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Abstract 
Introduction Treating localized prostate cancer with combination radiotherapy consisting of 

external beam radiotherapy (EBRT) and high-dose-rate brachytherapy (HDR-BT) has been 

proven to result in better disease outcome than EBRT only. There is, however, a decreasing 

trend in utilization of combination therapy, partially due to concerns for elevated toxicity 

risks. 

Aim To determine which parameters correlate to acute and late (≤ 6 months) urinary toxicity 

(AUT and LUT) and acute and late rectal toxicity (ART and LRT), and thereafter create 

predictive models for rectal toxicity. 

Methods Data on toxicity rates and 32 patient, tumor and treatment parameters were collected 

from 359 patients treated between 2008 and 2018 with EBRT (42 Gy in 14 fractions) and 

HDR-BT (14.5 Gy in 1 fraction) for localized prostate cancer at Örebro University Hospital. 

Bivariate analyses were conducted on all parameters and the outcome variables AUT, LUT, 

ART and LRT grade ≥ 1, graded according to the RTOG-criteria. Parameters correlating to 

ART and LRT in this and previous studies were included in multivariate logistic regression 

analyses for creation of predictive models.  

Results Most toxicities, 86%, were of grade 0 or 1, only 9% of patients had grade 2 – 3 

toxicity. Only 2 – 4 parameters correlated to the respective toxicities in bivariate analyses. 

Logistic regressions generated no significant predictors of ART or LRT. Therefore, no 

predictive models were obtained. 

Conclusion None of the included parameters have enough discriminative abilities regarding 

rectal toxicity. Predictive models can most probably be obtained by including other 

parameters and more patients. 

 

 

 

Keywords Prostate cancer; Radiation induced toxicity; Predictive model;  

Combination therapy; High-dose-rate brachytherapy boost  
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Introduction 
Prostate cancer (PC) is the second most commonly occurring cancer in men. In 2018 there 

were 1,3 million new cases and 360 000 deaths from PC worldwide [1]. For localized PC, the 

curative treatment strategies available are radical prostatectomy and radiotherapy. 

Radiotherapy can be delivered by different modalities; external beam radiation therapy 

(EBRT, which in itself comprises different modalities), low-dose-rate brachytherapy (LDR-

BT, permanently implanted radioactive seeds), and high-dose-rate brachytherapy (HDR-BT, 

radiation delivered through temporarily implanted needles). For low-risk PC, brachytherapy 

as monotherapy is a common treatment. Combining EBRT with brachytherapy as a boost is 

indicated for intermediate- and high-risk PC [2]. Apart from considering the clinical 

characteristics of the cancer when determining treatment type, current guidelines suggest 

shared decision making between patients and their clinicians based on patient preferences, life 

expectancy, prior symptoms, and expected treatment-related adverse effects [3]. These 

adverse effects are mainly urinary toxicity, rectal toxicity and sexual dysfunction [4–6].  

 

Many studies have been made with an objective of comparing disease control rate between 

different treatment strategies, showing for example that radiotherapy and surgery have 

comparable efficacies but different toxicity profiles [4–6]. Studies comparing various 

radiotherapy treatment modalities collectively imply that combining brachytherapy with 

EBRT seems to be superior to EBRT alone [7,8]. In fact,  a randomized controlled study 

analyzed 216 patients with low-, intermediate- and high-risk prostate cancer and showed a 

31% reduction of recurrence-risk with HDR-BT combined with EBRT compared to treatment 

with EBRT alone [9]. Despite the potential benefit of HDR-BT and EBRT combination 

therapy, a decreasing trend in utilization of this treatment approach has been observed in 

intermediate- and high-risk PC patients [10,11]. The proposed reasons for this decline include 

decreased training in brachytherapy, limited capacities of radiation facilities in delivering 

brachytherapy, and the invasiveness of the treatment [10,11]. Furthermore, as some studies, 

although only few, have shown an increased risk of urinary toxicities when using combination 

therapy, concerns for adverse effects could be another reason for the decreasing trend [11].  

