i

HBREBAARBERMN & RAROEXETRIET S, ~T7u UL, 6g/ dZHERFTIZENERTH
AR, BRERSCAEDEBEIZL > THMET 5, M/ MrEiL, 5,000/ u 0EHEET5 2 &N E LS,
H MR 23 72 o R TR M/ MR BRI X, BE B Z ebleun,

2) M K+
HFHERE 3500/ u QLA T CREE DA BN A b= HAITIE, G-CSFORE L ERT S, BAREDE (R
DEoicz Y AR = F L ORZHNRTE, BiLica L) 2aRf =F o2 RE5ETHZ LITEER
Zlpbau,

3) ik

Fanconi®& ik, #MilEL ~ATOEEICESSEMEETH Y, REMFRIREOSRIIBEFETE 20,
ERREARALE L, FEROBFICRBWT, B THE0, 2HEIT—KNRZ L L0, Bl
BEREORWERRD Y, %72 X 5 ICEMBMIEBHEORBEDE/LZHL LV ORELH DD T,
ZOBREOBFESITEREIZHE T3, LrLaRs, LSRIIEnSMEBEE > T84, BEEL L
TEREENEEIZRVST WD, —EOFERICETLE TCERRMEANVE OB EE2RLDDOETFY L
ExoNnb, bAETHERTRER, BERE(EARLVEVEEIE LT, X2/ a—L0xF nrRnh3b,
FF—ix, BHACERREORBER b7, RECLEHEZ X LNID, FRARBIZONTE L
FoH|ETA LN, BIBREAT oA FOERITET 5,

4) EmEaEE GRe, 7)

FanconiBMMDBFIZ & - T, HEFE T, EMEMBEBEOAPM—IERNEE CTE DR FETH B,
BERBHATLE TIThN D BSRBRECREBEY 7 073 27 7 I FO®RE TIL. BEBEESENR, §E
STHEOV I a7+ A7 7 I R L RBFTREFRBHEOMRASEENLERRESE LTHVLRTE 2,
LU, BURGERBRRZ S OBEIMASRE L ZRSEORBENRE LI Ro=l Enn0 2 S a7 R
77 2 FEFREICLABMEFECEBLRLLNTWAED 2 BN E R 5BEFEDS b, HLA—EF K
FF—D0Bon2ERIFES, RERNF—000BHELB I b TR, mWAEBFRE L BMEGVHDD
e DD RIBEREIIBON TN, I —a v 37— CHEEH L7696 OIEMmGE R F—0 b0
BHRRED., ZTOMEEFERIINB% ThoTz, FPHRARKETFLLTIL. 1) SROFEHFEOFE, 2) &oik
FF—. 3) BEOVA "ATay 4 VATUEMBABETH S Z &, 4) BEREHERAVE OBREENHIT
LY, L ANREEIZ/ o ChanconiBIMOBEICH L, 74X 5 2SO BEaTEESER Sk
PUI—ZE L7129 2 8 KETORETH, TNVEF T U E2E0RRARE TBE SN ZFanconi BED O 5|
HLA—E ik K —2>6 OB TIXTHIR 7R A FEF T, FEMBCHLAR—Eu /s & ORE FF—0b
DOFHE T H2THIF26FI B ETFH LB TENZBERRENE LN TWVDY, LT, S0 bRnEOBHERE
WZESWCHERE T 2B EE R T,
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6. FanconiBMICx T ARIEBHBEDARERE

