
INTRAOPERATIVE RADIOTHERAPY FOR

SOFT TISSUE SARCOMAS OF THE EXTREMITIES


RESULTS OF THE SPANISH POOLED ANALYSIS

Alfredo Polo (1) & Felipe Calvo (2)

!

On behalf of the Spanish Sarcoma Pooled Analysis

!

(1) Ramon y Cajal University Hospital

(2) Gregorio Marañon University Hospital



WHY A SPANISH POOLED ANALYSIS?





Aim: pooled data analysis of patients treated with 
multimodal concept consisting of maximal resection 
and IOERT with or without postoperative irradiation 

 

SPANISH POOLED ANALYSIS - SARCOMA



1991-2007, 320 patients, Heidelberg, Marañón, CRO Aviano 
!
!
!
Local control ≥ 15Gy (p<0,05), R2 45% vs 77% (p<0,01)

2008

Local control 82% (5-y), survival @ 5-y R2 23% vs 75% p<0,01



POOLED ANALYSIS



SPANISH POOLED ANALYSIS - SARCOMA 
(SUBGROUP - EXTREMITIES ONLY)

DISTRIBUTION:  HOSPITAL

CUN!
85

HRC!
73

HGUGM!
144

302 patients treated from 1985 to 2011



SPANISH POOLED ANALYSIS - SARCOMA 
(SUBGROUP - EXTREMITIES ONLY)

DISTRIBUTION:  TUMOR LOCATION

Neck!
3%

Trunk!
43

Retroperitoneum!
54

Extremities!
197



SPANISH POOLED ANALYSIS - SARCOMA 
(SUBGROUP - EXTREMITIES ONLY)
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LOCAL RELAPSE FREE SURVIVAL
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Summary
With advancements inmultimodal treatment for
pediatric patients with ex-
tremity soft-tissue sarcoma,
intraoperative radiation ther-
apy has emerged to minimize
treatment morbidity. These
mature clinical data add

Purpose: To perform a joint analysis of data from 3 contributing centers within the

intraoperative electron-beam radiation therapy (IOERT)-Spanish program, to deter-

mine the potential of IOERT as an anticipated boost before external beam radiation

therapy in the multidisciplinary treatment of pediatric extremity soft-tissue sarcomas.

Methods and Materials: From June 1993 to May 2013, 62 patients (aged <21 years)

with a histologic diagnosis of primary extremity soft-tissue sarcoma with absence of

distant metastases, undergoing limb-sparing grossly resected surgery, external beam

radiation therapy (median dose 40 Gy) and IOERT (median dose 10 Gy) were consid-

ered eligible for this analysis.
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n, Mad

rid, Sp
ain; **

Service
of Orth

opedics
and Trauma

tology,
Clı́nica

Univers
itaria,

Univers
idad de Navarr

a, Pam
plona,

Spain;
and

yyService
of Gen

eral Su
rgery III, Ho

spital
Genera

l

Univers
itario Gregor

io Marañó
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Abstract

Purpose A joint analysis of data from centers within the

intraoperative radiotherapy (IORT)-Spanish cooperative

initiative was performed to investigate the main contribu-

tions of IORT to the multidisciplinary treatment of trunk-

wall soft-tissue sarcoma (TW-STS).

Materials and methods Patients with a histologic diag-

nosis of TW-STS (primary tumor 53 %; locally recurrent

47 %) with absence of distant metastases, undergoing

surgery with radical intent and IORT (median dose

12.5 Gy) were considered eligible for participation in this

study. In addition, all primary tumors received external-

beam radiotherapy (median dose 50 Gy).

Results From 1986 to 2012, a total of 68 patients were

analyzed in the study from three Spanish institutions. With

a median follow-up time of 53 months (range 4–316),

5-year local control (LC) was 58 %. Five-year IORT in-

field control, disease-free survival (DFS) and overall

survival were 70, 45 and 51 %, respectively. On multi-

variate analysis, only microscopically involved margin

(R1) resection status retained significance in relation to LC

(HR 3.97, p \ 0.001). In regard to IORT in field control,

incomplete resection (HR 3.23, p = 0.008) and recurrent

disease status (HR 2.52, p = 0.04) retained a significant

association in multivariate analysis.

Conclusion From this joint analysis emerges the fact that

margin and disease status influences local and central

control, but DFS remains modest, given the high risk of

distant metastases. Intensified local treatment needs to be

tested in the context of more efficient concurrent, neo-, and

adjuvant systemic therapy.