 

In attempt to facilitate physicians in predicting toxicity risks, and therefore in planning the 

most favorable treatment, there have been models created that help estimate the probability of 

a certain toxicity outcome. These models are based on parameters proven to have a significant 

correlation to the risk of developing that specific adverse effect. Interestingly, the vast 
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majority of these models predict outcomes of interest following EBRT, and scarcely any 

predicting rectal or urinary toxicity after treatment with combined HDR-BT and EBRT in 

patients with PC can be found. These findings are similar to those of a systematic review by 

O’Callaghan et al. in which they assess the accuracy and validity of tools that attempt to 

predict patient reported outcomes (PROMs) following radiotherapy for PC [12]. One study of 

300 patients treated with combination therapy (HDR-boost of 15 Gy in 1 fraction and EBRT 

of 46 Gy in 23 fractions delivered to 72.7% of the patients, HDR-boost of 9.5 Gy in 1 fraction 

and EBRT of 60 Gy in 30 fractions to remaining patients) attempted to create such a model 

for late rectal toxicity (LRT) graded using Common Terminology Criteria for Adverse Events 

(CTCAE, version 4.0 [13]) by performing ordinal regression analyses on the parameters 

D0.1cc and D2.0cc of the rectum (lowest dose received by 0.1 and 2.0 cm3 of the most 

radiation-exposed part, in their study corresponding to the sum of doses from EBRT and 

HDR-BT) [14]. LRT grade 1 – 3 was developed in 20.7% of patients during the median 

follow-up time of 33 months, no patients had developed grade 4 toxicity, and a significant 

correlation was found between D2.0cc and  LRT grade 1 – 3 (p < 0.05). However, no 

threshold dose was established because of the small differences in D2.0cc-values between 

patients who did and did not develop toxicity, therefore no predictive model was obtained. 

There was no significant difference in toxicity risk between the two treatment regimens [14]. 

In another study by Kragelj et al. [15], the primary objective was to assess the predictive 

ability of the HDR-BT parameter D2.0cc of the rectum, as the international GEC-ESTRO 

recommendations [16] suggest it as a predictor of LRT caused by combination therapy. Their 

patients were treated with 50.0 – 50.4 Gy of EBRT in 25 – 28 fractions, and approximately 

22.5 Gy of HDR-BT in 3 fractions. LRT was defined as deterioration in the grade of 

defecation problems (DDP) compared to before radiotherapy and graded according to a 

questionnaire based on the Radiation Therapy Oncology Group (RTOG) toxicity criteria and 

the LENT-SOMA (Late Effects Normal Tissue task force – Subjective, Objective, 

Management and Analytic) criteria. Bivariate logistic regression analyses, in which 77 

patients were included, were conducted on several patient, comorbidity, dosimetric and 

treatment parameters with the outcome variable LRT incidence during the first 3 years. 30 

patients (39%) developed LRT, and D1.0cc, EDmean (mean dose from EBRT) of the rectum, 

and “self-perception of problems with defecation” (SPD, measured prior to radiotherapy) 

were the only three parameters to significantly correlate to LRT (p < 0.05). A new parameter 

based on the sum of EDmean + D1.0cc of the rectum was then created and proven significant 

in bivariate analyses, wherefore it was included in a multivariate logistic regression with the 
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SPD parameter. In this analysis, only EDmean + D1.0cc remained an independent significant 

predictor (p = 0.004) of LRT, with an area under the ROC curve of 0.698. D2cc of the rectum 

was not shown to significantly correlate to LRT in bivariate analyses (p = 0.059) [15]. Apart 

from these two studies scarcely any predictive models for combination therapy have been 

created, despite their potential facilitating ability in treatment planning.  

 

Aim 
To identify the treatment-, patient- and tumor-related risk factors for developing acute and 

late urinary and rectal toxicity respectively, and to thereafter create predictive models for 

acute and late rectal toxicity. Hypothetically, such models will help physicians to be more 

confident in expected toxicities and increase their use of combination therapy. The secondary 

objective was to ascertain the respective toxicity rates.  

 

 

Material and Methods 
Study cohort 

A retrospective cohort study was conducted on patients with histologically confirmed 

intermediate- and high-risk PC. All patients received combination therapy with curative intent 

and identical total doses in the Department of Oncology at Örebro University Hospital 

(ÖUH). The treatment consisted of EBRT with a total dose of 42 Gy in 14 fractions (3 

Gy/fraction 3 times a week) and a HDR-boost of 14.5 Gy in 1 fraction. To reduce 

confounding, patients having received radiotherapy as postoperative or salvage treatment 

were excluded, and only those with localized PC (T1-3 N0M0) were included. The patients 

were derived from a previously created database of patients treated between 2008 and 2018 

(since treatment with these doses has been in practice since 2008) that fulfill all of these 

criteria, 359 patients were included in the database and therefore 359 patients were included 

in this study. 

