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Fig. 4. Functional analysis of human full-length Notch2 ¢cDNA (wWtN2), and Notch2 with the nonsense mutation (nsmN2), single-base deletion
mutation (delstN2), or R2453Q mutation (rgN2). (a) Flow cytometric analysis of CHO(r) clones expressing wtN2, nsmN2, delstN2, and rqN2 at similar
expression levels. Each clone (cl1 and cl2 represented by green and red lines, respectively) of wtN2/CHO(r), nsmN2/CHO(r), delstN2/CHO(r), and
rqN2/CHO(r) was analyzed by flow cytometry using the antihuman Notch2 antibody MHN2-25. Purple curves represent isotype control. (b) Western
blot analysis of CHO(r) clones expressing wtN2, nsmN2, delstN2, and rgN2 using an antibody recognizing the intracellular domain of Notch2.
Asterisks indicate the transmembrane species of each Notch2 protein. MW, molecular weight. (c) Reporter gene transactivation by wtN2, nsmN2,
delstN2, and rqN2. Each clone (cl1 and cl2) was cultured in a dish coated with human Deltal-Fc (D1-Fc) or control 1gG. Data are means of
quadricate experiments. Error bars represent standard deviations. A representative experiment from repeated experiments is shown. sRAU, relative
arbitrary units standardized by B-galctosidase activity. (d) Inhibition of luciferase activity by N-[N-(3,5-difluorophenacetyl)-L-alanyl]-S-phenylglycine
t-butyl ester (DAPT), a y-secretase inhibitor. Bulk CHO(r) cells transfected with wtN2 or nsmN2 were stimulated with D1-Fc or control IgG with

graded concentrations of DAPT. RAU, relative arbitrary units.

mutations showed the same immunohistochemical staining
pattern for CD10, BCL6 and MUM-1 might provide insight into
this issue. DLBCL is highly heterogeneous clinically, morpho-
logically, and genetically. The tissue microarray study based on
immunostaining of the tissue samples identified three antigens
(CD10, BCL6 and MUM-1) as useful markers to predict the
results of mMRNA expression array studies®-® and the staining
pattern of these three antigens could be used to divide DLBCL
cases into GCB and non-GCB groups.?” Whereas all the five
cases carrying Notch2 mutations in our study belonged to the
non-GCB group of DLBCL in this criterion, Troen et al. recently
reported Notch2 mutations in two cases of MZB-cell lymphomas.©®"
Positions of these mutations are different from those that we
found, and their effect on the Notch2 function is not shown. We
did not find Notch2 mutations in MZB-cell lymphomas in our
cohort, yet the number of samples was not sufficient to draw
conclusions. Although we were unable to find evidence that
some or all the five cases carrying Notch2 mutations in our

Leeetal.

cohort are DLBCL transformed from MZB-cell lymphoma, this
might be an interesting possibility.

Enhanced activation of Notch signaling by exogenous ligand
stimulation or expression of constitutively active Notch proteins
supports the growth of a variety of tumor cells, including chronic
lymphocytic leukemia,*® non-Hodgkin’s lymphoma, and multiple
myeloma® cells. Alternatively, inhibition of Notch signaling by
Y-secretase inhibitors suppresses the growth of those tumor
cells, in which enhanced Notch signaling might be involved in
tumorigenesis.®” In contrast, a study of mice with a Notchl
deletion in keratinocytes revealed the tumor-suppressive feature
of Notch signaling.®> In a similar context, Notch2 activation
induces growth suppression in a wide range of B-cell malignancies,
raising the possibility that Notch2 functions as a tumor suppressor
in B cells.®® Thus, there appears to be a controversy regarding
whether Notch signaling has an oncogenic or antioncogenic role
in mature B-cell malignancies. It might be possible that Notch
signaling can induce both growth suppression and tumor promo-
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tion in the B-cell compartment, depending on the target window
within the various developmental stages of B cells.

Although it will require additional studies, including development
of animal models, to draw a definitive conclusion about the role of
Notch2 mutations in lymphomagenesis, our observations in this
study strongly indicate that deregulation of Notch2 signaling by
somatic Notch2 gene abnormalities contributes to the development
of a subset of DLBCL, the most frequent type of non-Hodgkin’s
lymphoma. Developing inhibitors of individual Notch molecules
might provide a new strategy for the treatment of different kinds
of malignancies, including T-ALL and DLBCL.
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Additional Supporting Information may be found in the online version of this article:

Fig. S1.  Specific binding of the mouse antihuman Notch2 monoclonal antibody (MHN2-25). MHN2-25 was added to individual CHO(r) cells and
analyzed by fluorescence-activated cell sorting. CHO(r), parental CHO(r); wtN1/CHO(r), CHO(r) cells stably transfected with pTracerCMV/wild-type
human Notch1; wtN2/CHO(r), CHO(r) cells stably transfected with pTracerCMV/wild-type human Notch2. Broken lines, biotin-conjugated mouse 1gG2a/

k (isotype control); solid lines, biotin-conjugated MHN2-25.
Table S1.

Primers for polymerase chain reaction—single-stranded conformational polymorphism

Please note: Wiley-Blackwell are not responsible for the content or functionality of any supporting materials supplied by the authors. Any queries
(other than missing material) should be directed to the corresponding author for the article.
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Monobactam and aminoglycoside combination therapy against
metallo-B-lactamase-producing multidrug-resistant Pseudomonas
aeruginosa screened using a ‘break-point checkerboard plate’
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Abstract

Metallo-f-lactamase-producing multidrug-resistant Pseudomonas aeruginosa (MDR P. aeruginosa) is a cause of life-
threatening infections. With parenteral colistin not available in Japan, we treated MDR P. aeruginosa sepsis with
monobactam and aminoglycoside combination therapy, with screening using a ‘break-point checkerboard plate’.

Introduction

Multidrug-resistant Pseudomonas aeruginosa (MDR
P. aeruginosa), defined as P. aeruginosa resistant to
aminoglycosides, carbapenems, and fluoroquinolones,
has emerged as an increasingly problematic cause of
hospital-acquired infection. The outcome of MDR
P. aeruginosa sepsis in severely immunocompromised
patients is usually poor. With parenteral colistin not
available in Japan, effective antimicrobial options are
severely limited. Therefore, combination therapy
involving available antimicrobial agents is expected. We
treated MDR P. aeruginosa sepsis with monobactam
and aminoglycoside combination therapy, with screen-
ing using a ‘break-point checkerboard plate’ [1].

Case reports
Patient 1

A 58-y-old woman was admitted to Toranomon
Hospital, Tokyo (890 beds) for the treatment of
malignant lymphoma. She was treated with an
unrelated donor bone marrow transplantation.
The patient suffered from grade IV acute graft-

versus-host disease (GVHD). On day 74 of trans-
plantation, peritonitis due to perforation was
suspected. MDR P. aeruginosa was cultured from
the blood, and treatment with intravenous aztreonam
(1 g iv. every 6 h) and amikacin (400 mg i.v. every
24 h) were started according to the break-point
checkerboard plate results. The patient subsequently
recovered from MDR P. aeruginosa sepsis.

Patient 2

A 54-y-old man was admitted to Toranomon Hospital
for the treatment of malignant lymphoma. He received
chemotherapy (R-HyperCVAD/MA) and pelvic radia-
tion therapy. He became febrile 9 days after the most
recent course of chemotherapy, with a neutrophil count
of 176/ul. Treatment with meropenem and vancomycin
was ineffective and the high fever persisted. MDR P.
aeruginosa was isolated from blood culture, and com-
bination therapy with aztreonam (2 g i.v. every 12 h)
and amikacin (400 mg i.v. every 24 h) was selected for
MDR P. aeruginosa according to the break-point
checkerboard plate results. The patient recovered suc-
cessfully from MDR P. aeruginosa sepsis.
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Patient 3

A 63-y-old man was admitted to Toranomon Hospital
for the treatment of acute myelogenous leukaemia
(AML; World Health Organization classification
M1). He was treated with cord blood transplantation.
The patient developed redness and swelling in the
right eyelid on day 1 of transplantation. He became
febrile on day 3 of transplantation. On day 5 of trans-
plantation, MDR P. aeruginosa was cultured from
the eye discharge, and his neutrophil count was 0/ul.
On day 8 of transplantation, MDR P. aeruginosa was
cultured from the blood, and treatment with intrave-
nous aztreonam (1 g i.v. every 6 h) and arbekacin
(600 mg i.v. every 24 h) was started. The break-point
checkerboard plate results suggested synergistic
effects of amikacin in combination with aztreonam
and piperacillin. The patient subsequently recovered
from MDR P. aeruginosa sepsis.