Keywords Intraoperative radiotherapy ! Trunk soft-tissue

sarcoma ! Local recurrence ! Long-term outcomes
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RESULTS OF THE POOLED ANALYSIS 
FOR THE EXTREMITIES SUBGROUP



SPANISH POOLED ANALYSIS - SARCOMA 
(SUBGROUP - EXTREMITIES ONLY)

DISTRIBUTION:  TUMOR LOCATION

Upper extremities!
15%

Lower extremities!
85%



SPANISH POOLED ANALYSIS - SARCOMA 
(SUBGROUP - EXTREMITIES ONLY)

DISTRIBUTION:  PRIMARY vs. RECURRENT

Recurrent!
11%

Primary!
89%



CHARACTERISTIC VALUE

Gender
Male 66 (48%)

Female 72(52%)
Age at diagnosis Median 52 y.

Histologic type

Synovial sarcoma 16
Leiomyosarcoma 20

Malignant fibrous histiocytoma 40
Liposarcoma 54

Sarcoma NOS 12
Other 55

Histologic grade

G1 39(19%)
G2 51 (25%)
G3 87 (44%)
G4 2 (1%)

Largest tumor diameter
Median 10 cm.
Range 1 - 33 cm.

AJCC stage

IA 4
IB 36
IIA 13
IIB 38
III 60
IV 5

Tumor location
Upper extremities 29 (14%)
Lower extremities 168 (86%)

Primary vs. Recurrent
Primary 159 (80%)

Recurrent 38 (19%)

PATIENT AND TUMOR CHARACTERISTICS

SPANISH POOLED ANALYSIS - SARCOMA 
(SUBGROUP - EXTREMITIES ONLY)



CHARACTERISTIC VALUE

Resection type

R0 158 (80.2%)

R1 27 (13.7%)

R2 11 (5.5%)

EBRT dose (Gy)
Median 50 Gy

Range 25.2 - 60.4 Gy

IORT dose (Gy)
Median 12.5 Gy (HRC: 15Gy; HGUGM: 10Gy; CUN: 15Gy)

Range 7.5 - 20 Gy

Total physical dose
Median 60 Gy

Range 32.7 - 72.9

Chemotherapy
Yes 37 (21%)

No 155 (79%)

TREATMENT CHARACTERISTICS

SPANISH POOLED ANALYSIS - SARCOMA 
(SUBGROUP - EXTREMITIES ONLY)



PARAMETER VALUE

Electron energy (MeV)

4 13

6 69

8 22

9 5

10 7

12 18

15 3

18 1

Aplicator diameter (cm)

5 2

6 13

7 8

8 5

9 27

10 19

12 22

15 8

IORT fields

1 104

2 31

3 1

4 2

Monitor units
Mean 2224

Range 1083 - 6775

IORT CHARACTERISTICS

SPANISH POOLED ANALYSIS - SARCOMA 
(SUBGROUP - EXTREMITIES ONLY)
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LRFS DMFS OS

5y 79% 65% 71%

10y 76% 62% 61%
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Median FU = 3.6 y. 
!
Median FU (CUN) = 7.3 y. 
!
Median FU (HGUGM) = 5.0 y. 
!
Median FU (HRC) = 1.5 y.