 

Outcomes of interest, definitions, and follow-up 

Patients were followed according to the institution’s clinical practice with a clinical visit at 

the end of radiotherapy, telephone follow-up with an oncology nurse 3 weeks after the end of 

radiotherapy, and a standardized questionnaire sent by mail 6 months after radiotherapy and 

every 6th month for 2 years thereafter. At all follow-up points a physician or oncology nurse 
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graded and recorded the patients highest grade of toxicity according to the international 

RTOG toxicity criteria [17]. 

 

The outcomes of interest were the risk factors for acute and late urinary toxicity grade ≥ 1 

(AUT and LUT), and acute and late rectal toxicity grade ≥ 1 (ART and LRT). Secondary 

outcomes were the rates of AUT, LUT, ART and LRT grade 0 – 4. Acute toxicity is defined 

as any adverse event due to radiotherapy occurring within 90 days after the end of treatment, 

whereas late toxicity occurs at any time after those 90 days. The database used in this study 

included urinary toxicity-related symptoms before treatment (baseline), 3 weeks after and 6 

months after treatment, all graded according to RTOG. The AUT grade was, therefore, 

determined by calculating the increase in toxicity from baseline to 3 weeks after treatment, 

under the assumption that the toxicity grade measured at 3 weeks could be dependent on prior 

symptoms due to the patient’s PC that were therefore not induced by radiotherapy. LUT was 

defined as the RTOG grade recorded at 6 months after treatment under the assertion that any 

toxicity remaining after 6 months was due to radiotherapy as no PC-related symptoms should 

remain at that time. Rectal toxicity grades were recorded at 3 weeks and 6 months after 

treatment, therefore ART and LRT corresponded to the RTOG grade recorded at those points 

in time, respectively. 

 

Data collection 

The data extracted from the database were, in addition to the toxicities, related to patient, 

tumor and treatment parameters (see Table 1 and Table 2 for full description of included 

parameters). No dosimetric parameters from the EBRT were included in the database.  

Because the urinary bladder is not included in the dose-planning of brachytherapy, only data 

on doses received by the urinary bladder from EBRT were available to manually collect from 

an EBRT-planning system. Considering the lack of such brachytherapy data, creating a 

predictive model for urinary toxicity without these parameters would not be clinically useful, 

therefore no data regarding the urinary tract were extracted from the EBRT system.  

With regards to EBRT doses received by the rectum, there is support from gynaecological 

combination therapy guidelines that they are equal to the total EBRT dose with therefore no 

significant differences among patients [18]. To verify that this rule could be applied to this 

cohort, the minimal EBRT doses received by the most radiation-exposed 0.1, 1.0 and 2.0 cm3 

of the rectum (D0.1cc, D1.0cc and D2.0cc) were gathered from a sample of 5 randomly 

selected patients with different toxicity outcomes. In case of no significant difference being 



 

 7 

found between these values and their size relative to toxicity outcomes, the rule would be 

deemed applicable on this cohort. 

 

Three additional dosimetric parameters were collected from the brachytherapy treatment 

planning software; D0.1cc, D1.0cc and D2.0cc of the rectal mucosa. This decision was based 

on the fact that previous studies [14,15] found a correlation between these parameters and 

toxicity caused by combination therapy. 

 

Statistical analyses 

All parameters were analyzed descriptively, with continuous and ordinal variables reported as 

median (range) and nominal variables reported as numbers (%). Bivariate analyses were 

conducted to determine the relationship between each outcome of interest and potential 

predictor; the t-test for continuous, normally distributed variables (verified by the Shapiro 

Wilk test of normality), the non-parametric Mann-Whitney test for continuous non-normally 

distributed variables and ordinal variables, and the Chi-square test for nominal variables 

(Fisher’s exact test when any cell had < 5 observations). Parameters found to correlate to 

ART or LRT with a cut off alpha of 0.10, based on the presumably low number of outcome-

events, were included in multivariate logistic regression analyses with their respective 

outcome variable and significance levels of 0.05. Following this, variables that in previous 

studies with similar doses and toxicity criteria were found to correlate to rectal toxicity, 

whether acute or late, were added to both logistic regressions. Models for ART and LRT 

would be created based on all variables remaining statistically significant in their respective 

multivariate logistic regressions (p < 0.05), the models’ discriminative abilities would be 

assessed using the concordance statistic, and the goodness of fit assessed through the Hosmer-

Lemeshow test. The models would thereafter be internally validated through the Bootstrap 

procedure (1000 iterations). Multivariate analyses were not conducted on urinary toxicities for 

reasons described above. All statistical analyses were performed using SPSS v.25.0 (IBM 

Corp., Armonk, NY, USA). 

