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PA-2 

 Disease prevalence,  Bone mets.  Median 
 U.S. (in thousands)  incidence (%)   survival (mo)  

Myeloma   75 - 100  70 - 95  24 
Renal   198  20 - 25  12 
Melanoma   467  14 - 45  6 
Bladder   582  40  6 - 9 
Thyroid   207  60  48 
Lung   386  30 - 40  7 
Breast   1,993  65 - 75  24 
Prostate   984  65 - 75  36 

Clinical,Importance,and,Prognosis,of,,
Bone,Metastases,

NCI,%1997;%Interna/onal%Myeloma%Founda/on,%2001.%



Treatment,Op&ons,

•  Goals:,
– AGack,the,cancer,
– Strengthen,the,bone,
– Reduce,symptoms,

•  Includes:,
– Systemic,therapy,
– Local,therapy,



Local,Therapies,
•  Local,therapies,treat,a,limited,number,of,loca&ons;,
do,not,treat,the,whole,body,

,
•  Types:,

–  Radiotherapy,
–  Interven&onal,Radiology,
–  Surgery,
,

•  Goals:,
–  Relieve,pain,
–  Prevent,fracture,
–  Enhance,mobility,and,func&on,
–  Preserve,quality,of,life,



Interven&onal,Radiology:,Techniques,

•  Vertebroplasty:,,
–  Injec&on,of,bone,cement,to,

support,weakened,bones,,
–  Provides,immediate,and,

substan&al,pain,relief,
,

•  Radiofrequency,Abla&on,(RFA),and,
cryoabla&on,
–  Minimally,invasive,procedures,to,“burn”,or,

“freeze”,a,tumor,
–  Desensi&zes,by,killing,nerve,endings,near,the,

metastasis,
,



Consensus,on,Pallia&ve,Radiotherapy,,
Endpoint,in,Bone,Metastases,,







Radia&on,Therapy:,,
•  Radia&on,therapy,can,be,used,to,treat,painful,bone,metastases,

refractory,to,systemic,therapies,

–  80790%,of,cancer,pa&ents,experience,relief,of,symptoms,

–  40746%,experience,full,relief,,
,

Tong%et%al,%Cancer%1982%

Studies% CR%
Mul/ple%Frac/ons%%%%%%%%%%%%%Single%Frac/on%%%%%%

PR%
Mul/ple%Frac/ons%%%%%%%%%%%%Single%Frac/on%
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The, adop&on, of, the, stricter, criteria, have, resulted, in, lower,
complete, and, par&al, response, rates, when, compared, with, those,
tradi&onally,reported,in,randomized,RT,trials.,

The, decrease, in, response, rates, can, be, more, reflec&ve, of, true,
response, to, RT,, as, the, 2002, guideline, incorporated, analgesic,
intake,in,the,endpoint,defini&ons,,whereas,repor&ng,this,was,not,
commonplace,before,the,2002,consensus,

What,lesson,can,we,learn,?,





Study Aim 
 To investigate whether the addition of radiotherapy (RT) to  
cryoablation (CA) favorably  affects clinical management of  

painful bone metastases compared with CA and RT  
delivered as individual treatments.  

Study endpoints and response criteria 
The primary endpoints : 

 (1) complete (CR) at 12 weeks after treatments 
               (2) partial response (PR) at 12 weeks after treatments.  

 

The secondary endpoints : 
                   (1) the rate of subjects requiring analgesics at 12 weeks after treatments 
         (2) the changes in self-experienced QoL at 12 weeks after treatments 

 



Selec/on%criteria%

1.% Radiological% and% histological% confirmed% painful% solitary%
bone%metastases%

2.%A%pain%score%of%5%or%more%on%the%validated%visual%analog%
scale%(VAS)%over%the%prior%24%hours%(or%a%score%of%less%than%5%
with%the%use%of%narco/c%medica/ons)%

