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The spectrum hypothesis and
the technical revolution in
radiotherapy at the origin of
a major paradigm shift

2A Cauclao

“Predicting Is difficull, especially predicting the future....”

The evolution in radiotherapy nowadays allows highly conformat treatment. Even for moving
targets, the radiation therapy can b& given with high precision, avoiding as much as possitile
the imadiation of healthy tissue. This allows reduction of the number of fractions and increase
of the biological effect of the treatment, The literature shows us that this increase in biotogical
cffect opens the perspective of abiative radiotherapy as an alternative to surgery, whether
this is for selected primary tumours or for imited metastatic sub-sites, This ablative radio-
therapy will change the treatment paradigms in oncology radically. It is cost-effective,
non-invasive and, as the treatment is given in a limited number of ractions not requiring a
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hospital stay, it has no negative impact on the quality of life of the patient,

{Beir J Med Orcol 201 2:6- 151-155)

Introduction

Tr the history of reatment of cuncer, surgeons such
a5 Llalsieclt deneloped apressive Joco-regional wreat-
ment modslities Gablarive treacment) oo ceacdica
cancer?” They advanced the hypothesis that caoneer
i pregressing in an orderly Lashion, emphasising
the moportance of ablation of the primany twmouy
ancl adiseent lymph nodes, This theory was replaced
v Fisher wha claimed that cuncer is o megastatic
discase ar onser. W this is troe, the alilative eatment
aiming a bocal und reygional cantral of che disease
cannor impact survivalt This theory prevailed for
several years curing the gollen era of development
and widespreacl use of systemic trearment. However,
cancer i5 neither a local disease nor @ syseemie
clisemse, hur i vepresents a specirum of discases,
This spectium hypothesis was fArst launched by
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“am Hellman and Ralph Weichselbauny ity 1995 -
The metastatic phenomenon is not random and
cloes reqquire the accuisision of capaliiitie s of ivwasion
anek rnesastasis, I is the vesult of a complex iner-
action berween cancey cells thay acquired these
capacities {oe dissemination and tovasion and
the hest, especiuliy the niche in which thase eeils
will ultirnately settle and proliferare (seed and soil
hypothesis of Paged) ' This theory of 2 pre merastatic
niche locared in the receiving host argan explains
the new random distriburion of metastacic deposis
ang iHlustrates the importasce ol a4 cominuous
cross-talk berween rhe rament cells and the horivg
orpans - TF metastases are not de facoo full-blown
there wight be an opportunity for an wgoressive
ablative appeoach of  ollering rhe potential of a
signilicant survival benghr,
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Oligo-metastases and the potential
mpact on outeorme of an ablative
treatment approach

Sargeans hawe ested the porential of a curaive
resection i case of limired metastatic disease
Credlerpaed toy s oligo-terastasic disease = QM0
For example, i the case of breust comeer, it has
Beer: shown in seweral clinical zeties that an aggres-
sivie local suigical anproach lor solitary merstari;
sites locused in the Train, Yver and lung can vield
survival hgnres mnging from 0% w0 50% w8 5
wears, M On the one hand, these publicardons are
chavacterised by differences in patient povelations,
treaiment rechnigues and mocdalites of follow-up,
It on the ocher hand they dermonstrare how treat
e cdn be Ladloved according 1o a specific patier

and disease profile,

A pre-requisice dor a leng survival probabilizy in
these surgical sevies is the complete evacication, Le.
a radical resection labetled s BO resection by the
paLhalogist {re micoseopc or actoscopic tesidual
digesse lelt bebind after suvgical resection). In pen-
eril, more informadon is availshle in the published
literarure on swpical modalities o remove meta-
sialic suhesites as compared w0 avy other focal mo-
dality, Ist apparetuly very betle of ehis research has
been conducied 10 o prospechive fashion !

I whese ol chiese surgical puhlicaton:s, mwo clinical
situalions cun be idenrified that could well peoerate
apportumities for aggressive local ablative sreaemenr
appraaches: de nova QWD orinduced M, In the
Livst sitwarion, de novo OMTY, the disease s charuc-
eriseel by the presence of synchronows Ge ar the
tirmeer oof disgrnnsis), oF metaclrenous (e, wfrer inial
. diapmaosis has been ser anc an initid trearment has
been given for the prismary disease} limited nember
of disrant metastacic sub-siws. Lo the second sce-
rario, if the syswemic rearmeanrs wsually applied m
the conext ol widespread merastatic disease ar ubie
Lo enitrol alimest all merastatic sub-sites, yielding a
lieriired mirnber of macroscopicatly detectable mera.
static remmantis, one should ke ubls 1o apoly ablacive
treatment zpprosches to the lateer, TF this is the cuse,
& single course of ablative trearment might be able
at the end 1o transiorm a partial response Swhich in
fact is synoryrnous e a toral failoe} into a complete
clinicat response which could evenrually staned lera
couple ol years and potendally infloeacs posicieely
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survival and euslivy ol lile. Theerefore, (0abe eflicaey

of the systemic treatmens 5 incressing constangy,
ane unght envision an ever-growing importance of
lowzal ablative treamerst mocalities. Sostower, o
cdebuelking procedure with o perent locsl cherapy
conld vesult i a remaining burden more sensitive
to chematberagny.

