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same year (1). The American Cancer Society estimates that 
233,000 men are diagnosed in the United States with PC and 
29,480 die of it in 2014 (2). Dose escalation in prostate radio-
therapy (RT) leads to improved tumor control rates (3), but 
is limited by the vicinity of surrounding normal tissues, par-
ticularly the anorectum and bladder, as several dose-effect 
relationships for toxicity have been observed. New technolo-
gies such as intensity-modulated and image-guided radiation 
therapy (IGRT) have been shown to decrease acute toxicity 
in PC (4, 5). Dynamic arc IGRT technology accounts for mo-
tion to ensure that the target is in the same position for every 
treatment session (6, 7). Innovative radiographic and cone-
beam computed tomography (CT) modes are integrated with 
automated repositioning and motion management visualiza-
tion software to verify that treatments are completely in sync 
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Introduction

Prostate cancer (PC) is the most frequently diagnosed 
cancer in men, with 382,000 new cases diagnosed in Europe 
in 2012; it was the third leading cause of death in men in that 
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treated with dynamic arc radiation therapy (ART) for prostate cancer (PC).
Methods: From June 2006 to May 2012, 162 cT1-T3 cN0 cM0 PC patients were treated with ART (primary diag-
nosis, n = 125; post-prostatectomy/brachytherapy biochemical recurrence, n = 26; adjuvant post-prostatectomy, 
n = 11) at 2 institutions. Forty-five patients were Latin Americans and 117 were Europeans. The dose prescribed 
to the prostate ranged between 68 Gy and 81 Gy.
Results: The median age was 69 years (range 43-87 years). The median follow-up was 18 months (range 2-74 months). 
Overall, only 3 patients died, none due to a cancer-related cause. Biochemical recurrence was seen in 7 patients. The 
rates of acute grade 2 gastrointestinal (GI) and genitourinary (GU) toxicities were 19.7% and 17%, respectively. Only  
1 patient experienced acute grade 3 GI toxicity, whereas 11 patients (6.7%) experienced acute grade 3 GU toxicity. 
Multivariate analysis showed that undergoing whole pelvic lymph node irradiation was associated with a higher 
grade of acute GI toxicity (OR: 3.46; p = 0.003). In addition, older age was marginally associated with a higher grade of 
acute GI toxicity (OR: 2.10; p = 0.074). Finally, ethnicity was associated with acute GU toxicity: Europeans had lower-
grade toxicity (OR: 0.27; p = 0.001).
Conclusions: Our findings suggest an ethnic difference in GU toxicity for PC patients treated with ART. In addition, 
we found that ART is associated with a very low risk of severe toxicity and a low recurrence rate.
Keywords: Arc therapy, Data mining, Helical tomotherapy, Prostate cancer, Toxicity

Accepted: February 26, 2015
Published online: May 25, 2015

Corresponding author:
Jose Luis Lopez Guerra, MD, PhD
Department of Radiation Oncology
Virgen del Rocío University Hospital
Manuel Siurot Avenue, s/n. 41013, Sevilla, Spain
chanodetriana@yahoo.es

http://crossmark.crossref.org/dialog/?doi=10.5301%2Ftj.5000346&domain=pdf&date_stamp=2015-05-25


Prostate cancer treated with arc radiotherapy462 

© 2015 INTM, Italy. Published by Wichtig Publishing

with patient breathing, thus increasing treatment accuracy, 
reducing stress, and increasing patient comfort. The technol-
ogy provides high-resolution 3-dimensional images to pin-
point tumor sites and adjust positioning when necessary.

The distribution of genotypes depends on the ethnic origin 
of a population. Differences in the distribution of genotypes 
between individuals of different ethnicity are an important 
confounding factor that tends to be undervalued in studies as-
sessing toxicity (8). In the particular case of Europe, although 
populations inhabiting the Iberian peninsula show substantial 
genetic homogeneity (9), there are findings which suggest that 
Northwest African influences exist among the Iberian popula-
tion and that these differences might increase the risk of false 
positives in genetic epidemiology studies (8, 10).

The purpose of this study was to evaluate the influence 
of ethnicity on toxicity after definitive arc radiation therapy 
(ART) for clinically localized and recurrent PC, as well as post-
prostatectomy adjuvant treatment. In addition, we assessed 
the clinical results and the prognostic factors for toxicity, with  
the hypothesis that using IGRT decreases the risk of serious 
injury to the surrounding normal tissue based on prior studies 
which show that ART approaches are superior to 3-dimensional 
conformal radiotherapy (3DCRT) in sparing organs at risk.

