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Abstract
Purpose

The purpose of present study was to calculate utility values in colorectal cancer (CRC) patients by EQ-5D-5L and cTTO.

Methods

The EQ-5D-5L and cTTO were used to calculate utility values in the patients. A total of 105 patients with CRC were
consecutively selected from chemotherapy ward of the Oncology Center of Omid in the second most population province,
Isfahan, in Iran. The difference between mean utility values in each factor examined by the t-test and ANOWA. Finally, The
BetaMix was used to identify predictors of the utility.

Results

The mean EQ-5D-5L index and cTTO values were 0.45 ±0.03 and 0.51±0.02, respectively. The anxiety and pain were the
most common problems reported by the patients. Univariate analyses showed that the difference between the mean EQ-5D-
5L index values were signi�cant for age, education status, income level, stage of cancer, and comorbidity number; also,
showed that the difference between the mean cTTO values were signi�cant for age, income level, employment status, stage
of cancer, and comorbidity number. The BetaMix showed that lower mean utility values were signi�cantly associated with
female, aging, a low level of income, a greater number of comorbidities and advanced stage of cancer.

Conclusion

The factors of female, aging, a low level of income, advanced stage of cancer, and a greater number of comorbidities should
be considered for improving values of utility. In addition, focusing on anxiety/depression through �nancial and social
supports can be critical for the improvement in the quality of life in the patients.

Introduction
Colorectal cancer (CRC) is one of the most commonly diagnosed cancers in both sexes(1). According to the latest report by
International Agency for Research on Cancer in Iran, the most common cancer types diagnosed in males were the stomach,
prostate, colorectal and in females were breast, colorectal, and stomach. In both sexes combined, CRC is the second or third
most common cancer found in the country(2). However, the improvement in CRC survival rate is one of the most important
factors for the high prevalence of this cancer in the world and Iran. The major part of this improvement is due to
interventions, such as surgery, chemotherapy, radiation, and hormonal therapy, which chemotherapy is the most common
treatment approach (3). The interventions usually have short-and long- term side impacts on physical and emotional
functioning that affect the patients’ utility scores. For example, some evidence demonstrated that interventions including
ileostomy or colostomy could cause deterioration of utility values (4-6). The assessment of utility values is especially
important for the treatment of cancers because some of the side effects of the treatment may persist after the treatment is
completed and other problems can arise several years later (7). To do so, EuroQoL �ve- dimension (EQ-5D), which is the
most common indirect method in measuring utility, is commonly used. This instrument is usually employed in two version:
The EQ-5D 3levels (EQ-5D-3L)(8) and the EQ-5D 5level(EQ-5D-5L)(9). All studies related to CRC patients used the EQ-5D-3L
version (10-12), except one study that was used the EQ-5D-5L(13). The empirical evidence showed that EQ-5D-5L is better
than EQ-5D-3L in terms of ceiling effects, sensitivity to changes, and reliability and construct validity (14). Nevertheless, the
weights for both versions of EQ-5D were derived from a representative sample from the general public who have not actually
experienced the health states to re�ect patients' own preferences. To use patients' preferences directly in measuring utility,
the direct methods including the rating scale, the standard gamble, and the time trade-of (TTO) can be used. The TTO is the
most commonly used direct method for estimating utility values in health economic studies. Nevertheless, TTO is criticized
for some limitations, such as different valuation procedures for states worse and better than dead. The composite TTO
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(cTTO) is an improved version of the TTO (15). Given that chemotherapy is the most common treatment for CRC and has
the most economic impact on patients, measuring utility values in patients under chemotherapy is necessary to perform the
economic evaluation of the treatment and to assess impact of the treatment on patients' quality of life. In addition, the use
of patients' preferences directly in measuring utilities makes more realistic economic evaluations of chemotherapy
interventions. No study has ever been assessed utility values using both EQ-5D and cTTO in CRC patients under only
chemotherapy treatment. In light of this lack of data, this study aimed to measure the utility values in CRC under
chemotherapy treatment and identify factors associated with them.