 

Ethical considerations 

The study protocol was approved by the Swedish Ethical Review Authority, reference number 

2012/293 (2019-01719). All personal identity numbers were replaced with a unique code to 

ensure the anonymity of included patients. The study was thought to be of value to patients as 

it could increase the use of the more effective treatment method. 
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Results 
Study cohort 

In total, 32 parameters were included and analyzed in 359 patients. The patient and tumor 

characteristics, and some treatment parameters, are described in Table 1. The dosimetric 

parameters are presented in Table 2. Unfortunately, the database had insufficient information 

on patients’ T-substages (a, b or c), making it impossible to include the parameter “risk 

group” and analyze the toxicity differences between intermediate- and high-risk PC 

categorized according to the D’amico criteria [19].  

 

When these patients received curative treatment, it was (as noted in the database) later 

discovered that 3 of them had distant metastases, and 5 of them had lymph node metastases 

(N1 = lymph nodes within the pelvis, all lymph node metastases outside the pelvis are 

categorized as distant metastases, M1). No differences could be seen when examining the 

toxicities of these M1-patients compared to others, and bivariate analyses proved that the N-

stages of these patients had no influence on toxicity risks (Table 3). In addition, it was also 

known that 7 patients had undergone transurethral resection of the prostate (TUR-P) prior to 

radiotherapy, which could theoretically affect urinary symptoms. Despite this, no evident 

effect on urinary toxicity compared to others could be seen in these patients. Based on these 

evaluations it was decided not to exclude any of these patients from this study, despite them 

not fulfilling the inclusion criteria. 

 

Assumptions of EBRT doses to the rectum 

EBRT doses to the rectum were randomly collected for 5 PC patients. As the differences 

between the patients’ values of the respective parameters were negligible (ranges: D0.1cc 

41.6 – 43.4 Gy, D1.0cc 41.1 – 42.9 Gy, D2.0cc 40.8 – 42.7 Gy) and their dose sizes were not 

correlated to their toxicity outcomes, the rule of equal dose distribution was considered to be 

applicable in the case of not being a relevant factor in toxicity development, which excluded 

the need for including EBRT data.  
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Table 1. Patient, tumor and treatment characteristics 

Parameter No. of patients 
with data, N (%) 

Median (range) / 
Frequency (%) 

Age, median (range) 358 (99) 69 (51 – 81) 

Pre-treatment PSA, median (range) 359 (100) 17 (1.4 – 253) 

Gleason, N (%) 
6 – 7 
8 – 10 

357 (99)  
191 (53) 
166 (46) 

Pre-treatment IPSS, median (range) 331 (92) 9 (0 – 32) 

Pre-treatment IPSSglb, median (range) 330 (92) 2 (0 – 6) 

T-stage, N (%) 
1 
2 
3 

359 (100) 
 

 
108 (30) 
118 (33) 
133 (37) 

N-stage, N (%) 
0 
1 

359 (100)  
354 (99) 
5 (1) 

Pre-treatment prostate volume [cm3], median (range) 350 (97) 37 (16 – 85) 

No. of positive prostate biopsies, median (range) 347 (97) 5 (1 – 8) 

No. of implanted brachytherapy needles, median (range) 
 

334 (93) 19 (14 – 26) 

Needle displacement [mm], median (range) 316 (88) 12 (1 – 35) 

Lymph nodes included in RT-target, N (%) 359 (100) 173 (48) 

Seminal vesicles included in RT-target, N (%) 359 (100) 236 (66) 

ADT, N (%) 
Neoadjuvant 
Adjuvant 
Both 
None 

354 (99)  
31 (9) 
2 (1) 
256 (71) 
65 (18) 

ADT-type, N (%) 
Bicalutamide 
GnRH-agonist 
Both 
None 

355 (99)  
248 (69) 
16 (4) 
26 (7) 
65 (18) 

