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Abstract

Thepurposeofthisstudywastoevaluatedosimetricparametersofthree-dimensional

conformalradiotherapy(3D-CRT)andanalyzeitseffectonclinicaloutcomesincludingpain

controlandtoxicity.Assessmentofthetreatmentplansinthestudywascarriedoutbasedon

reporteddosimetricparameters,whereaspatientreportedpainscoreandtoxicitywereusedfor

assessingresponse.

Methods:Aninstitution-basedretrospectivecrosssectionalstudywasconductedfrom June–

Sept2023. ThedatawascollectedusingKobotoolboxandwasexportedtoSPSSversion26

foranalysis.Statisticaltestsandanalysiswasconducted.Variablesweretastedfor

significancep-value<0.05,andifp<0.02multiplelogisticregressionsanalysiswasdoneto

determinetheeffectoffactorsontheoutcomevariableandtocontroltheconfoundingfactors. 

Atotalof97participantswhofulfilledtheinclusioncriteriawereselectedfrom thosepatients

treatedusingHypofractionatedradiotherapy(HEBRT)from June1-Sep1,2023.Theywere

retrospectivelyevaluatedat2monthsafterforRTpainandtoxicity.PatientreportedPain

responsewascalculatedaccordingtointernationalstandardsofpainindexwhichtooktheuse

ofanti-painintoaccount;calculatingdailyoralmorphineequivalentdose(OMED).

Dose–volumehistogramsforPTV,(V95%,Dmean,Dmin,Dmax,CIandHI),andDoseexposure

forOARswasassessed,(lungs,kidney,esophagusandbowl/intestine)dependingonwherethe

spinallesionwaslocated,thenresultswerecomparedwithstandardrecommendations.In

addition,effectofdosimetryonpainresponseandacutetoxicitywasassessed.

Results:Theoverallpainresponsewas63%withcompleteresponse(CR)rateof24.7%.Only

43(44.7%)ofpatientshadreceivedtherecommended95-107%ofprescribeddose.About

twentyfivepercent(24.7%)ofpatientshadDmax>110%,thelargestbeing117%.Acutetoxicity

wasseenin36(37.1%)ofpatientsfrom these23.4%wassevere.Theconformityindexwas

foundtobeb/n1-2in97%ofthecases.Incontrary,homogeneityindexwasdifferentfrom zero

in100%ofthecases.OfpatientswhosemeandosewasmeasuredlungDmeanwas>13GYin

2(4.4%)patientswhilekidneyDmeanwas>18GY(EQD2)in1(1.5%).Thereasonforpoor

coverage,highDmaxdoseandhighmeandoseforOARsmaybethewrongassumptionof

consideringallpalliativepatientsasshortterm survivors,andadvancedpresentationwith

diffusevertebralmetastasisresultingdifficultyonplanoptimization.

Conclusion:Adeviationfrom recommendedvaluewasseeninD95%,Dmax,DmeanandHI.This

suggestsasthereshouldbemoreefforttooptimizeplansandstrictlyevaluatetheDVH.Lack

ofsignificancerelationonmultivariateanalysismaybeduetosamplesizeandthosecasesthat

hadtoxicitymighthavemissedduetoearlydeath.
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1.INTRODUCTION

1.1.BACKGROUND

Lesions on the spine caused by cancer that started somewhere else are known as spinal metast

ases (SM) (1).

With an estimated prevalence of 3070% in patients with metastatic cancer, dependingon the typ

e and stage of the disease, spinal bone metastases is a common and severe consequence of ad

vanced cancer (2).Although it can happen to any cancer patient, the prevalence is highest in tho

se with breast, lung, and prostate cancers, at 21%, 19%, and 7.5%, respectively (3, 4).

A patient's quality of life may be adversely affected by bone metastases, which are common sig

ns of malignancy and can cause extreme physical distress due to severe, uncontrollable pain, pa

thological fractures, and cord compression, which can result in symptoms like weakness, troubl

e walking, and bowel and bladder issues (1,4).Patients with spine metastases have historically h

ad varying 1year overall survival (OS) rates, with a median survival of 10 months, and a range of 

0% to 83% depending on the underlying tumor site (5).

Since the advent of targeted medicines, immunotherapy, hormone therapy, and chemotherapy, p

atients with metastatic disease have had longer survival times.Additionally, new advancements i

n microinvasive surgery (MIS) and stereotactic radio surgery (SRS) have increased overall surviv

al (5, 6 and 7).Recently developed systemic therapeutic drugs have improved the OS in patients 

with metastatic cancer, including prostate, lung, and breast cancer (3, 8, 9 and 10).

Systemic medicines, radiation therapy, and surgery are all used in the management of SM.

Medical interventions can alleviate symptoms, but they don't significantly enhance clinical result

s or prolong life.However, using opioids can have serious negative effects, such as tolerance an

d mental or physical dependence. It can also delay the development of neurologic disability (8).

Consequently, radiation and surgery are now the two cornerstones of SM treatment.

While radiation controls local tumors, surgery guarantees spine stability and decompression of 

nerve components (9).According to reports, the success rate of spine surgery is outstanding, wi

th local recurrence rates ranging from 1.1% to 15.3% (11).

Nevertheless, it leads to a significant proportion of postoperative complications, which range fr

om 5.3% to 51%. This includes 4.2% of reoperations at 1 year and 12.5% of hardware failures aft

er 2 years (12).Nonoperative palliative care is frequently the best option for the treatment of SM 

because surgical treatment options are typically based on balancing surgical indication, risk, an

d life expectancy (13).Up to onethird of patients have total pain alleviation at the treated locatio

n with EBRT, which significantly palliates painful bone metastases in 50 to 80% of patients (14, 

15, 16 and 17).In patients with a favorable prognosis and overall performance status, RT after s

pinal cord decompression and vertebral fixation or reconstruction has been demonstrated to be 

an effective combination treatment for SCC (18).

Combining radiation therapy (RT) with immunotherapy or bisphosphonates can occasionally red

uce pain and neurologic side effects (19, 20).Radiation dose and fractionation regimes are widel

y practiced differently over the world.Recent findings indicate that longerlasting relief from unpl

easant SM may be linked to higher administered biologically effective doses (21, 22).
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Consequently, hypofractionated radiation therapy (HEBRT), which entails administering more ra

diation doses in a horter amount of time than traditional RT, is gaining traction these days.

In a survey of fifteen African departments on palliative radiotherapy, for instance, lengthy sched

ules of palliative radiation for simple bone metastases were often recorded instead of the sugge

sted single fraction, which exacerbated machine unavailability (24).

A study done in Ethiopia from 2015/18, of all patients who took RT, about 13% of them were tre

ated for bone metastasis; and the pattern of palliative RT for bone favors fractionated regimens 

over a single fraction: 20Gy in 5 fractions (82.1%), 30Gy in 10 fractions (3%), and 8Gy in 1 fractio

n (12%). If singlefraction RT would have been given, it would have resulted in a 78% reduction in 

the number of RT sessions and 76% reduction in total RT time (8).

Despite an increase in the utilization of the 3 dimensional conformal radiotherapy (3DCRT) tech

niques for bone metastasis, the optimal beam arrangement remains unknown in palliative settin

g (25). Optimal RT technique, better dose homogeneity, and avoidance of over- and under-

dosing should be given higher attention to provide maximal durable pain relief, particularly for p

atients with long life expectancies (5, 6, 7, and 27).To achieve between 95% and 107% of the rec

ommended dose, the ICRU Report 50 suggests uniform dose distribution throughout the PTV/ta

rget volume (28).However, AP/PA field plans with a deviation of ± 10% from the recommended 

dose are frequently utilized in clinical practice.Together with the two fields AP/PA, there are thre

e field plans, two anterior and two posterior oblique beams, and five beams total. Dose-

volume parameters, such as the Conformity index (ICRU 62), may be assessed for the PTV and 

OARs using all five beams.But, as the optimal diametric parameters for EBRT of spinal metasta

ses with respect to ICRU50 /6211 were not clearly determined, there is a need for a greater und

erstanding of the relationship between dosimetric factors and clinical outcomes (29)
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1.2.STATEMENTOFTHEPROBLEM

Two-thirdofcancerpatientswillexperiencebonemetastasisintheirlife,about70%occursin

thespine.Itcausesdebilitatingpain,boneinstability,difficultyinwalking,andbowelandbladder

problems;whichhaveanegativeimpactontheirqualityoflife,resultinginfunctional

dependenceonothersfordailylifeactivitieswhichfurtherleadtopsychosocialdistress;italso

putsanadditionalburdenontheircaregivers(2,3). 

Radiotherapy,especiallyHEBRTisconsideredbeneficialincountrieswithahighburdenof

metastaticcancerandlimitedresources(30).Multipletrialshaveshowedasbothsingle(8GY#1)

andmultiplefractions(20-30GY#5-10)havesimilarpainrelief,althoughhigherre-treatmentrate

wasseenin8GY#1arm,20%vs8%(2,14,15,17and31).Thereisalsowidespreadvariationin

practicepatternsofradiationdoseandfractionationschedule,Worldwide(14,23).

ThethreefieldplansimprovedthedosedistributiontothePTV(p=0.0006)ofmeandoseand

conformity(p=0.009)comparedtotwofield,butintheexpenseofsignificantriseindoseto

intestineandkidney.Incontrary,theuseoffivefieldplanaddstotreatmentcomplexitywithno

significantadvantageintermsofdosimetryoverthethreefieldplansintermsofcoverageof

thePTV,ratheritaddsasignificantdosetokidneysandboweloverthethree-fieldplan(29,30).

