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no. 3, serum estradiol was transiently detected above
20 pg/ml, but she did not resume menstruating.

Assessment of basal body temperature and monitoring of
follicle growth by sonohysterography would be useful to
assess ovarian function of patients undergoing ovarian
shielding in TBI.

Actual measurement for phantom

The mean and median actual doses measured by means of
the glass dosimeters, which were inserted in the position of
the ovaries in the humanoid phantom were between 1.041
and 1.042 Gy, respectively with a prescribed dose of 4 Gy.
The range was 9.98-1.096 Gy. The results meant that the
average total dose of the ovary was reduced from 12 to
3.123 Gy (74% less).

Discussion

The dose-limiting toxicity of TBI is interstitial pneumonia.
Although the incidence of interstitial pneumonia has been
significantly reduced by the use of fractionated irradiation
compared to single dose irradiation,” 15% of patients still
develop interstitial pneumonia after fractionated TBI.
Therefore, lung shielding has been investigated to decrease
lung toxicity of TBI. In a small nonrandomized study, the
incidence of interstitial pneumonia was lower in patients
who underwent TBI with lung shielding than in those who
did not have shielding.’* TBI may also affect renal function
after transplantation. Therefore, Lawton er al.’® attempted
to protect renal function by renal shielding decreasing the
total dose to the kidneys from 14 to 12Gy, and the
incidence of late renal dysfunction decreased from 26
to 6%.

The ovary is an organ sensitive to irradiation and the
number of antral follicles per ovary has been shown to be
reduced by ovarian irradiation in long-term survivors of
childhood cancer.'® Also, Shuck er al7 reported that all
patients who received irradiation to the ovaries at greater
than 15 Gy developed hormone failure. The radiation doses
that cause 5 and 50% complications to the ovaries are
about 3 and 10Gy, respectively.’”® In this study, the
irradiation dose to the ovaries was decreased by 75% by
ovarian shielding and the total dose to the ovaries was
estimated at about 3Gy. Considering that recovery of
ovarian function is frequently observed after a conditioning
regimen of cyclophosphamide at 200mg/kg only, the
combination of cyclophosphamide at 120mg/kg and TBI
at 12Gy with ovarian shielding should be reasonably
protective to the ovaries. '

Although patients who have received a conditioning
regimen of cyclophosphamide and TBI may have sponta-
neous recovery of ovarian function long after transplant-
ation, the incidence is less than 15% and it takes a median
of 5 years for recovery of ovarian function after transplant-
ation.'® In this study, regular menstruation recovered in
two of the three patients within 2 years after transplant-
ation, showing the protective effect of ovarian shielding.
However, spontaneous recovery of ovarian function is
rarely seen after a combination of busulfan and cyclophos-
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phamide, another major conditioning regimen for leuke-
mia.’”® * The risk of persistent alopecia is also more
frequent after a busulfan-containing regimen.”® Therefore,
the combination of busulfan and cyclophosphamide should
be avoided in young female patients, unless the patient has
a condition that precludes the use of TBI, such as previous
high-dose irradiation to a major organ.

It remains to be seen whether the recovery of ovarian
function in these patients will allow a normal pregnancy
and normal live birth. Recently, Carter et al** analyzed
pregnancy outcomes of female recipients and female
partners of male recipients after hematopoietic stem cell
transplantation. Seven females reported 13 pregnancies and
21 males reported 34 pregnancies. Most pregnancies were
uncomplicated and resulted in 40 live births. Pregnancy
outcomes were compared with those of their nearest-age
siblings. The incidence of miscarriage or stillbirth was
similar between the two groups. However, a larger study
from the European Group for Blood and Marrow
Transplantation® showed that the incidences of caesarean
section, preterm deliverly, and low birthweight singleton
birth offspring were higher compared to those in the
normal population. Therefore, pregnancies in transplant
recipients should be treated as high risks for maternal and
fetal complications. In addition, the freezing of ovarian
tissues or embryos might have a role as a back-up method
of fertility treatment for the patient with ovarian failure
after TBI.

We have shown that ovarian function could be preserved
by ovarian shielding. However, a longer follow-up is
needed to know whether this will allow normal pregnancy
and delivery. Also needed is a larger study to evaluate the
possible risk of increased relapse of leukemia after
transplantation. In addition, the freezing of ovarian tissues
or embryos might have a role as a back-up method of
fertility preservation for patients who undergo hemato-
poietic stem cell transplantation and should be evaluated in
the future.
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Chronic myelogenous leukemia (CML) evolves from an indolent chronic phase (CP) characterized by the Philadelphia chromo-
some. Without effective therapy, it progresses to an accelerated phase (AP) and eventually to a fatal blast crisis (BC). To iden-
tify the genes involved in stage progression in CML, we performed a genomewide screening of DNA copy number changes in a
total of 55 CML patients in different stages with the use of the high-resolution array-based comparative genomic hybridization
(array CGH) technique. We constructed Human M arrays that contained 3,151 bacterial artificial chromosome (BAC) DNAs,
allowing for an average resolution of 1.0 Mb across the entire genome. In addition to common chromosomal abnormalities,
array CGH analysis unveiled a number of novel copy number changes. These alterations included losses in 2q26.2-q37.3,
5q23.1-q23.3, 5q31.2-q32, 7p21.3-p1 1.2, 7q31.1—q31.33, 8pter-p|2(p|1.2), 9p, and 22q13.1-q13.3] and gains in 3q26.2-q29,
6p22.3, 7p15.2-p14.3, 8pl2, 8p21.3, 8p23.2, 8q24.13—q24.21, 9q, 19p13.2-p12, and 22q13.1—q13.32 and occurred at a higher
frequency in AP and BC. Minimal copy number changes affecting even a single BAC locus were also identified. Our data sug-
gests that at least a proportion of CML patients carry still-unknown cryptic genomic alterations that could affect a gene or
genes of importance in the disease progression of CML. This article contains Supplementary Material available at http://
www.interscience.wiley.com/jpages/1045-2257/suppmat.  © 2006 Wiley-Liss, Inc.

INTRODUCTION peutic approaches for patents in BGC, it is essenual
to identify molecular rargets of blastc transforma-
uon.

