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WD 2005/ 018735 PCT/ US2004/ 026113 MODULAR PATI ENT

SUPPORT SYSTEM Gover nnment Support This invention was
words/mst3h United States Government support un@eT/US2004/026113

grants 5 DAMDL17-99-1-9477 and DAMD17-02-1-0205

awar ded by the Departnent of Defense. The Governnent

has certain rights in the invention. Rel ated

Applications This application clai riogrity to U S
Pr ovi si onal MQDEBAE%BA%ENWM%YﬁE% | ed
August 12, 2003, titled PRECI S| ON PATI ENT ALI GNVENT
AND BEAM THERAPY SyStemerngpgnt SBOR9IS  Pr ovi si onal

Application. No, 6 / S .
o 0 okl vy B i Ry lasie” ARBe FHpyecer gants
DAMBSTEND-1-9410 RN DANID19i026a01050iwatied by ahe Depagingnt of Defense.
incorporated in their entirety into this disclosure
The (povernmesifias certan gghisdp igdavetiobhe | nvention Field of
the I nvention The present invention relates to

radi ati on beam t her apé %thé grrsli a%gg nore particularly

to a radiation treat . a patient
POSiThisOfplicatiRCcIMnRSHMrith Ry ENEI Provistéhal elppliesidnoNo. 60/494,699,
radi ati on beam t her apéﬁgést ens, and nore

, i cul arl
Flado A IPar20pas 11ged. ERBGEION JRA BN ITHALTMERT AND BEAM
j ' | at t diati )
TR ST oA s, P oAl AP Y7 T8 hed June 10,

2004 481QO0PRECISION PATTENALALIENMBENGU g8 BEANSTHERAPY SYSTEM,

associated with abrupt changes in the water, . Lo
theeepmtantd efeaph joff viieh aradicesby dRrobiraaptedan Fheir qnbisety fige ithis disclosure
b of.the Related Art 25 Radi ation therapy systens are
YEHEWAC%Nd used to provide treatment to patients

suffering a wde variety of conditions. Radiation

therapy is typicall gabis8euldohd Inveitidnnhi bit  the

growt h of undesired T1ssue, such as cancerous tissue.
FidAd déthedmientdn quantity of high- energy el ectromagnetic

radi_ation and/ or hi gh-energy par.ticles e dir

ot d B ngresf cadrndy’ Fo 8 a8 Rk o Gl Y iRy and more
paﬁﬁﬁlaﬂ?qg 8 irf @8lidnl (B HBeMIydi@n FBAULH efﬂﬁnﬁ% sitfinBi. ETid ¥8&Int invention

amagé to desired or healthy tissue through which the i

relntedlitatiadintipadsas therapy systpas,handomone P@ﬁ@égﬂb’e@ ¢ iaagydar patient

Proton thera has. ener ged, as .a r.ticular
SUGHOF} ST Lo BER e B e 48 FREY e hifepy gstems, gd more
paﬂfcﬁia?l@'l foh£raf¥ht RIS Whth Vighoted RAED Q6 HPA VRS SHRAFAALC edge effects
¢

parti es are ] ) o
associated with abrupt changes in the water equivalency in the radiation beam path.

Description of the Related Art

Radiation therapy systems are known and used to provide treatment to patients
suffering a wide variety of conditions. Radiation therapy is typically used to kill or inhibit
the growth of undesired tissue, such as cancerous tissue. A determined quantity of high-
energy electromagnetic radiation and/or high-energy particles are directed into the
undesired tissue with the goal of damaging the undesired tissue while reducing
unintentional damage to desired or healthy tissue through which the radiation passes on its
path to the undesired tissue.

Proton therapy has emerged as a particularly efficacious treatment for a variety of

conditions. In proton therapy, positively charged proton subatomic particles are
-1-
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-1 WD 2005/ 018735 PCT/ US2004/ 026113 accel er at ed,
collimted into a tightly focused beam and directed
woawrods’3a desi gnated target region within thecT/us2004/026113
patient. Protons exhibit |ess |ateral dispersion upon
inmpact with patient tissue than el ectromagnetic
acoehgited, | ciliffited AitonRSighy dodused be:tm,r gt dizested ¢cdemdsanddesignated
can thus be nor e, precisely ajnmed é#lvered al ong
target pegipn yxthin th&l P:%lenh pBRtonTFEBIbTh e a??”g FPEREOR P%‘gh’énpac'f with
patgernglglg.%ﬂé tlgﬁrf]]{ul Ao gfr}]& r@éﬁ%ﬁ&{ ﬁrltlﬁgftl?{t:s@%%g?gls Ehz%ll\’gﬁﬁrﬁcl@s and can
thu@Gﬁ&h&eﬂiﬁds@&ﬁnd&aﬁ&dﬂﬁbﬁeﬂ@lwg fniboam axesl aAlsmehpon impact with
narrow penetration depth within the patient. .
paw dpseg H@t‘%ﬂsg?fhﬂ?iltcaaﬁlfaf%‘?ﬂfﬁf’ dyaseopeak YRFETIR G Sl%t@ g pgrtion of
r e r r a S
the KrRRE S BT D Pac BB By e PP I & xdiyely narmow
perdaneitidi elepidl wytmlnythe gurks. oThia gffcot de sipefiagmt athfailtag@ ofiseducing
well as to 10 ' domraeg‘ﬁatetlssue

Lvi

deléesy gHaeneaeyt érogéff ¢ @6t eioi P%T'gl% ?ﬁﬁlﬁaﬂhy tissue interposed
! ! t 1l as t

Bt Wi T

“domyrapgesf essaol Lylﬂ@IbEy@idad:l& fdlemgmfaedjltangaﬂ ir¢giorof Dependmg on the
directions in multi Ietreatmsnt i

ctions_.to .
inciGaianaiTH & PROEHRT DO ae Fo aeditery RS ieRy ge{he fgragfutic proton
I I e o)
beéggsl!n ay c})?ﬁf‘é 'btﬂﬁ ;/zﬁc?l ég%eg ﬁ%lm a! Ljﬁﬂ%&a %gn(?lréﬁggﬁsr F’&%ﬁﬂu 17e treatment
fracionseid heiptadimbeotal Goseldaﬁﬁﬁreésts it edlgett oegibe vﬂnhsredimqmg collateral

Uni versity Medi cal qt er, titled MJITI-STATI ON PROTON
expSHA ofiiRrosed dopnedhpal by disfiches and il lustrates a

radiraki R Re@MALdBRPYis g P?em%@?Z@ Y1986 M ?ﬁ&f 1086 T.oma Linda
therern 1ncl Udeé Sever a erent treat rren st atl ons,
Urgeerkity rdbdidiln@eateganitled MﬁL’Ht&SEmTIDN] GPRATON BBAM gTIaIERAPY

r adi at b t, t d I
ST T T M e —
th&tEin! MQLd ste{léﬁlt (ﬂﬁgx:?npﬁémnteﬂt QoS date ik Egﬁ Bl for supporting

I socenter wt e patl ent from sever al f erent
and nofatisg a Wididtioneseymr teaisiairt anl delivatyrsystemsynsaneards aﬁnbtatlon around a

P e At o uPA AR S Bhad LB htin e
paqa%qﬂr@vgm}al affrdedtZg@LIENt  plan, such as, for
exanpl e, proton radiation treatnment, the patient is
genéWih|mparyosiliation enbaman%yﬂempmbptowca&ﬂ @ mqmppﬁémnt plan is

strucioé)ﬁf and fhe internal nato &‘h |entt treatment

firploRy clopgh ARigeac 'ﬁaﬂceér?aP?P&m I &h P’z;?Sn Plop tre

pl&f @H&H &, f&%ﬁﬂ’d{)ﬁdpﬂoﬁﬁqgﬁlﬁﬁm tr éa@ﬁex?tcﬁl@)pauérﬁﬁg gélerally positioned on
produced by the 1nmaging device are anal yzed f

a pIpeoitsaily ot euppbe strheturamclethe gitemsl ahafdnmy ﬁ@thetmﬁent's body scanned
targets.for the radiati on bea
w 9&

RSl B0 p s a0t LR P ERP RS GRaY ( Sy Tmaees

Ld epreticQI3OBI theQRBtdNStes defi
prE&Hceé @gﬁg?ﬁ %“% ggﬁé@g&%agédl fffé]ireelrS]t ?magnl t udes, o defiming

thel targita; fmmsheardiatiog besno fndianycasesnphysicians develop a radiation treatment

plan calling for a number of different patient treatment sessions with radiation beams of
different magnitudes, durations and angles of direction.
Given the high number of cancer patients who could benefit from radiation

treatment and the relatively few number of sophisticated radiation (e.g., proton) treatment
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G ven the high nunber of cancer patients who could
benefit fromradiation treatnent and the relatively
wobewsmasiser of sophisticated radiation (e.g., PCOIUSEN04/026113
treatment -2 WD 2005/018735 PCT/ US2004/ 026113
facilities and systens avai lable in the world, there
facilftic® meledystans mealabie an the earldenhere ps ov indeat $ort tadiation treatment

achi eve greater patient through at. thejr.existin
IV 1 AV Aol PRICH! g REASY A St b s Mo, there i

n%@e‘? ?c?rdotatl%ﬂ% S Eﬁcpﬂdsﬁﬂ)lﬁgsér?@féﬁls Jﬂeﬁtutﬂﬁtzé Iaht%ﬁqa?édtd?qﬁﬁ&fé patient
or robotrc I ent © positioni evi ces, and thereby
positioning elemaeh ahd cb]meréb'}eputonmﬁtraqhamm treatmend providess with Ithe ybility to

to 5 achi eve |ncreﬁsed pati ent throughput. For each
achipyingigated PaUEH SOUBPY-s i nportant that the patient be

S UD@?‘GF £ dddrh i sEXRGL it 1S RForRABINL @B p@ﬁerﬁ%'sﬁﬂp&rﬁ@ in the exact

prelimnary 1 naging of scanning session utilized
sambBepositewebodneng thd ptrdﬂenma@fahmmtg ot amal(mng s;esstdmeutlhzed in the

ori gi nal p03|t|o or ingly, .there.is a nee or .
AT TRE SATOHING e CHaRELia PORIIRY- pRBItE Ly afa s o need
t
fo{) %E?’tﬁn}; ﬁg%%?lfiﬁ lzﬁ?cg gfﬁ;ugﬁh% %H[Séa #@gﬁ%&)r (ffx'egl'y%burmg a patient in
anrogjgosi pbmmbm@rtﬂg&a@mﬂomtrbatmnmt dng feamposroomlgg thel patient in the same
position, during an r adi at t.reat ment

ub equent ! . e
origmal ; ppsdion- gprigs qy; subs { Jadiapor t( 61? nSeeiRas. or certain
ap#)l'i(faﬁgh@ﬂiaf‘ ﬂ1v@l\fe 1%@1'3{111%39&?&8{9%0{%{%@ opat aﬁ@ﬁt'ssanﬁﬁ‘)ﬁ{yofi%m several
rom severa ferent angles, it is desirab
dlﬁfdszentpatglessnut podésiraioni flog tlam datieap pobitipoing rvgldsmpps;mnmgo support to
Qedl secure the patient. 15 The radi ation treatnment
ﬁxﬁij s5e8P tediatisy gi ven patient can depend on a nunber
'[fh%cxta&ﬁﬁﬁon LBghidg ?ﬂtocﬁpfor SXFIRIR patiBg o%hzdé%)émfjon a number of
phyS| cal characteristics of the pati ent t he e,
facsomel,nch:ridlgl, firakaropleothetsize and pby8@®} clhﬁ&mﬂglstlw aﬂuhaunetﬂent the type,

and aggressiven of .the treat rot ocC
sl EHGTeP] B THEER Degie oot 417 PReeERr Sgpalt hE reamen
prét¥edie r@é Hﬁ:ﬁ GeR R RR&IfbYa nRdiSH ﬁ%nﬁ QL 6&%@@%& @n be easily
arge number of treatnent prot oco S. For “certain

adjuseedttoeotonpnatatcolasgd nuniter nétr@gmamtwrotgchs rect the
|r gtd ;Fac%:cg]gﬂg zr%énﬁ%ﬁgpog%ofselﬁis %gagsgl%(vggfrgftaté? V%asf}?gﬁagaﬁn at angles

th§t tBRRH el leasPAL BRAS LRHGF e bR ddD aAch@&iﬁg@S there is a need for
di scontinuities in the strength or intensity o

podadiiga tonigurdsmantbatt tedicep dsssonthmugieg hn dhe si@agtha)rpmgnsuy of radiation
| at er al e. Sunmary o he I.nvention 25 In
be&%é@ﬂ&&ﬁ%&%ﬂl@%%@%ﬁﬁé&% Eftescri bed herein, there
i s provided a radi at iQhmirteaiHraRtensiyst em f or
delivering prescribed doses of radiation to a targeted

si t dnwictdriimca Wldaoum@eq:mlpmhmemtt deaq:rdaeﬂdmrmmdb@ra% pepvided a radiation
| evel s

B BVt b GNP B3 st v
cah8d kiRl ea SR £ patRnNBEF] BputdevBMI UTRY trEdinbfHystem includes:

a patient treatment station; a gantry, a radiation beam source; a nozzle; a modular patient

support system; a patient positioner; and a control system.
In one embodiment, the radiation beam source includes a source of protons and an

accelerator for accelerating protons as a beam.
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support system a patient positioner; and a control

system 30 In one enbodi nent, the radiation beam
weawsmasi3ncl udes a source of protons and an PCT/US2004/026113

accel erator for accelerating protons as a beam -3 WO

2005/ 018735 PCT/ US2004/ 026113 1n accordance with one

enbpdicerianctesith iohe dnfbedmient dedesbel herejpy theralscbravided a modular

nmodul ar patient support systemfor efficientl .. :
paticst GHIPRY SYSIEENE reffgfa?mb/n%ewwgaa CRUESH PHMEE 8n1¥’i:ﬁgr1?°r°(51°n during

radir?gigﬁ %Ieilt?:[%él%.ir gﬁ% ﬂ%g%rt sﬁ?&n St £ L nodalef ghﬁé‘ﬁ byges a

["ar n accordance wth one” enbodi nent
desty adeetlahes ®ith,onk katbedinsenp descritied harehm therais prévided a modular
patient pod for providing cantilevered _z)gfoort dof a diafi

patieahoed TpRPrarding ﬁa@tﬁlﬁiﬁfﬁg SHRRQFtal] BrFanter gfiRRInndeqgpang radiation

i nc : i tugli i S rdhell; imal

tre&s%ﬁ%}lﬁ'; Jghl%ﬁ%g [ %ﬁl%%x%egdgﬁ%g%&%{%@ii};&agh | sst extn(aénsiaoﬁmmma
extetid@kiracknd distp egichsiomanclpand & posieateopod conmeaer.
enbodi nent, the support shell is de from.a .
{1 of R uinghmsic B SAPRorieN is/8ade Fop adieahiveiehanptgigh such as
fiber e enbodi ment, a distal pod attachnent
forieé‘g@%lﬁaéag%&&ﬂ? "the distal extension track. In _
anotihene embodinmanta datappod iattadhnpmd imtngeghdrenth fhs distal extension
engaged with the proxinal, xt(?nsi n track. In . mal
tragl c 6 aReibE GPRAIBER, & REOHH alahment B fispeshwith s groxima
.S iided a nodular patient pod that is configured
exﬁe%s'l&r?%%%g any edge effects. The pod includes a sugport
shellh acchbbddnay iwih @nef dmistdirhett elesdribed grereamdhae sepondled a modular

| ateral edge. In aone epbodi nent, the first lateral
pelignyof et TS S Fo L B S R an 1 PP S50 support shll
ha\r/'iﬁg?t f{rgtqgﬂepal EideSinal Qe dansklyedmt erial, such as, for
exanpl e, epoxy"wth mcrospheres. In another )
enbagbaeanbodihents dxaidt ket edge imdgded niistithpsred edgeanba first rail
tapered edge and a second rail_nmade from a seﬁond heres. Tn
mad o ATy OWellcBFRaRAeTD) mhdE (88 SERTET P <y P orospheres
an&¥h dﬂgg‘dh@e&u b shod ﬁtéﬁ%ﬁ@ﬁﬂcfud@é QLM Ahp PELedge and a second
enpodi ment of a radiation tRerapy system with a
rait alad¢ frompadacemt lopodérsitpmategiasystem Figure 2 is a

schemati c di agram of another enbodinent of a radiation
therapy system wm%@ﬁgéﬂ%&m—%e HIEL t5posi ti oni ng