Forexampleappropriatelymanagedmetastaticbreastcancer,prostatecancer,renalcell

cancercouldhaveOSupto63.9month(31,32),53months(33),and45.7months(34)other

caseswitholigometastasiscouldalsosurvivelong.Theseshowsusingoptimalradiotherapy

techniques,attainingbetterdosehomogeneityandtheavoidanceofover-andunder-dosing

shouldhavetobegivenhigherattentiontoprovidemaximalanddurablesymptomaticrelief

withmaximum toxicityreduction(5,6,7,23,25,25,and36).But,optimaldosimetricparameters

forEBRTofvertebralmetastasiswithrespecttoICRU-50/62-11wasnotwellestablished,and

thereisaneedforabetterunderstandingtherelationshipbetweendosimetricparametersand

clinicaloutcomes.Asaresult,itisimportanttostudydosimetricparametersofradiotherapy

includingbeam arrangement,DVH,CIandHIincludingdosetoOARsanditseffectonpainrelief,

andtoxicity.

Therefore,conductingStudiesontherelationshipbetweenradiotherapytechniqueand

treatmentoutcomewouldprovideimportantinformation,particularlyforpatientswithlonglife-

expectancies.
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1.3.SIGNIFICANCEOFTHESTUDY

Inrecentyears,managementdecisionsforpatientswithvertebralmetastasishavebecome

morecomplexascancerpatientsaresurvivinglongenoughtoexperiencemorbiditynotjust

from tumorbutalsofrom oncologicaltreatment.Despitethis,differentregimensofHEBRThave

beenusedformanagingspinalbonemetastasisworldwide;andinEthiopia.Thereasonforthis

variationislackofadequaterecommendationondose,fractionationandRTtechnique.

Astoourknowledge,thereareonlyafewstudiesdoneworldwide,andnoresearchhasbeen

doneinEthiopiaonthisspecificarea.Asaresult,thisstudywilladdtotheexistingknowledge,

helptoidentifythedosimetricparameterofHEBRTwhichyieldthebestclinicaloutcomesfor

treatmentofspinalmetastasis. 

Itmayalsocontributetothedevelopmentofevidence-basedtreatmentguidelinestoimprove

managementandassistclinicaldecision-makinginourinstitutionasmostofthepatientsare

advancedandpresentwithbonemetastasis.
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2.LITERATUREREVIEW

2.1Epidemiology

The most frequent primary malignancies that primarily spread to the spine: breast (21%), lung (1

9%), prostate (7.5%), kidney (5%), gastrointestinal (4.5%), and thyroid (2.5%).The thoracic (70%) 

and the lumbar region (20%) are the most common locations ፎርspinal metastases(1).

spinal bone metastasesis common inpatient

with breast, lung, and prostate cancer, with respective prevalences of 21%, 19%, and 7.5%.

An index pain score of 0 and no concurrent increase in the daily oral morphine equivalent dosag

e (OMED) were considered signs of a full response.A two-

point drop in the index pain score without an increase in analgesic usage or a twenty-

five percent drop in analgesic use from baseline without an increase in pain score were consider

ed partial responsesPainprogressionwasdefinedasanincreaseof2inthepainscorewithout

areduction,ora25%increasewithoutadecreaseinpainscore.Anindeterminateresponsewas

definedasanyresponsethatwasnotcapturedbythecompleteresponse,partialresponse,or

pain-progressiondefinitions(15).

2.2ClinicalfeaturesandComplications

Bone metastases can caus physical distress due to severe, uncontrollable pain that requires hig

h doses of opioid drugs, pathological fractures, hypercalcemia, and compression of the spinal c

ord resulting in neurological deficits and symptoms like weakness, difficulty walking, and bowel 

and bladder issues. These symptoms can

negatively affect quality of life and functional independence ( 1,3,4,15, 37).

Daily activities also contribute to psychosocial distress (32).Pain is cited as the main issue by al

most 62.1% of patients (33).

Sixtyeight percent of endstage cancer patients reported discomfort associated with their main t

umor when they sought palliative care (34).The original tumor or any concomitant metastases a

re the focus of around 70% of pain treatments (35).

2.3Managementandoutcome

The successful treatment option for spinal bone metastasis is radiotherapy. It can effectively rel

ieve pain, function, and slow down the rate of spinal cord compression, all of which improve sur

vival and quality of life.

For instance, 50 to 80% of patients experience significant alleviation from severe bone metastas

es with EBRT, and up to 30% of patients experience total pain relief at the treated site (16, 17, 21,

 and 22).Long palliative radiation schedules for simple bone metastases were often reported ins

tead of the advised single fraction in a palliative radiotherapy assessment of fifteen African hos

pitals, aggravating machine unavailability (23).

Shorter fractionation schedules, according to the researchers' hypothesis, are not utilized becau
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se of resource constraints andfor patients who are traveling long kilometres

would require retreatment.The results of those studies, which suggested more research to deter

mine the best palliative radiation therapy procedures and indications at radiotherapy centers in l

ow-resource environments may help shape future plans for enhancing resource accessibility.

For nonsurgical patients with neurodeficit who have short life expectancy, a single 8 Gy EBRT tr

eatment is advised.If more than six months are anticipated to pass, at least 30 Gy of EBRT divid

ed into numerous fractions is recommended.Single(8Gy

)dose is advised for patients with spinal metastases who presented with no SCC.Studies

suggestthatahigherradiationdoseneitherprovideamoreeffectivepainnorlocalcontrol.This

canbeusedeveninradioresistanttumors,showingalocalcontrolrateupto88%(33)

Intractable pain, mechanical instability, and neurological impairment  warrant surgery (33).This 

procedure involves weighing the risk and benefit of the proposed treatment against the patient's

 comorbidities, illness burden, and life expectancy.

Spinal metastasis surgery seeks to improve/maintain neurological function, reduce pain, give st

ability, and expedite the period to return to systemic treatment withpalliativegoal(33).

For patients without myelopathy or highgrade ESCC, EBRT for radiosensitive cancer and spinal s

tereotactic radiosurgery (SRS) for radioresistant tumors can be used as non-

surgical treatment options.In the era of spinal stereotactic surgery, patients who report with hig

hgrade ESCC and/or myelopathy and are mechanically instable or have radioresistant tumors sh

ould consider spinal surgery (34).Hematological malignancies

including multiple myeloma, lymphomas, and plasmacytomas,in

addition solid tumors like ovarian, breast, prostate, and neuroendocrine carcinomas, are

highly/moderatelyradiosensitive.

Most additional solid tumors are thought to be radioresistant to radiation therapy (RT), including

 sarcoma, thyroid, nonsmall cell lung carcinoma, renal cell carcinoma, colorectal, melanoma, an

d hepatocellular carcinoma (39).

According to studies, the spine is home to almost 50% of metastatic malignancies. Treatment o

ptions for these tumors are extensive and include radiation, chemotherapy, surgery, and isotope

 therapy.Many modalities (e.g., 3D-conformal radiotherapy, intensity-

modulated radiation therapy [IMRT], stereotactic body radiation therapy [SBRT]) and radiation ty

pes (e.g., electrons, photons, and protons) are available for the radiation treatment of metastati

c lesions (40).Excellent outcomes from the procedure are reported, with local recurrence rates r

anging from 1.1% to 15.3% (11).On the other hand, the incidence of death varies from 1.3% to 9.

7%, and the rate of significant perioperative complications can reach 39.7% (12).

Combination therapy appears to have a good effect on local tumor management, with a 4.3 to 2

2% recurrence rate.After surgery, the 1-year survival rate is up to 78.4 (41).

Microinvasive surgery might be taken into consideration for individuals whose life expectancy is

 greater than three months (42).For patients receiving spinal stabilization, hardware failure repre

sents a significant postoperative complication (12).Adjuvant radiation therapy is administered a

t a curative dose of 30-39 Gy in 10–13 fractions due to the high rate of post-

op recurrence (33).IthasbeendemonstratedasignificantdecreaseofpainafterRTupto93%

forpainreductionandinmaintainingskeletalintegrity,whilereducingtheoccurrenceofadverse

relatedeventssuchaspathologicalfractures(43).

Yeo SG evaluated three confeldsin a threearm study:

single poster anterior (PA) field, two posterior oblique fields, and opposing anteroposterior (AP)
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/PA fields.The three field strategy outperformed the AP/PA fields technique, which justifies the 

present study's conclusions in favor of the three-field approach.

The study found that there was superior esophageal sparing but a slight adverse effect on lung 

dosage (36).By expanding the number of fields in the 3DCRT approach, the target region may re

ceive approximately 97% of the dose by 95% of the target volume, resulting in excellent coverag

e.With the multibeam configuration, the elevated dosage to OARs was within tolerance limits.In 

comparison to two beam plans where 90% of the volume received more than 95% of the prescri

bed dosage, the three field plans further enhanced the dose distribution to the PTV  (p= 0.0006) 

of mean dose.When compared to the two fields, the conformance was likewise shown to have g

reatly improved (p= 0.009).

Conversely, the dose to the kidney and intestines increased significantly.Regarding PTV coverag

e, there was no discernible difference between the three field plans and the five field plans (25).

Histology, lack of visceral metastases, performance status, and the Functional Assessment of C

ancer Therapy (FACT) are linked to a better prognosis (44).Thanks to the development of chem

otherapy, hormone treatment, immunotherapy, and targeted medicines, individuals with metasta

tic disease are now living longer (45, 46, and 47).The prognosis for tumors that frequently sprea

d to the spine is favorable; overall survival is expressed in years.Prostate, lung, and breast OS ha

ve all improved with newer treatmentoptions

; additionally, the mOS for some favorable tumor sites and histologies can be on years (3, 15, 1

6, and 46).The mOS for breast cancer is 63.9 months (31, 32).OS for prostate cancer can reach 

53 months or longer (33).RCChasOS45.7months(34).

Recent findingsshowed longlasting relief from painful spine metastases may be linked to higher

 administered biologically effective doses (31, 46).For patients with previously unirradiated seve

re bone metastases, multiple prospective and retrospective randomized trials have demonstrate

d pain reduction equivalency for dose modalities comprising 30 Gy in 10 fractions, 24 Gy in 6 fra

ctions, 20 Gy in 5 fractions, and a single 8 Gy fraction.While single fraction treatment technique 

maximizes patient and caregiver convenience, fractionated treatment courses are related with a

n 8% retreatment to the same anatomic region due to recurrent pain versus 20% after a single fr

action (2, 6, and 22).

