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Symptoms predicting health-related quality of life in prostate cancer 
patients treated with localized radiation therapy

Chao-Pin Hsiao1, Mei-Kuang Chen2, Kathy J. Meyers1, Leorey N. Saligan3

Abstract

Objective: Patient-reported health-related quality-of-life (HRQOL) measures can provide 

guidance for treatment decision making, symptom management, and discharge planning. HRQOL 

is often influenced by the distress experienced by patients from disease or treatment-related symp-

toms. This study aimed to identify symptoms that can predict changes in HRQOL in men undergo-

ing external beam radiation therapy (EBRT) for nonmetastatic prostate cancer (NMPC).

Methods: Fifty-one men with NMPC scheduled for EBRT were assessed at the baseline, at 

the midpoint of EBRT, and at the end of EBRT. All participants received 38–42 daily doses of 

EBRT (five times a week), depending on the stage of their disease. Validated questionnaires were 

administered to evaluate depressive symptoms, urinary and sexual functions, bowel issues, symp-

tom-related distress, fatigue, and HRQOL. Pearson correlations, repeated-measures ANOVA, and 

multiple regressions examined the relationships among variables.

Results: Intensification of symptoms and increased symptom-related distress, with a corre-

sponding decline in HRQOL, were observed during EBRT in men with NMPC. Changes in symp-

toms and symptom distress were associated with changes in HRQOL at the midpoint of EBRT 

(r=–0.37 to –0.6, P=0.05) and at the end of EBRT (r=–0.3 to –0.47, P=0.01) compared with the 

baseline. The regression model comprising age, body mass index, Gleason score, T category, 

 androgen-deprivation therapy use, radiation dose received, symptoms (urinary/sexual/bowel prob-

lems, fatigue), and overall symptom distress explained 70% of the variance in predicting HRQOL. 

Urinary problems and fatigue significantly predicted the decline in HRQOL during EBRT.

Conclusion: Identifying specific symptoms that can influence HRQOL during EBRT for 

NMPC can provide feasible interventional targets to improve treatment outcomes.
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Introduction

With increased survival rates and advanced 

treatment techniques, general well-being and 

functional performance have become impor-

tant outcomes for oncology treatments. For 

example, patient-reported health-related qual-

ity of life (HRQOL) has become a key outcome 

measure in evaluating the effectiveness of 

cancer treatments [1]. In addition, patient-

reported HRQOL measures can guide 

treatment planning as well as symptom man-

agement for oncology patients [2, 3].

In 2017, prostate cancer is the second most 

prevalent malignancy for American men, with 
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161,360 new diagnoses, and is the third leading cause of overall 

cancer death [4]. External beam radiation therapy (EBRT) is one 

of the standard and effective treatments offered as curative ther-

apy for men with nonmetastatic prostate cancer [5, 6]. Although 

radiation techniques have improved and EBRT has increased sur-

vival for men with prostate cancer, these advances still adversely 

affect physical, urinary, bowel, and sexual functions during treat-

ment, and into survivorship following treatment completion 

[7–9], they negatively impacting their HRQOL [10, 11].

A recent study reported significant urinary (i.e., frequency, 

nocturia) and bowel (i.e., diarrhea, urgency) issues experienced 

by men who had undergone or not undergone prior prostatec-

tomy during the course of their EBRT [3]. These symptoms 

persist for 12–24 months following EBRT completion [12, 

13]. However, the reported short-term and long-term effects 

of these symptoms on HRQOL for this clinical population are 

inconsistent [3, 11, 13–16], most likely related to differences 

in the instruments and approaches used to measure HRQOL.

Clustering of symptoms related to cancer therapy has 

been associated with inflammation and an altered immune 

response [17]. EBRT alters expression of genes and proteins 

associated with mitochondrial bioenergetics and biogenesis in 

prostate cancer patients receiving EBRT [18, 19], which can 

impair cellular energy supply and possibly lead to inflamma-

tion under hypoxic conditions. Alterations in the expression of 

genes and proteins related to inflammation and mitochondrial 

function have been associated with symptoms related to EBRT 

[18–22]. Investigation of the association of the expression of 

these genes and proteins with HRQOL of men undergoing 

EBRT may help us further understand the biologic underpin-

ning of the relationship of symptoms and HRQOL.