Material and methods

Selection criteria

The institutional review board approved a multicenter ret-
rospective chart review, which was conducted for individuals 
with PC treated with ART from June 2006 through May 2012. 
One hundred and sixty-two cT1-T3 cN0 cM0 PC patients were 
treated with ART (primary diagnosis, n = 125; post-prosta-
tectomy/brachytherapy biochemical recurrence, n = 26 [only  
1 patient received brachytherapy as primary treatment]; and 
adjuvant post-prostatectomy, n = 11) at 2 institutions from dif-
ferent nationalities (Europe and Latin America). Patients were 
grouped according to the clinical TNM staging system (11) 
and D’Amico (12) risk classification grouping. Pre-treatment 
evaluation consisted of documented history and physical ex-
amination, including performance status and digital rectal ex-
amination. Serum prostate-specific antigen (PSA) values and 
transrectal ultrasound-guided biopsy of the prostate were 
obtained before radiation therapy. Abdominal evaluation with  
CT ± magnetic resonance imaging was also required before ra-
diation treatment.

Treatment

Patients were immobilized in the supine position with the 
same immobilization device used for 3DCRT. Specific instruc-
tions were given regarding daily preparation: a comfortably full 
bladder (with patients instructed to drink water 30-45 minutes 
before treatment) and an empty rectum aided by a special diet 
with instructions from the physician and nurse. Axial images 
were obtained at 3-mm intervals through the pelvis (from L2 
to 10 cm under the level of the inferior margin of the ischial 
bone). The outlining of organs at risk was done according to 
the International Commission on Radiation Units and Measure-
ments, ICRU report 62 (13). The planning target volume (PTV) 

was defined by a 5- to 10-mm margin around the prostate cap-
sule. The prescription dose covered at least 95% of the PTV.

All patients were treated with volumetric modulated arc 
therapy (RapidArc or helical tomotherapy [HT]) and underwent 
daily megavoltage CT and image-guided verification of the PTV 
position prior to treatment. The dose prescribed to the pros-
tate ranged between 68 Gy and 81 Gy, delivered with either 
hypofractionation (2.5-2.6 Gy/fraction; n = 48) or conventional 
fractionation (1.8-2 Gy/fraction; n = 114). All patients receiving 
hypofractionation underwent HT. The seminal vesicles received 
50-56 Gy, the surgical bed 60-79.2 Gy, and the pelvic lymph 
nodes 46-50.4 Gy (n = 70), when applicable, with convention-
al fractionation. Neoadjuvant androgen-deprivation therapy 
(ADT) was given to the majority of intermediate-risk PC patients 
(67%) as well as all high-risk patients who underwent defini-
tive RT. In addition, high-risk patients also received adjuvant 
ADT. Patients with recurrent PC received ADT at the physician’s  
discretion (n = 8).

Patient follow-up

During the course of RT, patients were seen at least 
weekly, and more often if needed, for clinical evaluation and 
disease management. They were evaluated at approximate-
ly 1-3 months after completion of therapy and then every  
3 months. The follow-up evaluations consisted of a history 
and physical examination. PSA values were obtained every 3 
months for the first year after treatment, every 6 months for 
2 years, and annually thereafter. Imaging and additional stud-
ies were obtained at the discretion of the treating physician.

Statistical methods

All data analyses were done using the SPSS statistical 
software (version 19.0). The primary endpoint was the occur-
rence of any grade ≥2 acute genitourinary (GU) or gastroin-
testinal (GI) toxicity within 3 months of RT, scored using the 
Radiation Therapy Oncology Group (RTOG) scoring system 
(14). In addition, we evaluated the biochemical failure-free 
survival defined by the American Society for Therapeutic Ra-
diology and Oncology (ASTRO) and the Phoenix (nadir + 2) 
definition (15), including any clinical failure defined as local, 
regional, or distant relapse. Potential risk factors for moder-
ate/severe toxicity (grade ≥2) were assessed in univariate  
logistic regression analysis. Because of the possible confound-
ing effect of clinical factors on toxicity, associations found to 
be significant in the univariate analysis were adjusted by pa-
tient (age, ethnicity), tumor (primary vs. relapse), dosimetry 
(median dose to organs at risk), and treatment (RT dose, frac-
tionation, whole pelvic lymph node irradiation, RT technique) 
factors. Multivariate analyses were performed using a logistic 
regression model, with a stepwise backward elimination pro-
cedure. A p value of 0.05 or less was considered statistically 
significant.