The clinical characteristics of these 3 patients with
MDR P. aeruginosa sepsis are shown in Table I.

Discussion

We have reported cases for which monobactams
and aminoglycosides were successfully used concom-
itantly for MDR P. aeruginosa infection. The produc-
tion of metallo-S-lactamase was demonstrated by
the 3 MDR P. aeruginosa strains using the SMA
disc method employing sodium mercaptoacetate
(SMA), ceftazidime, and imipenem disks (EIKEN
CHEMICAL). Pulsed-field gel electrophoresis was
also conducted. The strains from patients 1 and 2
were closely related. The strain from patient 3 was

different from those of patients 1 and 2 {2]. In Japan,

where intravenous colistin cannot be used, combina-
tion antimicrobial therapy is expected to be effective
for the treatment of MDR P. aeruginosa. A break-
point checkerboard plate is used to evaluate the effect
of combination therapy in reference to the breakpoint
concentration established from the correlation with

clinical efficacy, allowing simultaneous evaluation of
the effect of combination antimicrobial therapy using
8 clinically important agents (ceftazidime, piperacil-
lin, imipenem, aztreonam, gentamicin, ciprofioxacin,
polymyxin B, and rifampicin) on a single plate. In
Japan, a break-point checkerboard plate is commer-
cially available as a BC plate ‘EIKEN’ from EIKEN
CHEMICAL, which includes amikacin, meropenem,
and colistin instead of gentamicin, imipenem, and
polymyxin B.

Most MDR P. aeruginosa patients remain in a
carrier state. Usually, MDR P. aeruginosa seldom
causes infection. Therefore, no treatment is recom-
mended for carriers. However, MDR P. aeruginosa
is associated with a very poor prognosis when it causes
infection, particularly sepsis. Thus, when MDR
P. aeruginosa is detected in monitoring cultures for
immunocompromised patients, it is important
to predict the effect of concomitant use on a break-
point checkerboard plate to conduct appropriate
early antimicrobial therapy for the infection.

In Japan, the production of metallo-3-lactamase is
often involved in the high-level resistance of P. aerug-
inosa. IMP encoded by the blay,,, gene on a plasmid
has been reported [3,4]. Effective combinations of
antibacterial drugs seem to vary with strains. Strains
producing IMP-type metallo-f-lactamase often remain
susceptible to monobactams [5]. The concomitant use
of monobactams and aminoglycosides seems to be
promising. This regimen is considered to provide a
promising second drug of choice for patients in whom
intravenous colistin cannot be used.

Aminoglycosides for concomitant use with
monobactams will be examined in the future. In Japan,
a major drug resistance mechanism against aminogly-
cosides is inactivation of the antibacterial drugs via
acetylation, phosphorylation, etc., by aminoglycoside-
modifying enzymes produced by resistant bacteria
[6,7]. Other known mechanisms include the methy-
lation of 16S rRNA [8] and increased expression of
drug-effiux pumps [9]. Arbekacin is characterized by

Table 1. Clinica} characteristics of patients with multidrug-resistant Pseudomonas aeruginosa sepsis.

Combination
Underlying Predisposing Site of selected by BC Clinical
Patient Sex, age disease conditions Neutropenia infection plate Treatment  response
1 Female, 58 y Malignant U-BMT, GVHD, No Blood, peritonitis AZT/AMK, AZT/AMK  Recovered
lymphoma  diarrhoea PIPC/AMK
2 Male, 54 v Malignant  Chemotherapy, Yes (176/ul)  Blood, intestinal ~AZT/AMK AZT/AMK  Recovered
lymphoma  radiation tract ’
3 Male, 63 v AML CBT Yes (0/ul) Blood, eyelid AZT/AMK, AZT/ABK Recovered
cellulitis PIPC/AMK

AML, acute myelogenous leukaemia; U-BMT, bone marrow transplantation from an unrelated donor; GVHD, graft-versus-host disease;
CBT, cord blood transplantation; BC plate, break-point checkerboard plate; AZT, aztreonam; AMK, amikacin; PIPC, piperacillin; ABK,

arbekacin.
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the effect against Gram-negative bacilli, including
P. aeruginosa, as well as methicillin-resistant Staphy-
lococcus aureus (MRSA) [8,10,11]. Like amikacin,
arbekacin is regarded as a strong candidate for
concomitant use with monobactams [12].
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Analysis of Blood Concentrations Following Oral Administration of Beclomethasone Dipropionate for Gut GVHD:
Tadaaki Ito*', Kaori Watanabe *?, lzumi Nasu*!, Kanako Ino*', Mayumi Minowa ™', Masako Furusawa*', Yuri Okuno™,
yumiko Uchida *', Yoko Miyazaki*', Hiromi Tamura *', Shinobu Hasebe *', Shinsuke Takagi**, Hisashi Yamamoto **, Naofumi
Matsuno **, Naoyuki Uchida **, Kazuhiro Masuoka **, Atsushi Wake **, Shigeyoshi Makino **, Shuichi Taniguchi* and Masa-
hiro Hayashi*' (*'Dept. of Pharmacy, Toranomon Hospital, *!Division of Clinical Pharmacy, Kyoritsu University of
Pharmacy, **Dept. of Hematology, and **Dept. of Transfusion Medicine, Toranomon Hospital)

Summary

In this study, we investigated the level of gut absorption following oral beclomethasone dipropionate (BDP) administra-
tion by measuring the blood concentration of its metabolites measured by LC-MS/MS using the HPLC method. Five patients
who were administered BDP orally for gut GVHD were included. The blood concentrations of beclomethasone-17-monopro-
pionate (17BMP), which is one of the active metabolites of BDP, were 618~1, 749 pg/mL in 4 of the studied 5 patients,
which was comparable to that after inhalation of BDP; however, it was relatively higher in one patient (2, 4391161 pg/mL).
As the blood concentration of 17BMP in this study patient was higher compared with healthy volunteers administered a single
oral BDP 4 mg, GVHD patients might have a higher concentration than healthy volunteers.

Given that a higher grade of gut GVHD was associated with a higher blood level of 17BMP, BDP absorption might be
associated with gut mucosal injury. Thus, the systemic adverse effect following oral BDP administration might not be negligi-
ble especially in gut GVHD patients. Key words: Beclomethasone dipropionate, Graft-versus-host disease, Stem cell trans-
plantation (Received Jul. 6, 2009/Accepted Aug. 20, 2009)
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MEIEH PR TE LD TR2VEIERTRE LFA o0,

»

U ERAKE QRS EAKROMBEE - A
?oAeAT IRRLASE - BRRSE R

P EFEAHEEFASESSROMEEE - MEANF
* 7 ik

*

*
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BHEFWNBEEM (graft-versus-host disease: GVHD)
&, SRR BREOEE R AHEND—2TH 5,
AF 04 FEOLEHS5 1 GVHD 23+ 2 Bk 2 i
METH DY, BPFEOWMA LEWERHMSHEL %5,

VIut B2 1Ry (beclomethasone di-
propionate: BDP) i, A BV THAEIME - 7LV
FHARIIHTABRAML LT -RBEFEHERTY
%o BDP B BED SBINE", TAF5—-HI12k Y
REIGBMINEEREREYCH L 17-£ ) SaL F
Y21 R 5 (beclomethasone-17-monopropio-
nate; 17BMP) A # 3, 17BMPIX A5 4 FigH%
bzhwRr o2 ¥/ (beclomethasone: BOH) %,
#HE&Nh2?, BDP ixAELEERFIZ L D KBSFRE S
NBZZEd6, EHHLERELLEVI EHHE™ sh
Twh, &9 LAREBOMSEH» S, &1 BDP I3
RIEWSRIICBESNE X704 FEELTHES
. B GVHD i 2 A AN s hT & 1o,
BDP B RFEES KT THh h & FWLBER I 2
WEEZLRTWAY, BE GVHD BEkagicin
BDP o iR % $E Ll ik v,