Understanding specific symptoms that can predict overall 

HRQOL during cancer treatments can help patients and their 

clinicians better plan care during treatment, as well as the 

timing and design of optimal treatment options. The primary 

goal of this study was to identify symptoms that can predict 

changes in overall HRQOL during EBRT in patients with 

localized prostate cancer.

Methods

A prospective, exploratory, and repeated-measures design was 

used to investigate predictors and biomarkers of HRQOL in 

men with nonmetastatic prostate cancer undergoing EBRT. 

This study was approved by the Institutional Review Board 

of the National Institutes of Health, Bethesda, MD, USA 

(NCT00852111). Patients who were 18 years or older with 

diagnosed nonmetastatic prostate cancer who had undergone 

or not undergone prior prostatectomy and scheduled to receive 

EBRT with or without concurrent androgen deprivation ther-

apy (ADT) were enrolled from urology and radiation oncol-

ogy clinics of the Hatfield Clinical Research Center, National 

Institutes of Health. Research participants were excluded 

from the study if they had progressive disease; had experi-

enced major psychiatric illness within the previous 5 years; 

had uncorrected hypothyroidism or anemia; took sedatives, 

steroids, or nonsteroidal anti-inflammatory agents; or had a 

second malignancy. Research participants were enrolled from 

May 2009 to January 2015. After informed consent had been 

obtained, medical records were reviewed through electronic 

records, and demographic information was obtained by patient 

interview. Peripheral blood samples and questionnaires were 

obtained from each participant before EBRT (baseline, day 0), 

on day 19 to day 21 (midpoint of EBRT), and on day 38 to day 

42 (completion of EBRT).

Study measures

Clinical and demographic measures: Sociodemographic 

and clinical data (e.g., age, race, employment status, stage of 

prostate cancer, EBRT dose, type of EBRT technique used, and 

laboratory test results) were obtained from medical record re-

view.

Depressive symptoms: Participants were screened for 

 depressive symptoms with use of the Hamilton Depression 

Rating Scale (HAM-D) at each time point. This is a 21-

item, clinician-rated paper questionnaire with good internal 

 reliability (α=0.81–0.98). The predefined cutoff score for de-

pression is 15 in cancer patients, with higher scores indicating 

more symptoms of depression [23].

Urinary tract problems: The American Urological Asso-

ciation (AUA) has developed a seven-item symptom index to 

assess urinary problems, including frequency, nocturia, weak 

urinary stream, hesitancy, intermittence, incomplete emptying, 
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and urgency. It consists of an overall score ranging from 0 to 

35, with higher scores indicating worse lower urinary tract 

symptoms. The AUA symptom index is a validated, reliable, 

and clinically sensible measure of urinary problems [24].

Sexual function: The Sexual Health Inventory for Men 

(SHIM) is used to assess sexual function in men treated for 

prostate cancer. The SHIM is a validated, five-item shortened 

version of the International Index of Erectile Function [14, 

25]. It measures the erectile function with a total score rang-

ing from 0 to 25 (22–25, no erectile dysfunction; 17–21, mild 

erectile dysfunction; 12–16, mild/moderate erectile dysfunc-

tion; 8–11, moderate erectile dysfunction; 1–7, severe erectile 

dysfunction) [10].

