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roducti
Cl:mcal nuclear mcdlcme 18 common in Japan and almost all of them are
convemlonal one. But nowadays PET facilities are increasing in number in this coumry
{Table 1). Until now, this modality is available in’ 19 instiluti(};]s. Using this technic, it
has been possible to measure regional blood flow, energy metabolisnr_i, recéptd‘r density .
and so on, in fi"ving human beings. The recenit up’sﬁi‘g_e: in illte_;és; in PET s_tu_diés_ seems to
be due to success in éhe noninvasive measurement of 'rp'_gional_ n'e:urorece;_):tm_'.de_;_‘tsit_y in
the brain (Figure 1). .Anothe.r' t;'end in nuclear medicine is radioimmq'noifnag_ing..B_ut itis
necessary to resolve the pl'oblem o uée animal protein as a monoclonal antibody, for
using this technic in clinical nuclear medicine. | |
Today 1 don;t \Qant {0 bi'esent data of these ultrémcderr_i modalities, but show the

present status of conventional nuclear medicine in Japan,

1.Nuclear medicine facilities

Number of nucleér m:e.diciné‘ facilities in 'Jai)an are shown ih Table 2. .‘ g
478 hospitals practice both in-vivo and in—vifro_ é_xaminations in 1991, Haspital_s. which
practiée only in-vivo examinations were 672 ih number, also in last year. R_egarding o
in_—vitro test, the facilities can be categdrized as hospitals ahd pr_ivate assay labo’ratoﬁes.

Facilities which practice only in-vitro studies were 103 in number altog_éther; in 1991.

| Radionuclides used for in-vivo procedurés ih oné year are sﬁown in ;Table 3 The
most frequently used radionuclides .for iﬁavivo examinations was Te-99m. Othe.r.
frequently used radionuclides were Xe- 133 'Ga-67, T1-201 and 1-123, Variations in the
amount of representanve radlonuchdes used per year are shown in Figure 2. We can seea
rapid growth in the amount of pertechnetate solution and Tl—2()1 chloride during recent 2
or 3 years., | |

‘Table 4 shows the amount of cold kits used for labeling Te-99m per year.
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3.Test tubes used for in-vitro sfudies
~ Test tubed used for in-vitro studies in number per year are shown in Table 5.

Regarding to in-vitro test, we must pay attention to its decrease in number,

4, Tétal numtﬁér ang

During 2 moniths of Turie 1982 and June 1987, 115870 and 121443 in-vivo
nuclear mcdi,cin_é procedures were perform'ed in 776 facilities in 1982 and 1043 facilities
in 1987 resp.e'cti\;ely.fi‘heyj éd‘;’él‘ 86.6% of all hbépitals which pérformed in-vivo
procedures in 1982 and 92.5% of in-vivo institutes in 1987. Figure 3 shows the
.frequency of il{—Vivo.esiémihétit;h:s in 1982 and 1987, .I.n' 1982 the liver scintigraphy was
perfcnﬁed most frequénﬂy, ;’23;8% of all in-vivo procedures. In 1987, the most frequent
iﬁ-;ivo examinations was the b'{;rié'scinti'gr.aph'y,‘ which was 19.1%. The second test was
tumor Scinﬁgraphy,aﬂd_the third was Hiver sCintigréphy. Anyhow li\;ér scintigraphy was
deéreasing in number ahd'frequ'lericy. | |

- _"Ngwédaygfs'ing"gl.érphb:ton"eign.issioﬁ 'tdfhégi'aphy, SPECT isﬂcbm?ﬁon in nuclear
mediciné practice in Japan. Ev:en in Iéé?, 8642 .SPECT procedures' were performed in

one month, it was 7.1% of the total number of in-vivo examinations.

) Ir;"To'kyo ‘Women's _Medica.:l. COliége Hospital, located in Tokyo, 6619 in-vivo

nuclear exa-tﬁ;illlfé.tidns'\'vere perfoﬁned inone yeaf, from Aprzl 1989 to Mﬁrch 1990
'(F.igure 4). Also in this ébllege hospital, the bone scintigfaphy was perforrhed most

' frequenﬂy as shown in the figure. The next 5 tests were myocardial imaging by T1-201
chloridé, tamor 'sc;inﬁgiﬁphy with Gé—67 citfate, renal test using Tec-99m DT'PA, lung
:]'::.érf.us::io'n siudy a'nd.'cérd'iovascﬁfar dyﬁamic iraging. Ch the contrary the liver

scihti_gféphy was done only in 18 cases in that year,
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Almost of thc targets of internal use of radmlsotopes are the therapy for thyrond
diseases (Table 6). The tota] amount of I 131 used in thls country for thetapy durmg one
year from July 1986_t0 June 198_7, was 55Ci, and 54.7(31 of them were used as Nal,
Patients number treated by sotfii:m :'ad'i'oiodide was- 198?. 1472 of them were cases with

hyperthyroidism and rest of them were cases with thyroid cancer metastasis.

quipmenls available in nuclear medicihe department or division consist of
conventi(')nal. scintiilation _cameras; :si'n'g.l'e: photon _compmed tomographic systems, 50
calied SPECT systems data processing :sys't'ems 'attach'e.d to scintiilation cameras and so
on. In January 1987 1 i92 convennonal scmttllanon cameras, 376 SPECT systems and
757 work statlons or mmt computers were avallable in nuclear medtcme practice in
Japan. And i in Janualy 1999, I 152 corwentlonal scmttllanon cameras 752 SPECT
systems and 1098 work stations or mlm computets were avaﬂable in Japan. SPECT

systems and work stauons are mcreasmg in number rapldly

By 1991, 563 medical doctors have been cer tifi cated asa nuclear medlcme
spec:ahst by the }apanese Soc1ety of Nuclear Medlcme and 135 hospltals have been
certificated as a training msututton for nuc[ear medlcme practice by the Japanese Soaety

of Nuclear Medtcme

Concluding remarks .

The recent development of i 1mag1ng procedures such as X -ray. CT uitrasound and
nuclear magnetlc resonance technic i is remarkab!e However these modal:tles are used
mainly o detec_t_morphologlcal changes. On the contrary,-reglonal tissue function can be

studied non-invasively only by using radioisotopic tracers.