faax Bl Y — A BGHE  GVEDTES ARG fFER fERE SEGVHD BMEGVHD 2T3fRAERFE
% O-IVE®W (%)
Seattle?®  HLA— cY CYA/MTX 9 8 (4-19) 0 22 0 89
[RIfaERE
Paris™ HLA—% CY/TAI CYA 50 11 (4-26) 6 55 70 59
Eiliok=g]
Brazil® HLA—% CY/MTX CTA/MTX 10 7 (4-21) 0 13 7 88
Eilik= g
Ttaly® HLA—EK CcY CYA/MTX 27 6 (2-13) 8 36 13 81
hok=gs CY/TAI or TBI CYA
Minnesota®® HLA—ZX Flu/CY/ATG CYA/MP 11 NA 0 0 0 100
R HE - D THERa R
EBMT'® FEMmEE N F—/ CY/TAT or TBIZATG  CYA/MTX 69 11 (4-37) 20 43 43 33
HLATR— B 18 ¥ — CYA/MP
cY
* TR R 2=
Minnesota®” FEMi&k K7 — Flu/CY/ATG/TBI CYA/MP 41 NA 2 19 16 52
BRE - R THIRA R 2=
Japan® HLA—%Z CY/TAI or TBI/ATG CYA/MTX 8 8 (5-24) 25 12 38 100
Gliak=g- Flu/CY/ATG CYA/MTX 7 6 (1-15) 0 0 0 100
Japan® JEmAE N —/ Flu/CY/ATG/TAT FK/MTX 27 8 (2-28) 4 11 31 96
HLATR— Bk K7 — (TBI) =MMF
BEE - B
EBMT : European Group for Blood and Marrow Transplantation, CY : cyclophosphamide, TAI : thoraco-
abdominal irradiation, TBI : total body irradiation, ATG : antithymocyte globulin, CYA : cyclosporine

MTX : methotrexate, FK : tacrolimus, MMF : mycophenolate mofetil, MP : methylprednisolone, Flu : fludarabine

%7 Fanconi B OBEEG

1. BHAERBMEZM

Stage I (8 JIE) S F =R

Stage M (FEE) o LORRRTE CITRASIE, 10/ ETIX
HLA—E il R — Wi R s

Stage I (RORPEIE) © o HLA—BUmB R —2S W iU RE B R

Stage IV, V (EJE : &FEE) : HLAUEA—EMm&E N —. HLA—E~HLALEAR—EIE Mk
RI;—OOBEEE D CTREIGET 5,

2. EHERMRUEREE - QR
- RA BERERAFNBEMEEMICHET 525, BEEREBRSCREMEEEIRE 264 5 EF T
HLA—Eufifgk K —, HLA—EFEMiE N —% 280D TEET 5,
- RAEB * AR HLAUEAR—EMm# FF—., HA—E~HLAVEAR—EIEMZE R —2 0 08L& D T
WInE T 5, EMTHEPEZTDLOTARR & TREINDETIIHLAZ, SEA—EIm#E K —
NHEDOBHELEET D,
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(1) BhEEpHlE Y — R
G Y — 2R BIRNC BB EZ D, Fanconi® MIZ %4 2 MR D ZRFEIL. 1BMEGVHDAS
RERMERRATFTHDDOT, BHGVHDDRAE Y R 7 A&\ R MEPHIIABEILRIR LY, 45K
DY AT HE IR R MBS b B TR L2,
(2) FEAfE RS
Fanconi® M ABE Cid, 10U EIZ2 5 & MIEEE~OBITHENEE 5 2 L OBMCVHDO A FHEE b &
E5T &0, FEBLEE CHLREMZRE 10~ 152 BEECEROBRETH, -, BAETREM
A I TR BRI D O BAE I IG U 2 88310 L, MDSoAME A MR ISR L2 BA 3B o B o
EWNRHE LR D,
(3) BHERTALE, GVHDTFEAIE
FARREEM EMDSCAMEBMFICER U254 & CIIBMATLECGVID T LT R 5, MDSOHF T
bIEFROHEE LD WARERE M RA) FCTHEARBHEM LB UMLEZ B, FHRBZRZERE
INZE S RSHEE M (RAEB) DIRRII2MAmRE &/ LAt 2 BV 5, £/, HA—ERK R —>050%
&R R —0 0 DB TH RIBEICBHERTLEESCCVHD FHEITZE 2 TW5, BEOBETEEF101Z
AT, GVHDFPBH & LTIk, HLA—E RSB Tk, 10BREDBACYA (1. 5mg/kg X2/H) DA%, 105
UETIZEBA Y Pt —1b (day 11210 mg/nt, day 3, 6127 mg/m) B L. RE N F—LOBE
TiEF 27U AX (0.02 - 0.03mg/kg/H) 2B A Y b ¥¥— |k (day 11215 mg/nf, day 3, 6, 11i210
mg/m) ZHFHT 5,