Data mining

We applied clinical data mining techniques based on asso-
ciation rules (16). The discovery of association rules provides 
significant and apparently hidden relations among variables 
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within a clinical dataset. An association rule can be defined as 
an implication of the form:

A➪B

where A is a set of variables in the clinical dataset and B refers 
to the level of side effects (moderate/acute).

We applied 2 different families of techniques to extract 
the rules. On the one hand, we used quantitative techniques 
where the numerical values of the variables are taken into 
account. In particular, we applied the C4.5, Ripper and Part 
algorithms. The C4.5 algorithm is a rule-based classifier and 
we derive rules from the decision tree that is built (17). The 
Ripper algorithm is a propositional rule learner (18), and the 
Part algorithm is a separate-and-conquer rule learner (19). 
Finally, we used the framework toolkit Weka (20) to execute 
the algorithms.

On the other hand, we used qualitative techniques 
where the values of the variables are treated as tags, and 
numerical variables therefore need to be discretized before 
the algorithms are applied. We employed Subgroup Discov-
ery (21), a data mining technique which combines predic-
tive and descriptive induction in order to find interesting 
relationships between variables in a dataset regarding a 
specific property of interest (level of side effects in our par-
ticular case). The task of Subgroup Discovery is therefore to 
discover subgroups of the population that are statistically 
“most interesting”, i.e., are as large as possible and have the 
most unusual statistical (distributional) characteristics with 
respect to the property of interest. We executed this algo-
rithm in the RapidMiner toolkit (22).

Results

The median age of the patients was 69 years (range 
43-87 years; Tab. I). The median follow-up was 18 months 
(range 2-74 months). The median initial Gleason score was 
7 and the median initial PSA was 8.4 ng/mL. There were sig-
nificant differences in the baseline characteristics between 
the 2 populations evaluated. Latin-American patients had 
higher PSA scores, risk classification, radiation doses, longer 
RT duration, and higher pelvic lymph node irradiation rates 
than European patients. In contrast, European patients had 
higher radiation doses per fraction, larger PTVs, larger pelvic 
volume irradiated, and higher median radiation doses to the 
bladder and rectum than Latin-American patients (Tab. I). In 
patients with a primary diagnosis or those receiving adju-
vant ART, the median overall survival was 23 months (range, 
3.5-92 months). In patients receiving ART for biochemical 
recurrence, the median survival was 21 months (range, 3-73 
months). Overall, only 3 patients died, none of them due to 
a cancer-related cause. Biochemical recurrence was seen in 
7 patients.

Toxicity data

The rates of acute grade 2 GI and GU toxicities were 19.7% 
and 17%, respectively. Only 1 patient experienced acute 
grade 3 GI toxicity, whereas 11 patients (6.7%) experienced 
acute grade 3 GU toxicity.

Prognostic factors

Several factors including dosimetric parameters were 
evaluated as predictors of acute toxicity in univariate analysis 
(Tab. II). The radiation dose showed a significant association 
with grade ≥2 acute GI and GU toxicity in the univariate analy-
ses (p = 0.047 and p = 0.012, respectively). In addition, whole 
pelvic lymph node irradiation was also associated with a high-
er grade of acute GI and GU toxicity (p = 0.003 and p = 0.015, 
respectively). Multivariate analysis (Tab. III) showed that un-
dergoing whole pelvic lymph node irradiation was associated 
with a higher grade of acute GI toxicity (OR: 3.46; p = 0.003). 
In addition, older age was marginally associated with a higher 
grade of acute GI toxicity (OR: 2.10; p = 0.074). Finally, eth-
nicity was associated with grade ≥2 acute GI and GU toxicity 
in univariate analysis (p = 0.004 and p = 0.001, respectively). 
Latin-American patients showed higher rates of grade ≥2 GI 
toxicity (36% vs. 15%) and GU toxicity (41% and 16%) than 
Europeans. However, only the association between ethnicity 
and a higher grade of acute GU toxicity retained significance 
in multivariate analysis (OR: 0.27; p = 0.001).

After data mining analysis, the highest areas under the 
curve for rules predicting GI and GU toxicities ranged from 
0.65 to 0.66 and 0.64 to 0.65, respectively. In terms of GU 
toxicity, there were 4 rules which achieved the highest AUC 
(0.65; Tab. IV). The highest AUC (0.66) for predicting GI toxic-
ity included patients with pelvic lymph node irradiation and 
PSA ≤10 ng/mL at diagnosis.

