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Abstract
Background  The association between baseline frailty and health-related quality of life (HRQOL) in patients with prostate 
cancer (PC) remains unknown.
Methods  We retrospectively evaluated the association of pretreatment frailty with HRQOL in 409 patients with PC from 
February 2017 to April 2020. Frailty and HRQOL were evaluated using the geriatric 8 (G8) screening tool and QLQ-C30 
questionnaire, respectively. The primary objective was comparison of G8 and QOL scores between the localized diseases 
(M0 group) and metastatic castration-sensitive PC (mCSPC group). Secondary objectives were to study the association of 
G8 and QOL scores in each group and effect of frailty (G8 ≤ 14) on worse QOL.
Results  The median age of patients was 70 years. There were 369 (surgery: 196, radiotherapy: 156, androgen deprivation 
therapy alone: 17) patients in the M0 and 40 patients in the mCSPC groups. There was a significant difference between the M0 
and mCSPC groups in the G8 score (14.5 vs. 12.5), functioning QOL (94 vs. 87), global QOL (75 vs. 58), and 100–symptom 
QOL (94 vs. 85) scores. G8 scores were significantly associated with functioning, global, and 100–symptom QOL scores in 
both M0 and mCSPC groups. The multivariable logistic regression analyses showed that frailty (G8 ≤ 14) was significantly 
associated with worse global QOL, functioning QOL, and 100–symptom QOL scores.
Conclusion  The baseline frailty and HRQOL were significantly different between the localized and metastatic disease. The 
baseline frailty was significantly associated with worse HRQOL in patients with PC.
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Introduction

Prostate cancer (PC) is the most frequent cancer among 
the men in Western countries and Japan [1–3]. Reflecting 
on the increasing population of elderly patients with PC, 
the interest in frailty in those patients has been increasing 
[4–6]. Frailty is a common syndrome in older adults that 
is theoretically defined as an aging-associated vulnerability 
and is related to an increased risk for poor health outcomes, 
such as hospitalization, health care resource utilization, and 

mortality [7, 8]. Previous studies have demonstrated the util-
ity of frailty on treatment selection (surgery or radiotherapy) 
[9], prediction of postoperative pain after robotic radical 
prostatectomy [10], postoperative complications [11, 12], 
and poor prognosis in patients with PC [13–15]. Although 
the gold standard for frailty assessment is comprehensive 
geriatric assessment as a multidimensional method, it is 
time-consuming and requires the expert geriatricians. To 
address this problem, total of 17 different tools have been 
studied in 44 different trials to evaluate the best screening 
test and found the geriatric 8 (G8) was more useful tool 
than other instruments in terms of sensitivity [16]. However, 
there are not enough evidences available for the utility of G8 
screening tool in patients with PC [15].

Health-related quality-of-life (HRQOL) has been rec-
ognized as a non-oncological outcome and was associated 
with clinical outcomes [17–20]. Some studies suggested the 
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important role of baseline HRQOL for prognosis in several 
cancers [21–23]. Also, previous studies indicated the asso-
ciation of frailty with HRQOL in the patients with breast 
cancer [24], lung cancer [25], colorectal cancer [26]. As 
frailty and HRQOL were suggested to be associated with 
unfavorable outcomes [21–23], we hypothesized that PC 
patients with frailty might have lower HRQOL compared 
with patients without frailty. However, no evidence is avail-
able regarding the association of frailty with HRQOL in 
patients with PC. Therefore, we performed a retrospective 
FRAilty and Quality of life for patients with Prostate Can-
cer study (FRAQ-PC study) to investigate the association of 
frailty with HRQOL in patients with PC.

Materials and methods

Ethics statement

This FRAQ-PC study was performed in accordance with the 
ethical standards established by the Declaration of Helsinki 
and was approved by the ethics review board (authorization 
number: 2019–099). The study was registered on the UMIN-
CTR (UMIN 000,039,867).

Study population

This retrospective study screened 648 patients with prostate 
cancer who were treated at the Hirosaki University Hospital, 
Japan, between January 2017 and April 2020. The inclusion 
criteria called for patients who fulfilled frailty screening and 
HRQOL questionnaires with untreated localized PC or meta-
static castration-sensitive PC (mCSPC).

