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Background: Androgen deprivation therapy (ADT) added to 
radiation therapy (RT) in intermediate to high risk prostate 
cancer negatively impacts quality of life. 
Objectives: To compare health-related quality of life (HR-QOL) 
in patients receiving combined RT with and without ADT. 
Methods: The study population comprised patients treated 
with definitive RT for prostate cancer who completed the 
Expanded Prostate Cancer Index Composite-26 form between 
3 and 24 months after completing RT. Covariance and a 
stepwise backward logistic regression model was used. 
Results: Data were available for 143 patients who received 
RT+ADT and 70 who received RT alone. The sexual function 
and hormonal vitality scores of patients receiving RT+ADT 
were significantly lower than those receiving RT alone (P 
< 0.0001). Patients with only compulsory school education 
had significantly lower sexual function scores than patients 
with university level education (P ≤ 0.005). Patients with 
depression had significantly lower hormonal vitality scores 
than those without depression (P ≤ 0.0001). 
Conclusions: The addition of ADT to RT is responsible for 
decrements in quality of life in the sexual and hormonal 
vitality domains, which is further compounded by depression 
and lack of education. This underlines the need to improve 
education, identify and treat depression, and develop 
strategies to improve the quality of life of patients receiving 
combination therapy. 
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A ndrogen deprivation therapy (ADT) in combination with 
RT is the standard of care in locally advanced and high 

risk prostate cancer [1,2]. Over the last 20 years, there has been 
ongoing debate regarding the role of ADT in combination with 

RT in intermediate risk disease [3]. Proponents of ADT in inter-
mediate risk disease point to data showing an improvement in 
overall survival following the addition for 6 months of ADT 
to 70 Gy RT [4]. Opponents highlight the surgical experience 
where the addition of ADT had no impact on overall survival 
[5] and the many series using dose-escalated radiation therapy
alone without ADT that have demonstrated excellent results [3]. 
The decision whether to offer ADT in intermediate risk pros-
tate cancer is impacted by medical co-morbidities [6] and to a
large extent patients’ expectations and preference [7]. The latter 
is powerfully influenced by anxiety concerning a detrimental
effect on quality of life, especially in the sexual domain.

Most of the randomized studies testing combinations of 
ADT and RT were funded, at least in part, by the pharma-
ceutical industry. Reports of the adverse effects of ADT on 
health-related quality of life (HR-QOL) come largely from 
population-based studies [8] as they were not adequately 
reported in the large randomized trials [9,10]. 

Advances in radiation therapy may also impact HR-QOL. 
Intensity-modulated radiotherapy (IMRT) and volumetric 
modulated arc therapy (VMAT) are developments that 
facilitate dose sparing around critical organs, thus potentially 
reducing radiation toxicity [11].

In the present study we compared HR-QOL of patients 
receiving RT alone vs. RT and ADT. The primary objective of 
this study was to identify significant differences in five domains 
of HR-QOL (urinary incontinence, urinary irritation, bowel 
function, sexual function, hormonal vitality) between RT 
alone and RT+ADT. Secondary objectives were to determine 
the impact of total radiation dose, technique, duration of ADT, 
and time since completion of RT on HR-QOL domains. 

PATIENTS AND METHODS

This was a retrospective study comparing men with prostate 
cancer referred for RT to a tertiary university hospital. Since 
2005, men referred to our department for curative radiother-
apy for prostate cancer are asked to complete the Expanded 
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Table 1. Patient characteristics and co-morbidity

%No.

70.7 ± 5 (51–84)Age (years) (mean ± SD)

88
3
9

186
7
20

Relationships
Lives with spouse
Significant relationship
Single 

41
2
57

97
4
121

Employment
Employed
Unemployed seeking work
Pensioned

92
8

197
16

Smoking
Non-smoker
Smoker

9
45
12
19
15

20
94
26
40
33

Education
Primary school only
High school 
College (no degree)
BA
MA/PhD

28
20
4
15
6
6

59
43
8
32
13
13
0

Co-morbidity
Diabetes mellitus 
Myocardial infarction
Stroke 
Peptic ulcer, irritable bowel
Asthma
Depression
Alcoholism/Drug addiction

Prostate Cancer Index Composite Short Form-26 (EPIC-26) 
as part of data collection for an institutional review board-
approved clinical database [12]. Informed consent was not 
required for the study and patient privacy was respected by 
anonymization. EPIC is a HR-QOL instrument developed 
at the University of Michigan for the purpose of measuring 
HR-QOL outcomes in men undergoing treatment for local-
ized prostate cancer. EPIC has undergone extensive testing, 
validation and item reduction analysis to the abbreviated 
EPIC-26 [13]. A validated Hebrew language translation and 
cultural adaptation of EPIC was used for this study [14]. EPIC-
26 measures five domains of HR-QOL: urinary incontinence 
(four items), urinary irritation (four items), bowel function (six 
items), sexual function (six items) and hormonal vitality (five 
items). The patients were asked to report symptoms over the 
previous 4 weeks, with answers graded by a Likert scale. The 
Likert scale was converted to a linear scale from 0 to 100, the 
latter reflecting the best outcome. 