Discussion

This preliminary report shows the feasibility of ART using 
different radiation techniques for PC, including hypofraction-
ation and in the postoperative setting. Our pertinent findings 
can be summarized as follows. First, we found that ethnicity 
was associated with acute GU toxicity, with Europeans expe-
riencing lower-grade toxicity. Second, we found that ART was 
associated with a very low risk of severe toxicity and a low 
recurrence rate. Interestingly, acute GI and GU toxicities were 
tolerable without any grade >3 side effects. Finally, whole pel-
vic lymph node irradiation was associated with a higher grade 
of acute GI toxicity, and older age was marginally associated 
with a higher grade of acute GI toxicity.

Genetics has been proved to play a role in radiation-induced 
toxicity (23). Genetic factors partly explain the high interin-
dividual variability in toxicity also when patients have similar 
characteristics and are treated with the same treatment sched-
ule (24). However, the number of studies assessing ethnicity in 
PC patients is limited and the overall results are inconclusive 
(8, 25). For example, Lichtensztajn et al (25) reported the out-
comes of 90,845 non-Hispanic white, non-Hispanic black, and 
Asian-American men diagnosed with PC between 2004 and 
2010. The population-based cohort of Asian-American men 
was more likely to have an unfavorable risk profile at diagnosis. 
In addition, a Spanish multicenter study (8) reported the out-
comes of 601 PC patients from 4 geographically distant regions 
in Spain. The authors observed differences in the distribution of 
genotypes between individuals of the same ethnicity and con-
cluded that these differences could be an important confound-
ing factor commonly undervalued in typical association studies 
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TABLE I - Patient characteristics by ethnicity

Characteristic All Latin Americans (n = 45) Europeans (n = 117) P value

Age
  Median (25th-75th percentile) 68.5 (63-74.3) 68 (59-73.5) 69 (63.5-75) 0.299

Gleason score*
  <7 65 (40) 2 (4.4) 63 (53.8)
  7 65 (40) 21 (46.7) 44 (37.6)
  >7 32 (20) 22 (48.9) 10 (8.6) <0.001

T stage*
  T1 68 (41.9) 10 (22.2) 58 (49.6)
  T2 65 (40.1) 16 (35.6) 49 (41.9)
  T3 27 (16.7) 18 (40) 9 (7.7)
  T4 2 (1.3) 1 (2.2) 1 (0.8) n.a.

PSA* (ng/mL)
  <10 100 (61.7) 27 (60) 73 (62.4)
  10-20 35 (21.6) 9 (20) 26 (22.2)
  >20 27 (16.7) 9 (20) 18 (15.4) 0.771

Risk
  Low 34 (21) 2 (4.4) 32 (27.3)
  Intermediate 69 (42.6) 12 (26.7) 57 (48.7)
  High 59 (36.4) 31 (68.9) 28 (24) <0.001

Androgen deprivation therapy (n = 125) **
  No 33 (26.4) 7 (24.1) 26 (27.1)
  Yes 92 (73.6) 22 (75.9) 70 (72.9) 0.753

Type of radiation
  Definitive 125 (77.2) 29 (64.4) 96 (82)
  Adjuvant 11 (6.8) 6 (13.3) 5 (4.3)
  Salvage 26 (16) 10 (22.3) 16 (13.7) 0.035

Fractionation (Gy)
  1.8-2 114 (70.4) 45 (100) 69 (59)
  2.5-2.6 48 (26.8) 0 (0) 48 (41) <0.001

Radiation dose (Gy)
  Median (25th-75th percentile) 74 (68-78) 79.2 (77.4-79.2) 70 (68-74) <0.001

Radiation time (days)
  Median (25th-75th) 53 (42-61) 63 (60-64) 46 (40-55) <0.001

PLN irradiation
  No 92 (56.8) 3 (6.7) 89 (76.1)
  Yes 70 (43.2) 42 (93.3) 28 (23.9) <0.001

Planning target volume (cm3)
  Median (25th-75th) 131.7 (96.9-175.4) 84 (59.8-128.7) 140 (117.1-190.2) <0.001

Pelvic volume (cm3) (n = 70)
  Median (25th-75th) 246.2 (187.3-708.4) 199 (168.9-234.7)  

(n = 42)
824.4 (643.7-935)  