SyStieMre 455 QHERR: HReAnSbOsnd SAPREMES o £¥dRkioR rﬂ@eripg system
enmbodi ment of a roboti € patient positioner. Figure

witlsa sobotis patint posigdrengbsystbnsi de vi ew of one enbodi nent

of a_ nodul ar tient pod. . .
Figure 2 ?s a s%ﬁemat?c dglgram of another embodiment of a radiation therapy

system with a robotic patient positioning system.
Figure 3 is a side isometric view of one embodiment of a robotic patient positioner.
Figure 4A is an isometric elevated side view of one embodiment of a modular
patient pod.
Figure 4B is a transverse cross-sectional view of the patient pod of Figure 4A.
Figure 4C is a close-up cross-sectional view of the pod shell lateral edge of Figure
4B.
Figure 5 is a transverse cross-sectional view of one embodiment of a modular

patient support system.
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Figure 4B is a transverse cross-sectional view of the
patient pod of Figure 4A. Figure 4Cis a close-up
wonroesgisBst i onal view of the pod shell | ateral pedgs2mit/026113
Figure 30 4B. Figure 5 is a transverse
cross-sectional view of one enbodi nent of a nodul ar
pat F%gife 6 WPRDTsbmS YRl Bdated4idd0riew WE/odd 8fdddiment of a positioner-pod
PCT/ US2004/ 026113 Figure 6 is an isonetric el evated
comeeler.vi ew of one enbodi ment of a positioner- pod
conpect or, re . 7A r I '
CORRGHE T B eSS P T ML B e or on
embbdiinest sBCINIRNlat otablirgdtte 7B is an isonetric eI evat ed
side view of one enbodi nent of a_ lon flat
at t Bigne B, is Fingigpwetric dlevated sidoiviepy pg og¢ epkediancyf @f a long, flat
Vi ew f one enbodi nent of a shell leg or head
A%i on. Fi gure 7D is an isonetric el evated side
Vi ewike 908s eihamhdBnElcodted siik atieve st ensiemidodibiknt bat shell leg or
accommodat es i mmobi | i zation devices. Figure 7E is an
headﬁ@qﬁwmne el evated side view of one enbodi nent of a
sho h r
ol e@ﬁ %9@{% eeu"? \‘T;siomw?ﬁi'? ﬁgk;alté?l n%e!: {élg&f dF ozigfein%o@%]%ﬁn? ?gﬁgﬁﬂ &tension
tha@a@i:onﬁﬂ&cﬁlﬂﬁ;l1ﬁ>maobil&aﬁb@dé\&ceZG is an isonmetric el evated
si de view of one enbodi nent. of .a prone headres%
Fi gli@rg7E4s an @eln@tﬁﬁteieaatsaﬂdpéne%%@@ egofliTRFs T & slgat, head rest
ext‘éhs?%?; aggecg?‘?ggl ment of a nodul ar patient support
pondi ng ai mabl e vol unmes. 20 Detail ed
Des Eidiipt 7P Rs & isbhetricreddvated etlieRrido diff praembddimBaith fat pasitioner end
Treatment System wi th Robotic Patient Positioner In
eX@é@@ﬁdance wi th one enbodi nent described herein, there
v n
pat I%r rt poOSi ? %ﬁg?gyﬁ%f g?iﬁgﬁgﬁgﬁleﬁg% g’g& \é&ﬁ%ﬂéd?%eﬁt hOf & prone
heglirasi ngs wherein |ike reference designators 25 refer
to like parts throughout. gure 1 illustrates

Ché’,m{rp Sals| Wse@ﬁ@ag%g@phﬁrﬁgs sectignal side eV g qr}qeq,r%lﬁghment of a
?ar 'lh%;q(%%pﬁr S}}:sf’%gf A QRedRGERABYImIIE FHARD 1S

att

Detailed Description of the Preferred Embodiment

A. Radiation Treatment System with Robotic Patient Positioner

In accordance with one embodiment described herein, there is provided a radiation
treatment system with a patient positioner.

Reference will now be made to the drawings wherein like reference designators
refer to like parts throughout. Figure 1 illustrates schematically one embodiment of a
radiation therapy system 100. The radiation therapy system 100 is designed to deliver
therapeutic radiation doses to a target region within a cancer patient 108 for treatment of
malignant or other conditions from one or more angles or orientations with respect to the
patient.

In one embodiment, the radiation therapy system 100 is designed to deliver
therapeutic doses of proton beams to a target area within the patient. Additional details on
the structure and operation of the such a system 100 can be found in U.S. Patent No.

4,870,287, titled MULTI-STATION PROTON BEAM THERAPY SYSTEM, which is
-5



10

15

20

25

30

t herapeutic radiation doses to a target region within
a cancer patient 108 for treatnent of rmalignant or
wobhesrigsadi tions fromone or nore angles or  PCT/US2004/026113
orientations with respect to the patient. 30 In one
enbodi ment, the radiation therapy system 100 is
inc6ipsiastekréia ifl ek ety Bherfapee! iIs adomesembodimettpthelsgstam 100 is
to a target area within the patient. Additional,
desipmedita deloier amhether qliniceally suisahie Bperofirr@Bknone 18 faparg such as,

system 100 c ' Pat.ent No. 4,870, 287,

for f’%??@& o LBl eoR BB PheRapy SYSTEM whi ch
| S Th&raMtidh A &k 73 EmPAC/ 14524184 Oid6ds1Bpatieniciosapnerdtsedion and a
herein in its entirety by reference. |In another

ga@wﬁm wisieh, inehdess g eadpllip emispherical g dustogorigdl; spgporh fjpme for
other. clinically Lt.ab of ~ radi At i

ity it ol Lo WP B bl 01 A RILER, AR e 100
AdBRdh8INGetaiRedt feNSrucki€ andTbgerttiei af thergantreri@pycas pstfennd in U.S.

Patgnt X0 YR 1340 Vi SRienaiaasaoa gk ary RO SUBBORTED,

. . ¢ . ¢ .
M R R N G TRE AT A HIOR) OF (F SSBYBP, both of which
arefiﬁ&jrpérh’&ﬂ heR&d mileis yisiretyblGeferendeldi t i onal details on

the structure and operation of the gantry 102 can be

f ouMtith GORIMIEd TEEEeBRE (NGISUS 01 71 P0E RPIURAIL B B 100 also

No.. 5,039, D57 g -
coBissb it e R b e e TR P ar e e that the
noié ¢io mh ravoive REAIvPIgTRtasth et o gantry becenteni20r dthe sygtem 100
reference. Wth continued reference to Figure 1, .in
alsg rrempRSRRd P ArecH ptiony q;%lrgeyg(}%ﬁ@mf@gn@as erae%qpﬁr ea@y siich as a beam of
77l i. i C t ...

SRS B BRSPS YR o n
dist2leAd b¥leyopzle ¢l eThe aolpatiaisgapiesentddsgoemieeal 1380 ThElaperture is
system 100 al so conprises a radiation source 106 . .
Pfﬁy@labk‘/e?Qﬂfwdt Far Bysepaticat %é’&ﬁt}cug%&cwe%lpgoﬁe%fﬁwth&fapf%m radiation

th %é:%,el erated protons which pass through and are shaped
BV an aperture 110 positioned on the distal end of
the Wlﬁllz zbtinit0 refEhacheafigpst h the systpn d9enisectolmprises one or more
~nuneral 146. The aperture is, preferably configured
impgars (18 hcheft (35 SEMORERTAY (SpIESTAT LY Un fepect (o e gantry 102
be E%Beéktténtﬁe& §9§i§6ﬁ erih a&ﬂﬁi’c?eﬁé)osw&h R0t thBWe8ser 112 is shown in
ret'erence to Frgure 1, the system 100 al so conpri ses
theRetealedPositioR0 Imagerantblifnettj cie imagarhll® embpdseremtsolid-state
is retractable wiith respect to.the gantry.102 betvveﬁn ]
ameRphoks sHURW BUaY HIBATalBICE 48 FEAWY HB%%E{V {1fginatiqh, gich ‘as from
indi{éht! {1 faifm | e siy 100 al
im0 oTRAST B BBy oy F SRR 0t 10 s
coaffBic@NaL -8y kowren 130 maychi sekgevelytendts appropdieteek-ogy fadtagien which
i nformation such as . from . ..
passes through interposed patient tissue so as to generate a radiographic image of the

interposed materials via the imager 112. The retractable aspect of the imager 112 provides
the advantage of withdrawing the imager screen from the beam path of the radiation source
106 when the imager 112 is not needed thereby providing additional clearance within the
gantry 102 enclosure as well as placing the imager 112 out of the path of potentially
harmful emissions from the radiation source 102 thereby reducing the need for shielding to

be provided to the imager 112. In this embodiment, the imagers and radiation sources 130

-6~
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incident x-ray radiation that has past through a
patient's body. The system 100 al so 25 conprises an
wa-20@y01808r ce 130 which selectively emts appr BOTiUSR@4/026113
x-ray radiation which passes through interposed
patient tissue so as to generate a radiographic inmage
ar@fantahged ionthegqyele do nproeide ad sadipgraplie imagefeof 1he palibg from two
i .ractabl e aspect of the imager 112 provides the
1ﬁﬁ %t age of withdrawing the imager screen fromthe
beantRadbierf 10080 R RIEON SRUF FRitiocheP1 WA £ RRichRAEI00 which
112 is not needed thereby providing additiona
is gitechedrio @ovitiohérpadherndectompi4 gt the 2ligalc Woging ead 1heldf the patient

as. Ia ' he na 12 out, of th th of . .
poBBioB TPy T b FRE Pouhp e s B pdehE e dpseipy of appropriat
mERMh &R cél(ﬁﬁlahﬂﬁ B ioR @USHIBSEL ﬁd@d@ﬁﬁ%ﬁlﬁﬁle&tﬂlﬁiaﬁbl@ﬂ ah@ rotational

be provided to the i mager 112. In this enbodi ment, the

érge@mbly adcgtablenos positesnd 3k patberipydod0DHE) 01 8785 orthogonal

Uus2004/ 13. : d t | |
tf%ﬁ%o Pi0 i 3 BPaRTG Torigtasst Hished BN enivef Ao hisgrhogonsl
rofhtiogAt (i N Pitcl 1S ¥ed 95 1L salbosh t%czm:BWd@ &Sfull ﬁﬂtdeglr%s freedom of
positioner 114 and a patient pod

1na@@a®hédﬁnwmp@§h@p@ﬁ@tP@baXbonnector 234 at the

di st Ki t.
Tra il S eSOt thebardo} 4B be Fabitioded® ot Fifber of ways,
1n€1@@§1'gpl§ut91fot BRIEO RS, adiofhaliB SR ALitoRRIBRNE SwitRAahil fendel®, manual

pati ent god 200 in multiple translational and
cqnb‘pﬁ@d Wit |d1reat)ag§r@mjtorjh@pg$1’a@16y cpgtrqi@p,amf@ll ofanual (e.g., releasing a

osi tioni.ng the patient .no i n.three orthogona
o 01 B8 b BB o B el verti cal - and
| at ewah) refox@e as F\iglrés 29nd BI 8oy éxﬁ@&ﬁﬁh@h‘c tlfeoﬁa%iteh@ﬁéﬂltmner 114
(i.e., pitch, roll, and ya axes so as to provi de a

comnrlse% axolapéxgraéelslﬁ‘% é@‘ﬂloim &ir exmpimw IéHKﬁoKBISa&é#%ﬁtmbﬁt In one
enfb %1{11:' ﬁ((@lgﬂ&%lg? QO %%Zodroyaﬂt 1 der 2}& Q 0(%1 %\g estapl%cated in a pit

bdn@&th wdioPing PWfoRAt] 3b] 4Adt &eend® up @%@g@& t&t-out 134 in the platform 132.
sem -automati c (e.g., with a hand pendent), manua

Theopletfenn 3L w&eheldﬂy 8ush with dreflegatment atdaeﬂq%éB@-i dherobotic arm 150
contr I or full man e.g., asing a brake ..
eI RN Fpvadt mutbomds St i G NP s S 18 achieve a
podkible t@bBERDESIibAs nitBIERSyA 0aNdhd robofic @RE 180bREhdFI¥ween a base
t he patient positioner 114 conprises a robotic arm
11Bsmd ?scu&thl sorkingendekldnpl e, a KUKA KR500- |_420 robot. In
one ,enhodi nen 01420 bot
mou nztAxe néeﬂ J(gntpfeS’ egtq};ﬁ c{( L{??eéjltéﬁgglort; khae rob%t? qrin L tx%%gpabile of rotating

arfyode¥ided Gofheatddon Misl@dal amitlinex Eﬁ@ﬁﬁlse Rr tebi@b@ibcRwise manner. The
cut-out 134 in the platform 132. The platform 132 is

svg@ﬁlepmt 1192 fig tmwallzv injerfanes twn@aft mqaﬁonm -ped Wremptoa 284, Whigh in turn

t oye |
copPOR} TR TTL AR RE R AD: PR i By B B TR pocsted amn
cP@isoniek @rd ¢:pablaRnbeine $othic@ ABot WiV j@aNT Iy I&&%tlc Bh8 segment 164
robotic arm 150 extends between a base
and any distally located arm components are capable of being rotated about swivel joint
156. Robotic arm segment 166 and any distally located arm components are capable of
being rotated about swivel joint 158. Robotic arm segment 168 and any distally located

arm components are capable of being rotated about swivel joint 159. Robotic arm segment
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118 and a distal, working end 116. A swivel joint 152
at the distal end 116 of the robotic arm 150 is

woapaigr3sf rotating any devices connected toPCTAIS2004/026113
distal end in a clockw se or counterclockw se manner.
The 25 swivel joint 152 is typically interfaces with

