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Background: Radiotherapy is an effective curative treatment option for

intermediate- to high-risk localized prostate cancer. According to the HYPO-

RT-PC trial (ISRCTN45905321), there was no significant difference in 5 years of

follow-up in terms of failure-free survival, overall survival, urinary toxicity, and

bowel toxicity, while erectile function decreased between ultra-

hypofractionated radiotherapy with conventionally fractionated radiotherapy,

except that the incidence of urinary toxicity in ultra-hypofractionated

radiotherapy was higher at 1 year of follow-up. We evaluated the cost-

effectiveness of ultra-hypofractionated radiotherapy and conventionally

fractionated radiotherapy for intermediate- to high-risk localized prostate

cancer from the Chinese payer’s perspective.

Methods: We developed a Markov model with a 15-year time horizon to

compare the cost and effectiveness of ultra-hypofractionated radiotherapy

with those of conventionally fractionated radiotherapy for localized

intermediate- to high-risk prostate cancer. The outcomes were measured in

quality-adjusted life-years (QALYs), incremental cost-effectiveness ratio (ICER),

and willingness-to-pay (WTP). Univariable and probability sensitivity analyses

were performed to evaluate the robustness of the Markov model.

Results: Based on the Markov model, conventionally fractionated radiotherapy

yielded 2.32 QALYs compared with 2.14 QALYs in ultra-hypofractionated

radiotherapy in China. The cost of ultra-hypofractionated radiotherapy was

found to be decreased by about 14% folds ($4,251.04) in comparison with that

of conventionally fractionated radiotherapy. The ICER of conventionally

fractionated radiotherapy versus that of ultra-hypofractionated radiotherapy

was $23,616.89 per QALY in China. The failure-free survival with grade 2 or
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worse urinary toxicity and the discount rate per annum were the most sensitive

parameters utilized in ultra-hypofractionated radiotherapy. The cost-

effectiveness acceptability curve showed that conventionally fractionated

radiotherapy had 57.7% probability of being cost-effective under the Chinese

WTP threshold.

Conclusion: From the perspective of Chinese payers, ultra-hypofractionated

radiotherapy was not a cost-effective strategy compared with conventionally

fractionated radiotherapy for patients with localized intermediate- to high-risk

prostate cancer. Nevertheless, reduction of the grade 2 or worse urinary

toxicity of ultra-hypofractionated radiotherapy could alter the results.
KEYWORDS

cost-effectiveness analysis, ultra-hypofractionated radiotherapy, conventionally
fractionated radiotherapy, prostate cancer, Markov model
Introduction

Globally, prostate cancer is the second most common

malignant tumor affecting millions of middle-aged and elderly

men. According to the latest report in 2018, its morbidity ranked

second (13.5%), and its mortality ranked fifth (6.7%) (1). In China,

the incidence of prostate cancer has increased by more than

twofold from 1992 to 2017 (2). About 80% of patients have

localized prostate cancer at the time of diagnosis, and about

30%–40% of patients develop distant metastasis and ultimately

succumb to the disease within 5 years after the initial diagnosis (1).

Radiotherapy in combination with androgen deprivation

therapy is well established as a treatment for intermediate- to

high-risk localized prostate cancer (3). One particular area of

interest is about which radiotherapy approach is more suitable

for intermediate- to high-risk cases. Given that the alpha/beta

ratio for prostate cancer is less than 3 Gy, hypofractionated

radiotherapy—which has a higher dose per fraction with fewer

fractions of radiation—has been intensively studied in

prospective clinical trials in localized prostate cancer (4, 5).

Hypofractionated radiotherapy ranges from 2.4 to 3 Gy per

fraction within 4–6 weeks, resulting in a total dose of 60–70 Gy,

while ultra-hypofractionated radiotherapy can reach 35 or 36.25

Gy in 5 fractions over 1 to 2 weeks (6–8). A recent meta-analysis

has confirmed that the results in overall survival (HR = 1.12, 95%

CI: 0.93–1.35, p = 0.219) and prostate cancer-specific survival

(HR = 1.29, 95% CI: 0.42–3.95, p = 0.661) for hypofractionated

radiotherapy were comparable with those for conventionally

fractionated radiotherapy (9). Similarly, ultra-hypofractionated

radiotherapy, compared with conventionally fractionated
02
radiotherapy, does not improve the 5-year disease-free survival

and decrease the late gastrointestinal and genitourinary toxicities

in intermediate- and high-risk patients with prostate cancer (10,

11). The cost-effectiveness between ultra-hypofractionated

radiotherapy and conventionally fractionated radiotherapy is

of utmost importance when determining the best treatment

scheme for patients with intermediate- and high-risk localized

disease (12).