Methods
Study Design and Data collection

A number of 105 inpatients and outpatients with CRC was selected using a consecutive sampling method from
chemotherapy ward of the Oncology Center of Omid, Isfahan Province, Iran over a 4-month period in 2020. Isfahan with a
population of more than 5 million is the second most population province in Iran. The patients were referred to the center
from all over the country.

The data was collected using face-to-face interview in the patients' rooms during a single visit. The ability to speak, the
pathological con�rmation of the diagnosis of cancer, and the completion of written informed consent were the inclusion
criteria for the study. This study was approved by the SSU Ethics Committee, with the following identi�cation:
IR.SSU.SPH.REC.1398.016.

Health-related quality of life

EQ-5D-5L instrument

The EQ-5D is a preference-based instrument that is widely used for assessing utility. The EQ- 5D 3levels (EQ-5D-3L)(8) and
the EQ-5D 5level(EQ-5D-5L)(9) are the most commonly used versions in clinical and outcome studies. Two versions describe
health in �ve dimensions with 3 levels for EQ-5D-3L and with 5 levels for EQ-5D-5L in each dimension. The EQ-5D-5L
consists a classi�cation system of �ve dimensions (mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression) and a visual analogue scale (VAS). Each EQ-5D-5L dimension has 5 levels of response options: no
problems, slight problems, moderate problems, severe problems, and extreme problems. VAS is a line of 100 mm in length
that respondents could determine their overall health status from 0 (the worst imaginable health) to 100 (the best
imaginable health)(9). In order to use of the EQ-5D-5L, we employed Iranian interim EQ-5D-5L value set because there is not
currently Iranian EQ-5D-5L value set available (16). Persian version of the EQ-5D-5L was con�rmed by EuroQol group(17).

Composite TTO

We used, in addition to the EQ-5D5L, the accepted composite TTO (cTTO) approach to the valuation of utility. The approach
includes the conventional TTO for valuing the health states better than dead (BTD) and lead-time TTO for valuing the health
states worse than dead (WTD). To do so, �rst each patient was asked to choose between 10 years of full health followed by
death (Life A) and 10 years of patient current health status(x) followed by death (Life B). Then, 10 years in full health (t)
varied until the patient is indifferent between choices A and B. The value of the status is given by x/t. If the patient chose
zero years in full health in comparison with 10 years in her/his current health status, we asked the patient to choose
between 10 years of lead- time in full health (L) followed by 10 years of full health (t) (Life A) and 10 years of lead-time in
full health followed by 10 years in her/his current health status (x) (Life B). Next, option “Life A” varied until the patient is
indifferent between choices A and B. The value of the status is given by (x - L)/t (x ≤ t + L).

Statistical analysis

https://jnnp.bmj.com/content/64/1/18.short
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Since skewness and kurtosis, multimodality, truncations, ceiling effects, and top and bottom bounded are features of the
distribution of EQ-5D utility scores, we used beta mixture (BetaMix) model which was recently developed to deal with the
distributional characteristics of EQ-5D instrument. The data distribution was not normal (Kolmogorov–Smirnov test, P
>0.05). However, we used the t-test and ANOVA instead of the non-parametric tests in assessing differences, because the
�ndings of the non-parametric tests were similar to those of the parametric tests. STATA version 15.0 for Windows was used
for all analyses.

Results
The socio-demographic characteristics of patients have been presented in details in Table 1. The mean age of the patients
was 59, and majority of them were in age group 45 to 59 years. The majority of the patients were male and secondary
educated, and employed/self-employed. All of the patients had basic insurance, while only 50.48% had complementary
insurance. Patients with income between 13,000,000 to 29,999,999 RLL at the time of the interview were the largest in the
sample.

The clinical characteristics of patients is shown in Table 2. More than half of patients diagnosed with regional stage. The
average of the duration of cancer was 2.4 years, and the majority of them have cancer duration <6 months. More than half
of the patients reported having no comorbidity.

Distribution of EQ-5D-5L dimensions

Figure 1 shows patients-reported problems on each of the �ve EQ-5D-5L dimensions. The response “unable or extreme” was
reported by the patients on all dimensions. This response on dimensions of mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression was 1.9 %, 3.81 %, 8.57%, 7.62%, and 9.52%, respectively.