- 38 -



In this presentation, the status of general nuclear medicine in Japan was presented.
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Legend for figures

Figure 1. Mapping of dopamine D2 réceptors using ! 1C-N-miethyl spipcrone(A)

and benzodiazepine receptors using - flumazenil (B) |

Figure 2. Variations in the amount of répresentaii've radionuclides for in vivo study
Figure 3. The fréquency’ of in-vivo examinations
Figure 4. Numbers of in-vivo examinations per year in a medical college hospital
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Table 1. Nuelear Medicine Facilities in Japan

Medical School in Number: 79

 PET Facilities with Cyclotron: 19
eq.x.ipments'in General 'Nuclear Medicine Practice _
| Jaﬁuary 1987 January 1990
Conventional 'Scimi'llation'(famer.a: 1,192 1,152
'SPECT System: 376 752
 Work Station for Nuclear Medicine: 757 - 1,098
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Table 2. Number of Nuclear Medicine Facilities in Japan

1987 1988 1989 1990 1991
Both In Vivo / In Vitro 604 580 562 517 478
In Vivo only 487 530 562 627 672
In Vitro only | 13 o072 6l 41
(Hospital) : .
InVitro only 85 85 : 80 66 .62
(Privaté Assay Labo.) ' '
Total Facilitics 1,289 1,296 1276 1271 1,253
Total of In Vivo Fac. 1,001 LI0 1,124 1,144 1,150
Total of In Vitro Fac. 802 766 714 644 581
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Table 6. Internal Use of Unsealed Radioisotopes for Therapy

Period from July 1986 to June 1987._

Facilities - 80 Hospitals i) apan =

131(Nal)  others

TotalDoseinmCi - 54657 366
No. of Patients | 1983 7
Cases wfth Hyperthyroid o 1472
Cases vleith T‘hyfoid Cahcer Metastasis - 481
Cases with Other Diseases | 12
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Frequency of In-Vivo Examinations(1982)

8%

B 23.8%
. others B

fiver scan

lung peref.scan 2.3% |

11.1%
bone scan

cardiovascul.angio 24%
renal scan 3%
‘myocardial scan 3.2%

- 8% thyroid scan
o 6.5% 7.9% tumor scan
- thyroidal  uplake

-ljenogr.faphy 5-8"*»
'_Fg‘eq'uéncy of In-Vivo Examinations(1987)

o 19.1%
- bone scan

261%
others

- - 1 124%

brain. perf.scan 25% { tumor scan
lung perf.scan 25%
gated. h.pool scan 3.2%

thyroidal uptake 4.8% 9.1%
' - liver scan
renography 52% -

PRy L 7.2% 8.2%

mydcardiai scan - thyrold scan
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NUCLEAR MEDICINE OF THE BRAIN
: Neuro-nuclear Medicine

Fumi_o Shishido, M.D., Kazuo Uemura, M.D.*

Division of Clinical Research

National Institute of Radiological Sciences,

Chiba, 263 Japan o |
*Research Institute for Brain & Blood Vessels-Akita,

Akita, 010, Japan
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Diagnosis of the central nervous system (CNS) is bn_c of the most advanced'ﬁclds
of huclea:_r medicine. Even though classi_cal brain scinti_grép_hjr was _affe_cted_by the rapid
penetration of X-ray édthpuied torﬁograp’hy',.thé furthcr progréss of newronuclear
medicine has been rér_ﬁarkable,.'eépeé_iallyin the field of functional brain study using
emission c‘omput.f':d tomography. Nuclear medicine of the brain can be divided into three

categories:

1. Imaging of intracranial focal lesions
2. Imaging of cercbrospihal fluid circulation

3. Regional functional smdy of the brain

1. IMAGING OF INTRACRANIJIAL FORCAL LESIONS

: Brain scanning and radionuclide ccrébrél angiography

Before CT-era, brain .s'canning was widely pérfbnned as a-fduﬁne means of
noninvasive diagnosis of _inuacfanial lesions, With its éupérior épﬁtial resolution, .X-'ray
CT has advantages for the pathologic and mdrp_h_ologi_é diégnosis of braiﬁ diseases,
however, conventional X-ray CT methods hardly provide us with information as to
regional brain functions. When we perform a brain scan, iit' ﬁsuaﬂly is preceded by
radionuclide cerebral angiography. radionuclide éngiographf gives a rough information
rega.rding the cerebral bl_ood vessels and qualitati\fe information cdr‘xccming.regi:ona.l'

cerebral perfusion, thus covering the drawbacks of the X-ray CT image.

(1) Method
99mTc~pcne¢hnctate or 99"“’1‘c-DTPA are used for brain scanning and for
radionuclide cerebral angiography. Thlrty minutes before 99mTc—pcrtechnetatc

administration, 0.5 g of perchlorate is administered orally to prevent the selective
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accurﬁulation of 9_9mTc-pcﬁechnetate in the choroid pléxus. Radionuclide(RN) cérebral
zingibgraphy is taken with the paticdt lying on .his back. A bolus of 15-20 mCi
' ;iei'tejchnetate is injected. Bolus injection of the $9MTe is performed by the saline flushing
methad., Depend on:the Tocation of the brain lesion, several projections, anterior,
posterior, vcrtek, etb., are selected.

Radionuclide cerebral angiography is followed by a conventional static brain scan.
| An éarly scan taken immediately after the RN angiograph'y by a delayed scan 2-4 hours
later is recomr;lchded. The early.sc'an is suitablc.for the detection of activity in the cerebral
bleod _vessels and the_:.dela'yed scan is sensi_tiv_é_ 0 the radioactivity accumulated in a tumor
and an infarction of the brain. The addition of a vertex view is useful. Application of
singlé phof.on emission cdrhpméd térﬁography (SPEC'I‘) gives increased dctcctab‘ility’ and

reveals the spatial distribution of lesions in detail.

(2)Scan Readilig

Nor:n_aii_bi‘ain tissue is protected by the blood—brain barrier and rémains a low-
connf area of the bfain scar, surrounded_by:the periphex_‘al band with high count.
Superﬁcial blood pools such as _tl_ie superior sagittal sinus and the transverse and sigmoid
sinu'seé reveals hi ghfcount_areas. Thié'k muscles such as the temporal muscle also
inéréase backgropnd..-Thc cerebellum is separated from the cerebral region by the high-
| coﬁnt Saﬁd'of thé:_ transverse sinus. | ' |

Brain lesions are revealed as high-count areas. This is due to the increased
pcrméability_of capillaries and the abnoﬁnal increase in véssel volume of the brain lesion.
' Abnomal'high-count lesions are caused by intracranial lesion, skull lesion, and even by
| _the scalp',' | |
About'ei.gh'ty péfécnt of bfain fu‘mors can be visualiz_cd by the radionuclide brain

Scan. Meningioma, malignant glibma, glioblastoma, and metastatic brain turnor are most -
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sigxﬁﬁcanﬂy visualized by this method. However, low grade gliomas have 1o abnormal
uptake of 99mTc-DTPA. | - | :

The most remarkable positive scan is observed 3-4 weeks after onset in écmbral
infarction and intracerebral hema'tomé', However, they usually remain négatis'é in the
periods immediately after a:_ld several months after the episode. _C‘cmbrovascuiar diseascs
(intracerebral hemorthage and cérebral infarction) are characterized by the fact that

(a) accumulation of ra'dionuclid_e shows remarkable changes according the time -
after onset and | |
_ ~{b) the locauon of the lesion in cerebral infarction corresponds to the chsmbutxon
of the cerebraI aﬁenal blood supply. Hypertensive intracerebral hematoma usually
produces a faint positive scan, which is revealed as a ringlike abnonnalruptakc around the
h_eniatbma by emission CT . |

