FUNCTIONAL MAGNETIC RESONANCE IMAGING AND MAGNETOENCEPHALOGRAPHY FOR LANGUAGE DOMINANCE

four showed responses interpretable as impaired speech com-
prehension. In all such cases, the electrophysiologically deter-
mined location matched the area depicted by the combined
method, although MEG-depicted receptive language areas cov-
ered relatively broad areas of the temporal lobe. The regions
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determined by the combined method were always broader, but
had the border within the adjacent gyri of those determined by
electrophysiological mapping.

ILLUSTRATIVE CASES

Patient 1

A 16-year-old, right-handed female patient had experienced tran-
sient numbness in her left upper extremity with a 2-month history. T1-
weighted MRl scans demonstrated an extra-axial cystic lesion in the left
frontal region. Although the lesion markedly compressed the frontal
lobe, she had no impairment of language and motor functions. fMRI
with the verb generation task demonstrated obvious activation in the
left IFG and MFG shifted inferiorly by the lesion (Fig. 24). The A/C cat-
egorization task activated a small area of the left IFG, but mainly the
bilateral occipital lobes. Concerning MEG with the Kang reading task,
RMS of the left FT was much higher than that of the right, and numbers
of semantic dipoles were 117 and 30 in left and right hemispheres,
respectively. The main dipole clusters were located in the left IFG and
STG. The tumor was totally removed and histopathological diagnosis
was meningioma.

Patient 2

A 24-year-old, right-handed male patient had a large AVM in the left
frontal lobe. fMRI detected little activation in the IFG or MFG, although
a part of the left angular gyrus was activated by the verb generation
task (Fig. 3A). MEG, however, disclosed numerous dipole accumula-
tions in the left superior temporal region. In the MEG examination, the
left and right hemispheres contained 130 and 45 dipoles, respectively,
suggesting left language dominance (Fig. 3B). Auditory comprehen-
sion and letter-reading were suppressed by administration of amobar-
bital into the left carotid artery, although motor language function was
preserved. These findings suggested that the steal effect caused by the
AVM partly interfered with functional brain mapping of fMRI and the
Wada test. In this case, MEG was helpful to decide language domi-
nance (Fig. 3).

Patient 3

A 32-year-old, right-handed man experienced amnesia for several
minutes. T1-weighted MRI scans and brain computed tomographic
scans disclosed a hypointense and hypodense mass in the right insular
cortex involving the surrounding white matter. Computed tomo-
graphic scans performed 6 years earlier, however, revealed no abnor-
mality. These findings suggested that a low-grade astrocytoma might

FIGURE 2. A 16-year-old, right-handed female patient with a large menin-
gioma in the left frontal region. The patient had no impairment of language or
motor functions. A, fMRI with the verb generation task showed activations
mainly in the left IFG and MFG that shifted inferiorly by the tumor. B, fMRI
with the abstract/concrete categorization task demonstrated activations in the
bilateral occipital regions in addition to small active spots in the left IFG. C,
square root mean field profiles of language-MEG responses demonstrated that
the left FT responses, peaking at 400 milliseconds, were markedly larger in
amplitude than the right FT. D, source localization of the late deflections
showed predominant dipole clusters in the left posterior temporal region. The
left and right hemispheres contained 117 and 30 dipoles, respectively. The
combined fMRI plus MEG method indicated left language dominance, which
was confirmed by Wada test.
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FIGURE 3. A 24-year-old, right-handed man with a large AVM in the left frontal lobe. A, fMRI with the verb genera-
tion task showed little activation in the left frontal lobe where the AVM was located. B, source localization of the late FT
and TO deflections on MEG showed predominant dipole clusters in the left posterior STG. The left and right hemispheres

contained 123 and 51 dipoles, respectively.

have slowly developed during the past 6 years. In the results of the
verb generation task, the left hemisphere had obvious activations in the
IFG, MFG, precG, and the angular gyrus, indicating that this patient
had left dominance of motor-language functions (Fig. 44). In contrast,
estimated dipoles of the FT responses were concentrated in the poste-
rior part of the right STG and MTG (138 dipoles) and another dipole
cluster (64 dipoles) of the TO region was localized in the right FuG. The
total dipole number of the left hemisphere (48 dipoles) did not reach
even a quarter of that of the right hemisphere, suggesting right-sided
dominance of temporal language functions (Fig. 4).

During the Wada test, he stopped counting (0 out of 4 points; 0%)
and failed to name objects (6 out of 20 points; 30%) after left intrac-
arotid injection, whereas letter-reading (21 out of 28 points; 75%), audi-
tory comprehension (12 out of 12 points, 100%), and pointing objects
tasks (16 out of 16 points; 100%) were well preserved. In contrast, after
right intracarotid injection, letter reading (13 out of 28 points; 45%),
auditory comprehension (3 out of 12 point; 25%), and pointing objects
(4 out of 16 points; 25%) tasks were markedly suppressed, although he
continued to count correctly without speech blockade (4 out of 4 points;
100%) and could perform naming (17 out of 20 points; 85%). These
findings suggested that language functions were distributed separately
over the bilateral hemispheres, and the expressive and receptive lan-
guage functions were dissociated in the left frontal and right temporal
lobes, respectively. A striking fact was that the combination of fMRI
and MEG predicted the special profiles of language functions non-
invasively.
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DISCUSSION

We demonstrated that our
method using both fMRI with
the verb generation task and
MEG with the Kana reading
task is highly reliable in deter-
mining the language domi-
nance in patients with brain
lesions. The accuracy of the
dominance laterality was con-
firmed by a 100% match with
the results from the Wada test.
fMRI and MEG compensated
each other’s disadvantages.
The tasks of fMRI were rather
simple and could be accom-
plished even by patients with
mental dysfunctions, whereas
MEG results were seldom
affected by cerebral blood flow
abnormalities. Reliable data on
language functions were also
obtained by combining the
advantageous features of fMRI
and MEG. fMRI with the verb
generation task well depicted
the expressive language area as
activations in the frontal lobe,
most commeonly in the IFG.
MEG, on the other hand,
showed dipole clusters pre-
dominantly in the superior temporal regions representing the
receptive language area. In the epilepsy group, left and bilateral
dominance were approximately 85% and more than 6%, respec-
tively, whereas, in the non-epilepsy group, left and bilateral
dominance were more than 90% and less than 2%, respectively.
The combined method, including the Wada test, fMRI, and
MEG, dearly demonstrated bilateral dominance is more often
observed in the epilepsy group than in the non-epilepsy group.