The BC stage of CML is commonly associated
with nonrandom secondary chromosomal changes
that, in addition to the ©(9:22), include +Ph, +8,
17¢q), +19, t(3;21)(q26;q22), and t(7;11)(p15;p15)
(Prigogina et al., 1978; Alimena et al,, 1987; Blick
et al., 1987: Melo et al., 2003), or with mutations in

Chronic myelogenous leukemia (CML) is a clo-
nal disorder originating from pluripotent hemato-
poietic stem cells that is characterized by the Phil-
adelphia (Ph) chromosome generated by the
1(9:22)(q34;q11) (Rowley, 1973; Melo et al.,, 2003).
CML rypically shows 3 clinical stages: the iniual
indolent chronic phase (CP), followed by the inter-
mediate accelerated phase (AP), and then the ter-
minal fatal stage, blast crisis (BC). "The prognosis

of pauents in BC 1s sull very poor, with a median
survival of only a few months (Calabretta and Per-
rotti, 2004). At present, no promising curative ther-
apeutic options are available for pauents in BC.
The recent development of imatinib mesvlate,
which selectively inhibits enhanced tvrosine ki-
nase actvity of the chimeric BCR-ABL oncopro-
tein generated by the Ph chromosome, produced
impressive therapeutic effects on patents in CP.
However, the benefits from this drug seem short-
lived once patients progressed to BC (Calabretta
and Perrotu, 2004). Thus, to develop new thera-
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the 7P53, CDANZA, RBI, or RAS genes (Ahuja
et al., 1989; Kelman et al., 1989; LeMaistre et al,,
1989; Feinstein et al., 1991; Nakai et al., 1992,
1994; Mitani et al., 1994; Nakai and Misawa, 1995;
Sill et al., 1995; Nakamura et al., 1996; Fioretos et
al., 1999; Beck et al., 2000). However, the molecu-
lar mechanisms responsible for disease progression
in CML have not been fully understood. Array-
based comparative genomic hvbridization (array
CGH) is a robust technology in which a large num-
ber of genomic clones are spotted on a glass slide
and comparatively hvbridized t differenually la-
beled tumor and reference DNA to enable high-re-
solution analysis of copy number changes in cancer
genomes (Pinkel et al., 1998). Although the array
CGH technique has been drawing increasing
attention as a tool for studying alterations of
genomes in various tumors (Albertson and Pinkel,
2003), it had not been applied to the analysis of
patients with CML.

In the present study, to identify genes underly-
ing stage progression in CML, we manufactured
Human IM arrays containing 3,151 bacterial arufi-
cial chromosome (BAC) DNAs and performed
CGH analysis in 55 primary CML samples in dif-
ferent stages using these arrays. A number of previ-
ously unrecognized small cryptic genomic regions
were identified.

MATERIALS AND METHODS

PATIENTS AND SAMPLES

After obraining informed consent, bone marrow
or peripheral-blood samples were obtained from 55
Japanese patients diagnosed with CML. "wenty-
five of the patients were in the CP stage, 4 were in
the AP stage, and 26 were in the BC stage. Clinical
details are summarized in 'lable 1. After approval
by the ethical committee at the University of "To-
kyo, all the samples were subjected to extraction of
genomic DNA and anonymized to be used for fur-
ther analysis according to the regulation of the Jap-
anese government.

Array Fabrication

We constucted Human 1M arrays containing a
subset of the FISH (fluorescence in situ hybridiza-
tion) Mapped Clones V1.3 collection, which were
obtained from BACPAC Resources Center (Child-
ren’s Hospital Oakland Research Institute, Oak-
land, CA). After excluding clones missing mapping
information, a total of 3,151 clones were finally
selected for fabricauon of Human IM arrays (Supple-

meneary Table 1, Supplementary material for this
article can be found at hup//www.interscience.
wilev.com/jpages/1045-2257/suppmat), which could
be used for genomewide copy number detection at
an average resoluton of approximately 1.0 Mb.
Each BAC DNA was amplified with degenerated
oligonucleotide-primed PCR (DOP-PCR) accord-
ing tw the protocol published by Fiegler et al.
(2003), with the minor modification of an equimo-
lar combinaton of DOP 1, 2, and 3 primers being
used in the first PCR cycles. Amplified DNA was
spotted in duplicate onto GAPS ™ 11 coated slides
(Corning, International K.K., "Tokvo, Japan), using
an Affymetrix 419 Arraver (Affymertrix, Santa
Clara, CA). Before hybridization, array slides were
briefly rehydrated over steam and immediately
dried on a 75°C heat block. After being baked in a
drying oven at 65°C for 3 h and UV-crosslinked at
60 m], the slides were rinsed with 0.2X standard
saline citrate (SSC) and then with disulled water.
T'he reactive moieties of amino-silane remaining
on the glass surface were inactivated for 20 min by
gently shaking arrays in a blocking solution, which
was freshly prepared by dissolving 4.15 g of suc-
cinic anhydride in 245 ml of 1-methyl-2-pyrrolidi-
none and then adding 22.5 ml of sodium borate
(1IN, pH 8.0). The slides were briefly rinsed with
distlled water and preserved in a desiccator at
room temperature, and immediately before hvbrid-
ization, they were treated in boiling water for
2 min, placed in 100% cold ethanol, and then dried
by centrifugation.

DNA Labeling and Hybridization to BAC Arrays

Genomic DNA was extracted from mononuclear
cells of the bone marrow or peripheral blood of nor-
mal individuals using a PUREGENE ™ DNA Iso-
lation Kit (Gentra Systems, Minneapolis, MN).
One microgram each of normal reference genomic
(male or female) and test DNA were labeled with
Cy3-dUTP and Cy5-dUTD, respectively, using a
BioPrime ® Array CGH Genomic Labeling System
(Invitrogen, Carlsbad, CA). After overnight incuba-
ton at 37°C, unincorporated nucleotides were
removed by use of a BioPrime '™ Array CGH Puri-
ficaton Module (Invitrogen, Carlsbad, CA). The
labeled test and reference DNA were ethanol-pre-
cipitated together with 80 pg of human Cot-1
DNA (Invitrogen, Carlsbad, CA) and 100 ng of
veast tRNA (Roche, Basel, Swiwzerland), redis-
solved in a hybridization mix [50% formamide, 5%
dextran sulfate, 2X SSC, 5% 'lItis (pH 7.4, 0.1%
Iween 20)], and denatured at 75°C for 15 min. Af-
ter incubation at 37°C for 30 min, the mixture was
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CyS: normal male C33: normal male

bagd emtin

Figure 1. Representative array
CGH results obuined from reference-
versus-reference control hybridization.
Clones are ordered from chromo-
somes | to 22, X, and Yand within each
chromosome according to the UCSC b
mapping position (http://genome.ucsc.

edu/; May 2004 draft). Each spot repre-
sents an average log, signal ratio for
each BAC locus. (a) For all loci, log,
ratios were within the threshoids —0.2
and 0.2 in the male-versus-male control
experiment. (b) Gain in chromosome X
(0435 = 0.124) and loss in chromo-
some Y (—0.807 = 0.167) were clearly
visualized in the female-versus-male
control experiment {Cy5 and Cy3,
respectively).

g ytra

applied to an array slide placed in a MAUI " Mixer
AO Hybridization Chamber Lid (BioMicro Sys-
tems, Salt Lake City, UV) and incubated at 37°C
for 60-66 h using a MAUI Hybridization System
(BioMicro Systems). After hybridization, the slides
were washed once in a solution of 50% formamide
and 2X SSC for 15 min at 50°C and once in 2X
SSC for 15 min at room temperature. Slides were
rinsed briefly with 0.2X SSC and dried immedi-
ately by centrifugation.