FACTORS AFFECTING LRFS



HGUGM CUN HRC

5yLRFS 81% 76% 76%

10yLRFS 78% 73% -

20yLRFS - 70%

HGUGM

HRC

IMPACT OF HOSPITAL ON LOCAL RELAPSE



Log-Rank p=0.21

Primary Recurrent

5yLRFS 83% 81%

10yLRFS 72% 62%

PRIMARY vs. RECURRENT TUMOR

Primary

Recurrent



R0 R1

5yLRFS 86% 57%

10yLRFS 85% 47%

20yLRFS 80% -

RESECTION STATUS: R0 vs. R1

Log-Rank p<0.001*

R1

R0

Only factor in multivariate analysis

Years



FACTORS AFFECTING DMFS



Local control Local relapse

5yLRFS 72% 51%

10yLRFS 68% 51%

DISTANT METASTASES FREE SURVIVAL

Log-Rank p=0.0254*

Local relapse

Local control



DOSE - RESPONSE



SARCOMA (SUBGROUP - EXTREMITIES) 
DOSE - RESPONSE ANALYSIS

RESECTION STATUS: R0 vs. R1-R2

R0 R1-R2

5yLRFS 86% 57%

10yLRFS 85% 47%

20yLRFS 80% -

Log-Rank p<0.001*

R1-R2

R0

Years



SARCOMA (SUBGROUP - EXTREMITIES) 
DOSE - RESPONSE ANALYSIS

RESECTION STATUS: R0 vs. R1-R2

R0 R1-2

Median dose IORT (Gy) 12.5 12.5

Median dose EBRT (Gy) 50 50

Median total dose (Gy) 60 60

DOSE STATISTICS: R0 vs. R1-R2

0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

PHYSICAL DOSE - R0 PHYSICAL DOSE - R1-R2

R0 R1-2

5yLRFS 86% 57%

10yLRFS 85% 47%

20yLRFS 80% -

Log-Rank p<0.001*

R1-R2

R0

Years
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PHYSICS CONTRIBUTION

A SIMPLE METHOD OF OBTAINING EQUIVALENT DOSES FOR USE IN
HDR BRACHYTHERAPY

SUBIR NAG, M.D., AND NILENDU GUPTA, PH.D.
Division of Radiation Oncology, Arthur G. James Cancer Hospital and Research Institute, Ohio State University, Columbus, OH

Purpose: To develop a simple program that can be easily used by clinicians to calculate the tumor and late tissue
equivalent doses (as if given in 2 Gy/day fractions) for different high-dose-rate (HDR) brachytherapy regimens.
The program should take into account the normal tissue sparing effect of brachytherapy.
Methods and Materials: Using Microsoft Excel, a program was developed incorporating the linear-quadratic
(LQ) formula to calculate the biologically equivalent dose (BED). To express the BED in terms more familiar to
all clinicians, it was reconverted to equivalent doses as if given as fractionated irradiation at 2 Gy/fraction. Since
doses given to normal tissues in HDR brachytherapy treatments are different from those given to tumor, a
normal tissue dose modifying factor (DMF) was applied in this spreadsheet (depending on the anticipated dose
to normal tissue) to obtain more realistic equivalent normal tissue effects.
Results: The spreadsheet program created requires the clinician to enter only the external beam total dose and
dose/fraction, HDR dose, and the number of HDR fractions. It automatically calculates the equivalent doses for
tumor and normal tissue effects, respectively. Generally, the DMF applied is< 1 since the doses to normal tissues
are less than the doses to the tumor. However, in certain circumstances, a DMF of > 1 may need to be applied
if the dose to critical normal tissues is higher than the dose to tumor. Additionally, the !/" ratios for tumor and
normal tissues can be changed from their default values of 10 Gy and 3 Gy, respectively. This program has been
used to determine HDR doses needed for treatment of cancers of the cervix, prostate, and other organs. It can
also been used to predict the late normal tissue effects, alerting the clinician to the possibility of undue morbidity
of a new HDR regimen.
Conclusion: A simple Excel spreadsheet program has been developed to assist clinicians to easily calculate
equivalent doses to be used in HDR brachytherapy regimens. The novelty of this program is that the equivalent
doses are expressed as if given at 2 Gy per fraction rather than as BED values and a more realistic equivalent
normal tissue effect is obtained by applying a DMF. Its ease of use should promote the use of LQ radiobiological
modeling to determine doses to be used for HDR brachytherapy. The program is to be used judiciously as a guide
only and should be correlated with clinical outcome. © 2000 Elsevier Science Inc.

HDR brachytherapy, Time–dose-effect, Linear-quadratic, Biologically equivalent dose.

INTRODUCTION

Most radiation oncologists are familiar with low-dose-rate
(LDR) brachytherapy. Recently, there has been a trend
towards increased use of high-dose-rate (HDR) brachyther-
apy due to its advantages, namely that it eliminates radiation
exposure to caregivers, requires only short treatment times,
and that its dose distribution can be optimized by varying
the dwell times. HDR is generally given as fractionated
treatments to decrease normal tissue toxicity. The dose
effect relationship in radiation therapy is not linear, but may
be assumed to follow a linear-quadratic (LQ) function (1).
Hence, doses from different treatment modalities cannot be
added linearly to determine the combined effect. Many
radiation oncologists are not very familiar with the fraction-

ation schemes to be used in HDR brachytherapy. Further,
there is a marked difference between the biological effects
in the tumor and those in late reacting normal tissue (1).
Besides, patients are often treated with external beam ra-
diotherapy combined with HDR brachytherapy, which
poses the added challenge of determining the combined
effect of the two treatments.
One way to calculate the biologically equivalent doses

(BEDs) of different dose fractionation schemes is to use the
LQ equation (eq. 1 in Appendix 1). In this equation, the !/"
ratio is usually taken to be 10 Gy for tumor/early effects and
3 Gy for late effects (2). The concept of LQ modeling is
familiar to most radiation oncologists. However, this calcu-
lation is cumbersome, and the resultant BED values are not
familiar to the clinicians. Further, it does not take into