In our study, two out of 87 patients analyzed (2.3%) were
found to have dissociation of the expressive and receptive lan-
guage functions by co-utilization of fMRI and MEG, verified by
the Wada test, which best described the usefulness of our
method in identifying the areas of the two language functions
separately. In both cases, neither modality alone demonstrated
the dissociation. Although several cases have been reported
that dissociated language functions were found by fMRI, none
of those was proven by the Wada test (2, 8, 21, 23). Our results
show that neither fMRI nor MEG alone is sufficient to accu-
rately locate the expressive and receptive language areas, and
the combined use is the key to obtaining high reliability.

The results from electrophysiological investigation via a sub-
dural electrode implantation in 12 patients further confirmed
the accuracy of the present method. Pouratian et al. (22)
reported that the sensitivity and specificity of language-fMRI
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FIGURE 4. A 32-year-old, right-handed man with astrocytoma in the right insular cortex and the surrounding white
matter. A, fMRI with the verb generation task showed main activations in the IFG, MFG, precG, and AG, indicating
left dominance of the expressive language function. B, in contrast to the fMRI results, source localization of the late FT
deflections on MEG showed predominant dipole clusters in the right temporal lobe. The left and right hemispheres con-
tained 48 and 202 dipoles, respectively. The combined fMRI plus MEG method thus indicated dissociated frontal motor
and temporal receptive language functions. This result was confirmed by the Wada test. The patient showed impaired
counting and object naming after amobarbitol injection into the left carotid artery. In contrast, letter reading, auditory
comprehension and object pointing tasks were markedly suppressed, without counting impairment and speech blockade,

after amobarbitol injection into the right carotid artery.

were dependent on the task, lobe, and matching criterion. The
sensitivity and specificity of fMRI activations during expressive
linguistic tasks in the frontal lobe were found to be up to 100
and 66.7%, respectively, in the frontal lobe. FitzGerald et al. (6)
reported that sensitivity and specificity for all multiple lan-
guage tasks ranged from 81 to 53% (6). On the other hand, sev-
eral groups have reported that the language map obtained from
fMRI poorly matched the intraoperative electrical stimulation
mapping (6, 25). In our study of language-fMRI, every electri-
cal stimuli to the IFG, where the fMRI-activation was observed,
caused speech arrest. However, the stimulation to MFG caused
language-related symptoms in only half of patients. Although
the sensitivity of IMRI might be high, there are still several issues
of individual variability of fMRI activation and semantic tasks.
The discrepancy can be partly accounted for by the fundamen-
tal differences in methodology such that the electrical stimula-
tion directly blocks the specific language functions, whereas
fMRI picks up all activated areas involved in the language
tasks. Therefore, fMRI-based mapping largely depends on the
design of the performing task. We tested two different tasks for
fMRI and found the verb generation task better suited for lan-
guage mapping than the A/C categorization task. The signifi-
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cance of activations depicted
on fMRI is still under debate.
Language-fMRI activations
may be related to various
semantic components of the
task, including the will to
retrieve verbal materials and
the memory related to articula-
tions. Despite that the A/C cat-
egorization task was designed
to detect the receptive lan-
guage area, activations in the
temporoparietal region was
less frequently observed than
in the frontal region. Neural
activities in the temporopari-
etal area are considered rela-
tively scarce (25), and the dis-
crepant activities of the frontal
and temporoparietal regions
may be owing to physiological
variations of brain regions.
Alternatively, the frontal and
temporal lobes may have dif-
ferent oscillations (brain
rhythms) of brain activity in
response to verbal tasks,
which are reflected in changes
in neuronal currents and cere-
bral blood flow.

Our study demonstrated
that dominance of the recep-
tive language function could
be accurately determined by
MEG. For that purpose, we originally designed the task of
three-letter word reading and silent categorization and used
the dipoles calculated from late deflections to process the MEG
results. It has been reported that cortical evoked potentials
recorded by subdural electrodes showed responses at approx-
imately 200 (early) and 400 (late) milliseconds in the left tempo-
ral lobe cortex after letter presentation (1, 17). The late poten-
tials have been noted especially in tasks involving decisions
based on visually presented words (13, 14). In this study, the
sources of late responses (250-600 ms) were located mostly in
the posterior temporal region, and the laterality of dipole clus-
ters accurately reflected the receptive language dominance. It
has been reported that dipoles in the superior temporal region
showed an excellent agreement with an intraoperative electri-
cal mapping (27). We also included dipoles in the FuG for lan-
guage dominance determination based on our experience with
a case in which an injury of FuG resulted in pure dyslexia (12).
These contrivances in our method may have led to improve-
ment in accuracy on language dominance determination over
previous reports (20). Basic technical issues of the MEG inves-
tigation still remain. Eye movement artifacts were strong
enough to distort the baseline of the MEG data. In our study,
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we asked patients to keep gazing at the center of the screen
during the semantic decision without blinking. As a result, arti-
facts were observed at later than 600 milliseconds after letter
presentation and usually did not affect the early and late
semantic responses. It is, however, important to prevent arti-
facts by monitoring eye movements and using rejection thresh-
olds.

In conclusion, by co-utilizing fMRI and MEG, we established
a method to determine language dominance with a high relia-
bility. The fMRI activations with the verb generation task iden-
tified the expressive language area, whereas the language MEG
dipoles located the receptive language areas. Our institution is
now routinely using the combined technique to identify the
language dominance. If it does not produce data on cerebral
dominance, we additionally perform the Wada test before sur-
gery. This non-invasive and repeatable method may be an effec-
tive alternative to the Wada test and may be useful in the man-
agement of patients with brain lesions.
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COMMENTS

his is an interesting article evaluating the complementary features

of functional magnetic resonance imaging (fMRI) and magnetoen-
cephalography (MEG) to assess language lateralization in 87 patients.
Whereas any test of language lateralization is suspect if 100% correla-
tion is found, the authors have carefully described their techniques
and the analysis of results. It is quite apparent that fMRI with verb gen-
eration tasks is best at activating anterior language areas, whereas
abstract versus concrete naming tasks can be less robust. This is a good
article and a large experience worthy of publication.

G. Rees Cosgrove
Burlington, Massachusetts

he authors have applied fMRI and MEG techniques to localize

speech function in a large number of patients with different brain
lesions. They were able to supplement the two noninvasive tests with
the Wada test in 80% of the patients. They were able to obtain useful
data with the co-utilization of fMRI and MEG in 95.6% of the patients
and found a somewhat surprisingly good match with the results of the
Wada test in 100% of those. In the results section, the authors discuss a
few differences to the localization of language areas by electrophysio-
logical means. They point out the fact that atypical language domi-
nance or bilateral language representation is more frequent in patients
with chronic epilepsy than in those without epilepsy. This is an impor-
tant fact not known to many neurosurgeons who are not ordinarily
involved with epilepsy cases. The results of this study make it more
likely that, in the future, the invasive Wada test procedure might be
abolished in those institutions at which MEG is available. This consti-
tutes a notable limitation of this noninvasive technique. If fMRI is used
alone, the success rate for obtaining useful data is 84.6% for word gen-
eration tasks and only 67% for the abstract/concrete categorization
task. This is quite an interesting study and the results are very promis-
ing; however, the limitations are not economical. A number of patients
cannot complete all the tasks necessary for fMRI study, and MEG stud-
ies can be disturbed by eye movement artifacts. We look forward to
other reports confirming these promising results.

