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Fig. 3. Screening of target locus amplicons. Representatives of the first screening are shown. Gels were placed in a 96-well plate and serially numbered according to their
positions. A black square with white lettering indicates a positive gel, and a white square with black lettering indicates a negative gel. Chr.. chromosome; P, positive control

gel: N, negative control gel; Ligil, DNA ligase 1ll; mtDNA, mitochondial DNA.

ing gels contained only part of the region and were excluded from
further analysis.

Multilocus genotyping of the whole ATM locus amplicons

The five gels that contained the entire ATM locus amplicon were
subjected to visible genotyping array analysis for the presence of
the seven SNPs within the seven loci used in the second screening.
All seven SNP genotypes of the two positive control gels were iden-
tical to those of the genomic DNA extracted from an aliquot of
blood from the same individual, demonstrating the accuracy of this
method. Notably, three heterozygous SNPs were present in the po-
sitive control gels (Fig. 4, diplotype). None of the SNPs showed het-
erozygosity in the other three selected gels (66, 71, and 91),
confirming the successful isolation of a single homologous chro-
mosome-derived DNA molecule within these gels, Two gels (66
and 91) showed identical haplotypes (Fig. 4, upper haplotype),
and the third gel (71) showed the complementary haplotype
(Fig. 4, lower haplotype). These observations further demonstrate
the effectiveness of this method. The method was also used to ana-
lyze 10 EBV-transformed human lymphoblastoid cell lines, The
average number of gels showing positivity for chromosome 11 in
the first screening was 19 (Table 1), 38% of which contained ampli-
cons of the entire ATM locus. The genotyping results are summa-
rized in Table 2. All of the experimentally determined haplotype
patterns were also estimated by statistical analysis of the SNP data
for 100 healthy volunteers, confirming the reliability of this
method.

Discussion

Successful haplotyping depends on (i) the quality of the tem-
plate chromosomal preparations, (ii) the separarion of homologous
chromosome-derived DNA molecules, and (iii) the efficiency of
igMDA.

The quality of the template chromosomes, in particular the
preservation of intact DNA, was ensured by placing the donor cells
within the agarose solution, which contained 0.1 N NaOH, and
maintaining the solution at 60 °C. Judging from the proportion of
the gels that contained the entire 240-kb region (Table 1), DNA
segments of at least a few hundred kilobases were retained within
the agarose gels under these conditions. In the current study,

amplicons up to 800 kb in length were obtained (data not shown),
and these are more than sufficient for general haplotype analysis.
Because the terminal regions of linear template DNA amplicons
tend to be underrepresented, it might be necessary to include a
preampliﬁcatinn Iiga:iun stcp to ensure rull coverage [39].

The sep ion of h | chre is critical for reli-
able haplownlng. ﬂecause it is nearly 1mpnssible to isolate homol-
ogous chromosomes based on their physical properties, separation
was achieved by the limiting dilution method. For this purpose, the
desired number of cells within an individual agarose gel block was
calculated to be 0.05 on average. At this cell concentration, the
number of single-stranded homologous chromosomes within each
gel is 0.2 (0,05 cells x 2 homologous chromosomes « 2 single-
stranded chrom LA ing a Gaussian distribution of chro-
mosomes in the aliquots of agarose gel, colocalization of two
homologous chromosomes within a single gel would occur infre-
quently, To ensure Gaussian distribution, thorough mixing of the
stock DNA-containing agarose solution (to ensure uniformity and
prevent aggregation of chromosomes) is important. The heated
alkaline environment used in the current study was generally
effective in preventing aggregation, although some aggregation
might be observed in gel 37. Extensive colocalization of chromo-
saomes (homologous and nonhomologous) in agarose gels was ob-
served when neutral pH conditions were used (data not shown),

Efficient igMDA is required for successful haplotyping. The effi-
ciency of igMDA Increases as the amount of template DNA is re-
duced (Supplementary Fig. 1b), most likely due to the saturation
effect described previously [18), This property is both fortuitous
and essential for molecular haplotyping because dilution of the
chromosomes to a single copy number is required. MDA in the aga-
rose gel reached a plateau after 4-6 h (Supplementary Fig. 2), as
was the case in solution. However, because a longer incubation
period would be necessary for the limited amount of template
DNA, we decided to use an incubation period of 16 h. It is also
important to provide constant shaking during incubation to ensure
balanced amplification of long DNA molecules (Supplementary
Fig. 2).