The bram abscess bccomes positive at thc stage of encephahus andi mcreascs its
_ densuy as the abscess forms. Early detectability of brain abscess by bram scan is still.

highly regarded. | _ |
" Radionuclide écrébral'angiography provides us with infonnstion'on vessel images
of the mam tnmks of cerebral perfuswn In a normal subjects activity indicaies
- simultaneous bllaterally and equal appearance of arterial phase folIowed by mtermcdmte
phasc and venous phase Pathologxc findings may be summanzed as follows |
(i) Decreased regional perfusmn This lesion is exprcssed by the reg10na1 low = |
count and prolonged cm:ulauon time. These-abnormalities are caused by occluswn or
severe stenosis of the cerebral artcry (cerebr& mfarcuon), transient ischemic attack or by
comprcssmns with mass Iesmns (hematoma, avascular tumor, chromc subdura]
hematoma, etc.). _
(ii) Increa_sed sé_gional perfusion: This lesion is either due to an increased pool of
vessels or increased regional blbod flow (artcriove_nous-'fis't_ula,.-v_zalscﬁlar tumor, luxﬁry

perfusion, and epileptic seizure). Reading of RN angiography combined with
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conventional brain scan hélps fo increase of the sensitivity and specificity of the diagnosis

 of brain lesions. Even if an major cerebral artery is occluded, CT scan is negative at the
early stagé of onset within 5 hours. However, radionuclide cercbral angiography almost
always detects the occlusion of the aﬁer_ial main. trunk, and the grade of collateral

circulation will be simultaneousiy estimated.

2. IMAGING OF CEREBROSPINAL FLUID CIRCULATION: Radionuclide
Cisternography - o ' |

Radionuclide cisterﬁography is imaging of cerebrospinal fluid space by the
_ inn*at_hCCaI injection of a radiopharmaceutical that does not hinder-physidlogic

cerebrospinal fluid (CSF) circulation.

(YMethod . |

0.5-1.0mGi of 111In-DTPA is intrathecally injected at the level of the lumbar
E véi‘t_ebrae. Kéeping the patient still by placing him on this abdomen for the initial few
hours to p.i'e.vént'léakage' of :the tracer through the punch hoie; four projections.of the
bra_in: ante_ﬁbf, posterior, ﬁght.la‘.teral,_and left lateral, are imaged by a gamma camera or
SPECT at 4, 2_4, and 48 hours' 5fte_r the injection. Quantitative analysis of the radionuclide
inflow and outflow from the intracranial space also is carried out by consecutively

recording counts.

(2) 'Scén Réadirig |

Cércbrospinal fluid, i)roduccd rriainly by the choroidal plexus in the lateral, third,
and fourth ventricles, flows out through the foramina Lushika and Magendic into the
subaiaéhn'o'idal space, reaches cexﬁbra_l surface via the ténton‘él notch, and is reabsorbed,
pn’ncipa.lly into,t_he_, blood, by arachnbidél villi distfibuted along the superior sagiftal

| sinus. Part of the CSF flows down from the basal cistern into the spinal canal and flows
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back iﬁﬁﬁcrania]ly The CSE can be rc'absorbed-ou{sidc of arachnoidal villi, and this
mechanism becomes remarkable in dlseascd condmons due to abnormal CSF flow RN
cnstamography isa valuable means of detecting such an abnormahty

Normal RN cxs_temography visualizes the Sylvxa.n fissure symmeu‘ic:ally 3-6 hours
after intrathec.al injection, and accumulates in' the parasagittal region for reabsorpti'ml at
24-48 hours after mjecuon The ventricle is not vxsuahmd

" Abnormal ﬁndmgs of RN c1stemography are ventncul.ar reﬂux, subarachnoid -
regzonal block, rcglonal rctennon of radmnuchdc and extrathecal leakage Ventricular
reflux of radionuclide i is evaluated as an important sign of normal pressure hydrocephalus
(NPH). Screemng of normal pressure hydroccphalus from semle dementiaisan
1mponant problcm n gcnatnc practice. Markcd ventricular reflux is seen from an early
- stage of i 'chcn_on and pcr51sts for more than 24 hours. thtlc activity is seen in the
: .subar_achnoid space above the teﬁt_oriunl ceréb;:lli. When more zlctivlty, e_iccompam'ed by:
delayed circulation and ventricular retention Of_ radionuclide is séen above _thé_tentorium
cerebelli, diag'nosls rln-ay be.NI.’H. or brain fatmphy Delayed circulation of CSF and
nansmnt ventricular reflux may be caused by brain atrophy "

Reglonal blockage of the suba:achnmd space and regwnal radlonuchdc retentxon
are causcd by compressxon of a mass lcs1on regmnal blockage of the sul)arachnmd
space, and arachnmd cyst, eic. Arachnold cyst 11_1 parucular shows 31gmficant inflow of
* radionuclide into the cyst, be(.:oming. éven clearef after 24 hours, indicating tllc

reabsorption of CSF at the lesion.

3. REGIONAL FUNCTIONAL STUDY OF THE lBRAlN_

Currently, only ﬁu«:lcar'm'edicine enables in ﬁvo ésseésment'of regional Ccrebfal
blood flow (rCBF) and metabohsm Recem progress m emlssmn computcd tomography -
(em:scuon CT) especxally in posuron emission tomography (PET) has made pcsmble

measurements not only of rCBF but also of the energy metabollsm a.nd other blochemlcal -
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- processes of the brain. These study would contribute to clarify the physiological and

pathophysiological process of the _brain.

(0 Two Dimensional rCBE Study Usmg the 133Xe Clearance Method
ThlS is the most common miethod wluch measures the cerebral transit proccss of

133%e mm}duced into the brain tissue. The measurement is made by multiple scintillation
detectors ora gamma camera. The 133Xe clearance curve from the brain is usually
analyzcd by three diffcrcnt methods: two- compartment analysxs height-over-area mcthod
and mmal—slo;)c method. _ o

 With the 133Xe mtracarond m;ecuon method, admmlstranon of 133Xe saline
solunon into the mternal carotid artery is usually p_erfomxcd following cerebral
angiography. Since a sufficient amount of 133Xe can be introduced by this method, the
gamma camera measurerment prbvide an'image of tCBF. -

: -.Different' from this traumatic .pr'ocedure, a nontraumatic 133Xe inhalation or
1n€:ravcnous injection method alsc has been adopted. Wxth this method, recirculation and
' extracmmal contammauon of 133Xc are also countcd simultaneously but must be
sufﬁcxcntly corrected for the calcuiauon of cerebral blood flow. The advantages of this
memod are iis nonmvaswcncse and sxmultancous measurement of regional blood flow of
thc whole brain. At prescnt, factones provxde the computcr controled devices which are

) apphcable to rCBF measurement thh both the 133Xe intracarotid i injection and mhalaur.)n

techniques.