178 apdshy ity d@atkdasnneipofierdSde cipubtdoiibeingubtataiabbaicdviivel joint
with the a patient pod 200. Robotic arm segnent 162

168nd any distally located arm conponents are capabl e
of e 1 [
ceqniit i s SRS, B b Bl i ralaHOR e Rystom 100

coarmseﬁmabh@eﬁﬂlbehan ds ioh aétmitﬁkqmtm&vww&hﬁgmanbn ahﬂ&hus hidden
Robot i c_ann se?mant 166 and any distally | qcated ar
freBimshe ke Paieat pepimncs 1ot inmopdehgn aqiedtdal gt in a pit beneath a
1
10%‘1%% Eraltﬂoﬁ 122% " gge plgﬁgﬁté Icl)%p %:g% %sﬂgrﬁgghcé}lglz }%r}pea 1t area floor 130
anﬂogeat:@ﬁy dblvars el reedtiopai motickbOf tlﬁqhmttio@exaﬂm segiasécmse 118 of the
-7. WD 2005/ 018735 PCT/ US2004/ 026113 = 170 a
pogitiopgy } i |Tdeapkaticarm 10810 Srerpsiogsrel 1&5&%% umhr%glh@wt -out 134
b l t r
1n|__1;I gg)?agfé)ﬁﬂ If)jr?t o%iéwo}e{‘?rb 8&1%6 t]s%ﬁW11W1dﬂ(1§|§r|%% 2 & § {hg platform 132
rogyst ianthd @bckeinayori (&aﬁteﬁﬂodlmmdu &clidn tahdtfollews Ifhearotatlonal motion
retract ed@glo& tion or configuration, and thus hidden
a Qu?SrVY}Pf?l\)P 100rhe patient positioner 114 is nounted on
e\?@gﬁt b [
pI ot 1%% é&@_l_h Sﬁqg'llfas ?ogﬂrﬁ :'IS_3 I%gé grer%g?%ﬁ?ﬁ ffB]g ra 1at10n treatment
syttem Il@@eabllmpnses&r emdiilao patid&B Guppert sgeear 20l thchllh‘mm&ces with the
the rotation on of _.the positioner 4
PaHRIe PQSHEOTGF ﬁﬁe%%.w%ﬁaﬂyli% piol qnébéﬁ of s iﬁwﬁafam 150
out 134
R B o B A e
Fi guFlessyteanti0Bis urter pdgatation nnd 3perk®r rcomadilethlqwghtahce)ntrol system
cl ockwi se or co%gﬁﬁr cl ockwi se direc

thetis geperatly patem Fnthe SETER Wi v {h]e gé}ﬁia I%’W gysity Medical
CE&RESRMEV 1(!1%5‘(9%%01%‘5})3 %e@onﬂr@l s%]t@m géé@f‘%t&t@ﬁcomrollable

radi ation treatnment system 100 rises a
sypat fontostugdpng thesymtieml pBSitinhiof thei gm&yﬂﬁ@eﬁ welt bs thedranslational

patient positio 114. Mre specificall t he di stal
a“éinré?tailféald?os%t’t‘?é‘ Or% pPfiEens prsitesT 1 ié i ’leéio%gféﬁle%y s{fy proyides timing

ptﬁ%%'t@fﬂe RALL mlq)@scn bed in further detail below.
e system 1 I's under regul ation and operat or

contlnol ortehr mnlgiuhraerﬁp ntheo |comtrslt espstetthatomprigen emdtiply distributed
atter ned after the s gn&useqw%or t he Lo na.Lind
GO RFRF ST P ARRSIS S T s ¥S (e Y fsigipn computer using a
Liaf 'Ar\eﬁ Wet@@ﬁ( O gt eml1@r]9)(Nd{%Sa1@‘Etﬁé9§erta5d§Ed protocol. The
control l able systemfor controlling the rotational

andxsﬁatlom qperfbrmsh thegeemtmalizetiOXyordisativel bf heant lrequests from the treatment

r ansl nal 20 and r atl onal %I tion of the
St?}é&“isé’ﬁ{ . SERY YREm 9f1">i aFH’éO%IBWP g UYL SPBT des

ti M R@ditional details on the structure and operation of the radiation therapy systems
can be found in commonly assigned applications - namely, (serial no. unknown, attorney
docket no. LOMARRI..134A), concurrently filed herewith, titled PATH PLANNING AND
COLLISION AVOIDANCE FOR MOVEMENT OF INSTRUMENTS IN A RADIATION
THERAPY ENVIRONMENT, and (serial no. unknown, attorney docket no.
LOMARRL.135A), concurrently filed herewith, titled PATIENT ALIGNMENT SYSTEM

-8-
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pul ses to the entire system 100. In one enbodi nent,

the control system conprises nultiple distributed
wai2ersopsBsessor - based systens net wor ked t oget hecTalsenou026113

a workstation conputer using a Local Area Network

(LAN) Standard. The LAN is an Ethernet based protocol.
WITHe ESTPRNAIt aMEASPREMENTE AND c @BIEAIT z€OORDINATION FOR

coordi nati on of beamrequests frogmth

t.r.eat ment .
RADIATTGNG HERARE SHOHay e wovient a4 oot whicly g detehpipporporated
. .beam ener. rQl L] | details on the
mt s a%t{rle“y en%ér%ﬁg%sgfr%g?rieogq%%feg Eé;‘ radi ati on therapy
B. SYShVRdulardaRichesippsid System@nmonl y assi gned
applications - nanely, (serial no, upnknown,,

I ( at.t orne .
docke tcogslancvrifiRilel Sagembegiires deroFd ity HEFeul Provided 2

oL TR AR L T R S o o

imEOMliRNMENiceand (serial no. unknown, attorney docket

no. LOVARRL. 135A), concurrently filed herewth,. ]
{1t Fiatrep st End AR 1L RIVEERFPRS ehesiimert G Si998jep paten pod 200 fo

R R o A IR L By

theGRENegNéBbafimems theqfositohep @l @nhertetB34i in ofifsgioir et ¢tk midile of the
their entirety into this disclosure by refere

B.
shelldkte P BHEDSIBHINE 1pdrSA0s bR S SoREIegRL &' eppect (o the

L S b hey {A81 1§ chiSti1BYRd Had t
ol G BT00S) P 5800230510 Ry B o it e
to tensitvas: Bl dmilahapequaly @iwspodreanaysan positinlihd patzent wnthin the

device. Figures 4A and 4B illustrate one enbodi nent .of
rockprivB ARy PALTRALD pRAa2BISVFEH Dof 401 HADFEE PRIy e chances
.200 r ' L+pall [ " 114
or FE0 1P E55potehRpLIILOR, 1 eiaped 10 Sl posiviones
or ROBkted eritiin frosyseNNeQl. oA RAU20Gs thaf issemtifaveredtdar affod@tiditate the
of the shell structure 212, thereby resulti in . a d
entpnor plAesmans o el arie s bad2 Ve dpseehihsingg) (o isiated),
e i i dn thaj th
o TSl 1 AR Ry RO\ PRAT LA LRI e s
miadeantirghelustyctak200s nmore ways to position the
patient wthin the radiation therapy system 100.. A
cantlihe e 288 El@dc%@@l’ﬁaﬂﬁéhﬁﬁ%ﬁﬁ‘g Py PUEURES qpitachments thereto,
CHARS if it Oleterdi] | e i&h Bitertdd8s with the
PR 5 L BR8Pk PO anid lerkds v
pafiéljtyobgidn 11 Miatahpositysibe pod 6@medtop 334.2 00yt ¢rampansnts, extensions,
cantilevered can also facilitate, the ntry. or
an RHEHREHE GF THEIDH ASHE & VB £ OB BED i P i PREPOO: to the
i |t IR c BorRRsheh, ions,
coﬁ%éggo?gg’ﬁ 'lg? %ﬁégﬁetdhté hiél%ﬁ al ﬁéﬂlg g{o&hﬁal, RANEehPEo %%2600 extensions

ongl tudi hal axis of the po . '
andtattadhnie@ds lotdted toward the opposite end of the pod are referred to herein as being

distal.

The longitudinally extending shell structure 212 extends between a shell proximal
edge 214 and a shell distal edge 216. The shell 212 has a transverse concave top surface
218 and a transverse concave bottom surface 220. The shell 212 transversely extends
between a first upwardly-extending lateral edge 222 and a second upwardly-extending

lateral edge 224.
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m ddl e of the shell structure 212. 20 The pod 200, any
conponents thereof, and any extensions or attachnents
wohersangr3s are described herein with referencePCo/uskm4/026113
section of the pod 200 which interfaces with the
patient positioner 114 via a positioner-pod connector
234W1t1ﬁrtyfeﬁ@1w anBighses 48xdndril, omsne eralmdmbmaﬁhrseppcs“c sl‘m:élt212 Is a
are closer, along a visualized | i tudi.na
henp g pU B ObUCE BHBE Eoh faEd Srerog FUaE Fr sy ¢ine radiation
I
e b 15 R B BB e O RO g enhanced
ph}@ﬁ@pﬁjpbﬁﬁ and cofisidttre mdmtugwhamﬁsed meth nmnhleheatmnatcvmes such as,

for gD ey BT S PSS DR Ao GR (1o AL bl dhe carved
shagé' dr @0 go& 2860 Glsb pBintitseaflfl al %QCVII&QO %g € dated heaBS patient.

ransver se concave top sur a transverse
conThypatieat tarbepusftaned 220 pitient phé 20 21 203t mamisy of pesitions. In

onGaRpEnGEbow B (B EOEBhIP KSIPE J1 BECHARGD 4 P B AIoskgaYith his

hea%%%%lr %1% CM@} &Q@? éc%gegﬁ%%ﬁg gsj dﬂz@%%ﬁlg %ﬁé‘lﬂﬁrox}éﬂﬂ rEzdge 214, ﬁhe lateral

i n one enbodi nent,
ed geUIPROI tonsthe Iplatlélitz right-haink side wdyleithel ﬂatcra] e@erﬂétlaroa ﬂle patient’s
acting as_a cantil evered sugttort for. Jc)atl ent

Lefi s dcon I PROSBEABRIOACHGY Rert LhPHHsH | 9?%‘6@83%"; R, 200 in a
pro%% )pto@ﬁlo h\@ th sl Redd a‘géak th@ Lk Qfs%“l"quélglgrﬂﬂﬁrlﬁﬂfeet near the shell

st cal support and consistent ind exi ng when used
prdmmlii ddgeabb#t) thz dsteah ewm onghie hatzgy’s Seft-bandesiderpihde the lateral

cdgged T BaPeRALen S TR R S0haBe RITHE BUESBoN A dhe patient i
poﬁﬁ(‘t;ﬂgdtlﬁ tﬁ%ﬁga 506/ BQusiay | 'pﬁﬁﬁoﬂ Qithenit eephed tnedkell fistal edge 216

patient can positioned in the patient
ancphd 128 neax thmyhahluprbmmad)fadgm%h% itoristeradl mdgo?R? spmpribaphtient’s left-

the_pat d
e R e G M

edg e einShR! dmBPYd@KEREhe $8g€00
51 4%\]1%1%(?‘61?1%?%{%)5F gl%té é’%eﬁ{dzgﬂ?l in 501% clil%e dglglt A r:te ®dg comprises

attadhglent beamlteﬁsmie tradiisl 226tatne1 1238t thatadre doepeed20m shail @ige'é Ré4 and 216,
1esp%<t‘éivggf i éﬁ‘ielngfgrtl &2‘ ?#1 {:%12 g%gﬁrrlﬁo %ﬁ\%ﬁ uhBIVe\@s%f gttachment
mé%ﬁ%{ %{hoﬂ#cﬂ" z{shfd?'e%allﬁﬁ E)%ﬁhtgfr& 18R8H aﬁh@eﬁ' af@ﬂﬁ%s 216, 232 that

eet near t proxi ma
fadihtaer @mreddentidd Detvecenithe top apdboténmn SsrffltC@S 1316?43@ of ﬂt?eShell 212. In

011!12;,'6,:1?3 1}1?23%8 | ogltp gré ?Aor%mygﬁa%ﬂgerhgnpg gbetpz}dg%sg%ﬁy %% S Peéd ‘ththe attachment

traBRd b%‘t 238 1 }%Qﬁﬁ' b Raeiabe pihe oPasd1dOdotidd 8r S¢iPWBE through the
position with feet near the shell distal edge 216

apanmuiem.s{) B82ad near the shel | proxi mal edge 214, the
| ateral ed e 2 | eft -

whi | ollﬁ ;o }.ﬂd éllse vitggir ? @egﬁneah he ppaat’uent {@ﬂg 1§é18'1? the patient
is 'bi)ﬂmnela%% fisdRad beyond shell edge 216 on a head rest extension 310 attached to

track 228. In another method of use, involving treatment in the patient’s lung region, the
patient is positioned head-first (i.e., head near shell edge 216) with his shoulders inline with
track 228 so that the radiation beam passes through the shell 212 and into the lung region.