Univariate analyses

The mean EQ-5D-5L index and cTTO values were 0.45 ±0.03 and 0.51±0.02, respectively. The univariate analyses showed
that the difference between the mean EQ-5D-5L index values were signi�cant for age, education status, income level, stage
of cancer, and comorbidity number (Table 1 and 2). Also, the results showed that the difference between the mean cTTO
values was signi�cant for age, income level, employment status, stage of cancer, and comorbidity number (Table 1 and 2).

Regression analyses

Results of the BetaMix model revealed that gender, income level, comorbidity number, and stage of cancer were the
predictive of EQ-5D-5L index values; and the variables of gender, age, income level and stage of cancer were the predictive of
cTTO values (Pvalue<0.05) (Table 3). Among the variables, the highest income level had the most marginal effect on EQ-5D-
5L (0.919) and cTTO (1.01).

Discussion
The present study presents utility values using the EQ-5D-5L index and cTTO values in patients with CRC under
chemotherapy treatment and impacts of socio-demographic and clinical factors on utility values. However, the high
incidence of CRC is a signi�cant health burden and public health concern in developing countries, such as Iran. Utility is a
multidimensional concept that can convey important information including physical, emotional, social and cognitive
domains for assessing the overall burden of cancer and the effectiveness of interventions. In addition, the �ndings of utility
values can be used in calculating quality-adjusted life years which is a key determinant of cost- effectiveness analyses.

The mean values of EQ-5D-5L index were lower than those of two studies that have ever assessed the utility values using
EQ-5D-5L in patients with CRC in Iran and China (13, 16). Our study found that patients had signi�cantly lower EQ-5D-5L
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values than those of the study by Youse� et al, on patients with CRC in Iran (0.45 vs 0.71). The lower values of EQ-5D-5L
obtained in this study compared to the results of the study by Youse� et al. can be explained by differences in the socio-
demographic pro�le of patients. Compared to the study by Youse� et al, this study assessed utility in patients who were
more female and older. Studies showed that utility scores in patients with CRC were lower in women than in men (18-20).
The other reason for the lower mean utility values in this study in comparison with the study by Youse� was higher mean
age of patients (59 vs. 55). Aging often has a negative relationship with utility scores in patients with CRC in different
contexts from countries (13, 21, 22). The reason of this relationship can be due to a higher prevalence of multiple
comorbidities and physical functioning limitations in older patients(23). Our results showed that 67% of older patients had
>=2 comorbidities (data not shown).

The mean EQ-5D-5L index values of 0.45 was also lower when compared to those of 0.61 in the study carried out in
China(24). A signi�cant part of this difference can be explained by using the different tariffs of EQ-5D-5L in two study. The
Chinese EQ-5D-5L tariff was derived from preferences of the Chines general public that is different from Iranian general
public in terms of culture, demographic backgrounds, etc. This difference are also revealed when comparing the results with
those of other developed countries including Japan (0.842)(10) and the UK (0.79)(11).

The �ndings of this study support that the mean utility scores were lower than those in the developed countries. It may be
partly explained by the fact that in the countries with better economic countries, patients are more supported, especially
economically and socially. Majority of the patients reported having �nancial problems (0.90) and limitations of social
support (69%). Previous studies evaluating utility values of patients with colorectal cancer found a direct association
between income level and health utility scores (13, 25, 26). Another reason for the differences in mean utility scores between
countries may be related to social supports. Sapp et al, demonstrated that social support lead to better scores of utility in
patients with colon, especially in terms of mental health domain(27). In addition, Sultan et al. found that patients with CRC
who were socially supported having approximately 6 –7 points higher in domain of mental health than those who have no
social support available(19). The use of the different versions of the EQ-5D can explain a signi�cant part of difference
between the mean utility values among the countries. We used the EQ-5D-5L, while the other two studies used the EQ-5D-3L
for calculating utility. Empirical evidence shows that the EQ-5D-3L generated higher values than EQ-5D-5L because ceiling
effects in EQ-5D-3L are more common than those in EQ-5D-5L.