Johannes Schramm
Bonn, Germany

he authors present some very interesting data in the realm of func-

tional imaging to determine cerebral dominance for language.
Currently, the standard modality for determining cerebral dominance
is the venerable Wada test. In this study, the authors use both MEG and
fMRI to determine language dominance based on activation in the infe-
rior frontal gyrus and middle frontal gyrus using fMRI and dipole
moments reflecting or indicating receptive language fields in the tem-
poral lobe. As expected, they had some difficulty with the fMRI data
owing to the underlying deficit in the patient, which suggests that
fMRI is not always as good as one might expect in terms of determin-
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ing cerebral dominance using a verb generation silent language task.
We know that fMRI is not a good choice for defining receptive lan-
guage fields that correspond to intraoperative stimulation mapping.
However, when fMRI was used together with MEG, the authors were
able to demonstrate 100% concordance with data from the Wada test.
Thus, this is a very important study indicating that, in the near future,
it may be possible to bypass the Wada test with these two powerful
functional imaging modalities. That being said, not every institution is

going to be able to obtain both of these functional tests. Therefore, it is
unlikely that this strategy is going to replace Wada tests completely.
Yet, this is a very important line of investigation and a novel observa-
tion that points out the frailties of functional imaging for cerebral dom-
inance localization and the potential power when the different func-
tional tests are combined.

Mitchel S. Berger
San Francisco, California
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2 2RBETIAETHS. FIVUVFF ¥R,
GCV 2V vEML L <E¥ DX 7 LA F F7PH 0
TJWEL, THHDNABAREHEEL PR~
AERBIT. ZOBRBOBRAOREIZ, HSV-tk
BEFRZEAINEEHBEE I D IX32I2EL
DIEEMEMNFER T 2HRIFBOLNSB Z LT,
BEOCHENEZAETNS LW IEKRT,
bystander ZIFR & X IEh 3, ZOBFLL T,
vitro “ClT HSV-tk EHACE L GCV-=Y »
BRXyy 7Py v avR AL CREETH
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BERAL CHBREEZRET 3 L8038, i
vivo Tt HSV-tk/GCV O BRI -
TEEINIFEFAEOEENAKEVEEHh
5.

BEFIEOEANLLTLIOIIA VAR
Y—BEEME, 7T/ UANARI =R S
NTELR, BIBTHARIED in vive CIXFRX
DIRBHIKEHI L, 7 ¥ —EEHEPY 4L
ADREEM, Zhic Xk hBEREIND RIE & i
M, GCV 28575 L R0 Y —ELHIRLIERT
Rl REOHRENHSHERoR, Loy dg
WARY Y —EEfilEE v, MHBFERER
N E LB NHBRER T, FM+BahRE
PO ISR T R, HSV-tk SBETFREL I
ZTOHMAMA L EERORVBE > Bohkdo
7‘:3).

THOREY S, BRBETRELERDIGHE
HEGFRL ) REBETFHRRLEAGDERD
LT, HEBEDRZEEBT2RANLRINT
W3, X—Fe RORKICHEZ & MBS ICH
L ¢, HSV-tk, tumor necrosis factor a % HAA
EIERTER O B~ L R 27 £ L R T B(HSV-1)
Ry F—%BELIE, FoeFA 72075
CERLGEGEND B EBREINTS, £,
BER 7T/ 74 VARY ¥ —% T HSV-tk
ZEAL, BEOKRSBISE L T 2 BERR
MNBFERE L NRICHHBRIN:, 4 vy—v4
¥V 2(L-2)BEFRELHAGDY CBFER
FHE MR L LLERRR TR, HSV-tk BIEFH
BEM X b BORBSIRBTRBRE N,

| emamEFaE

RIGBEFIRRE ZAER TG T2EAOE
EBEFLEEMER SICEAL, HBEERE2ER
XEBHFE VS, BALLBEFR2HETH
BB Th, Vol AFEERENETIN
L, RERVEESRVSEFCE 2. MR
immune privileged site £ E X 6N T E72A3, E
BII L CHEESENLHBBEET Vv
¥R (cytotoxic T lymphocyte : CTL) DG % FHE
THEI LRI WVREEMNRSHFECES Z L%
G tiroTER, BEEETFLLTRYA D



4 v (IL~-2, IL-4, IL-12, IL-18, GM-CSF, IFN-y)
RIHSF (B7-1, B7-2), RBEMZHET S
HF(TGF-B7PvF v X, IGF-17vF X
A, AEESEAERR) Z2EPHvLNTL S,
THOGBBEF IR T exvivo L X 1T, 1§
HMU-EEHESR L b 5L R AEREER
FREAL, ZhrBEOE TR EKESL T
BRWTEERROFERF TRV 7 F VIRET
Hot, LdrL, BUERMBEOETORIICHE
L, invitro COBBFEAMIROMLARBICET
ZREPRTEL L LIRAL L, BEIEE L
BRI H O MEFERIGEETEAZ L
T, X HEHETERTIRADREINTHS,
Exvivo BRI LRI ¥ -2 EEERBICIREX
¥ C in situ W CIEEHBICEETF2EAT S i
vivo IRIE, BIRBPTEINNIE L Y ERENE W,
JMIEEEBRE TNV T IL-12 ®u3RE B7-1 * A
WIOBEFIRBEOEMMEITRINTE DS, B
FERCRBEH®ES VA —22 RIS, 7F/940
AR 7 ¥ —% T interferon- B 3BET % KA O
[EEMEICEEEAT 2 2 GOBERBESE 7 A U
B CHEATE N, bDET b BB T 513 T
DTOBEBEFIREERARE L TAHEBRFERE
WT, AF A=y 7V RY-LAZHAL X
interferon— B BIEFHHRDS 2000 £ 6 {Tb Tk,
ERODBEZToLBICERLLE®RS ) 4~
2 5 Hlicx U R % VIR ICYIBR U 718, ZRFFIE
Bl THFA vy 7y Ry —sa#H
interferon-B BETF 2 EEBENIEAL, 51
itk 1~6 EREMBEZ{To 7. BEFERIIALGH
T, WRETE COMREMN3~16 2 H (FHEME9