To be included in this study, men had to have filled out 
the EPIC-26 at least once between 3 months and 2 years after 
completion of RT. This interval was chosen to capture the late 
effects of RT that typically occur in this interval. For patients 
completing more than one survey, the last survey was used for 
this analysis. 

Additional information recorded was RT technique, total 
dose of RT, National Comprehensive Cancer Network (NCCN) 
risk group, date of completion of RT, interval between comple-
tion of RT and survey completion, and use and duration of 
ADT.

Statistical methods

To test the hypothesis that patients who receive ADT differ 
from those who do not in the five domains of HR-QOL, we 
employed tests of variance using a covariance matrix. The 
mediator was the time interval between the completion of 
RT and the performance of the QOL instrument. The same 
method was used to test the hypothesis that HR-QOL domains 
would differ with RT technique. Regression analysis was used 
to test the hypotheses that longer duration of ADT and longer 
interval between completion of RT and survey completion 
would be associated with QOL outcomes. In order to test for 
the impact of demographic variables and co-morbidities a step-
wise backward logistic regression model was used. Statistical 
significance for all tests was defined as α = 0.05.

RESULTS

Between 2005 and 2012, 765 patients were treated for prostate 
cancer and completed EPIC-26. The study population com-
prised 213 patients who completed EPIC surveys 3 months 
to 2 years following completion of RT, thereby fulfilling the 
inclusion criteria. Patients’ demographic and treatment char-

acteristics are presented in Tables 1 and 2. The mean interval 
between completion of RT and survey completion was 10.6 
months. Mean age ± SD was 70.7 ± 6. years. Most patients lived 
with spouses (88%) and were pensioned (57%). Most were 
non-smokers (92%) and approximately one-third (34%) had 
higher education. A combination of RT+ADT was delivered 
to 143 patients (67%). The median duration of ADT was 11.2 

Table 2. Disease and treatment characteristics

No. %

Risk group*
Low (T1T2 Gleason 6, PSA < 10 ng/ml)
Intermediate (Gleason 7 or PSA 10–20)
High (T3 or Gleason 8 or PSA > 20)

38
64
111

18
30
52

RT modality
3D conformal
IMRT
VMAT

51
61
101

24
29
47

RT only 70 33

RT+ADT** 143 67

Treatment for erectile dysfunction
None
Intracavernous injection
Prosthesis
Phosphodiesterase-5 inhibitors
Other

166
1
1
42
3

78
0.5
0.5
20
1

*National Comprehensive Cancer Network risk stratification
**Mean duration of ADT 11.2 ± 7.4 months
PSA = prostate specific antigen, RT = radiation therapy, ADT = androgen 
deprivation therapy, IMRT = intensity-modulated radiation therapy, VMAT 
= volumetric arc radiation therapy
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significant negative impact of ADT on HR-QOL in the sexual 
function and hormonal vitality domains in men receiving 
combination RT+ADT versus men who received RT alone. In 
this study, the use of ADT concomitantly with radiation was 
associated with a major reduction in the sexual domain, with 
three-quarters of the patients not achieving erection. Others 
have confirmed that radiation alone has less negative impact 
on sexual function [15]. In the study by van der Wielen et al. 
[16], radiation alone was associated with a gradual decrease 
in sexual function in 27% of patients in the first year post-
RT and increased to 36% in year 2 [16]. The mechanism of 
sexual dysfunction as a result of radiation therapy is not fully 
understood yet appears distinct from dysfunction associated 
with ADT. While the former is associated with changes in the 
endothelium leading to sub-acute and late effects of radia-
tion therapy in the cavernous tissue, the latter is due to the 
immediate effects of chemical castration on the erectile tis-
sue as well as to decreased libido [17]. Phosphodiesterase-5 
inhibitors have been shown to improve erectile dysfunction in 
patients treated with RT alone; however, the benefit in patients 
receiving concurrent short-term ADT has been minor [18]. 
Thus, it is important not only to demonstrate the difference in 
sexual outcomes associated with the addition of ADT but also 
to appreciate the possibility of effective sexual rehabilitation 
following RT as compared to the combination of RT+ADT. 