Symptoms and symptom-related distress: The Symp-

tom Indexes (SI) is a disease-specific symptom measurement 

focused on symptoms of dysfunction in urinary, sexual, bowel, 

and symptom-related distress for men treated with prostate can-

cer [26]. The SI is a 22-item self-administered questionnaire, 

consisting of two subscales (symptom indexes of symptoms 

[SISYM] and symptom indexes of symptom-related distress 

[SISD]). The SI measures symptoms and symptom- related dis-

tress, including urinary incontinence and obstruction/irritation, 

bowel symptoms (i.e., diarrhea, urgency of bowel movements, 

pain, bleeding, and passing of mucus during bowel move-

ments), and sexual dysfunction (i.e., difficulty in getting and 

keeping erections, and ability to ejaculate and reach orgasm), 

and parallel items assess symptom distress related to urinary, 

sexual, and bowel problems. Each item is rated on a five-point 

frequency scale ranging from 1 for not at all to 5 for very fre-

quently [26]. The SI is a valid questionnaire with good reliabil-

ity (α=0.64–0.89) when used in the prostate cancer population 

[26, 27].

Fatigue: Fatigue was evaluated by a valid questionnaire that 

is widely used in oncology – the revised Piper Fatigue Scale 

(rPFS). The rPFS is a 22-item paper and pencil, self-adminis-

tered questionnaire that measures four dimensions of fatigue 

(behavioral/severity, sensory, cognitive/mood, and affective) 

using a 0–10 intensity rating scale (0, none; 10, worst inten-

sity). Scores are categorized as mild fatigue (1–3), moderate 

fatigue (4–5), and severe fatigue (>6). The rPFS has demon-

strated satisfactory reliability and validity when used in cancer 

patients receiving radiation therapy, with internal consistency 

ranging from 0.69 for the symptom dimension to 0.95 for the 

sensory dimension [28, 29].

Health-related quality of life: The Functional Assess-

ment of Cancer Therapy–Prostate (FACT-P) was developed 

to specifically capture the HRQOL relevant to prostate cancer 

 patients. The FACT-P was validated in numerous studies [30, 

31], and is a well-established instrument with good reliability 

and validity [32–34]. It has 39 items grouped into five sub-

scales, including physical well-being, functional well-being, 

emotional well-being, social/family well-being, and prostate-

cancer-specific items. The total FACT-P score ranges from 0 to 

156, and a higher score indicates better HRQOL.

Statistical analysis

Descriptive analyses were performed to describe the partici-

pants’ demographic and clinical characteristics. Repeated-

measures ANOVA were used to compare the mean differences 

of HAM-D, AUA, SHIM, rPFS, SI, and FACT-P scores from 

all the patients at the baseline and at the midpoint and the 

end of EBRT. Hierarchical multiple regression models were 

used to investigate the important predictors of HRQOL (based 

on FACT-P scores). No replacement value was assigned for 

missing data. All statistical analyses were conducted with 

IBM SPSS Statistics version 24.0 (IBM, Armonk, NY, USA). 

Statistical significance is indicated by P<0.05.

Results

Study participants

Patient demographic and clinical characteristics are summa-

rized in Table 1. The study cohort comprised 51 patients with 

an average age of 65 years (standard deviation 7.65 years), 

with most of the participants being Caucasian (64.7%) and 

married (78.4%) men. More than half of the patients had a 

clinical category T2 (a–c) tumor with a Gleason score of either 

7 or 8. Forty of the 51 patients received ADT as neoadjuvant 

treatment before EBRT. Eighty percent of the patients received 

a total EBRT dose of 75.6 Gy, and the remaining participants 

who had previously undergone prostatectomy (n=10) received 
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a total EBRT dose of 68.4 Gy. All but one participant scored 90 

on the Karnofsky performance scale at the baseline, indicat-

ing that these patients were able to carry out normal activities 

with only minor signs or symptoms of disease, before the start 

of EBRT. The mean prostate-specific antigen (PSA) level was 

16.9±20.1 ng/mL at the baseline, before EBRT or ADT. The 

Table 1. Demographic and clinical characteristics of the 51 study participants at the baseline before external beam radiation therapy