~ (2) Three Ditﬁensiolrial: rCBF' Mapping Usiﬁg. a Single Photon Emission Computed
Tomography (SPECT) |
_ - The two dlmcnsmnal CBF study usmg the 133}{3 clearance has following
 difficulties. -
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@) Becéusé of 'supeﬁmposition of tissue layers in each detector field, spatial |
resolution of the étudy is severely limited, and information froma deep scated lesion is
spoiled. | _
N :(ii_) An area with severe ischemia, even if ly_ing direetly ﬁndeme;ath a detector, §vill
ignored due to proportionally decreased input of 133Xe into the Tesion. -i.c. "Look
. _Thfough" phenmh&ﬁon. _ | |
In order to overcome ﬁie:se difficulties, the thrée difnensiohal fCBF' Study uéing a
emission CT is useful. The author group have developed a series of emission.tomogi"aph;
named HEADTOME. At presént, we use HEADTOME-NI for SPECT. The method |
| measuring rCBF using SPECI‘ can be .di.vi-dcd to the following groups; | '

(i) the 133Xe clearance metliod, | |

(i) the tracer trapping méthod w1t11 N—xsopropyl-p-123I—mdoamphctamme (3231-
IMP) 99mTc—hexamethyl»propylcneammeomme (99mTe- HM—PAO) and 99mTe. ethyl
cystematc dimer (99mTc-ECD) | . '

- In strokc pancnts decrease of rCBF is more extenswe than had bccn suspected on
the basis of X-ray CT. Thls_ dissociation of the ﬁ_ndmgs betwcen the ﬁndmg- of the
tomogfaphic 1CBF study‘and _tﬁe X-ray CT .maybe resulted fmm'the'fol'lbwing factors:

a) the perfusion preSsure of the coilatei‘al patﬁway developed in the: area éiitside of
the low dcnsuy brain will be iower than the lower limit of the autorcgulatatoxy range, and

b) decreased excitation of remote nenrons conncctcd from the necrotic (low

density) brain nssuc, i.¢. diaschisis.

(3) Functional Brai:n Study Using Posilrnn_ Emiésiqn Comp'uféd Tﬁmography

Positron emission coinputed tomography (PET) is the most excellont means for- -
in-vivo quanﬁtﬁﬁﬁe rﬁeasurement of xﬁéidnﬁl p:hysiolo'gic'al: variables in the ﬁum&n brain.
rCBF is one of pnnc:pal variables of the brain tissue, but, in an 1schemlc cercbral Icsmn :

accompanymg with tissue acidosis, it is strongly influenced by a tissue perfuswn
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pressure, and in _some time does not correcﬂy reveal the grade of tissue damage with
ischemia. Using PET and tracer labeled with positron emitting radionuclides such as
11¢, 13N, 150 and 18R, mgidnal patﬁbpﬁysiblogy of cerebral ischemia and other
cerf:bral disease can bc evaluated in correlation with rCBF and cnergy metabolism,

The mappmg of regmnal glucose consumpuon rate (CMRGlIc) can be measured
by'an intravenous 1nJecnon of 18F-fluorodeoxyglucose (18FDG) enters the brain tissues
is phOsphorylated by bréiri hexokinese, and the metabolic product; 18FDG-6-PO4
remains ﬁx‘c& within the fissue. Regional CMRGlc is given by measuring 18FDG in the
 brain tissue and concentration of 18FDG and of plasma glucose.

Regional oxygen consumptién rate (CMRO?2) can be measured by continuous
inhalation of C1303 and 1307 using the 150 steady state model. Inhalled C1507 is
transferred to H2130 in the lung and enters brain tissue as a function of rCBF. When
irihhled subséqﬁcntly as 15‘(.)2, the tracer is bound to hemoglobin, enters the brain as
oxyh_emogloﬁin, is extraced as a consequence of regional oxygen metabolism transferring
to metabolic H2150. PETIS_tudy during equilibrium breathing of C150; gives rCBF. The
ratio of brain tissue activities fncasurcd by PET during inhalation of 1.50_’), and C1502
'rcspecnvcly, gives the oxygen extraction fraction (OEF) which means the ratio of value
of oxygcn content. The CMROQ2 is calculated by the product of the OEF, CBF and
' arterial oxygen content.

: Tﬁe changes of these variables after stroke and those correlation with the
morphological changes on thf_e X-ray CT are shown. Flow/metabolism uncoupling in the
acute phaée, 1c the "miSéry perfusion” and "luxury perfusion” is also clearly
_ démonstraied.‘ _
| A remarkable correlation between glucose metabolic rate and histological grade of
the gliomas Was demonsirated with PET and I8FDG. The most consisted ﬁnding is
| hypexmctabohsm in malignant gliomas. As described above, posnron CT studies are very

excellent, but are t00 expensive for general usc Follomng the remarkable success of the
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positron emission tomography, this approach shall be extended to the more economical

SPECT study using tracers labeled by 1231, 99mre, 133%e and so on.
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Functional Brain Study

1. Emission Computed Tomogrﬁphy(ECT}
Single Photon Emission Computed Tomography (SPECT )
Positron Emission Tomography (PET) |

2. SPECT Device |
Rotaﬁhg single-head(or dual-head) 'ga'rhfna camera system
- Triangle gamma camera(triple-detector) system
Réctaﬂgle :gamma camera system

 Circular detector system
3. PET Device

Multislice PET
TOF-PET |

_6]...



4. Tracers

Parameters ' _ SPECT tracer _ PET tracer
CBF C133x%e clsgy
' 123vp : 1150
99mTc-HM-PAO
99mTe-ECD
energy metabolism | | § 150,

18rDG, 11CDG

amino acid metabolism  123T-jodo-methyl-tyrosine  11C-methionine
11C-tyrosine
nucleotide metabolism : : ' 18k.gUr
neurorecep tor
acetylcholine 123N 11Cc-MQNB
1231 dexetimide Hc-TrB

18F.DPET, 11C.DPET

1 1 C-nicotinie

betal(noradrenaline) 123I-prcnaltr;;rol 11C_-CGP 12177
beta2(noradrenaline) _ ¢ carazolol
| | ' 18F—FAcarazoloI_ |

| | 18F.FAPIN
D1(dopamine) 1231-5CH 23982 11C-SCH 23390
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Dii(dopamine)

1231.FISCH

1231.11SCH

1231 1B7M
1231.NCQ 298
1231.epidepride
1231—2-spiperon_c
1231118

1231 1BF
1231.1MD
1231.haloperidol

' S—H'I?(SErotqninc) 1231.2 ketanserin

 5-HT3/1A(serotonine)

H1(histamine)

H2(histamine)

CBZ(diazepam) 1231 jomazenil
12312107
1231.G-018

PBZ(diazepam)

NMDA(glutamate)

' DcIta,Kappa,Mu(opiatc)
Mu(opiate)
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110.SCH 39166

19YoR): VA Y

18R-NCQ115

1 1C-raclopride
11¢-NMspiperone
18p.NFBspiperone
1 1C-NMben§>eﬁdol
Heym 091512
76Br-spiperone
18r.187ZM