Aulbhbhid, BE GVHD BEIZBIT 501 BDP
ORPROBE LR T 5720, BDP BIUZOREY
DUHFREC W TRE L O THE T 5,

I. ¥REFE

1.% ®

X &I 2006 F 10 H~2007 4 1 H  CRMEMSH
R, 1B GVHD (24 Bixat) ZREL
RABKIEONZOA Y 285 L-BAETHE, I
PREOWEI DWW T, LEHITL Y FaFHBICiEy
FENBGONBEETRE L

AT BT B8RL BDP O 535 X OF o A BE 3l
HROMFGREEZAR BV TEAEEB TV,

2. RANFIBORIOXRJ LR
BENRARIT R 2 @ X 4 Vit MP Biomedical #:®
FIREF BRI UAF S ORKPEAL, RAR
HL BABAEORI QAZ Y@ ATEARE Y
vy /RO ooRBE L, £hEhiH%E BDP 4/
A& BDP MR & L 7o BDP % 7 Vid/NB T
%, MBS X OCKBIIEEEY SRS ShTMLEC
BRI ELEBELTBBEY 7N E L, BDP N
MR#E, EREEECFHT L eIfELTIay 7
e L. RREHREORI QA OHBRICELT
X, BDP #7147t 1mg ® BDP, BDP

BoALSRGE

BR# 30 mL # 1 mg @ BDP 2&H T 5 X 9 Xl
L7,
3. BDP A7t/ & BDP ABADIE Hik & farch
RENTHHE

BeH5HEE, SWREFMICBVWTBDP A 7Nz
B1A7en%E 1848 (6 11, 16, 21 ), BDP AR
B 1E30mL % 1 H4E (4 7EVBRED 15 51%),
BO¥RS Liz,

MR EEEE &, BDP #:5-FakatE 3 H B LT BDP
BRI 4% (BDP NAREIR# 3 B8 45
) BHEE LI,

4. BDP, 17BMP, BOH Om=RERES %

BDP. 17BMP, BOH oiftji# M2, Applied Bi-
osystems/MDS SCIEX #:® API 3200™ LC-MS-MS
system (LC-MS/MS) THFo 70

EEBEH a2 b7 57 1 (high-performance liquid
chromatography: HPLC) @ # 9 4 i Symmetry
Shield™ RP8 5um 2.1X150 mm Column (Waters
Corps) %MV, LC-MS/MS W% % fi - 70 BDP,
17BMP, BOH O #HH#i I3 250~5,000 pg/mL & L,
Bl BRI 250 pg/mL & L7z,

5. 17BMP iR E & B GVHD O stage OB

bt |

W% GVHD DB & # L1 BDP O BAE B L 72,
BE GVHD o B Bl EMMBBH T A F5 1~
WP TiT o 72 BE GVHD o3l f il gEfie

-l

t‘hﬁ”) f-:o
I # %

1. BEAERCF MR
HEEHISWTH o7, BEFRE Table IR L
oo BEDERIL 20 RADS 60 RETH Y, FEELR

B0 1 FITH -2, BHIMMRE, B m 2 5,
B 14, RS2 MTh o7,

FRIMEF I, FEF 2~5 Tid BDP » 7 VIRE 4.5 8%
itk Tdh o248, fEH 1 T BDP A 7/ VRH 1.5 8
MikETHo s

2. BDP, 17BMP, BOH OfishBE

HREFOMPBRENERSFEL Table2 IR L 72
BDP A 72 VIRH 1.5 RER #AC Bl L 2=5EM 113,
17BMP O it i@t 2,439+ 161 pg/mL T THE L7,
BDP 7 7 VAR 4.5 BRI ICE L 722 4 AR T,
17BMP % 618~1,749 pg/mL O HEH o> i o 388 HE T A
Sz, BDP i3 2#l, BOH X 2 A THINEELF T
Hotzs
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Tablel Patients’ background
Stage of Day of Stage of
. . . Stem cell Onset of | Start day | gut GVHD gut GVHD
PatientNo. | Age | Sex | Diagnosis | " " | GvaAD| ofBDP | atBDP | 2% 7o biood
; . sampling .
starting sampling
1 65 female ALL CB day 136 day 141 3 day 159 1
2 32 male AML BM day 93 day 94 2 day 120 3
3 62 female AML PBSC day 120 day 122 3 day 156 3
4 68 male AML CB day 31 day 29 2 day 70 2
5 28 male CML PBSC day 46 day 46 2 day 52 1

ALL: acute lymphoblastic leukemia, AML: acute myelogenous leukemia, CML: chronic myelogenous leukemia, CB: cord
blood, BM: bone marrow, PBSC: peripheral blood stem cell

Table 2 Blood concentration of BDP, 17BMP, and BOH

Patient No Interval between blood sampling _ BDP 17BMP BOH
" and BDP administration (hour) mean+SD (pg/ml)

1 1.5 nd  2.439+161 75163

2 4.5 nd  1,166+184 358+32

3 4.5 nd 1,7491+208  339%22

4 4.5 nd 61819 nd

5 4.5 nd 696174 nd

nd: not detectable

g 2,500 -
e I % ¥
£ 2000 .
2 1500 NS BBESHTBDP DEEERRBWTH 2
S . 000 ’ 17BMP A G S A7z, 1995 4 @ McDonald 5 @
E ool . . W% 12, &0 BDP % #5 LM% GVHD &4 20 1
g o 110 (55%) WCEVEHIM & @7z 2 & X DT BDP
B 0 1 2 3 4 RIS R, SR REEASRE LSS 2 LATRRS
[se]

Stage of gut GVHD

Fig.1 Blood concentration of 17BMP and stage of
gut GVHD at blood sampling

3. 17BMP OfishRE & BE GVHD O stage DR
bl

W% GVHD O &y L &1 BDP ORI Z RETT 5
7:®, 17BMP o IiHigE L BE GVHD O stage OB#
% Fig 1 1SR U7z SEBI 1 IXARA 1.5 BEREZRICRIL L 72
1o RI LB L. BIER 4RO L, BE
GVHD 28 ) RIS TN TH D stagel 13 14,
stage 213 1 &C, 17BMP @i £ 2R 696,
618 pg/mL T 72, stage3id 2H T, 17BMP O i
BEIXFNFN 1,166, 1,749 pg/mL ThHo 7 BE
GVHD O stage & 17BMP o ifn i BE o> B0 % Mg L7z
LA, B GVHD @ stage BB VEEF T 17BMP @
MR EETH L HMA D bz,

NTW 5, 2001 EICHE? Sh-BEANZHRE U
RIZBWT, BDP OFORF IV DT REPLEH
WRRNZAET LI LAEESTWS, 46, bitb
NOFIERE R, McDonald & 2SEIFFHIHIC X D H#HH
2 BDP ORI % R U 7-#t s & &% AT BDP H9RIX
ENIHERIHTEHRE Lo

% AT BDP 1,000 pg DR EHE AL S OHED 1
L3k, 17BMP Ol iRE X 2,103 pg/mL TH o7
%72, BDP ORAHITH 5 F 2 /3-8 BWT, BDP
400 pug Z2BES CFREOAEXMBBEICHERA
$5 L7-Bo 17BMP O M i# R ik 1,419 pg/mL"Y T
Hoto TEANHETIE IR 2meg (7N 1mg W
FR# 1mg) % 1 H 45 L7z, 5@ 4HicBwT
17BMP DI #&FE i3 618~1,749 pg/mL Tdh o720
113 BDP 1 [l 400~1,000 ug % BB A& 5 L 7=
(1,419~2,103pg/mL) EFABED LV IZELUTOM
HBETH LI ENER I, RARKEEO BDP
1 HiZ5.8A51,500 pg ¥ COBE, BIFRERIH O
BBV EOREYRHEZ L LY, BAHL
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FIREE DM IR T & 1TEIE B BRI o f itk i
WweEZ LA, 1L, 17BMP O MiHhiRE 2,439+
161 pg/mL TR AR S BELLED M B ED FH AR
¥ (A