Interestingly, in this study, patients with higher educa-
tion had better sexual function than those with school level 
education only. Others have found that sexual function is 
improved in patients with higher income [15]. While multiple 
explanations may be offered, it is likely that both increased 
knowledge and access to sexual counseling and therapy are 
responsible for the disparity. 

The hormonal vitality scale was significantly reduced in 

± 7.4 months. Intensity-modulated radiation therapy (IMRT) 
or volumetric arc radiation therapy (VMAT) was delivered to 
162 patients (76%). The mean total dose of RT was 77.4 Gy. 
Diabetes mellitus was reported in 28% of subjects and a his-
tory of myocardial infarction in 20%. Treatment for erectile 
dysfunction was reported by 22%.

The scores of the five dimensions are presented in Table 3 
and exhibit robust internal validity. There were no significant 
differences in urinary or bowel scales between the groups. 
Sexual QOL scores were significantly reduced in men receiving 
RT+ADT vs. RT only (39.2 vs. 16.9, P < 0.0001). Covariance 
analysis with the time of survey completion as a mediator 
demonstrated a coefficient of determination, indicating that 
17% of the difference observed was due to the addition of ADT. 
The ability to obtain a “reasonable or better” erection was 29% 
for RT vs. 10% for RT+ADT (P < 0.001) and this comprised a 
major problem for 39% of men receiving combination therapy. 
Similarly, satisfactory or better orgasm was achieved in 40% 
vs. 12%, respectively (P < 0.001). In the entire cohort, patients 
with only compulsory school education had significantly lower 
sexual function scores than patients with university level edu-
cation (16.6 ± 5.8 vs. 41.8 ± 5.3, P ≤ 0.005).

Hormonal vitality scores were inferior for RT+ADT vs. RT 
only (77.4 vs. 92.2, P < 0.0001). The coefficient of determina-
tion indicated that 13% of the difference observed was due to 
the addition of ADT. One-third of men receiving RT+ADT 
reported hot flashes as a medium to major problem versus no 
patients in the RT only group (P < 0.001). Patients with depres-
sion had significantly lower hormonal vitality scores than those 
without depression (57.7 ± 4.6 vs. 86.9 ± 1.3, P ≤ 0.0001).

The modality of radiation therapy did not impact outcomes 
except for urinary irritation, which was moderately improved 
among patients treated with IMRT and VMAT vs. 3D confor-
mal (83.1, 82.1 vs. 73.9 respectively, P = 0.02, r2 = 4.5%).

Regression analysis demonstrated a positive relationship 
between the hormonal vitality score and the interval between 
completion of RT and QOL survey completion (P < 0.05), most 
probably due to amelioration of treatment-induced fatigue 
over time; however, no significant changes were seen in other 
domains. There was no relationship between the duration of 
ADT and the domains of HR-QOL. Although ADT adversely 
affects sexual and hormonal vitality scores, this was not wors-
ened with longer duration of ADT.

Smokers reported improved bowel function compared to 
non-smokers (93.2 ± 4.7 vs. 83.3 ± 1.8, P ≤ 0.04). Patients with 
a history of peptic ulcer or irritable bowel disease had reduced 
bowel function (84.5 ± 3.8 vs. 92.0 ± 2.5, P ≤ 0.03).

DISCUSSION 

This study focused on men in the first 2 years following com-
pletion of RT for localized prostate cancer and demonstrated a 

Table 3. Health-related quality of life domains of the Expanded Prostate Cancer Index-26

Mean EPIC**domain scores  
(95% confidence interval)

Internal 
consistency***

All (n=213) RT (n=70) RT+ADT (n=143)

Urinary incontinence 88
(85.4–90.7)

90
(85.8–94.2) 

87
(83.6–90.4) 

0.8

Urinary irritation 80.4
(77.6–83.1) 

80.9
(76.2–85.5)

80.2
(76.9–83.4)

0.69

Bowel function 86.6
(84.1–89.2)

87.4
(83.2–91.6)

86.2
(83.1–89.4)

0.83

Sexual function 24.2
(20.8–27.7)

39.2*
(32.1–46.4)

16.9*
(13.7–20)

0.88

Hormonal vitality 82.2
(79.6–84.8)

92.1*
(89.1–95.1)

77.4*
(74.1–80.7)

0.66

*P < 0.0001 for the sexual and hormonal domains
**The Expanded Prostate Cancer Index domains are reported on a linear scale from 0 to 100, 
the latter reflecting the best outcome 
***Cronbach’s alpha 
RT = radiation therapy, ADT = androgen deprivation therapy
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needs to be improved when delivering curative treatment for 
prostate cancer. A comprehensive approach which, in addition 
to QOL measures, would include tracking of functional status 
and symptoms of depression would facilitate early referrals to 
interventions that have been shown to benefit prostate cancer 
survivors.