In yet another method of use, involving treatment in the patient’s lung region, the patient is

-10-
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Wth reference to Figures 4A and 4B, in one enbodi nent

the pod 200 conprises attachnment or extension tracks
wa2605an873228 that are | ocated on shell edges 2pdTAIS2004/026113

216, 20 respectively. Extension tracks 226 and 228

can conprise a known uni versal attachnment nechani sm
positiehedabeadffist exdnink ghowldgk Wegbid Yheofradd D2 ythatr ireamgent occurs

apertures 230, 232 that facilitate contmunication
oufslevieeshetl?d 2t op and bottom surfaces 218, 220 of t he

shel d
e Aok o ETROFATRD 06 05 TRLESP A e o o
200 diek end, A0hile2ZBithy pieh Iﬁ&e@fgeﬁﬁﬁﬂw&hﬂle 1apsmg oﬁthebonQQO distal end.

slotted or_ screwed through the 25 apertuyres 2? : 532. ,
Negpiivsneolheefhsdeareraliyelo thivenupicrgosast feiatioh @4 ihe pad 200, while

poﬂﬁ% E 5‘?&'69% dglgﬁtgquﬂe célgggmg@%dt%%ﬁlaof'ﬁg% ; %(gd OREEhtWb L Bw refers
gesorhlgn® 108 r8hfobf theped 200 abbutahkis220. the ﬂef‘awdnlleqmsuwe yaw refers

met hod of use, involving treatnment in t‘ie patient's
12

SRR fode Eatiqnpf theypad rabput %@éTGttPélﬁFerd Head-first
I( InI ;e[‘llll\ee s\% ?%lggﬁreﬁ?glg 5 gﬁn&% gﬁhrbvllale S0 PREHE SIS or all of the

So t radi ati on beam
bofia®$ @shuinfunopegient bmgsbne fitl in24hy Imsdlolnn twht dse fdrungmpeegitlensupine or

In yet. anot her nethod of use, .inpvol V|n tre me 3
prqq@@ogg{opén{l“hgs a]rsé‘;@ 1842 Iength %%l]%lll%?ﬂf itg the. %ga{;@ge 16 without
att\glrm&?%éngsllig @ﬁ ﬁT é gh?@%ﬂééo gig@ogo%gq g@g& tagglgelgzg hea d)ftfeh bSbut 80 cm to

abbmte%rmﬂtde(peﬁdmg onahyd Biteheled petietabplitidn spemﬁxs side (e.g., pediatric)
herein, negative pitch refers

andignertthsisr BippemgosimePh Sijsactbogg et 4F2 %fﬁaq AYifi0y g the distal
edg% Z’lé d% %élpﬂlte (f}déleg b8 ? ne{aley ltlé?elhh%xﬁsa@i sifeg f th'éhﬁus of the

st a Negatlve roll refers generall
potsmohétel Ilothat extehdsckastisdlyrthtcaigh dhe aftaahtrmnp adth20fmal whwl axis (e.g.,
ositive roll refers general)é(%lltothe cl.o

wrlas& o thg positiongrel 160(5 ga0p th \R,wlnépg{gtrgse 2 and 3, the wrist
coglgﬁgisa *ey Widel V\#%Iltr Pl B ﬁgtaf b&q Q‘?Q A0%e abostic @Pfﬂ 3."5@) thereby
{0 the lelt, whi

e positive yaw refers generally t
allbhvéng wivatataionaff thdmtipoicpod@D0about Axis-6 to the ri ght

;I' gerﬁg:c:’)\{%a%}&gmgﬁn f S‘l{ bl %(HS us]c 1%@02623; Pletgfré%lbglgqil &ogl%lal edge
212:;‘(‘%1&3?%{1'#%6 %Q 2hk) isntyﬁiEM o}ﬁﬁ’lsﬂlte'r&’i{ge ﬁ%@}}ﬁ%@ kO about 235 cm,

pI ne or € posi t1ons
of&hraﬂ»ommastm stebdut 212 che rigtolne fembodifeng -the overelhbongitediadl length of
216, t ho

I T T T e
ofcal%flt%S 8RAY Lbdd TR, %ﬂ%ﬁhﬂ@s RNadohess @Pnedle‘ii)‘égdlﬁ Bh @ intended

application specific size .g., pediatric)
pagiamt mypléiaien dpacifinesientiedi, npadigtric, h@lgﬁarpgtlmtofetq]q@nd/or available

shel | 212 f om AXi_s- he di taI
RAITBEGER ol U e Swer difrckar EeaRREFEr 4 3pg 46 om
the g e%boﬁﬁﬁent PAS ik dIPPEN haklftn i Ata8d @"gd Scarbon fiber) composite
vert | ca 'y through the attachment at the final yaw
coaxtinsctipe. that, facilitates radiation beam treatments through the shell 212, Any number
of imaging simulators known in the art (e.g., computed tomography imaging (CT), positron
emission tomography (PET), magnetic resonance imaging (MRI), cone beam imaging. etc.)
can be used to account for the treat-through material of the shell 212. As used herein, the

term “treat-through” refers generally to physical property of a material or surface that
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wist) of the positioner 114 (e.g., in the enbodi nment

shown in Figures 2 and 3, the wist conprises the
weoewenosdisi3si nt 152 at the distal end 116 of thePcolstios/026113

arm 150), thereby allowi ng yaw rotation of the

patient pod 200. 20 The overall |ongitudinal |ength of
allobReragingbh bdids {d be irradietdverougihe klrfaepxidrileraby gleliv@lgrescribed

and shell distal edge 216) is _typi allzlnthe range. cps
radigtiom et fogn efrdiatiobinifces §130%84a { Sfacerdngivin * G5EdR] fa within

the p%tg)entt P&g}? T engotqﬂ% @5’1‘%9% qurcgugﬁ é’ o ["tgég glrjet generallg measured

or d[ﬁﬁtlﬁéﬂ Br teﬂh@ﬁﬁhﬁlecﬁfar éd{lﬁvﬂblﬁielofzﬂaien sA¢ ygrddeddiy, tha term “non-
the range_ of about 35 cmto about ?5 cm @Ef ten abol&’i
treagroeghdbefers SHewEHy depemiyrieal orPRHY of ATETIA OD8 T fRe g loes not
a]lowp pl':ﬁéh%? L 8€an§s§3§)%ef dﬁl'te%ethf %}gﬁ a supielgé Ak fehCof IRMGEl 212 made of
and aval treatnent energy. In
norpﬂi\l@taﬂfmﬁéjtbﬂﬂﬁ tye deReraliytederradi tane trest-tbfough eurﬁced; br Zh2s.i s
about 46 cm _In one enbodi nent, the shell % has. a .
nonApaeed prein, gvaier, caraliasY APisET §EHMY JSi ‘PE fect"of an absorbing

ma{ép élj}’]gr%%éno%ﬁr OUQ%J’I% 1IVE %@fvﬁt%& 1gqih2%§}%gtutﬁ§§§ntreat—ﬂlrough sections,

zonleBR B isOfactk dydodibed Berkinpwater squiieerytis freagred wiimpasped to radiation
t onogr aphy i magi n% cn, p03| tron 30 em ssion
beamsrtbefradp PSP ) tEableaBiRstice i magi ng (MRI),
con
ot Py e, e e
24@&[&pﬁxlatémﬁl a $tefomraltsk@p242t ileughe maetiel %@@n@pmphye tumy suitable
ysical property of a material or surface tha

10%@@@5%@88#8 snesy AySiEon/sodlb 8% 40T SYARRLE Sﬁ%‘a‘i‘%@ﬁ f8?}n or the like.
I r

0405 5 5 M) A SRS T S i

art SR 6§ foril em'ampgdﬁ cabsmﬁﬁacmecamﬁbemem a targeted area

within the patient on the o r
Tr e&ItS RiobeisnaheRsE eSO e St Rire 287 & kB MeTHOD
I?EﬁlQO %@{SﬁAOIfIO WMMC%JIMZ’QT 132 ech@fhs(\f\l@&ﬁé of which
use erein he term™non 5 treat throu h" refers

is maﬁf @bbmota@edt inetspdnyisdty Aérejpr ppefdrynoef diaclnwges eomalsumble materials

surface that does not allow radiation beans to be
fropy whigh dhethell 3 § GhPaCcusiFHEE Areas of the shell 212

mad ' s 2k RhloYide ebeCH 8fthe like.
o T 8h ORI ST P ALIRIGS B pISORIRAINGE REPCH SFihe

In wadtRer @npidnabenthe shem eit3 igmnédy &bhyﬁbanglatseorethé é‘@i@ &f st another
absorbi n mat eri al on proton bea

crrpagent e eI BSORDREESAHE KEPURE LRI ag eBab oper the ke
e %}&ﬁflﬁﬁrﬁsthgeﬁl%ﬂ Hedis gtg)ﬁ%ﬁbted’\@f @6m§6’d&'ﬂevﬁlﬁn§d{npnsmg

i s neasure fTespect to r ation beans that are
poBeilptmei Gbdrarenivedddieirpen eetpoapl resis uarfdae elowrdensme polystyrene foam

(S@%&%@S gglg Ici!@lrllgts : s?oté%d fhe ?Kageu éﬁ%@ﬁg%ﬂllk\{e elgsgg in glanufacturmg the
Shgﬁ 51&35 Ak i Ifme%g]] wihe core material 240 can

e any suit e lowdensity materials known in
the art such as, for exanple, structural foamor the

li ke. # | Matrix Fiber Type Fiber Structure
1 | high impact polystyrene | none n.a.
(HIPS)
2 | polymethylmethacrylate | none n.a.
(PMMA)
3 polycarbonate (PC) none n.a.
4 | polyvinylchloride none n.a.
(PVC)
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15 The structural skin 242 can conprise any suitable
firm lightweight material known in the art, such as,
woanoseignspl e, carbon fiber, spectra fiber, etcPCUUS2004/026113
Provi sional Application No. 60/583,063, filed June 25,
2004, titled METHOD AND DEVI CE FOR REGQ STRATI ON AN
! MMOBI LI ZAT]Iolyethtidne(Pi) scl gsuowee of whi ch | nias her eby
incorporated in its entirety herein by reference,
di scl osles slomwexysamt abl e ngtuers al s 20 fridrh whi ch t he
shell 212 clan he constructied I n one enbodinent—t-hd
shel | 2017 j|sepprieiesinf r om pol |yiPFEYISchl or i de “(né“{}’t) or the

| | ke. i nf f hﬂ Qho| | 1 S wnnln

L.I.L T UL %%

fromfipet gl REYISE the || keﬁbe‘ﬁ]ﬂssstl I an ot
enmbodi nert|the—shell—212 CORpI-Ses—any know—suttatl e
| ow denkity| PEITEr the I RETY 0 one entjol 'ment, the
1 2 ot p=| £ H .

;hel | 2"f[Qf,°e const rueted—of poammpsi te SR ITS&IN rtéﬁl ng
5 poly 117 | epoxy resin Ao 1T AT ER0LH woben' T d
a I_ovv-de93| 57 ﬂofystyrene foam (Styrofagan(r)Q core.
A list pf5s éj;'Sxy‘%és e et erdghs that can RRuie&H thid

manuf actgg1 e, Shett 214 AP Eadms | N | k& tibnaRgleQW.
# Matrik Ei b ro);TyFe Fi ber S;afﬁ%turél S1 hi gh iﬁpngc{%e

pol yst yrene none n.a. (HPS) 2 polynethyl net hacryl ate
none n.a. (PMVA) 3 pol ycarbonate (PC) none n.a. 4

20 B SPLSE L8Py o (N 0 AR 81

aprﬁ@ilmatdlji‘mzﬂ rhirtkick. dn oﬁe el}nb(xdmlea’s lthrB ¢qnh{1§xsg¢ taysupr imragpreximately

fib |
SO SXESEp 550 PLSFIETCE RARPETURLERFEALt Be1cpiggLl pg composit
is 1% ﬁ){ de?hﬁ'e gﬂ%rxgﬁﬂ cbﬂ‘feﬁﬂ isMOMERiZdR BPOXY efiBSditheh@iROhell 212 of

Ional tape 3 epoxy resin ultrahigh nDdqus
theu[ibdilZOBCIsl ondé frampahe comp051te material Spectra, which is available from

Honeywell Performance Fibers in Colonial Heights, Virginia.

In one embodiment, at least one of the extension tracks 226, 228 is made from any
suitable metal known in the art, such as, for example, aluminu‘m. The use of metal,
however, results in non-treat through zones or areas. As such, the use of metal structures is
generally limited in order to minimize non-treat through surfaces. In another embodiment,
at least one of the tracks 226, 228 is made from a suitable non-metal material known in the
art, such as, for example, a carbon cémposite.

The extension tracks 226, 228 are advantageously positioned at the shell edges 214
and 216 of the pod 200, thereby facilitating radiation treatment through the support shell
212 of the pod 200. The positioning of the extension tracks 226, 228 at the shell edges 214,
216 also facilitates the attachment of one or more pod extensions to the pod 200 as
explained in further detail below.

In one embodiment, the extension tracks 226, 228 are rounded such that for certain
treatment positions, the patient shall not experience pain or discomfort as the result of his
contact with the track 226 or 228. The extension tracks 226, 228 preferably comprise

interface extensions that are approximately flush with the inside surface 218 of the shell
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carbon I n one enbodi ment, the carbon fiber conposites,
each woven ply of a lay-up is approximtely 0.25 mm
wohbwskis13s one enbodi nent, the conposite | ay- upCrAIS2004/026113
approximately 5 50% fiber and 50% resin by weight. In
one enbodi nent, the fiber content of the conposite is
2127ERgi o 2@ thodinidng, thé eakBsim step ot eatticalsdistmiertieeckn the imee surface
enbodi ment, the shell 212 of @the pod 200 is nade from
218 a4 tho Wpdsinteefappexdpnsign isgRYt L&Mwhi ch is avail abl e
fr .OE% X@éslﬂg SIILARING e Ijlg&r n@oﬁ%xféﬁ&@ﬂé # be connegted to the
Hei ght's rgl nia. 1n one e | east one of

pod 260 emciepﬁdvd)d"e fodaksity? 26 th2 38erald desige. f Famesayple,10ack 228 can
suitable nmetal known in the

accgmidatermulitple head exfensippsand a?]ﬁgf\ﬁé&gf 91 ﬁ%@&%ﬁéﬁ&ﬁl@rm{n%hts The
moﬁ fyr &[ahlet S LUGH &%?Ssalﬂf oﬁtﬁ(ﬁﬁf poé\sex%ﬂgl%ns LRGMR6dAE multiple

ructures s gener a imted In order to
patiBnt’l podidensnwithihr thatpotl 206y gdn:hsas; ffarcesmpla b@th)hmﬁrst and feet-first
enbodi nent, at |east one of the tracks 22

troqaE NOPBIPRE O DRG0 HOMSsTOPBIoNiED ST Ien AR e th patint

liePbh his Badk, Rfte sf@)'i’régga x%r VA ARLE WMerESTPRSKAIE be hoteliN@at actual
ext ension’tratks are advant ageously

potd&i bf cheepatient twhithirs e pocbdg@smﬂldbpelah dn 26ous faches, p@@h as, for

200, thereby facilitatin rad atlon tre
exatnp{ge Stl}ﬁ) W%’[lOélHéqa]tm 15 PEOtB?Ol 11%1013 %ﬁg)%ggglla{l Iaaa(%ﬁ badlatlon
h the shell edges
Ph%‘iﬁt’ &éfi[gé g@%ﬁp %%#%?%%Pé%@%ﬁg%etﬁgc hnent of one or
nmor &Vigo deferchen 36 digurto 42 edBoahd (60 nasme esphciiment, ipesitioner-pod
further detail below. _20_In one e
corleetoR 3 His & pg@@s?@gmbgggqabgl WSSPHH ogﬁg ﬁ‘h}f Rghenf B?smonm 114,
succflei Pdr %xaﬁlf)l%a\tnm dil gﬁ§ 'v&dr g’enﬁ hee B?%He%%ltl%ﬁéll 1140 C”Fhe connector
&rience paln or disconfort as the result of hi
23¢ @lm@ﬁtesvu pdritidrer intedice226mang PR 23h éoreinteshsing rand attaching the

tracks 226, .228 prefer t f
pog 208 ﬁé,t]éeh gatfqﬁlgﬂoogpgnegdgaox?% tnlpicﬁfegl }allgt;% %r t %m?;ﬁéses a p1u1a11ty of

| ROOBS 0G0 Bb]e fast
b B A BSRER Sl prfa redEPO QAR ftening
devigey, rhercisy €pxedly seenting dhe godt2ice thet p@@tmnehellﬁnnghls particular
surface 218 and.th rack interfa ext ensi
crRBEE O e SRS DS CoACkEDTBIELTY YOI R e bolt patterm
gﬁhg@ senpRalomd. to the pod 200,
ayang%§§g®F e nogaggﬁﬁ%gu?%bthe 03§?a|| desi gn. For
exaripbag embatine? Secannedfor36 degn danpina plaicpprtidesdinto the shell
extensions and all ows f

218 gk gt Hop ép?rﬁzﬂmaé@?trlﬁdﬁcwe S5 SR rants L glgpe the shel

219%#15(}8%1‘51 LADRE OBver 20 RTTM adcnBdHdnl Pin@ hRAtd efitith W of
positions In the pod 220, such as, for exanpl e,

appotximételyd-1f mclﬁs dndnéthet @Iﬁbcrd‘smelltt (nefailwwmb tb@) spneplos is integrated
1111'\-'9;‘23? %he?lr?ég%&g ﬂ%ﬁqs?qug oh%% otu(regf %h% %?sti(im sulfage gtl t}le %l 212.