Characteristics Number Percentage Mean SD Range

Race

 Caucasian 33 64.7

 African American 12 23.5

 Asian 4 7.9

 Other 2 3.9

Marital status

 Married 40 78.4

 Widowed 2 3.9

 Single 5 9.8

 Divorced/separated 4 7.9

T category

 T1a–T1c 16 31.4

 T2a 14 27.5

 T2b–T2c 12 23.5

 T3a–T3b 9 17.6

Gleason score

 6 5 9.8

 7 21 41.2

 8 13 25.5

 9 12 23.5

Karnofsky performance scale score

 80 1 2

 90 50 98

Performance status

 1 50 98

 0 1 2

 Body mass index (kg/m2) 19.91 4.63

 Testosterone (ng/dL) 273.98 178.61 20–707

 Thyroid-stimulating hormone (µIU/mL) 2.12 1.08 0.24–4.15

 Albumin (g/dL) 4.03 0.34 2.7–4.6

 Hemoglobin (mg/dL) 13.76 1.13 10.9–16.6

 Hematocrit (%) 40.79 3.52 32.9–50.9

 PSA (ng/mL) 16.97 20.17 0.004–24.0

 HAM-D score 1.06 1.64 0–8

Total EBRT dose (Gy)

 75.6 41 80

 68.4 10 20

The mean age was 65.43 years (standard deviation 7.67 years).

EBRT, External beam radiation therapy; HAM-D, Hamilton Depression Rating Scale; PSA, prostate-specific antigen; SD, standard deviation.
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mean baseline testosterone, thyroid-stimulating hormone, and 

albumin levels were all within the reference ranges.

Symptoms related to EBRT

Depressive symptoms: There were no significant changes 

in mean depressive symptom score at the midpoint of EBRT 

(2.12±3.14) and at the end of EBRT (1.44±1.66) compared 

with the baseline (1.06±1.64). Overall, HAM-D scores of all 

patients were below 15 and mean scores were below 3. None 

of the HAM-D scores at the three time points (days 0, 21, and 

42) reached the clinical cutoff for depression [17].

Gastrointestinal and genitourinary symptoms: The 

mean AUA urinary symptom scores increased significant-

ly from the baseline (7.82±5.24) to the midpoint of EBRT 

(11.6±6.83, P<0.001) and the end of EBRT (13.82±7.75, 

P<0.001). The mean SHIM score decreased significantly at 

the midpoint of EBRT (6.96±8.35, P=0.002) and at comple-

tion of EBRT (6.18±8.11, P=0.001) compared with the base-

line (10.22±8.95), indicating severe erectile dysfunction in 

this population during EBRT [22]. Compared with the base-

line (40.23±7.08), the mean symptom scores from the SISYM 

significantly increased at the midpoint of EBRT (47.71±8.43, 

P<0.001) and remained elevated at completion of EBRT 

(48.23±8.71, P<0.001). Similarly, the mean SISD scores 

 increased significantly from the baseline (27.07±9.18) to the 

midpoint of EBRT (32.27±10.97, P=0.001) and the completion 

of EBRT (34.70±12.47, P<0.001). Increased SISYM and SISD 

scores indicate moderate symptoms and symptom-related dis-

tress associated with urinary tract problems, bowel problems, 

and sexual dysfunction. Figure 1 delineates the mean AUA, 

SHIM, SISYM, and SISD scores at the baseline, at the mid-

point of EBRT, and at the end of EBRT.

Fatigue: Compared with the baseline (1.51±1.82, range 

0–6.13), the mean rPFS scores increased significantly at the 

midpoint of EBRT (2.95±1.82, P=0.001, range 0–8.2) and at 

completion of EBRT (2.89±2.26, P=0.002, range 0–7.9), indi-

cating mild fatigue during EBRT (Fig. 1). Although the mean 

rPFS scores are considered to be in the mild fatigue category 

[28, 29], the higher end of the rPFS score ranges increased to 

the severe fatigue category (rPFS score >7) from the baseline 

to the midpoint of EBRT and from the baseline to completion 

of EBRT.