EAEHR L LRR” CROBDP A&
17BMP O i@ iirh i ERLERF AT 4 Bl CTh o7z &
&b, ApF7E bR AR 2R % BDP & 7V IRAE
B AR L L72AS, RO EREIE, EF) 1 1: BDP
A7 VIR 1.5 W, SER 2~5 13 4.5 BB TH o
720 BDP # 7 VIRAI 1.5 WM 1c Ml L 22 5EH0 1 @
17BMP DI BE (L 2,439 pg/mL & 5 HFERID 9 HIRE
AR L7, W 1 ix, BDP FBRHOBE GVHD ©
stage 7°3 Tdh ) HEOBERIREE L2 L Tz, B
@ GES) s hTuT, HEEELEET
Zwstagel BLU20BEHTE, BEZLEEED
Tmax THHWEELRH DL DD, stage 3 PLEDKF
GVHD B Tid, BRMA R EEFER R A & R
DURMLEETAHEEZILNS,

P& GVHD O stagel & stage2 DEBIZHBIT 5
17BMP o [ il 1x 2 h 24 696, 618 pg/mL T D,
5 A BDP 4 mg % HAUBIEEL S LARM 4 B %o
S E L RIE (703 pg/mL)” & HBE L CRAREE D Mrpig
BTH o7 BE GVHD @ stage3 DEWH 2 % 0
17BMP D Jfiii i 1.166. 1,749 pg/mL TH b, &H
Aol & gL Eh2h 1.7, 2.5 & st R
L7z &b, GVHD ® stage 238\ /EBHE TIHET A X
D b MABREA LA B AR Sz, 72, B
% GVHD o stage 258 VW MERIT 17BMP O ffi b g BE A
BETHLrHENPBOONLBERE LTHE GVHD @
THERE, O F VB REREORENE TSI TR
[1 BDP OBRRASTCHE L, Wb BEAS B R L 72 ) A At
H5b. HICHREORE GVHD 23%4E L T ZEH1IE.
#L1BDP IC K 22582 REHORBOW RN+ %
FTRETH 5,

X W
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Possible graft-versus-host disease involving the central
nervous system soon after cord blood transplantation

Hisashi Yamamoto, Naoyuki Uchida,'* Kazuya Ishiwata, Hideki Araoka,? Shinsuke Takagi,'
Masanori Tsuiji,! Daisuke Kato,! Yoshiko Matsuhashi,! Sachiko Seo,* Naofumi Matsuno,*

Kazuhiro Masuoka,! Atsushi Wake, Akiko Yoneyama,?

The concept that central nervous system (CNS) could be a target of
graft-versus-host disease (GVHD) is controversial. There are a few
case reports which support the possibility of CNS-GVHD [1,2]. Here,
we describe a patient who developed unique CNS symptoms soon
after cord blood transplantation with reduced-intensity conditioning
(RI-CBT). On Day 7 post-transplant, a high fever, slight skin eruption,
moderate diarrhea, and liver damage suddenly developed. Three days
later, her white blood cell (WBC) count rapidly increased to 1,700 pl™"
and consisted mostly of mature lymphocytes. Generalized convulsions
developed on the same day. An analysis of the cerebrospinal fluid
(CSF) revealed elevated proteins and pleocytosis comprising mostly
mature lymphocytes. The lymphocytes found in the peripheral blood
(PB) and CSF were phenotypically polyclonal T-cells that were donor
derived. Extensive investigations did not detect any microorganisms
or other causes for the T-cell proliferation and CNS symptoms. Consid-
ering the coexistence of CNS and systemic GVHD-like symptoms, pro-
liferation of donor-derived polyclonal T-cells in the CSF and PB, and
no microorganisms or other factors detected, CNS GVHD seems to be
the most likely explanation for her clinical course.

Cord blood (CB) has been increasingly applied as a viable source of stem
cells for allogeneic hematopoietic stem cell transplantation (allo-SCT) [3,4].
The incidence and severity of GVHD following cord blood transplantation
(CBT) are lower than those after allo-SCT using bone marrow or peripheral
blood stem cells from either matched siblings or unrelated donors [5-7]. On
the other hand, unique immune-mediated complications, such as pre-

Shigeyoshi Makino, and Shuichi Taniguchit

engraftment immune reaction (PIR) and hemophagocytic syndrome (HPS),
have been observed early after RI-CBT [8,9]. Thus, the spectrum of
immune-mediated reactions after RI-CBT has not yet been fully clarified.

CNS complications have been described following allo-SCT [10]. Infec-
tions, drug toxicity, and metabolic and cerebrovascular disorders are the
major causes, and there have been rare cases of apparent immune-medi-
ated reaction to CNS [1,2].

Here, we present an interesting case of a patient who developed unique
CNS symptoms soon after RI-CBT. A 40-year-old woman with follicular lym-
phoma that was refractory to chemotherapy was admitted to our hospital in
September 2006. Her clinical stage was IV B at diagnosis in 2002. Six
cycles of rituximab (R)-CHOP (cyclophosphamide, doxorubicin, vincristine,
and prednisone) resulted in complete remission, and rituximab therapy was
maintained for 1 year. A relapse occurred in 2005 and was treated with R-
ACES (high-dose Ara C, carboplatin, etoposide, and steroids), R-ICE (ifosfa-
mide, carboplatin, etoposide), cladribine, and R-COP (cyclophosphamide,
vincristine, and prednisone), which resulted in a partial response at each
cycle. However, the disease gradually progressed thereafter, with the devel-
opment of systemic lymphadenopathy, pleural effusion, and ascites. Since
no suitable related or unrelated donors from the Japan Marrow Donor Pro-
gram were available, unrelated CB was considered as an alternative graft,
and she was referred to our hospital. The patient and graft were sex-mis-
matched and phenotypically two and genotypically three-loci mismatches in
HLA-A, HLA-B, and DRB1 loci. The types of the HLA-A, HLA-B, and DRB1
loci were A01 (0101)/A31 (3101), B35 (3501)/B48 (4801), and DRB1*04

| oM donort) : 98.8%  100%
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Figure 1.

J0days

Clinical course of the patient. Abbreviations: U-CBT, unrelated cord blood transplantation; BM, bone marrow; CSF, cerebrospinal fluid; mPSL, methylpredniso-

lone; FCV, foscamet; HPS, hemophagocytic syndrome; VP-16, etoposide; WBC, white blood cell; BT, body temperature; LDH, lactate dehydrogenase; AST, aspartate

aminotransferase; T-bil, total bilirubin.
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Figure 2.  Activated lymphocytes in peripheral blood (a) and in cerebrospinal fluid (b) on Day 10 post-transplant. Flow cytometry of peripheral blood on Day 10 post-
transplant (c). Activated macrophages in bone marrow on Day 17 post-transplant (d). May-Giemsa staining X1000 (a, b) X400 (c). [Color figure can be viewed in the

online issue, which is available at www.interscience.wiley.com.]