%9 FanconiBMIzxtd ABEETLE*

BFATRERER M L URA
HLA—EFAa k) — RE R —
Flu 25mg/mt X 6days Flu 25mg/ni X 6days
CY 10mg/kg X 4days CY 10mg/kg X 4days
ATG 1. 25mg/kg X 4days ATG 1. 25mg/kg X 4days
TLI/TAI 3Gy (4&l72L)
RAEBIS & V&M A L7

Flu 25mg/m X 6days
CY 10mg/kg X 4days

ATG 1.25mg/kg X 4days
TBI 4.5Gy (343%)

Flu : fludarabine, CY : cyclophosphamide, ATG : antithymocyte globulin
TAI : thoraco—abdominal irradiation, TLI : total lymphoid irradiation
TBI : total body irradiation

7. A - RERE

DMBEOFanconi B M BE 1L, /PEMERFEOEBBREFSHEFNEHAENLERS T, BEHBRER O
B, BEOBHHEENRB b TS, LAL, FanconiZilx, /NNEICEEEERTIIAR L., B
RIEESCEEOAH R EOBRBEELZHALNITAIIIBAZEDREBRE L AT LARLETH A9,
ZMERETIIFERBBEOREN WD, BEOHFEIIELLT, & Mt e—~< U A VAT I F D
BERENEID ONDE, TV TV EEUBBEANAFREORRBIZEL Y, ElEORE ZHEEIC LA P4
B L THIREMICSKENE LN 0D, TOERMFHIIFTHT, SHOKRFHRETH D,

38

— 118 —



BELBR

1. Fanconi G: Familiare infantile perniziosaartige anamie ( pernizioses blutbild und
konstitution ) Jahrbuch Kinderheik 117: 257-280, 1927

2. Fanconi G: Familial constitutional panmyelopathy, Fanconi’ s anemia. 1. Clinical
aspects. Semin Hematol 4: 233-240, 1967

3. Schroeder TM, Anchutz F, Knopp A : Spontane chromosomenaberrationen bei familiarer
panmyelopathie. Humangenetik 1: 194-196, 1964

4. Sasaki MS, Tonomura A: A high susceptibility of Fanconi’ s anemia to chromosome
breakage by DNA cross—-lingking agents. Cancer Res 33: 1829-1836, 1973

5. de la Fuente J, Reiss S, McCloy M, Vulliamy T, Roberts IA, Rahemtulla A, Dokal I: Non-
TBI stem cell transplantation protocol for Fanconi anaemia using HLA-compatible sibling
and unrelated donors. Bone Marrow Transplant 32: 653-656, 2003

6. Yabe H, Inoue H, Matsumoto M, Hamanoue S, Koike T, Ishiguro H, Koike H, Suzuki K, Kato S,
Kojima S, Tsuchida M, Mori T, Adachi S, Tsuji K, Koike K, Morimoto A, Sako M, Yabe M:
Allogeneic haematopoietic cell transplantation from alternative donors with a conditioning
regimen of low dose irradiation, fludarabine and cyclophosphamide in Fanconi anemia. Br J
Haematol 134: 208-212, 2006

7. /NEBT BARICBT D/NERREREERBRERELOBIK. B/ MEEE 220 53-62, 2008

8. Kulter DI, Singh B, Satagopan J, Batish SD, Berwick M, Giampietro PF, Hanenberg H,
Auerbach AD: A 20-year perspective on the International Fanconi Anemia Registry. Blood
101: 1249-1256, 2003