N (%) out of 359 patients. Abbreviations: IPSS, International prostate symptom score; IPSSglb, 
patient-reported estimation of their IPSS’s impact on quality of life, graded 0 – 6 with 6 being worst; 
Needle displacement, displacement of brachytherapy needles during treatment relative to treatment 
plan; RT, radiotherapy; ADT, androgen deprivation therapy. 
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Table 2. Dosimetric parameters of the HDR-brachytherapy 

Parameter 
[Unit] 

No. of patients with data, 
N (%) 

Median (range) 

PTV [cm3] 331 (92) 33.8 (15.8 – 99.7) 
Dmin [Gy] 333 (93) 12.9 (8.0 – 14.0) 
D90 [Gy] 326 (91) 15.5 (14.0 – 16.0) 
V100 [cm3] 322 (90) 33.1 (15.5 – 98.9) 
V200[cm3] 322 (90) 1.6 (0.1 – 8.5) 
VolU [cm3] 322 (90) 1.9 (0.8 – 2.8) 
DmaxU [Gy] 328 (91) 16.0 (1.6 – 17.3) 
D10U [Gy] 320 (89) 15.5 (15.1 – 15.8) 
VolRw [cm3] 322 (90) 12.8 (2.9 – 30.5) 
DmaxRw [Gy] 321 (89) 16.8 (7.0 – 67.1) 
D10Rw [Gy] 325 (90) 10.6 (7.0 – 15.5) 
VolRm [cm3] 322 (90) 2.4 (0.3 – 6.3) 
DmaxRm [Gy] 322 (90) 9.1 (3.0 – 13.6) 
D10Rm [Gy] 324 (90) 8.1 (1.5 – 12.6) 
D0.1ccRm [Gy] 354 (99) 8.4 (4.8 – 12.5) 
D1.0ccRm [Gy] 354 (99) 6.5 (3.8 – 11.0) 
D2.0ccRm [Gy] 305 (85*) 5.5 (2.6 – 9.3) 

N (%) out of 359 patients. * In 14 % of missing cases the dose did not reach the 2 cm3 margin. 
Abbreviations: PTV, Planning target volume, volume of radiation-target (drawn during dose-
planning); Dmin, lowest dose received by the prostate; D90, lowest dose received by 90% of the most 
radiation-exposed prostate volume; V100 and V200, volume of prostate receiving at least 100% and 
200% of total dose (14.5 Gy); VolU, VolRw and VolRm, total volume of urethra, rectal wall and rectal 
mucosa within the drawn dose-planning field; DmaxU, DmaxRw and DmaxRm, maximum dose 
received by urethra, rectal wall and rectal mucosa; D10U, D10Rw and D10Rm, lowest dose received 
by 10% of the most radiation-exposed urethral, rectal wall and rectal mucosal volume; D0.1ccRm, 
D1.0ccRm and D2.0ccRm, lowest dose received by 0.1, 1.0 and 2.0 cm3 of the most radiation-exposed 
rectal mucosa. 
 

Toxicity rates and risk factors 

The toxicity rates are presented in Table 3. At the time of data collection, 22 patients had not 

yet had their 6 month follow-up. To distinguish this from loss to follow-up, the percentages of 

late toxicities were based only on all other 337 patients. In both urinary toxicity groups, the 

majority of patients with data available developed toxicities; 188 (53%) patients developed 

AUT and 161 (52%) patients developed LUT. In the rectal toxicity groups, however, only few 

developed toxicities and mostly of the lowest grade; 98 (28% of 355) patients developed ART 

and 66 (21% of 307) patients developed LRT. No grade 4 toxicity was reported. 

 

All significant results (p < 0.10) from bivariate analyses are presented in Table 4, with 

negatively correlated variables written in italics. 



 

 11 

Table 3. Toxicity rates, graded according to RTOG. 

Toxicity (No. of patients with data) Incidence N (%) 

Acute urinary toxicity (N = 353, 98%) 
Grade 0 
Grade 1 
Grade 2 
Grade 3 

 
165 (46) 
141 (39) 
44 (12) 
3 (1) 
 

Late urinary toxicity (N = 307, 91%) * 
Grade 0 
Grade 1 
Grade 2 
Grade 3 

 
146 (43) 
95 (28) 
61 (18) 
5 (1) 
 

Acute rectal toxicity (N = 355, 99%) 
Grade 0 
Grade 1 
Grade 2 

 
257 (72) 
92 (26) 
6 (2) 
 

Late rectal toxicity (N = 307, 91%) * 
Grade 0 
Grade 1 

 
241 (72) 
66 (20) 

N (%) out of 359 patients.  
*Only patients having reached their 6 month follow-up included, 100% = 337 patients. 
 