Acknowledgments
Supported by an unrestricted grant from the Leroy Schecter Foundation 

Correspondence
Dr. Z. Symon
Chairman, Dept. of Radiation Oncology, Sheba Medical Center, Tel Hashomer 
5262160, Israel
Fax: (972-3) 530-4469 
email: symonz@sheba.health.gov.il

References
1.	 Bolla M, Gonzalez D, Warde P, et al. Improved survival in patients with locally 

advanced prostate cancer treated with radiotherapy and goserelin. N Engl J Med 
1997; 337 (5): 295-300.

2.	 Bolla M, Verry C, Long JA. High-risk prostate cancer: combination of high-
dose, high-precision radiotherapy and androgen deprivation therapy. Curr 
Opin Urol 2013; 23 (4): 349-54.

3.	 Pickles T, Pollack A. The case for dose escalation versus adjuvant androgen 
deprivation therapy for intermediate risk prostate cancer. Can J Urol 2006; 13 
(Suppl 2): 68-71.

4.	 D’Amico AV, Manola J, Loffredo M, Renshaw AA, DellaCroce A, Kantoff PW. 
6-month androgen suppression plus radiation therapy vs radiation therapy 
alone for patients with clinically localized prostate cancer: a randomized 
controlled trial. JAMA 2004; 292 (7): 821-7.

5.	 Daly T, Hickey BE, Lehman M, Francis DP, See AM. Adjuvant radiotherapy 
following radical prostatectomy for prostate cancer. Cochrane Syst Rev 2011 
(12): CD007234.

6.	 D’Amico AV, Chen MH, Renshaw AA, Loffredo M, Kantoff PW. Causes of 
death in men undergoing androgen suppression therapy for newly diagnosed 
localized or recurrent prostate cancer. Cancer 2008; 113 (12): 3290-7.

7.	 Symon Z, Daignault S, Symon R, Dunn RL, Sanda MG, Sandler HM. Measuring 
patients’ expectations regarding health-related quality-of-life outcomes 
associated with prostate cancer surgery or radiotherapy. Urology 2006; 68 (6): 
1224-9.

8.	 Smith MR. Androgen deprivation therapy and risk for diabetes and 
cardiovascular disease in prostate cancer survivors. Curr Urol Rep 2008; 9 
(3): 197-202.

9.	 Nguyen PL, Je Y, Schutz FA, et al. Association of androgen deprivation 
therapy with cardiovascular death in patients with prostate cancer: a meta-
analysis of randomized trials. JAMA 2011; 306 (21): 2359-66.

10.	 Trump DL. Commentary on “association of androgen deprivation therapy 
with cardiovascular death in patients with prostate cancer: a meta-analysis of 
randomized trials.” Nguyen PL, Je Y, Schutz FA, Hoffman KE, Hu JC, Parekh 
A, Beckman JA, Choueiri TK, Department of Radiation Oncology, Dana-
Farber Cancer Institute, Brigham and Women’s Hospital, 75 Francis Street, 
Boston, MA 02115, USA: JAMA 2011; 306 (21): 2359-66. Urol Oncol 2012; 30 
(5): 746-7. 2013; (4) 3: 157-64.

11.	 Hall WA, Colbert L, Nickleach D, et al. Reduced acute toxicity associated 
with the use of volumetric modulated arc therapy for the treatment of 
adenocarcinoma of the prostate. Pract Radiat Oncol 2013; (4) 3: 157-64. 

12.	 Wei JT, Dunn RL, Litwin MS, Sandler HM, Sanda MG. Development and 
validation of the expanded prostate cancer index composite (EPIC) for 
comprehensive assessment of health-related quality of life in men with prostate 
cancer. Urology 2000; 56 (6): 899-905.