9. REAILID, B4 IBE, BIERE. #KIUMA— : Fancni Bl OLERE-—RFEHE. H/MLE
55 17: 554-556, 2003

10. D’ Andrea AD. Susceptibility pathways in Fanconi’ s anemia and breast cancer. N Engl J
Med. 362:1909-1019, 2010

11. WTFFEZ, /HEE], BEAKEE: Fanconi HillDSTHHREE-HITOES BEKIMIK 50:538-546,
2009

12. Soulier J, Leblanc T, Larghero J, Dastot H, Shimamura A, Guardiola P, Esperou H,
Ferry C, Jubert C, Feugeas JP, Henri A, Toubert A, Socie G, Baruchel A, Sogaix F.
D’ Andrea AD, Gluckman E: Related Aarticles, Links Abstract Detection of somatic
mosaicism and classification of Fanconi anemia patients by analysis of the FA/BRCS
pathway. Blood 105: 1329-1336, 2005

13. REBFAAL D Fanconi BILDZWT LIAHK. H/NREE 1160 1205-1212, 2012

14.Shimamura A, Alter BP: Pathophysiology and management of inherited bone marrow failure
syndromes. Blood reviews 24: 101-122, 2010

15.Alter BP: Cancer in Fanconi anemia, 1927-2001. Cancer 2003; 97: 425-440

16.Rosenberg PS, Greene MH, Alter BP: Cancer incidence in persons with Fanconi anemia. Blood
101: 822-826, 2003

17.Shahidi N, Diamond L: Testosterone—induced remission in aplastic anemia of both acquired
and congenital types. Further observations in 24 cases. N Engl J Med264: 953-967, 1961

18.Guardiola P, Pasquini R, Dokal I, Ortega JJ, van Weel-Sipman M, Marsh JC, Ball SE, Locatelli

P, Vemyleﬁ C, Skinner R, Ljungman P, Miniero R, Shaw PJ, Souilllet G, Michallet M, Bekassy
AN, Krivan G, Di Bartolomeo P, Heilmann C, Zanesco I, Cahn JY, Arcese W, Bacigalupo A,
Gluckman E: Outcome of 69 allogeneic stem cell transplantations for Fanconi anemia using
HLA-matched unrelated donors: a study on behalf of the European Group for Blood and Marrow
Transplantation. Blood 95: 422-429, 2000

19.Socie G, Devergie A, Girinski T, Piel G, Ribaud P, Esperou H, Parquet N, Maarek 0, Noguera
MH, Richard P, Brison 0, Gluckman E: Transplantation for Fanconi’ s anaemia: long—term
follow—up of fifty patients transplanted from a sibling donor after low-dose
cyclophosphamide and thoraco—abdominal irradiation for conditioning. Br J Haematol 193:
249-255, 1998

20.Socie G, Henry-Amar M, Cosset JM, Devergie A, Girinsky T, Gluckman E : Increased incidence
of solid malignant tumors after bone marrow transplntation for severe aplastic anemia.

39

— 119 —



Blood 78: 277-279, 1991

21.Deeg HJ, Socie G, Schoch G, Henry—Amar M, Witherspoon RP, Devergie A, Sullivan KM, Gluckman
E, Storb R: Malignancies after marrow transplantation for aplastic anemia after Fanconi
anemia: a joint Seattle and Paris analysis of results in 700 patients. Blood 87: 386-392,
1996

22.Flowers ME, Zanis J, Pasquini R, Deeg HJ, Ribeiro R, Longton G, Mederios CR, Doney K,
Sanders J, Bryant J, Storb R: Marrow transplantation for Fanconi anemia: Conditioning with
reduced doses of cyclophosphamide without radiation. Br J Haematol 92: 699-706, 1996

23.de Medeios CR, Zanis—Neto J, Pasquini R: Bone marrow transplantation for patients with
Fanconi anemia : reduced doses of cyclophosphamide without irradiation as conditioning.
Bone Marrow Transplant 24: 849-852, 1999

24.Davies SM, Khan S, Wagner JE, Arthun DC, Auerbach AD, Ramsay NK, Weisdorf DJ: Unrelated
donor bone marrow transplantation for Fanconi anemia. Bone Marrow Transplant 17: 43-47,
1996

25.Locatelli F, Zecca M, Pession A, et al. The outcome of children with Fanconi anemia given
hematopoietic stem cell transplantation and the influence of fludarabine in the
conditioning regimen: a report from the Italian pediatric group. Haematologica 92: 1381-
1388, 2007