Health-related quality of life: The mean FACT-P scores 

at the baseline, at the midpoint of EBRT, and at completion 

of EBRT are described in Fig. 1. Compared with the baseline 

(131.02±16.14), there were significant changes in FACT-

P scores at the midpoint of EBRT (122.58±18.07, P<0.001) 

and at the end of EBRT (122.93±18.95, P<0.001). Figure 2 

describes the trajectory of HRQOL during EBRT as measured 

by FACT-P. A change of FACT-P score of more than 6 from 

the baseline (before cancer treatment) is considered clinically 

meaningful [35].

Predictors of HRQOL

Table 2 describes the predictive model of HRQOL at comple-

tion of EBRT. The regression model comprising age, body mass 

index, Gleason score, T category, ADT use, radiation dose, and 

AUA, SHIM, SISYM, SISD, and rPFS scores explained 70% of 

the variance in predicting HRQOL (FACT-P). However, only 

urinary symptoms (β=–0.86, P=0.025) and fatigue symptoms 

(β=–4.67, P=0.01) were significant predictors of self-reported 

HRQOL, while demographic and clinical variables, including 

prior prostatectomy, were poor predictors of HRQOL change 

at completion of EBRT.

Discussion

To our knowledge, this is the first study to identify symp-

toms that can predict self-reported overall HRQOL during 

EBRT. The major findings include (1) HRQOL of men with 

nonmetastatic prostate cancer declines during EBRT, and (2) 

the urinary and fatigue symptoms of study participants were 

significant predictors of their HRQOL at completion of EBRT.

Recent advances in nonmetastatic prostate cancer therapy 

have used new modalities to deliver radiation to tumor cells, 

including proton therapy. Unfortunately, a comparative study 

concluded that hypofractionated radiation therapy using either 

the standard, widely used carbon ions or newer approaches 

such as the use of protons produces the same types of symp-

toms (e.g., urinary problems, fatigue, gastrointestinal distur-

bance), with a decline in HRQOL as a side effect of all these 

prostate cancer therapies [36]. A recent interventional study 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://fm

ch.bm
j.com

/
F

am
 M

ed C
om

 H
ealth: first published as 10.15212/F

M
C

H
.2017.0133 on 1 July 2017. D

ow
nloaded from

 

http://fmch.bmj.com/


Symptoms predicting health-related quality of life in prostate cancer patients

Family Medicine and Community Health 2017;5(2):119–128 124

O
R

IG
IN

A
L

 
R

E
S

E
A

R
C

H

using a smartphone for early detection and management of 

symptoms revealed that targeting EBRT-related symptoms 

early (fatigue, urinary symptoms, insomnia, emotional issues) 

improves HRQOL in men receiving EBRT for prostate cancer 

[37]. That study further supports the importance of under-

standing the relationships of various symptoms and HRQOL 

and the need to target these symptoms to improve HRQOL 

and overall treatment outcomes of this clinical population.

Lower urinary tract symptoms and fatigue significantly 

predicted better HRQOL at completion of EBRT in this 

study. Age, body mass index, Gleason score, T category, 

radiation dose, ADT use, and overall symptoms and symp-

tom distress were found to be insignificant predictors of 

HRQOL at completion of EBRT. Lower urinary tract symp-

toms and fatigue can be used as an interventional target to 

improve treatment outcomes of patients during EBRT. As 

proposed criteria, it would be clinically important to closely 

follow up patients who have poor baseline urinary symp-

tom scores (AUA score >7 indicating clinically significant 

urinary symptoms) and fatigue (rPFS score >4 indicating 
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Fig. 1. Changes in the American Urological Association (AUA), Sexual Health Inventory for Men (SHIM), symptom indexes of symptoms for 

urinary, bowel, and sexual function problems (SISYM), symptom indexes of symptom-related distress for urinary, bowel, and sexual function 

(SISD), revised Piper Fatigue Scale (rPFS), and Functional Assessment of Cancer Therapy–Prostate (FACT-P) scores during external beam 

radiation therapy (EBRT) from the baseline (day 0, D0) to the midpoint of EBRT (day 19 to day 21; D21) and from the baseline (D0) to the end 

of EBRT (day 38–day 42, D42). Two asterisks indicates P<0.001.
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moderate to severe fatigue) to avoid worsening of HRQOL 

at completion of EBRT.