Iimage Analysis and Processing

After hybrdizauon, the arrays were scanned by
an Affymetrix 428% Array Scanner (Affymetrix,
Santa Clara, CA). The scanned image was analvzed
by an ImaGene v4.2 (BioDiscovery, Inc., Marina
Del Rey, CA) in order 1o extract Cy3 and Cy5 sig-
nals for each spot, and after local background sig-
nals were subtracted, test/reference log, ratios of
the test and reference signals were calculated for
all spots. The log; ratos were normalized so that
the average log; ratio of all spots became zero. A
spot was eliminated from the analysis if the signal
intensity after the background subtraction in either
Cy5 or Cy3 was less than =18 decibels or the
duplicated signals differed bv more than 0.4 in the
log, ratios. 'The average log, ratios of the two repli-
cate spots were calculated for the remaining spots.
An experiment was not adopted if less than 90% of
all spots met the above-mentioned criteria or if the
standard deviation (SD) of all spots was larger than
0.25. "Thresholds for copy number gain and loss
were defined as log, ratios of +2 SD and -2 SD,
respectively. T'he reproducibility of the data was
confirmed in two independent experiments for

each tumor sample. For two representative cases,
the consistency of the CGH results was confirmed
by dye-swap experiments, in which tumor and ref-
erence DNA were inversely labeled with Cy3 and
Cy5, respectively.

FISH Analysis

Interphase FISH experiments were performed
as previously described (Wang et al., 2003).

RESULTS

Quality Test of BAC Array

Prior to the analysis of CML samples, control
experiments were performed to evaluate the qual-
ity of the Human 1M array, in which DNA from
normal individuals was used as a test sample. In
the male-versus-male control hybridizations, log;
ratios for all spots were within the thresholds of
—0.2 and 0.2 (Fig. 1a), whereas in the female-ver-
sus-male hybridizations, copy number gain of the
whole chromosome X and copy number loss of the
whole chromosome Y were detected successfully
(Fig. 1b). In the latter experiments, the mean log,
ratios of the clones on the X and Y chromosomes
were 0.435 = 0.124 and —0.807 = 0.167, respec-
tvely, compared to the mean log; ratio of —0.008 =
0.083 for all clones from autosomal chromosomes.

Higher Frequency of DNA Copy Number Changes
in CML in BC and AP

A total of 55 CML samples in different stages
were analvzed for copy number alterations by array
CGH using Human 1M arrays. Table 2 lists the
copy number alterations detected in individual

Genes, Chromosomes & Cancer DOV 10.1002/gcc
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TABLE 2. Gains and Losses Detected by Array CGH

Regions and clones
that showed copy

Regions and clones
that showed copy

Case No. number gains number losses
API 3926.2—q29 (RPH1-91A17~RP11-233N20), 22q13.2-q13.3!
7p15.2~p14.3 (RPI1-81FI5~RPI1-89NI7) (RP11-BINIS~RPI1-66M5)
AP2 9p21.2 (RP11-81B19)-gter, Chromosomel 3, 8p23.1 (RPI11-287P18)
Chromosome! 9, Chromosome2|, Chromosome22,
22ql1.1-q11.22 and 9934.13~qter 22q13.1—q13.32
(RP11-4H24-RP11-133P21)
AP3 Spl5.1 (RP11-88L18, RP11-90B23), 19p13.2 (RPI1-79F15) none
AP4 8q21.2 (RP11-90G23) none
BCI none none
BC2 none none
BC3 4p15.33 (RP11-143120), 5p15.1 (RP11-88L18) 8pl2 1q25.1 (RPI1-177M16),
(RPI1-274F14-RP11-100B[6), 9q, 19p13.2 (RP11-79FI5), 5923.1-q23.3 (RP11-47L19-RP1 1-89G4),
22q11.1-q11.22 and 9q34.13~qter 5931.2-q32 (RP11-11514~RPI [-88H2),
7931.1-q31.33 (RP11-79G19~RP11-90C13),
8pter—p |2 (RP11-91P13), 9p
BC4 8p23.1 (RP11-287P18), 22ql 1.21 (RPI11-278E23) none
BCS 8p23.1 (RP11-287P18), 17p13.3 (RP11-582C6), 1721.31 (RP11-52N1i3)
19pi3.2 (RPI1-79F15)
BC6 none Spl15.1 (RP11-88L.18)
BC7 Chromosome8 none
BC8 none none
BC9Y none 21q22.12 (RP11-17020)
BCI0 8p23.1 (RP11-287P18), 17p13.3 (RP11-582C6) none
BClHI none none
BCl2 8p23.1 (RP11-287P18), i7p13.3 (RPI1-582C6) Spi5.1 (RP11-88L18)
BCI3 none Chromosomes 4 and 13
BCl4 Chromosome8, 8q21.2 (RP11-90G23) none
BCIS 8p23.1 (RP11-287P18) none
BCl6 Chromosome8%, 8p23.1 (RP11-287P18), 2q36.2—q37.3 (RPI1-68H19~RPI [-90E %),
Chromosome| 2%, 17p13.3 (RP11-582Cé), |8pter—ql [.2 (RP| [-79F3)*
22ql1.1-ql1.2 and 9934.13—qter
BCI7 none 1q25.3 (RPI1-196B7), 17q21.31
(RPI1-52N13)
BCI8 none 1q25.3 (RP11-173E24),
1q25.3-q31.1 (RPI11-162L13)
BCi9 none 5pl5.1 (RP11-88L18),
7p21.3-p11.2 (RPI1-79021~RPI 1-90NI )
BC20 none 9q22.32 (RP11-223A21)
BC21 5pl5.1 (RP11-88LI8), Chromosomel 9% none
22ql1.1-ql1.2 and 9q34.13~qter
BC22 6p22.3 (RP11-43B4~RP}|1-288M24), 8pter—pi 1.2 (RP11-284)3)
8p21.3 (RP11-8904~RP11-274M89),
8pl1.21 (RP11-282J24)-qter
BC23 5pl5.1 (RP11-88L18) none
BC24 Chromosome8*, 17p13.3 (RP11-582C6), 5pi5.1 (RPI1-88L18),
17922 (RP11-143M4) 22q11.1-q11.2 and 9934.13-qter 7q11.21 (RP11-90C3)
BC25 S5pl5.1 (RP11-88L18), 19p13.2 (RP11-79F15) none
BC26 8q24.13-q24.21 (RPI1-229L23-RP11-237F24), none
19p13.2-p 12 (RPI[-84CI17~RP!11-91L5),
22qll.1-ql1.2 and 9934.13-qter
CPI 8p23.1 (RPI1-287P18), 17p13.3 (RP11-582C6) 1q25.1 (RP11-177M16),
1g25.3 (RP11-173E24),
5pl5.1 (RP11-88L18)
cP2 17q21.31 (RP11-52NI3) 1g25.1 (RP11-177M16)
CP3 17p13.3 (RP11-582C6), 17qI2(CTD-2019C10) Sp15.1 (RPI1-88L18), 17g25.2