18R FABZM
76Br-2;kctanscﬁn
11Cc.MDL 72222
11C-pyrilamine
11C.ranitidine

11 flumazenil

IICeNMDZ

18R.FERO, 18F-FPRO

11C-alprazolam
11C-PK 11195
185 pK 14105
18F.13MMK 801
i 1C—diprerioxphine
18E.NPdiprenorphine
1 1C—cyc10foxy.
11 C-carfentanyl



Sigma(opiate)  123LPIPAG

| 1231.MIPAG
* Somatostatin - 1231 Tyr-3-octreotide -
CCK(cholecystokinin)
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5. Cerebrovascular Disorders
(1) Tracer
CBF & energy metabolism
) api}ﬁc;atiOn :
Cerebral ischemia
misery perfusion
luxury berfusion'
coupled pe;'fusidn
Acute & chronic ischemia
_ | detection of viable tissue : emergent embolectomy or

revascularization, thrombolysis, or anticoaglation

6. Brain Tumor

(1) Tracer _
glucose metabolism 13EDG
aminb acid metabolism and transport 11C-methionine, 123MT
2 appl_ication

predicting degree of tumor malignancy(prognostic values) -

radiation necrosis

7. Dementia
(1) Tracer
| CBF & energy metabolism
] application':'
" Alzheimer discase
tcmpo_ro—bax_‘ie_tal hypdmctabulism

" Vascular dementia
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mainly fromal lobe
Pick's disease | |
fronto-temporal hypometabolism -
Preserved in the primary visual and sensorimotor cortices, basal ganglia, and

- cerebellum

8. Epilepéy
(1) Tracer |
CBF & energy metabolism
(2) application-
detection of seizure foci _ o _
interictal : hypomctabolism( & hyj}operfusion)
ictal : hype.rmetabolis'm( & hy;ﬁcrperfusidn)

9. Head Trauma
(1) Tracer
CBF & cnergy metabolism
(2) application -
good correlation between the severity of head trauma(the Glasgow Coma

Score) and the degrec of wholc—bram hypometabolism

- 10. Oth.er diseases

()Spinocerebellar degenieration
(2)Herpes simblcx encephalitis
(3)Creutzhelt Jacob disease
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Case Presentation

[Normal]

& a
TRE o S e TN

Fig 2. Cerebral blood flow and oxygen metabolism measured by 150 steady-state

method (1502, €150, C150) ©
'CBF: cerebral blocd flow, -
OEF: oxygen extraction fraction, .
CMROZ: cerebral metabolic rate of oxygen
CBV: cerebral blood volume i

PAO
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[Cerebrovascular disease]

Case 1 _ Témp.or_al pathophysiological sequence of stroke(8 hrs, 7 days,
29days after onset). ' L e

Akita Noken - . 2G073M

Fig _4-X'—.ray CT images

- Fig 5 PET(CBF, OEF, CMRO2). The images of 1CBF, rOEF, and
rCMRO, studied by the 150 steady state method in a patient with acute cercbral

infarction,
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Case 2 Acute cerebral ischemia
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 Fig 10 PET images (CBE, OEF, CMROy)
This patient suddenly showed dementia due to occlusion of.ﬁgﬁi';hidd}e cerebral
artery. ' = . L e
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Case 3. Right internal carotid artery occlusion. Before and after bypass surgery.

‘Fig 12 PET images (CBF, OEF, CMRO?)
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Case 4 Acute cerebral ischemia

Fig 15 An giograph'y
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Case 5 Acute cerebral ischemia

Fig 17 SPECT iinages using 99MTe-HM-PAO
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Fig 19 Follow-up study after embolc;c:tOhiy. SPECT images using 99MTc-
HM-PAQ _ ' o
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Cerebral infarction{crossed cerebellar _diéschisis)

Case 6

Fig 20 X-ray CT ..images

Fig 21 PET images (CBF)
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[Brain Tumor] -

Case 7 Low grade glioma |

Fig 22 PET images(CBF, OEF, CMRO2, CMRGlc, GEE, MR)
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Case 8 High grade glioma

- 2y

Fig_23 PET images(CBF, OEF, CMROz, CMRGIC, GEF, MR)
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Case 9 Recurrence

Fig 25 PET images(1 lC:—mcthioniné,' CBF, CBYV)
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Case 10

Radiation necrosts

Fig 27 PET images(CBF, OEF, CMRO32, CMRGIc)
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[Dementia)

Case 11 Alzheimer disease

e o

Fig 29 PET images(CBE, CMRO2)
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Case 12

Vascular dementia

Fig 31 SPECT images using 99mTe-HM-PAO
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Case 13 Pick's disease
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[Epilepsy}
Case 14 Epilcpsy

87.8.17

‘Fig 35 SPECT images using 1231MP
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[SCD]

Case 15 Spinocerebellar degeneration
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[Herpes simplex enceph.ali'tis

Case 16 Herpes simplex encephalitis
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(AID]

Case 17 .~ Creutzhelt Jacob discase

S

Fig 41 PET images(CMRGlc)
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High dose rate remote after loading intracavitary radiolbherapy

for cancer of Ghe ulerine cervix: 20 years experience

Takashi Nakano, MD., Tatsue Arai,MD., and Shinroku Morita, MD.,

Hospital, National Institute of Rédiological Sciences

4-9-1, Anagawa, Inage-ku, 260 Chiba-shi, Japan

ABSTRACT

Refrospective analyéis-was made on 1022 palbients with squamous
cell éarcinoma 6f the uterine cervix who were treated with high
dose rate remote afterloading intracavitary irrvadiation at our
institute dufing 15 vears from 1968 to 1982 in comparison with
the low dosé.rate intracavitary radiotherapy., They consisted of
147 patieﬁts-with'stage 1 diséase, 256 with stage 2, 515 with
stage.3 énd 104 with stage 4 disease. Relative 5 year survival
rates for stages 1b, 25, 2bh, 3a,'3b, 4a and 4L diseases were
90%,-80%, T0%, 59%,.54%, 25% aud Ld%, respectively. The rates
of'sgvere.compliCation of Grade 3 and 4 were ¢4.1% for the
fectbsigmoid colon, 1.2% for bladder and 1.1% for small
inteStine. In the case of stage 1 to 2 disease, the optimal
dose ffom intfacavitary-sources was suggeslted to be 299Gy + 2Gy
‘ét,POint A_ﬁith'4—5 fractions of 6-7Gy delivered over 4-5 weeks,
Thése results suggested that high dose rale intracaviltary
radidtherapy'proﬁided clinical results comparable to those of

low  dose rale. technique.
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INT&ODUCTiON