Skin irritation, pain flareups similar to minor sunburn, nausea and diarrhea are examples of local

 consequences.

Radiation to mucosal surfaces close to the radiation field may cause esophagitis or mucositis.

Compared to multifraction regimens, singlefraction palliative radiotherapy has been linked to fe

wer acute adverse effects (48).Research has shown that a greater proportion of patients with pr

eserved ambulatory function one year following treatment are those who get steroid medication

 (49).Rades et al. conducted a prospective study to assess local tumor control from short-

course regimen (1 * 8 Gy/5 * 4 Gy) and long-course regimen (10 * 3 Gy/15 * 2.5 Gy/20 * 2 Gy).

Better local control, a comparable functional outcome, and a similar survival rate were linked to l

ongcourse radiation(50).

Inastudycomparingsinglefractionwithmultiplefraction(8Gyin1#vs20Gyin5themost

frequentlyreportedacuteradiation-relatedtoxicitiesat14dayswerelackofappetite56%of

assessablepatientswhoreceived8Gyversus66%ofassessablepatientswhoreceived20Gy;

p=0∙011)anddiarrhea23%ofvs31%.Finalconclusionofthestudywastherewereno

differencesinpainresponsewhetherretreatmentwasprovidedusingsinglefraction(SF)or

multiplefractions(MF).Theoverallpainresponseforallsiteswas45%forSFand51%forMF

(51).AccordingtoRTOG
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9714,there was no difference in the reaction to narcotic pain treatment in the cervical, thoracic, 

or lumbar spine (52).In order to achieve conformal dosages and avoid normal tissues, SBRT wit

h cuttingedge technologies like IMRT and CyberKnife is now a possibility, leading to a greater th

erapeutic ratio (40).Compared to patients treated with nonconformal radiation to 20 Gy in 5 frac

tions, those receiving SBRT with 24 Gy in 2 fractions saw a more comprehensive and long-

lasting relief in pain (54)

After three months, 14% of patients receiving 20 Gy in five fractions had pain from their lesions, 

while 35% of patients undergoing SBRT had a full response (P <.001)(55,56).

In instances when there are limited radiation treatment facilities, single fraction radiotherapy ma

y be more practical and economical.Radiation therapy plans that are economical and resourceef

ficient are required since most patients present with an advanced stage of their disease (30).A h

omogenous dose distribution across the PTV/target volume, ranging from 95% to 107% of the r

ecommended dose, is advised by ICRU Report 50.However, a deviation of ± 10% from the specifi

ed dose is commonly employed in clinical practice for APPA field plans (28).

Two field AP/PA, three field plans, andfive field plan beams, one anterior and two posterior obliq

ue beams, and dosevolume parameters can be assessed for the PTV and OAR's Conformity ind

ex and HI (ICRU 62) (29).Due to dosage coverage and dose heterogeneity in the target volume, r

adiotherapy planning, delivery, and dose distribution may have an impact on the course of treat

ment.One posterior field or two opposing APPA fields are used to treat the thoracic and lumbar 

spine (31).The International Bone Metastasis Consensus Working Party suggests prescribing do

ses to the midvertebral body and factoring in at least one vertebral body above and below the af

fected vertebra (e) in the treatment volumes (32).While the coverage of the vertebrae may not b

e ideal, a PA field has the benefit of protecting anterior organs such as the colon.A greater cover

ing of the vertebrae is an advantage of the APPA approach (33).For the PTV and OAR's Conform

ity index, the following dosevolume characteristics were assessed: treated volume (absolute vol

ume in cc) (ICRU 62).PTV volume was computed for the kidneys, lungs, and bowel, which are at 

risk organs (29).

Palliative spinal bone irradiation was often accomplished by single posterior field or two oppose

d anteriorposterior fields (APPA) employing 2Dradiotherapy planning without dose volume infor

mation.

According to the ICRUrps) and the International Bone Metastasis Consensus Working Party (IB

MCrps), the nominal prescribed dose was 20Gy in 5 fractions using 6-

MV photons for posterior fields and 18-MV photons for anterior fields (34, 35).D90(p=0.002)

andDmean(p=0.0009)wereconsiderablysuperiorwithtwofieldplansoveronefieldplanina

studythatexaminedfortyradiationplanswithPTVsettings.Whenusingathreefieldtechnique,

Dmeanperformedmuchbetterthanwhenusingatwofieldstrategy(p=0.0006).Thegoalofthe

currentstudyistocomparethedosetothetargetregionofinterestandorganatrisk(OARs)of

fourdistinct3DCRTlayoutswithvaryingbeam configurations.Theimplicatedvertebraealong

onevertebrasuperiorandinferiortotheinvolvedvertebraewereidentifiedastheclinicaltarget

volume(CTV),whichwasdrawn.A5mm isotropicmarginfrom CTVwastheplanningtarget

volume(PTV).Alongsidethis,thedosetothecolonincreasedsignificantly,butthedosetothe

kidneysstayedthesame.Whencomparedtotwobeam planswhere90%ofthevolume

receivedmorethan95%oftherecommendeddosage,thethreefieldradiationplans

considerably(p=0.0006)improvedthedosedistributiontothePTV.Additionally,itwasobserved

thattheconformancehadgreatlyimproved(p=0.009)whencomparedtothetwofield
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plans.Conversely,thedosetothekidneyandintestinesincreasedsignificantly.RegardingPTV

coverage,therewasnodiscernibledifferencebetweenthethreefieldplansandthefivefield

designs.Theapproacheswereallwithinreasonablebounds.

Thefivefieldplans'maindrawbackoverthethree-fieldtechniquewasthattheyshoweda

noticeablyhigherdosagetothekidneysandcolon.Palliativeirradiationforskeletalmetastases

thatusealargernumberoffields—twoorthreefields—ensuressubstantiallybettercoverage

thantheonefieldtechniquethatistypicallyused.Withmulti-beam techniques,thedosage

increasetoadjacentOARswaswithintolerablebounds.Bettertherapeuticresultsanda

manageablesideeffectprofilefrom palliativeradiationtherapycouldresultfrom this.Additional

researchinclinicalsettingsisnecessaryduetoitsassociationwithclinicalresults.Ontheother

hand,usingafive-fieldmethodincreasestreatmentcomplexitywithoutofferingadiscernible

dosimetricadvantageoverthethreefieldplans.Byexpandingthe3DCRT'sfieldcount,itmaybe

possibletoachieveoptimalcoverage,where97%ofthetargetvolumereceives97%ofthedose.

Themultibeam'senhanceddosagetoOARswasconsiderablywithintolerancebounds(35,36).

Whentreatingpatientswithextendedlifeexpectancies,conformaltreatmentplansshouldbe

takenintoconsiderationinsteadofsinglefieldplans,andattentionmustbemadetoensurea

homogeneousdosetotheTV.Long-term patientsmayrequirecarefulconsiderationofdose

heterogeneity.Whilemaximum targetvolumedosesupto130%oftheprescriptiondosemay

havemajornegativeeffectsonnormaltissueinsuchpatients,minimum targetvolumedoses

aslowas70%oftheauthorizeddosemaycompromisetheefficacyoftreatment(35).

The minimum dose given to 95% of the PTV (PTV D95) and the maximum, mean, and minimum 

doses to the CTV were evaluated.The highest doses to the esophagus, small intestine, and kidn

eys, as well as the mean doses to the organ tissues, were used to determine the extent of dose 

exposure to the OARs.

Therefore, for patients who require reirradiation and have a favorable life expectancy, such 3DC

RT techniques may be of great advantage (37).AccordingtotheDutchBoneMetastasisStudy,

patientswithpainfulspinalmetastasesweregiveneither8Grayinasinglefractionor24Grayin

sixfractions.Whensideeffectswereexamined,atrendwasshownthatpatientsreceiving

APPAtreatmenthadhigherratesofvomitingandabdominalpain(p=0.054andp=0.053,

respectively).Diarrheacomplaintsweresubstantiallymoresevereinpatientstreatedwiththe

APPAapproach(p=0.044).Therewerestatisticallysignificantdifferencesbetweenthe

treatmenttechniqueswhentoxicitywasassessedforthelowerspine(excludingthethoracic

spine)andonlyforthesideeffectsthataffectedtheabdomen.Abdominalsymptomswere

independentlypredictedbythetreatmentplanandthelocation.Abdominalproblemsweremore

commoninpatientstreatedatthelumbarandthoraco-lumbarspines(OR2.29and2.51,

respectively.Patientstreatedatthelumbo-sacralspine(OR1.83comparedtoradiotherapyof

thethoracicspine)hadahigherrisk,whilepatientstreatedatthelumbarspinehadalowerrisk

ofskincomplaints(OR0.54)comparedtothethoracicspine.Treatmenttechniquedidnot

predictforabdominalorskintoxicityafterradiotherapy.Whenstudyingpatientspertreatment

arm,treatmenttechniquewasnotsignificantlyassociatedwithabdominalorskintoxicity(38).

For kidneys, the QUANTEC suggests mean dosage limitations of 15–18 Gy at 2 Gy per fraction.

With late radiationinduced nephropathy and an alpha/beta ratio of 3, an 8.72Gy mean dose at 3

Gy/fraction corresponds to an 11.24Gy BED.It must be acknowledged that QUANTEC advises li

miting the dosage of bowel receiving 45 Gy to 195 cc when the complete peritonium is assesse
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d and the prescription was limited to 30 Gy.Using three field approaches, the mean dose to the e

sophagus in terms of 3Gy equivalent dose was 18.3Gy.The dose to the esophagus corresponds 

to a BED of 18.6 Gy for acute complications and 19.04 Gy for chronic issues, based on an alpha/

beta ratio of 10 for acute complications and 3 for long-term consequences.Thesevaluesare

belowQUANTECrecommendedameandoseof34Gy(EQD2)fortheesophagus,9.40Gyto

lungsthatisequivalenttoaBEDof12.31Gy(alpha/beta=3)whichislessthanthe

recommendeddoseconstraintof13Gy(EQD2)(40).