B R), BREECHEHRMS6~20 HH(PhEE 17

HB)TCH oY,

[ 1Rl A VAR 5 — "B EE
BEFIESROBOEHE- Y A VARS
=PIV ANARY Z =R Y, HFEE (rep-
lication—competent) 7 £ WV AR 7 ¥ — QO F| A IE
HENTW3Y, 94 VRS 7 MSBEFRERZN
2% Z LTk - THEEMEA RN ICEBLTTHE
L, ERERCORBEELIE TS 2 aves
5. 20 &) RBETHBEZ Y A VA ITHRRER

WA A ARG &~

5 ¥ )
et 2t {};}«};}g}{}g wy @
®;¢ & gﬁ *OO
S5

ER#R
B1 71NV AFEEORBERTHAR

ESSEAORERY 4 AR IZEBAR OB
#EELOD, b FERERTOREEIRNMRT
HBILBRETHS, LK, EFEFEELEYTE
FCREERDZVIEIFHEREDOV ANV
AUAVANARPZ 2 IV ANETANR)E,
EFREEETEINIANRY ) ACBETBEL:
MACe VEFARICRREE2EI VI L.
BETFHBZ AN EAV RHAMHSV-1 277
I AN S, WTRLESAETRY AR
AT R EHBHESBEI N WS 2 EEAAT S
B, BEOBERIANAT I L2 TVFL T3
LItk hBEWICIERAEE EEARECBT R4
NABBBEOZERETTHRBEREEKRT 2 I P,
BEBEFEEARADC LT, VA4 VRERE
@ “E LUTRET AEHEESE Y. EEAREC
B L-REROHMERY A V2 ZMABA R
L, 20BBCREMRIBFERT 5. MWELEZYA
NARBBICHKSIE > T - AR g
L, 208, #R-HREE-RE2RYBELCHHE
BRZ2ET. —F, ERMARICERL BERY
ANAREHL 2wz, EEERICRIENECR
Vs, HSV-1 &R 7 A4 A A B0 HE S EEH R
BoEEFRNLARGSEE TAEOEE LR 24
32 FUNERAE2FEYL, HENRMARERI
VUEESRE 2 LT 5,

FEEAAL &, FEROIEHFARI N 7 7 —I1THR,
EEMHREATOY A NV AEEIC X hRERET2
BEIh, FRELBETFIRESEFINS,
7o, WERERY AN R ISR L BRI Y
AV BN EENRBMBERK X YRR
PICFERT 5720, IHFEET2EARTELE
BE2EBIEs I LNAHTH S (H 1), BR
EFORBZRTRRL, VA4 VAEBIC X 3E
BHEREL BO RREBF L L BREE VA
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b A (oncolytic virus therapy) & X ¥, BEF
BELRAT 5,

1. BEIAIANZIGLILZTE
PIEB AR O 25 CII A HSV-1 2 Awv i
7 AV AFRE O BFEFRIEA TV B, HSV1T716
1 OB R M O TR O BF A B HSV-1 17 #k% Bk
&I BE-HROBIZTFHEIEZ HSV-1 T, y34.5
BETOREECEE) OREE2ETS. NEEZ
BT ® &9 2B U BRI
FRE BT 5D, EEHBICBI 2HEELH 3
BERLTV?, FHAROARRE G207 30058
HOFER HSV-1 FHRZBUR L L, y345 BET
DORFIZMZ, ICP6 BT (VEZ 7 LvAF F&
TEROKY 722y M)BRFELINRTEE
BEHET3. e rORRAERET S Z L2 ENIC,
et rBEEL CHEI N9,

AFYVACRBHEBEES VA —<BEENRLE
L 7= HSV1716 O % 1 HEBKRRE?Tb . 10°
5 10° plaque—forming units (pfu) £ CREE W
WWEMMICREL, Ret2HEA L. 2BED
BRRAB CRBEH T L RUHEOBFEREIC 10°
pfu 2 [EENHE L, BICBEETKREZT> T4 L
ADEENCHAL CWAI 2R LE, 3M
BOBKRETCIIBEFEEREL RIS, 10°pfu %
IEERG HPEE e L, BEnmRelheimts
PER L 72, REWDHER I, 3 FIHHE 15, 18,
22 A OBATEFELBEINLY,

G207 REHEMES VA —< DB 21 % HR
2, B ITAEBEKRBRS 7 2 U I tirbhk?, 1X
10°pfu 25 3 X10° pfu ¥ C 3 T O BRERNICH
B3N, &% CT OMBBMICEEARS Ik,
G207 WRET 2 PEE FOFEERII L, K
W5 DR 2MENHER I N7z, 6 FlC Karnofsky
2 aPDRERFAD, 20 Firh 8 HT MRI HEE
OFENZERDT, MEECHT L 182 Bws
LFICEEOEARZ D, 2 H235 F E
EELE DF TS Iy HEEKRE TR
FEBL R IC G207 R EERE T A HETHE
THBHI ENREEINT, G007 LFuVueA
F2OERT 5 EAEENRETT Z LB RME
BCHOMERY, PX UL CEERFEEMEZ
nTw3,
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G207 OFEFRWRY» 5, HSV-1 ZHvkEY 410
ZIREOWIBERNRITIZ Y 4 NV 2 ORRHEER Iz
MATREHTIEERENARKE (BEELTWwSZ
EBbhoTw3® B SI3, G207 OHIEEME
HAEHEL, BERPACEREOE IEE
HSV-1 2BFTRL, G207 ¥ 7 Mich ot il
H(ad47 BEF L USIl 70e—F —ORE)ZM
AT B EHR(GA7A) R AEBIL 72, Ak HSV-1
DEYE RT3 LET T 3B RO MHC class
T FERDSHERF N C S HBRIC RT 2 HIESHETR
THILE, BEMBICIBEL TYA N ASEEE
BHETHIELICEY G47TA R G207 TR, &
MR EZ D L FIEEERABRICHEEL
7o, BE, XHBEENA IS VAL—YaF
VY —-FEEO-BRELT, BHEERELZNRE
L7 G47A QBB O HIEA TV B, G47
ADEER@EN % TRTRIERE L RRA(T-
01) bIREFEF S Nz,