26.Yabe M, Yabe H, Hamanoue S, Inoue H, Matsumoto M, Koike T, Ishiguro H, Morimoto T, Arakawa
S, Ohshima T, Masukawa A, Miyachi H, Yamashita T, Kato S: In vitro effect of fludarabine,
cyclophosphamide, and cytosine arabinoside on chromosome breakage in Fanconi anemia
patients: Relevance to stem cell transplantation. Int J Hematol 85: 354-361, 2007

27.Yabe M, Takashi S, Morimoto T, Koike T, Takakura H, Tsukamoto H, Muroi K, Oshima K, Asami
K, Takata M, Yamashita T, Kato,S, Yabe H: Matched sibling donor stemcel transplantation for
Fanconi anemia patients with T-cell somatic mosaicism. Pediatr Transplant 16: 340-345, 2012

28.Dufour C, Rondelli R, Locatelli F, Miano M, Di Girolamo G, Bacigalupo A, Messina C, Porta F,
Balduzzi A, Iorio AP, Buket E, Madon E, Pession A, Dinni G, Di Bartolomeo P: Stem cell
transplantation from HLA-matched related donor for Fanconi’ s anaemia: a retrospective
review of the multicentric Italian experience on behalf of AIEOP-GITMO. Br J Haematol 112:
796-805, 2001

29.Tan PL, Wagner JE, Auerbach AD, Defor TE, Slungaard A, MacMillan ML: Successful engraftment
without radiation after fludarabine—based regimen in Fanconi anemia patients undergoing
genotypically identical donor hematopoietic cell transplantation. Pedatr Blood Cancer
46:630-636, 2006

30.Wagner JE, Eapen M, MacMillan ML, Harris RE, Pasquini R, Boulad F, Zhang MJ, Auerbach AD:
Unrelated donor bone marrow transplantation for the treatment of Fanconi anemia. Blood
109:2256-2262, 2007

31.Champlin RE, Schmitz N, Horowitz MM, Chapuis B, Chopra R, Cornelissen JJ, Gale RP, Goldman
JM, Loberiza FR Jr, Hertenstein B, Klein JP, Montserrat E, Zhang MJ, Ringden 0, Tomany SC,
Rowlings PA, Van Hoef ME, Gratwohl A: Blood stem cells compared with bone marrow as a
source of hematopoietic cells for allogeneic transplantation. IBMTR Histocompatibility and
Stem Cell Sources Working Committee and the European Group for Blood and Marrow
Transplantation (EBMT). Blood 95: 3702-3709, 2000

32.Rubinstein P, Carrier C, Scaradavou A, Kurtzberg J, Adamson J, Migliaccio AR, Berkowitz RL,
Cabbad M, Dobrila NL, Taylor PE, Rosenfield RE, Stevens CE: Outcomes among 562 recipients
of placental- blood transplants from unrelated donors. N Engl J Med 339: 1565-1577, 1998

40

— 120 —



Reference guide for diagnosis and treatment of Fanconi
anemia

Miharu Yabe (Department of Cell Transplantation and Regenerative Medicine, Tokai

University Hospital)
Hiromasa Yabe (Department of Cell Transplantation and Regenerative Medicine, Tokai

University Hospital)

Seiji Kojima (Department of Pediatrics, Nagoya University Graduate School of Medicine)
Takayuki Yamashita (Laboratory of Molecular Genetics, The Institute for Molecular and
Cellular Regulation, Gunma University)

Akira Ohara (Department of Pediatrics, Toho University)

Hiroshi Yagasaki (Department of Pediatrics, School of Medicine, Nihon University)

41

- 121 —



Table of contents

7.

Introduction

Diagnosis

1) Diagnostic evaluation of FA

2) Diagnostic strategy for FA

3) Severity of bone marrow failure
4) Differential diagnosis

Epidemiology
1) Arate of incidence
2) Prognosis

Molecular features

Clinical features
1) Physical appearance
2) Cancer

Treatment of hematological abnormalities
1) Blood transfusion
2) Hematopoietic growth factors
3) Androgen therapy
4) Hematopoietic stem cell transplantation

Future view

References

42

— 122 —