ConceptualFrameworkfordosimetricevaluationofpalliativehypofractionatedradiotherapy

anditseffectonclinicaloutcomeinpatientswithvertebralbonemetastasis

snip

Figure1:ConceptualFramework
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3.OBJECTIVES

3.1.GENERALOBJECTIVE  

Toevaluatedosimetricparametersandanalyzeitseffectonclinicaloutcomesinpatients

havingvertebralbonemetastasistreatedusinghypofractionatedradiotherapyatTikurAnbessa

SpecializedHospital,Oncologycenter,AddisAbaba,Ethiopia.

       

     

3.2SPECIFICOBJECTIVES

1)ToevaluateDVHoftargetvolumeandorganatriskinpatientswithspinalbonemetastasis

treatedusing palliativeHEBRT.

2)Toassessclinicaloutcomesincludingpaincontrolandtoxicityinpatientshavingvertebral

bonemetastasistreatedusing HEBRT.

3)Todescribetherelationshipofdosimetricparametersandclinicaloutcomesinpatients

havingvertebralbonemetastasistreatedusingHEBRT.
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4.METHODSANDMATERIALS 

4.1.STUDYSETTING 

ThestudywasconductedatoncologyunitofTikurAnbessaSpecializedHospital(TASH),Addis

Ababa,Ethiopia.Ithasbeenserving3.5-5millionpopulationsandisadministratedunderAddis

AbabaUniversity.Currentlyithasbeenservingasoneofthethreeradiotherapycenterin

Ethiopia.Until2022,ithasbeenservingastheonlycancercenterinEthiopia.Theunitis

equippedwithoneradiotherapy(LINAC),onecobalt-60,onebrachytherapymachineandoneCT

scanforsimulation.Thereare8oncologists,4physicists,1trainedpalaiativecaregeneral

practitioner,7RTTs,generalnursesandsupportivestaffs.Itisalsoprovidingoutpatient,

inpatientanddaycareservices.Theinpatientcarehasapproximately40bedsforadmissionfor

chemotherapyadministrationandbloodtransfusions.

4.2.STUDYDESIGNANDPERIOD

4.2.1.STUDYDESIGN 

Aninstitution-basedretrospectivedescriptivestudywasconducted toassessdosimetric

parametersofhypofractionatedpalliativeradiotherapyinpatientswithspinalmetastasisto

assesseffectofDVHparametersonclinicaloutcomesspecifically,painresponseandtoxicity.

4.2.2.STUDYPERIOD

Thestudywasconductedfrom June1,2023–September1,2023.

4.3.SOURCEANDSTUDYPOPULATION

4.3.1.SOURCEPOPULATION

Allhistology-confirmedcancerpatientswithvertebralmetastasiswhoweretreatedwithhypo

fractionatedEBRTattheradiotherapyunitofTikurAnbessaSpecializedHospitalfrom June1st,

2023–Sept1,2023.

4.3.2.STUDYPOPULATION 

AllrandomlyselectedpatientswithspinalmetastasistreatedwithHEBRTatTASH,oncology

unitfrom JunetoSeptemberwhofulfilledtheinclusioncriteriawereinvolved.
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4.4.INCLUSIONANDEXCLUSIONCRITERIA

 4.4.1.INCLUSIONCRITERIA  

- HistologicallydiagnosedprimarycancerthatwastreatedusingHEBRTforpainful

spinalbonemetastasisandstayedonf/up(survived)foratleastfor 2months.

- Radiologicalevidenceofspinalmetastasis.

- Patientswithagesabove18years. 

 4.4.2.EXCLUSIONCRITERIA 

-Whotookothertreatmentforspinalmetastasislikesurgery, chemotherapy,or

Immunotherapy,RadicaldoseofRTtothespinewithin4weeksofRT

-Patientswithincompletemedicalrecords/missingdata.

-PatientswithPrevioustreatmentinthesamearea.

-Patientstreatedwithconventionalfractionation.

-Patientswhocan’tbetracedwithphone/lostfollow-up.

-Thosetreatedwithcobalt-60.

-Whosepainscorelessthanfive

-Parentsand/caregiverswhorefusedtoparticipateinthestudy.

-Whocan’tbetracedwithphonecall(3callswith5daysgapinbetween)
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4.5.SAMPLESIZE

Thesamplesizewascalculatedusingsinglepopulationproportionformula[n=(Zα/2)2p(1-

p)/d2]sincetheexpectedtotalpopulationofthisstudywaslessthan10,000.Consideringthe

followingassumptions:At95%confidencelevel(Zα/2=1.96),using p=0.0006(GuptaN.et

al: Conformalradiotherapyplansforpalliativebonemetastasiscomparisonofdosimetric

parameters,2020).

Taking5%marginalerrorbetweenthesample(d=0.05),and

Consideringnon-responderrateof5%thesamplesizewasdeterminedtobe97.

4.6.SAMPLINGPROCEDURES

Thesamplewasdrawnfrom patientswithspinalbonemetastasistreatedwithpalliativeHEBRT

atTASHusingLINACsinceJune1sttosep1,2023.PatientwhotookpalliativeRTwerefirst

identifiedfrom theeclipsecomputer;patientswithspinalbonemetastasiswerethenlistedby

theirdateofinitiationofradiotherapytreatment.Aftertheirtotalnumberwasdetermined

samplingframewasprepared. Atotalof130patientswithspinalmetastasisweretreatedwith

HEBRTfrom June1st-Sept1,2023.Thefirstsamplewasselectedbylotterymethodusingthe

MRNof10patientswhowere1sttreatedonJune1/2023.Finally,thesamplewasdrawnby

systematicrandom samplingtechniquewhere1patientwasjumpedevery4patientssampled.

Seventeenpatientswereexcluded,andzeroun-responsivewhenevertheselectedpatientfailed

tofulfilltheinclusioncriteriathenextimmediatepatientwastakenandsoon.

4.7.DATACOLLECTIONPROCEDURESANDQUALITY

DatawascollectedusingtheKobotoolboxapplicationusingmobiledevicesbytwotrained

healthprofessionals,underclosesupervision,afterethicalclearancewasobtainedfrom the

AddisAbabaUniversity(AAU)ethicalreviewcommittee.Thedatacollectiontoolwasprepared

bytheprincipalinvestigatorbyreviewingrelatedliteraturedoneinrelatedtopics.Thedata

collectiontoolwasreviewedbypeersandmentors,andthenitwastestedforreliabilityfew

daysbeforethestartofdatacollection.ThePatientand/orcaregiverswereinformedaboutthe

purposeofthestudyandconsentwastakenfrom eachstudyparticipantduringtelephonecall.

Then,thedataontoxicityandpainresponsewascollectedfrom patientdocuments(i-care,

patientchart)andwithatelephonecall.VARIANRTPLANNINGSOFTWAREDATABASEwas

usedtoextractfrom dose-volumehistograms(DVHs).Thecollecteddatawascheckedfor

accuracyandcompleteness. 
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4.8.STUDYVARIABLES

4.8.1.DEPENDENTVARIABLES

DVHforbothtargetandOARs

Clinicaloutcome(paincontrol,Toxicity)

4.8.2.INDEPENDENTVARIABLES

Demographiccharacteristics

Histology/typeoftheprimarycancer.

Numberofaffectedvertebrae(1,2-3vs.>3) 

PerformancestatusandambulationstatusbeforeRT.

DegreeofpainpriortoRT

Presenceofcordcompression/Myelopathy.

Presenceofvisceralmetastasis.

Painmedication(opioidsorother)use.

Planning/radiationtechnique.

Contouringguideline/marginused.

Locationofspinallesion.

Presenceoffracture/spinalinstability.

Systemicdiseasecontrol.

TotalRTdoseandNumberof#(treatmentschedule).

Presenceofothersiteboneorvisceralmetastasis.

4.9.ETHICALCONSIDERATIONS

AftertheproposalwassubmittedtoOncologydepartment,ethicalclearanceandLetterof

permissionwasobtainedfrom AAU,EthicalCommittee.Theobjectiveoftheresearch,riskand

benefitofthestudy,theconfidentialityoftheinformationwasexplainedforparticipants,oral

consentwasobtainedfrom participantorcaregiverduringtelephonecall,therewasno

participantswhorefusedtoparticipate.

4.10.DATAENTRYANDANALYSIS

ThedatathatwascollectedusingkobotoolboxwasexportedtoSPSSversion26forcleaning,

andanalyzing.Descriptivestatisticswascalculatedasuni-variableanalysis.Toevaluatethe

associationbetweenasingleindependentvariablewithdependentvariablebi-variablelogistic

regressionwasemployedandcrudeoddsratioandadjustedoddsratiowasusedtocompare

strengthofassociation/toreduceconfoundingeffectusingmulti-variablelogisticregression

modelanalysisthoughnosignificantcorrelationwasfound.
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4.11.OPERATIONALDEFINITIONS

Forthepurposethisresearch,theoperationaldefinitionusedwereasfollows:

-Spinemetastasesaremetastaticlesionsinvolvingthevertebralbones,with/withoutextra-

osseousextension,locatedanywherefrom thefirstcervicalleveltothesacrum.

-Palliativeradiotherapy-atreatmentapproachthatdoesnotaim tocurecancerrathertorelieve

symptomspainorpressurecausedbythetumor)

-Hypofractionatedexternalbeam radiotherapy(HEBRT)-Singlefraction(SF)schedulewas8

Gray(Gy),whilemultiplefractions(MF)typicallyrange20Gyin5fractions.

Dosimetricparameters:-

-Dose-volumehistograms/DVHwasstudiedforthevarioustreatmentplansandcomparedfor

dosimetricanalysis.

-Vxreferstothevolumeofthetargetvolumereceivingx%ofthedose(i.e.,V100referstothe

volumereceiving100%oftheprescriptiondose)

-VxGyreferstothevolumeofthetargetvolumereceivingxGy(i.e.,V5Gyreferstothevolume

oftheorganatriskreceiving5Gy).