It will be noted that the pod 200 and any mechanical device mounted thereto should

be positioned to avoid collision with the positioner 114 during yaw treatment angles. The
distance between the inside surface 218 of the shell 212 and the connector 234 is typically
in the range of about 5 mm to about 35 mm, often about 12 mm to about 25 mm. In one
embodiment, the distance between the inside surface 218 of the shell 212 and the connector

234 is about 19 mm.
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lies on his back, side, stomach, or any variations
thereof. It will be noted that actual 10 position of
woheospasgizent within the pod 200 will depend onPgamiSews/026113
factors, such as, for exanple, the radiation
treatnment protocol, as determ ned by the physician
andfies pdtgt pbd 000 dahyehmpiisé onand mdre augisnedd, extensions, adapter
characteristics of the patient. Wth reference to .,
platgs, qur the ]4]@’, (n‘g’)oné?*aatg)’nSitheré?fe (c@},}sgazie%nlppd attachments™). In one
siti.oner-noa. e I Mo INW T :
B A A
310k dsdibotend, ffedt restanmnsion ¥Ra. Thendhatabhodivoek] sigwenia Figure 2,
116 of the positioner 114. The connpect or %$4 coqprg%ﬁs
the a0 Q0 eqraprises pVRIRF head IRFFPRGS Bt EbPsAG Hriension 320.
I ntgf kD WL i movabl
pos e aEispe R0 TREACIDG, bhPor BRE: SHE R IbAREh Rhemovably
attaBhedt ldnk Yr B&th off Ereedoel exruhsiod 3@clar 22609281 nrong epibodirhent, no tool is
pattern for receiving bolts or other suita

bl e
reqpizest Enatigh o swnees theriod wBThmTB I (PeslTiriondTachy 2pG28 of the
Lo t e : g : . |
roc ol AP e PR il o s
f or vagleamseedpsd agadhhenbodan jnpattieranthravgti bafices drmt taey in water
KUKA KR500- L420, robaoti c Positioner I n . one en‘oodimenti ¢
cquivrdent ohisBeSr 156 P(RerERd, tef R BPREN) SBEEeY deday n water
) ' it | . i IRERIYthickness /
e BRIy Bt M i
mn2 2Bng @y oxdndedred Wistdce. ndhe gradient lithiss molatefivonngien iedge effects,
~and has a width Wof 25 approxinqLely 11 inches., I.n tol
thlcé@g@sh@l}ang% @ggi ﬁ'@q{@ne{l rfFﬁnS%lﬁB%ﬁs,W? @.s dgspm@ldnapuqagturmg olerances
suchk %g{cﬁtaﬁgl a?]é}fa? s&rﬁge ﬁﬁﬁér¥ecﬁ&1%. 3Rdné Smbbdffnt ehctdiB@chments have
CoRtour “of The i nside surface of the shell 212. It

wattk leuivelen@tedf htvatort tienpaould@nanth emy embedizshi dhe shell 212 has
devi ce nounted thereto should , be positi

d.t i d
abage e A5 ierprtirat Beral sRen dugdo Hir malptgL fiachastiisig 226 or

ngl St bek . e R NS whBR! 18 tia sl Bee 224 8re made of
22%f %tVﬁlzl bs%lgﬁfd gifg{}%%ﬁ? e conneclt or 1234 is typically 30
meitd), tHeerachnge: nn-ako throfighni whdrensabogtta@sothen eropadsments where the

about 12 inns to about 25 mm .I.n one embodi nent he
traghood A 028 58K 1565, oF AL ] JRREA SUES 23000 B4 oy psb i iber, the
n i 28uchZafles. SACRAN thelBelmM 2 -cbAaiWod attachments
“ﬂ%%%%?ogﬁ%gﬁvﬁgﬁﬁﬁéfgd%?o26%13 The gétienp pod 200 can
cait Q0PI LU e aloout o2 emat radhnemtregt throueh $eHes dug apreetracks 226,
| ates, or the |ike, or conbinations thereof
22gcollectively, "pod attachnments"). In one enbodinent,

showgig, '}efé%lu% %o ﬁﬁb b Rt MDvEP P IH §RSs @A-7G, each of the pod
canti | evéred head rest extension 310 and a robot end,
attheiptients310, @80 284, 600,321, 326, Hfotcmanrise mbiansion  rask ereaging end

in Figure 2, 5 the pod 200 conprises.a ine h .
26%X‘f’@ﬁgi 18feriaegs %rﬁifj c S¥ovith ﬁ&?eglg% ntgritcgﬁ %Banc@@rt zfﬁ'ﬁg The track
eng%hg% ﬁxﬂng%ﬂ c%ngirﬂ;gsr SPupfRr ﬁ%g@ﬂﬁ‘d oW N1 MBJwhere the space between

ts can be renova )
lips 264 and 266 is approximately equal to the distance between the inner and outer

diameters of extension tracks 226 and 228. The upper and lower lips 264 and 266 each
comprise a plurality of apertures 268, where each upper lip aperture is aligned with a
corresponding lower lip aperture along a visualized radius extending outward from the

center of the hemi-cylindrical shell 212. In one embodiment, the apertures 268 are drilled
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attached to one or both of the pod extension tracks
226, 228. In one enbodinent, no tool is required to
wanb@mhss renove the pod attachnents to the eRCEUS2@®W026113
tracks 226, 228 of the pod 200. The pod attachnents
preferably conprise treat-through materials and
or roeliédizeslocdbridhiitien theamek poghgatgtend 26@ e sligrawith theeextension track
treat-throu h surfaces %Qgt var i n. wat er uivalen% £
apefthies KRB LY 23 7 (lpng pratal dFoiHa e ERUng s afflrfg%@ i center of the
hen%-cgt’l&lg&ﬁ P8 2 M2 Hed ‘ﬁﬁh\f\@&l@% a?ﬂ%' Halo8htenbAbes k@SEackd 536 or 228.
greater than abo nm wat er equi val ent
In drlieglnaBsent, themtahargt 2iyis hdasablyriseetidgo aﬁwmeﬁh‘eaok(s) 226 or
gr adi ent limts will define design ed
228y Brersef r@mw@tag Pl Ol OB PSP T oA apyed through
%&Q% r | erances 15 such as voids
ﬂw?ﬁ%ﬁﬁ&?@@. suh%g%g %%%%§$ectlons I n one enbodi nent,
t hewatht efdrematts Hngne 7Anat ene eqbodiadeat ¢chepod hitashment emprises a

e 200 Pl SRR ARG APLE B85 25 o

Attgé'l)?négl? ? ?&1 tclfeél Qﬂﬁ&{m% n%g%tlg@tﬁat%'ocex%&sfor hadMrbdtmbt including

rtaln nments where the tracks
ver@Z6yitl2@dnigiae shmd throfgh mmmuﬂ and pernitsatRegreg pitahamdirpld gorrections.

Att%.a%r?ez% r?l? ¢ \é\@rgér?%g g:legtzt ug ég%%tagggpg(ﬂ‘ggg%m ﬁ' eg\'heg l’2?2 273.
mat Wl‘é %e;%reﬁééég% Hsure 78, i8R0 PBodifRID R hod ﬁftachhﬁﬁt comprlses a

track ovi dé treat-through zones. As
lonigh €las hehdhn2hP 280 wltmadengtu (zitetbauhﬁf&mns and mwa,fbhp)fl @@ut 23 cm.

Atm&é%ﬁ%?)ﬁfé@ta%%@%@g%% W RD R o8B Y o #any non-

Satfid esg A 9dreat-through
tre%S ptte o att Sﬁlgfglbtl ﬁ]acjl_'cb %59%2873 (%c@c%l%gﬁﬂ%%c&ﬁgnéé reat-throug

saﬁmﬁpslaﬁd&anekkmgse@y5@8&dﬁ3engag|ng end 262 which
i nterfaces and conne mnth extgnshgggtra k

26 .
andMjith sefgrenegfo Elgg@k R FRECHGO € 88&,6&?%&6115 gomprises a
she'gp{% lh'ch} €64, 80 afachVR! 290 PPl 2 MaBkRr bPSofRRE&y the same as

ps 264 and 266 is approximately equal to

thet Pl stiesit mdbthaw\xs enppltobmnatﬂhyeﬁﬂ @n domg;ttlmrebwalmmn@ fhe perd 200 to
ext ensi on trackﬁ 226

T
o GRARE PASTBRERO 35 CoMShre Blla IR 3 DroRBE qpd-siop or
caf 994 aé‘%ﬁgtewlﬁél? lﬂle\l‘ltlgﬂf%ﬁt 4 kRt BREDE YlaBed. S AdatIdRG 290 tddnprises treat-

cor resSpondi ng | ['ip aperture along a visualized
throagh setieon 26 hotireaty toutgiaedges 28I 298 enoretrpatdhroggh s¢pdion 295 and non-

hem -c Ilndrlcaé hell 212. In one enbodi nent, the
tfeé‘p@l'q @gg@f@?é’ ‘drilled -15 WO 2005/018735

PCTRiAR Q&%feﬂ@@ﬂolﬁguféf 7Iﬁollndc§1@ dnfifoRith &8 aihle Gde adatithént tb@iprises a

track engagi ng en to align wth t he “ext ensi on
flat reatksioa It trabds 2B6uto40 282 largomyl abatitsifmichy adds: adixiension 300

ext.endi ng outward fraom.the
coRBHR YA, SR Dho SiGH: e R Sk R gilG Ag el and non-
treaP a&%@s ¥hd Bkl afdts L&fn0301288 heallRe®R€pion, while sections 302,
g nﬁnﬁﬂ%% . thé "attachment 270 is adj ustably fastened
308p 384 tragkenpetht mmadiiliz)ior 2Bve attachment region. In one embodiment,
extension 300 accommodates any number of immobilization devices and techniques,
described in further detail below. For example, in one embodiment, extension 300 can be

dimensioned to facilitate optional cranial ring immobilization mountings.
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5 228 by nmeans of renovable pins, bolts, or

equi val ents thereof, slotted or screwed through the
woadisaigssal i gned apertures 230, 232, 268. Wt RCT/US2004/026113

reference to Figure 7A, in one enbodi nent, the pod

attachment conprises a short, flat attachnment 270

W tyith rbRREH t@Figbo vk, Blorenentsudien thetpodf at@blongnt2dmprises a

cm Attachment 270 faciljitates positioning the )
shopahéashresaextemtoeAl @r Bxénnsionatl O pasmprireh reph@rangh mgetian 311 and

rte i th,g ni shoot through material and permits
tre%ﬁﬁg‘éﬁﬁ]e%ggﬁ? tv’g‘)h%gg?lra’bl | corrections. Attachnent 270
C oMW ihS@ ferdrlceab Fidir® UBNinS@ &t drfodenidniatid fodestachhemugimprises a

edges 272, 273. Wth reference to Figure 7B, in one .
robeindnddixtenston ¥2Rehasdeichamfaer b AR 2eglppF pRBRXIEafdn 4>-dpgiges relative
attachnment 280 wih .a |len : ;

o SRR iRl Byt S0 SlyBR0Yy PR:pRRA Bt exenin
tradR@20 b iaQAI2NG, BdamENTAtsIdow TR Emrfegh kigday tbrdwaritchefabyut 43 cm

non- 15 treat through pod attachment tracks 226, 228. .
fromt Asis Oty Sy e tBIpE icgg@w@lr\@éﬂ% therpagighihPosiimes bt oBxtension 320
and. treat-thr 3. W th n
o e b PR SRS 2R po Rl ot SR8, 59w e
324 80pr32%ase Al nshabdt thiegglor head extensi on attachnent

290 that has a di aneter approximately the sane as  the
pod Wiikr¢ferznoe tonfdiceeatG,iis oap ﬁ%ﬁiﬂiﬁﬁ%ﬂb@ 89‘? atigphpagpcomprises a

t here wing th Q 0
oG A AR RSO, ARGt dines n e
thrSERPRA18 83 1 aRroR il wiidpthe patie@cal Placedds fiste. vithecpronbdieadrest 330
patient's feet can be placed. Attachment 290 conprises
CO%%E?WImnﬁm@ﬂ@ﬁ“@bévﬁ@ﬂs¥§4?3%reat-through edges 292,
A hon-treat. th . i ’ .
e o AhE b BR G prBRt g 00 v
refer@n@¥€o FTR@EI SEH ont hegntedineait} dehmmdulac grients egppart 2tem 199
flat extension 300 that is about 40 gnmlo and about .
corgpriesm the deticrinod rH0owdamD ImBehibER s deesa Uil Gagwrising a rigid
i on 301 r t 2, ;
A SR s PO LRGSR 05, 202 33 Gt
a s8lddtell Fedol @@%g b&st forgooBidewhid @ngests on®IB022 co0Bning exactly
304 nakgup the i mmobilization device attaghnent. )
to hegiatient’ sl ipdiier ssrwekyilipiding theaphendn BRS St UEIESHNBLRR BEPtments
any. er. of . L ' iCE t i v ‘
R L
4,998 68O dTEVIETHOD e0F ASSHNIBEAN AND dWikHsi oBe®Y.0 PATIENT

L I e ey
TSRS, T 0 ST R gy e

'bylEsfepsse.on 310 conprises treat-through section 311 and

treat-through edges 312, 313, 314.. .
In one appl%ach, a% expandable, Tiquid f]éammg agent known as ACMM foaming

agent 325, available from the Soule Co., Inc., Lutz, Florida or Smithers Medical Products,
Inc., Akron, Ohio, is used to form the rigid foam cradle 350. In one approach, the foaming
agent is painted onto the shell top surface 218. After the foaming agent is introduced
within the shell, the patient is positioned within the shell where he lays motionless for
approximately 15 minutes until the foaming agent has cooled to room temperature and the

patient body mold 352 is formed.
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Wth reference to Figure 7F, in one enbodi nent, the
pod attachnent conprises a 5 robot end extension 320
woheds/oig73shanf ered at an angl e of approxi mat el PCT/US2004/026113
45-degrees relative to a visualized, |ongitudinal
axi s extendi ng between the proximal and distal
ext eEnsfoam btk edkie patenamet R2dod bagbmnied@mmalla Isabilize¢® to prevent
cmfromAxis-6 up to djstance of about 43.cm from
the Arits-feom traevien g displisinerige aatienthebresh YHITHE Pefnepe In one
S 0
ot ST P sl S8 pl AR afioin ARYRx Afoadly fre pod is
line¥Pwith 333w&f¢ds1@d@@§1 shi&. JR4till &ﬂ&her?:éiﬁ)rmb thela \m:mthm e;hstposable
through. Wth reference to Figure 7G
plagiiteiwlinie neserted dntp dbe aed hefare ﬁl?Plﬁlégrﬁ]ﬂer o ahenbl%}ﬁe In yet another
headr t 33 t
wPrF e R n S eI RRE R 1y SEEL TR rRer S urtece fs made
very i@ by\ﬁﬂhcc Borhpitp ddyeendn adriglplqadéy htthlhamemol'ﬂh eln still another

prone headrest 330 _conprises no ro
appsercly dhe im®p sugfaee Oiéh% d nis ng8te oWltﬁﬁ'm&Rﬁﬂf’i P‘lzJ %f‘?t&}ﬁr nonreacting