HSV-1 OFIADV £ 013, LA S LiREE
BFRIANAY 7 At EEHAAL Z LT
BZETHB. ELIKIL-12 R EDQRBRMATF
ZREL CHEREMELEAICERT 8% E
U7 3R HSV-1 7 ¥ — BRI h,
HSV-1 2EFEETC “RE” $3 2 LItk b
JEEAIREZ ML 5 5 2 EMRINLT %
7o, BECEASRENCERAT AERD S E—
F—TIANAEETR2HEETE LIk Y, &
EOEBEBIIRELAZYVA NV AEEE»ET S
HSV-1 2§ B53A b 2E N Tw 39 Jik,
SERBIETFZ HSV-1 7 7 SISl AR I IZAER
iz EBAG SR, SREFTEREEPEL
%3, B bacterial artificial chromosome & DNA #H
BABZRZFALT, GUIAREDY ) ADBE
EOIER O /REET 2 BRI HAAA TR
EHOBETHIRZ HSV-1 2E8ITE 3 X T 4
DPEFE XN, HSV-1 2V 4V AEREBEFE 1T
REN»D 5 EHIFEI 51920,

2. PF/ 914X

HERBRETHRZ 7?77 794V 20F IR
HSV-1 X b#FETH 52, BETFHRERA ¥ —
ELTITCIRERLTwAZ L EBEFEBIO
BEE»S, V4N ZEEA L LTRSS



HAR, LI EIB HBRIKRRERER2 b
ONYX-015 b > & b B H 6, ML OEEHR
&L CEEBHEM TN, EIB-55K BHQ,
P53 EMLEEEAL T AELEY, BE
HREB7ZPR - ARB3OEMHILTIA LR
BRPWHELE TS, Likdo>T, ONYX-015 i3
p53 EHEDOHBATIE p53 2 ARIEMTE hvi=HlC
74V ADSHEEIT B R\ AS, pb3 HgER AL T
V3 EEAEICER D 7 A4 L AR IO LR
MlERZET EEL NN, 72X YA CHEA
g% 12 U o4 O NRICEKARIGED &
=A%, ONYX-015 BBy 5 ¢l v 3R
Bash ok, RIEEICE L CI3BERAE
BIHEHLZBE ) —2 4 HI2HRIC, BT
KRR 7? X U A SRR TiTbni?, 107
5 10¥pfu ¥ COBRBWINEC, IEEMHEEE 10
APTICEERE SN, ONYX-015 iKEHT 5 &
EoBEHERIZ 1 HABRDSNaho 08, R
BT E CohREMEDS 46 H, 4SEHRHREIED 6.2
BRTHo T, WEELGEEFHEIRZ HSV-1 kK
R, BEINLIANVABODL Y ITEEIZNT B
AAEfER DTS, BV A — 2D X ) hiE
B - BEgosEEMRICII AR E TH 5 HIR
2B, BOE, PEOMSZEIC ONYX-015 D FIFiE
DERMEE N, TR RE R WRICE MAEERPREAE DS
RTLT, BAVANVAEERE LTERtban
BEEBLTHS.

HSV-1 L ARIC? 7/ 7 4 VA THIER/ IR
BETOE—-¥—ilX 5374V ARETFOHE
FAZNTED, L ATHZRER? 7, 74
WAL LT, ElA % prostate specific antigen 7' 10
E— & —CHEL 7= CV706 BRI NP, X
7=, ONYX-015 L AROBEHRIZX Y 7F /940
AP EIA(CR2 ) # RRX¥ % &, pRBEHE
BALTINEAEET S E1A EAW WD
pRB EHHECIREHCE LA, pRB REER
DIEBHETREMTEL LIRS, &5,
IDVANADEIALEA D7 OE—F %k
b E2F-1 Jue—F — B L 2 ONYX-411
i¥, pRB BREEEEICR> THARY A LA L
RS OMOBMIESREZRT X H k5%, Ly
L, 77/ 94 VARREE(CAR) 257 5l

IULDBRL RO LR, JANVAZOLDODHE
BEEPEC D ICIHERNRIERIG 25 &
BIlL, REBEEH TRV LY, Rk
Rb%o, A4 NVAEERAR7 ¥ — L LTH,
HSV-1 039 B3R, FREEE bITEVAIRD
b5,

| 8bblc

HYE IR ETHEZ BTyt 3 Ek
HEPBEICRAT S 1, BETHROFEREINED
FHE X B ERMNH 3. LrL, TRFEHINT
WRVSEEFEZASWICEA TS ERIZ, KA L
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Head and Neck

RELATION BETWEEN ACUTE AND LATE IRRADIATION IMPAIRMENT OF
FOUR BASIC TASTES AND IRRADIATED TONGUE VOLUME IN PATIENTS
WITH HEAD-AND-NECK CANCER

HipeoMmi YaMasuiTa, M.D., Pu.D.,* KencHi Nakacawa, M.D., Pu.D.,* Naoki Nakamura, M.D. *
KEeiko ABE, PH.D.," TAKAHIRO ASAKAGE, M.D., Pu.D.,* MakoTo Oumoro, Pu.D.,}
SHINGL OkADA, PH.D.," IcHIRO MaTsumoto, PH.D.," Yosuio Hosor, M.D.,’ NakasHI Sasano, M.D.,*
SEN Yamakawa, M.D.,* anp Kunt Ouromo, M.D., Pu.D.*

Departments of *Radiology and *Otolaryngology, University of Tokyo Hospital, Tokyo, Japan: “Department of Applied
Biological Chemistry, University of Tokyo, Tokyo, Japan;, *Comprehensive Training Center, University of Tokyo, Tokyo, Japan

Purpose: Taste loss is a major cause of morbidity in patients undergoing head-and-neck irradiation. The
relationship between the time course and the degree of taste disorder was studied in both acute and late
phases.

Methods and Materials: Taste ability was measured by the taste threshold for the four basic tastes using a filter
paper disc method in patients before, during, and after radiotherapy. The subjects were divided into two groups.
In Group A, the radiation fields included most of the tongue (n = 100), and in Group B the radiation fields did
not include the tip of the tongue (n = 18).

Results: In Group A, there was a significant impairment of the threshold of all four basic tastes at 3 weeks after
starting radiotherapy (RT), and this impairment remained at 8§ weeks (p < 0.05). This was not seen in Group B.
In Group A, there was no significant difference in the patterns of taste sensitivity change between the high-dose
(>20 Gy) and low-dose (=20 Gy) groups. In the late phase, recovery of taste loss was seen in both groups since
4 months after completing RT.

Conclusions: Unless the anterior part of the tongue was irradiated, taste loss was not observed during RT. When
the anterior part of the tongue was irradiated, a difference by radiation dose was not observed in the taste loss
pattern. Additionally, radiation-induced taste dysfunction appears to be a temporal effect. © 2006 Elsevier Inc.

Taste threshold, Taste loss, Radiotherapy, Head-and-neck cancer, Filter paper disc.