(0404)/DRB1*09 (0901), respectively, in the recipient, and A26 (2601)/A31
(3101), B35 (3501)/B51 (5101), and DRB1*04 (0407)/DRB1*09 (0901),
respectively, in the donor. The graft contained 2.4 x 107/kg total nucleated
cells and 0.92 x 10%kg CD34* cells. The pretransplant conditioning regimen
consisted of fludarabine (25 mg/m®/day) for 5 days, melphalan (40 mg/m?/
day) for 2 days, and 4 Gy of total body irradiation. Tacrolimus alone was
administered as GVHD prophylaxis. Granulocyte colony-stimulating factor
was started from Day 1. Pretransplant viral serology was positive for HSV,
HVZ, CMV, and EBV, and negative for HIV and HTLV-1. She received 600
mg/day of oral acyclovir, 400 mg/day of oral tosufloxacin, 200 mg/day of oral
itraconazole, and trimethoprim-sulfamethoxazole (160 mg/day of the trime-
thoprim component) as for antimicrobial prophylaxis. Figure 1 shows her
entire clinical course following RI-CBT. On Day 7 post-transplant, a high
fever, slight skin eruption, and moderate diarrhea developed with a slightly
increased WBC count (from 10 uI™' on Day 6 to 30 wl™' on Day 7). Her
WBC count rapidly increased on Day 10 to 1,700 wi™" and comprised 90%
lymphocytes (Fig. 2a). Serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels increased to 715 and 359 U/, respectively,
and serum lactate dehydrogenase (LDH) levels increased to 1,101 IU/l. The
patient suddenly lost consciousness along with generalized convulsions on
the same day and required mechanical ventilation. Cerebrospinal fluid (CSF)
analysis revealed an extremely elevated protein level of 675 mg/dl (normal
range: 15-40 mg/dl) and pleocytosis (68 cells/ul), consisting mainly of lym-
phocytes (98%) (Fig. 2b). Magnetic resonance imaging scans of the brain
revealed no specific abnormalities typically seen in cerebrovascular disor-
ders, tacrolimus encephalopathy, thrombotic microangiopathy, or other CNS
complications, and schistocytes were undetectable in the PB. Flow cytome-
try revealed that the excessive lymphocytes in both PB and CSF comprised
polyclonal mature T-lymphocytes expressing CD3, CD4, CD5, CD8, and
HLA-DR. The expression of CD4 and CD8 was variable, in which
CD47CD8*, CD4*CD8", and CD4*CD8" cells accounted for 65, 25, and 9%,
respectively, of the cells in PB, and 38, 56, and 6%, respectively, of those in
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the CSF (Fig. 2c). Y chromosome-based fluorescence in situ hybridization
analysis showed that most of these cells were derived from the donor
(98.8% in PB and 96.8% in CSF). Furthermore, 98% of BM cells obtained
on Day 10 were also donor derived. Routine cultures of PB and CSF for
bacteria and fungi were negative. Analyses by real-time polymerase chain
reactions were negative for HSV-1, HHV-6, VZV, CMV, and EBV in PB and
CSF, and, for HSV-2, HSV-7, HSV-8, JCV, BKV, ADV, Parvovirus B19, HBV,
and HCV in PB. Southern blotting of cells from the PB showed that the
genes for both T-cell receptor CB1 and J31 were in germ-line configuration,
and EBV genome clonality was undetectable. Methylprednisolone (500 mg/
day) was administered for 3 days, and acyclovir was switched to foscarnet,
considering the possibility of acute GVHD and viral infection insensitive to
acyclovir. After the initiation of these therapies, the numbers of lymphocytes
in PB and CSF gradually decreased, and her clinical symptoms and labora-
tory data improved, so methylprednisolone was carefully tapered. However,
high fever, diarrhea, and CNS symptoms recurred around Day 17, and then
pancytopenia and cholestatic liver damage rapidly progressed. On Day 17,
BM aspiration revealed an increase of activated macrophageé (35%) with
massive hemophagocytosis (Fig. 2d). The chimeric status of the BM cells
revealed sustained donor cell dominance (96.8%), indicating that the hema-
topoietic cells and macrophages in the BM were both donor derived. Despite
the administration of etoposide (50 mg/m?) to control the hemophagocytosis,
pancytopenia and cholestatic liver damage progressed and the patient died
of bacterial sepsis 32 days after transplantation. An autopsy was not per-
formed.

Polyclonal T-cell proliferation is the principal mechanism of the antigen-
specific immune response that generally occurs upon infection and/or
inflammation. GVHD is also primarily a T-cell-mediated event, and the
subsequent expansion of donor T-cell clones-recognizing antigens causes
tissue damage either directly through T-cells encountering recipient MHC-
bearing cells in target tissues or indirectly through cytokine production
[11]).
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We previously reported higher incidence of immune-mediated complica-
tions, such as PIR, characterized by high-grade fever, skin eruption, diar-
rhea, jaundice, and body weight gain developing before engraftment, and
HPS early after RI-CBT [8,9]. Despite the known immunological naivety of
CB cells, the exceptionally high incidence of PIR and HPS suggests that the
properties of CB cells are unique and distinctly different from adult donor
cells. .

The most striking features of our patient were the remarkable polyclonal
T-cell proliferation both in PB and CSF, followed by sudden generalized con-
vulsions and loss of consciousness. As the coexistent CNS and systemic
GVHD-like symptoms, proliferating donor-derived polyclonal T-cells in the
CSF and PB, and microorganisms or other factors that might be responsible
for these symptoms or T-cell proliferation were undetectable. We therefore
postulated that an alloimmune reaction of the CB graft against the CNS
caused the CNS symptoms in our patient.

The concept that CNS could be a target of GVHD is controversial. Some
case reports support the possibility of CNS-GVHD [1,2]. All of the patients
in these reports were diagnosed with CNS-GVHD only when they responded
to immunosuppressive therapy and had histologically and immunophenotypi-
cally documented perivascular T-cell infiltration without evidence of other
CNS diseases with overlapping features. However, uniform diagnostic
approaches or criteria have not been established. Most of the reported
CNS-GVHD was diagnosed at the time of chronic GVHD development.
Powles et al. [12] reported that convulsions, possibly due to cerebral edema,
could develop as a manifestation of severe acute GVHD after haploidentical
transplantation. This could explain the events in our patient, although infor-
mation about the CSF, the presence or absence of T-cell proliferation, or
detectable infectious organisms was not provided in the literature. We
reported that early CNS complications are more frequent after RI-CBT than
after transplantation with other stem cell sources and that hypercytokinemia
associated with PIR could influence the development of CNS complications
[13]. T-cell proliferation in CSF along with the severe systemic symptoms in
our patient might have resulted from a type of hypercytokinemia that is
unique to RI-CBT.

Moreover, severe HPS developed around 10 days after T-cell proliferation,
and the activated macrophages in the BM were donor derived. Although
HPS is a rare complication following allo-SCT, some investigators have sug-
gested that a severe alloimmune response could result in HPS after PB
transplantation [14,15]. Furthermore, we recently reported that the incidence
of HPS following RI-CBT is higher than was previously reported and that
HPS is a significant risk factor for engraftment failure [9]. Hypercytokinemia
associated with engrafted T-cell proliferation may have played an important
role in donor-derived macrophage activation and in the development of HPS
in our patient.

In conclusion, we described a patient who developed sudden general-
ized convulsions and lost consciousness at the same time as polyclonal
T-cell proliferation soon after RI-CBT. The findings of extensive investiga-
tions indicated that the CNS can be a target of GVHD. Further accumula-
tion of clinical and laboratory data with the awareness of this devastating

complication soon after RI-CBT is warranted to precisely understand the
underlying basic mechanisms and to develop optimal intervention strat-
egies.
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Treatment with hydroxyurea in a patient compound heterozygote
for a high oxygen affinity hemoglobin and p-thalassemia minor

Pierre-Olivier Gaudreau, Xiaoduan Weng,! Ghislain Cournoyer,* Louise Robin,*

Carmen Gagnon,? and Denis Soulieres!

Compound heterozygotes for p-thalassemia and high oxygen affinity
hemoglobin (Hb) have been documented, but experience in the man-
agement of such rare cases is minimal. Although hydroxyurea (HU)
has never been used in a heterozygote with high oxygen affinity Hb
and B-thalassemia, we hypothesized that it would decrease erythrocy-
tosis through a lowered production of abnormal cells and increase of

766

Pso by Induction of fetal hemoglobin (HbF). We present the case of a
patient with compound high oxygen affinity Hb mutation with p-thalas-
semia. PCR analysis revealed combined Hb Regina and IVS1-110 G/A
mutations. Treatment with HU caused a decrease in Ht (61.1% to
38.6%) and erythrocyte volume (74.87 mL/kg to 40.65 ml/kg), as well
as an increase in Ps, (6 mmHg to 10 mmHg ) and HbF level (3.6% to
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Central Nervous System Relapse of Leukemia after
Allogeneic Hematopoietic Stem Cell Transplantation

Kumi Oshima,' Yoshinobu Kanda,' Takuya Yamashita,? Satoshi Takahashi,> Takehiko Mori,*
Chiaki Nakaseko,” Katsumichi Fujimaki,‘S Akira Yokota,” Shin Fujisawa,a
Takafumi Matsushima,9 Hiroyuki Fujita,' % Tohru Sakura,’ ! Shinichiro Okamoto,4
Atsuo Maruta,'? Hisashi Sakamaki,* for the Kanto Study Group for Cell Therapy