(RP11-145C11)
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TABLE 2. Gains and Losses Detected by Array CGH (Continued)

Regions and clones
that showed copy

Regions and clones
that showed copy

Case No. number gains number losses

CP4 S5pl5.1 (RP11-88L18), 1q25.1 (RP11-177M16), 17q21.31
19p13.2 (RP11-79FI5) (RPII-52N13)

CP5 none none

CPeé none Spl5.1 (RP11-88L18)

CP7 19pi3.2 (RPII-79F15) none

CP8 none Chromosome3

CP9 none none

CPIO none none

CP11 none none

CPI2 6q25.3-q26 (RP11-43B19) none

CP13 8p23.1 (RP11-287P18), none
17pi3.3 (RP11-582C6)

CPi4 19p13.2 (RP11-79F15) none

CPI5 8p23.2 (RP11-113B7~RP11-8%112), none
8p23.1 (RP11-287P18),
22qll.1-ql 1.2 and 9934.13~qter

CPl6 19pi3.2 (RPII-79F15) 8q21.2 (RP11-90G23)

CPI17 none none

CPI8 17p13.3 (RP11-582C6), |7pll1.2—qter 17q12(CTD-2019C10) [7pter—pi2

CP19 none none

CP20 19p13.2 (RPI11-79F15) Spi5.1 (RP11-88L18)

CP21 8p23.1 (RP11-287P18), 15q22.31 (RP11-50N10),22q13.32 1925.1 (RP1I-177M16)
(RP1I-133P21)

CP22 none none

CP23 none none

CP24 none S5pi5.1 (RP11-88L18, RP11-90B23),

8q21.3 (RP11-91K2), 9932 (RP11-95}4)
CP25 none none

22ql 1.1~11.2 and 9q934.13~qter corresponds to Philadelphia chromosome.

Gain of 17p11.2—qter together with loss of 1 7pter—p 12 represents isochromosome [7q (i(17q)).
Copy number changes involving a single BAC are indicated in bold. Underlined are the regions (or BAC loci) whose copy number changes were con-

firmed by FISH.

cases, and lable 3 summarizes the number of cases
showing each copy number alteration in different
stages of CML. Array CGH successfully detected
cryptic gains and losses that had been missed by
conventional karvotvping analysis as well as large
chromosomal changes that had been observed in
prior conventional karvotyping analysis (‘lTables 2
and 3).

When analysis was confined to copy number
alterations that involved at least two consecutive
BAC clones, onlv 4 copy number alterations were
detected in 25 pauents in CP whereas 38 copy
number alterations were identified in 30 patients
in AP/BC (lable 2). The frequency of DNA copy
number alterations was significantly higher in AP/
BC than in CP (P < 0.005).

Large and Small Cryptic Changes Detected
by High-Resolution Array CGH

In the current analysis, the most frequent altera-
tion was gain of extra Ph chromosomes (6 cases in

AP/BC, 1 case in CP), which was inferred from
gains of a distal part of 9q and a proximal part of
22q. Alteratuons of whole chromosomes, including
gains of chromosomes 8 (4 cases in BC), 19 (2 cases
in AP/BC), 13, 21, and 22 (1 case each in AP), and
losses of chromosomes 3 (1 case in CP), 4, and 13
(1 case each i BC) were also observed ("lables 2
and 3). One CP panent (case CP18) displaved both
gain of 17p11.2—qter and loss of 17pter—p12 mate-
rial, suggesting the presence of an isochromosome
17g~i(17q)—which has repeatedly been reported
in association with CML BC (Prigogina et al.,
1978; Alimena et al., 1987; Fioretos et al.,, 1999;
Melo et al., 2003), although the conventional kar-
yvotyping analysis had missed this abnormality.

Our array CGH analvsis also uncovered cryptic
changes that had not been reported in CML and
therefore were novel regions implicated in the
pathogenesis and progression of CML. Case BC3
was found to have a balanced ©(9:22) ranslocation
as the sole chromosomal abnormality in karyotyp-
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TABLE 3. Summary of Copy Number Alterations Detected

by Array CGH

HOSOYA ET AL.

Stage

CcpP
(n=125)

AP + BC
(n = 30)

Gains

Unbalanced translocations or gains that were also

detected by G-banding analysis
Ph (22q11.1-q1 1.2

and 9q34.13-qter)
Chromosome 8
Chromosome 13
Chromosome |9
Chromosome 21
Chromosome 22

Gains in cases in which G-banding analysis was not done

Chromosome 8
3q26.2—-q29
7pl15.2—pl4.3
8pl1.21—q24.3

0 3
0 2
0 |
0 2
0 |
0 |
0 |
0 |
0 |
0 |

Cryptic gains that were not detected by G-banding
analysis (involving at least two consecutive

BAC clones spotted on the array)
Ph (22ql 1.1—ql 1.2
and 9q34.13—qter)
i(17q) (gain of 17pl1.2—qter
and loss of 1 7pter-p12)
Chromosome 8
6p22.3
8pl2
8p21.3
8p23.2
8q24.13-q24.21
9p21.2~qer
9q
19p13.2—pi2
22q13.1—q13.32

! 3

o

Total number

Losses
Losses in cases in which G-banding

analysis was not done
Chromosome 3
Chromosome 4
Chromosome |3
7p21.3-pli.2
22q13.1-ql3.31

[V eNeNeNeNel ool

| 0
0 |
0 !
0 |
|

0

Cryptic losses that were not detected by G-banding analysis
(involving at least two consecutive BAC clones spotted

on the array)

2q36.2-q37.3
5923.1-g23.3
5931.2-q32
7q31.1-q31.33
8pter—pl2
8pter—pl 1.2
%

I8pter—ql 1.2

OO0 O0O0OO0 00O

Total number

o

Genes. Chromosonies & Cancer DOL 10.1002/gec

ing analysis (‘lables T and 2). However, in array
CGH, muldple copy number alterauions, including
gains in 8p12 and 9¢, and an extra Ph chromosome,
and losses 1n 5q23.1-q23.3. 5¢31.2—q32, 7q31.1-
31.33, 8pter—pl2, and 9p were reproducibly de-
tected in duplicate experiments (lable 2, Fig. 2a).
Case BC16 had a karvotvpe showing 48.XY,
t(3:21:18%q21:q22:p1 1) +8, «(922)q3-+qll), +12
{(‘Iable 1), whereas array CGH also detected an
extra Ph chromosome as well as losses in 2q36.2~
q37.3 and 18pter—q11.2 ('Iable 2, Fig. 2b). Also, in
case BC22, CGH analvsis disclosed cryptic copyv
number gains in three consecutve BACs within a
small 6p22.3 region spanning 505 kb (Table 2,
Fig. 2¢).