Recent advances in imaging and treatment planning have

made it possible to provide shorter and more convenient

schedules at higher doses (13). Several economic analyses of

intensity-modulated radiotherapy (IMRT) exist and result in

improved outcomes at a lower cost compared with three-

dimensional radiation therapy (14–16). With the increasing

number of cancer patients, radiotherapy technology has been

widely used. However, there are relatively few radiotherapy

equipment in developing countries with underdeveloped

economy (17). The use of ultra-hypofractionated radiotherapy

with shorter treatment courses can reduce travel expenses and

increase a patient’s convenience, especially during the COVID-

19 pandemic (12, 18).

Given that ultra-hypofractionated radiotherapy provides

additional biological benefit, increases a patient’s convenience,

and is associated with expensive equipment, the relative economic

value of this treatment has received little attention. To address this

issue, we have developed a Markov simulation model to evaluate

the cost-effectiveness of ultra-hypofractionated radiotherapy

compared with conventionally fractionated radiotherapy in

patients with intermediate- to high-risk localized prostate cancer

from the perspective of a Chinese payer.
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Materials and methods

Study design of the HYPO-RT-PC trial

HYPO-RT-PC was a multi-national, randomized, open-

label, phase III clinical trial with a non-inferiority design

(Table 1). Patients with intermediate- to high-risk localized

prostate cancer received either 42.7 Gy in seven fractions for

2.5 weeks—with an interval of 1 day in the ultra-

hypofractionated radiotherapy group—or 78 Gy at 2 Gy/

fraction for 5 days per week over an 8-week period in the

conventional fractionated radiotherapy group. The patients were

permitted to receive androgen deprivation therapy in two

groups. The 120 (20%) patients and 118 (20%) patients in the

ultra-hypofractionated radiotherapy group and conventional

fractionated radiotherapy group received volumetric-

modulated arc therapy or intensity-modulated radiotherapy,

respectively. All patients in the two groups received image-

guided radiotherapy (IGRT). In the HYPO-RT-PC trial, the

proportion and the duration of treatment regimens used in the

second-line and the third-line metastatic prostate cancer

treatments were not applied (10, 19).
Markov model

According to the HYPO-RT-PC trial (ISRCTN45905321)

protocol, a Markov model programmed in TreeAge Pro software
Frontiers in Oncology 03
2011 (TreeAge Software LLC, Williamstown, MA, USA) was

used for comparing the economic consequences and therapeutic

efficacy of ultra-hypofractionated radiotherapy from the Chinese

payer’s perspective (10). Three states were included—failure-free

survival (FFS), progressive survival (PS), and death (Figure 1).

Moreover, a time period of 15 years was used, i.e., almost all

patients were assumed in the model to live for less than 15 years.

The average healthy life expectancy reached 83 years with a 15-

year time horizon in our study, which was more than the

estimated life expectancy of age 60 years in men in China

according to the World Health Organization (WHO) reports

(20). All patients started in the FFS state, and then they could

progress to either the PS or death state based on transition

probabilities. The PS state could not enter the FFS state, as death

was an absorbing state (Figure 2). In the HYPO-RT-PC trial,

there were only 5 years of FFS and overall survival after

diagnosis; thus, the survival rate data of 5–15 years were

obtained from previously published papers (21). The Kaplan–

Meier survival data presented graphically were extracted from

survival curves using WebPlot-Digitizer (http://apps.automeris.

io/wpd/index.zh_CN.html, which were further used to fit

parametric survival models (22). The survival models of two

groups were fitted with Weibull distribution function. The

transition probabilities between health states in the model

were derived from published literature, and prospective utility

measurement was preferred whenever possible. The transition

probability from FFS to death was 0.0003 of Sweden’s all-cause

death probability (23), of which the FFS to PS and PS to death in
TABLE 1 Baseline demographics, clinical characteristics, and radiotherapy details were recorded between CRT and UHRT in the HYPO-RT-PC trial.