 
 
Table 4. Parameters that correlate to urinary and rectal toxicity 

Outcome Factors that increase risk (p-value) 

Acute urinary toxicity grade ≥ 1 Age (0.099) 
No. of positive prostate biopsies (0.035) 
Lymph nodes included in RT-target (0.053) 
Seminal vesicles included in RT-target (0.043) 
 

Late urinary toxicity grade ≥ 1 D90 (0.087) 
Pre-treatment IPSS-value (< 0.000) 
Pre-treatment IPSSglb-value (< 0.000) 
 

Acute rectal toxicity grade ≥ 1 Lymph nodes included in RT-target (0.076) 
Seminal vesicles included in RT-target (0.045) 
 

Late rectal toxicity grade ≥ 1 V200 (0.049) 
Pre-treatment prostate volume (0.020) 

P < 0.10. Italics indicate negative correlation. Abbreviations: RT, radiotherapy; D90, lowest dose 
received by 90% of the most radiation-exposed prostate volume; IPSS, International prostate symptom 
score; IPSSglb, patient-reported estimation of their IPSS’s impact on quality of life, graded 0 – 6 with 
6 being worst; V200, volume of prostate receiving at least 200% of total dose (14.5 Gy). 
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Predictive models for rectal toxicity 

No parameters that correlated to ART and LRT in bivariate analyses were independently 

statistically significant predictors (p > 0.05) of the respective toxicities in multivariate logistic 

regressions. Nor were any significant predictors obtained when including parameters that in 

previous studies were correlated to any of these outcomes (D2.0ccRm [14], D1.0ccRm [15], 

T-stage and age [20], ADT [21]). Consequently, the aim of creating predictive models was 

not achieved.  

 

 

Discussion and Conclusion 
In our study cohort of 359 prostate cancer patients treated with HDR-BT combined with 

EBRT, we were unable to create predictive models that could be used in clinical practice to 

predict rectal toxicity. We observed, however, that the toxicities caused by this treatment were 

mostly mild (grade 0 – 1), and only few developed toxicities of higher grades (≥ 2).  

Developing a reliable predictive model for toxicity would make physicians feel more 

comfortable with their decision of treatment for patients with localized PC, as there are 

several treatment strategies available with different efficacies and toxicity risks. In contrast to 

our study, previous studies, although with some contradicting results, could correlate some 

parameters to rectal toxicity [14,15,20,21]. However, another study of 130 patients followed 

after combination radiotherapy with a medium follow-up time of 4.3 years found no 

correlation between LUT or LRT and the same parameters (as well as several other 

parameters) T-stage, age, D2.0cc and D1.0cc of the rectum [22]. There can be several reasons 

for these discrepancies including differences in dose constraints among treatment centers (for 

example in ÖUH, the D10Rm must be £ 65% of the total BT dose), differences in treatment 

and follow-up routines, use of different scales for grading toxicities and cut-offs (such as 

grade ≥ 2 instead of ≥ 1) leading to higher or lower numbers of outcome-events in their 

studies, and differences in baseline patient characteristics e.g regarding comorbidities. 

Furthermore, parameters influencing statistical results, including the sample size, number of 

events and the different approaches on which parameters would be included in multivariate 

models, might also in part explain these discrepancies. Because of the above-mentioned 

uncertainties, predictive models based on analyses from one treatment center would most 

likely only be applicable on patients treated and followed according to similar, if not identical, 

guidelines.  
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Regarding the secondary outcomes of this study, Vigneault et al. found comparable acute and 

late rectal toxicity rates of approximately 25% in 832 patients treated with similar doses and 

graded according to the same criteria as in this study. Their urinary toxicity rates were, 

however, much higher, measuring 70 – 90% [23]. Another notable difference is their median 

follow-up time of 5 years, most studies have longer follow-up times than 6 months and, 

understandably, have higher late toxicity incidents [9,15,23]. Furthermore, Hoskin et al. 

demonstrated that the incidence rates of grade 3 LUT and LRT were much higher after 6 

months, barely 1% of patients developed grade 3 LUT and LRT within the first 6 months, 

whereas the incidents reached their peak of approximately 32% after 72 months for LUT and 

nearly 12% after 45 months for LRT [9]. In essence, in order to determine accurate risks of 

developing late toxicities and their possible severities, a follow-up time of at least 2 – 3 years 

should be strived for. 