These array CGH results were confirmed by
FISH analysis using affected BAC clones as probes
when Carnoy samples were available ('lable 2, Fig.
2b and ¢). For example, the sample from patient
BC16 showed, consistent with trisomies 8 and 12,
three signals from clones RP11-150N13, on chro-
mosome 8 (with an average log, ratio of 0.449), and
RP11-91115, on chromosome 12 (with an average
log, ratio of 0.474), whereas clones RI’11-116M19,
on chromosome 2 (with an average log, ratio of
—0.538), and RP11-105C15. on chromosome 18
(with an average log, ratio of —0.701), produced
only one signal, confirming the presence of an
allelic deletion in these regions (Fig. 2Zb). In
patient BC22, clones RP11-228M24, at 6p22.3
(with an average logs ratio of 1.158), showed multi-
ple signals, in agreement with the copy number
gain found in array CGH (Fig. 2¢).

Copv number changes that involved only a sin-
gle BAC locus (‘lable 4) were verified by FISH
analysis for selected cases ('lable 2 and Fig. 2d). In
total, 75 single BAC copy number changes (SBCs)
were identified in 24 BAC loci among 55 CML
patients. Because 35 of the 75 SBCs, found in three
BAC loci, were also identified in normal individu-
als (3 SBCs, ar RPP11-88L.18, RPP11-287P18, and
RP11-586C6, in 10 healthy Japanese individuals;
data not shown) and 37 SBCs in six BAC loci
appeared as both copy number gains and losses
depending on samples, suggesting that many of
these are likelv to represent polymorphisms
known as large-scale copy number variations
(LCVs; lafrate et al, 2004; Sebat et al., 2004
lable 4). Indeed, 11 of the 24 BAC loci showing
SBCs conformed to regions previously reported as
LCVs (lable 4) (Iafrate et al., 2004; Sebat et al.,
2004).

—211—



ARRAY CGH ANALYSIS OF CHRONIC MYELOGENOQUS LEUKEMIA 491

Figure 2. Gains and losses detected
by array CGH and confirmed by FISH
analysis. () Array CGH profile of case
BL3, showing an exwa Ph chromo-
some, gains in 8pl12 and 9q and losses
in 8pter-8p 12 and 9p. not detected by
karyotyping analysist (b} Array CGH
profile of case BC16, in which an extra
Ph chromosome, gain in chromosome 8
with a higher-level of gain of the done
RF{ ;—L87P18, gain in chromosome 12,
and fosses in  2936.2-2q37.3 and
18pter-18qi 1.2 were identfied. Inter
phase FISH analysis of this case used
the indicated biotin-labeled BAC clories
as probcs Consistent with trisomies 8
and 12, clones RPH-T1SONI3. on chro-
mosome 8 {average log, ratio of 0.449),
and RP1I-31115, on chromosome 12
{average logy ratio of 0.474). showed 3
signals. whereas clones RPHI-T1&MI9,
on chromosome 2 {av e log; ratio
of —0.538)., and RPII-108CI5. on
chromosome 18 (average log; ratio of
—~0.701}, produced only one signal, con-
firming an allelic deletion in these
regions. {c) Array CGH profile of case
BC22, for which clone RPI1-288M24,
at chromosome 6p22.3 (average log;
ratio of 1.158), showed muitipie signals,
confirming capy number gains in this
region. {d) Array CGH profiles of cases
BC25 and CP24, in which single BAC
copy number changes were observed.
Copy number gain {RPHI-79FI5) and
loss (RP11-91K2) were verified by FISH
analysis.
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TABLE 4. Copy Number Alterations involving a Single BAC
Locus

Stage

cp AP + BC
(n = 25) (n = 30)

Gains
4p15.33 (RP11-143120)*
5pi5.0 (RP11-88LI1SY
. 5pi5.0 (RPI1-90B23) -
6q25.3-q26 (RP11-43B| 9)
8p23.1 (RP11-287P18)* -~ © .. -
8q21.2 (RP11-90G23)* 7+ 7.
15922.31 (RP11-50N10)
17p13.3 (RP11-582C6)*
- 17q12(CTD-2019C10)..
Co 172131 (RPII-52NI

O b DS VT O N OO il —

17922 (RP11-143M4) 0
19p13.2 (RPI1-79F15)* 4
22q11.21 (RP11-278E23)* 0
22q13.32 (RPII-133P21) |
Losses
1g25.1 (RP11-177M16) 4 |
1g25.3 (RP11-196B7) 0 |
1g25.3 (RP11-173E24) | |
0 |
4

lq253 q31. I (RP1I-162L13)
5

8q21.3 (RPI1-91K2)
9932 (RPI 1-954)* ! 0

9q22.32 (RP11-223A21) 0 |
= R 3) : ‘ ;
17q25.2 (RP11-145C1 1) | 0
21q22.12 (RP1 1-17020) 0 i

Shaded areas point to the loci that showed both gains and losses in dif-
ferent samples.

"Regions previously reported to show large-scale copy number varia-
tions (LCVs).

copy number gain at the chromosome band 6p22.3
contained OACTT (O-acetyliransferase domain con-
taining 1) and E2F3 (E2F transcription factor 3),
both known genes (Supplementary lable 2). It is
not clear whether this region overlapped with the
breakpoint region of the recurrent translocations
U6;19)p22:q13) and  w6;9;22)(p22;q34ql1l) in
CML (Hurert et al.,, 1989; Meza Espinoza et al.,
2004; Yehuda et al., 1999), because the precise
molecular breakpoints at 6p22 in these cases have
not been characterized. The 346-kb region at
8p23.2 that showed copy number gain includes
CSHDI (CUB and sushi multiple domains protein
1 precursor), the only transcriprome (Supplemen-
tary ‘lable 2). Other abnormalities newly idenufied

Genes, Chromosomes & Cancer DO 10.1002/gec

in this study involved mostly large regions of
2426.2-q37.3 (16.8 Mb), 5g23.1-q23.3 (10.6 Mb),
5q31.2-q32 (6.50 Mb), 7p15.2-p14.3 (6.14 Nib),
7p21.3-p11.2 (41.7 Mb), 7g31.1-g31.33 (17.9 Mb),
8p21.3 (2.18 Mb), and 19p13.2-p12 (12.1 Nb),
which made it difficult to pinpoint the candidate
target genes.