Reprint requests to: Subir Nag, M.D., Chief of Brachytherapy,
The Arthur G. James Cancer Hospital, Ohio State University,
300 West Tenth Avenue, Columbus, OH 43210. E-mail:
nag.1@osu.edu
Acknowledgments—The authors wish to express their gratitude to

David Carpenter for editorial assistance. This study was supported
in part by Grant 5P30CS16058 from the National Cancer Institute,
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SUMMARY

A simple Excel spreadsheet program has been developed
to assist clinicians to easily calculate equivalent doses to be
used in HDR brachytherapy regimens. The novelty of this
program is that the equivalent doses are expressed as if
given at 2 Gy per fraction rather than as BED values, and a

more realistic equivalent normal tissue effect is obtained by
applying a DMF. Its ease of use should promote the use of
LQ radiobiological modeling to determine HDR brachyther-
apy doses. The program is to be used judiciously as a guide
only and should be correlated with clinical outcome.
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APPENDIX 1:
BIO-EQUIVALENCE CALCULATIONS FOR

MULTIPLE MODALITY RADIATION TREATMENTS

The dose effect relationship in radiation therapy is not a
linear relationship, but follows a LQ function. Hence, doses
delivered by different modalities cannot be added to each
other to predict the effect of the combined modality treat-
ment. One way to calculate the BEDs of different dose
fractionation schemes is to use the LQ equation, using the
formula

BED! nd !1 "
d
(!/"" (1)

where n ! the number of fractions and d ! the dose per
fraction. To express the results in terms more familiar to
clinicians, the BED was converted back to equivalent doses
(DEq) as though given as conventionally fractionated irra-
diation given at 2 Gy/day for tumor and late effects respec-
tively using the formula

DEq !
BED

#1" dREF
(!/")$

(2)

where dREF ! the reference dose per fraction for a conven-
tionally fractionated external beam treatment to be used for

calculating the equivalent dose (which for the purposes of
this paper has been assumed to be 2 Gy/fraction).
If the equivalent dose for late effects is calculated using

eq. 2 above, the implicit assumption in this calculation is
that doses delivered to the normal tissues were equal to
doses delivered to the tumor (which is true for external
beam radiotherapy). However, under certain circumstances
(e.g., with HDR brachytherapy), this assumption may not be
true, because the dose given to normal tissues is reduced due
to the fall-off in dose with distance. For example, if the dose
to normal tissue is estimated to be 70% of the prescribed
dose to the tumor in HDR brachytherapy, a dose reduction
factor (DMF) of 0.7 would need to be applied to obtain the
modified, more realistic late normal tissue effects using the
formulas

BEDHDR ! n*d*DMF*#1"#d*DMF!/" $$ (3)

DEq!
BEDHDR

#1"dREF!/"$
#

n*d*DMF*#"1#d*DMF!/" $$
#1"dREF!/"$

(4)
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SUMMARY

A simple Excel spreadsheet program has been developed
to assist clinicians to easily calculate equivalent doses to be
used in HDR brachytherapy regimens. The novelty of this
program is that the equivalent doses are expressed as if
given at 2 Gy per fraction rather than as BED values, and a

more realistic equivalent normal tissue effect is obtained by
applying a DMF. Its ease of use should promote the use of
LQ radiobiological modeling to determine HDR brachyther-
apy doses. The program is to be used judiciously as a guide
only and should be correlated with clinical outcome.
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The�Linear-Quadratic�Model�Is�an
Appropriate�Methodology�for�Determining
Isoeffective�Doses�at�Large�Doses�Per�Fraction
David�J.�Brenner,�PhD,�DSc

The�tool�most�commonly�used�for�quantitative�predictions�of�dose/fractionation�dependen-
cies� in� radiotherapy� is� the� mechanistically� based� linear-quadratic� (LQ)� model.� The� LQ
formalism�is�now�almost�universally�used�for�calculating�radiotherapeutic�isoeffect�doses
for�different�fractionation/protraction�schemes.�In�summary,�the�LQ�model�has�the�follow-
ing� useful� properties� for� predicting� isoeffect� doses:� (1)� it� is� a� mechanistic,� biologically
based�model;�(2)�it�has�sufficiently�few�parameters�to�be�practical;�(3)�most�other�mecha-
nistic�models�of�cell�killing�predict�the�same�fractionation�dependencies�as�does�the�LQ
model;�(4)�it�has�well-documented�predictive�properties�for�fractionation/dose-rate�effects
in�the�laboratory;�and�(5)�it�is�reasonably�well�validated,�experimentally�and�theoretically,�up
to�about�10�Gy/fraction�and�would�be�reasonable�for�use�up�to�about�18�Gy�per�fraction.�To
date,�there�is�no�evidence�of�problems�when�the�LQ�model�has�been�applied�in�the�clinic.
Semin�Radiat�Oncol�18:234-239�©�2008�Elsevier�Inc.�All�rights�reserved.