INTRODUCTION

Patients with head-and-neck cancer frequently complain of
changes in their taste perception, dry mouth, and some other
distresses during radiotherapy (RT). Some studies, there-
fore, have been directed at investigating the four basic taste
intensities (sweet, salty, sour, and bitter) in head-and-neck
cancer, patients treated with RT (1-15).

Several of these reports identified a diminished threshold
sensitivity for at least one taste quality. However, a consen-
sus is still lacking on the severity and pattern of taste
impairments. Some studies reported that the ability to detect
sweet solutions diminished whereas sensitivity for bitter
ones increased (9, 10). Others, however, argued that the
bitter and salty qualities showed the earliest and greatest
impairments whereas the sweet quality showed the least
(11-13). Schwartz et al. (15), however, reported a near

normal suprathreshold intensity perception of the four basic
tastes in patients after head-and-neck irradiation.

The four modalities of taste (salt, sour, bitter, and sweet)
are mediated via taste buds, which are present predomi-
nantly on the tongue. A taste map of the tongue represents
a misconception that is still seen in many publications. Such
maps show that the tip of the tongue is most sensitive to
sweet or salty stimuli, whereas the lateral edges and poste-
rior aspects of the tongue respond predominantly to sour
and bitter substances respectively (16, 17). It is now known
that all four taste qualities can be perceived in all areas of
the tongue and palate where taste buds are located (18, 19).
Additionally, cranial (facial) nerve VII innervates the
fungiform papillae through the chorda tympani branch; it
innervates taste buds on the palate through the greater
superficial petrosal branch. Cranial nerve IX (glossopha-

Note—An online CME test for this article can be taken at
www.astro.org under Education and Meetings.
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Fig. 2. Linac-graphy for checking radiotherapy tield in a typical case. One monitor unit irradiation. The dense area stands
for radiation field. (a) Group A. From start to 43.2 Gy/24 fractions anteroposterior direction. (b) Group B. Upper lateral
field for patients with cervical nodal or Waldeyer’s disease for lymphoma.

and Waldeyer's ring (Figs. 1b and 2). The submental nodes
were included in the irradiation field for lymphoma, but the ante-
rior tongue was never given any irradiation after checking the
dose-volume histogram information of computed tomographic
plans for all cases.

Concurrent chemotherapy was allowed in this study, and 80
subjects (68%) underwent chemotherapy combined with RT for
only squamous cell carcinoma. No additional chemotherapy was
given to all of the 118 patients.

Two groups

In Group A, the radiation fields included most of the tongue
(between 77% and 100% of the tongue in the radiation field, n =
100), whereas in Group B the radiation fields did not include the tip
of the tongue (between 30% and 64% of the tongue in the radiation
field, n = 18) (Fig. 1). The tip of the tongue starts from the apex of
the tongue and covers at least the front one-third of the tongue (i.e.,
the regions mainly dominated by the chorda tympani nerve). All 15
malignant lymphoma patients were included in Group B. RT treat-
ment periods were 25-63 days (median, 34.5) in Group A and 12-93
days (median, 46) in Group B (unpaired ¢ test; p = 0.0075).

Taste testing

The filter paper disc method (using taste-disc: Sanwa Kagaku
Kenkyusho Co., Ltd, Nagoya, Japan) was used to measure thresh-
olds of the four basic tastes under each gustatory innervation
(20-22). For the four basic tastes, purified sucrose was used for
sweet, sodium chloride was used for salty, tartaric acid was used
for sour, and quinine hydrochloride was used for bitter. Each basic
taste test solution was prepared with distilled water, and the tests

were performed at room temperature. Consistent with the basic
studies (23, 24), the taste concentrations of the test solutions were
arranged in five concentration levels (T1-T5) for each taste and are
shown in Table 1. According to Tomita, who created the taste-disc,
convenience was an important requirement in the clinical exami-
nation. The T2 level was set as the median value of normal persons
in all four taste categories (measured using electrical taste detec-
tion for 461 healthy subjects from 11 to 94 years old). T3 was set
as the upper threshold of healthy subjects, and T4 (the standard of
abnormal level) as the double concentration of T3. T5 was set as
the double of T4 in salty and sour, as the quadruple in sweet, and
as the eightfold in bitter (in which there are great differences
between individuals) (25). In short, T2 or T3 answers indicated
normal, whereas T1 indicated hyperreactive and T4 or TS was for
hypoactivity.

Table 1. Threshold concentrations used for taste testing

Solute

Tartaric Hydrochloric
NaCl Sucrose acid  acid quinine

Taste sensation Salt  Sweet Sour Bitter
Threshold concentration
(mmol)
T1 52 8.8 1.3 0.25
T2 216 73 13 0.50
T3 862 292 133 2.52
T4 1724 585 267 12.59
T5 3448 2339 5333 100.76
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In determination of test results, sensibility of taste was scored as
5 when the subject recognized the T1 concentration (see Table 1) of
each taste solution, as 4" for the T2 concentration, as “3” for the
T3 concentration, as *“2” for the T4 concentration, and as “1” for
the T5 concentration. When the TS5 test concentration was not
recognized, the score was “0”. The details of the taste testing
procedure were described in our previous study (1).

Threshold measurements

Taste recognition threshold measurements were performed
once before RT and weekly from the first week up to 10-16
weeks, and monthly from 4 months to 14-24 months after the
start of RT.

Filter paper disc

The filter paper disc was S mm in diameter. In conducting the
test, the subjects were initially asked to extend the tongue as far as
possible, and the disc was put on the back of the extended tongue.
However, because of pharyngeal reflex (vomiting reflex) and be-
cause many subjects were unable to open their mouths widely
owing to radiation-induced stomatitis, the paper disc was placed
on the moving part of the tongue, i.e., on the region mainly
dominated by chorda tympani nerve (the lateral portion of the
tongue more than 2 cm away from the central line in the apex
of the tongue).

Statistical analysis

The mean value of taste sensitivity threshold was calculated
each time from the start of irradiation at every taste test. Statistical
analyses were performed using StatView Dataset File version 5.0J
for Windows computer software (SAS Institute, Cary, NC). Asso-
ciations between the mean value of taste sensitivity in preirradia-
tion and during/after irradiation were examined using the nonpara-
metric Wilcoxon signed-rank test. Associations between with and
without chemotherapy and between <20 Gy and =20 Gy at each
week after the start of irradiation were examined by using both
unpaired 7 test and Wilcoxon signed-rank test. A p value of less
than 0.05 was considered statistically significant.