 

Although the goal of creating predictive models was not reached, it is of value to further study 

the possibility of developing reliable models for toxicity considering their potential 

contribution in clinical settings. But what are the key issues that should be taken into account 

when planning and conducting studies with aim to create predictive models for toxicity? 

Firstly, one could argue that predictive models for urinary toxicity are more likely to increase 

the use of combination radiotherapy than models for rectal toxicity, as urinary toxicity is what 

some studies have shown to be more prevalent in patients treated with combination therapy 

compared to EBRT alone [11]. Secondly, foreseeing which patients are more likely to 

develop toxicities of solely higher, possibly harmful, grades such as grade ≥ 3 could be more 

beneficial in the process of determining which treatment is more suitable for each patient. In 

addition, focus could be shifted to adverse effects that are of importance to patients’ quality of 

life after treatment, instead of toxicities that mainly concern physicians. Regarding the 

retrospective study design, a prospective design could decrease the amount of missing data 

and loss to follow-up (although ≥ 88 % of data were available for all variables, which is 

acceptable considering the cohort size) but most importantly enable a more reliable 

assessment of toxicities through e.g. clinical visits or interviews conducted systematically by 

the same physician(s). Alternatively, in this study, the filled-out questionnaires used to 

establish and register the toxicity grades in the database could have been retrospectively 

reassessed to eliminate the effect of possible human error during the database creation. 

 



 

 14 

Based on the reflections above, a number of suggestions can be made to improve this study’s 

method and achieve the desired aim. Increasing the population size is an obvious approach to 

multiplying the number of toxicities and, therefore, facilitate the detection of contributing 

parameters. Extending the follow-up time would increase the late toxicity rates and 

simultaneously yield more toxicities of grades ≥ 2 – 3, this would both enable the creation of 

models able to predict the severity of possible adverse effects and make the models more 

clinically useful. Finally, analyzing the impact of additional parameters could reveal more 

predictors of toxicity and subsequently aid in generating predictive models. Such parameters 

could be comorbidities and intake of medications such as cardiovascular diseases and 

anticoagulants (both found to correlate to toxicities after EBRT monotherapy [24]), dietary 

habits which could reveal hidden confounders or potentially increase the radiation-induced 

irritation of the urinary bladder/bowel, and EBRT parameters as they have been proven 

significant in a previous study [15].  

 

 

To conclude, treatment with HDR-BT combined with EBRT in patients with localized PC 

seems to be a well-tolerated treatment strategy with most often mild urinary and rectal 

toxicities within 6 months from administration. Although some of the parameters analyzed 

were proven to correlate to acute or late urinary and rectal toxicity, none of the parameters 

had enough discriminative ability regarding rectal toxicity to yield predictive models. 

Nevertheless, by including more patients, additional parameters, and increasing the follow-up 

time to ≥ 2 – 3 years, accurate and clinically useful predictive models could be obtained. 
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Cover letter 
 

Dear Editor of Brachytherapy, 

 

I would like to submit the original manuscript entitled “Predicting toxicity caused by high-

dose-rate brachytherapy boost for prostate cancer” for consideration of publication in 

Brachytherapy. The article has neither been published elsewhere nor has it been submitted for 

publication elsewhere.  

 

In this retrospective cohort study, we have analyzed the correlation between several patient, 

tumor and treatment parameters and the outcomes acute and late urinary and rectal toxicity 

after treatment with external beam radiation therapy combined with a high-dose-rate 

brachytherapy boost. Several studies have proven the superiority of combination therapy 

compared to EBRT alone, despite this the use of this treatment method is declining, partially 

because of misconceptions on toxicity risks with HDR-boost. We hypothesize that creating 

models that can predict the risk of developing toxicities after combination therapy will help 

physicians feel more confident in using this effective treatment method. Although the 

population and parameters of our study were unable to produce satisfying models, we have 

presented several factors that if implemented in future studies will most certainly yield 

accurate and clinically useful predictive tools. 

 

My co-authors and I have no conflicts of interest to disclose. 

 

 

Sincerely, 

Dalia Estefan, corresponding author. 