Patient variables

We evaluated age, Eastern Cooperative Oncology Group 
performance status (ECOG PS), serum prostate-specific 
antigen (PSA) at diagnosis, biopsy Gleason score, hyper-
tension (HTN), cerebrocardiovascular disease (CCVD), 
diabetes mellitus (DM), chronic respiratory disease (CRD), 
and treatment modality, such as robot-assisted radical pros-
tatectomy (RARP), radiation therapy (RT), androgen depri-
vation therapy (ADT), standard of care (SOC) for mCSPC, 
and SOC for mCRPC. The CCVD included cerebral hem-
orrhage, cerebral infarction and subarachnoid hemorrhage, 
stroke, heart attack, heart failure, arrhythmia, heart valve 
problems, coronary artery disease (angina and myocardial 
infarction). The CRD included chronic obstructive pulmo-
nary disease (COPD) asthma, occupational lung diseases, 
pulmonary hypertension, and interstitial pneumonia.

Assessment of frailty

We assessed frailty using the G8 screening tool (ranges from 
0 to 17) with a frailty cutoff of ≤ 14 [9, 10, 15]. The G8 
assessment was administered during the initial outpatient 
clinic visit as a part of clinical practice.

Evaluation of QOL

We used the European Organization for the Research and 
Treatment of Cancer Quality-of-Life Questionnaire C30 
(QLQ-C30) for QOL evaluation [27, 28], and patients 
answered this questionnaire at the time of the initial out-
patient clinic visit. The questionnaire consisted of five 
functioning QOL scales (physical, social, role, cognitive, 
and emotional functioning), a scale for global QOL, and 
nine-symptom QOL scales (fatigue, pain, nausea/vomiting, 
dyspnea, appetite loss, sleep disturbance, constipation, diar-
rhea, and financial difficulties). All scales were converted 
to linear QOL scores ranging from 0 to 100 in accordance 
with the scoring manual (Scoring QLQ-C30 version 3.0) 
[23] and summarized in three components: the function-
ing QOL (physical, role, cognitive, and emotional scores), 
global QOL, and symptomatic QOL (fatigue, pain, sleep 
disturbance, nausea/vomiting, appetite loss, constipation, 
diarrhea, and dyspnea scores). A high score for function-
ing and global QOL scales represents a good QOL. Since a 
high score for a symptom scale equates to a high number of 
symptoms or problems, we used a 100-symptomatic QOL 
scale to come up with a higher scale that represents a good 
QOL. Optimal cutoff score of QOL for G8 ≤ 14 was defined 
at the time of data analysis by receiver operating character-
istic (ROC) curve.

Outcomes

The primary objective was to compare the G8 and QOL 
scores between the M0 and mCSPC groups. Our secondary 
objective was to study the association of G8 and QOL scores 
in each group and effect of frailty (G8 ≤ 14) on worse QOL 
under a multivariable logistic regression analysis. Explora-
tory objectives were to compare the G8 and QOL scores 
among the treatments in the M0 group.

Statistical analysis

Statistical analysis was performed with GraphPad Prism 
7.00, Bell Curve for Excel, and R 3.6.1. Categorical vari-
ables were compared using Fisher’s exact test or the χ2 test. 
Quantitative variables were expressed as means ± standard 
deviation. The significance of between-group differences 
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was determined using Student’s t test for normally distrib-
uted data or the Mann–Whitney U test for non-normally dis-
tributed data. The Kruskal–Wallis test was used to analyze 
differences among the three groups. The correlation between 
two indices was analyzed using Spearman’s correlation coef-
ficient (RS). A P value < 0.05 was considered statistically 
significant. Odds ratio (OR) with 95% confidence intervals 
(95% CI) was calculated using the multivariable logistic 
regression model for lower HRQOLs after controlling for 
potential confounders, including age, frailty (G8 ≤ 14), num-
ber of comorbidities (HTN, CCVD, DM, plus CRD; range, 
0–4), and metastatic disease.