Experimental determination of both haplotypes of an individual
eliminates potential false assignments related to the amplification
of contaminating DNA molecules that might compete with the re-
duced amount of template DNA used in the current study. In all
cases, the experimentally determined haplotypes were compared
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Fig. 4. Visible haplotype determination of the human ATM region. Seven SNPs, which span 240 kb of the human ATM region on chromosome 11, were determined for the
amplified DNA. Allele-specific oligonucleotide primers were spotted in triplicate (allele 1 above and allele 2 below). Shown are spot images of the original dipiotype and
derived haplotypes taken with a digital camera, The white bars under the spot images indicate homozygosity for allele 1. The black bars indicate homozygosity for allele 2.

The hatched bars indicate heterozygous alleles,

Table 1
Summary of ATM locus screening of EBV, d human astoid cell
lines
Patient ID Concentration Number of gels Screening 1* Screening 2 % Intact®
(cells/gel)

1 0.05 93 7 3 429

2 0.05 a3 24 16 66.7

3 0.05 9 13 5 385

4 0.05 93 1 3 54.5

5 0.05 293 18 L 333

6 0.05 93 2 5 223

7 010 83 30 5 16.7

8 0.10 93 23 ] 348

9 030 93 17 & 53
10 010 53 ) 5 64
Average 187 68 382
L) 69 36 143

* Number of gels positive for the chromosome 11 (rs664677 SNP) amplicon.
* Number of gels positive for amplicons of the entire ATM locus.
“ Proportion of positives in screen 2 that were also pasitive in screen 1.

with the original genotyping data to confirm correct assignment
(Table 2).

To determine the two haplotypes of each individual, gels were
screened repeatedly until the amplicons for both homologous

chromosomes were obtained. For this, it was necessary to have
at least 5 gels that were positive for the entire locus because the
odds of obtaining only one homologous chromosome in 5 gels
are 1 in 32 (2°), Furthermore, considering that the average rate
of obtaining intact DNA is 38%, at least 13 positive gels must be ob-
tained in the first screening (Table 1). Thus, the starting number of
gels containing 0.05 cells per gel required to obtain 13 positives is
calculated to be more than 65 as follows:

13 chromosomes/(0.05 cell = 2 alleles = 2 strands/gel)
= 13 chromosomes, (0.2 chromosome/ gel) = 65 gels.

Because the actual concentration of cells fluctuates markedly at this
dilution level, the preparation of multiple tubes of stock cell sus-
pensions is recommended and the volume of the suspension should
be adjusted in subsequent repeat experiments.

The proportion of DNA samples that contain a complete locus
should vary according to the size of the locus because it is much
easier to obtain intact amplicons of a shorter target locus than of
a longer target locus. The ATM locus is relatively large, and the
number of gels that contain a complete target locus of 50-
100 kb, which is the normal range of linkage disequilibrium across
the human genome [7], is expected to be higher. A higher propor-
tion of intact template DNA would also lead to a reduction in the
number of repeat experiments.