Few studies that have investigated predictors of HRQOL 

during EBRT. Most studies reported predictors of HRQOL 

years after radiation therapy for nonmetastatic prostate cancer. 

One of those studies revealed that baseline bowel issues and a 

depression diagnosis were independent predictors of HRQOL 

decline following stereotactic body radiation therapy (com-

monly known as CyberKnife) in prostate cancer men [16]. One 

study clearly described the trajectories of common symptoms 

reported by patients before, during, and after radiation therapy 

for prostate cancer [12]. However, that study did not explore 

symptoms that can predict the HRQOL of men with prostate 

cancer during radiation therapy.

Moving forward, it will be clinically important to under-

stand the biologic underpinnings of symptom intensification 

and increasing symptom burden that can affect HRQOL. The 

role of mitochondria has received renewed interest to explain 

the cause of symptoms, We previously reported five genes 

that were upregulated (BCL2L1, COX6B1, FIS1, SLC25A25, 

and SLC25A37) and nine genes that were downregulated 

(AIFM2, BCL2, BCS1L, BNIP3, TIMM10B, IMMP2L, MIPEP, 

110

115

120

125

130

135

D42D21D0

S
co

re

**
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Fig. 2. Trajectory of health-related quality of life (HRQOL) measured 

by the Functional Assessment of Cancer Therapy–Prostate (lower 

scores corresponds to worse HRQOL) in prostate cancer patients 

during external beam radiation therapy (EBRT) at the baseline (day 0, 

D0), at the midpoint of EBRT (day 19–day 21, D21), and at the end 

of EBRT (day 38–day 42, D42). Mean HRQOL scores of all study 

participants worsened at the midpoint and at completion of EBRT 

compared with the baseline. Two asterisks indicates P<0.001.

Table 2. Predictive model of the Functional Assessment of Cancer 

Therapy–Prostate at the end of external beam radiation therapy using 

multiple regression

Predictors Biasa SE β Adjusted R2 change

Age 0.24 0.34 0.008 0.7c

BMI 0.07 0.51 0.015

Gleason score 1.52 2.87 0.750

T category –0.86 1.38 –0.084

Radiation dose 0.005 0.007 0.008

ADT use –1.21 5.59 –0.029

AUA scoreb –0.86 0.36 –0.345

SHIM score –0.09 0.26 –0.043

rPFS scorec –4.67 1.04 –0.558

SISYM score –0.185 0.37 –0.09

SISD score –0.238 0.28 –0.144

Urinary problems measured by the American Urological Association 

(AUA) symptom index and fatigue score measured by the revised 

Piper Fatigue Scale (rPFS) are significant predictors of health-related 

quality of life measured by the Functional Assessment of Cancer 

Therapy–Prostate at completion of external beam radiation therapy.

ADT, Androgen deprivation therapy; BMI, body mass index; SE, 

standard error; SHIM, Sexual Health Inventory for Men; SISD, 

symptom indexes of symptom-related distress for urinary, bowel, and 

sexual function; SISYM, symptom indexes of symptoms for urinary, 

bowel, and sexual function problems.
aBias of the standard error.
bP<0.05.
cP<0.01.

SLC25A23, and SLC25A4) during EBRT for nonmetastatic 

prostate cancer [19]. We conducted an exploratory, secondary 

analysis of our previous findings using Pearson correlation, 

and found four of the previously reported 14 mitochondrial 

genes to be significantly associated with changes in HRQOL 

either at the midpoint of EBRT (r=–0.49 to 0.49, P=0.05) or 

at the end of EBRT (r=–0.6 to 0.48, P<0.05) (Table 3). These 

genes were BCS1L (BCS1 homolog, ubiquinol–cytochrome c 

reductase complex chaperone), FIS1 (fission, mitochondrial 

1), IMMP2L (inner mitochondrial membrane peptidase subu-

nit 2), and SLC25A37 (solute carrier family 25 member 37).