13.	 Szymanski KM, Wei JT, Dunn RL, Sanda MG. Development and validation 
of an abbreviated version of the expanded prostate cancer index composite 
instrument for measuring health-related quality of life among prostate cancer 

the combination RT+ADT cohort. Twenty percent of men 
receiving RT+ADT complained of weight gain as a worrisome 
problem compared to 4% receiving RT alone. Breast tender-
ness occurred in 10% vs. 1%, respectively. These findings con-
cur with other reports. Fatigue, weight gain, hot flashes and 
gynecomastia are all more common when ADT is added to 
RT and contributed to reduced hormonal vitality scores in a 
longitudinal prospective study [19]. 

An important finding of this study was reduced hormonal 
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range when the impact of ADT is greatest and late effects of RT 
are most prevalent. We also accounted for the time interval by 
analysis of covariance and demonstrated causality in the sexual 
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The findings of this study highlight the negative impact of 
adding ADT to radiation therapy. Patients referred for com-
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side effects and how to best cope with and possibly avoid 
much of the negative influence on quality of life. Interventions 
directed towards correct nutrition and adequate physical activ-
ity and exercise contribute to the reduction of obesity, muscle 
weakness and osteoporosis, and improve energy and vitality 
[20,22,23]. Similarly, early detection of decreased sexual qual-
ity of life can facilitate referral for sexual counseling and pos-
sibly improve sexual function [24]. This study has highlighted 
the complex association between depression and effects of 
ADT and hopefully will motivate caregivers to follow patients 
more closely in this regard and refer them for intervention if 
necessary. The decision to recommend the addition of ADT 
therapy to RT is associated with multiple effects, requiring 
comprehensive assessment, education and guidance in order 
to achieve a favorable therapeutic result. 

Future research using validated HR-QOL measures such as 
EPIC would provide important information for both patients 
and caregivers. In particular, obtaining specific pre-treatment 
baseline QOL measurements followed by a longitudinal mea-
surement over time is extremely useful to tailor patients’ expec-
tations and is a powerful tool to direct caregivers towards what 
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In patients with traumatic brain injury, hypothermia can 
reduce intracranial hypertension. The benefit of hypothermia 
on functional outcome is unclear. Andrews et al. randomly 
assigned adults with an intracranial pressure of more than 
20 mmHg despite stage 1 treatments (including mechanical 
ventilation and sedation management) to standard care 
(control group) or hypothermia (32–35°C) plus standard 
care. In the control group, stage 2 treatments (e.g., 
osmotherapy) were added as needed to control intracranial 
pressure. In the hypothermia group, stage 2 treatments 
were added only if hypothermia failed to control intracranial 
pressure. In both groups, stage 3 treatments (barbiturates 
and decompressive craniectomy) were used if all stage 
2 treatments failed to control intracranial pressure. The 
authors enrolled 387 patients at 47 centers in 18 countries 
from November 2009 through October 2014, at which 
time recruitment was suspended owing to safety concerns. 

Stage 3 treatments were required to control intracranial 
pressure in 54% of the patients in the control group and 
in 44% of the patients in the hypothermia group. The 
adjusted common odds ratio for the GOS-E score was 
1.53 (95%CI 1.02–2.30, P = 0.04), indicating a worse 
outcome in the hypothermia group than in the control 
group. A favorable outcome (GOS-E score of 5–8, indicating 
moderate disability or good recovery) occurred in 26% 
of the patients in the hypothermia group and in 37% of 
the patients in the control group (P = 0.03). The authors 
conclude that in patients with an intracranial pressure > 20 
mmHg after traumatic brain injury, therapeutic hypothermia 
plus standard care to reduce intracranial pressure did not 
result in outcomes better than those with standard care 
alone. 
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Hypothermia for intracranial hypertension after traumatic brain injury

Cancers that tend to have high numbers of mutations, 
such as melanoma and smoking-induced lung cancer, re- 
spond well to immunotherapies, whereas those with fewer 
mutations, such as pancreatic cancer, do not. Tran and 
collaborators searched for tumor mutation-reactive T cells in 
10 patients with metastatic gastrointestinal cancers, which 
have relatively low mutation burdens, and discovered that 

9 out of 10 harbored such cells. T cells from one patient 
recognized a mutation common to many types of cancers. 
Engineering T cells to express this particular mutation-reactive 
T cell receptor may extend adoptive cell immunotherapy to a 
larger pool of patients than previously anticipated. 

Science 2015; 350: 1387
Eitan Israeli

Capsule

Low mutation rate okay for T cells

“I myself have never been able to find out precisely what feminism is: I only know that people 
call me a feminist whenever I express sentiments that differentiate me from a doormat”

Rebecca West (1892-1983), British author, journalist, literary critic and travel writer