Little information is available regarding central nervous system (CNS) relapse of adult leukemia after alloge-
neic hematopoietic stem cell transplantation (HSCT). Therefore, we reviewed the data of 1226 patients with
acute myelogenous leukemia (AML), acute lymphoblastic leukemia (ALL), and chronic myelogenous leukemia
(CML) who received first allogeneic HSCT between 1994 and 2004, using the database of the Kanto Study
Group for Cell Therapy (KSGCT), and analyzed the incidence, risk factors, and outcome of patients with
CNS relapse. Twenty-nine patients developed CNS relapse at a median of 296 (9-1677) days after HSCT
with a cumulative incidence of 2.3%. Independent significant factors associated with CNS relapse included
ALL as the underlying diagnosis (relative risk [RR] = 9.55, 95% confidence interval [CI] = 1.26-72.2, P =
.029), nonremission at HSCT (RR = 2.30, 95% Cl = 1.03-5.15, P =.042), the history of CNS invasion before
HSCT (RR = 5.62,95% Cl = 2.62-12.0,P = 9.2 x 10™°), and the prophylactic intrathecal chemotherapy after
HSCT (RR = 2.57, 95% CI = 1.21-5.46, P = .014). The 3-year overall survival (OS) after CNS relapse was
18%. In 7 of 29 patients with CNS relapse, leukemia was observed only in CNS. Three of 7 patients were alive
without systemic relapse, resulting in 3-year survival after CNS relapse of 46%. Although the outcome of
patients with CNS relapse was generally poor, long-term disease-free survival could be achieved in some
patients.

Biol Blood Marrow Transplant 14: 1100-1107 (2008) © 2008 American Society for Blood and Marrow Transplantation
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INTRODUCTION

Relapse of the original disease remains 1 of the
most important causes of failure after allogeneic hema-
topoietic stem cell transplantation (HSCT) for leuke-
mia. Although majority of the patients develop
systemic relapse, extramedullary relapse has been
also observed after HSCT. The incidence of central

nervous system (CNS) relapse after allogeneic
HSCT ranged from 2.9% to 11% [1-3]. Risk factors
for CNS relapse identified in previous studies included
CNS involvement before HSCT [2] and nonremission
at HSCT [1]. Prophylactic intrathecal administration
of methotrexate (MTX) was shown to decrease the in-
cidence of CNS relapse of acute lymphoblastic leuke-
mia (ALL) in the Seattle study [1], whereas the other 2
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studies failed to find the benefit of prophylactic intra-
thecal administration of MTX on CNS relapse in pa-
tents with acute leukemia [2,3]. There has been no
generalized consensus on intrathecal administration
of MTX, and in fact, a survey of the European Group
for Blood and Marrow Transplantation (EBMT) had
reported that the practice varied widely among centers
[41.

We examined the incidence, risk factors, and out-
come of CNS relapse after allogeneic HSCT in adult
patients with acute myelogenous leukemia (AML),
ALL, and chronic myelogenous leukemia (CML),
and also evaluated the prophylactic effect of intrathecal
administration of MTX on CNS relapse.

MATERIALS AND METHODS

Study Population

The study population consisted of 1226 patients,
who underwent allogeneic HSCT for AML, ALL,
and CML for the first time between January 1994
and December 2004 at 10 hospitals participating in
the Kanto Study Group for Cell Therapy (KSGCT).

Transplantation Procedure

Of the 1226 patients, the sources of stem cell was
bone marrow (BM) in 903, peripheral blood stem cells
(PBSC) in 178, BM plus PBSC in 10, and cord blood
(CB) in 134. Conventional myeloablative conditioning
regimens such as total body irradiation (TBI) and cy-
clophosphamide (Cy), busulfan (Bu), and Cy, and their
modified regimens were performed in 1168 patients.
Among them, TBI of at least 10 Gy was performed
in 815 patents. Reduced-intensity conditioning
(RIC) regimens were conducted in 53 patients. Pro-
phylaxis of graft-versus-host disease (GVHD) was at-
tempted with calcineurin inhibitors (cyclosporine
[CsA] or tacrolimus) with or without short-term
MTX in the majority of patients.

Definition of CNS Relapse

CNS relapse was diagnosed as the presence of leu-
kemic cells in the cerebrospinal fluid (CSF). Isolated
CNS relapse was defined as CNS relapse without
any other sites of relapse of leukemia.

Statistical Considerations

Overall survival (OS) was calculated using the Ka-
plan-Meier method. Cumulative incidence of CNS re-
lapse was calculated using Gray’s method, considering
death without CNS relapse as a competing risk [5].
Cumulative incidence of isolated CNS relapse was cal-
culated using Gray’s method, treating systemic relapse
and death without relapse as a competing risk [5]. The
protective effect of chronic GVHD (cGVHD) on

CNS Relapse after Allogeneic HSCT 1101

CNS relapse was evaluated among patients who devel-
oped bone marrow relapse within 100 days after
HSCT. Factors associated with at least borderline sig-
nificance (P < .10) in the univariate analyses were sub-
jected to a multivariate analysis using backward
stepwise proportional-hazard modeling. Finally, P
values of <.05 were considered statistically significant.

RESULTS

Characteristics of the Patients

Characteristics of patients included in the study
were listed in Table 1. The median age was 36 years,
ranging from 15 to 69 years. The underlying diseases
were AML (n = 533), ALL (n = 352), and CML (n
= 341). Eighty-one patients had the history of CNS
involvement before HSCT. Eight hundred and nine
patients were in complete remission of acute leukemia
or in chronic phase of CML at HSCT, and the remain-
ing patients had active disease. In the following analy-
ses, CML in the chronic phase was included in
leukemia in complete remission.

CNS Relapse

Twenty-nine patients developed CNS relapse at
amedian of 296 days (9-1677 days) after HSCT, giving
the cumulative incidence of 2.3% (Figure 1). The me-
dian age was 31 years (range: 17-47). The underlying
disease was ALL in 18, AML in 9, and CML in 2. Six-
teen patients had CNS involvement before HSCT and

Table 1. Characteristics of Patients

Median age (range) at transplantation 36 (15-69)
Sex

Male 762

Female 464
Underlying disease

AML 533

ALL 352

CML 341
Disease status

CR 809

non-CR 416
History of CNS disease

Yes 8l

No 802
Type of conditioning

Conventional 1168

Reduced intensity 53
TBI =10 Gy in conditioning

Yes 815

No ) 404
Donor type

Related 478

Unrelated 548
Stem cell source

BM 902

PBSC 178

BM + PBSC 10

CB 134

CB indicates cord blood,
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Figure |. Cumulative incidence of CNS relapse treating death without
CNS relapse as competing risk.

6 of them had active CNS disease at HSCT. OS after
CNS relapse was 42% at 1 year and 18% at 3 years
(Figure 2A). OS of the whole patient cohort, patients
with CNS relapse, and those without CNS relapse
was 59.8%, 33.2%, and 60.6%, respectively, at 3 years
after transplantation.

Pretransplant factors that affected the incidence of
CNS relapse after HSCT with at least borderline sig-
nificance were ALL as the underlying disease, active
disease at HSCT, a history of CNS leukemia, the use

“of TBI regimens, HSCT from an unrelated donor,
and the use of prophylactic intrathecal chemotherapy
after HSCT (Table 2). Among them, multivariate
analysis showed that ALL as the underlying disease,
active disease at HSCT, the history of CNS involve-
ment, and the use of intrathecal chemotherapy after
HSCT were independently significant (Table 2 and
Figure 3). The cumulatve incidences of CNS relapse
in patients with and without a history of CNS involve-
ment before HSCT were 21.3% and 1.3%, respec-
tively (Figure 3A). Patients with ALL were at higher
risk for CNS relapse even in patients in remission at
HSCT without a history of CNS involvement before
HSCT (ALL 2.7%, AML 0.8%, and CML 0.4%, P
= .088, Figure 4A). Twenty-three patients who had ac-
tive leukemia at HSCT had persistent disease after
HSCT. Among these, only 2 patients developed
CNS relapse after HSCT. However, median survival
of this cohort was only 90 days after HSCT producing
a l-year survival of 14%, and thus, majority of the pa-
tients died very early, before developing CNS relapse.