3.%Pain%localized%to%the%site%of%the%bone%metastases%

4.%Life%expectancy%of%greater%than%3%months%

5.% Karnofsky% performance% status% (KPS)% score% of%
greater%than%70%



Exclusion%criteria%

1.% A% painful% area% previously% treated% with% RT% or% pallia/ve%
surgery%

2.% Radiographic% evidence% of% spinal% cord% or% caudaZequina%
compression%

3.%Lesions%posi/oned%within%0.5%cm%from%a%cri/cal%
structure%such%as%the%spinal%cord,%brain,%aorta,%inferior%
vena%cava,%bowel,%or%bladder%

4.%Abnormal%fracture%of%the%treatment%site%



Treatment%modali/es%

1.%Radia/on%treatment%(20%Gy%in%five%frac/ons%of%4%Gy%over%1%
week)%

2.%CT%guided%Cryoabla/on%%

3.%CT%guided%Cryoabla/on%followed%by%RT%15%days%later%when%%
technically%feasible%



Sta/s/cal%Methods%

Determina&on,of,Sample,Size,
,
The,primary,null,hypothesis,of,this,feasibility,study,was,that,,for,pa&ents,with,painful,
bone,metastasis,,pain,relief,achieved,following,CA7RT,should,be,higher,than,that,achieved,
following,RT,alone.,The%current%study%was%powered%to%determine%an%increase%of%26%%or%
greater%in%the%CR%at%12%weeks%a_er%CAZRT%with%respect%to%RT%alone.,The,literature,
indicates,that,from,11,to,21%,of,inten&on7to7treat,(ITT),pa&ents,achieved,CR,aker,RT.,
[30],Thus,,we,set,the,rate,of,CR,aker,RT,at,11%,(P0=11%).,Using,a,two7sided,test,and,a,5%,
type,I,error,adjusted,for,Bonferroni,correc&on,(p<0.0166),,with,the,matched,control,to,
case,ra&o,of,1:5,,25,subjects,in,the,experimental,groups,(CA,group,and,CA7RT,group),and,
125,in,the,control,group,(RT),would,provide,greater,than,80%,power,to,detect,an,increase,
of,29%,(P1=40%).,,



Key%features%of%propensity%score%analyses%

Compare%outcome%%measures%
%of%treatment%groups%

Design When to use Advantages Disadvantages 

Randomization ! Whenever 
feasible 
! When there is 
variation at the 
individual or 
community level 

! Gold standard 
! Most powerful 
 

! Not always 
feasible 
! Not always ethical 

Randomized 
Encouragement 
Design 

! When an 
intervention is 
universally 
implemented 

!  Provides 
exogenous 
variation for a 
subset of 
beneficiaries 

! Only looks at sub-
group of sample 
! Power of 
encouragement 
design only known 
ex post 

Regression 
Discontinuity 

! If an intervention 
has a clear, sharp 
assignment rule 

!  Project 
beneficiaries often 
must qualify 
through 
established 
criteria 
 

! Only look at sub-
group of sample 
! Assignment rule in 
practice often not 
implemented 
strictly 

Difference-in-  
Differences 

! If two groups are 
growing at similar 
rates 
!  Baseline and 
follow-up data are 
available 

! Eliminates fixed 
differences not 
related to 
treatment 

! Can be biased if 
trends change 
! Ideally have 2 
pre-intervention 
periods of data 

Matching !  When other 
methods are not 
possible 

! Overcomes 
observed 
differences 
between 
treatment and 
comparison 

! Assumes no 
unobserved 
differences (often 
implausible) 

Sta/s/cal%Methods%



Table 1. Clinical characteristics according propensity score ,

Characteristics,                      RT (n=125)%                         CA-RT (n=25)%                              CA (n=25)% p value%