The technical evolution allows for ab-
lative radictherapy

T olain the same ablacive effect as the surgeon,
the radiation ancdlogist should be able rooapphy
a wery high dose an a lomired volume ™ Howewer,
increasing the physical radiaton dose fnumber of
[ratctions time dose per fractiony by conventioral
comiormal technigues results in an mereased risk of
nenmal risswe compticarions. Even using creaiment
udler image guidagce (GRT— Lreages Coided Radie
Therapy) and bearn imtensiny madslation for opi-
mised dose delivery (IMBEI=Intensity-Mocdulated
Badio-Therapy), rthe limits of applicaiility of a high
phusical dose will be defined by cha tolerance Jovels
of the healthy cssve surounding the el

Iris well lmoswen that the dose responae refaninnship
b rustuony aned o eisswe ro dontsing irradiation
is hest represented with a sigmeid dose response
curve. Toth dose response curees - in an ideat wortld -
should e separaced as much as possible w oller
a therapeutic index as large as possible and hence
mcrease the protability of mereasing dose and oure
withour eomplications. However, both curves are
11 reality ot char moch sepansed. Therelore, ame
nerease It physical total dose will, withoar ary
doubt, resel inoae inerease of the probabilioy of
side-etfects m heabthy dssue. One of the main reasons
for che limilations of the physical dose incyease is
linletsel oy rhee necessity of taldng - within the fracli-
ared wvolsne encotnpassecd by the  prescription
isndose - ot anly ehe gross tomour volume [TV
and the pessible microscopic exrension (hinical
target velume=C TV} bat also satery magivs which
are NECEssAlY o cope with movernenr of ke targst
{nternal sargel woleme—TIV) and wnrertaintes
whick: are positional Gaily repositioning uneertain-
ties) or mechanical Fechwically linked w the devies)
in nature (planming target volirme=FTVE The end
resule is & vather large volume o he Irradiared ar a
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thezapeutic dose level in order i obrain local conoml,
Thereloe, this lurge volwme encompasses a Sj_gn']ﬁ_
cant amouit of now-tacgel tssue. i one would be
anle 1w peduce these sulery margins, he could
polenlally envision o physical dose escalation
without taking significant increased risk ol Lae
narmal tssue complications. o do 5o, ome has fo
climinate the tmpact of and/or movement of the
rarget aneor positional anddor mechanical unees
taineizs, A reduction ol the thiclkness of the shell
raker around the targer by 4 couple of millimetres
will huve s memendons effect an the amoun: ol
noriral ssue within the volume evcompassed hy
Lthe prescripgion isodose, This can be highlighred
by a straightioreard sxaniple: if vou emove the: peel
ol an arangs withour dropping 1t away in the hasker,
the roral volume of this eollected peel cormesponds
13 the walume of the frui wsell™ Thessfore every
readuction of the shell thickness rescles inoa significant
seiduction of the vehame of bealcly dssue wichic
ihe prescription isadese.

e of the largest shells added e the CTV is the
v requited by rhe respitatory-relaced movernent ol
the rarpes. I there is a possihle gain 10 bol lor xo
rechice the amplintce of Lhe safery margins, reducing
the shell required to cope for respivatary-relared
mereemien of the targer i ooviously a logical chotee,
There are mwo was e eliminare FEsTITATOTY e
et either vou consider paring or v choose
Leacking, Lrogaring you ask the patienr, v breatk-
held and wou switch on the beam during this
areath-hold period. I is obwioss thar here vou have
1o Tely on perfect callaboration [ow vour patient
wiich might be a micky issue especially in alder
and] Frail paticats wish respiratory disorders, To avoid
this cotnpliance problem you can apt for mackiog
L tracking the patient does not provide a special
telloore and vou asi lom to breatle nosmally, The ey
for tracking is 1o register contimuously Fha potentisl
impact of the respintory movernent an the areer
posivicn. Therefore wou vely on 2 corpeladon mode]
buitt up by extermal markers and inwesal markers.
Fxternal markers alone, such as for example infra-red
ermitters positivned o the patient chesowsll coupbed
1z detecror samewhere e Lhe woom capturing the
infrared signal from Lthe moving emitrer. ate not
relabdy piving the position of the rarger. This &
copwecially rroe as there is no way o assess wherher
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movemnent of excernal and internal markers sre