.Intracavitary radiéhherapy has_bnen recognizoed ag ane ol Lae
mosl effeclive treatment modalitics for cancer of the uberine
cervix. The modality generally practiced iS Lhe.COmbinntibh of
low dose rate intfacavitary_radiotherépy(LICR) and the externél
pelvis_irradiaiion, which havé presented sﬁc@éssful clinical
results(1,2). However, this mddality Has somé drawhacks. They
are, fof.exaﬁple; expasure of the medical stéff,-physical énd
psychologiéal load to the patiént$ caused.by long tfeatmént
Ltime and difficulty.of keeping the precisé positioniﬂg of
applicators during treatment . High dose rate remote after
loading intracavitary radiotherapy(HICR) was'dévelopéd Lo
oVércome those drawbaéks by Heﬁsbhke(3):and Oéonc;(4j el al. in
1964 and was introduéed to Japan.by Wakabaéashi(T}'ih 1985, .
However; the tréatment-ﬁés hoﬁ succeszQl in those days because
of overdosage for the treatmént dite ' Lo igﬁorancc of the |
Biological response of HICR{5,6). A Japaﬁése'cliniéal trial of
the HICR for_cervica1 Cahcef patient$ wag.initlatéd from 1968.
A correlation was demonstrated in 1978(8,9)'betwéén'ﬁhe optimal
dose range and the-fractionatibn(Figﬁfe 0). It also |
demonétratéd clinical rQSults'cémparablé io those of LICR.
Based on theseé results; guidelines of fadiﬂtion_thefapy For
cervical cancer were:established in 1QSC in Japan to
standardize the tréafﬁenf schedule for the:inﬁfacavitary
radiotherapy for cervieal canceﬁ(Téblé 1);”At preéent;.there
are more Lhan Iﬁd.hospitals in Japan wﬁé;e patients with
cervical cancer are treated with HTCR acchfﬂing'to.the
guidelines,

The present study reports the 20 vear experience and
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results of the HICR for cervical squamous cell cancers in
comparison wilth the [LICR which has been previously usged atl our

instiltube.

Materials and Methods
Patients

From 1968 t0:1982, total of 1082.patieﬁts with cervical
cancer were treated with HICR. Of ‘these, 1022 pabtiénts with
éguaﬁdu$-cell'parqiﬁomas of bLthe ceryix'wére analyued for this
study.excluding 60 ﬁatients with adenocarcinomas. The number ol
the ﬁaﬁients.of stages 1, 2, 3 and 4 diseases were 147, 256,
‘515'and_104,_respéctiﬁély. Age distribution of tLhe patients
rangad ffém 26, Eo 92 years.o1d wilth mean age of 60 years old.
Before 1968,'257 patients with cervical cancers were treated
with LICR. The number of the palients of 3tage$ Y, 2, 3, and 4
_diseases who’weye trééted with LICR were 13, 70, 143 and 31,
respechtively., The meah ége of the patients was 58 vears old.
Radiatioh thérapy |

| The rédiatiqn therapy for these patienﬁs Qas essentially
.based'on'the;combinatiﬁn of intracavitary treatment and
.externél peivis ifradiation{ RALSTRON (Shimazu Cop. 1id.)
systém_was used for HiCR, TAQ applicators{10) which were
developéd by us were combined Lo Lhis machine.

The intracavitary irradiation was performed on a
Iractioﬁation schedule‘witﬁ one insertion per week, giving 4 to
:5 fractioﬁs_dufing a period of external pelvis irradiation..
CqbaltmGOféﬁurceé with'z.tc”d Ci were used as Lthe i1ntracavitary
sources. The'dbsé-rate at. poinl A was approximately 200 to 500

‘rad per minute. The orthogonal x-ray filwms for the velvis were
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taken before eacﬁ ihsértion and the dose aL.point.A was
calculatéd wilh Lhese Milwms for adjustment. of botal dose at
point‘A.

External pelvis irradiation was delivered with 10 Mev
photon beams or Co-60 gamma ravs thrbugh iﬁxlﬁgho 16x18 cm
'anteroposterior and ﬁosﬁefoaﬁteriot ports. Thé external
irradiaiion.consisted of the whole pelvis irradiation and Lhe
pelvis irradiation with central shielding. The whole_pel?is
irradiation was perfdrmed_With doses of'1;8Gy per fraction and
O fractions per week, The pelvis irradialion with céntral
Shiéldiﬁg was performed with dozes of 2 G&zper Fraétion and 4
fractions per week by means of cenbral shieiding.with.J cm
width at midline. Over all Lime of Lhé.bruatment'ranged from

to 6 weeks. The treatment schedule according Lo the stage or

the tumor Qolume ﬁas showﬁ_in Tabhle 1(11). The dosage of
intracavitapy irradiation was coorﬁihated agbording to tumor
volume and microscppical tﬁmor‘rESponse.as ﬁell:as |
macroscopical tumor regression., For éxternal irradjation, the
weight of whole pélvis irradiation waé increased aﬁ&'that'of
intracavitary ir'adiation decréaéed as the étage_hecqmé
advanced and tumor volume iﬁcreaSed;_Sihce ISTG.wheﬁ X-CT
wasintroduced at our institute, paraaottic ]ymph node
metastasis was eiabo*ately diagnosed and Wiy intehéi%ely
treated with external iffadiation Qith dose raanging from 50 Lo
556 Gy delivered over 5 .to 6 weeks. |
Patients follcew-up

All patients treated with HICR.wdpejfoiiowﬁd fow inimited_
time from minimum of 6 vears Lo:20 yeafs;-and those treated

with LICR followed for over 20 years. Most palients were

-07



1

followed btheir status once a month Lill 1 vaar, once 2 Lo 37
months till 3 years,.2 Eo 3 Limes a yvear Lill GIyears, and oncs
o twiée a.year over 5 vears follewing radiotherapy.
Additionally, over 70 % of the patients were periodically
examined in.in—patient clinic for complicaiion stabkus at 1, 3,
and 5 years following treatmeiit. The examination consisted of
éystoscopy for the bladder, prochScopy'or'barium cnema For the
célon_and réétum and intravenodg‘pYGlogrﬁphy for the urinary
traét as well as roubine blood, upine anid X-ray examination.
Inforﬁétion of'the'patieht.status Gas obltained [lrom our records
or by lettei or telephone Conﬁact with patientsd ov theiv
relatives.
Grading sysﬁem of complication

The.gréding system for the complications was based on the
NIRS classification(13}), which was defined by modilying Lhe
Kotﬁmeier’s'élassification(lz)} The grades are as follows:®
grade.I injuries signifies transient injury requiring for no or
minimal medical care, grahé 2.jnjuries reqhirihg 1017 continuous
medical treatment,e.g. blceding Irom the rectum or bladder,
grade 3 injnrieé réquiring fbr surgical treatment, and grade 4
'ihjuries signifies death resulhiﬁg from cohplication'directly

or indirectly.

RESULTS:

Relativelsﬁrvivals of Lhe patients bLreabted with HTCR
according  to Sféges are sh@wn in Figure 1. Survival rates of 5
and Ld vears afﬁef ﬂreatment_ﬂere 89.5 and 77.7 for stase 1b,
79.9_ahd 65.5% fof stage 2a, 69.7 and 60.9 for atasge 2h,

59.1(5year) for stage Ja, 54.4 and $1,90% For stage 3b, 24.7 and
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19.5 fortétage da, and i3.7 and'lo.ﬁ% for stage 4b disease;
respeﬁtiveiy. .