—181—



In-gel multiple displacement amplification/ Y, Michikowa et ol./Anal Biochem. 383 (2008) 151-158 157

Table 2

of ATM haplotype d i
Estimation by EM algorithm (n = 100)*
Haplotype ID SNP alieles” Fs
1 C-T-G-C-G-G-C 0419
2 A-A-G-T-G-C-T 0.257
3 C-A-G-T-G-G-T 0132
4 AT-G-C-G-G-C 0095
5 A-A-G-C-G-C-T 0.060
6 C-A-GLGGT 0.015
7 C-AG-C-GG-C 0.009
8 A-A-G-C-G-G-C 0.006
9 C-T-G-T-G-G-T 0,005
Experimental determination”
Cell line Diplotype
A 1-2
B 1-2
E 1-2
D 1-3
- 1-3
B 1-5
G 1-5
H 2-9
I 3-4
| 3-5

* Estimated based on the SNP genotypes of 100 healthy volunteers using the EM
algorithm.
™ SNPs are ordered from 5 to 3' as follows: rs2280332-r5228589-rs1800054-
m??-nlm?-—ulmlSlS—rs]z?m
ined for EBV. fi 1 B
usm@r.he mﬁhﬂddﬂﬂuped in the current study.

d cell lines

In conclusion, the newly developed igMDA technigue described
herein, used in combination with the previously established visible
multiple SNP typing array [32-34), allows convenient experimen-
tal haplotype determination with ordinary laboratory instruments.
Currently, this method can be used to determine effectively the
haplotypes of loci that contain multiple markers, and it allows pre-
cise mapping of genes for low numbers of samples such as for indi-
vidual patients. For high-throughput, population-based haplotype
analysis, it will be necessary to develop an automated gel handling
system.
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Abstract

Novel hypoxic cell radiosensitiser doranidazole was tested for unresectable pancreatic cancer administered at
intraoperative radiotherapy. Short-term survival was not different. However, difference has been observed concerning
3-year survival (doranidazole group vs, placebo; 23% vs, 0%, p = 0,0192). This sensitiser might be effective in improving

long-term survival for pancreatic cancer,

© 2008 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 87 (2008) 326-330.
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The development of hypoxic cell radiosensitisers has con-
tinued for more than 30 years [3,6,11,17-19]. Despite all
these efforts, such agents still see relatively little use,
and the main reasons are twofold, First, many agents do
not successfully enhance radiotherapeutic effects. Sec-
ondly, the drug itselfl Is often toxic to certain normal tis-
sues, due to the high value of the partition coefficient
(lipid—water partition). To decrease the value of the parti-
tion coefficient, great efforts have been put in on develop-
ing new compounds for more than a decade In Japan, finally
resulting in the new compound doranidazole (PR-350; Pola
Chemical Industries, Kanagawa, Japan), with three hydrox-
yls in the nitroimidazole side chain,

Following promising results from preclinical studies
[10,21], this compound was used for patients with pancre-
atic cancer in a phase | study to determine its safety and
efficacy [23). Pancreatic cancer is known to be radioresis-
tant and reportedly contains hypoxic tumour cells [4]. Pan-
creatic cancer also represents a good target for
intraoperative radiation therapy (IORT), which provides a
high single dose to the tumour, but for which hypoxic cells
might pose more problems because the proportion of hyp-
oxic cells dominates in the surviving fraction. Theoretically,

" Presented at 13th ECCO, held October 10th o November Ird,
2005, Paris.

the addition of hypoxic cell sensitiser should allow more
hypoxic radioresistant cells to be killed and thus facilitate
local tumour control, The phase | study was successfully
closed with no severe adverse effects, no identification of
any maximum tolerable dose, and promising survival data
concerning locally advanced cases (median survival time,
around 12 months),

Given these promising phase | study data, a multicentre
double-blind phase |l randomised study was conducted to
compare outcomes for IORT with or without doranidazole
followed by postoperative external beam radiotherapy.
The preliminary results have been already published [24]).
No differences were noted in 1-year overall survival rate be-
tween groups, but longer term results tended to be better
for the doranidazole group. The data have been re-analysed
to include at least 2 more years of follow-up and the long-
term results are reported herein.

Materials and methods
Doranidazole (PR-350)

Radiosensitiser doranidazole was synthesised at Pola
Chemical Industries. Doranidazole is a 2-nitroimidazole
nucleoside analogue with a CH;OCH(CH,0H)CH(OH)CH,0H
side chain at the N1 position.