-Dx%refersdosereceivedbyx%oftargetvolume(i.e.,D98%referstothevolumereceived98%

oftheprescriptiondose)

-PTV:D95(95%ofPTVreceivedaprescriptiondoseorhigherthan≥95%).

ForPTV:-D95%,D50%,Dmean.Treatmentvolume(TV)andV95(volumereceived95%ofthe

dose),V107%(Volumereceiving107%ofthedoseorhotspotvolume)

-ConformityIndex (CI)-usedtoevaluatehowconformalatreatmentplanisinradiotherapy.

Conformityindex=VRI/TV(equ1)WhereVRI =Referenceisodosevolume(usuallyat95%)and

TV=TargetvolumePTVvolume(absolutevolumeincc)(ICRU50/62)(27,28).

-HomogeneityIndex(HI)-ameasureofthevariationinradiationdoseswithinthetargetvolume.

ItwascalculatedasD2-D98/D50(ICRU83).

OARevaluation:-

-Dmean-the averagedoseofradiationdeliveredtoatargetvolume/organatrisk(i.e.,D50%

referstothedosereceived100%oftheprescriptiondose.)

-DmeanwascalculatedfororgansatriskslikeKidneys,Lungs,andesophagusthemeandoses

wascomparedwithvariousradiotherapyplansfordependingonthesegmentofspinalcord

irradiated.

-Dmaxwascalculatedforbowlbag(195cc)thedifferencesinDmaxdoseswascomparedwith

variousradiotherapyplansforstatisticalsignificance

-EachHypofractionateddose(meanandmaximum dosevalues)wasconvertedtoEQD2.α/β

usedwasusedaccordingtothestandardLQ-MODELtrialwhichisα/βof4forthetumorand

3forOARs
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-EQD2wascalculatedwiththeequationEQD2=D×[(d+α/β)/(2+α/β)],asderivedfrom the

linear-quadraticmodel;D=totaldose,d=doseperfraction,α=linear(first-orderdose-

dependent)componentofcellkilling,β=quadraticcomponentofcellkilling,α/βratio=the

doseatwhichbothcomponentsareequal

-Clinicaloutcomes-endpointsanalyzedincludetreatment-relatedacutetoxicityandpain

control.

Painwasmeasuredusingan11-pointnumericratingscale,rangingfrom 0(nopain)to10(the

worstpainimaginable).Apainscoreofatleast2wasrequiredtoenterthestudy.

-Paincontrol/response:-

-Acompleteresponsewasdefinedasanindexpainscoreof0withnoconcomitantincreasein

dailyoralmorphineequivalentdose(OMED).

-Apartialresponsewasdefinedasareductionof2intheindexpainscorewithoutanincrease

inanalgesicuse,ora25%reductioninanalgesicusefrom baselinewithoutanincreaseinpain

score.

-Painprogressionwasdefinedasanincreaseof2intheindexpainscorewithoutareductionin

OMED,ora25%increaseinOMEDwithoutadecreaseinpainscore.

-Anindeterminateresponsewasdefinedasanyresponsethatwasnotcapturedbythe

completeresponse,partialresponse,orpain-progressiondefinitions(14).

Tocalculatethe(OMEDD),simplymultiplythecurrentdailyopioiddosebytheCF

-Treatmentrelatedtoxicity-interpretedusingToxicitycriteriaofRTOG/EORTC

-Acutetoxicity/MorbidityCriteria-Anycomplaintincreasingwithin4weeksaftertreatmentwas

notedasasideeffect.

-Caretaker–attendantthathasbeenwiththeeligibleparticipatesincethediseaseonset.

-Formotorfunction,thefollowinggrading-system wasapplied:0=normalstrength/ambulation;

1=ambulatorywithoutaid;2=ambulatorywithaid;3=notambulatory;4=paraplegiaImprovement

ordeteriorationifchangeof≥1point.
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5.RESULT

Mostpatientsweresimulatedinsupineposition.AtleastoneofthefollowingOARs(lung,

kidney,esophagus,bowlbag)wascontoureddependingonthelocationofvertebrallesionusing

theEclipsetreatmentplanningsystem (Eclipse10.0,VarianMedicalSystems).Treatment

deliverywasgivenusing3D-CRTapplyingdifferentfieldarrangements.Patientsweretreated

withastandardanteroposterior(AP)andposteranterior(PA)fieldAP/PA,AP+2PO,fourfieldor

fivefieldsusing16Mev+/-6MeV,andforsomecases6MeValonewasused.Patient

characteristics,painresponseandtoxicity/gradesofacutetoxicitieswereevaluatedalongwith

DVHparameters.

Atotalof97patientswereparticipatedinstudy,ofthese52(53.6%)werefemalesandabout

50%ofthem wereintheageb/n18-50years,theother22(22.7%)wasabove65years,andthe

restliesinbetween.Priortotheradiotherapy(RT)about69(71.1%ofparticipanthadECOG

performancescoreofone,therestbeingECOG2(25.8%)andthree(3.1%)hadECOG1.See

figure-2below

Figure2:ABargraphwhichshowsagesexandperformancestatusbeforeRTinvertebral

bonemetastasis,from May–September,2023.

Nearlyhalf47(48.5)oftheparticipantshadothersitebonelesionsineitherthediagnostic

imageorsimulationimage.Whensiteofvertebrallesionwasassessed,about60%ofpatients

hadinvolvementofmorethanasegmentofvertebracommonlythoracolumbar24(24.7),

lumbosacral23(23.7%).Vertebrallesionsmostlyinvolvedgreaterthanthreevertebraein59

(60.8%),singlevertebraewasinvolvedonlyin7(7.2%)ofthecases.Seetable1
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Table1:CharacteristicsofpatientstreatedwithpalliativeHEBRTforvertebralbonemetastasis,

from May–September,2023.

Variables   Frequenc

y

Percent

ECOG 1 69 71.1

  2 25 25.8

  3 3 3.1

Siteofprimarycancer Breastca 37 38.1

  Cholangiocarcinoma 1 1.0

  CRC 2 2.1

  Gastricca 2 2.1

  HCC 3 3.1

  lungca 16 16.5

  MM 3 3.1

  Other 9 9.3

  Other 4 4.1

  Pancreaticca 1 1.0

  prostateca 19 19.6

durationofvertebralsymptom >7days 93 95.9

  3-7days 3 3.1

  <3days 1 1.0

siteofvertebralbonemetastasis Cervicalspine 6 6.2

  Cervico-Thoracic 7 7.2

  Lumbarspine 12 12.4

  Lumbo-Sacral 23 23.7

  Sacralspine 6 6.2

  Thoracicspine 15 15.5

  Thoracolumbar 24 24.7

  Wholespine 4 4.1
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numberofvertebraaffected 1 7 7.2

  >3 60 61.8

  2-3 30 30.9

Presenceofvisceralmetastasis No 53 54.6

  Yes 44 45.4

numberofvisceralorgan

affected

1 4 4.1

  2 29 29.9

  3 11 11.3

  4 4 4.1

PriortoRT,mostofthepatientscategorizedashavingseverepainscore85(87.6%),therest

12(12.4%)hadmoderatepainirrespectiveofanti-painused.Whenassessedat2monthspost

RTonly35(36.1%)hadseverepain,16(16.5%)moderatepain,28(28.9%)hadmildpain.About

63(64.9%)ofpatientsweretakinganti-painbeforeRT,andwas54(55.7%)whenassessedafter

2monthsofRT.But,20(20.6%)ofthem haddecreasedthedose,and9(9.3%)ofthem were

usingthesameamount.SeeTable3
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Table3:painrelatedcharacteristicsofpatientstreatedwithpalliativeHEBRTforvertebralbone

metastasis,from May–Sep,2023.

Variables   Frequency Percent

painscoreinthepast1weekbeforeRT 6 3 3.1

  7 9 9.3

  8 23 23.7

  9 13 13.4

  10 49 50.5

painscoreinthepast1week2monthsafterRT 0 18 18.6

  1 6 6.2

  2 13 13.4

  3 9 9.3

  4 9 9.3

  5 1 1.0

  6 6 6.2

  7 2 2.1

  8 6 6.2

  9 11 11.3

  10 16 16.5

useofanti-painduringbeforeand/duringRT No 34 35.1

  Yes 63 64.9

typeofanti-pain Morphine 5 5.2

  NSAID 14 14.4

  Other 6 6.2

  Tramadol 38 39

useofanti-painduringafterRT No 34 35.1

  Yes 63 64.9

dose/frequencyofanti-painafterRT Decreased 14 14.4

  Increased 11 11.3
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  Thesame 9 9.3

AquarterofpatientsreceivedaDmaxdose>110%themaximum being117%andmorethan

fiftypercent(52.5%)hadreceivedlessthan95%oftheprescribeddose,hereabout8.2%of

patientsreceivedlessthan90%oftheprescribed.Seefig3below

Figure.3.Ascatterplotshowing95%ofthevolumereceivingtheprescribeddose(V95%)and

DmaxdoseinpatientswithvertebralmetastasistreatedusingHEBRTfrom June–Sep

2023.
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Theotherparametermeasuredwasconformityindex(CI),whereabout94(96.9%)became

between1-2,and3(3.1%)abovetwo;whereasHomogeneityindex(HI)hadisabovezero.In

otherwords,CImeanwas1.078±0.157andHImeanwas0.297±0.883.seeFigure3onpage18

Table6:DVHsummaryofpatientstreatedwithpalliativeHEBRTforvertebralbonemetastasis,

from May–September,2023.

DVH HI CI D50 D98 D2 D95

in%

Volum

eof

95%

Isodo

sein

cc

Volum

eof

PTVin

cc Dmi

nin

Gy

Dmea

nin

Gy

Dma

xin

Gy

Mean 0.29

7

1.08 1301.

53

1165.

74

1270.

54

94.5

8

1036.

03

1088.

71

56.5

4

97.96 108.1

3

Std.

deviation

0.88 0.15

7

####

#

609.7

5

685.6

1

2.66 824.6

4

847.9

0

29.7

4

14.97 3.65

Minimum 0.01 0.88 100.0

0

168.5

0

211.0

0

85.0

1

96.80 109.7

0

0.0 6.1 95.00

Maximum 8.41 2.33 7991.