L�et�us�start�from�the�premise�that�we�need�some�model�for
calculating� isoeffect� doses�when� alternate� fractionation

schemes�are�considered.�In�addition,�apart�from�increasing
interest�in�alternative�fractionation/protraction�schemes,�it�is
essential�that�we�know�how�to�compensate�appropriately�for
missed�radiotherapy�treatments.

The�tool�most�commonly�used�for�quantitative�predic-
tions�of�dose/fractionation�dependencies�is�the�linear-qua-
dratic�(LQ)�formalism.1-5�In�radiotherapeutic�applications,
the�LQ�formalism�is�now�almost�universally�used�for�cal-
culating�isoeffect�doses�for�different�fractionation/protrac-
tion�schemes.

In�contrast�to�earlier�methodologies,�such�as�cumulative
radiation�effect,�nominal�standard�dose,�and�time-dose�fac-
tor,6,7� which�were�essentially�empirical�descriptions�of�past
clinical�data,�the�LQ�formalism�has�become�the�preferred�tool
largely�because�it�has�a�somewhat�more�biological�basis,�with
tumor�control�and�normal�tissue�complications�specifically
attributed� to�cell�killing.�By�contrast,�descriptive�empirical
models�can�go�disastrously�wrong�if�used�outside�the�dose/

fractionation�range�from�which�they�were�derived,�as�when
NSD�was�applied�to�large�doses�per�fraction.8,9

Mechanistic
Background�to�the�LQ�Model
It� is� clear� that� radiotherapeutic� response,� both� for� tumor
control� and� for� complications,� is� dominated� by� cell� kill-
ing,2,10,11� and�LQ�is�a�mechanistic�model�of�cell�killing.�Un-
derlying� the� application�of� LQ� to� fractionation/protraction
effects�is�pairwise�misrepair�of�primary�lesions�such�as�dou-
ble-strand�breaks�(DSBs)�or�base�damage�(hereon�in�we�shall
refer�to�DSB�as�the�primary�lesion,�but�base�damage�sites�may
well�also�be�relevant�here12).�As�schematized�in�Figure�1,�cell
killing�occurs�via�chromosome�aberrations�such�as�dicentric
aberrations,13� which�are�formed�when�pairs�of�nearby�DSB
wrongly� rejoin� to� one� another.14� Protracting� the� exposure
time�potentially�allows�the�first�DSB�to�be�repaired�before�the
second� is� produced,� and� the� LQ� approach� quantifies� this
effect.5� Nowadays,� this�binary�DSB�misrepair�model� is� the
most�usual�way�to�motivate�the�standard�LQ�approach,�but
different�biological�rationales�for�the�same�mathematical�for-
malism�have�also�been�given,�as�we�will�discuss.

It�is�important�to�stress�here�that�the�standard�LQ�formal-
ism, as applied to time-dose relationships, is not merely a
truncated power series in dose. Its key feature here is a spe-
cific mechanistically based functional form for the protrac-
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Table 3
Dose–response parameter for D90 and D100 of the HR CTV and the IR CTV for the tumour categories for which a significant dose–effect was observed.

Tumour group ED50 [95% CI] ED70 [95% CI] ED80 [95% CI] ED90 [95% CI] c-value

D90 HR CTV
2 61 [22;70] 72 [57;82] 80 [71;97] 92 [82;131] 1.1
2b 68 [30;78] 77 [67;118] 83 [74;137] 91 [80;228] 2.0

Total 45 [<0;60] 61 [21;72] 71 [50;81] 86 [77;113] 0.6

D100 HR CTV
2 54 [41;58] 59 [53;64] 63 [59;70] 68 [64;83] 0.5
2b 56 [<0;63] 62 [55;123] 66 [60;197] 72 [64;314] 1.9

Total 33 [<0;47] 46 [<0;55] 55 [17;63] 67 [59;103] 1.9

D90 IR CTV
2 53 [21;59] 60 [48;66] 65 [59;76] 71 [66;102] 1.6

D100 IR CTV
2 47 [21;51] 52 [42;55] 55 [51;62] 59 [56;81] 2.1

Dose effect parameters have been calculated by probit analyses (EDxx: dose, at which cure can be expected in xx % of the patients; CI, confidence interval; c, normalized dose–
response gradient [20]).