Effect of Intrathecal Chemotherapy on the
Incidence of CNS Relapse

The practice of intrathecal chemotherapy in allo-
geneic HSCT recipients varied among the 10 institu-
tions of the KSGCT. Half of them never used
prophylactic intrathecal chemotherapy before and af-
ter HSCT. The remaining half administered intrathe-
cal prophylaxis routinely before HSCT, of which 2
institutions added intrathecal chemotherapy after
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Figure 2, OS after CNS relapse (A) and that grouped according to iso-
lated CNS relapse or CNS relapse associated with systemic relapse (B).

HSCT for high-risk patients such as those with ALL
or the history of CNS involvement. In this cohort, in-
trathecal prophylaxis before HSCT was conducted in
701 of 887 patients and intrathecal chemotherapy after
HSCT was done in 141 of 807 patients whose informa-
tion about intrathecal chemotherapy was available.
Antineoplastic agents used for intrathecal chemother-
apy mainly consisted of MTX. The median numbers of
intrathecal chemotherapy before and after HSCT
were | (range: 1-4) and 2 (range: 1-4), respectively.
We failed to find a significant prophylactic effect of
intrathecal chemotherapy for CNS relapse. The rela-
tive risk for CNS relapse was 1.52 (95% CI 0.61-
3.79, P = .37) for intrathecal chemotherapy before
HSCT and 3.92 (95% CI 1.80-8.51, P = .00057) for
intrathecal chemotherapy after HSCT (Table 2),
This adverse influence of intrathecal chemotherapy af-
ter HSCT was significant even after adjusted for the



Biol Blood Marrow Transplant 14:1100-1107, 2008

CNS Relapse after Aliogeneic HSCT 1103

Table 2. Impact of Pretransplant Factors on the Incidence of CNS Relapse after Transplantation

Factor Univariate RR (95% CI) P value Multivariate RR (95% CI) P value
Age 1.00 (1.00-1.00) A5
Sex 1.01 (0.65-1.59) .95
Disease CcML 1.00 1.00
AML 5.58 (0.70-44.5) .10 3.60 (0.46-28.4) 22
ALL 17.7 (2.36-132.8) 0052 9.55 (1.26-72.2) 029
CR/non-CR 2.33 (1.08-5.04) 031 2.30 (1.03-5.15) 042
History of CNS disease 17.9 (8.30-38.6) 20 x 107" 5.62 (2.62-12.0) 9.2 x 107*
T8 2.91 (1.00-8.44) 050
Conventional/reduced intensity
0.99 (0.47-2.07) 97
Related/unrelated 1.85 (1.06-3.23) 030
Source BM 1.00
PBSC 0.24 (0.03-1.77) .16
CcB 0.70 (0.17-2.96) 63
Sex mismatch 1.06 (0.42-2.66) .90
HLA mismatch 0.46 (0.06-3.46) A5
Prophylactic IT
before HSCT 1.52 (0.61-3.79) 37
Prophylactic IT
after HSCT 392 (1.80-8.51) 00057 2.57 (1.21-5.46) 014

IT indicates intrathecal chemotherapy; CNS, central nervous system; RR, relative risk.

underlying disease, disease status at HSCT, and the
history of CNS involvement before HSCT (relative
risk 2.57, 95% CI 1.21-5.46, P = .014). Among pa-
tients without a history of CNS involvement before
HSCT who were in remission at HSCT, the inci-
dences of CNS relapse after HSCT were 3.6% and
1.6% who received and did not receive intrathecal che-
motherapy after HSCT, respectively (P = .057,
Figure 4B). In patients with a history of CNS involve-
ment before HSCT, the incidences of CNS relapse af-
ter HSCT were 37.4% and 11.6%, respectively, who
received and did not receive intrathecal chemotherapy
after HSCT (P = .018; Figure 4C). When we limited
the analysis in patients with ALL, the incidences of
CNS relapse after HSCT were 6.2% and 3.7% whore-
ceived and did not receive intrathecal chemotherapy
after HSCT (P = .17), respectively, in patients without
a history of CNS involvement before HSCT who were
in remission at HSCT and they were 55.6% and
15.5%, respectively, in patients with a history of
CNS involvement before HSCT (P = .0081).

Nine patients developed leukoencephalopathy
with a median onset of 288 days after HSCT. The in-
cidence of leukoencephalopathy was significantly
higher in patients who underwent intrathecal chemo-
therapy after HSCT (3.5% versus 0.5%, P = .0076).

Isolated CNS Relapse

Seven patients developed isolated CNS relapse at
a median of 671 days (125-1677 days) after HSCT,
presenting the cumulative incidence of 0.70%. Char-
acteristics of these 7 patients were listed in Table 3.
All received bone marrow as stem cell source. Prog-
nostic factors associated with isolated CNS relapse
with at least borderline significance were age, active

disease at HSCT, CNS involvement before HSCT,
stem cell source, the use of intrathecal chemotherapy
after HSCT, and the absence of HLA mismatch.
Among these, independent significant factors for iso-
lated CNS relapse included the history of CNS in-
volvement before HSCT, the use of PBSC or CB as
stem cell source, and the absence of HLA mismatch
(Table 4). The treatment of isolated CNS relapse con-
sisted of intrathecal chemotherapy and/or cranial irra-
diation and CNS disease was successfully controlled in
5 of the 7 patients. Four patients developed bone mar-
row relapse within 1 year. However, the remaining 3
patients were alive without systemic relapse at 518,
807, and 1149 days after CNS relapse and 1283,
1478, and 2195 days after HSCT, respectively. Sur-
vival after CNS relapse was significantly better in pa-
tients who developed isolated CNS relapse than
those who developed CNS relapse with systemic re-
lapse (46% versus 8% at 3 years, P = .023, Figure 2B).

Effect of cGVHD on CNS Relapse

Among the 378 patients who experienced bone
marrow relapse within 100 days after HSCT but
were free from CNS relapse at day 100, 21 (6.1%)
showed CNS relapse later on. The incidence of CNS
relapse after bone marrow relapse was 7.1% in patients
with cGVHD and 2.0% in those without cGVHD
P=.14).

Analysis Excluding CML Patients

We repeated these analyses excluding patients with
CML, because the incidence of CNS relapse was ex-
tremely low, as shown in Figure 3C. The cumulative
incidence of CNS relapse was 3.2%. Independently
significant pretransplant factors for CNS relapse
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Figure 3. Cumulative incidence of CNS relapse grouped according to
the history of CNS involvement before transplantation (A), disease sta-
tus at transplantation (B), and underlying disease (C).

were the same as the analyses including CML patients;
ALL compared to AML as the underlying disease (RR
2.68,95% CI 1.18-6.11, P = .019), actve disease at
HSCT (RR 2.49,95% CI 1.08-5.73, P = .032), the his-
tory of CNS involvement (RR 5.64,95% CI 2.60-12.3,
P = .000012), and the use of intrathecal chemotherapy
after HSCT (RR 2.69, 95% CI 1.25-5.81, P = .012).
The cumulative incidence of isolated CNS relapse
was 0.9%. Independently significant pretransplant fac-
tors for CNS relapse included ALL compared to AML
as the underlying disease, the history of CNS involve-
ment, the use of PBSC as stem cell source, the absence
of HLA mismatch, and the use of intrathecal chemo-
therapy after HSCT.
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Figure 4. Cumulative incidence of CNS relapse in patients in remission
at transplantation without a history of CNS involvement before trans-
plantation grouped according to the underlying disease (A) and the
use of prophylactic intrathecal chemotherapy (IT) after transplantation
(B). Cumulative incidence of CNS relapse in patient with CNS involve-
ment before transplantation grouped according to the use of prophylac-
tic IT after transplantation (C).

DISCUSSION

The cumulative incidences of CNS relapse and
isolated CNS relapse were 2.3% and 0.70% in this co-
hort, respectively, which were almost comparable with
those in previous studies (Table 5) [1-3]. The history
of CNS leukemia before HSCT was identified as the
strongest predictive factor for CNS relapse after
HSCT in our study as previously reported [1,2].