00

3740.

00

4193.

00

99.7

4

3385.

70

3549.

50

101.

9

105.6 117.6

0

Asitisshownabove,thebestconformityindexvalue(1.08)belongstothetreatmentplanwith

alowestvalueoftheminimaldose(88%),mean100%andDmax105.35%.

ConcerningRTtoxicity,itwasseenin36(37.1%)ofthecases.Nausea/Vomitingin16(40.4%),

followedbyfatiguein10(36.0%).Mosttoxicitiesweregrade1and2andgrade314(37.8%),

11(29.7%)and9(23.4%)ofthecases,respectively.Nausea/vomitingandfatiguein5(13.8%),the

restbeingdiarrheawithvomiting2(2.1%),mouthulceration/difficultyofswallowing2(2.1%)and

1%diarrheaalone.
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Table4:Toxicity/outcomecharacteristicsofpatientstreatedwithpalliativeHEBRTforvertebral

bonemetastasis,from May–September,2023.

Variable Category Frequenc

y

Percent

TypeofRTtoxicity NauseaandVomiting 16 40.4

Fatigue 10 36.0

Diarrheawithvomiting

andfatigue

5 13.8

Mouth

ulceration/difficultyof

swallowing

2 5.5

Diarrhea 1 2.7

GradeofRT

toxicity

1 14 37.9

  2 11 29.7

  3 9 23.4

Mostofpatients64(66%)treatedwith8GY#1andtheresttreatedusing20GY#5fractions.

CommonlyusedfieldsetupwasAP+2POandfourfieldfollowedbyAP/PA.16MeV+/-6MeV

wasmostcommonlyusedenergyin90%ofthecases.Seetable5
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Table5:RadiotherapyrelatedCharacteristicsofpatientstreatedwithpalliativeHEBRTfor

vertebralbonemetastasis,from May–September,2023.

Variable Category frequency Percentage

AVertebraeaboveandbelow included No 44 45.4

Yes 53 54.6

CTV-PTVmargin 0.3cm 1 1.1

  0.5cm 40 41.2

  0.7cm 50 51.5

  1cm 6 6.2

VRTdoseandfractionation 20#5 33 34.0

  8#1 64 66.0

Energy(MeV)used 16MeV 88 90.7

6Mev 9 9.3

Fieldarrangementused AP/PA 13 13.4

  AP+2PO 39 40.2

  Boxfield 41 42.3

  IMRT 4 4.1

D95% below90% 8 8.2

  between90-95% 43 44.3

  between95-

107%

46 47.5

 Dmax <107 33 34.0

  107-110% 39 40.3

  Greaterthan

>110

24 24.7

OfpatientswhosemeandosewasmeasuredlungDmeanwas>13GYin2(4.4%)patientswhile

kidneyDmeanwas>18GY(EQD2)in1(1.5%).Sinceaconstraintforesophagusandbowlbagnot

reached(nopatienttook30#10)itstayedbelow34and45Gyrespectively.Seetablebelow



26

Table6:MeandosevaluesforOARsandQUANTECcutpointsforpatientstreatedwith

palliativeHEBRTforvertebralbonemetastasis,from May–September,2023.

  Kidney

Dmean

LungsDmean Esophagus

Dmean

bowlbagDmax

(195CC)

QUANTEC

RECOMMENDATION

13 13 34 45

N 65 38 8 3

Mean 4.8454 3.98674 4.25 16.300

Std.Deviation 4.80591 4.237245 3.882 11.4250

Minimum 0.43 0.520 1 6.2

Maximum 28.00 23.300 13 28.7

*meandoseconvertedtoEQD2usingα/βof3MeandoseareinGyandVolumeresultsarein%
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6.DISCUSSION

Painwasthecommonpresentingsymptom invertebralbonemetastasis.WhenPatient

reportedPainresponsewascalculated;theoverallpainresponsewas63%withcomplete

response(CR)rateof24.7%.Thecurrentpainresponserate(63%)coincideswithresponse

mentionedondifferentresearchespapersshowing(50to80%),withupto30%completepain

reliefatthetreatedsite,abitlower(24.7%)CRrate;thismaybeexplainedbylateandadvanced

presentation(16,17,21,and22).ItalsostrengthenthefindingsofRoon,whichcomparedpain

reliefofSFandMFshowing53%and61%respectivelywith CRof26%-27%attwomonths

(41)here,inbothstudiesstatisticalsignificancedidnotreached.

TheuseofsinglefractionationRTwasincreasedto(66%)comparedwithastudydone5years

backatTASHonpalliativebonemetastasis,whereonly12%ofpatientstook8Gy#1;the

possibleexplanationforusingmultiple#maybephysician’sfearofrecurrence(14).andcurrent

riseintheuseof8Gy#1maybeduetoinstallationofLINACmachineorincreasedawarenessof

physicians.Here,Singlefractionregimenmaybeconsideredasmorepracticalandcost-

effectiveinadvancedstagediseaseandinsituationswheretheradiationtreatmentfacilitiesare

scarce(30).

Fieldarrangement,andsiteofvertebralinvolvementdidnotaffectpain/diseasecontrol51%

(20#5),and45%in8Gy#1(ns)whendoseandfractionationwascompared(51).Ourfindingon

painresponsealsosupporttheabovesentence,asitshowedsimilarpaincontrolalthoughnon-

significantonmultivariateanalysis;itwasalsoinlinewithasubsetanalysisofRTOG97-14

whichdemonstratesastherewasnodifferenceinpainornarcoticreliefbetweencervicalspine,

thoracicspineorlumbarspinesites(52).Thecurrentpaperalsoshowedastherewasno

significantdifferenceinpainresponsealthoughthereisarelationb/npainresponseand

locationofvertebrallesion.

InternationalBoneMetastasisConsensusWorkingPartyrecommendsinclusionofatleastone

vertebralbodyaboveandbelowtheinvolvedvertebra(e)inthetreatmentvolumesbutonlyin

53(54.6%)ofourstudyparticipantsmettherecommendationabove(32).Itwasencouraging

thattheCTV-PTVexpansionfulfilledtherecommended0.5cm-1cm exceptin3%ofthecase.

Increasingthenumberoffieldsinthe3DCRTtechniquehasthepotentialtoprovideoptimal

coveragetothetargetregion,thiswassuggestedbyYeosSG’sfindingwhichillustratedtwo

AP/PAfieldtobeinferiorcomparedtothethreefieldapproach,whichcontradictwiththe

findingofcurrentstudyshowingsimilaroutcomeb/ntwoandthreefieldapproaches(25,36).A

similarstudy,suggestedasfivehasnosignificantadvantageoverthethreefieldplansinterms

ofcoverageofthePTV,ratheritsignificantlyincreasesdosetothebowlandkidneys

(25).additionalstudymayberecommendedasthereisconflictingfindings.

Radiotherapyplanninganddelivery,anddosedistributionmayaffecttreatmentoutcomeby

dosecoverageanddoseheterogeneityinthetargetvolume.TheICRUReport50also

recommendshomogeneousadosedistributionthroughoutthePTV/targetvolumebykeeping

coveragebetween95%-107%oftheprescribeddose(28).But,inthisstudyonly43(44.7%)of

patientsreceivedtherecommended95-107%dose,another8(8.2%)receivedbelow90%of

prescribeddose.Aquarterofpatients(24.7%)hadDmaxgreaterthan110%whichwasabove

ICRUrecommendation.



28

ThreefieldplansimprovedthedosedistributiontothePTV(p=0.0006)ofmeandosecompared

totwobeam planswith90%ofthevolumereceivingmorethan95%oftheprescribeddose.The

conformitywasalsoseentobesignificantlyimproved(p=0.009)incomparisontothetwofield

plansbutinexpenseofsignificantriseindosetobowelsandkidney.Inadditiontocoverage,

conformitywasalsosignificantlyimproved(p=0.009)inthe3fieldplancomparedwiththetwo

fieldplan;buttherewasconcomitantsignificantriseindosetobowelandkidneys.Thefinding

ofthispaperalsoshowedrelationshipalthoughitisnon-significant(25).Contrarily,theuseof

fivefieldapproachaddstotreatmentcomplexitywithnosignificantadvantageintermsof

dosimetryoverthethreefieldplanstermsofcoverageofthePTVratheritaddsasignificant

dosetokidneysandboweloverthethree-fieldtechnique(29).Theoutcomeofthispapermay

alsoattributedtothiseffectastheconformityindexwhichwasfoundtobeinthe

recommendedrange(1-2)in97%ofthecasesalthoughitmadedifficulttoanalyzeoutcomes

asthedeviatedcasesaretoosmall.Inaddition,fourorfivefieldtechniquewasusedinabout

44%oftheparticipants,AP/PAbeingonly13.4%percent.ItisdifficulttoevaluateeffectofHIon

outcomeasalmostallvalueshaddeviationform recommendedvalueinourstudy.

ComparedwiththeQUANTEC(QuantitativeAnalysisofNormalTissueEffectsinClinic)

recommendations,of38patientswhosemeandoseforlung(Dmean)wasmeasured,most

(95.6%)hadmeandoselessthanorequalto13GY.Of65patientswhosemeandoseforkidney

wasmeasured,64(98.5%)ofpatientshadlessthanorequalto18GY(EQD2).ConcerningRT

toxicity,itwasseenin36(37.1%)ofthecases,about9(23.4%)weresevere.Nausea/Vomiting

seenin16(40.4%),followedbyfatiguein10(36.0%)ofcases.Whentoxicitywascomparedb/n

8Gyin#1and20Gy#5themostfrequentlyreportedacuteradiation-relatedtoxicitiesat14days

werelackofappetiteseenin56%ofpatientswhoreceived8Gyvs66%ofpatientswho

received20Gy;p=0∙011)anddiarrhea23%ofvs31%;p=0∙018).Thecurrentstudyalsoshowed

asthereisrelationb/ndoseandtoxicitybutitwasnotsignificantinmultivariateanalysis,but

thecommonlyseentoxicitywasnauseaandvomitingfollowedbyfatigue.Lackofsignificance

maybeduetosmallsamplesizeanddiffusenatureofvertebrallesion,multiplesegmentswere

involvedinmostpatients.Incontrary,theDutchBoneMetastasisStudy,whichcompared

toxicityb/n8Gy#1or24Gy#6forpainfulspinalmetastases.Inthosepatientstreatedattheir

thoraco-lumbarandlumbarspinehadahigherriskofabdominalcomplaints(OR2.51

(0.93–6.80)and2.29(1.34–3.93),respectively),comparedtoradiotherapyofthethoracicspine.