Fig. 1. Dose–response relationships (D90 in the HR CTV) for local control in the total patient population (left panel), for group 2 (large tumours, middle panel) and for group
2b (large, non-responding tumours, right panel). Particular values of the curves are presented in Table 3.
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10-year FFPF for the BED groups !100, "100–120,
"120–140, "140–160, "160–180, "180–200, and "200
were 46%, 68%, 81%, 85.5%, 90%, 90%, and 92%, respec-
tively (p ! 0.0001). Dichotomizing the data based on the
above findings into two BED dose groups !150 (169 pa-
tients) and !150 (1152 patients) revealed FFPF rates at 10
years of 69% and 91%, respectively (p ! 0.0001) (Fig. 3).
The distributions of treatment regimens among the two dose
groups were as follows: dose group !150 (52% implant
alone, 38% implant and hormonal therapy, 10% trimodal-
ity), dose group !150 (40% implant alone, 24% implant
and hormonal therapy, 36% trimodality). A multivariate
analysis was performed using Cox regression with the enter
model and variables entered at a level of 0.05 and removed
at a level of 0.1. Disease and treatment variables were
analyzed as categorical data as stratified in the univariate
analyses. p values for the variables can be found in Table 3.

In this analysis, Gleason score and BED had the greatest
impact on PSA failure. In addition, a multivariate analysis
was performed using BED as a continuous variable. This
demonstrated similar results with p values for BED, Glea-
son score, PSA, treatment, hormonal therapy, risk group,
stage, and age as follows: 0.000, 0.000, 0.013, 0.199, 0.222,
0.49, 0.09, and 0.43, respectively.

Patients with high-risk features are the ones most likely to
harbor microscopic disseminated disease at presentation. In
theory, if a significant portion of high-risk patients have
subclinical metastatic disease, then local control of disease
would have little effect on biochemical failure rates. In this
scenario, it would be difficult to demonstrate a dose–
response analysis. To explore this hypothesis, dose–re-
sponse analyses were performed on subsets of high-risk
patients. Because these subgroups contained smaller num-
bers of patients compared with the whole population, dose–
response analyses were limited to separating patients into
two BED groups, !150 and !150. Using this type of
analysis, BED significantly affected freedom from bio-
chemical failure rates in patients with Gleason scores 8–10,

Fig. 2. Effect of biologically effective dose (BED) groups on
biochemical failure. PSA # prostate-specific antigen.

Fig. 3. Effect of biologically effective dose cutpoint of 150 on
biochemical failure. PSA # prostate-specific antigen.

Table 2. Effect of disease-related factors on PSA failure

Factor 10-year FFPF p Value

PSA
"10 90%
"10–20 85%
"20 70% !0.0001

Gleason score
"6 90%
7 85%
!8 76% !0.0001

Clinical stage
!T2a 93%
!T2b 78% !0.0001

Risk group
Low 94%
Intermediate 89.5%
High 78% !0.0001

Abbreviations: FFPF # freedom from PSA failure; PSA #
prostate-specific antigen.

Table 3. Multivariate analysis of factors affecting PSA failure

Factor p Value Exp(B)

95% confidence
interval for

Exp(B)

Lower Upper

Age 0.303 1.16 0.877 1.52
Treatment group 0.225 0.749 0.469 1.19
Clinical stage 0.103 1.59 0.911 2.79
Risk group 0.326 1.27 0.79 2.03
Hormonal therapy 0.178 0.637 0.331 1.23
PSA 0.012 1.45 1.08 1.93
Gleason score 0.000 1.72 1.29 2.31
BED 0.000 0.741 0.652 0.843

Abbreviations: BED # biologically effective dose; PSA #
prostate-specific antigen.
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Treatment group 0.225 0.749 0.469 1.19
Clinical stage 0.103 1.59 0.911 2.79
Risk group 0.326 1.27 0.79 2.03
Hormonal therapy 0.178 0.637 0.331 1.23
PSA 0.012 1.45 1.08 1.93
Gleason score 0.000 1.72 1.29 2.31
BED 0.000 0.741 0.652 0.843

Abbreviations: BED # biologically effective dose; PSA #
prostate-specific antigen.
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doses delivered in our study, as well as in the study by Stone
et al. (24), demonstrate better survival outcomes than in the
trial by Bolla et al. However, a randomized trial of escalated
image-guided radiotherapy, with or without hormones, is un-
likely to occur because of inherent bias formed as a result of
that trial (27).