Characteristics CRT
(n = 591)

UHRT
(n = 589)

P-value

Age (years, range) 69 (65–72) 68 (64–72)

Intermediate risk (n, %) 527 (89%) 527 (89%)

High risk (n, %) 64 (11%) 62 (11%)

3DCRT (n, %) 471 (79.7%) 471 (80%)

VMAT/IMRT (n, %) 120 (20.3%) 118 (20%)

BED (Gy) 130 129.52

Total radiotherapy dose (Gy) 78 42.7

Frequency of radiotherapy (f) 39 7

Single dose of radiation (Gy) 2 6.1

Total time of radiotherapy (days, range) 57 (55–59) 16 (15–17)

5-year failure-free survival rate 84% 84% 0.99

5-year overall survival rate 96% 94% 0.62

Urinary toxicity (≥grade 2) 2% 6% 0.0037

3DCRT, three-dimensional conformal radiotherapy; VMAT/IMRT, volumetric-modulated arc therapy or intensity-modulated radiotherapy; CRT, conventionally fractionated
radiotherapy; UHRT, ultra-hypofractionated radiotherapy; BED, biological effective dose: the calculation formula is D [1 + d/(a/b)], where D is total radiotherapy dose, and d is a single
dose of radiation. The value of a/b is 3 Gy.
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each cycle were estimated by the following formula: P (t! t + 1)

= -exp[l(t)^g - l(t + 1) ^g)], where t stood for the current cycle

number in the Markov model (24).
Utility and cost

The quality-adjusted life year (QALY) is an indicator

composed of the length and the quality of life, calculated as

the product of a utility value from 0 for death to 1 for perfect

health (25). The Quality of Life 5D-5L (EQ-5D-5L) instrument

was used to measure the health-related quality of life (26). Data

on the utilities of different health states in patients with prostate

cancer were collected from previous publications (Table 2).

From the perspective of a Chinese society, our study took into

account the direct medical costs, including radiotherapy, urinary
Frontiers in Oncology 04
toxicity, digital rectal examination, blood test, imaging

examination, hospitalization, androgen deprivation therapy,

chemotherapy, and supportive treatment costs (Table 3). We

assumed that all patients received a total of 24 months of

adjuvant androgen deprivation therapy based on the National

Comprehensive Cancer Network (NCCN) practice guideline for

prostate cancer (32), of which the costs were obtained from

national price announcement in the third-grade first-class

hospitals in Chengdu, China, and the direct non-medical costs

only took into account the transportation costs. We did not

consider the indirect labor costs due to the average age of the two

groups being more than 60 years, which is the official retirement

age in China (33).
Cost-effectiveness analysis

All costs were presented in 2020 US dollar, and future costs

and health outcomes were discounted to the current year with an

annual rate of 3%, reflecting the average annual inflation rate in

China (34). Clinical effectiveness was expressed in QALYs,

which was calculated as the sum of the product of health

utilities weight in a given state and the number of life years

gained (35). The cost-effectiveness analysis was evaluated using

incremental cost-effectiveness ratios (ICERs) between ultra-

hypofractionated radiotherapy and conventionally fractionated

radiotherapy (25, 36). The willingness-to-pay (WTP) threshold

value for cost-effective analysis was three times the gross

domestic product per capita of China in 2020, which was set

at $31,510 per QALY according to the WHO guidelines (37).
FIGURE 1

Network of three health states. The arrow indicates from one
state into another or staying in the original state.
FIGURE 2

Abbreviated decision tree and Markov model used to compare CRT and UHRT for intermediate- to high-risk localized prostate cancer. CRT,
conventionally fractionated radiotherapy; UHRT, ultra-hypofractionated radiotherapy.
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TABLE 2 Summary of model parameters and assumptions.

Parameter Health utility value References Distribution

Mean (range)

Utility of biochemical recurrence 0.74 (0.592–0.888) (27, 28) b

Utility of clinical metastasis 0.25 (0.2–0.3) (27, 28) b

U_CRT_UT 0.91 (0.7274–1) (27, 28) b

U_UHRT_UT 0.85 (0.7265–1) (28) b

U_PS 0.61 (0.49–0.73) (10, 27, 28) b

Discount rate (%) 3 (0–8) (25) b

U_CRT_UT, utility of conventionally fractionated radiotherapy with grade 2 or worse urinary toxicity; U_UHRT_UT, ultra-hypofractionated radiotherapy with grade 2 or worse
urinary toxicity; U_PS, utility of progressive survival, which was calculated according to the weight of biochemical recurrence and clinical metastasis.
Utility was drawn from the b distribution.
F
rontiers in Oncology
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TABLE 3 Key cost parameters and related assumptions.