DISCUSSION

In this arucle. we have shown genomewide
detection of DNA copy number changes in a total
of 55 CML pauents at different stages using high-
resolution array CGH. Using this technique, we
delineated not only previously reported abnormal-
ities, but also novel alterations involving narrow
regions that may harbor only one or several candi-
date genes involved in the pathogenesis or disease
progression of CML.

A number of cryptic copy number alterations
that had been missed by karyotyping analysis were
detected in array CGH analysis. Seven patents
were found to have extra Ph chromosomes, which
was the most frequent alteraton In our series,
although this alteration had not been detected by
prior G-banding analysis in four of the seven
patients (57%). In addition, more than 10 novel.
cryptic copy number alterations were uncovered at
a significantly higher frequency in patients in BC
and AP, suggesting that these regions may contain
genes relevant to the pathogenesis of CML, espe-
ciallv in progressive stages. Considering the wide
variety of copy number alterations detected in AP/
BC cases and that the majority of these abnormal-
ities were observed in a single patient in our series,
there might be a large heterogeneity in the molec-
ular pathogenesis of CML AP/BC cases, and it may
be possible that analysis of a larger number of
patients could disclose novel recurrent molecular
defects in CMNL. Alternarively, the genes included
in the affected regions mav also be deregulated by
other mechanisms such as point mutations or epi-
genetic effects, which could not be detected by
copv number analysis.

Many of the crypuc gains or losses affecting a
single BAC locus are thought to represent copy
number polymorphisms or LCVs rather than ru-
mor-specific changes, and given their high fre-
quency, it would be difficult to discriminate tu-
mor-specific changes from LCVs. In our analysis,
SBCs (or LCVs) seemed to be more frequently
found in CML than in normal individuals using
the same reference set (55 of 75 in CML vs. 3 of
10 in normal individuals, P = 0.021). Although
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recent reports suggested a possible associaton of
some LCVs with the regions implicated in cancer
development (lafrate etr al., 2004; Sebar er al.
2004), the precise role of the LCVs detected in
the current analysis in the pathogenesis of CML
is still unclear and should be addressed in future
studies that would include a larger number of nor-
mal subjects.

Although array CGH analysis  successfully
unveiled crvptic genomic aberrations in CML, we
should note that it also has limitations in that the
tumor content of the samples clearly affected the
sensitivity of detecting copy number changes in tu-
mor components. According to our admixture
experiments, in which mixed tumor and normal
DNA were tested for detection of a trisomy, the
threshold of tumor content for detection of triso-
mies in our array CGH was estimated to be more
than 20%-40% twmor components (data not
shown). Thus, the wuisomy 8 in AP3 and the
monosomy 21 in AP4 as revealed by G-banding
analysis were not expected to be detected in array
CGH analysis because abnormal metaphases were
found in only 2 of 20 with AP3 and 5 of 20 with
AP4 (lables 1 and 2). On the other hand, array
CGH failed to detect the loss of chromosome 21
found in 17 of 20 metaphases in G-banding analy-
sis in BC26, which was most likely a result of kar-
votypic overrepresentation of one or more rapidly
proliferating tumor subclones in G-banding analy-
sis. Finally, the FISH Mapped Clones V1.3 collec-
tion distributed from BACPAC Resources Center,
which we used for array construction, does not
cover some regions of particular interest in CNL
pathogenesis. For example, deletions of the &
region of the ABL/BCR junction on the dex(9) chro-
mosome, which is known to affect 10%—15% of the
CML patients {Storlazzi et al., 2002), were missed
in this study because our Human 1M arrays did not
contain BAC clones including the ABL gene or the
upstream ASS gene.

In conclusion, our array CGH analvsis disclosed
not only common chromosomal abnormalities, but
also small, crvptic copy number alterations in
CML genomes that were not detected by conven-
tional analysis. It enabled a better description of
genetic alterations in CML, which potenually
could be applicable to molecular diagnostics and
prediction of disease prognosis of this neoplastic
disorder. T'he submicroscopic copy number altera-
tions detected in this study might contribute to the
identification of novel molecular rargets implicated
in the pathogenesis or disease progression of CNIL.
Further studies with whole-genome tiling arravs

having much higher resolutions will help to detect
precisely the genes involved in the disease pro-
gression of CNL.
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Objectives: We investigated the pharmacokinetics of ganciclovir in 12 haematopoietic stem celi
transplantation (HSCT) recipients to evaluate the validity of a 50% reduction in the ganciclovir dosage
for mild renal impairment.

Patients and methods: Ganciclovir at 5 mgrkg/day was pre-emptively infused in patients with estimated
Clcr 2 70 mL/min (Group A), whereas the dose was reduced to 2.5 mg/kg/day in patients with CLcgg
between 50 and 70 mL/min (Group B).

Results: The peak concentration was significantly higherin Group A (P<0.01). However, the decrease in the
plasma ganciclovir concentration was slower in Group B (P = 0.09), and the AUC of all patients in both
groups was distributed within a narrow range (25.6 + 4.77 ng-h/mL), when two patients with exceptionally
high AUC values were excluded.

Conclusions. A 50% reduction in ganciclovir appeared to be appropriate for patients with mild renal
impairment. Measuring the ganciclovir concentration at 4 h after starting infusion may be adequate for

evaluating AUC.

Keywords: cytomegalovirus, CMV, antigenaemia, antiviral therapy

Introduction

Ganciclovir is the mainstay of antiviral agents in pre-emptive
therapy against cytomegalovirus (CMV) disease after allogeneic
haematopoietic stem cell transplantation (HSCT).! Ganciclovir is
mainly excreted from the kidney and about 90% of the admin-
istered dose is recovered unchanged in the urine after intravenous
(iv) administration.> Therefore, total body clearance correlates
well with CLegp.** In HSCT settings, patients frequently develop
renal impairment caused by the use of nephrotoxic drugs. A 50%
reduction of ganciclovir is recommended in the drug information
leaflet for patients with mild renal impairment of CLy between
50 and 70 mL/min in order to achieve an unchanged AUC.
However, the pharmacokinetic profiles of ganciclovir have not
yet been fully evaluated in such patients. Therefore, we investi-
gated the validity of this dose reduction by serial evaluation of
the plasma ganciclovir concentration.