[Full postal adress] 

[Telephone number] 

E-mail: Dalia@live.se 
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Etisk Reflektion 

Predicting toxicity caused by high-dose-rate brachytherapy boost for prostate cancer 

Dalia Estefan 

 

Att nyttja samband till ett utfall som hittats hos andra människor som bas till att förutsäga 

utfallet hos en annan är något som medicinska vetenskapen gjort sedan länge. Det kan vara av 

stort värde i situationer där man vill preventera, vidta åtgärder i god tid eller anpassa sitt 

beslut till ett approximerat utfall. Fördelarna som denna studies mål skulle kunna ge är alltså 

uppenbara, även om metoden inte garanterar att målet uppnås. En risk är däremot att läkare 

blint förlitar sig på en prediktiv modells uppskattningar, utan att ta hänsyn till eventuella 

kofaktorer som kan finnas hos vissa individer. Resultatet blir då att patienten, som fått 

förhoppningar om ett annat utfall, kanske förlorar förtroendet för sin läkare eller medicinska 

vetenskapen i helhet. En annan risk är att fokus läggs på utfall som just läkarkåren anser mest 

riskabla, medan det för patienten kanske är andra utfall som är viktigast. Ett sådant exempel 

är biverkningen erektil dysfunktion, något som sannolikt har större inverkan på en patients 

livskvalité än eventuell diarré eller blod i avföringen. Däremot kan man anse att en modell 

baserat på subjektiva utfall, så som upplevd livskvalité hos patienter, inte är lika 

generaliserbar då betydligt fler kofaktorer finns som kan missas när det gäller prognostisering 

av psykiska besvär. I slutändan är det värdefullt att sträva efter att lära oss av informationen 

som andra individers utfall ger, utan att blotta information på individnivå, och då försöka 

skapa prediktiva modeller med hög specificitet och sensitivitet som kan hjälpa framtida 

patienter. 
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 Verktyg som kan förutsäga biverkningsrisken vid strålbehandling mot prostatacancer 
 

Dalia Estefan 
 

En studie gjord inom läkarprogrammet hos Onkologiska kliniken i Universitetssjukhuset Örebro 
 

Dagens behandling med botande syfte mot lokaliserad Prostatacancer  

Prostatacancer är den näst vanligaste cancerformen som drabbar män världen om. En icke-spridd 

cancer kan botas med strålbehandling, bland annat kombinationsbehandling som utgörs av extern 

strålbehandling där man strålar utifrån kroppen, och brachyterapi där man stoppar in nålar i prostatan 

och fokuserar strålningen mot cancern. Denna kombinationsterapi har i många studier visat sig vara 

mest effektiv utan att ge uppenbart mer biverkningar i angränsande organen, det vill säga urinvägarna 

och ändtarmen. 

 
Tyvärr minskar användningen av denna 
effektivare behandlingsmetoden 

Detta beror dels på att vissa sjukhus inte 

investerar i brachyterapi, men även på att vissa 

läkare trots ovannämnda bevis antar att 

brachyterapin signifikant ökar 

biverkningsrisken. 

 
Brachyterapi 
Källa: Imaging technology news;11/5–2019; 
https://www.itnonline.com/content/combination-radiotherapy-
beneficial-treating-prostate-cancer 
 
 
Vi ville därför skapa verktyg som kan 
förutsäga biverkningsrisken 

Tanken var att sådana verktyg kan få läkare att 

kan känna sig tryggare i att använda 

kombinationsterapi. Metoden var att analysera 

en lång rad olika faktorer och se vilka som är 

avgörande för risken att få biverkningar. 

Verktygen skulle då utgöras av dessa faktorer. 

 

 

 
Planering av dosfördelning vid extern strålbehandling 
Källa: Image guided radiation therapy;11/5–2019; 

http://www.igrt.com/prostate-therapy.html 
 

Vad fick vi för resultat? 

Efter att vi analyserat 32 olika faktorer, så som 

stråldoser till ändtarmen och cancerstorlek, 

hittade vi tyvärr inga som på ett tillräckligt 

säkert sätt kunde förutsäga risken för 

biverkningar. Trots detta bör man, för att bryta 

den sjunkande trenden i användning av denna 

behandlingsmetod som är bättre för patienten, 

sträva efter att med denna studies metod som 

underlag inkludera fler patienter och faktorer 

för att kunna skapa detta hjälpsamma verktyg.  