0167-8140/5 « see front matter © 2008 Elsevier Ireland Lid. All rights reserved. doi: 10,1016/ |.radonc. 2008.02.007
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Study design

Study design was reported in the previous report. The
study protocols were approved by the ethical commitlees
of the involved institutions.

Endpoints:

(1) Primary endpoints were overall 1-year survival, med-
ian survival time, and safety of the drug for 14 days
following IORT.

(2) Secondary endpoints were effective response rate,
tumour marker values, and the volume of analgesic
drugs.

Eligibility criteria and exclusion criteria were also men-
tioned in the previous report, and are thus mentioned only
briefly.

Eligibitity criteria:

(1) patients must be 20- to 75-years-old;

(2) patients must have a performance status of 0-2, pro-
jecting a survival period »3 months;

(3) tumours must be unresectable due Lo invasion to the
arterial system or peripancreatic nerve plexus;

{4) maximal diameters of tumours must be less than that
required for radiotherapy; and

(5) liver metastasis, other organ metastasis and perito-
neal seeding must be absent.

Exclusion criteria:

(1) previous radio- or chemotherapy;
2) tdlmymntn: reactions to drugs, including contrast

3) premofseﬂmcardlmdar. pulmonary, renal,
or hepatic disease;

(4) concomitant active neoplasia; or

(5) any condition believed by the physician-in-charge to
preclude participation in the trial.

Following written informed consent to participate in the
trial was obtained from the patient who met the above cri-
teria, patients were registered as potential candidates at
the trial central office. This was a prospective, randomized,
closed-label, controlled study of IOR with or without radio-
sensitiser doranidazole. Patients were randomized by adap-
tive randomization method and notified by FAX. Final
eligibility was determined based on operative findings by
laparotomy.

After laparotomy, a biopsy specimen from each partici-
pant was analysed to confirm diagnosis. Infusions of dorani-
dazole or placebo were strictly controlled to obtain a
suitable concentration for radiotherapy; 2000 mg/m’ of
doranidazole or placebo was infused systemically for
~25 min before administration of IORT. Ten to 40 min after
the completion of doranidazole or placebo administration,
the patients were carried to the radiotherapy room and re-
ceived 25 Gy of IORT at the maximum dose point covering
gross tumour volume (the primary tumour and enlarged
lymph nodes). The energy of the clectron beam was
selected so that all gross tumour volume was covered by

Q0% Isodose line, Two weeks following surgery, all patients
received EBRT. The total planned dose of 40 Gy at the iso-
centre was delivered in 20 fractions in 4 weeks using
10--14 MV photons. The radiation fields included the clinical
target volume (gross tumour volume and the cellac and
superior mesenteric artery) with 1-3 cm margins, CT-based
multiple-port radiotherapy techniques were employed in or
der Lo lower the dose to the spinal cord.

No additional therapy, including chemotherapy and
immunotherapy, was allowed for 6 months after IORT treal-
ment to evaluate the efficacy of this compound unless there
appeared  locoregional recurrence  and/or  distant
metastases.

Response criteria

Tumour response was graded as complete response (CR;
100% regression of the tumour and no new lesion), partial
response (PR; more than 50% and no new lesion), minor re-
sponse (MR; more than 25% and not greater than 50% and no
new lesion), no change (NC; less than 25% regression and
less than 25% progression and no new lesion), progressive
disease (PD; not less than 25% progression or new lesion)
and not evaluable (NE; either preoperative or postoperative
CT was not clear enough to evaluate) evaluated by serial CT
scans. Response of MR or better was considered effective,
Effective response rate was defined as CR « PR + MR cases
divided by overall cases.

Statistical methods

Kaplan-Meyer methods were used for the calculation of
survival curves, and a generalised Wilcoxon test was used to
assess the statistical significance of survival curves.
Fischer's test was used to assess the statistical significance
of a survival point. The ¢ test was used 1o test significance
for bivariate tables.