High radiation doses
Multiple randomized trials have shown a biochemical and

clinical benefit due to the increased doses of radiation (1-5,
28). So far, however, a metastasis-free survival with overall
survival benefit has eluded the positive local control results
of these trials. On the other hand, our trial suggests that
biochemical and clinical improvements seen in intermediate-
and high-risk patients have potentially decreased cancer-re-
lated mortality and improved overall survival. Several
differences in our trial could explain the improved survival
results.

First, while it was a prospective trial, this study was not
randomized. Stage migration or selection imbalances could
account for the difference. The potential for changes in pa-
thology interpretation over time were removed, since all cases
were uniformly reviewed by the same pathologist (18), and,
as such, Gleason score changes did not occur. Given this,
all patients were clinically staged, and similar imaging studies
were used for them during our study. Imbalances in the pa-
tient population are possible due to the heterogeneity of any
intermediate- and high-risk population. To account for this
finding, different Cox multivariate models were created
(Table 5). Cox regression analysis accounting for known
risk factors such as Gleason score, T stage, and PSA showed
an independent effect for dose on survival. In this way, Cox
regression multivariate analysis was used to test for the inde-

pendence of dose as a predictor for outcome. Regardless of
well-known risk factors, dose remained a strong predictor
for outcome. Higher BEDs resulted in a threefold decrease
in biochemical relapse and clinical failure.

Second, the difference in dose in our study was larger than
in any of the previous randomized trials. The median net dose
difference between the two-boost dose studied was 22.5 Gy,
and for the BED, it was 74 Gy . It is possible that a larger dose
difference in the different protocols could have translated into
a survival benefit. Fuks et al. (29) previously published their
experience with permanent seed prostate implantation, with
a fourfold improvement in the relative risk of metastatic
spread in locally controlled patients (29). If higher doses
can eradicate local disease, the appearance of metastatic dis-
ease arising from persistent disease in the prostate may be
lowered and likely translate into improved survival. Our
data showing decreased metastatic rates with higher BEDs,
as seen in Fig. 3, support results of Fuks et al.

Even with smaller dose differences between study arms,
positive results have been reported in multiple phase III trials,
further validating our results. Zietman et al. (5) reported the re-
sults of PROG protocol 95-09; with a 9 Gray (Gy) difference
between arms, a biochemical benefit was seen for the whole
group, as well as for the low- and intermediate-risk patients
(5). Pollack et al. (2) found a clinical and biochemical benefit
for an addition of 8 Gy to patients with a PSA of >10 ng/ml.
A clinical advantage for an additional 8.2 Gy with protons
compared with photons alone for high-risk patients was dem-
onstrated by Shipley et al. (3). Furthermore, Sathya et al. (4)
found a difference in biochemical control with the addition
of 9 Gy over the low-dose arm via a permanent prostate im-
plant. Dearnaley et al. (1) revealed an improved biochemical
control by the addition of 10 Gy (59% and 71% at 5 years),

Table 3. Patient follow-up times by dose bin

Dose group Group
No. of cases

(n = 472)
Mean follow-up

(years)
Median follow-up

(years)
Range
(years)

BED (a/b of 1.2)
P-EBRT plus HDR

Low dose 5.5 Gy x 3 fractions 26 11.2 11.2 2.1–17.0 215 Gy
6.0 Gy x 3 fractions 21 10.3 10.9 1.1–16.1 231 Gy
6.5 Gy x 3 fractions 32 10.5 10.9 2.0–15.0 248 Gy
8.25 Gy x 2 fractions 44 8.2 8.9 1.5–13.3 253 Gy
8.75 Gy x 2 fractions 44 8.7 9.3 3.4–12.3 268 Gy

High dose 9.50 Gy x 2 fractions 111 8.3 9.7 1.2–11.9 292 Gy
10.5 Gy x 2 fractions 125 6.2 7.0 0.4–11.0 327 Gy
11.5 Gy x 2 fractions 69 6.0 6.2 0.4–9.3 366 Gy

All cases 471 7.8 8.2 0.4–17.0

Table 4. Ten-year outcomes by dose level group

Dose
group

No. of cases
(n = 472) BF (nadir +2)

BF(nadir +5 in
24 month, then nadir +2)

Locoregional
failure

Distant metastasis
failure

Clinical
failure

Clinical
DFS

Prostate cancer-
related events

Low dose 167 43.1% 41.2% 14.3% 12.4% 23.4% 55.2% 39.4%
High dose 305 18.9% 15.5% 2.8% 5.7% 7.7% 71.9% 18.9%
p value <0.001 <0.001 0.001 0.028 <0.001 0.014 0.001
All cases 472 29.4% 26.6% 7.8% 8.3% 14.3% 64.8% 27.5%

Abbreviations: BF = Biochemical Failure; DFS = Disease Free Survival.