The mean cTTO values of 0.51 were higher than those of 0.41 in the only study that assessed utility using cTTO in patients
with CRC (15). The main part of this difference can be attributed to the different years were considered for the current health
state in cTTO task. The number of years of the current health state was considered 10 years in cTTO task for all stages of
cancer in the present study, while that was 4, 3, 2, and 1 years for stage 1, 2, 3, and 4, respectively, in the other study. Less
number of years of current health state might lead to more patients trading time for an increase in quality of life, because
patients believe that this short time will not an increase their quality of life.

The problems reported by patients on each of the EQ‐5D dimensions showed that percentage of very severe problems
reported (i.e., report “Level 5”) on dimension of anxiety (9.52%) was more than other dimensions. This frequency was
consistent with the results of obtained from the emotional functioning scale of the EROTC QLQ-C30 in patients with CRC.
Patients' performance on emotional functioning scale, which is theoretically very similar to the anxiety/depression of the
EQ-5D, was worse among the scales of the EROTC QLQ-C30 in Germany(22) and Brazil(28). Hence, paying attention to the
anxiety/depression is an important issue in management of the patients with cancer. In addition, this �nding was consistent
with that of the EQ-5D-5L in China(13). The distribution of problems also showed that majority of patients (76%)
experienced pain, similar to that obtained from EQ-5D for patients with CRC in China(13), the UK and the Netherlands(29).

Univariate analyses showed that the difference between the mean utility scores obtained from EQ-5D-5L was signi�cant for
education level, income level, stage of cancer, and comorbidity number; and those obtained by cTTO were signi�cant for
age, income level, employment status, stage of cancer, and a number of comorbidities. The older patients had lower utility
scores, similar to those reported in patients with CRC in other countries (13, 21, 22). Older patients often have more
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comorbidities and advanced stages of cancer, and having physical functions limitations, which impact on quality of life. Our
results showed that low income was associated with low mean utility scores. Financial constraints usually limit individuals
from seeking private services and make less opportunity for better healthcare(18). Most patients reported that the reason for
choosing the public hospital was �nancial limitations. In this regard, the �nancial supports can help patients to have a free
choice of service provider. The mean utility scores showed that higher level of education was associated with higher utility
scores.

Higher education level increases patients' perceptions of their disease and treatment. This result was in line with �ndings
reported in other studies(13, 18). The low level of education can often contribute to delay in the recognition of symptoms
and search for care in health services. The difference between mean utility scores in variable of employment status was
signi�cant, and mean utility was higher in employed patients. The employed may lead to individuals earn more income, and
subsequently, they had more opportunity for better healthcare. We also found that mean utility values in patients with
advanced stage of cancer was lower than that of early stage of cancer. This �nding with consistent with those reported in,
Australia(30) China(13) and some European countries for patients with CRC(25, 31). Mean utility scores by number of
comorbidities showed that patients with a greater number of comorbidities had signi�cantly lower utility scores. There is
strong evidence of indirect relationship between number of comorbidities and QoL in CRC (32).

The regression analysis showed that gender, age, stage and number of comorbidities were signi�cant independent
predictors for utility scores in this study. Aging and having a larger number of comorbidities and advanced stage of cancer
were signi�cantly associated with lower EQ-5D scores. These relationships were observed in other studies conducted among
colorectal cancer (13, 25, 30-32).

The present study has some limitations that should be noted. The present study was carried out a cross-sectional survey of
patients with CRC. The results from a cross-sectional survey do not all us to stablish a causal relationship between outcome
variable (utility values) input variables (socio-demographic and clinical characteristics). A longitudinal study requires to be
conducted for understanding how the effects of patients’ characteristics on utility values. The participants were recruited the
Oncology Center in one province, who were not be perfectly representative of patients; hence, generalization of the results
needs to be cautious.