For comparisdn, relative.subviva]s df the patienls Lreated
wilth LICR aécordjng Lo slages are shown.iﬁ.Figﬁte 2; Suvvival
rates of S:and 10 years after tféatment.weré 86,5 and 89.4% for
stage 1b, 88.0 and 71.5% for stage 2a, 77.3 and 68.7% for stage
2h, 49.1 and 38.0% for stage 35, 29.7 and 1d.6% fnn“stagé 4a,
and 10.5.and 10.9% for_stage'4b diseaée, réspegtively..ﬁaté for
3a is not aﬁailable due Lo small number of patlents) There Was
no signifiCaht étdtistical:difference in thé survival rates bf_
corresponding stages between HICR and”LIGR groups.

Failure patterns'énd causeldf dedth”by stage following bLoth
HICR and LICR arc summarized in Tﬁblé 2; For all;paLlehLS
included, percentages of the patients withOHf évidéhce_of local
recurrence and distaht meta§tésis for shagns i, 2, 3; 4a; b
and the total weve 82, 62, 47, 22, 10 and 53%, respectively.
The rates of local rccurrence-forfstéges l,'2,.3, da, Ab ahd
the_total were D, 14; 24, 33, 43, and 20%,.r¢spectiveiy..The'.
recurrence rates ihcreased with the stage advaﬂéiﬁg.*simiiéfiy,
distant metastasis alone significantly iucreéseé wilbh the |
stage,ranging_from 6% for_sLége_l fo 10% fof_stage 1b., Death
from other diseases developed in 12 % of all baLiénLé. Fér
comparison, the palterns of_failuré.and cause of death |
folloﬁingILICR'are'shown in Table;S; The féilﬁré patterns and
cause of death:were guite similar in correspdnding stages
between HICR and LICR. o |

The late complicéLion inducéd by_radiati6n following ﬁIGR
are Summarizéd_in Table 4 aﬁcordihg fo the site.  The

complication rates of grade 2, 3 and 4 for the rectum and

- 04 -



urinary bladder conbined ranged from o to 7%, 2% and 2%,
respectively. For Lhe small intesltine, bthe complicalion rates
of the grdade 2,.3, éhd 4 were 2, 1, nnd'O!l%; raspechively.,
Table & shows complicatioh ratbes of 207 paltients following LTCR.
The cdmplidation fates following HICR were quite similar to
the#e fqllowing LTCR in the roctum and bladder and there was no
significant:difference in.the cémplicétion rates between Lhe
two treatments exceph:for the smallzlnteﬁtine, where
Compliéatidns following HICR developed somewhal more Lhan Lhose
féilowing LICR.

Correlation betwéén dose at painl A and local conbrol or
complicétion iﬁ the patjehts with stages | and & disease, who
were freated _wj. Lh a (1()[111.).1.1’1«"1 Lion of _1'1' TCR and exbternal pelvis
irradiation with central shielding are shown in Figﬁre.ﬂ where
.the doée-responsé‘relatiénshib_was-clearly demonstrated for
.boﬁh iocél”éontrol and complicalion. In this treatment Schedﬁle,
pfobabiiities of local cbntrélgand Complications_in ghe rectum
and bladder of'these paﬁients nppéared.tb be associated mainly
with:intrac&vitary ivfadiatibn but not with external
irfadiation. Thérefofe,'in this anélysis loéal control was
evaluated in ﬁhe'cenhfal lesion.;Cémpljcutions-weru avalualed
in the Site.limjtéd to the recium and bLladder. Additionally,
Coﬁplicdtions severer than grade 2 were evaluated. Lodistic
curves were best. fitted for both probability of local control
and coﬁpiicaﬁion,'Thé dose of 50% probability for local conlrol
énd éomplication at-point A were ZZ2Gy and 355Gy, respectively.
The.logistic ﬁufve:for'local_éontfol shows thab 90% o Lhe
Hpatients3wefe_locally-cohtrolled by dose exceeding 27Gy at

point ‘A. The curve For complication. shows that 3% of

~ 05 _



complications developed ab 27 Gy and 10% or'thoS@ developad at,
31Gy. By compromizing the local control and the complication,
optimal thervapeutic dose range was estimated Lo be 289Gy * 2Gy--

at point A for stages 1 and 2 disease,

DISCUSSTON
In this report we présented c¢linical results of HICR for
cancer of uterine cervix for past 20 years in.cémpafison.with
the resuits of LICR performed Before 1968 at our_institute.
'The present study indiéated.that_theglocal control fates:and
survival rates of the-HICR Tor 5 and 10 vears aftér the
treatment are comparable to those of Lhe LICR. In addition,
radiation'indnced complicdtioﬁ.rates.Fbllowihg IHICR were 5ﬂoﬁn
to be similar to those of LICR. Tt is reudgnized.by"the authors
that this comparison has some 1imitatidns'be¢ausé”th¢ results
of HICR and LICR-were'not obtained bv pandomi;ed trial. HdWevef,
our results of the HICR are Comﬁarabie'to'thoée of LICR wﬁich
hasbeen performed during the same period at a hospital where
Lhe treatment poliéy was similar.to ours(l4). Moreovdr,'manf
results have been reporled reccnt]y_demonsﬁrating the local
control and complication rates of HICR compﬁrableito'those
reported here(15-20). Hence, the HICR ;S considerced bo 5h;an
effective treatment modal ity er canceré of‘tﬁé ut&rine cervix.
Twenty vears ago, many radipfherapighs doubbéd whether the
biological efficacy of the HICR was éiﬁi}nr'tﬁxthdse'of LICR
which had been practiced_for long time from early 1966, _
élthough HICR '‘had many adyantageé fﬁr clinical pfaquce. Héil
suggesled Lhah Lhe biologﬁcal effécﬁf%enéss of higﬁ-dbse_fate

sources could be estimated by use of Ellis's NSD Cormula{6).
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According to the formula, the biological effects of 40 Gy from
low dose rabteée soﬁrgés'with 48 hours Lreabment was nlmosl equal
to those of 233Gy in 6 [racltions with fraétion dose oif 3.0 Gy
delivered over 12 days with high dose rate sources. This
regimen was, hOWQver, Hifficult Lo practice. Moreover, HICR was
regavded tlo be:inferior Lo LICR in térms of theravpeutic gain
because of the lack of dose rate benefit for tumor confrol in
_HICR(G). However; there was no report esﬁab}ishing that the
HICR'was infefior to.LICR for the treatment of sguamous cell
éardiﬁomés of ‘the cervix{ib-24), aithough adenoccavcinomas of
'the:cérvix showed some radiation resistance much mere to HICR
than to LICR{QS).