(n = 28)
<0.001

Bladder volume (cm3)
  Median (25th-75th) 141.7 (92.7-204.1) 115.8 (63.5-177.7) 158.5 (104.7-212.7) 0.005

Rectum volume (cm3)
  Median (25th-75th) 79.7 (58.6-100.5) 90.8 (71.3-150.7) 77.4 (57.5-91.6) 0.001

Bladder median dose
  Median (25th-75th) 36.5 (28-44.8) 32.3 (26.7-39.4) 39.7 (29.5-47.2) 0.007

Rectum median dose (Gy)
  Median (25th-75th) 33.1 (26.7-38.7) 30.8 (27.5-35.1) 34.2 (26.6-41.6) 0.022

Categorical variables are represented by absolute frequencies and percentages (n[%]) and they were analyzed with the chi-square test. Noncategorical variables 
are represented by the median (25th-75th percentiles) and were analyzed with the Mann-Whitney U test.
PSA = prostate-specific antigen; PLN, pelvic lymph nodes; PTV = planning target volume; n.a. = not available.
*Values detected at primary diagnosis.
**Includes patients receiving definitive radiation therapy for primary prostate cancer.
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TABLE II - Univariate analysis of factors associated with grade ≥2 acute genitourinary and gastrointestinal toxicity

Variable
Acute GU toxicity grade ≥2 Acute GI toxicity grade ≥2

OR P value OR P value

Age (years)
  ≤median 1.00 1.00
  >median 3.45 0.345 2.01 0.082
PSA at diagnosis (ng/mL)
  ≤10 1.00 1.00
  11-20 1.53 0.458 1.43 0.418
  >20 0.48 0.389 0.68 0.389
T stage
  T1 1.00 1.00
  T2 1.14 0.757 1.15 0.707
  T3 0.72 0.479 0.72 0.479
Gleason score
  <7 1.00 1.00
  7 1.51 0.818 1.11 0.818
  >7 2.43 0.112 2.23 0.112
Risk
  Low/intermediate 1.00 1.00
  High 1.48 0.115 1.88 0.112
ADT
  No 1.00 1.00
  Yes 0.49 0.294 0.69 0.294
Fractionation (Gy)
  ≤2.00 1.00 1.00
  >2.00 0.68 0.367 0.48 0.387
Radiation dose (Gy)
  <median 1.00 1.00
  ≥median 2.62 0.012 2.41 0.047
Treatment
  Definitive 1.00 1.00
  Adjuvant 0.89 0.865 0.89 0.885
  Salvage 1.60 0.624 1.20 0.724
Ethnicity
  Latin-American 1.00 1.00
  European 0.26 0.001 0.31 0.004
PLN treatment
  No 1.00 1.00
  Yes 2.51 0.015 3.37 0.003
Radiation time (days)
  ≤median 1.00 1.00
  >median 1.17 0.223 1.17 0.623
Prostate PTV (cm3)
  ≤median 1.00 1.00
  >median 1.21 0.225 1.41 0.295
Bladder median dose (Gy)
  ≤median NA 1.00
  >median 2.41 0.011
Bladder volume (%)
  ≤median NA 1.00
  >median 0.59 0.122
Rectum median dose (Gy)
  ≤median 1.00 NA
  >median 2.32 0.233
Rectum volume (%) NA
  ≤median 1.00
  >median 0.49 0.122

GU = genitourinary; GI = gastrointestinal; PSA = prostate-specific antigen; ADT = androgen deprivation therapy; OR = odds ratio; PTV = planning target volume; 
PLN = pelvic lymph nodes; NA = not applicable.
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conducted in radiogenomics. Our finding that Europeans ex-
perienced lower-grade acute GU toxicity than Latin Americans 
could be attributable to genetic differences but might also be 
mediated by sociodemographic, medical, and health behavior 
factors (26).

HT has been shown to provide a more homogeneous 
dose distribution, whereas other dynamic arc therapies en-
able a shorter delivery time (27). IGRT for PC allows adjust-
ment and positional correction of the radiation beams based 
on daily imaging to account for the variability of the target 
position. IGRT potentially represents a more accurate form of 
dose delivery in patients receiving RT for PC. Given the more 
targeted nature of these treatments, the margins routinely 
used around the clinical target volume to account for organ 
motion, and variability of the target position can be further 