Patients and methods

Twelve patients (nine men and three women) aged between 23 and
61 years were enrolled in a 12 h pharmacokinetic study of intra-
venous ganciclovir after ethical approval. The median age and weight
were 50.5 years (range 23~61) and 57.5 kg (range 36.7-80.0). respec-
tively. All patients provided informed consent to participate in this
study. The underlying disease was acute leukaemia in three patients,
chronic myelogenous leukaemia in three patients, myelodyspiastic
syndrome in two patients and pancreatic cancer in four patients.
Five patients received a graft from an HLA-matched relative and
seven received a graft from an altenative donor defined as an
HLA-mismatched relative or a matched unrelated donor. We calcu-
lated Cl.cg weekly. based on a 24 h urine collection. Patients were
classified into two groups according to CLcy evaluated within | week
before the initiation of ganciclovir administration: Group A included
seven patients with CLcg 2 70 mL/min (mean 98.1 mL/min,
range 74.9-142.0 mL/min) and Group B included five patients

*Corresponding author. Tel: +81-3-3815-5411 ext. 35602:
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Table 1. Pharmacokinetic parameters of ganciclovir in Groups A and B

Group A Group B

(CLcr 2 70 mL/min) (CLcr 50-70 mL/min) P value
cos 6.56 (4.39-11.33) pg/mL 4.92 (2.90-10.80) pg/mL 0.37
Cl1 9.20 (5.50-19.03) ug/mL 475 (3.32-6.61) pg/mL <0.01
c2 476 (2.72-12.09) pg/mL 2.38 (2.30-2.73) pg/mL <0.01
C4 2.58 (1.25~6.30) pg/mL 1.57 (1.37-1.80) pg/mL 0.17
C6 1.69 (0.79-4.89) ng/mL 1.15 (0.90-1.30) pg/mL 0.29
C8 1.22 (0.40-3.99) pg/mlL 0.91 (0.64-1.09) pg/mL 0.57
C12 0.62 (0.23-2.88) ng/mL 0.58 (0.39-0.81) pg/mL 0.94
LogC4/C1 —0.66 (-0.73--0.48) -0.42 (-0.68--0.33) 0.09
AUC 29.8 (20.2-111.0) pg-h/mL 24.6 (22.5-28.3) pg-h/mL 0.57
i 3.57(3.36-7.94) h 5.76 (5.05-8.87) h 0.03
CL+or 3.04 (0.73-4.31) mL/min/kg 1.66 (1.50-1.81) mL/min/kg 0.12

CLcg. creatinine clearance: AUC, area under the concentration curve: £y, elimination half-life: CLygy. total body clearance.
C0.5-C12 represent plasma ganciclovir concentrations at 30 min, and 1. 2, 4, 6. 8 and 12 h after start of infusion. respectively.

The values of each parameter are reported as the median and range.

with CLcgr between 50 and 70 mL/min (mean 59.1 mL/min. range
51.3-67.4 mL/min).

Antigenaemia assay for CMV infection was performed weekly
after engraftment as described previously.® Ganciclovir was pre-
emptively started when 20 or more positive cells were detected
per two slides in patients who received a graft from an HLA-matched
relative. whereas it was started when three or more positive cells
were detected per two slides in patients who received a graft from an
alternative donor. The starting dose of ganciclovir was once daily at
5 and 2.5 mg/kg/day in Groups A and B. respectively, which was
infused at a constant rate over | h.® Venous blood samples were
obtained before infusion (C0), 30 min (C0.5) and 1 (C1), 2 (C2), 4
(C4), 6 (C6), 8§ (C8) and 12 (C12) h after starting the first-dose
infusion. After the blood sample was centrifuged. the plasma was
separated and stored at —20°C until measuwrement of the ganciclovir
concentration.

The plasma ganciclovir concentration was measured after
solid-phase extraction (SPE) and dilution in mobile phase by
reversed-phase HPLC. In brief, plasma samples were heated at
58°C for 30 min to inactivate the virus prior to handling. These
samples were then diluted with 0.1 M phosphate buffer (pH 8.0)
and applied to disposable C;g SPE columns (Bond Elut C18-OH;
Varian, Palo Alto, CA, USA) conditioned with methanol and water.
The column was washed with 0.1 M phosphate buffer (pH 8.0) and
water, and ganciclovir was then eluted by 1.5 mL of 15% methanol.
After 0.1 mL of 10 pg/mlL guanosine was added as an internal
standard. the eluent was injected into the HPLC system (C,g column,
CAPELL PAK C18 SG 120: Shiseido, Tokyo, Japan: mobile phase:
a mixture of 20 mM KH»POs (pH 2.6) containing 5 mM sodium
1-octanesulfonate and acetonitrile (95 : 5, v/v)]. The flow rate of the
mobile phase and the column temperature were 0.8 mL/min and
40°C, respectively. The HPLC was equipped with a photo diode
array detector (SPD-MIOA vp, Shimadzu, Kyoto. Japan) set at
a detection wavelength of 254 nm. This quantitative assay provided
a high selectivity for determining a compound in biological samples.
It was available for 0.02-5 pg/mL of an analyte in plasma samples.
The precision expressed as a coefficient of variation was less than
2.5%. and the accuracy expressed as an error per cent was <t+3%.
Endogenous sources of interference were not detected from blank
plasma.

Pharmacokinetic parameters were calculated by non-compartment
modelling using WinNonlin software (version 4.0: Pharsight
Corporation). CLer was normalized to 1.73 m> body surface area
and AUC was calculated using the linear trapezoidal rules with
extrapolation to infinity by standard techniques. The decline ratio
was calculated as Log C4/Cl for the evaluation of the decrease
in plasma ganciclovir concentration in the distribution phase and
early elimination phase. whereas the elimination half-life was
calculated from the terminal portion of the slope after C4. The
differences between groups were compared using the Wilcoxon
(Mann-Whitney)-test. P values of less than 0.05 were considered
statistically significant. The relationship between the total AUC and
plasma ganciclovir concentration at each point after starting infusion
was investigated by calculating correlation coefficients 1 using
linear regression analysis after logarithmic transformation because
they did not fit a normal distribution.