“In the early periods of inlroduclion of HICR for Lhe
treatment of cervical cancer in Japan, there wera instances
whereby the patienls receivéd doses surpassing the Lolerance
level of surrouﬁding tissueé. This was done due to bhe lack of
knowledge.on.dose rate effect(26). Tt resulted in many severe
complications. In 1968, we initiated a Japanese trial study in
order Lo determiné bptimal'dose at poinl A Tor Lhe breatwment of
the cerviéal.éancers According to the re$u1LS'ohtained in
1978(8,9), biclogical effect by high dose rate sources was
:demqnstratéd.to be 1.7 times higher than those by low dose rate
_soﬁrces. The 0ptima1 dose was =mstimated Lo be 29Gy lor fraclion
dosé of.6¥?Gy, in:1 fraction per week. and 4-5 fraclions over
.475 weeks, or 38Gy for fraction dose of 4-3Gy¥, in 2 Iraclions
per weék and 8410.fraqtions over 4—5 weeks whichi is shown in
Figufe ##. Based on Lheso data, we have beon btrealing pabtients
.with'Cervical cancer for over 20 yéars. In the present sbudy Qe

- demonstrated the dose response curves for local conbrol and
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complication from our pﬁtiénta'followihg”HICR:and we cﬁnfipmed'
that the.optimal dose was 29 Gy 1 2Gy for stagos_l and £
ci isease, .

Point A dose of-3OGy:1n 3 fractions of 10Gy édcﬁ détivevvd‘
over 3 Weeks, which was pr@scfibed b& Shigematgu ot ﬁl?(iS),.
appearcd Lo be higher than optimal whengcbmﬁarod wilh our
résults. Theyv réported higherﬂiocal conbtrol rate and higher
complicaticn. Rebently, Tesima(21) repbrted_a compnrablefresﬁlt'
by Lreating.patiénts with high dose rate Lherﬁpg wibth a.rdhge
of dose similar to our regimen. Npﬁman(lT).trnated the paticent
with high dése rate'therdpy:by_modifying a.fegimen of low dose
rate therapy at MD-Andcréon HospiLul.using Orlton & Rl]is’s

“

Tormula. The regimen:conSjSted of tobtal dose u£.44.56y ab point
A with b fractions of'8.5Gy and 1'Efaction pcrfweek._They
reported that local controi was equivqlent[to_that of LICR but
serious complication develépéd'in'S%'ﬁf Lherpatientsq Théi? 
dose appeéred to be somewhat higher thaﬁ'optimai dose range for
.Japanese patients. These Suggest that.thére aré cértaih
problems in assessing the treatMent'dose only by.poiut A dose..
For example, dose distfibutioh is differeﬁt by tﬁe distance
between'ovoids and:by'the.ﬁyﬁe of appiicétofs.'RadiaLion
therapists are recommended Lo recogﬁize Lhie narroﬁ therapeutbic
dose ‘range of high dose rate Lreatment_anﬂ:to app]g-it'with-
their ulmost careful conSideratiOhs té the”ddsé distribution
inclﬁding tofal dose,'dose.rate éfféct, fractionation and
Lreatment periods. | o |

In conclusion, high dose rate intracavitary rudlﬁtﬁé:hpyais
one of the_useful modalities.for cefvidal cﬂnéef with ﬁany'

advantages for clinical practice.
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Figufe 1. Relgtive Sﬁfvi'aié of therpatientS tfeafed with High
‘dose rate ihtracavitavy radiotherapy.

Figure 2. Relative Suryivals of the patients tre&ted_kitﬂ low
dose rate intracavitary radiolherapy.

Figure 3. Correlation between dose aﬁ PoinL_A and probabilities
of local control or complication in 392_patient5_ﬂith Rtégos t

and 2 diseases. Point A dose represented dose delivered rom

intracavitary sources.
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Table 1. Treatment Protocol for Cervical Cancer

External irradiation

Intracavitary irradiation

Size of tumior WP (cGy) - CS (cGy) High D-R (cGy /fr) Lot 2-R {cGy /[r}
W o - 4500 2900/5 5000/5
n o
Small 0 5000 2900/ 500075
Large 2000 - 3000 -2300/4 1000/3
m .
Small 20003000 20003000 2300/4 1000/3
Large 3000-4000 1500-2500 1500/3 ~ 2400/4 253072 ~ 4000/3
IVa - 4000-5000 . 10002560 1500/3 ~ 2000/4 2500/2 ~ 3300/3

WP whole-pelvis field; C5: pelvts field with central shielding; D-R: dose rate; fr: fraction.

TabIe 2, Patterns of I‘allme After High-Dose-Rate
Intracav:tary Radiation Therapy

Rec Rec +0OM DM .Other .

Patient NED
Stage  no. (%0} (%) . (o) (o) (%)
I 147 82 ' 2 3 $ 7
| P
13 256 62 10 4 il 13
' L_H_J
11 519 47 17 i2
. L__ 24__}
iVa 74 22 27 19
. . ’ |_433,___! . ’
Vb 30 10 30 13 40 7
. o L-JIS—J .
Tolal . 1022 53 . 15 : 15 12

Loy

Table 3. Patterns of Failure After Low-Dose-Rate

~ Inltracavitary Radiation Therapy

- Patient NED Rec. Rec+ DM D
Stage = no. (9%} (%) (%) {95)
I 13 84 [} Q0 8
) S 70 73 2 3 &
[_12;_J
1H 143 42 24 . 7 14
L5
IVa 21 19 38 19 14
57
Vb 10 10 50 10 20
_ 60
Total 257 49 23 7 12

L o]

Other
(%%}

13

i0

10

12

NED; no avidence of disease; Rew: recurrence: DM: distant metastsis.

NED: no evidence of disease: Rec: recurrenze; DM: distant metastasis. -

Table 4. Complication Rates of 1022 Palients After
H:gh -Dose-Rate Intracavitary Radiation Therapy

Table s. Complication Rates of 257 Patients After Low-
Bose-Rate Intracavitary Radiation Therapy

Grades of severity (%)

Grades of severity {%)

Site’ 0 1.2 3 4 Site 0 1 2 3 4

Rectosigmoid colon - 820 _ 75 65 19 - 22 Rectosigmoid colon 70.8 10.9 15.6 2.0 0.4

Bladder 85.3 80 55 0.8 0.4 Bladder 85.6 6.6 7.0 0.4 0.4
Small intestine 1]

Small int'eslim_e )

95.9 1.3 1.8 1.0 . 01

98.5 0.8 i) 0.4
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.T'otai dose at point A (rad)

Fig.0

Relation between dose at point A & tractionation tor
and low dose rate intracavitary irradiation. |
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Figure 1, Absolute survival rates'of patients treated with high-dose-
rate intracavitary radiation therapy.
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Figure 2. Absolute survival rates of patients treated with low-dose-
rate intracavitary radiation therapy.
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Figure 3, Correlation between dose at Point A and probabilities of
local control or complication in 392 patients with Stages I and I
disease. Doses at Point A tepresents dose delivered from

intracavitary sources,
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