linearly linked. Morecver, exrernzl marers alone do
not accoun for complex intemal tanget movemnents
{for example byysreresish the best shivg o de is e
eougle e inleomacion provided by the exoereal
markers 1o assessment of positicnal changes of in-
termal markers. These mrereal mavkers can be eicher
surrogares [or the earger {eg bomy structures) o,
mare interestinghy, divectly the rarget ftsel, pronided
the laeter can be localised with vaciological imaging.
An alternative o the tupel Wsel? is the use of several
j_z;:ﬂ{]. lidncials implanted under CToguidance ar the
boundaries of che rarget in a particular geomercical
position one fooeach other so thar sven complex
movement can be oacked adequately. Wharewver
15 wsedd wsoinrermad marker, ryowenid conginoeus
imaging during bram on tme, one should esiablizh
a correlation model beeween exrermal markers and
internal mackers, W chis correlation moded 15 buill, e
cun rely on exrernab merlers registered comtingousy
and incermab markers vegistered at ditferent time
paints curing the beam-cn rime: An example of
such an approach is the Cyherfnife™ syseem
which allows conrinoous and  real Bime marmoar
rracling with an owerall precision in case of a
meving targer of O 70 3w, This precision is even
berier bor son-maving tanmets (pecision for a lrain
lowation is O,

One can angue thar repeared imring durings beameon
time s deleterious for a patient’s hiealth huc che
amount of supplementary dose given by his
imaging i nepgigihle cornpared re the dose given o
therapentic reascns and signilicunly bess than
the cte tsed by cone beam {1 ased inoroutine for
positioning checking in convertional radiotherapy,

il the dosimetrical problem is selved by {socentic
and nen dsocentric, co-planar and non co-planar
multiple beams, if the amplituce of the salewy marpin
arownd ihe rmoger (s redoced Ty rracizing, fhis paves
the wy o sipnificanr ingrease ol the Diodogical
elfecriveness of rhe dose (BELDY withour sisnili-
cantly modifying for example she applied rord
plysical dhose, the BED will be greatly enhanced by
sing: vhe same pliysical dose bast a limived munber of
fractions. Budeccl, i the BED formuda the Tiologica?
effect deperids upon ot physical dose and refanve
ellect. The relarive effect ts highly weighoed by e
SEDSIRVIY of 2 given ssue (larget 1issoe or healthy
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e} o chunges in fraction size. IF the rissue s
senstrive to a charge in fraclionation, a sigeifcant
increase in the dose per fraction will greaely finpact
tle: BEDL TE the sensitviny o a change i fraction-
arien is greeater in the healthy issue surounding
the mvget, one should pay purticelar arention 1o
benin the applied {eacrional dose on this healthy rissue
by leaving it as much as possible ousicle she volume
encompassed by the prescriprion isodose. On the
sstfer hued, numearrs hasve often sensitivicy eo [racion
chamjes which ave racher close 1w e ones vhyerved
ter healtiy ssue. his 35 the case, one could explotc
the strnilicant increase m biological eftecl by using
high fracrional doses oo tuswsers, et gt the smme
Lieree tzxking purricalar care to eliminace Reabthy Lissue
as mch as possible. A clieical Mustrarion of this
concept 15 Lhe trearment of eary stape MSCLE,

A converntional treatment, although condormal, can
usually be applied salely ue the toral physical dose
fevel al 800y in 373 trucrions of 26y over 8.5 wieeks,
Ar this dose level we expect a less thun 154 proba.
Tiliry nf lacad conircl an ewve yeacs. The same turmour
can be approached with Stercotactic Rody Radio
Thesapy (SBE T, using Real-Time Tumour Tracking
TRTHT) with a total physical dose of 600y appliad
inanly three fractions of 2000y each over an overall
tieatrment time (OTT) of a single week. Besides the
abvious reduction of the treatmens Burden for the
parient by reducing Lthe wtal number of fractions,
thiz close schedule reslis in 2 70% o 90% poba-
bility of ocal control at owa years Lranskiing in an
actuamal survimal of aboue 0% which is comparahle
o sturvival fgures alter supgery'? T these suigical
series, however, rhe patients are highly selecred
brecaise of theit good geveral condition sond tumonr
charscteristics allowing a surgical inreevention, This
is dli'iitlel:E}' aal 1he case in SART series. Frail, oder
pavienes, rjected for surtgey becavae al their general
breslth comdirien ave addressed lor SBRT and neves-
theless the survival ligures in this negativeleselected
PFafent papulation are comparstile o surgery.