Results

Patient characteristics

Since the previous report, 1 case in the control group was
found to be unsuitable for analysis, as the tumour was a mu-
cin-producing carcinoma, representing a different disoase
entity from ordinary-type pancreatic cancer, All other cases
were confirmed to be ordinary-type pancreatic cancer.

Between July 1999 and March 2002, a total of B1 patients
were registered to participate in this trial. Of these, 34 pa:
tients were ineligible due to intraoperative findings of per-
itoneal seeding, liver metastasis or extensive tumours.
Ultimately, 47 patients were enrolled in the trial and admin-
istered either doranidazole or placebo, and 46 cases were
analysed (Fig. 1). Informed consent was obtained from all
patients who participated in this trial.

Patient characteristics were as follows. In the doranidaz-
ole group (n = 22), male to female ratio was 15:7, and med-
fan age was 61.1 years (range 45—74 years). In the control
group (n = 24), male to female ratio was 19:5, and median
age was 61,3 years (range 5074 years). No significant dif-
ferences in background characteristics were noted between
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Fig. 1. CONSORT diagram,

groups. Median follow-up period for alive cases was
1.5 years.

Toxicity

As reported previously, the toxicity of doranidazole was
not severe and the agent was thus considered safe. Also,
there were no severe adverse effects regarding radiation
therapy. All patients could receive IORT and EBRT as
planned.

Efficacy

As reported previously, the efficacy of IORT with dorani-
dazole for the treatment of pancrealic cancer was evalu-
ated using computed tomography. The committee for
evaluating efficacy reported that 9 of 19 patients (47%) in
the doranidazole group showed higher effective response
rate, compared with 4 of 22 patients (18X) in the control
group (p = 0.043) (Table 1).

Survival

By the final follow-up in March 2005, all patients from the
control group had died of the disease. Survival curves for
both trial groups are shown in Fig. 2. Median survival period
for the doranidazole group was 318.5 days, compared to
285.5 days for the control group. The 1-year survival rate
was 36X = 10% for the doranidazole and 29% = 9% for the
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control group, Although the doranidazole group did not
show significantly better survival than the control group, 5
of the 22 doranidazole patients (23%) remained alive
»Iyears after the trial ended (3-year survival rate:
23% 1 9%), compared with 0 of the 24 patients (3.year sur-
vival rate: 0%), in the control group. A significant difference
in the 3-year survival rate was thus identified (p = 0.0192).
As for the 3-year survival rates of the patients in both groups
who did not develop distant metastases within & months,
there was also a significant difference (39% + 14% in the dor-
anidazole group and 0% in the control group (p = 0.0169)),

Discussion

Pancreatic cancer is known to be exceedingly refractory,
and despite considerable effort, 5-year survival results have
remained at about 4% for the last 30 years [20]. The stan-
dard treatment for locally advanced pancreatic cancer is
surgical resection. However, such tumours are often unre-

Tyt survival eates 2% va. 00 (p=0.0102)

doranigazola group

i, o

o £ ™ 1094 1460 L
Survival tima (days)

ot g

Fig. 2. Survival curves for both groups.
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sectable and radiotherapy combined with chemotherapy is
then used. With the development of promising new drugs
such as gemcitabine [1], prognosis has been slowly improv-
u,mmhnmnltlmchuruchedmumm
[5.12,13]. Radiotherapy comprises external beam radiation
therapy (EBRT), IORT or a combination of both, IORT, if
used by sparing surrounding normal tissue, can be safely
combined with EBRT, Despite the lechnical difficulties,
IORT has been used to increase radiation doses to the tu-
mour and reportedly improves long-term survival results
[14,15). Efforts have been made to combine chemotherapy,
IORT and EBRT [16].