Unit cost ($)

CRT UHRT

References DistributionMean (range) Mean (range)

Radiation oncologist 2.17 (1.74–2.61) 2.17 (1.74–2.61) (29) g

Pelvic enhanced CT 83.94 (67.16–100.73) 83.94 (67.16–100.73) (29) g

Mask design and production 13.92 (11.13–16.70) 13.92 (11.13–16.70) (29) g

Body membrane 78.29 (62.63–93.95) 78.29 (62.63–93.95) (29) g

Body frame 5.22 (4.18–6.26) 5.22 (4.18–6.26) (29) g

Real-time radiotherapy monitoring 7.25 (5.80–8.70) 7.25 (5.80–8.70) (29) g

Complex analog positioning of special X-ray machine 135.70 (108.56–162.84) 135.70 (108.56–162.84) (29) g

Specific computer treatment planning system 316.06 (252.85–379.27) 316.06 (252.85–379.27) (29) g

Intensity-modulated radiation therapy 173.98 (139.18–208.77) 173.98 (139.18-208.77) (29) g

X knife therapy (first time) 724.91 (579.93–869.89) (29) g

X knife therapy 362.46 (289.96–434.95) (29) g

Image-guided radiotherapy (first time) 195.15 (156.12–234.18) (29) g

Image-guided radiotherapy 160.64 (128.51–192.77) (29) g

Routine blood test 2.75 (2.20–3.31) 2.75 (2.20–3.31) (29) g

Biochemistry blood test 14.50 (11.60–17.40) 14.50 (11.60–17.40) (29) g

Electrocardiogram 4.93 (3.94–5.92) 4.93 (3.94–5.92) (29) g

Transportation cost 1.45 (1.16–1.74) 1.45 (1.16–1.74) Local estimate g

Hospitalization fees/day 10.87 (8.70–13.05) 10.87 (8.70–13.05) (29)

Upper abdominal plain + pelvic enhanced MRI 310.99 (248.79–373.18) 310.99 (248.79–373.18) (29) g

Head plain CT 72.49 (58.00–86.99) 72.49 (58.00–86.99) (29) g

Bone scan 145 (116–174) 145 (116–174)

Digital rectal examination 2.17 (1.74–2.61) 2.17 (1.74–2.61) (29) g

PSA 14.21 (11.37–17.05) 14.21 (11.37–17.05) (29) g

Goserelin (month) 396.67 (317.33–476.01) 396.67 (317.34–476.01) (29) g

(Continued)
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Sensitivity analysis

The robustness of our model parameters was estimated by

one-way sensitivity analysis and probability sensitivity analysis. A

series of deterministic sensitivity analyses was performed to test

the robustness of base case results, and the parameters were

obtained by varying the base case by 20% in the deterministic

sensitivity analysis (38). We assumed a beta probability

distribution for the health utility values and a gamma

distribution for cost parameters, respectively (Tables 2, 3).

Moreover, the discount rate considered as b distribution was

varied (0%–8%) within the sensitivity analysis (Table 2). The one-

way sensitivity analysis results were demonstrated as a tornado

diagram with the most influential model parameters. We

performed probabilistic sensitivity analyses with 1,000 Monte

Carlo simulations, with all of the input variables varied

simultaneously with a specific pattern of distribution. Lastly, a

second-order Monte Carlo simulation was developed to estimate

the expected values of costs and effectiveness in the base case (39).
Results

Base case results

Based on the Markov model, conventionally fractionated

radiotherapy yielded 2.32 QALYs compared with 2.14 QALYs of

ultra-hypofractionated radiotherapy in China (Figure 3).

Treatment with conventionally fractionated radiotherapy costs

$34,411.85 compared with $30,160.81 for ultra-hypofractionated

radiotherapy. The cost of ultra-hypofractionated radiotherapy

was found to be decreased by about 14% folds ($4,251.04) in

comparison with that of conventionally fractionated

radiotherapy. The ICER of conventionally fractionated

radiotherapy versus that of ultra-hypofractionated radiotherapy

was $23,616.89 per QALY in China. The details are listed

in Table 4.
Frontiers in Oncology 06
Sensitivity analysis

The results of the one-way sensitivity analysis of our Markov

model are presented in Figure 4. The most sensitive parameters

were the ultra-hypofractionated radiotherapy utility of FFS with

grade 2 or worse urinary toxicity and the discount rate per

annum. When the utility of FFS with grade 2 or worse urinary

toxicity of ultra-hypofractionated radiotherapy varied from 0.72

to 0.77, the ICER of conventionally fractionated radiotherapy

versus that of ultra-hypofractionated radiotherapy ranged from

$32,615.86 to $5,850,488.91 per QALY, which exceeded the

WTP threshold of $31 ,510 per QALY. When the

conventionally fractionated radiotherapy utility of FFS with

grade 2 or worse urinary toxicity was 0.73 and 0.82 QALY, the

effectiveness of ultra-hypofractionated radiotherapy was higher

than that of conventionally fractionated radiotherapy, with an

increase of 0.12 and 0.04 QALY, respectively. The cost of ultra-

hypofractionated radiotherapy was $4,251.04 less than that of

conventionally fractionated radiotherapy, while its QALY was
TABLE 3 Continued

Unit cost ($)