Treatmenttechniquewasnotsignificantlyassociatedwithabdominalorskintoxicity(38).Inthis

studythetoxicitiesthatoccurredearlymaybeunderreportedasthosepatientsdiedearlywere

excluded.
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7.CONCLUSIONANDRECOMMENDATIONS

7.1.CONCLUSION

Iconclusion,Itwasseenasanoverallpainresponsewas63%withcompleteresponse(CR)rate

of24.7%.Thestudyalsoindicatedthepresenceofsignificantrelationbetweensiteofprimary,

dose,ECOGandanti-painuseduringorbeforeRTonbivariateanalysis.

Only44.7%ofpatientshadreceivedtherecommended95-107%ofprescribeddose,here8.2%

patientsreceivedadosebelow90%ofprescribed.Aquarter(24.7%)hadDmaxgreaterthan110

%,thelargestbeing117%whichwasaboveICRUrecommendation.Theconformityindexwhich

wasfoundtobeintherecommendedrange(1-2)in97%ofthecasesincontrary,homogeneity

indexwasdifferentfrom zeroin100%ofthecases.Ofpatientswhosemeandosewas

measuredlungDmeanwasgreaterthan13GYin2(4.4%)patientswhilekidneyDmeanwas

greaterthan18GY(EQD2)in1(1.5%)ofpatients.

Toxicitywasseenin37.1%ofthetreatedcase.Oftheseabout23.4%toxicitieswasgrade3.

Nausea/Vomitingwasseenin40.4%,followedbyfatiguein36.0%ofcases.Thecurrentstudy

alsoshowedastherewasrelationb/ntoxicityandRTdose&fractionation;energyused(MeV)

andinclusionofavertebraaboveandbelowinCTVduringcounteringalthoughwasnon-

significantonmultivariateanalysis.Lackofsignificancerelationmaybeduetoinadequate

samplesizeandthosecasesthathadtoxicitymighthavemissedduetoearlydeath.

7.2.RECOMMENDATION

-Bettertohaveuniform recommendedinstitutionalguidelineforcontouring

-ContouringOARthatareexpectedtobewithintargetfield

-Bettertoavoidlabelingallpalliativecasesashavingshortsurvival.

-Painscoringwhileassessingthepatientupfront

-Toxicityfollowupshouldbedone

-Prospectivestudyshouldbedonetoassessdosimericparameterswithlargersamplesize
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ANNEX.1

CONSENTFORM

Informedconsentform todoaninterviewonevaluationandanalysisofpalliativehypo

fractionatedRTandclinicaloutcomeforspinalmetastasis

I:Informationsheet

Greeting:Goodmorning/Goodafternoon!

Mynameis__________________________address_____________Iam workingasadatacollectorin

studywhichwillbeconductedondosimetryevaluationandanalysisonpalliativehypo

fractionatedRTforspinalmetastasiswhichisdonebypostgraduatestudents.Theobjectiveof

thestudyistoassessthedosimetryandclinicaloutcomesofradiotherapy.Nowthe

informationthatwillgetfrom youisverycrucialtomadevalidconclusiononproblem relatedto

theaboveissue.Iwouldverymuchappreciateyourparticipation.Ifyouagreetoparticipate,

Participationwillneitherhaveanyharm norbringadirectfinancialorotherbenefitforyou.

Whateverinformationyouprovideitwillbekeptconfidentiallyandtoassurethatwewilluse

codenumber,nameswillnotbewrittenandinadditionthedocumentwillnotbesharedwith

anyoneotherexceptpeopleparticipatinginthisstudy.

Participationispurelyvoluntary,andifIcomeupwithanyquestionthatyoudon'twantto

answer,justletmeknowitandIwillgoontothenextquestion.Besidesthat,youwillhave100

%freedom tostoptheinterviewatanytime.Ihopeyouwillparticipateinthisstudysinceyour

informationisverycrucial.

Atthistime,doyouwanttoaskmeanythingaboutthisresearch?

MayIbegintheinterviewnow?Ifshe/hesaid-yes‘proceedthenextinterview,ifsaid-no‘,say

thankyouandgotothenextparticipant

Signatureofinterviewer:_______________________Date-:___________________

Addressoftheprincipalinvestigator:Phonenumber:--------e-mail:------
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ANNEX.2

https://kf.kobotoolbox.org/#/forms/aKUfGJP4HgmeBnBDAtmzMz/edit

Socio-Demographicrelatedfactors

sex?

a.male b.female

Age?----

Maritalstatus?

a.married b.single c.divorced d.widowed

Region/residence?........

Religion?

a.orthodox b.Muslim c.protestant d.catholice.others

ECOGperformancestatus?

a.-0 b-1 c-2 d-3

WhatisyoursubjectivefunctionalstatusbeforeRT?

a.Walking b.walkingwithaid c.can’twalk

Currentcondition?

a.walking b.walkingwithaid c.notwalking

109.Howlongsincediagnosedashavingcancer?

a.lessthan1year b.greaterthan1year

DurationofspinalmetastasisSymptom?

a<3days b.3-7days c.>1week

PriorRTtreatmenttoothersite?
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A.yes b.no

Concurrentchemo/targetedagent/hormonalrxduringRT?

Yes b.no

PrimarydiseasecontrolledduringRTRX?

a-yes b-no

Radiosensitivehistology?(Breastca,prostateca,MM,RCC.Lymphoma..)

a.yes b-no

PainreliefcomparedwithRT?

a.yes b.partial c.complete d.no

Myelopathy/compression?

a.yes b.no

Fatigue?

a.yes b.no

painflare?

a-yes b-no

GIsideeffect?

a.none b.nausea/vomiting c.diarrhea d.dysphagia

Skintoxicit?

a.yes b.no

Numberofaffectedvertebrae?

a.1 b.2 c.3 d.>=3

Area/location?

a.cervicalvertebrae b.thoracic c.lumbar d.>1region

Fracture?

a.yes b-no
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Othersitebonemetastasis?

a.yes b-no

ifyes,howmanysites?

a,1 b .2 c.>2

weakness,bladderorbowlincontinence

a.yes b.no

visceralmetastasis?

a.yes .no

ifyes,howmanysites? a,1 b.2 c.>2

RTdoseandfractionation?

a.8#1 b.20#5 c.30#10 d.other

Systemicdiseasecontrol?

a.Yes b.no c.unknown chemotherapy

Useofanti-painbeforeRT?

a.yes b.occasionally c.always d.notused

UseofantpainafterRT?

a.yes b.increased c.decreased d.notusing

Typeofanti-painused?

a.opoid b.nonopoid c.unknown d.other

IhaveyougotanyimprovementaftertakingRT

a.yes b.no

Radiationtechnique?

a.AP b.AP/PA C.PA+AO/PA d.IMRT D-Fourfield
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Doseandfractionation?

a.8#1 b.20#5 C.30#10 d.other

CTVIncludes1upperandbelowvertebra?YES NO

VolumeofPlannedTarget/PTVincc=

Volumeofprescription(95%)Isodose(cc)=

Targetvolumecoveredbyprescriptionisodose(cc)INTERSECTIONVOLUME

Volumecoveredby95%isodoseline(%)

Maximum dose/Dmax(Gy)=

Conformityindex[VOLUMEOFPRESCRIPTIONISODOSE/VOLUMEOFPTV]=

Homogeneityindex[MAXDOSE/PRESCRIPTIONDOSE]

Dmean=

Dmin=

D98%=

D95%=

D2%=

D50%=

EsophagusDmean=

Lungs Dmean=

Bowlbag V195cc=

Kidneys Dmean=
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https://kf.kobotoolbox.org/#/forms/aKUfGJP4HgmeBnBDAtmzMz/edit

የአጭርቀናትበጀርባአጥንትላይለተሰጨ ካንሰርየሚሰጥ የጨረርሕክምናእናየምህመምየማስታገስሁኔታእና

ተጉዳኝየጎንዮሽጉዳቶችንአስመልክቶቃለመጠይቅለማድረግየተዘጋጀየፍቃደኝነትመጠየቂያምረቃተማሪዎች

ፎርም(Informedconsentform todoaninterviewonevaluationandanalysisofpalliativehypo

fractionatedRTandclinicaloutcomeofpatientswithspinalmetastasis)

የስምምነትቅጽ

ሰላምታ፡ጤናይስጥልኝ

ስሜ_____________________አድራሻ______________በድህረምረቃተማሪዎችየሚደረገውንየአጭርቀናትበጀርባ

አጥንትላይለተሰጨ ካንሰርየሚሰጥ የጨረርሕክምናእናየምህመምየማስታገስሁኔታእናተጉዳኝየጎንዮሽ

ጉዳቶችንአስመልክቶቃለመጠይቅለማድረግየተዘጋጀየፍቃደኝነትመጠየቂያምረቃተማሪዎችየሚደረገውን

የአጭርቀናትዉስጥበጀርባአጥንትላይለተሰጨ ካንሰርየሚሰጥ የጨረርሕክምናእናየምህመምየማስታገስ

ሁኔታእናተጉዳኝየጎንዮሽጉዳቶችንአስመልክቶቃለመጠይቅለማድረግየተዘጋጀጥናትላይመረጃሰብሳቢሆኜ

እየሰራሁነው።የጥናቱዓላማየአጭርቀናትበጀርባአጥንትላይለተሰራጨ ካንሰርየሚሰጥ የጨረርሕክምናእና

የምህመምየማስታገስሁኔታእናየጎንዮሽጉዳቶችንአስመልክቶጥናትለማድረግነዉ::አሁንከእርስዎየገኙት

መረጃዎችከጉዳዩጋርበተዛመደጉዳይላይትክክለኛመደምደሚያለማድረግበጣምወሳኝነው።በቅድሚያ

ተሳትፎዎንበጣምአደንቃለሁ።ለመሳተፍፍቃደኛከሆኑ፣ተሳትፎምክንያትምንምአይነትጉዳትእናቀጥተኛየገንዘብ

ወይምሌላጥቅምአይኖረውም።የሰጡትማንኛውምአይነትመረጃበምስጢርይያዛልበተጨማሪምሰነዱበዚህ

ጥናትውስጥከሚሳተፉሰዎችበስተቀርለሌላለማንምአይጋራም::ተሳትፎዎምበውዴታላይብቻየተመሰረተነዉ:

በተጨማሪምቃለመጠይቁንበማንኛውምጊዜለማቆም100%ነፃነትይኖርዎታል።መረጃዎበጣምወሳኝስለሆነ

በዚህጥናትላይእንደሚሳተፉተስፋአደርጋለሁ::

ፍቃደኛነዎት?