Results

The median pharmacokinetic parameters and the concentration
versus time profile are shown in Table | and Figure I(a).
The peak plasma concentration (C,,,,) ranged from 3.32 to
19.03 pg/mL. The C,,, in Group A was significantly higher
than that in Group B (9.20 versus 4.75 ug/mL, P < 0.01).
There was a borderline significance in the decline ratio between
the two groups (-0.66 versus —0.42, P = 0.09). Total body clear-
ance in Group B was lower than that in Group A (1.66 versus
3.04 mL/min/kg, P = 0.12). Also, the elimination half-life in
Group B was significantly longer than that in Group A
(5.76 versus 3.57 h, P = 0.03). There was no significant differ-
ence in AUC between the two groups (29.8 versus 24.6 pg-h/mL,
P = 0.57). The AUCs of the patients in both groups were dis-
tributed within a narrow range (25.6 £ 4.77 pg-h/mL. Figure 1b),
when we excluded two patients with exceptionally high AUC
values (48.18 and 110.99 ug-h/ml.). The CLcr values of these
two patients were 74.9 and 87.2 mL/min, respectively. Among
the serial ganciclovir concentration measurements, C4 most
strongly correlated with AUC (+* = 0.95, Figure lc).
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Figure 1. (a) Median concentrations of ganciclovir after | h iv infusion of
5 mg/kg ganciclovir in Group A and of 2.5 mg/kg ganciclovir in Group B.
Open and filled circles represent each median concentration point in Groups
A and B, respectively. (b) The AUC in each patient. Open and filled circles
represent individual measurements in Groups A and B. respectively. (¢) Cor-
relation between the AUC and the plasma concentration at 4 h after starting
infusion (C4). Open and filled circles represent individual measurements in
Groups A and B. respectively. The solid line represents the orthogonal regression
line described by the equation AUC = 17.666 x C4 ~ 44555,

Discussion

The results demonstrated that a 50% reduction in the ganciclovir
dosage was appropriate for HSCT recipients with mild renal

impairment of CLcr between 30 and 70 mL/min. In addition
to the significant difference in the elimination half-life, we
observed a difference in the decline ratio (Log C4/C1) between
the two groups with a borderline significance, which might indi-
cate that renal excretion had started within 4 h of infusion. AUC
was not significantly different from that in patients with normal
renal function, probably due to the prolonged elimination in
patients with mild renal impairment, although the small sample
size might be responsible for the lack of significant difference.
When we excluded two patients whose AUC values were excep-
vonally high, the AUC ranged within 25.6 £ 4.77 ug-h/mL, which
was similar to the values reported previously.” An exceptionally
high AUC was observed in two patients with CLcr values
between 70 and 90 mL/min. The reason for the high AUC
is not clear, but it may suggest that the dose of ganciclovir
should be reduced in patients with CLcg values between 70
and 90 mL/min after confirming that the AUC is significantly
high in such patients. Drug interaction is also a possible explana-
tion for the high AUC, but these two patients were not being
given drugs that are known to interact with ganciclovir. Also,
the exceptionally high AUC might result from a transient renal
dysfunction, which could not be detected even by a weekly CLcr
examination.

The role of clinical pharmacokinetic monitoring in solid organ
transplantation as well as in HSCT is unclear.” Previous studies
failed to show a significant correlation between the ganciclovir
concentration and its efficacy or toxicity.”® A possible explana-
tion for this lack of correlation is the small number of patients in
these studies, since a significant correlation between the cumu-
lative dose of ganciclovir and the incidence of neutropenia has
been shown in large-scale clinical studies.”’® However, it is
difficult to perform a large-scale study with pharmacokinetic
monitoring because of the need for repeated blood sampling
from patients. In this study, C4 most strongly correlated with
AUC, with #* values of 0.95, although we should confirm this in
a larger study. Another limitation of pharmacokinetic monitoring
of ganciclovir is that only the intracellular phosphorylated gan-
ciclovir is active and it is not known how its concentration relates
to the plasma concentrations. Nevertheless, a prospective study
with monitoring of C4 is warranted to evaluate the role of phar-
macokinetic monitoring in HSCT.

In conclusion, a recommended reduction of ganciclovir dosage
by 50% appeared to be appropriate for HSCT recipients with
mild renal impairment. Measurement of the plasma ganciclovir
concentration C4 could be an accurate predictor of AUC. Further
studies are necessary to validate these findings in a larger number
of patients and to clarify the relationship among plasma concen-
trations, AUC and responses.
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Abstract In this study we analyzed our cases of localized
aggressive lymphoma treated in our institution during the
last 20 years to compare the finding of this study with those
of previous studies. Forty patients with Ann Arbor stage I-
II aggressive lymphoma were treated with 3—6 cycles of a
CHOP regimen (cyclophosphamide, doxorubicin, vincris-
tine, and prednisolone) and radiation therapy (30 or 40 Gy
with involved field). Between 1985 and 2003, 40 patients
with stage I (V=25) or stage II (V=15) disease were treated.
Chemotherapy mainly preceded radiotherapy, although the
sequence of radiotherapy and chemotherapy was deter-
mined by individual physicians and patients’ choice.
Median and mean age was 50.5 and 48.6 years, respec-
tively, at the time of diagnosis, with a male to female ratio
of 19:21. Analyses were undertaken to determine (1)
response to treatment according to age, international
prognostic index (IPI), lactate dehydrogenase (LDH)
value, serum interleukin 2 receptor (sIL-2R) value, cell
type, stage, extent of maximum local disease, with or
without mediastinal lymph nodes, number of sites, ana-
tomic distribution, and irradiation dose, and (2) relapse
patterns. Complete follow-up was obtained in all patients.
The follow-up period of surviving 33 patients ranged from
24.7 to 180 months with a median of 69 and a mean of
72.7 months. A complete remission (CR) was achieved in
37 patients (93%). A study of relapse patterns after a CR
showed that four patients had a first relapse within a
radiation field and the other one patient had an extranodal
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distant relapse. Significant prognostic factors were not
identified by multivariate analysis. Combined chemother-
apy and radiation therapy is safe, highly effective, and
probably curative for most patients with stage I-II
aggressive lymphoma.
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Introduction

Throughout the past 25 years, the treatment of limited-
stage diffuse aggressive non-Hodgkin’s lymphoma has
evolved from surgical staging and radiotherapy (RT) to
primary chemotherapy (CTx) and limited RT [1-5].

Some investigators have suggested that adjunctive RT is
not indicated for most patients in the management of DLCL
[6-8]. Others, in an effort to reduce the incidence of local
recurrence and possibly improve survival, have added RT
to their CTx programs particularly for patients with bulky
or other unfavorable Stage II presentations [9-16].

CHOP (cyclophosphamide, doxorubicin, vincristine and
prednisone) has been used as a standard CTx for DLBCL
and 3 cycles of CHOP followed by RT has also been
accepted for localized DLBCL [17]. There are many
reports that favor adjuvant chemotherapy with involved-
field RT even for with localized lymphoma [18-21]. This
article describes the usefulness of RT combined with CTx
in the management of localized aggressive lymphoma.

Materials and methods
Patients

This is a retrospective study. The subjects were 40 patients
with localized aggressive lymphoma and treated with
combined CTx using CHOP regimen and RT for curative
intent as the primary therapy. The cases in which the World

—220—