SubSFvllcceS can be used with the patient pod 200. Wth
reference to Figure 5, in one enbodi nent, the nodul ar
pat Ogidr saittle iinnsyizetonl 88vicesoimir ¢zmel$: tded "pigh itenpatisotipod 200,

it vt Pt X IeBBTG RE S, DU hBHOEI Lt UL PISgis Jk msks
Vac%uﬁe{s%%oﬁaléy Enf &%ﬁaﬁ%ﬁgs gﬁg&& ABA9me %&95 @ﬁan;gﬁlar Jeg pillows, foam

front, or sid
inseAAPsI sles like,nol dodbidatanf trerdofig B)tadild)gk ﬂﬂ)uthplttdqsa are preferably

patient's body. for secur el [,dj t
co%gmm@ %tllcﬁlib’leﬁ’étm%mpa[t |I-{-5:ﬁd hogé‘t 1§ a I ,gtﬁla ?tsg}ﬂck frame

pre%t%?lé'ehrgﬁso trﬁ%’ﬂaégﬁﬁoﬁf){%g%% hf % BI¥€'in ﬁier@réa@dblé ‘?oﬁlﬁﬁt to no more

5, 26 titled METHOD OF
theA&%EﬁBLU AN AHGhE fBEDY] 3(Ppc'ﬁlﬂﬂB\IT11 aBOSIrection NGarimer embodiment,

REPQOSI TI ONI NG S
therpieRPYk SYSPEES 1976 TaIAERORURE R Gh PR 1 SH) @B dogree in any
dlrleﬁt(fo%r 8P 5@0&1?%0 uh(issmee[ﬁé/' c{lgafc%?llﬂe'ﬁf bfle ex%%odlﬁl\énf ShEbROGRCk frame

proach, an I quid foam ng agent

mdiM@MRo aISe é@ﬂ\/lzfmmmidmg arggpod aB2hmeatsaiviaabh exfstiogn tageum system
Soule Co., Inc., Lutz, Florida or Smthers Medical

leléldlg@PBTOXlnPQ’i%l}’ PAkron, Onhio, is used to formthe

r ' g'\ﬁltfl QQSEE&rtQQ%éEVﬁ%QlS LB BRGRRR @REfbed AW vE OBEWRERNt of any of

Inted onto shel | top surface 218. After
thé b@i ﬁmmnegts @g&aﬁbhysioemnmtcmtuwddaba@t 30 paingds tnheeighie thereby making
the patient is 03|t|on hi n

h h
it pasjes Toran iwAivadg tooqarrya?ﬁgﬂ%%t%l bedog A et i B R fetl 212. Pod
AL IRCARES OSSO R oo
p@ﬂ@ﬁéﬂb&ﬁﬁﬁlﬂ?ﬁ%%@%@ﬂhﬁaﬁlm The foam bet ween the

atient and the po
Sr eviarfne embodlment the pog 2%8 1sn%gpha%[]el sup ort &1&‘%' deOZ pound Uistributed

patient load (not including any immobilization devices) with the patient center of gravity
not to exceed 37 inches from Axis-6. The pod 200 is preferably capable of supporting a
300 pound end load (with or without extensions) to accommeodate an individual seated on
the cantilevered end 216. In one embodiment, the pod 200 is capable of supporting a
patient load of 300 Ibf, an immobilization load of 50 1bf, and a 200 Ibf longitudinal load

located on the extensions.
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the foam from novi ng and di spl aci ng the pati ent

between or during treatments. In one approach, the
woaensi1g73pl aced i nside a very thin plastic bagPCrms2004/026113

anot her approach, the pod is I|ined with a |owdensity

foam sheet. In still another approach, the a very

t i, ordi &ABGEBIS, the Pods20(C iss hedftrably ¢apselet efd sinpoginghe water
pod before appl

thefoamch cas th
Phaldpm{:@@d:ﬁf Srvmaats Q350w A Hstintp P HGna pog.
rather . f r fa
RS AR WRIAA it Tty R i
patlbﬁté&etd dfl upaB Qgﬂ@mn%zﬁﬂp ﬂﬁaphunds ﬂl@:atadrtelrths aftdchoenisfwithhadeflection
pod is coated with Teflon or ot t
B R
{ hat, .can t
L T TR
@aﬁkﬁmkﬁﬁ1§ﬁncbbﬂ?ﬂbhbmks face masks, vacuum bags,
alos or cranial rings. |oc f -
I LR R G e
t !
of té? gfelp QL% the J&ﬁﬁ%@%rlecé %1\/1&1 9 gﬁik%%ﬁb %a%%%ﬁ)r@féﬁbg less than or
equéDiol bout Iihrﬂn &n eﬁé) eﬂibmantent e drifteetidyl cankbef eappgengaed for durmg

f bly Ii
e BhSheCAL Lol LELAS, LLSNELL) S5 TRLP IR L Rl R
. Y
o BRI R Ryt ane dracoomecs

safét?tfaitlhle né prevehets Iiolsmnnerrlléqﬁl(ah uroﬂlmbtgﬂng@bé ddﬂg}ﬁ@@s igreat than

any direction of about 30 pounds in an ti
abowhaSentegieerefiom theehagsizeatab) o%k 18%“%%?6 ?ﬂlé g"?“&“? H%mpﬂses any

dev\s}cgel | %‘}'S ec?!o‘%{%&ﬁ%{m% gla‘ff‘tséngggggl‘g%}n Ydeﬁi}@gn ga}gjle%i wite respect to
grakBppect to the various pod attachments described
above, the wei ght of any of the

prefl b@ ag]hyald?@ggctm of dhe-Ratigniprst 40 O%begé]]ﬁﬁg cp%tﬂ%qr%%?nd (with or
Wlthﬂ‘(ljt . gepglﬁklé)? %lée R %Z?tbg I:Rér@:c]lt ?»tﬁ‘%&ﬁdﬂl\é’g%?édh 4 ©adC %’hﬁy 50 pound

nnﬂ?l@glhzé‘t‘i&ﬁ}bﬁm%n%fdifM?ﬁ@d tlen dbbet $iche Thardatécal Qefﬁicaﬁle of the pod
pr ef er abl ed al ong the robotic 8
20t iooEHoRDOEPIHTRARe fonf BF§eTp G ond o6 00 Ryl preferably

odi, men t
R R e ik
caih BERBIpedgtddofor dﬁmng efhtovdnt ibytdsmgp:at pdmmak ereasyerpgnt system that

gravity not to exceed 37 inches from Axis-6. The pod
cozeds inhersnbmeehepiopl ¥EPERbl e of supportlng a 300 pound

22d|4}g?393lé cotlé?m?ernt ‘g%eft % 8§ d he bm Pﬁe%ra&?o‘mean average

g3 seat antllevered end
dall{ reneioardoeel bf@fﬂomtﬂa&l}p@ do@eds) 5 dompabveclof52 weeks per year, over
supporting a patient |oad of 300 | bf a
a 2Onyewi lifetima. oAl Sarivere Bod |oRPORFRIS Frefrgoppperate normally in the

tempergtu‘i'e A1 ABL088k 40l SRR s @rvittneretathve sy o 25878%.

The treat-through surfaces of the pod 200 preferably do not vary in thickness with a
gradient greater than about 0.5 mm water equivalent thickness per mm along any transverse
distance. The edges of treat-through areas of the pod 200 are preferably less than about 0.5
mm water equivalent thickness. In one embodiment, the treat-through thickness of the pod

200 preferably has a water equivalency of less than approximately 2 cm.
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WD 2005/ 018735 PCT/ US2004/ 026113 | n one enbodi nent,
the pod 200 is preferably capable of supporting a
woavwsroisphant om | oad of 275 pounds (125 kg) at PCAIS2004/026113
proxi mal extension track 226. In one enbodi nent, the
pod 200 i s capable of supporting an imobilization and
patd@asonkarbiohe ppd t200 gmeitoxédrbtmteyn 10 ppiowhdsd lto etdeeiraphic
~on the attachnents with a deflection. 5 of no nqre ’
imagheasetonpieferahly Aaes FralURHEM, FEEELESE Joss Iyl to about 5 mm
. PRLL N 00 pound load at the end in the event a
pe‘é@?ﬁgﬁﬁﬁggéﬂgg sit on the extension, thereby resulting
I N With@dnihiidd refxdneass BigutdoaliA sl 484 inowerdnybollinastit othe geometry
Wth continued reference to Figures 4A an

/ 4B .infgpe d
and sitsedithrspnd, 200recqraedaiss ) Gh scapner Rilh 3 Rayycabaperigre P cm and an
L.gantil ey 0 ent. LrReeher@abkien 212
imBE SRR el Eht B EALIARn Lt ©
prefRrAdOF oot varsus hidiefese c Hern tieanigoe of trpehsmgl drdapare preferably
during treatnent using an external asur e ntds %tﬁﬁ] ¢ th
lesst fhan AWPH| OGoMbERIE ABRAIAL ARG o4 Ohg Argpacd FRbgient, the
. enmbodi ' [ Fbodt P&hpdes
i G PR i Es hACEwEED S REEP IO RS, B Bhoik DRk
posThd paenttakhrhefits prefprblyunivagn ahguihem aeivaloté ohgbout 5 mm per
reat than about 5.5 degrees fromthe horizontal. An .
f
FDArGFR RoRotp (Gpmplipgeesdeidmined dhpt THC3HiF IS Sd‘@@‘%iec g a potential
LR [ 120 el 3675 88 2 BmaTaligniatm). A
Ofﬁ%@ggﬁog%Pg%ﬁﬁﬁf@ﬂpﬁggg@g%g#gh&ggggity. The.v]grticall1 m). A
usedefeke@at dlomimiin tdudvatcy eaferspodh@ @iclatess haldingauap (type 1100 alloy)

cantilevered end (wi.th or withoyt extensiops) due.to the
af7ar B0 o0 U P BB RN AT a8 AP BOE b GHTIOR, 25
ma*:e'r'igP%]g'uF&{ohp n{tl xgﬁ‘ﬁ)é Siofaeiher Rl holigas Bﬁtﬁ@l@ sApsHt system 199 is
fm a de

era ection of the pod 20 200 (with or

preférilo Ghpxd ehstanmpdating 4 6 en peid eni d0anewater Poadorsfat the robot

100 pounds is preferably Iess than about 0.5 nm It
endai || be noted that these types of vertical and |ateral

def k. ect L 0% odfifibht 06 eC AIRERE AL S/MERT sydtdhl N0t dopdriRBNtan external

by using an external neasurenent systemthat corrects .
mehfiiemerttor visihiagyisteal, whidhofustherAlomptriabd wisioo wsstem geaskers. The vision

mat eri al s and conPonents ﬁrgfera stand a

48

| :
sysigra prgg]@ers Bilg pag“pqa? VBRHG %16%119—88%{ tl\gﬁﬁg ?{F?ﬁaf%ﬁﬂfs’ for example,

y§. per week, 52 weeks per year, over
hagﬁggg§%%§ﬁ??gggﬁne. Al'l hardware and conponents

C.pr efpatieht Podpéthal mpenat Bdéd Configutagiont enper at ur e
envi_ronment of 40-95 degrees F w.th relative . -
amBiRESpgineD5vifg5e PREC RSk do e el Fisce mpvided @ paien
pog Sgiélggotaﬂ&gﬁ% lo¥n SRR WaF YeduBes! bigekdTRes Msédiatad with abrupt
|

ent greatér than about 0.5 nun water equival ent

chiies knthe svapereqnivelzhgnig thewadiatianbeam path. 30 di st ance.

The edges .of treat-through areas qf .th . . :

or 16 oy e R o e b Do (R Papbed ntensit
ar% élﬁ)&f@sﬁompgtte 'I‘Eoﬁfé&%d'lﬁ%@ftaintiﬁ@aﬁd’eﬁ gbr &gl Wwhere the radiation

I ckness o e po _ -y

beam is delivered from a lateral position that is well above patient pod, the radiation beam
does not have to be delivered through the patient pod. In another scenario, where the
radiation beam is delivered from a lateral position that is well below the patient pod, the
radiation beam can pass through a pod shell surface of uniform density or water

equivalency. There are situations, however, where the radiation beam traverses one or both
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200 preferably has a water equival ency of |ess than
approximately 2 cm -19 WO 2005/018735
WOeCHsusene4/ 026113 Conponents of the pod 200 PCT/US2004/026113
positioned between the patient and the radi ographic
i mage receptor preferably have an al um num equi val ence
of thedstetadh@tig®r(egqUateral edghd2t o522of herpoRBhelCRR2 plepicted in Figure
1020. Wth continued reference to.Figures 4A and 4B
450 nAB RERgh 5B . Chands B et pyecue iy BFtyisel Aes ey and the
spa%g gl%%}%ctﬂgggggﬁél Birdedl RISRRBEFestt b raiRRN Desidl h@ﬂﬁ% iMEities that
0 cmand an 1 nmage reconstruction di aneter of 48
areGion-udifrinr @atifitchitao phedetr fRmesTeacts dfleay shaipt tRagtions in the water
preferably do not vary in_thickness. re, the edges
equyalencydn -ﬂterheéﬁ‘dﬁﬂ’a?ezeégedéi’ Qeﬁﬁfnezfséﬁg?) F@‘J’_C%' ess than about
0. 5o RbPiheGattaY 8RR bF HUIRKBRTRA chbOBBeRARS RéduBElor minimi
errbcs)g‘lmr(r)enzof13 tehét at E[%lgggness r%f at%g sCheII giz has a o T
thewadeereffoaisi V#lithreferance no Figre 4Chanosbenbodimem, thelamrel edge 222

Colgggﬁ;e\?; ki ?@E&‘?ﬁ Ssemnds B S R idimiB R ondipggrail 299, The
tap%%taen%lglh Z{Ag ecgﬁﬁy&%%% Frgx\?p Fur?[“dc% a5 Wﬁﬁ%ﬂﬁ&?ﬁﬁi@r@%@ﬁi}ﬁﬁlg%’c Jower

olts peak and with an x-ra
cdfezdn ibéndsas uppedgoR4®. Taperedkdgd 23 alsmpompses @gapter surface

S A S o ey LS 2 T N SIS S
245 3fld 997 Qﬂ%a@e&i&%ﬁ@@%ﬂt %’g]taerléﬁg@ﬁélgs. afR: 1BPfonfdn@degree of E)apering of
e

condi ti ons, erial in question. It wll
edgetdd, 24tatantteevarredied meedghivireditce sup pdgetefiegtst em 199 i s

0 S, AAETTBSB . BT LA, b i
gr%fgaﬁ FHoE Bout brlemfr@x%t?f LRIVAIERGIIBNG 28NS 5&HIREer equivalency/mm,

Mprises an external measurenent or vision system
depdridiiy 6mntduescycequransess aridsiepeatahjkityenf immabalizptionievices. In one

Vi S| on 0 system nmarkers. are ef er abl y. npunt ed .t
crihoginagi. £ ROt hPOUgh e cadore G SR g B 05 mem water
eqf#v@fehéy/%%@’ 228 made of netal. C. Patient Pod with

apered Edge Configuration In accordance with one

enmbditientetetal deges dfhibd podrase melativeds thin, sherely imdeignadly perturbing any
pati ent od with a tapered edge ' [ t hat
L i e BRSSP 00 "

changgsiobidnbiey Walt 859 QRisab@BE ¥dde43Nend afbiatt/i @otcbigane patient
pat h. Fgr celr?yai n radi at isgtﬁ}l)treatgr‘raent’prot oceg)ltysp,? ) patien

andaakiliaﬂidroﬁnealmﬁamtmm‘ﬁdas p?xoesdxeutpegr ¢dge @A8 ivéhjch igpds to be a sharp edge.