RESULTS

Dose—volume histogram information

In Group A, the mean and median total doses of RT for
tip of the tongue were 21.6 Gy and 14.0 Gy (range, 11.0-
75.0 Gy) and for the posterior part of the tongue were 61.2
Gy and 70.0 Gy (range, 30.0-80.0 Gy). In Group B, the
mean and median total doses of RT for the posterior part of
the tongue were 43.3 Gy and 40.0 Gy (range, 30.0-72.0 Gy).

Acute and subacute objective taste acuity

The means * standard deviations (SD) for the recogni-
tion thresholds of each taste are shown in Fig. 3 by the
concentration numbers.

In Group A, all four taste qualities showed remarkably
increased mean thresholds when radiation doses were accu-
mulated to 3 weeks (Fig. 3). In Group A, a significant
difference was observed between thresholds at pre-RT and
with those at 3-8 weeks for all four taste qualities (all p <
0.05) (Fig. 3). In Group B, on the other hand, a statistically

significant difference was not observed between thresholds
at pre-RT and with those at any week for all four taste
qualities (Fig. 4). Additionally, in Group A, there was no
statistically significant difference in the patterns of taste
sensitivity change between high (>20 Gy) and low (=20
Gy) dose groups (Fig. 5). When the unpaired ¢ test was
performed for those >20 Gy and those =20 Gy; the p value
was less than 0.05 only at the second (p = 0.0463) and
seventh (p = 0.0071) weeks, and with the Wilcoxon test,
only at the fifth week (p = 0.0077). No difference in the
quickness of taste recovery was found between the high-
and low-dose groups. However, for those >20 Gy, the
number of cases was insufficient to perform the Wilcoxon
matched-pair signed-rank test. According to the Wilcoxon
test, for those =20 Gy, the taste sensitivity was significantly
decreased during the third and eighth weeks when compared
with preirradiation (all p < 0.0001).

Late objective taste acuity
In the late phase, recovery of taste loss was noted in both
groups from 4 months after completing RT (Fig. 0).

With or without chemotherapy

The data analyzed for those who had concurrent chemo-
radiation therapy vs. radiation alone are shown in Fig. 7. An
unpaired ¢ test was performed between those with and those
without chemotherapy, and the p value was less than 0.05
only at the fifteenth week (p = 0.0046). According to the
Wilcoxon matched-pair signed-rank test, the p value was
less than 0.05 only at the eighth week (p = 0.0446). Con-
sequently, the overall effect with and without chemotherapy
was without any difference. There was no significant dif-
ference in the patterns of taste sensitivity change between
the “with” and “without” groups.

DISCUSSION

In the present study, the four basic tastes experienced
temporary and insignificant impairments during treatment,
which concurred with the results reported by Tomita and
Osaki (5). Radiation-induced taste loss increased rapidly
between a period of radiation dose at 10—40 Gy and reached
maximum approximately 4-5 weeks later (40 Gy) (12).
During a course of curative RT of 60-70 Gy in 6 to 8
weeks, taste function was observed to become measurably
impaired by the second week of treatment (11. 26. 27).
Continued RT exacerbated this complication to an extent
that, by the end of therapy, the ability to taste even a
concentrated taste solution was impaired (11). Unless the
anterior part of the tongue was irradiated, even though the
base of the tongue was included in the high-dose region,
acute taste loss was not observed during and after RT. When
the anterior part of the tongue was irradiated, even low
radiation doses such as =20 Gy resulted in temporal taste
loss. Acute taste loss pattern was independent of radiation
dose (Fig. 5). Consequently, in order not to incur radiation-
induced acute taste dysfunction, efforts were made to com-
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Fig. 3. In acute and subacute phase, recognition thresholds of the four tastes at different irradiation dose intervals in
Group A, shown by mean = SD of the concentration numbers (Wilcoxon signed-rank test comparing with 0 weeks,
*p < 0.01; #*p < 0.05). (a) All four tastes. and (b) cach taste.

pletely remove at least the anterior part of the tongue from
the radiation field and to avoid reduction of fraction dose to
the tongue by using multidirection beams, Fifteen of 18
patients in Group B were lymphomas. This meant that they
almost uniformly received a fower dose than Group A, and
could well have received a very dilferent chemotherapy.

These may be confounding factors, given the definition of
Groups A and B by volume of tongue irradiated. However, in
this study, the contribution of chemotherapy to taste loss seems
to be very low with respect to the time course of taste loss.
The role of salivary Qow in affecting taste sensitivity is
still open to debate (3). Salivary glands were damaged



Acute and late irradiation taste impairment @ H. YAMASHITA ¢f uf. 1427

(a)

Group B

E}
g
& 37
&

E

1

g 2 4

(b)

Weeks

57 51 . .
Group B & Sweet Group B & Salty
4 4
z.
23 *
;I_.‘
Z 21 21
1 1 4
0 0
0 2 4 6 8 10 0 2 4 6 8 10
5 Group B & Sour 5 Group B & Bitter
4 - -
z
:'; 3 3
=
e
.g 2 b 2 -
1 “ l -
0 0
0 2 4 6 8 10 0 2 4 6 8 10
Weeks Weeks

Fig. 4. In acute and subacute phase, recognition thresholds of the four tastes at different irradiation dose intervals in
Group B, shown by mean + SD of the concentration numbers. (a) All four tastes. and (b) cach taste.

permanently by the radiation, whereas taste sensitivity only
suffered a temporary impairment (5). Salivary secretions
reached a minimum 6 months after irradiation, but taste
sensitivity did not show further deterioration after RT (28).
The relationship between salivary flow and taste disturbance
was recently reviewed by Inokuchi (29), who concluded that
salivary dysfunction was not likely to be the major factor in

affecting taste disturbance. According to a previous study
(30), the impairment curves of salivary secretion and taste
sensitivity were not comparable both during and after
head-and-neck irradiation, which strongly suggested a
negative relationship between salivary flow and taste
disturbance.

Some reports suggest that taste sensitivity was decreased
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Fig. 5. Changes in tasle sensitivity between two groups: those >20
Gy and those =20 Gy in the anterior part of the tongue.

in cancer patients receiving chemotherapy (31-34). The drugs
affecting taste sensitivity included cisplatin, carboplatin, cyclo-
phosphamide, doxorubicin, fluorouracil, and methotrexate
(35). In our study, as shown in Fig. 6, cancer drugs did
not affect taste sensitivity more than irradiation to the
tongue.

Results comparable to ours were reported by Fernando
et al. (7), who showed that taste loss was significantly
associated with the proportion of tongue contained within
the radiation treatment field. They suggested that the vol-
ume of tongue within the radiation treatment field should be
kept to a minimum, with the proviso that this did not risk
compromising adequate local control. These data are in
agreement with that of Conger and Wells (36, 37), who
suggested that taste loss related more to area of tongue
irradiated than of mouth dryness. These reports have indi-
cated that the mechanisms involved are either via a direct
antiproliferative effect on the taste cells or on their microvilli.
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Fig. 7. Changes in taste sensitivity between two groups: those with
and those without chemotherapy (CTx).