Results

Patient selection and characteristics

Among the 648 patients subjected in this study, we excluded 
224 patients who did not provide complete response to the 
G8 or QLQ-C30 questionnaires and 15 patients with cas-
tration-resistant PC. This left us with a total of 409 patients 
for the analysis. The main reason for exclusion was the 
lack of some questionnaires of QLQ-C30. The median age, 
PSA, and Gleason score were 70 years, 9 ng/mL, and 7, 
respectively (Table 1). The median G8 score, global QOL, 

functioning QOL, and symptom QOL scores were 14.5, 75, 
94, and 93, respectively. Of 409 patients, 369 and 40 were 
in the M0 and mCSPC groups, respectively. The number of 
patients who were treated with RARP, RT, and ADT alone in 
the M0 group was 196, 156, and 17, respectively. There was 
a significant difference in background between patients with 
M0 and mCSPC groups in the PSA, Gleason score (Table 1).

Primary outcomes

A significant difference was observed between patients 
with M0 and mCSPC groups in the G8 score (Fig. 1a, 14.5 
vs. 12.5: P = 0.002), functioning QOL (Fig. 1b, 94 vs. 87, 
P = 0.002), global QOL (Fig. 1c, 75 vs. 58, P < 0.001), and 
100-symptom QOL scores (Fig. 1d, 94 vs. 85, P = 0.001).

Secondary Outcomes

The G8 scores were significantly associated with the func-
tioning QOL (RS = 0.32, P < 0.001), global QOL (RS = 0.25, 
P < 0.001), and 100-symptom QOL (RS = 0.25, P < 0.001) in 
the M0 group (Fig. 1a), although the magnitudes of slopes 
were not high. The G8 scores were significantly associ-
ated with the functioning QOL (RS = 0.68, P < 0.001), 
global QOL (RS = 0.70, P < 0.001), and 100-symptom 
QOL (RS = 0.61, P < 0.001) in the mCSPC group (Fig. 1b). 

Table 1   Background of 
participants

A P value of < 0.05 was considered statistically significant
IQR interquartile range, PSA prostate specific antigen, HTN hypertension, DM diabetes mellitus, CCVD 
cerebrocardiovascular disease, CRD chronic respiratory disease, G8 geriatric 8, RARP robot-assisted radi-
cal prostatectomy, RT radiotherapy, ADT androgen deprivation therapy, mCSPC metastatic castration-sensi-
tive prostate cancer, QOL quality of life, QLQ-C30 the European organization for research and treatment of 
cancer quality of life questionnaire-core 30

All M0 group mCSPC group P value

Number of patients 409 369 40
Age, years (IQR) 70 (66–75) 70 (66–74) 72 (67–76) 0.310
PSA at diagnosis, ng/mL 9 (6–17.1) 8.4 (5.8–13.7) 33 (7–330) 0.004
Gleason score (range 6–10, IQR) 7 (7–9) 7 (7–8) 9 (8–9)  < 0.001
Comorbidity, n
 HTN 220 (52%) 193 (52%) 18 (45%) 0.380
 DM 67 (16%) 60 (16%) 6 (15%) 1.000
 CCVD 89 (21%) 78 (21%) 6 (15%) 0.417
 CRD 18 (4.3%) 16 (4.3%) 1 (2.6%) 1.000

Number of comorbidities (range 0–4, IQR) 1 (0–1) 1 (0–1) 1 (0–1) 0.240
Treatment, n
 RARP 196 196
 RT 156 156
 ADT alone 17 17

Baseline G8 score (IQR) 14.5 (13–16) 14.5 (13.5–16) 12.5 (10.5–15.5) 0.002
Baseline functioning QOL score (IQR) 94 (88–97) 94 (88–97) 87 (72–97) 0.002
Baseline Global QOL score (IQR) 75 (58–83) 75 (58–83) 58 (33–83)  < 0.001
Baseline 100–symptom QOL score (IQR) 93 (86–97) 94 (86–100) 85 (67–94) 0.001
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Analysis for the association of G8 score and each HRQOL 
item (Fig. S1) demonstrated that the highest slope magni-
tude was observed in the global QOL (slope = 2.86) followed 
by fatigue (slope = 2.28) and sleep (slope = 1.71) QOLs in 
the M0 group (Fig. S1A-C). Similarly, the highest slope 
magnitude for G8 score was observed in the global QOL 
(slope = 7.15) followed by fatigue (slope = 6.46) and role 
(slope = 6.15) QOLs for frailty in the mCSPC group (Fig. 
S1D-F).