We reported previously that although long-term survival
tended to be better in the doranidazole group, median sur-
vival time was the same in both groups [24]. The present
study involved a reanalysis of old and additional data,
revealing a significant difference in 3-year survival rates,
All five patients in the doranidazole group who had been
alive at around 2 years or longer on initial analysis had
achieved local control, developed no distant metastases
and survived a relatively long period of time with local
control,

As is often the case with trials involving pancreatic can-
cer, differences in survival were complicated by the early

of distant metastases even if the trial arm of-
fered theoretically promising Intensification of radio- and/
or chemotherapy [2,7-9,22]. Obtaining definitive evidence
is thus considered difficult in the treatment of pancreatic
cancer,

Since this trial was performed in a multicentre double-
blinded fashion, any achievement of a significant difference
might well be considered attributable to the contribution of
this radiosensitiser Lo the enhancement of IORT dose and
thus enhancement of total radiation dose, in turn facilitat-
ing local tumour control and eventually improving long-term
survival. Although various reports have suggested that esca-
lating total irradiation dose to improve survival has no
meaning, our data are among the first few to show that dose
escalation can enhance local tumour effects, and thus en-
hance long-term survival,

The difference in 3-year survival rates was greater for
cases in which distant metastases had not developed
within 6 months (doranidazole group, 39%; control group,
0%). Survival rates might well be masked by early
metastases.

This trial used radiotherapy alone, without chemathera-
peutic agents such as 5-fluorouracil or gemcitabine, to eval:
uate the true efficacy of doranidazole, if a standard
chemotherapy regimen was added, short-term survival
might be improved due to the prevention of distant metas-
tases. Data might then be comparable to those in curatively
resected cases. Given these promising results, a well-de-
signed clinical trial is necessary to optimise the combination
of treatments.

Regarding adverse effects, as in the phase | trial, no se-
vere adverse effects have been observed in this phase Il
trial. Doranidazole is considered quite a safe drug, although
only intravenous administration can be performed. This
point is quite essential, as numerous radiosensitisers have
been abandoned due to inherent toxicities. Future studies
need to confirm these promising findings.

Finally, since this drug is a hypoxic cell radiosensitiser,
testing of this novel compound may be warranted for other
tumours for which hypoxia poses a problem.
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Hyperfractionated Radiation Therapy for Head and Nock Cancers: Katsuyuki Karasawa ™', Nahoko Hanyu®', Ta-Chen
Chang'', Gencho Kuga®™, Takuya Kaminuma®', Toshio Mitsuhashi®® and Hisao Miyashia® (*'Diviston of Radiation
Orwology, **Otorhinolaryngology. Head aod Neck Tumor Surgery, Tokyo Metropolitan Cancer and Infectious Diseases
Center Komagome Hospital)
Summary

Among varous altered fractionation regimens, hypertractionated radiotherapy (HFRT) nas been considered effec-
tive 10 ranse survival rtate (SR) as well as local control rate (LCR) in head and neck cancers, We reviewed our results of
HFRT (117 cases) treated between 1995 and 2004 and compared with those of conventionally fractionated radiothera-
iy (CFRY, B0 cases) treated during the same period, By discase site, naso-/0ro-/hypopharyrx/Tarynx were 5/23/44/4%
va 10/6710/54. Thers were more advanced- stage cases in HFRT group (stape 1 /11/0/IV =19/36/23/35 vs. 42/16/8/

Median RT dose were 72 Gy vs. 66 Gy, In 71 cases, chemotherapy was added (HF/CF=54/17). In stage Il and N

1505, there was a borderline significant difference in LCR (at § years, 4. 3% for HFRT group va 24 5% lar CFRT group:
pe0 0502), and o tendency in SR (at & years. 50 1% for HFRT group vs. 16. 7% for CFRT group: p=0. 1210). By dis
case site, LCR of HFRT group was higher in hypopharynx {p=10. 0005) and oropharynx (p=0 0003), and SH of HFRT
provp was highet in hypopharynx (p=10 0023) Acule toxicity was heavy but in most cases it was tolerable and there
et N0 sovere late toncilies. From our data, it was suggested that HERT might be effective in certan kinds of head and
neck cancers. Key words: Head and neck cancer, Ratiotherapy, Hyperfractionated radiotherapy, Hypopharyngeal can-
e, Orgpharyngeal cancer, Chemoradivtherapy, Corresponding author: Katsuyuki Karasawa, Diason of Raduation On.
cology, Tokyo Metropolitan Cancer and Infectious Diseases Center Komagome Hoapital, $-168-22 Honkomagome,
Booitkyo-ku, Tokyo 113-8677, Japan
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CLINICAL INVESTIGATION Brain