reduced if daily positional correction of the treatment target 
is performed. Conde-Moreno et al (28) reported the toxicity 
outcome of PC patients treated with and without IGRT. Those 
treated with IGRT experienced grade ≥2 proctitis in 4.17%, 
grade ≥2 rectal bleeding in 2.08%, and grade ≥2 GU toxicity 
in 8.33%, whereas those treated without IGRT had grade ≥2 
proctitis in 19.56%, grade ≥2 rectal bleeding in 15.2%, and 
grade ≥2 GU toxicity in 15.2%. In addition, lower rates of to-
tal and late proctitis, late rectal bleeding, anal fissure, total 
and acute hematuria, total and acute urinary frequency, and 
total urinary incontinence were observed in the group treat-
ed with IGRT. Our findings showed a very low risk of severe 
toxicity without any grade >3 side effects, even including PC 
patients treated after surgery or using hypofractionated RT. 
In this respect, Macias et al (29) had already observed <1% 

TABLE III - Multivariate analysis of factors associated with grade ≥2 acute genitourinary and gastrointestinal toxicity

Parameter
Acute GU toxicity grade ≥2 Acute GI toxicity grade ≥2

OR 95% CI P value OR 95% CI P value

Age (years)
  ≤median 1.00
  >median - 3.46 1.53-7.84 0.074

PLN irradiation
  No 1.00
  Yes - 2.10 0.93-4.74 0.003

Ethnicity
  Latin-American 1.00

  European 0.27 0.13-0.59 0.001 -

GU = genitourinary; GI = gastrointestinal; OR = odds ratio; CI = confidence interval; PLN = pelvic lymph nodes.

TABLE IV - �Highest areas under the curve of factors associated with grade ≥2 acute genitourinary and gastrointestinal toxicity in multivari-
ate analysis and data mining

Analysis Factors Acute GU toxicity grade ≥2 
AUC

Acute GI toxicity grade ≥2 
AUC

Multivariate analysis Age (years)* - 0.5856
Pelvic lymph node irradiation** - 0.6472
Ethnicity*** 0.6452 -

Data mining Ethnicity*** & Gleason score* 0.6532 -
Ethnicity*** & Risk† 0.6532 -
Fractionation (Gy)‡ & Gleason score* 0.6532 -
Fractionation (Gy) & Risk† 0.6532 -
Radiation time (days) & Radiation dose* (Gy) 0.6464 -
Pelvic lymph node irradiation** & PSA* (ng/mL) - 0.6613
Pelvic lymph node irradiation** & Risk† - 0.6511

GU = genitourinary; GI = gastrointestinal; PSA = prostate-specific antigen; AUC = area under the curve.
*≤median vs. >median.
**Yes vs. no.
***European vs. Latin-American.
†Low & intermediate vs. high.
‡Conventional vs. hypofractionation.
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grade 3 acute complications in PC patients treated with a hy-
pofractionated schedule.

There has been growing interest in the application of da-
ta-mining techniques to clinical data in the last 10 years, with 
a 10-fold increase in the number of papers having the term 
“data mining” in their title and being referenced in MEDLINE 
(30). In the present study, we set out to investigate which 
rules are responsible for moderate/acute RT side effects in 
order to ascertain whether this approach can refine the pre-
diction of toxicity so that an even more accurate predictive 
model can be developed. The rules found in this study slightly 
improved the AUC previously obtained in the logistic regres-
sion model. Nevertheless, this is useful information which 
could open an avenue for future research using this approach 
to help create new nomograms for predicting not only toxic-
ity but also recurrence and survival outcome.

The study has several limitations, including the relatively 
small number of patients and the fact that the clinical data 
were collected and analyzed retrospectively. It will therefore 
be important to validate our findings in a prospective study 
with a larger number of patients and a well-defined protocol. 
We also recognize that differences in baseline characteristics 
between the 2 populations evaluated, such as radiation doses 
or disease stage, may have influenced the toxicity outcome. 
With respect to the data-mining analysis, we acknowledge 
that our results may only be applicable to this particular se-
ries, as external validation is needed to confirm these findings. 
Therefore, we suggest the use of this data only as a guide.  
Finally, although it was not the intent of this study, future stud-
ies are needed to investigate the mechanism by which ethnic-
ity is associated with the risk of toxicity after RT.

Our findings suggest an ethnic difference in the mecha-
nism behind the association. Therefore, validation of the ra-
cial distribution and the association with toxicity in various 
populations will be an important consideration in toxicity risk 
evaluation. Aggregating data-mining analyses for prediction 
of toxicity is beneficial to patient classification and may im-
prove the selection of trial candidates according to the risk 
of toxicity.
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