CRT UHRT

References DistributionMean (range) Mean (range)

Bicalutamide (month) 72.49 (57.99–86.99) 72.49 (57.99–86.99) (29) g

Docetaxel (month) 644.94 (515.95–773.93) 644.94 (515.95–773.93) (29, 30) g

Abitrone (month) 579.61 (463.69–695.53) 579.61 (463.69–695.53) (29, 30) g

Kabatasai (month) 5,617.80 (4,494.23–6,741.35) 5,617.79 (4,494.23–6,741.35) (29, 30) g

Supportive treatment (month) 543.70 (434.96–652.45) 543.70 (434.96–652.45) (31) g

Urinary toxicity 960 (768–1,152) 960 (768–1,152) (27) G

PSA, prostate cancer-specific antigen; CRT, conventionally fractionated radiotherapy; UHRT, ultra-hypofractionated radiotherapy.
Costs were drawn from the g distribution.
FIGURE 3

Cost-effectiveness analysis of ultra-hypofractionated
radiotherapy and conventionally fractionated radiotherapy for
intermediate- to high-risk localized prostate cancer.
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higher. Therefore, ultra-hypofractionated radiotherapy had

an absolute cost-effectiveness advantage. In addition,

conventionally fractionated radiotherapy was no longer cost-

effective when the discount rate per annum achieved was 3.68%

or more.

Figure 5 illustrated the cost-effectiveness acceptability curve

associated with the proportion of the intervention at any

threshold value of WTP, showing that conventionally

fractionated radiotherapy had 57.7% probability of being cost-

effective at the Chinese WTP threshold. When the hypothetical

WTP threshold increased to $141,795, the probability for

conventionally fractionated radiotherapy to be cost-effective

was 69.3%.
Frontiers in Oncology 07
Discussion

Our study demonstrated that conventionally fractionated

radiotherapy yielded an additional 0.18 QALYs than ultra-

hypofractionated radiotherapy, leading to an ICER of

$23,616.89 per QALY in China. Although the unit cost of

ultra-hypofractionated radiotherapy was found to be decreased

by about 14% folds ($4,251.04) in comparison with that of

conventionally fractionated radiotherapy, from the perspective

of Chinese payers, it was not a cost-effective strategy in patients

with localized intermediate- to high-risk prostate cancer.

In recent years, costs were derived from the continuous

advancement of technology and the upgrading of radiotherapy-

relevant devices. Compared with tridimensional radiotherapy,

the incremental cost of IMRT for prostate cancer was $5,553.78

in the Brazilian health system (40). Given no differences in the

cost of radiotherapy-related devices in the HYPO-RT-PC trial,

the cost of ultra-hypofractionated radiotherapy was lower than

that of conventionally fractionated radiotherapy in our study. In

a previously published cost-effectiveness analysis, stereotactic

body radiotherapy (SBRT) that consisted of a total dose of 37 Gy

over five fractions was the most cost-effective radiation

treatment modality for patients with intermediate-risk prostate

cancer (41). However, SBRT with better long-term outcomes is a

prerequisite for a highly accessible and more cost-effective

intervention. Actually, the phase III HYPO-RT-PC trial—the

first randomized control led tr ia l comparing ultra-

hypofractionated with conventional fractionation—confirmed

that there was no statistical difference in FFS (84 vs. 84%,
TABLE 4 Cost-effectiveness analysis of CRT and UHRT.

CRT UHRT

Effectiveness (QALYs) 2.32 2.14

Cost ($) 34,411.85 30,160.81

Incremental effectiveness (QALYs) 0.18 /

Incremental cost ($) 4,251.04 /

Incremental cost/effectiveness
($/QALY)

23,616.89 /

Average cost/effectiveness ($/QALY) 14,843.97 14,102.60

CRT, conventionally fractionated radiotherapy; UHRT, ultra-hypofractionated
radiotherapy.
/, no data.
FIGURE 4

One-way sensitivity analysis. This diagram shows the incremental
cost effectiveness ratio of CRT for different model input
parameters from the perspective of a Chinese society.
U_UHRT_UT, utility of ultra-hypofractionated radiotherapy with
grade 2 or worse urinary toxicity; U_CRT_UT, utility of
conventionally fractionated radiotherapy with grade 2 or worse
urinary toxicity; C_CRT, cost of conventionally fractionated
radiotherapy; C_UHRT, cost of ultra-hypofractionated
radiotherapy; U_PS, utility of progressive survival; C_PS_total,
total cost of progressive survival; C_ADT, cost of androgen
deprivation therapy; C_UT, cost of grade 2 or worse urinary
toxicity.
FIGURE 5

Probabilistic sensitivity analysis for cost-effectiveness of
treatment strategies for CRT and UHRT for intermediate- to
high-risk localized prostate cancer. The dotted vertical lines
represent the willingness-to-pay thresholds ($) from the payer’s
perspective of a Chinese society. CRT, conventionally
fractionated radiotherapy; UHRT, ultra-hypofractionated
radiotherapy.
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p = 0.99) between the two groups with localized intermediate- to

high-risk prostate cancer. However, ultra-hypofractionated

radiotherapy resulted in higher genitourinary toxicity in grade

2 or worse (10).