We could not show a beneficial effect of prophy-
lactic intrathecal chemotherapy on the incidence of



Biol Blood Marrow Transplant 14:1100-1107, 2008

CNS Relapse after Allogeneic HSCT 1105

Table 3. Characteristics of Patients Who Developed Isolated CNS Relapse after Transplantation

Patient No. [ 2 3 4 S 6 7

Age 23 31 24 35 : 26 41 18
Sex M M M M F M M
Disease CML CML ALL AML ALL ALL ALL
Disease status CP2 BC RL2 RLI RL2 CRI RL2
History of CNS disease Yes Yes Yes Yes Yes No No
Stem cell source BM BM BM BM BM BM BM
Donor type R R U R R R U
HLA mismatch No Yes No No No No Yes
Conditioning regimem But+Cy CA+Cy+TBI ETP+Cy+TBI CA+Cy+TBI ETP+Cy+TBI Cy+TBI CA+Cy+TBI
Days to an isolated CNS 671 134 125 1565 276 1265 1677

relapse
CNS treatment IT+RT IT+RT T IT+DLI RT IT+RT T
Systemic relapse No No Yes Yes Yes Yes No
Days from HSCT to 164 1680 444 1572

systemic relapse
Day from CNS relapse to 39 115 168 307

systemic relapse
Outcome Alive Alive Dead Dead Dead Alive Alive
Follow-up duration (days) 1478 1283 236 2031 870 1661 2195

IT indicates intrathecal chemotherapy; RT, radiation; DLI, donor lymphocyte infusion; BU, busulfan; CY, cyclophosphamide; CA, cytarabine; ETP, etopo-
side; CNS, central nervous system; HSCT, hematopoietic stem cell transplantation.

CNS relapse after HSCT. The incidence of CNS re-
lapse was rather higher in patients who received intra-
thecal chemotherapy after HSCT. This was probably
biased by the fact that significantly higher proportion
of patients received intrathecal chemotherapy after
HSCT among patients with CNS involvement before
HSCT than those without CNS leukemia (47.4%
versys 13.4%, P < .0001). However, intrathecal che-
motherapy after HSCT significantly adversely affected
the incidence of CNS relapse even after adjusted for
the underlying disease, disease status at HSCT, and
the history of CNS involvement before HSCT. Also,
a benefit of intrathecal chemotherapy after HSCT
was not shown in patients with ALL, in contrast with
the previous reports [1,6]. This discrepancy might
have resulted from the difference in the intensity of

the intrathecal chemotherapy. Intrathecal chemother-
apies were administered 6 times after HSCT in the Se-
attle group, whereas the medium number of
intrathecal chemotherapy in the current study was
only 2 (range: 1-4). Therefore, the intensity of intra-
thecal chemotherapy might be important to suffi-
ciently prevent CNS relapse after HSCT. However,
they observed the development of leukoencephalop-
athy in 7 of the 415 patients and we also observed leu-
koencephalopathy significantly more frequently in
patients who received intrathecal chemotherapy after
HSCT than those who did not. Therefore, such an in-
tensive intrathecal chemotherapy should be avoided
for patients at low risk for CNS relapse. We had a con-
cern that the use of intrathecal chemotherapy after
HSCT might delay immune recovery and thereby

Table 4. Impact of Pretransplant Factors on the Incidence of Isolated CNS Relapse after Transplantation

Factor Univariate RR (95% ClI) P-Value Multivariate RR (95% Cl) P-Value
Age 0.99 (0.98-1.00) 055
Sex 1.05 (0.47-2.34) .90
Disease CML 1.00
AML 0.73 (0.04-11.9) .82
ALL 5.31 (0.61-45.9) 13
CR/non-CR 4.98 (0.97-25.7) 055
History of CNS disease 48.3 (9.37-249.4) 3.6 x 107 48.1 (9.40-245.9) 33 x 107°
TBI 321 (0.38-26.8) .28
Conventional/reduced intensity
1.08 (0.26-4.49) 92
Related/unrelated 1.45 (0.65-3.24) 37
Source BM 1.00 1.00
PBSC NA. <.000! N.A. <.0001
cB NA. <.0001 N.A. <.0001
Sex mismatch 1.58 (0.26-9.41) .62
HLA mismatch N.A. <.0001 N.A. <0001

Prophylactic IT before

HSCT 1.09 {0.21-5.61) 0.92
7.11 (1.62-31.2) 0.0094

- Prophylactic 1T after HSCT

NL.A. indicates not assessable because no events were observed in the group; IT, intrathecal chemotherapy; RR, relative risk.
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Table 5. Cumulative Incidence of CNS Relapse after HSCT in Prior Studies and Our Study

Underlying Disease History of CNS CR at Transplant Allogeneic Incidence of
n (AML/ALL/CML) Leukemia (%) (%) Transplant (%) CNS Relapse (%) Reference
! 415 217/198/0 234 417 100 2in AML, [3in ALL |
2 92 0/92/0 228 100 71.7 I 2
3 487 366/121%0 35 100 67.6 29 3
4 1226 533/352/341 9.2 65.8 100 23 Present report

*ncluding 5 patients with acute unclassified leukemia.

increase the risk of systemic relapse, but the incidence
of systemic relapse was not significantly different be-
tween those who received intrathecal chemotherapy
and those who did not (relative risk 1.11, 95% CI
0.79-1.55, P = .56). The use of total body irradiation
(TBI) in the conditioning regimen has been considered
to prevent CNS relapse, because irradiation is effective
for so called sanctuary sites of chemotherapy. How-
ever, the incidence of CNS relapse was also rather
higher in patients who received the TBI regimen.
This may be again because of the fact that significantly
higher proportion of patients received the TBI regi-
men among patients with CNS involvement before
HSCT than those without CNS leukemia (81.5% ver-
sus 57.9%, P < .0001).

As for stem cell source, isolated CNS relapse was
observed exclusively after BMT. A possible explana-
tion for this may be the year effect, because allogeneic
PBSCT and CBT started after 2000 in Japan. How-
ever, the year of HSCT of patients who developed iso-
lated CNS relapse evenly ranged between 1997 and
2002. Another possible explanation is the presence of
graft-versus-CNS relapse effect enhanced by increased
incidence of cGVHD after allogeneic PBSCT and the
presence of HLA-mismatch in CBT. The significantly
higher incidence of CNS relapse after autologous
HSCT than that after allogeneic HSCT suggested
the existence of such an immunologicprotection
against CNS relapse [2]. Isolated extramedullary re-
lapse was also reported to be observed eatlier in autol-
ogous HSCT than in allogeneic HSCT [7].
Furthermore, successful treatment of CNS relapse
with reduced-intensity transplantation may suggest
the presence of graft-versus-leukemia CNS leukemia
effect [8], although the other reports doubted such ef-
fect against for CNS lesions [9-12]. The observed ten-
dency toward a lower CNS relapse incidence after
bone marrow relapse in patients with cGVHD than
those without cGVHD in the current study might sup-
port this speculation, although we have no immuno-
logic evidence.

The prognosis of patents who developed relapse
after allogeneic HSCT has been reported to be ex-
tremely poor [13,14]. Also, survival after isolated
CNS relapse was reported to be no better than that af-
ter bone marrow relapse in pediatric patients with
AML and adult patients with ALL [15,16]. However,
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in the current study, 3 of the 7 patients who developed
isolated CNS relapse were alive for more than a year
without leukemia, resulting in the significantly better
survival than those who developed CNS relapse after
or simultaneously with systemic relapse. We could
not identify the reason for this discrepancy, but the
age and underlying disease of the study population dif-
fered between our study and the previous report. We
consider that an intensive treatment against CNS leu-
kemia is warranted for adult patients with isolated
CNS relapse.

In conclusion, we confirmed that ALL as the un-
derlying disease, active disease at HSCT, and the his-
tory of CNS involvement before HSCT were
significant predictors for CNS relapse after HSCT.
We failed to show a significant prophylactic effect of
intrathecal chemotherapy to prevent CNS relapse
and such a prophylactic treatment should be avoided
for patients at low risk for CNS relapse. The prognosis
for isolated CNS relapse was surprisingly good.
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