INCIDENCE OF BRAIN ATROPHY AND DECLINE IN MINI-MENTAL STATE
EXAMINATION SCORE AFTER WHOLE-BRAIN RADIOTHERAPY IN PATIENTS
WITH BRAIN METASTASES: A PROSPECTIVE STUDY

Yuta Suisamoto, M.D..*! Fumiva Basa, M.D.,*! Kyora Opa, M.D.,' Suinva Havasu, M.D.,'
Masaki Kokuso, M.D.,! Shun-IcH! ISHIHARA, M.D.,Jr Yosuiyuki Itor, M.D.,! HrRovuki Oaimvo, M.D. *!
AND Masaniko Kozumi, M.D.!

* Department of Radiology, Nagoya City University Graduate School of Medical Sciences, Nagoya, Japan; and ' Chubu Radiation
Oncology Group, Nagoya, Japan

fﬂﬂrg To determine the incidence of brain atrophy and dementia after whole-brain radiotherapy (WBRT) in
patients with brain metastases not undergoing surgery.

Methods and Materials: Eligible patients underwent WBRT to 40 Gy in 20 fractions with or without a 10-Gy boost.
Brain magnetic resonance imaging or computed tomography and Mini-Mental State Examination (MMSE) were
performed before and soon after radiotherapy, every 3 months for 18 months, and every 6 months thereafter. Brain
atrophy was evaluated by change in cerebrospinal fluid-cranial ratio (CCR), and the atrophy index was defined as
postradiation CCR divided by preradiation CCR.

Results: OF 101 patients (median age, 62 years) entering the study, 92 completed WBRT, and 45, 25, and 10 patients
were assessable at 6, 12, and 18 months, respectively. Mean atrophy index was 1.24 = 0.39 (SD) at 6 months and 1.32
+ 0.40 at 12 months, and 18% and 28% of the patients had an increase in the atrophy index by 30% or greater,
respectively. No apparent decrease in mean MMSE score was observed after WBRT. Individually, MMSE scores
decreased by four or more points in 11% at 6 months, 12% at 12 months, and 0% at 18 months. However, about
half the decrease in MMSE scores was associated with a decrease in performance status caused by systemic disease
progression.

Conclusions: Brain atrophy developed in up to 30% of patients, but it was not necessarily accompanied by MMSE
score decrease. Dementia after WBRT unaccompanied by tumor recurrence was infrequent.  © 2008 Elsevier Inc.

Whole-brain radiation, Brain metastasis, Brain atrophy, Dementia, Mini-Mental State Examination.

INTRODUCTION

Before the establishment of stereotactic radiosurgery (SRS),
whole-brain radiotherapy (WBRT) was the golden standard
of treatment for patients with brain metastases (1). Currently,
patients with single or oligometastases frequently are treated
with SRS, whereas those with four or more metastases are
considered to be indicated for WBRT; after SRS alone, the
expected probability of tumor recurrence in the unirradiated
areas is very high (2, 3). Nevertheless, many patients with
four or more metastases are treated by means of SRS alone
without undergoing WBRT, especially in Japan (4, 5). One

of the major reasons for avoiding WBRT is the fear that
WBRT may cause dementia, as well as brain atrophy. How-
ever, there are no data clearly indicating the incidence of such
late adverse effects of cranial irradiation, and there are only
retrospective studies suggesting the occurrence of these com-
plications (6-11). Many patients reported previously were
treated with surgery and radiation (9, 10); therefore, it is un-
clear whether these complications are attributable solely to
radiation therapy.

Brain atrophy and dementia may be related not only to sur-
gery, but also to tumor status and chemotherapy (12, 13). To
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