The optimal utility of FFS for ultra-hypofractionated

radiotherapy remains to be determined, and its cost-

effectiveness is strongly related to the cost of grade 2 or worse

urinary toxicity. In China, the utility of prostate cancer- and

treatment-related health status in patients with ultra-

hypofractionated radiotherapy was rarely reported, so we

obtained the utility values from previously published studies

(27, 28, 42). The most sensitive parameter was the ultra-

hypofractionated radiotherapy utility of FFS with grade 2 or

worse urinary toxicity in the tornado diagrams. The results of a

one-way sensitivity analysis revealed that conventionally

fractionated radiotherapy was not a cost-effective strategy in

patients with localized intermediate- to high-risk prostate cancer

when the utility of FFS with grade 2 or worse urinary toxicity of

ultra-hypofractionated radiotherapy varied from 0.72 to 0.77.

However, in previously published cost-effectiveness analyses, the

utility of FFS for symptoms occurring with treatment varied from

0.71 to 0.89, being likely to have substantially altered the results of

ICER (28). Most patients did not receive the combination of

IMRT and IGRT in the HYPO-RT-PC trial, which has been

widely used for ultra-hypofractionated radiotherapy in China.

Therefore, the utility of prostate cancer- and treatment-related

health states in China was more urgently needed for cost-

effectiveness analysis in the future.

Due to severe urinary toxicity, ultra-hypofractionated

radiotherapy has a lower health utility and relatively no cost-

effective advantage. Many studies have analyzed and compared

the cost-effectiveness of different prostate radiotherapy

modalities. In a cost-effectiveness analysis of IMRT and 3D-

CRT for localized prostate cancer, IMRT was more cost-effective

than 3D-CRT, with an increase of 0.023 QALYs and ICER

(incremental cost–benefit ratio) of $26,768/QALY (15).

Moreover, in the cost-effectiveness study of three-dimensional

radiotherapy, intensity-modulated radiotherapy, and

hypofractionated radiotherapy, the cost per QALY was €7,160,

€6,831, and €6,019, respectively, and the QALYs obtained were

5.753, 5.956, and 5.957 QALYs, respectively. Hypofractionated

radiotherapy was more cost-effective with a lower cost and

higher QALYs (31). However, one study had provided the

opposite conclusion that SBRT was associated with higher

adverse reactions, obtaining 0.03 QALYs lower than IMRT,

which is relatively not cost-effective unless the willingness-to-

pay threshold is less than $100,000 (43). The results from our

Markov model also indicated that ultra-hypofractionated

radiotherapy was an economical treatment option only when

the WTP was less than $21,522 due to its higher urinary toxicity
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and lower QALY. With the progress of science and technology

and the innovation of radiotherapy technology, the adverse

effects of hypofractionated or ultra-hypofractionated

radiotherapy have been well controlled, which will become a

co s t - e ff e c t i v e t r e a tmen t s cheme compa r ed w i th

conventional radiotherapy.

Some limitations of the present study are subject to further

discussion. First, the limitations in our study were raised

primarily from the quality of the inputs used to inform the

Markov model. We did not have access to utility and transition

probability from a real-world study in China. We acquired

transition probability by simulating the survival curves, a

method adopted by other similar cost-effectiveness studies

(44). Second, due to the lack of long-term outcomes in China,

we obtained primary prognostic data of interest mainly from

patients in Sweden and Denmark. Third, the difference in late

toxicity between ultra-hypofractionated radiotherapy and

conventionally fractionated radiotherapy was not considered

in the present study. Lastly, some other factors, such as the

time away from home, education, and religion, would influence

the choice of treatment protocol for patients with localized

intermediate- to high-risk prostate cancer.

In conclusion, compared with conventionally fractionated

radiotherapy, ultra-hypofractionated radiotherapy is not a cost-

effective strategy for patients with localized intermediate- to

high-risk prostate cancer from the perspective of Chinese payers.