These four genes may play an important role in devel-

opment of symptoms mediating changes in the patients’ 
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HRQOL. For example, decreased BCS1L expression is associ-

ated with decreased activity of complex III in the mitochon-

drial respiratory chain [38], which impairs ATP production 

[39, 40], potentially contributing to fatigue intensification 

and irritative symptoms, such as urinary disturbances dur-

ing EBRT. SLC25A37 (MFRN or mitoferrin-1) regulates iron 

uptake into mitochondria and promotes heme synthesis [41]. 

Alteration in iron uptake and heme synthesis during EBRT 

is a common side effect, and has been reported to result in 

mitochondrial dysfunction [42], which may intensify fatigue 

during EBRT [18, 19, 43]. Mitochondrial fission 1 (encoded 

by FIS1) is involved in dynamic processes (fission and fusion) 

and plays a key role in maintaining cellular metabolic homeo-

stasis. Excessive mitochondrial fission is implicated in multi-

ple human diseases; for example, symptoms in type 2 diabetes 

[44], neurodegenerative disease, and cancer [45]. However, 

no study has described the association between mitochondrial 

genes and HRQOL.

Table 3. Correlation (r) between changes in the differential 

expression of mitochondrial genes and changes in health-related 

quality of life scores (as measured by the Functional Assessment of 

Cancer Therapy–Prostate) from the baseline (day 0) to the midpoint 

of external beam radiation therapy (day 21) and the end of external 

beam radiation therapy (day 42)

∆ FACT-P (0–21) ∆ FACT-P (0–42)

∆ BCS1L (0–21) –0.49a –

∆ BCS1L (0–42) – 0.034

∆ FIS1 (0–21) 0.39 –

∆ FIS1 (0–42) – 0.42a

∆ IMMP2L (0–21) 0.09 –

∆ IMMP2L (0–42) – –0.60b

∆ SLC25A37 (0–21) 0.49a –

∆ SLC25A37 (0–42) – 0.48a

∆FACT-P (0–21), Functional Assessment of Cancer Therapy–Prostate 

score change from the baseline (day 0) to the midpoint of external 

beam radiation therapy (day 21); ∆FACT-P (0–42), change of 

Functional Assessment of Cancer Therapy–Prostate score from the 

baseline (day 0) to the end of external beam radiation therapy (day 42).
aP<0.05.
bP<0.01.

Limitations of this study have been recognized. This study 

was conducted in a tertiary research setting with a semiselec-

tive patient population and convenience sampling; therefore 

the results may not be generalizable. Although this study 

investigated the effect of symptoms on HRQOL during EBRT, 

it is important to note that symptoms could last for 12–24 

months after completion of EBRT. So, patients receiving this 

treatment should be followed up for longer after completion 

of EBRT to fully understand the association of symptoms and 

HRQOL in this clinical population. Another limitation of this 

study is the sample size, and a larger sample should be used to 

confirm the associations of specific symptoms and biomarkers 

with self-reported HRQOL.

Conclusion

The study findings provide information on the relationships 

between self-reported symptoms (urinary, bowel, and sexual 

problems, fatigue), symptom-related distress, and demographic 

and clinical factors and HRQOL in men with clinically local-

ized prostate cancer undergoing EBRT. The findings revealed 

that urinary symptoms and fatigue are the best predictors of 

the decline in HRQOL at completion of EBRT. Furthermore, 

changes in the expression of mitochondria-related biomark-

ers (BCS1L, FIS1, IMMPL2, and SLC25A35) are associated 

with HRQOL and could be used for future investigations to 

help explain the biologic underpinning of the relationship of 

symptoms and HRQOL. Therefore assessment of symptoms, 

specifically urinary symptoms and fatigue at the beginning 

of EBRT, may enable clinicians to identify patients who 

need early and aggressive intervention to prevent a decline in 

HRQOL during EBRT.
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