R e I N o

22@%&%?511?%&1‘1}9%@ ah ahfri8l pBARM! theNist fsthpleSetivlyl toallRVéhape of the
pati ent "pod, the radiati on beam does not have to be

tapkebd wigedd3tahd o syperioh popiianitatis grodrally poumded peplunt.

scenari o, ere t . . .
he rail prefergbely comprises a low-density material, such as, for example,

epoxy with microspheres, extruded or molded plastics (nylon, urethane, etc.), rubber, or the
like, or combinations thereof. In one embodiment, the rail 299 maintains the 0.5 mm/mm
water equivalent gradient of the shell 212,

In one embodiment, the rail 299 is removably secured to the shell tapered edge 243
via any attachment mechanism known in the art, such as, for example, an interlocking

receiver molded into the shell 212 for positive locating and holding of the rail 299. In
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30 radi ation beamis delivered froma |lateral position

that is well below the patient pod, the radiation
woeensoagns pass t hrough a pod shell surface of Barfuseeom/026113

density or water equival ency. There are situations,

however, where the radiation beamtraverses one or
andtiodriembo2Bnat) G5l 028 FRHIPETY thsztapmmbz@eﬁa% witheuidhe aid of any

attalﬁgyél%éﬁ%pq atgn%glsd gbggtagat%%ﬁé%%ﬁpgnt al? ;’_\%5? gg}eﬁtﬁmenﬁy secured to

the! fa Lg&%ﬂt écggﬁ 3 GBARGGY RndWiE sURILES a@cﬁléﬁrﬁ'éi‘llt aREhaRieiheath as, for
ell and"thé space above the pod shel

exdlmﬂe,raioxydgm maarosplsarts  Patientidifettyi and dosefog mprqﬁgably integrated

i nt ensi s tha e non-uni f or dlffl ul t
Wltbreéﬁllil EmboG e YHEr TBTS LR EHGRE: AP APTADI Tospfh o achieve
&l %'édl@ﬁltu (]:]é@l %Pg ‘ﬂtynantd QBN stii@f &1 f@dedathple, replaceable
erein as edge e ections of the I|ateral edges
hamfraitshe ppiableedgespod can be tapered to reduce or
n1n|n1ze . nce to Flgure
AL L €22  conpri ses

{/ﬁﬁﬁﬂé%ll 8821373 RAMG oft the orientation of the atient pod 200
Iong‘lﬁtgﬁ'gJl ly- extenggngagglrﬁzgg %%e t apered p P

an@ 4 pfaﬂﬂmposﬂs)naml li4nthetrinufat ot pakient pod 360 §1@@ttgepﬂllog011a1
ng, at | ower 10 edge 244 and ends at upper edge

egi nn
‘tmﬁﬂg““¢gﬁ§988m88 éX%%3 al so conprises an outer surface

247 ghhat g 6&9@&@5 ) Qé’l@ﬁﬁtlpggﬂtﬁf‘bﬂ@gs -Mctibeeideede® o4k siige of the
ends at upper edge 24 urfaces 245 and 247

airmHlé vatushos &iﬂavﬁﬁg@adtedh ppethceriy sl 21 Ahelbac s pr 200 has o

oSSR Ll i R G B i

g?é'e@ NG 8h P vﬁ'tl%&f %ﬁcfﬂﬁmﬂ%ll tH@ediidRe8E aBfffe 26BnieS(made up of
Ically tapered th a 15 gradlent fromabout 0.1
volmma&a’:tﬁér arglo3A4) ak apmkmthIE agfbem 811 o Waemerwide trapezoidal volume

Jvalenc n on acc CV.: I n
e abeat Ll o BF b P AR Gh ‘GvibE S BE M 319 om.
Olferﬁéﬂddf'fﬁ@ﬁlmabféevoqus edcRaAbIel iR 03218 3rek Felt@Ppsatbnwivthian ghe bottom
gradi ent of about 0.5 min water equival ency/mm The

oflthe einzbledgeseds at tsecqnta. ﬁoe eﬁ@mah epse embeflimenie e pyeft vertex

m ni nal ert ur bi era euti.c
opiihG O AP EG K tr b et Ap g e Gfos B B E Tt head a
enll Q)W'ng§ PO ¥ ifiRbbsshRIb&AYRI0F nARARtoBEd8acht @osﬂi@ﬂmg the pod 200
protects the patient and radiation treatnent

to larrrg\ht d@m aﬂlowmac‘taembmrgseto thisgdeft bal§ Whe pafienthignself gnaydegpositioned
shar g h referenc [y hel 1,4d,a

W@H@eﬁﬁ% $ 1ft Jgt ]élillg?]te t 18r; gﬁll‘,e t aecalrlrﬁar?i uér% g|3512 %%ﬁailor vertex

tre%aﬁex%%rc@ Me%qﬂamat%% @ﬂforgﬁeﬁ@uﬁacmrstu on t hat |s

conpl enrent ar o the shape of the 25 tapered edge 243
and Ia“slh;bemndtrsmdtthaj rihe aentian despdbed hyjeipotnsdibg component parts

thgrlggg Icgré]-org g%elrslghlagé ?u? ?rrecf rgﬁl;g) étl n?{reaﬁﬁq%n 2Ws dﬁgﬁﬁfn}é but not
lidHtéd RS RGOS $rea@idhnt, L derPionDtagkat o hr@éﬁneﬁﬁ anyhaging systems (e.g.,
ur et hane, etc.), rubber, or the
CT, PET, MRI cone beam, etc.).
While the present invention has been illustrated and described with particularity in
terms of preferred embodiments, it should be understood that no limitation of the scope of

the invention is intended thereby. Features of any of the foregoing devices and methods

may be substituted or added into the others, as will be apparent to those of skill in the art.
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l'i ke, or conbinations thereof. In one enbodi nent, the
rail 299 maintains the 0.5 inin/mn water equival ent
wanrewioasit3sof the shell 212. 30 I n one enbodi meRCT/USE®4/026113
rail 299 is renovably secured to the shell tapered
edge 243 via any attachnment nechani sm known in the
Theddope 8fihb imentibiots defiaepbdy barthd cltiers| appkided heretw elt vleould also be
ullq%t&%ﬂgfag%é’rf%@% B | thegaiulgs crippo\gs FoRERG Lty Bl eorporating
[
the ZrAETR &7 e YRk i SRR SO RPlof ol Sl % A ot and yet
be ®iilin tAé tapboEthe ap’p@hlﬂd]bhﬂ‘ﬁs. In yet another enbodi ment,
the rail 299 is permanently secured to the tapered
edge 243 using any known suitabl e attachnent
mechani sm such as, for exanple, epoxy with
m cro-spheres. Patient safety and confort are
preferably integrated 5 with each enbodi nent. Severa
transitions, methods, and materials can be used to
achieve specified gradient, |evel of safety and
patient confort, such as, for exanple, replaceable
handrails or pliable edges. D. A mable Vol une of
Modul ar Pati ent Support System The ai mable volunme wl|
generally depend on the orientation of the patient pod
200 10 and the patient positioner 114 that interfaces
with the patient pod 200 al ong the orthogona
transl ational and rotational axes. Figure 8 provides a
schematic partial cross-sectional side view of the
shape of the ainmable volunes 352, 354 (hashed) for
the pod shell 212. Here, the pod 200 has a thickness
of about 1.9 cm above the positioner-pod connector
234. For any yaw angle up to 15 93 degrees, with or
wi thout pitch and roll corrections, the aimble vol une
(made up of volunmes 352 and 354) is approximately a
40 cmtall by 50 cm w de trapezoi dal volune extending
about 120 cmalong the table from Axis-6 to a distal
hei ght of about 31.9 cm One half of the ainable
volune is accessible in 93-degree vertex positions
when the bottom of the aimable volune is at
i socenter. For exanple, in one enbodinent, in a |left
vertex 20 position at a 93-degree yaw, the left half
of a patient's head (positioned face up with head at
end of pod 200) is inaccessible because of maxi num
robot reach. Positioning the pod 200 to a right
vertex allows accessibility to this left half. The
patient hinmself may be positioned with a latera
shift to elimnate this. Here, the aimble vol unes
352, 354 for vertex treatnents typically begin about
3 cmoff of shell surface 218. 25 It will be
under stood that the invention described herein, and
t he conponent parts
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thereof, can be sued in any nunber of conbination of
treatnment systens, including, but not limted to,
weonreisons3s eat ment, conventional radiation treaPQEMIS2004/026113
and i magi ng systens (e.g., CIT, PET, MR, cone beam
etc.). Wiile the present invention has been
WHAT % Cé,tAéMmIS descri bed with parti cularity in 30

ter red .enbodi nents, % gh oul d be
undet'st oo‘g ar pRLign SPPRATS Sistelt 1Of f Cé%’&‘éféewmgt%‘é’mer patient in
a IfR¥EBHLABN Id8rih S LERARH ﬁ%ﬁl@l‘i’(yandl:fo‘?‘t éﬂo%ﬁloﬁfngat'ﬂx p%ﬁeﬁtht% the fixed

foregoi ng devices and nethods may be substituted or
patthedior miysubkequettirimtionsreativiehtslparappaoentdiaton lregmenf protocol,
skill in the art -22 WD 2005/ 018735

the SHRIE Y BENFPEPIBINEThe scope of the invention is

defined ophwalr hIRnEHA, BSmARRENded hereto. It should
al so be understood that variations of the particular

ermbodi ment s des damigitedinhldy-eitending @epenally |hngu ~cylvedrical support shell

rinciples of.th es i nventi Il . occur
Phose b SHicing JoBic ey oHa- e iepupes Shl lobeitpainal conter

t he scopesefiod Rea @ﬁ’&?@l‘é‘ﬁg 2 tBBshel ha@ﬁ%%&%%{rgﬁs%aié concave
PCT/ US2004/ 026113 WHAT | A MED | S: . A nodul ar

pati ent swwpfaoe,ta @yétaemdrmcoaﬁéviecﬂudiatd y fastcuprwardlysextending lateral
cancer pat a fixed EOSI ti.on dur} radi ation

treat ment dzﬁgﬁm’l‘icﬁ'sef;%‘lﬁio%war@ iexgniing leiee *to the

fixed positiofpfoQmAR¥eabS BIUEHnERA &1th®Shell proximal edge,
treatnments pursuant to ar adi ati on treatment prot ocol ,

5 the support «'sgﬂstaém’cwmur@kmgnn@tadﬁd theeshelp distad ntige, and

pod, conpri sing: alonltudlnall ted

hem - cyl i ndri caPSSPST d5 FUTECtop Afast B’?@ogﬁ‘gf QP% surface
proxi mal gggged ﬁfe%@ﬂ p@oﬁﬁﬁ bddeonal fhy @!15‘1@'101%%(1&1%51 center section;
section to a shell distal edge, the shell having a

bottomtr@misverse concave 10 surface, a top transverse
concave su first war dl y- ext endi ng | at er al
edge, and® Fléf‘? ﬁigil 46&F°§ extending lateral edge, a

proxp nal exd &ﬂﬁjoﬁn dyfsfe%i: lof QORRLE! Qhheteth HRE HBR QHnloblhzatlon device
proxi mal edge, stal extension track connected t

cqnhlwsshel lilgldlus@ldabledg@n caatdie, acoppsisinig on erol ¢ Bt confeens cw at least a
té'l;lCP dto th% ahell bottom surface 15 between the
8]I P @Fé’%“‘?%s 8Gge and the shell |ongitudinal center

Sectg.on T Qupport system of Claim 1, wherein the first immobilization device

comprises a bite block system.

4. The support system of Claim 1, wherein the first immobilization device
comprises a face mask.

5. The support system of Claim 1, wherein the first immobilization device
comprises a cranial ring.

6. The support system of Claim 1, wherein the pod comprises a distal pod
attachment that engages with the distal extension track.

7. The support system of Claim 3, wherein the distal pod attachment comprises
a longitudimally-extending, generally flat attachment, wherein the attachment provides

cantilevered support for the patient’s head.
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a first immobilization device. 2. The support system
of daiml, wherein the first imobilization device
woanpriigss a rigid nol dabl e foam cradl e, conpr PeTg2@4/026113
nold that conforns to at |east a 20 portion of the
patient's body. 3. The support systemof Caiml,
whegei N tie shpgost sybtemadTic14izaas | vaierel 8 Vhecdstaloputpatiasiage® comprises
bite block system 4. The-support systemof Claiml,
a Wpreitaiimatlyrextendisg flanobpohiment.; sATREYIEe? BeAfpiesisaesign and an
. face. Al t ie I - :
iSR! fes el SL oy RSGT MR sbovides gontievered
suffod ol therjatignt’ stheadhe support system of Caim 1,
wherein the pod conprises a distal pad attachpent .
t hatd- engdgesupparhsysteer of Slain leptherrdn 81 RAdefORIPTIFES g REpximal pod
S 0 t I 10: .n.the distal pod
attgc%f@ﬁe@%ﬁgﬁ?ﬁ% ggr;rgp‘?llfﬂ%geﬁse %&%1%31 %ﬁ%lﬁtﬂ&l [ E'al | y- ext endi ng,
genanal | Ykl aippait t etene pf ,Clukeneiwhdrdie thtt@okimehtpod attachment
provides cantilevered support for the patient's head.
compyseaCh dopEndinglig sxiprimg sosbangEed extasionhanfypd e about a 45-
¢ , s S . o .
OcFSE AP ST By S B, S 85TBR it
dishdlterednbiog Mitack <; iipreisihe gx@niieagreavest coliigioanf drcbaalnwith any patient
i mmobi l'i zati on device attachnment region, wherein the .
pogitioiaEndavicep thati eneast At ped, evlgrcinsilip pxtensiog propides cantilevered
tr{ £1ipes a@i%ﬂtds 1egr ionl N€ support systemof O aiml,
erel n the pod comnmprises a proxi mal pod attachnent
t hatl 1engagesuppdrhsyisteen of Okimdl, fietice oahmisitg asécond dnmobilization
The support systemof Caim9, wherein the proxinal
depise. att achment conprises a |ongitudinal |l y-extendi ng
posit,i oneg.- : e Tioati :
Gogride. angieaupRapria PECERATIT LA Rl P seihid dmitplizaion device
codpirisesexbiedislbelgsyrineen the proxi mal and 10 di stal
extensi on_tracks, wherein the egéensi %n gr events .. . .
col 13si onthsrsuppat petemet Hlaimy! Lp#hpiet the secondgygiqblization device
coﬁﬁ)\fiis‘ésgasfatc@ﬂfatslgngage with pod, wherein the ext e'nsi on
provi des canti |l evered support for the patient's |eg
regiien. IMhe stbpors sppa bf SYsmerh oheimthmstcontlumnkmbilization device
conprising a second i mobilization device. 15 12. The
CogpsISeY 4 Clalist Bpg-of Cl ai m 11, wherein the second

| oy | zpgd %pgﬁ\éils(fﬁn of Claim 1, wherein the wherein the shell comprises a

first treat-through material.