However, reduction of the grade 2 or worse urinary toxicity of

ultra-hypofractionated radiotherapy may alter the outcomes.
Data availability statement

The original contributions presented in the study are

included in the article/supplementary material. Further

inquiries can be directed to the corresponding author.
Author contributions

Conceptualization: JH and CL. Methodology: JH and QW.

Writing of the original draft: JH, QH, and CL. All authors

contributed to the article and approved the submitted version.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
frontiersin.org

https://doi.org/10.3389/fonc.2022.841356
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


He et al. 10.3389/fonc.2022.841356
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated
Frontiers in Oncology 09
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2018) 68:394–424.
doi: 10.3322/caac.21492

2. Ma JY, Zhou Y, Lin YT, Xiang ZS, Zheng RS, Zhang SW, et al. [Incidence and
mortality of corpus uteri cancer in China, 2015]. Zhonghua Zhong Liu Za Zhi
(2021) 43:108–12. doi: 10.3760/cma.j.cn112152-20200423-00373

3. Rebello RJ, Oing C, Knudsen KE, Loeb S, Johnson DC, Reiter RE, et al.
Prostate cancer. Nat Rev Dis Primers (2021) 7:9. doi: 10.1038/s41572-020-00243-0

4. Dasu A. Is the alpha/beta value for prostate tumours low enough to be safely
used in clinical trials? Clin Oncol (R Coll Radiol) (2007) 19:289–301. doi: 10.1016/
j.clon.2007.02.007

5. Fowler JF, Toma-Dasu I, Dasu A. Is the alpha/beta ratio for prostate tumours
really low and does it vary with the level of risk at diagnosis? Anticancer Res (2013)
33:1009–11.

6. Morgan SC, Hoffman K, Loblaw DA, Buyyounouski MK, Patton C, Barocas
D, et al. Hypofractionated radiation therapy for localized prostate cancer: Executive
summary of an ASTRO, ASCO and AUA evidence-based guideline. J Urol (2019)
201:528–34. doi: 10.1097/ju.0000000000000071

7. Yao L, Shou J, Wang S, Song Y, Fang H, Lu N, et al. Long-term outcomes of
moderately hypofractionated radiotherapy (67.5 gy in 25 fractions) for prostate
cancer confined to the pelvis: a single center retrospective analysis. Radiat Oncol
(2020) 15:231. doi: 10.1186/s13014-020-01679-0

8. Jackson WC, Silva J, Hartman HE, Dess RT, Kishan AU, Beeler WH, et al.
Stereotactic body radiation therapy for localized prostate cancer: A systematic
review and meta-analysis of over 6,000 patients treated on prospective studies. Int J
Radiat Oncol Biol Phys (2019) 104:778–89. doi: 10.1016/j.ijrobp.2019.03.051

9. GuoW, Sun YC, Bi JQ, He XY, Xiao L. Hypofractionated radiotherapy versus
conventional radiotherapy in patients with intermediate- to high-risk localized
prostate cancer: A meta-analysis of randomized controlled trials. BMC Cancer
(2019) 19:1063. doi: 10.1186/s12885-019-6285-x

10. Widmark A, Gunnlaugsson A, Beckman L, Thellenberg-Karlsson C, Hoyer
M, Lagerlund M, et al. Ultra-hypofractionated versus conventionally fractionated
radiotherapy for prostate cancer: 5-year outcomes of the HYPO-RT-PC
randomised, non-inferiority, phase 3 trial. Lancet (2019) 394:385–95.
doi: 10.1016/s0140-6736(19)31131-6

11. Dearnaley D, Syndikus I, Mossop H, Khoo V, Birtle A, Bloomfield D, et al.
Conventional versus hypofractionated high-dose intensity-modulated
radiotherapy for prostate cancer: 5-year outcomes of the randomised, non-
inferiority, phase 3 CHHiP trial. Lancet Oncol (2016) 17:1047–60. doi: 10.1016/
s1470-2045(16)30102-4

12. Yan M, Gouveia AG, Cury FL, Moideen N, Bratti VF, Patrocinio H, et al.
Practical considerations for prostate hypofractionation in the developing world.
Nat Rev Urol (2021) 18:669–85. doi: 10.1038/s41585-021-00498-6

13. Filippi AR, Levis M, Parikh R, Hoppe B. Optimal therapy for early-stage
hodgkin's lymphoma: Risk adapting, response adapting, and role of radiotherapy.
Curr Oncol Rep (2017) 19:34. doi: 10.1007/s11912-017-0592-7

14. Carter HE, Martin A, Schofield D, Duchesne G, Haworth A, Hornby C, et al.
A decision model to estimate the cost-effectiveness of intensity modulated radiation
therapy (IMRT) compared to three dimensional conformal radiation therapy
(3DCRT) in patients receiving radiotherapy to the prostate bed. Radiother Oncol
(2014) 112:187–93. doi: 10.1016/j.radonc.2014.03.020