አመሰግናለሁ

የቃለ-መጠይቅአድራጊፊርማ፡-__________________ቀን-:___________________

የዋናውመርማሪአድራሻ

 ስልክቁጥር፡------------ኢሜል፡------------

የጀርባህመም:የጎንዮሽጉዳቶችንእናየህመምማስታገሻአስመልክቶአስመልክቶ

102.ከጨረርሕክምናበፊትየመንቀሳቀአቅምዎምንያህልነዉ?

1.ያለችግርእንቀሳቀሳለው 2.በጥቂትድጋፍእንቀሳሳቀሳለው

3.በከፍተኛድጋፍእንቀሳሳቀሳለው 4.መንቀሳቀስአልችልም

ጨረርሕክምናከ.ከጨረርሕክምናበውሃላየመንቀሳቀ

ከጨረርሕክምናበውሃላየመንቀሳቀአቅምዎምንያህልነበር?

1.ያለችግርእንቀሳቀሳለው 2.በጥቂትድጋፍእንቀሳሳቀሳለው
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3.በከፍተኛድጋፍእንቀሳሳቀሳለው 4.መንቀሳቀስአልችልም

ከጨረርሕክምናበውሃላ በጀርባህመምዎላይለውጥአይተዋል(አግኝተዋል?.

1.አዎ 2.የለም

ጨረርበፊትለነበረውህመምከ1(በጣምቀላል)-10(እጅግበጣም ከባድ)ስጡትቢባሉስንትይሰጡታል?---

ከጨረርሕክምናበውሃላህመምከ1(በጣምቀላል)-10(እጅግበጣም ከባድ)ስጡትቢባሉስንትይሰጡታል?----

ማቅለሸለሽ/ማስመለስ?

1.አለ 2.የለም

ድካም?

1.አለ 2.የለም

ተቅማጥ?

1.አለ 2.የለም

መዋጥ መቸገረወይምየአፍሪካዉስጥመቁሰል?

1.አለ 2-የለም

የቆዳቁስለት

1.አለ 2.የለም

መዋጥ መቸገረወይምየአፍሪካዉስጥመቁሰል?

1አለ 2-የለም

ከላይየጠቀሱትተጉዳኝህመምምልክቶችበደንብይንገሩኝ.....

1.ቀላል 2.ከበድያለ

3.በጣምከባድ) 4.እጅግበጣምከባድ)

ጨርርበፊትየህመምማስታገሻይዎስዱነበር?

1.አዎ 2.የለም

ከላይላለውጥያቄአዎከሆነመልስዎ;በቀንስንትጊዜአናስንትክኒንይወስዱነበረ?….
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ከጨርርበውሃላየህመምማስታገሻይዎስዱነበር?

1.አዎ 2.የለም

ከላይላለውጥያቄአዎከሆነመልስዎ:በቀንመጠን?

1.ቀንሷል 2.ተመሳሳይ 3.ጫምሯል

Annex3

PAIN

RESPONSE

COVERAGE

D95

TOXICITY Gradeof

toxicity

S

N

Variable Category YES NO <95

%

>95 YES NO G-1 G-2 G-

3

N

s

Sex
Female 29 23 7 7 7

N

s

Male 32 13 7 4 2
N

s

Age
18-50year 30 19 5 8 5

N

s

50-65year 15 11 8 1 1
N

s

>65year 16 6 1 2 3
N

s
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ECOG
ECOG1-2 22 47 44 25 9 8 7

N

s

ECOG 3 14 14 17 11 5 3 2
N

s

Siteof

primary

cancer

Radiosensitive
36 23 6 8 7

N

s

Other 25 13 8 3 2
N

s

Subjective

response

beforeRT

walkasnormal 5 1
N

s

Walkwithaid 14 9
N

s

walkwith

difficulty
42 23

N

s

onwheelchair 0 3
N

s

Durationof

pain
<7day 0 3

N

s

>7day 36 58
N

s

Numberofv.

organ

involved

1organ 10 19 17 12
N

s

<1organ 8 7 8 7
N

s

Non-vertebral

bone

metastasis

No 20 30 31 19 7 5 6
N

s

Yes 16 31 30 17 7 6 3
N

s

locationof

vertebral

metastasis

Cervicothoracic,

andthoracic
7 19 16 10 4 3 2

N

s

thoracolumbar

andlumbar
14 22 29 7 2 3 2

N

s

sacraland

lumbosacral
14 15 11 18 8 4 5

N

s

Cervical 1 5 5 1 0 1 0 N
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s

Numberof

vertebra

affected

<3 13 25 20 18 26 12 5 4 2
N

s

>3 23 36 31 28 35 24 9 7 7
N

s

Anti-painuse

duringRT
No 9 25 22 12 2 4 5

N

s

Yes 27 36 39 24 12 7 4
N

s

Painscore

beforeRT

6 2 1 3 0 0 0 1
N

s

7 4 5 8 1 1 3 3
N

s

8 6 17 15 8 6 3 0
N

s

9 6 7 4 9 7 5 5
N

s

10 18 31 31 18 6 6 4
N

s

CTVPTV

expansion
<=0.5cm 15 26 19 22 24 17 8 5 5

N

s

>0.5cm 21 35 32 24 37 19 9 7 3
N

s

Vertebrae1

aboveand

1below

included

No 17 27 21 23 24 20
N

s

Yes 19 34 30 23 37 16
N

s

Dmeanin%
<100 5 3 6 2

N

s

100 16 43 30 29
N

s

>100 15 15 15 15
N

s

DmaxinGy
95-107 20 14

N

s
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107-110 21 18
N

s

>110 20 4
N

s

DmininGY
<50 12 24 22 14 22 14 6 3 5

N

s

>50 24 37 29 32 39 22 8 8 4
N

s

D95inGY
<90 0 8 7 1

N

s

90-95 18 25 26 17 6 6 6
N

s

>=95 18 28 28 18 8 5 3
N

s

Field

arrangement
AP/PA 6 7 9 4 6 7 4 0 3

N

s

AP+2PO 12 27 21 18 30 9 1 4 3
N

s

fourfield 15 26 21 20 23 18 7 7 3
N

s

IMRT 3 1 0 4 2 2 2 0 0
N

s

RTdoseand

fraction
20#5 12 21 16 17 15 18 6 7 5

N

s

8#1 24 40 35 29 46 18 8 4 4
N

s

Energyfield
6MeV 4 5 8 1 1 0 0

N

s

16MeV 47 41 53 35 13 11 9
N

s

INFRENTIALSTATISTICS



46

PAININFRENTIALSTATISTIC

Variable Category Painresponse CORwith95%CI AORWITH

95%CI

Pvalue

Improved NOT

ECOG
1and2 47 22

2.14(0.87,5.24) 1.38(0.38,5.01) 0.622

2and3 14 14 1 1

Siteofprimary

cancer
Breast,

prostate,MM
41 18

2.05(0.88,4.77) 1.5(0.48,5.06) 0.463

Other 20 18 1 1

Useofantipain

duringbefore

and/duringRT

No 25 9
2.08(0.84,5.18) 0.60(0.17,2.15) 0.432

Yes 36 27 1 1

Currentuseof

antipainafterRT

No 40 3 1 1

Yes 21
33 0.05(0.01,0.17) 0.04(.01,0.23) 0.001**

**,Pvalue<0.01,andthepvalueofHosmerLemshowgoodnessoffittestwas0.803

TOXICITYOUTCOME

Variable Category Toxicity CORwith95%CI AORwith95%CI Pvalue

Yes No

Sex
Female 23 29

1.95(.84,4.55) 1.42(0.57,3.56) 0.451

Male 13 32

RTdoseand

fractionation

20#5 18 15
3.07(1.28,7.36) 2.22(0.84,5.82) 0.106

8#1 18 46

Energy(MeV)

used

6MeV 1 8
0.19(0.02,1.58) 0.24(0.03,2.08) 0.193

16MeV 35 53



47

CTVincluded1

aboveand1

belowvertebra

No 20 24
1.93(0.84,4.44) 1.54(0.62,3.81) 0.349

Yes 16 37

ThepvalueofHosmerLemshowgoodnessoffittestwas0.95

ThepvalueofHosmerLemshowgoodnessoffittestwas0.943

Variable Category D95 CORwith95%CI AORwith95%CI Pvalue

95-107 <95

MARRITAL

STATUS

Singleand

divorced
8 4

2.47(0.69,8.84) 2.11(0.57,7.89) 0.265

Married 38 47

DmaxinGy

95-107 20 14
2.38(0.81,6.96) 2.15(0.72,6.42) 0.313

107-110 17 22
1.29(0.45,3.65) 1.19(0.41,3.43)

>110 9 15

DMININ

GY

<50 14 22
0.58(0.25,1.33) 0.70(0.29,1.68) 0.421

>50 32 2
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