A G8 score of ≤ 14 was significantly associated with 
functioning QOL (Fig. 1c; P < 0.001), global QOL (Fig. 1d; 
P < 0.001), and 100-symptom QOL (Fig. 1e; P < 0.001). 
Optimal cutoff values for G8 ≤ 14 of functioning QOL, 
global QOL, and 100-symptom QOL were < 91 (Fig. S2A; 
AUC, 0.671), < 67 (Fig. S2B; AUC, 0.644), and < 91 (Fig. 
S2C; AUC, 0.632), respectively. Multivariable logistic 
regression analyses showed that G8 ≤ 14 was significantly 
associated with QOL-low (functioning QOL < 91, global 
QOL < 67, and 100-symptom QOL < 91) (Fig. 1f, Table 2).

Exploratory outcome

The G8 scores (Fig. S3A) and HRQOLs (Fig. S3B) were 
significantly different among the patients with RARP, RT, 
and ADT alone in the M0 group. Global QOL was not sig-
nificantly different between the patients treated with RARP 
and RT/ADT.

Discussion

Although numerous studies have shown the clinical impli-
cations of frailty or HRQOL on unfavorable outcomes in 
patients with PC [29–32], there is insufficient evidence 
available for the association of frailty with HRQOL in those 
patients. We found that frailty (G8 ≤ 14) was significantly 
associated with worse baseline HRQOL in patients with PC. 
In the M0 group, the G8 score correlated with treatment 
selection, while the G8 score and HRQOL factors had weak 
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Fig. 1   Primary outcomes: The association of geriatric 8 (G8) with 
health-related quality of life (HRQOL). The comparison of G8 scores 
(a), functioning QOL (b), global QOL (c), and 100–symptom QOL 

(d) between the M0 and metastatic castration-sensitive prostate can-
cer (mCSPC) groups were shown
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correlations. In the mCSPC group, there is a strong correla-
tion between the G8 score and HRQOL, especially in the 
global QOL (RS = 0.70). Moreover, multivariable logistic 
regression analyses showed that G8 ≤ 14 was independent 
factor for worse baseline HRQOL. To the best of our knowl-
edge, this is the first study to evaluate the association of 
frailty with HRQOL in patients with PC.

The key finding of our study was that patients with 
frailty had a significantly worse HRQOL in both M0 and 
mCSPC groups. As frailty and HRQOL were associated 
with unfavorable outcomes, we confirmed a positive asso-
ciation between them, whereas the magnitudes of slopes 
in the M0 group were small. Of QLQ-C30 items, global 
QOL had greater magnitude of slope for the association of 
frailty in the mCSPC group. It might be due to the total 
decline of HRQOL in those patients as a result of metastatic 
PC-related symptoms. Indeed, our results showed all items 
of symptom QOL were significantly worse in the mCSPC 
group (Fig. 2d). The presence of metastatic PC-related 
symptoms might be the key role for worse G8 and QOL 
scores. Given that the clinical implications of frailty and 
HRQOL are greater in patients with metastatic disease, man-
agement focusing on both frailty and global QOL is neces-
sary. Although we could not address the causal relationship 
between frailty and HRQOL, it is interesting whether the 
intervention for frailty can improve HRQOL or not. As the 

Table 2   Multivariate logistic regression analysis for QOL-low

A P value of < 0.05 was considered statistically significant
Number of comorbidities included the hypertension, cerebrocardio-
vascular disease, diabetes mellitus, and chronic respiratory disease
G8 geriatric 8, QOL quality of life, mCSPC metastatic castration-sen-
sitive prostate cancer.

P value OR 95% CI

Global QOL < 67
 Disease status mCSPC 0.007 2.69 1.31–5.51
 Age, years Continuous 0.452 1.01 0.98–1.05
 Number of comorbidities 0–4 0.766 1.04 0.82–1.31
 Frailty G8 ≤ 14 0.003 1.84 1.23–2.77

Functioning QOL < 91
 Disease status mCSPC 0.070 1.90 0.95–3.80
 Age, years Continuous 0.082 1.03 1.00–1.07
 Number of comorbidities 0–4 0.227 1.17 0.91–1.49
 Frailty G8 ≤ 14  < 0.001 2.99 1.95–4.59