The mechanisms by which long-term changes in taste
occur are not well understood. Results of studies of the time
and extent of recovery of normal taste function in humans
following RT are contradictory. Several investigators (13,
26, 36) have observed complete recovery of taste function in
patients 1-3 months after treatment. Schwartz et al. (15)
investigated the upper limit of taste detection thresholds
from 6 months to 19 years (median, 2.4 years) after com-
pleting RT (total radiation dose range, 36~72 Gy; median,
60 Gy) in 15 patients with head-and-neck cancer. They
concluded that nearly normal suprathreshold taste intensity
perception was observed. This is consistent with our results,
though our study investigated the late recognition threshold
of the four basic tastes at 4—24 months after the start of RT.
This suggests that radiation-induced taste dysfunction is
only a temporal effect. In contrast, others have not observed
complete recovery of taste function in patients (11, 27).
Mossman et al. (6) indicated that impairment of taste func-
tion may persist in some patients up to 7 years after RT and

Group B

04 5 6 7 8 8§ 1011 12 13 14

Months

Fig. 6. In late phase, recognition thresholds of the four tastes at different irradiation dose intervals in both groups, shown
by mean = SD of the concentration numbers. (a) Group A and (b) Group B.
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concluded that curative intent of RT for tumors of the head
and neck may result in long-term changes in taste function.

CONCLUSIONS

Unless the anterior part of the tongue was irradiated,

even though the base of the tongue was included in the
high-dose region, acute taste loss was not observed dur-

6.

1429

ing RT. When the anterior part of the tongue was irradi-
ated, the difference in radiation dose did not affect the
taste loss pattern. Whether or not acute taste loss oc-
curred, taste loss was not observed in the late phase. This
study provides evidence for near normal suprathreshold
taste intensity perception in patients who have received
head-and-neck irradiation in the late phase. Radiation-
induced taste dysfunction appears to be a temporal effect.
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RAIN METASTASES OCCUR IN 20%
t0 40% of all patients with can-
Y cer and are generally associ-
== ated with a poor prognosis.'?
The most common route of metastatic
dissemination resulting in brain me-
tastases is hematogenous, and it is
therefore presumed that the entire brain
is “seeded” with micrometastatic dis-
ease, even when only a single intracra-
nial lesion is detected. Consequently,
whole-brain radiation therapy (WBRT)
has been a mainstay of treatment.'?
Recently, the assumption that the en-
tire brain is seeded with micrometas-
tases in all patients with overt brain me-
lastases has been questioned, prompting

For editorial comment see p 2535.

©2006 American Medical Association. All rights reserved.

Context In patients with brain metastases, it is unclear whether adding up-front whole-
brain radiation therapy (WBRT) to stereotactic radiosurgery (SRS) has beneficial ef-
fects on mortality or neurclogic function compared with SRS alone.

Objective To determine if WBRT combined with SRS results in improvements in sur-
vival, brain tumor control, functional preservation rate, and frequency of neurologic death.

Design, Setting, and Patients Randomized controlled trial of 132 patients with 1
to 4 brain metastases, each less than 3 cm in diameter, enrolled at 11 hospitals in Ja-
pan between October 1999 and December 2003.

Interventions Patients were randomly assigned to receive WBRT plus SRS (65 pa-
tients) or SRS alone (67 patients).

Main Quicome Measures The primary end point was overall survival, secondary
end points were brain tumor recurrence, salvage brain treatment, functional preser-
vation, toxic effects of radiation, and cause of death.

Results The median survival time and the 1-year actuarial survival rate were 7.5 months
and 38.5% (95% confidence interval, 26.7%-50.3%) in the WBRT + SRS group and
8.0 months and 28.4% (95% confidence interval, 17.6%-39.2 %) for SRS alone (P=.42).
The 12-month brain tumor recurrence rate was 46.8 % in the WBRT + SRS group and
76.4% for SRS alone group (P<.001). Salvage brain treatment was less frequently required
in the WBRT + SRS group (n = 10) than with SRS alone (n = 29) (P<.001). Death was
attributed to neurologic causes in 22.8% of patients in the WBRT + SRS group and in
19.3% of those treated with SRS alone (P=.64). There were no significant differences
in systemic and neurclogic functional preservation and toxic effects of radiation.

Conclusions Compared with SRS alone, the use of WBRT plus SRS did not improve
survival for patients with 1 to 4 brain metastases, but intracranial relapse occurred con-
siderably more frequently in those who did not receive WBRT. Consequently, salvage
treatment is frequently required when up-front WBRT is not used.

Trial Registration umin.ac.jp/ctr identifier: CO00000412

JAMA. 2006;295:2483-2497 www.jama.com

Author Affiliations: Departments of Radiology (Drs
Aoyama, Shirato, and Katoh) and Global Health and
Epidemiology, Division of Preventive Medicine (Dr Ko-
bashi), Hokkaido University Graduate School of Medi-
cine, Sapporo, Japan; Department of Radiology, Uni-
versity of Tokyo Hospital, Tokyo, Japan (Drs Tago and
Nakagawa); Department of Radiology, Kanto Medi-
cal Center NTT EC, Tokyo, Japan (Dr Toyoda); De-
partment of Radiology, Chiba Cancer Center, Chiba,
Japan (Dr Hatano); Department of Radiology. Hiro-
shima University School of Medicine, Hiroshima, Ja-
pan {Dr Kenjyo); Department of Radiology, Kyoto Uni-
versity School of Medicine, Kyoto, Japan (Dr Oya);

{Reprinted) JAMA, June 7, 2006—Vol 293, No. 21

Department of Radiology, Hyogo Medical Center for
Adults, Akashi, Japan (Dr Hirota); Department of Ra-
diology, lzumisano General Hospital, 1zumisano, Ja-
pan (Dr Shioura); Department of Radiology, Keio Uni-
versity School of Medicine, Tokyo, Japan (Dr Kunieda);
Department of Radiology, Osaka Medical College,
Osaka, Japan (Dr inomata); Department of Radiol-
ogy. Kitazato Medical School, Sagamihara, Japan (Dr
Hayakawa).

Corresponding Author: Hidefumi Aoyama, MD, PhD,
Department of Radiology, Hokkaido University Gradu-
ate School of Medicine, North 15, West 7, Kita-ku,
Sapporo 060-8638, Japan (h-aoyama@umin.ac.jp).

2483

Downloaded from www _jama.com at YAMAGATA UNIVERSITY, on March 29, 2007