15. Yong JH, Beca J, McGowan T, Bremner KE, Warde P, Hoch JS. Cost-
effectiveness of intensity-modulated radiotherapy in prostate cancer. Clin Oncol (R
Coll Radiol) (2012) 24:521–31. doi: 10.1016/j.clon.2012.05.004

16. Yong JH, McGowan T, Redmond-Misner R, Beca J, Warde P, Gutierrez E,
et al. Estimating the costs of intensity-modulated and 3-dimensional conformal
radiotherapy in Ontario. Curr Oncol (2016) 23:e228–238. doi: 10.3747/co.23.2998

17. Zubizarreta EH, Fidarova E, Healy B, Rosenblatt E. Need for radiotherapy in
low and middle income countries – the silent crisis continues. Clin Oncol (R Coll
Radiol) (2015) 27:107–14. doi: 10.1016/j.clon.2014.10.006
18. Aneja S, Pratiwadi RR, Yu JB. Hypofractionated radiation therapy for
prostate cancer: Risks and potential benefits in a fiscally conservative health care
system. Oncol (Williston Park) (2012) 26:512–8.

19. Fransson P, Nilsson P, Gunnlaugsson A, Beckman L, Tavelin B, Norman D,
et al. Ultra-hypofractionated versus conventionally fractionated radiotherapy for
prostate cancer (HYPO-RT-PC): patient-reported quality-of-life outcomes of a
randomised, controlled, non-inferiority, phase 3 trial. Lancet Oncol (2021) 22:235–
45. doi: 10.1016/s1470-2045(20)30581-7

20. Global health estimates: Life expectancy and leading causes of death and
disability . Available at: https://www.who.int/data/gho/data/themes/mortality-and-
global-health-estimates.

21. Xie W, Regan MM, Buyse M, Halabi S, Kantoff PW, Sartor O, et al. Event-
free survival, a prostate-specific antigen-based composite end point, is not a
surrogate for overall survival in men with localized prostate cancer treated with
radiation. J Clin Oncol (2020) 38:3032–41. doi: 10.1200/JCO.19.03114

22. Hoyle MW, Henley W. Improved curve fits to summary survival data:
application to economic evaluation of health technologies. BMCMed Res Methodol
(2011) 11:139. doi: 10.1186/1471-2288-11-139

23. Life tables by Sweden . Available at: https://www.who.int/data/gho/data/
indicators/indicator-details/GHO/gho-ghe-life-tables-by-country.

24. Diaby V, Adunlin G, Montero AJ. Survival modeling for the estimation of
transition probabilities in model-based economic evaluations in the absence of
individual patient data: A tutorial. Pharmacoeconomics (2014) 32:101–8.
doi: 10.1007/s40273-013-0123-9

25. Guo LS, Jiuhong W, Jing W, Minghui D. China Guidelines for
pharmacoeconomic Evaluations(2020). China Market Press (2020).

26. Brenton CE, Flick GJJr., Pierson MD, Croonenberghs RE, Peirson M.
Microbiological quality and safety of quahog clams, mercenaria mercenaria,
during refrigeration and at elevated storage temperatures. J Food Prot (2001)
64:343–7. doi: 10.4315/0362-028x-64.3.343

27. Helou J, Torres S, Musunuru HB, Raphael J, Cheung P, Vesprini D, et al.
Stereotactic body radiotherapy versus low dose rate brachytherapy for localised
prostate cancer: a cost-utility analysis. Clin Oncol (R Coll Radiol) (2017) 29:718–31.
doi: 10.1016/j.clon.2017.08.002

28. Stewart ST, Lenert L, Bhatnagar V, Kaplan RM. Utilities for prostate cancer
health states in men aged 60 and older. Med Care (2005) 43:347–55. doi: 10.1097/
01.mlr.0000156862.33341.45

29. Compilation of medical service items and prices in chengdu (2016 edition) .
Available at: http://cddrc.chengdu.gov.cn/cdfgw/fzggdt/2016-04/06/content_
34d6c1fbd446412f8327cfc8f1e64e1e.shtml.

30. von Hardenberg J, Schwartz M, Werner T, Fuxius S, Strauss A, Worst TS,
et al. Oncologic response and hospitalization rate of patients receiving cabazitaxel
in the fourth-line and beyond in castration-resistant prostate cancer: Analysis of a
retrospective cohort and a structured literature review. Urol Int (2017) 99:414–21.
doi: 10.1159/000477943
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