100–symptom QOL < 91
 Disease status mCSPC 0.013 2.40 1.21–4.77
 Age, years Continuous 0.073 1.03 1.00–1.07
 Number of comorbidities 0–4 0.073 1.25 0.98–1.59
 Frailty G8 ≤ 14 0.004 1.84 1.22–2.79
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Fig. 2   Secondary outcomes: The association of frailty and HRQOL. 
The association of geriatric 8 (G8) with health-related quality of life 
(HRQOL) in the localized prostate cancer (the M0 group) (a) and 
metastatic castration-sensitive prostate cancer (the mCSPC group) 
(b) were investigated. The effect of frailty (G8 ≤ 14) on the HROQL 

was investigated in the functioning QOL (c), global QOL (d), and 
100–symptom QOL (e). Summary of age, metastasis, and number of 
comorbidities adjusted multivariable logistic regression model were 
shown (f)
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final goal of frailty and HRQOL evaluation is individual care 
to maintain and improve them, further studies are needed to 
improve frailty and HRQOL in those patients.

Our observations suggested that a small decline of QOL 
scores was associated with frailty. The cutoff of functioning 
QOL < 91 and 100-symptom QOL < 91 suggested that an 
answer of “a little (2)” for any two items in the functioning 
or symptom QOL was related to frailty. Similarly, the cutoff 
score of global QOL < 67 suggested that an answer of “4 or 
less” was related to frailty. However, our findings need to be 
validated because there were no previous studies investigat-
ing the association between the frailty and HRQOL. Also, 
the cutoff value of frailty might be different depending on 
diseases and stages [6, 15]. Furthermore, AUC values of 
ROC curve analyses are not high enough (AUC < 0.70) to 
clearly exhibit predictive accuracy. Therefore, further stud-
ies are needed to elucidate the cutoff value of HRQOL for 
frailty not only in prostate cancer but also in other cancers.

The impact of each QOL item for frailty needs to be 
debated. Our additional analysis for each HRQOL item 
demonstrated that the highest slope magnitude for G8 score 
was observed in the global QOL (slope = 2.86) followed by 
fatigue and sleep QOLs in the M0 group (Fig. S1C). Simi-
larly, the highest slope magnitude for G8 score was observed 
in the global QOL (slope = 7.15) followed by fatigue and 
role QOLs for frailty in the mCSPC group (Fig. S1F). These 
results suggested that a decline in global and fatigue QOLs 
might be a sign of frailty in patients with PC. As the ques-
tionnaire of global QOL included only two simple questions, 
it might be useful for frailty screening. However, further 
larger studies are warranted to identify the positive associa-
tion of frailty with HRQOL in those patients.

The limitations in this study include the retrospective 
study design, small sample size, selection bias, and unmeas-
urable confounding factors. We could not exclude the impact 
of the diagnosis of PC on QLQ-C30 because we included 
patients with post-prostate biopsy (after PC diagnosis) and 
prior to prostate biopsy (before PC diagnosis) at the time of 
the HRQOL valuation. Also, we could not include the poten-
tial confounding factors, such as other cancers, mental dis-
ease, and dementia, which might be associated with frailty 
and HRQOL. Moreover, the optimal cut-off level of G8 has 
not been established in Japanese patients with PC. Results 
may not be applied to other countries because of racial, 
regional, and insurance system differences. We excluded 
224 patients, representing about 1/3 of the total, may lead 
selection bias because HRQOL questionnaires are often 
refused by patients with poor conditions. There are some 
overlapping questions between G8 score and EORTC QLQ-
C30. Also, the G8 might not be optimal to evaluate frailty 
in localized prostate cancer because majority of patients do 
not experience weight loss, mobility and neuropsychologi-
cal problems at the diagnosis. The difference of frailty and 

HRQOL among the RARP, RT and ADT alone might be 
just looking at the selection bias. However, visualization of 
potential selection bias using frailty and HRQOL are impor-
tant for patient management. Despite these limitations, the 
study demonstrates the positive association between the 
frailty and HRQOL in patients with localized and metastatic 
PC. Our results suggested that frailty is one of the signs of 
worse HRQOL. Furthermore, we found the global QOL (2 
simple questions) might be a useful predictor for frailty. As 
frailty is the key factor for treatment selection and intensity, 
frailty evaluation is important for the management of PC 
patients. Further study is needed to validate our findings.

Conclusion

The baseline frailty and HRQOL were significantly different 
between the localized and metastatic disease. The baseline 
frailty was significantly associated with worse HRQOL in 
patients with PC. The global QOL had a highest association 
with G8 score in mCSPC patients.
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