368 I. J. Radiation Oncology d Biology d Physics Volume 79, Number 2, 2011



Martinez AA, Gonzalez J, Ye H et al. Dose escalation improves cancer-
related events at 10 years for intermediate- and high-risk prostate cancer 
patients treated with hypofractionated high-dose-rate boost and external 
beam radiotherapy. Int J Radiat Oncol Biol Phys. 2011;79:363-370.

was 45 Gy, and the net difference in BED was 74 Gy (253 Gy
and 327 Gy) between the two dose levels Table 3.

Outcomes for the two different dose levels were consis-
tently better for the high-dose-level group. The decreased
biochemical failures and clinical failures shown in Figs. 1
and 2 translated into improved clinical disease-free survival
(Fig. 3). In turn, improved overall disease-specific results
(biochemical and clinical control) translated into a decrease
in metastasis-free survival as shown in Fig. 4. Figure 5 shows
10-year prostate cancer-related events, demonstrating a sig-
nificant decrease in events for the high-dose level
(p = 0.001). Overall survival curves by dose group levels
can be seen in Fig. 6. While there is a trend toward better sur-
vival for higher BEDs, it is not statistically significant. A
summary of the different prostate cancer outcomes at 10
years can be seen in Table 4.

Cox multivariate analysis was done for different prostate
cancer-related outcomes, as seen in Table 4. The dose group

(low dose and high dose) and Gleason score (<7, 7, or >7)
were included as categorical variables, and T stage (using
1992 AJCC criteria [19]) and pretreatment PSA (ng/ml) tests
were used as continuous variables to analyze different out-
comes. A stepwise Cox proportional multivariate analysis
(MVA) was performed including these variables. MVA
model summaries are presented in Table 5, documenting
the statistically significant improvement in outcomes, i.e.,
BC, clinical DFS and cancer-related events with higher
BEDs.

Results of the MVA demonstrated that biochemical con-
trol was significantly associated with higher BED
(p = 0.017; hazard ratio [HR] = 0.586). MVA for clinical dis-
ease-free survival, higher BED (p = 0.002; HR = 0.3975), and
increasing Gleason score (p < 0.001) were significant. MVA
for all prostate cancer-related events demonstrated that in-
creasing Gleason score (Gleason score of >7 vs. 7, #7;
p = 0.011; HR, 5.261) were predictive factors. Higher doses
were beneficial, with hazard ratios suggesting a twofold im-
provement. MVA for overall survival, age at diagnosis
(p < 0.001; HR 1.08), and Gleason score (p = 0.041) were
the only significant factors. Not only were higher doses sig-
nificant (using log-rank test) for biochemical control, clinical
disease-free survival, metastasis rates, and prostate cancer-
related events, but the effect remained independent of other
risk factors such as T stage, Gleason score, and pretreatment
PSA level in multivariate analysis.

An extensive analysis of chronic toxicity is beyond the
scope of this report and is the subject of a different publica-
tion. However, grade 3 dysuria was 2% and 1% for the
low- and high-dose levels; frequency/urgency was 1% for
both groups; and hematuria was 2% and 3%, respectively.
Genitourinary toxicity was extremely low, with less than
0.5% for either group. Our data for treatment outcomes sup-
port the concept of a much lower a/b ratio for prostate cancer
cells than for normal genitourinary and gastrointestinal
epithelium.

Fig. 2. Freedom from clinical failure by HDR dose level for all
cases (n = 472).

(a)

(b)

Fig. 1. (a) Biochemical failure (Phoenix definition) by HDR dose
level for all cases (n = 472). (b) Biochemical failure (nadir + 5 in
24 month, followed by nadir +2) by HDR dose level for all cases
(n = 472).
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The Linear-Quadratic model has widespread use 
!
LQ model can be applied also to large doses per fraction 
!
Dose-response relationship can be obtained for cervix and prostate model 
!
Uncertainties in parameter selection must be considered 
!
Sensitivity analysis is needed 
!
More data are needed to validate our results



CONCLUSION



A validated tool for dose manipulation has been presented 
!
A dose-response relationship has been described for sarcoma of the extremities 
!
More clinical data are needed to fine-tune the curve 
!
Sensitivity analysis id needed (different alfa-beta, repair halftimes, and irradiation time) 
!
External data are needed to validate the model



WHAT IS NEXT? ROADMAP

Sensitivity analysis to fit the model to an optimal parameter set 
!
Validation of the model against an external data set (anyone in the room?) 
!
Include volumetric data (Vref, D90... using Radiance)



WHAT IS NEXT? VOLUMETRIC ANALYSIS
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