Age, Y*, 68 (66 to 69)% 69 (65 to 71)% 67.5 (64.4 to 70.6)% 0.454°%

VAS Scale*, 7 (6 to 7)% 7 (6 to 8)% 7.5 (5 to 7.6)% 0.766°%

Sex, No (%),

     Male ,

     Famale,

 
61 (48.8)%
64 (51.2)%

 
13(52)%
12 (48)%

 
12(48)%
13 (52)%

 
0.950°°%

KPS, No ,

     91-100,

     70-89,

 
64 (51.2)%
61 (48.8)%

 
12 (48)%
13 (52)%

 
11 (44)%
14 (56)%

 
0.908°*%

Tumor Size, cm,

(longest diameter),

4 (4 to 5)% 5 (4 to 5)% 4 (3.4 to 6)% 0.099°%

Primary Tumors, No  (%),

      Lung Cancer,

      Prostate Cancer,

      Renal  Cancer,

      Colorectal Cancer,

      Breast Cancer,

 
38 (30.4)%
41 (32.8)%
9 (7.2)%
8 (6.4)%

29 (23.2)%

 
6 (24)%
 8 (32)%

                                 2 (8)%
2 (8)%

 7 (28)%

 
 

6 (24)%
                       8 (32)%
                       4 (16)%
                       2  (8)%
                        5 (20)%

 
0.940°*%

Metastasis Location, No (%),

      Pelvis,

      Sacrum,

      Rib,

      Vertebrae,

     Humerus ,

     Femur,

 
52 (41.6)%
29 (23.2)%

10 (8)%
22 (17.6)%
9 (7.2)%
3 (2.4)%

 
9 (36)%
6 (24)%
2 (8)%
4 (16)%
2 (8)%
2 (8)%

 
8 (32)%
7 (28)%
2 (8)%
4 (16)%
2 (8)%
2 (8)%

 
0.961°*%

Characteristics,

Medical Systemic Treatments **,

       Bisphosphonates,

      Narcotic Analgesics,

       Hormonal Therapy,

      Chemotherapy,

      Immunotherapy ,

 

 

RT (n=125)%
35 (28)%

125 ( 100)%
34 (27.2)%
80 (64)%
9 (7.2)%

 

 

CA-RT (n=25)%
9 (36)%

25 (100)%
7 (28)%
16 (64)%
2 (8)%

 
 
 
 

CA (n=25)%
8 (32)%

25 (100)%
8 (32)%
15 (60) 
4 (12)%

p value%
 
 
 

0.701°°%
1.0°*%

0.888°°%
0.745°*%
0.023°°%



QUESTION%1%

Does%Cryoabla/on%followed%by%RT%%%
result%in%improved%CR%and%PR?%





QUESTION%2%

Does%Cryoabla/on%followed%by%RT%%%
result%in%reduced%requirement%of%%analgesic%use%?%



Results%



QUESTION%2%

Does%Cryoabla/on%followed%by%RT%%%
affect%the%quality%of%life?%



Groups% N% Average%Rank% Pairwise%comparisons*%
(p<0.05)%

RT% 125, 75,96, CA;,CA7RT,

CA% 25, 115,26, RT,

CAZRT% 25, 120,92, RT,

* Kruskal-Wallis test with Pairwise comparisons according to Conover. 

Groups% N% Average%Rank% Pairwise%comparisons*%
(p<0.05)%

RT% 125, 92,80, No,significant,difference,

CA% 25, 77,66, No,significant,difference,

CAZRT% 25, 74,36, No,significant,difference,

* Kruskal-Wallis test with Pairwise comparisons according to Conover. 
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 Kruskal-Wallis test; p=0.123 

 Kruskal-Wallis test; p<0.001 
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A% B% C%

Figure,2,

Results%



Conclusions,

•  Metasta&c,bone,disease,is,an,important,healthcare,problem,

•  Currently,available,treatments,have,a,limited,,
range,of,ac&vity,

•  CA,when,combined,with,radiotherapy,may,result,in,complete,
response, in, terms, of, pain, control, and, improve, self7rated,
quality,of,life.,

•  Our preliminary results have to be interpreted with caution 
and to serve as a framework around which to design future 
large-scale RCT. 