The key o success bor SBRT therefore, is oplimal
clelineation of rhe ravger, based on high resohiton
multb-medal smaging Gombinicn morplolegical
and mewsbolic inloemarion), and oprimised hypo-
teactionared  dose delivery  thvough ool heam
apmreach with mage-based RUTT. Thess techniques,
therefore, clo allow e ablarive radistherapy w be
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givert with omly overy imited rigle of side.effecrs g
the dose fll-off is extremely sharp oucside of the
voburne encempassaed by the prescription isedose,

Radiotherapy versus surgery in the
ablative paradicgm

There: v several advantages of ablacre radiotheraps
as compared oo surgery: there is oo tasive procedure
requiring severd] days in hospiral, the mearment s
friven on an amnbulatory basis, the cost of sreatment
is significancly redieed provided one labes ol
considerstion rorsl direer and indireer costs, the
treatment can casily be gisen for snocher merastalic
subr-gie SyIpeRring arou laker time poimt, there e
vivtually ne acute side-effecrs and the oeazmen: is
totally painless, The impace o guality of fike, i
COnirast ™ oan imesive surpicel procedure. is enly
srrall and limvired w time as the mumbess of kactions
are restained 1o an absobule minioum.

There is another imporsang acvantage Tinked o the
use of onisTTVing radiation to eradicase the tumour
rarget, The ablative surgical procedure should be
raclical, L.e. i the marpies are close] ot invalved, the
survivil drops dramarically. Tn combrast, in case af
SRRT. even if the dose fall-off cusice the valurme
encotmnpassed by the prescriprion isedeses s extremely
rapid, the dose is not null outside the tavger volume.
There ave data showing the link beeween the number
of clonegenic cells wr eliminare and rhe dose 1o be
applied."® Therelore, in the area of possible mico-
scopic extension, outside the TTV - which in theary
already conrains.a safery shell eo cope with mice.
seopic exteresion beyond the maooscopically wisibie
tarpet yohmme - the lower radiaton dose mighe be
able o eradicate these isolated cells.

The paradigm shift and the compilaxity
of evidence-based medicine

It seems obvions thet 3TRT will play an bmporrant
rale in the zrestmens of selecred patents, Thee is
ni doube that progress in medicine hias beer: made
thanks to the use of randomised comteolled erials
In wariows Dields vhe implemenragion ef individual-
isedl treanment tailored according o 2 wicle wartation
of patients and ramon chasaereriseics, highlighting
the complexity and heterogeneity of the disease,
will reelucy: our whility to rur large randonvised wials.
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Tf one consiclers comparing s treatment mngalities,
the presequisiee s obviowshy & mandatery inbormed
consant. [1 oee has to inform a pagene choroughby
on two very differens meatment moclalities with a
g differeniial i invisiveress, there will De withont
wny doubt g very high refasal zate as patienis wilt
spanraneatsly ask w be weated with the less invasive
prooedured This is the case for SBRT. A typical exarn-
ple iz e sbortion in the Thited States of America
(LAY of 4 randonised ial designed o compares,
radical surgery ro ablative nuliorherapy performed
i thires: fractions in one week i eardy stage son-small
cell hing cancer. Onee ihe patienes are informed
about the passible side-ellects of summy, they ne
loneer wane w be andorrised and ask for SBRT.
One could arpue tromically chae there has never
heen arandomised ial on the use ol parachutes and
vt Is nse saves lives? More seriously, rhe veduced
prssibilitics of ruaning  randomised  controiled
trials pur the mressure on the vaciation oncologionl
commmaeity, i oorder o perloon comprehensive
prospeclive cutcome aealysis. And oucome is oot
orlyv aostory of local conuel, disease-lree survival
(S aned overall suevivel (051 bur inchudes also
guality of life and cost-effectiveness!

Conclusion

The rechnizal tevolution, specilically in tas felds
of imaging, nfovmarics and roborics, has opened
the gates w highly corformal TGRT. The possibificy
Ly track ehe turnenm in real-time recuees the mugni-
tude: of the safety shell to be takea ascund the rrget
ta make sure that the latter ar any time is within
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the prescription isodese, The inerease in resolucion
of the imaging and the combination of marpha- -
tbogical and metabobic inlormeatben will peovide Lhe
passibility to recduce the ameount of healrthy disse
ever further.

This eliminution of heatthy rissue from the high-dose:
volwme allews the vse of lagge doses per fraction.
This tesulis inoa sigoiliceal increase o biokgical
elfeet withowt an increased risk of acare aed lare
complicstions, Stereatacric image-puided SBRET there-
fore allows a treatmen: with an ablative potential
compurable o surgery e offers the sdvantages of
being safe, now-invasive, and costeffeczise, with altsst
1 celeterions impact an o padents qualicy of Life.
This treatenent vpeion will orginaee major parsdigm
shilts in oncohogmy, rot only ﬂ::n’ the trearmeent for
primary fumaurs but also for the evadicazion of
fimted metasiade cisease.
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