SU

16.  The support system of Claim 15, wherein the wherein the first treat-through
material comprises carbon fiber.

17.  The support system of Claim 1, wherein the radiation treatment protocol
comprises the delivery of proton beams to a targeted site within the patient.

18. A modular patient pod for providing cantilevered support of a cancer patient
undergoing radiation treatment pursuant to a treatment protocol, the pod comprising:

a longitudinally-extending generally hemi-cylindrical support shell
extending from a shell proximal edge through a shell longitudinal center section to a

shell distal edge, the support shell having a bottom transverse concave surface, a top
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conprises a bite block system 13. The support system

of Caim1ll, wherein the second i mopbilization device
woanpriigss a face mask. 14. The support systenPof/uSk@iunee113

11, wherein the second i nmmobilization device 20

conprises a cranial ring. 15. The support system of

d aitfndversshemeave sirtacwyhe figdt iptvirilgbekhding iqaedab edgeq and a second
first treat-through material. 16. The support system
of aPHRrlTSxtenfiag &terakedgemnher ein the first

treat-thr J: ' Q@EI 17.
The suppgﬁ#&?ﬁ}lsa erﬁgﬁgf%%%m%%&\%?e@g%ﬁ&? ]r%i)kr a Fla%llgg’n
t r eat menta distalt excaplsioncanp comrestet tethd ehélvéistl efgeparalt on
beans to a targeted site within the patient. 18.

A
modul ar FARISERRCHBRY smesPLtagheryiodthnsnglbletiony swirss detween the
of BneRBERImAULEMa dIHAT BOLAGLALAL BOidd eat nent
pursuant to a treatnment protocol, the pod conprising:
a | amgi t udhenpdtleyt @xd exfdClagn denevialdiy thenvhelt wbinpesdscalfirst treat-
support shell 30 extending froma shell proximl edge
thionel mgkerdl-shel | 1 ongi tudi nal center section to a

S hele. di SIth%l ggtgegﬁe épotdh 8]; RRP 1 S\J}lfelr%né 2@%6 grse%%%@% material

transverse concave surface, a top
coRfpTic&dS20EMY 26113 transverse concave surface, a first
upwar dl y- extendi ng | at eral  edge, and a .second
upwetrldl y-TietRaHantRyd oA deint 1 dgéier somPRsiPA disa e #ftarhment that
L AC K doh shell proximal edge; a distal
engxgeenlﬁgfhgtﬁgta{r%gagg goér?l%%{c}?ced to the shell distal edge;
and B.a phsi gatiengrodpddCleianEotlerein thcadibtepddattdebmstteddmprises a

battom surface betweep the shell proxi nal edge and .
lopgiRdgndyiexiagie: A yc&ﬁ éfﬁacg@e{lﬁ, owﬁerm. the, @tta‘_‘gwf‘éﬁt provides
caRRvQkd oﬁ‘f%?’the ﬁ‘érﬁ*s%e%(ge shell conprises a first

t through ma

reat - erial. . The patient pod of Claim
19, 2sher eflre fdtient padsdf Cleiealt,twircoeig thawdistel pal attabBment comprises a

I T eI S YT S CTE .
ORISRl o grankenstan, | ack 22 Tho

at t dahnmerfhecmatient soeisofaClaino Ay whedéindhd §isekpehatiashment comprises a
logg?ig&ﬁt?glélgyex{eln%}ngat ae% ¢ haggc tﬁen\‘ah ec%rerjp?is}nge aat Itle%aggs?ntregion and an
immobilization device attachment region, wherein the attachment provides cantilevered
support for the patient’s head.

25.  The patient pod of Claim 21, wherein the distal pod attachment comprises a
longitudinally-extending prone headrest, wherein the headrest defines a face-through hole
through which the patient can place his face, wherein the attachment provides cantilevered
support for the patient’s head.

26.  The patient pod of Claim 18, further comprising a proximal pod attachment
that engages with the proximal extension track.

27.  The patient pod of Claim 26, wherein the proximal pod attachment
comprises a longitudinally-extending robot-end extension chamfered at about a 45-degree

angle relative to a visualized longitudinal axis extending between the proximal and distal

extension tracks, wherein the extension prevents collision of the pod with any patient
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15 cantil evered support for the patient's head. 23.
The patient pod of Caim2l, wherein the distal pod
wanv@mhsmat conprises a | ongitudi nal |l y-extendPa@us2004/026113
generally hem -cylindrical attachninent, wherein the
attachnment provides cantil evered support for the
popidbhi@gt devideeabht eagel hethppdd, emliergindthefexngiom Rbyides cantilevered
wherein the distal pod attachment conprises a 20
supRsibior the nesEnts leg @I ng fl at attachnment, conprising a

headygr es.t’l% efgét%t %\%h ap Clia@'ﬁg?j, la%vﬂélje.no By %Y&)ﬁﬁlal od attachment

at t achmen gi on erern tachnent “provi des
cofiphibéd @vengudimlipprichdihgr géreeallpaflatentackmbeacdhein thHhattachment
patient pod of Claim?2l, wherein the distal pod
Pl'%‘ﬂ@%c%ﬁ%‘%l"ef% AP der the PRESHYSLERCERM v- ext endi ng prone
heady,est , ' e St def.i f!lﬁ)&g- r.Oug
hol ?9' 25 1{11\1@? g%tgéﬁlp Ogac ﬁkqte(g1 g{nga%?eﬁ%é%gﬁ ﬂ%i ce ]f?ltats] p?)gc gftacmnem
cowlpeises o loptudinkbybrendingr gveddy heantcyliwirenkeatachmppiontherein the
for the patient's head. 26. The patient pad of C aim
attegmen pryades CappYEshPROL fuherdticpbtlegiegithment  t hat

engages Wki.h ' . extensi,on: t hack. 1:.2

oa0PT PR OBl naans! 12ckudn Thfnent protoco
cogtiptiaedire deliveBPotgophibeaas & 4 angitddudte wathliy the phtadi ng

robot - end extension chanfered at about a 45-degree )

angl¥- r elariatelar patieny ped 4p1ieued BrgrIEA NS gesiiects that may arise

du?i)%ﬁggﬁg%&ﬂ:gh@&hﬁﬁﬁ %ﬁtalagno%f ﬁﬁieﬁ?bu@ﬁﬁt ¢ 2 Ekatiof )Efe?ct‘i‘t%n?fﬂrotocol, the

erein the extehsion prevents collision o
podhenpedingl t h any patient -26 WO 2005/018735

PCT/ US2004/ 026113 . posi tjoni ng devi ces t hat engage .
with pod,? mﬂééiﬂal%m@t%%gwﬁﬂm i %ﬁﬁ%ﬁpgﬁegeﬁhs% proximal
sup ' 55411 10N+ 28 i-en

od ot ihet 8ndldnghaiiy &ck SRR to el WbRdgEine support
conphield @dsviag ldogomucingedrieyecmxterdirfacg, agep émadviesefcoatave surface,

attachnent, erein the attac nt 5 provides
cant"}ﬁ@%@Feé%l\gg%ﬁBﬁlFS?C@Pdﬁ%@a fent's | eg region. 29.

The pati et poagh ekefid H?&@Onﬂé@é@tioqﬁlé SR11PE A MIBdg80hd

attachment™ conprises a |l ongitudinally-extendi ng,
gener al | ya distal extardsiondrack abnetted ¢ thershell diset edge; t he

attachnment_ provi des cantil evered support. for th
patient’ swhéanr@ﬁi%ﬁt. afgyal &‘H’Pl’i’ré%% an bt depegscherige gnd a first

\A’”eflg{égn&d'ﬁ%ll&- g{eﬁhing Rait,ERE AR RnAhRER ﬁépr_aﬂqm%ﬁ&ﬁﬁ&ﬁon that

t he Ivery of proton beans to a targeted site wthin
t he ipatoirpidmeniry té\ tho dudparofpht i fesit taperdd edpé iagdirefirst gail superior

N T T AR L T
radi ati ong & EatHE st %@feﬁceﬁge il Rates the delivery of prescribed radiation
beam doses through the first lateral edge pursuant to a radiation treatment protocol.
32.  The patient pod of Claim 31, wherein the first tapered edge is tapered with a
gradient from about 0.1 mm water equivalency/mm to about 5 mm water equivalency/mm.
33.  The patient pod of Claim 31, wherein the first tapered edge is tapered with a
gradient of about 0.5 mm water equivalency/mm.
34,  The patient pod of Claim 31, wherein the first low-density material

comprises epoxy with microspheres.
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pod conprising: a |ongitudinally-extendi ng support

shell extending froma shell proximal 15 edge through
wa 2803@18735 ongi t udi nal center section to a shel PCdiUSt@k/026113

edge, the support shell having a bottomtransverse

concave surface, a top transverse concave surface, a

firsts. | atBreapatiagepodand @lagecdlydwheksr dhe etgfe Jovrdensity material
pr oxi mal extension track connected to the shell
CORERP O dge; and a distal extension track connected

to t S | i : ereLn: fd Y - al :

edgeﬁgonphlﬁlles ggﬁegﬁ ?ﬁg Ordgt% gf%%ﬁlge%!q eﬁgi’ﬁ% Eﬁe a rlgt?g?‘l' %1%@ material
cohmpigéd urdihmad. | y- extending rail, the first rail

conprising a first rajil_inferior portion th

t is .
conpl’enentigrBatient pafeokirkaia s wheety Flws%%?rs@p@.&‘éal g comprises a
' raiil i QL i t] : .

set@ﬁlgl t??érrécg §<¥gaei zﬁldcao%ggllﬁg floﬁ ltuéﬁ?%h&se%%ng% Cfgirlfztlhté s%qg il comprising
a seadet tadlinfevibep@tion thae isf donglienhayey edthedfepd attht s¢caheé sapered edge

the delivery of prescrjbed radiation 25 heam doses
angli3y SERRS P SURSTI0% portigndhagrs @aagedp thesigeond 1eg campPHEPE @isgrpnd low-

(8RR P BLORO L& iR Ghe Al B proscribed

AGREF B VR Bty et D8 e A T ol e RRLMY B prescribe
radjintich dedm fdosem thtvaugh the decoml Batrel edggupwralagh oy threnmatimtion treatment

about 5 mm water equivalency/ mMm 33. The patient pod
Prefocedt ai m 31, wherein the first tapered edge is tapered

Wt et b@idht pba BPeim03P WRBMRNGE EHAIMBDEREAE s tapered

30 55486l T%%&S%atq?}eln? pod@g%und% éi‘?nﬁeél, vvhgr eln the fi rgsgtvis apere
witlove gemBérntt yfromt ebowl 0.1comprwades egpoalygnaym to about 5 mm water

m C{ ospheres. -27 WD 2005/018735 PCT/ US2004/ 026113
COYLaloRREIREt  ent pod of O aim 31, wherein the first

| ow-glensify Sfleﬁf bod of COMRY 87 8FhdR¥ihORe s@&detQ@er&?'éﬂgen{s tapered

pod of dal erein the first | owdensit

wittnt gradaint otanyt 0. Sesmuvadrtegnivalebey@mm. The patient pod of
Segl 3t1 ggt\g? g%t?e:gg datgla:w‘g% ?@gé’zﬁ}tﬁ' 1&%{11 %969 Sec%ggqg\lwg’d%%si?y material
' j J1yes LOg rail, the second rail
col(rzlgﬂﬂ% ésﬁlé)‘r)](g %«ll{}ym%sgg%ﬁ

npri a seco rail inferior portion that is
conptlenentlar patient tjod s &eemoB7,t bersec thred s¢capé rlew-dedejéy material
and. a second rail superior portion that is rounded,
COHEISER oY rail conprising a second | ow density
mat efd al , TheE&lR Jdaeos esandst aRsERth afg8edoalibivl@h8Sy material
the delivery of prescribed 10 radi ati on beam doses
canpragiretihse.second | at eral edge pursuant to the

radi gation_treat ment col . iy
4?3. nThe: pattlent pod 8{ %Ilao1m 31, wherein the radiation treatment protocol

comprises the delivery of proton beams to a targeted site within the patient.
44, A modular patient pod for radiation treatment of a cancer patient pursuant to
a radiation treatment protocol, the pod comprising:

a support shell extending from a shell proximal edge through a shell
longitudinal center section to a shell distal edge, the support shell having a first
lateral edge, and a second lateral edge;

means for extending the length of the pod at the shell proximal edge;

means for extending the length of the pod at the shell distal edge;

28-



38. The patient pod of Caim 37, wherein the second

tapered edge is tapered wth a gradient from about

wO 20058788t er equi val ency/ mn to about 5 m n WRCEMUS2004/026113
equi val ency/ mm 15 39. The patient pod of C aim 37,

wherein the second tapered edge is tapered wth a

gr adi ent wbreabend it JateFil WAEE cof@tibosad efemé oNred@ing any edge
The patient pod of Claim37, wherein the second

| owetfests hssycinted avithedny heems thas deverpo i it Jateral edge pursuant to the
m crospheres, 41. The patient pod of Caim 37, wherein
the’?@@Eﬁ%p$%VP ensity material 20 conprises nylon.

42. The pakiedNthePRdoRf lafdrall dBe8 Comphigssed hebhefFaeiting any edge
| ow-density material conprises urethane. 43. The

pat e&ntts pesdciefed oVidi amy3lsansbateliraversadhe sgtond laseral edge pursuant to
treat nen rotqcol. conprises the delivery of proton
beaﬁﬁa?%%ﬁgF&W§8?éd site within the patient. 25 44. A
nodul ar patient pod for radiation treatnment of a

cancer patient pursuant to a radiation treatnent

prot ocol, the pod conprising: a support shel

extending froma shell proximl edge through a shel

| ongi tudi nal center section to a shell distal edge,

t he support shell having a first I|ateral edge, and a
second | ateral edge; 30 neans for extending the length

of the pod at the shell proxinmal edge; neans for

extending the I ength of the pod at the shell distal

edge; -28 WO 2005/018735 PCT/ US2004/ 026113 wherein

the first lateral edge conprises a neans for reducing

any edge effects associated with any beans that

traverse the first lateral edge pursuant to the

treatnment protocol; wherein the second | ateral edge
conprises a neans for reducing any edge 5 effects
associated with any beans that traverse the second

| at eral edge pursuant to the treatnment protocol. -29
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