Conclusion
The �ndings of this study provide baseline health utility values for patients with CRC, which can be used by researchers in
calculating quality-adjusted life years, an indicator essential for health economic evaluations, including cost–utility
analyses. The study also revealed that patients with CRC have poor utility values in both EQ-5D-5L and cTTO. The
depression/anxiety and pain were the most common problems reported by patients on the EQ-5D-5L. The low utility values
of patients with CRC are associated with aging, low income, more advanced stages of CRC, the presence comorbidities more
than 2. According to patients’ reports, �nancial problems was the underlying cause of anxiety. It seems that is necessary to
focus on �nancial and social supports for patients with CRC.
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Table 1. Socio-demographic characteristics and EQ-5D-5L index values according to men (n=49) and women (n=56).
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Variable N (%) EQ-5D-5L index cTTO

    Men Women Total Men Women Total

    Mean
(SD)

Mean (SD) Mean
(SD)

Mean
(SD)

Mean
(SD)

Mean
(SD)

Age group, years              

<45 24
(22.86)

0.67(0.09) 0.42(0.09) 0.49(0.04) 0.54(0.04) 0.65(0.25) 0.54(0.04)

45-59 38
(36.19)

0.57(0.07) 0.48(0.06) 0.46(0.06) 0.50(0.06) 0.54(0.06) 0.52(0.04)

60-74 36
(34.29)

0.50(0.07) 0.28(0.08) 0.45(0.05) 0.44(0.08) 0.51(0.08) 0.49(0.05)

≥ 75 7(6.67) 0.51(0.05) -0.39(0.20) 0.23(0.17) 0.42(0.16) 0.47(0.07) 0.46(0.13)

F   4.08 4.08 4.34 3.99 4.88 4.19

p value   0.04 0.03 0.03 0.04 0.03 0.04

Education status              

Illiterate 12
(11.43)

0.27(0.06) 0.16(0.16) 0.20(0.11) 0.52(0.08) 0.62(0.08) 0.59(0.06)

Primary 34
(32.38)

0.65(0.05) 0.36(0.07) 0.47(0.05) 0.53(0.08) 0.55(0.05) 0.54(0.04)

Secondary 45
(42.86)

0.50
(0.06)

0.45(0.07) 0.49(0.04) 0.50(0.05) 0.48(0.08) 0.49(0.04)

University degree 14
(13.33)

0.52
(0.08)

0.40(0.24) 0.49(0.08) 0.44(0.06) 0.36(0.13) 0.42(0.05)

F   4.11 4.98 5.14 2.89 2.18 3.01

p value   0.04 0.02 0.001 0.15 0.34 0.11

Employment status              

Employed/self-
employed

55(52.38) 0.53(0.04) 0.54(0.11) 0.53(0.03) 0.51(0.03) 0.46(0.03) 0.45(0.07)

Unemployed/housewife 50(47.62) 0.52(0.05) 0.35(0.05) 0.37(0.04) 0.26(0.10) 0.53(0.04) 0.52(0.02)

t   1.98 0.98 1.24 4.39 2.16 4.14

p value   0.24 0.81 0.63 0.03 0.10 0.03

Monthly income (in
IRR)

             

<13,000,000 41(39.05) 0.47(0.05) 0.36(0.08) 0.42(0.05) 0.40(0.04) 0.46(0.15) 0.47(0.06)

13,000,000 to
29,999,999

41(39.05) 0.59(0.06) 0.33(0.07) 0.44(0.05) 0.48(0.06) 0.48(0.05) 0.50(0.03)

≥30,000,000 23(21.90) 0.53(0.08) 0.52(0.12) 0.53(0.06) 0.62(0.06) 0.61(0.05) 0.54(0.04)

F   4.16 5.14 4.32 6.13 5.79 4.33

p value   0.02 0.01 0.02 0.001 0.001 0.03

Complementary              
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Yes 53(50.48) 0.48(0.06) 0.42 (0.07) 0.46(0.09) 0.52(0.05) 0.53(0.05) 0.50(0.03)

No 52(49.52) 0.45(0.05) 0.30 (0.06) 0.44(0.04) 0.46(0.03) 0.52(0.05) 0.52(0.04)

t   1.88 3.18 2.24 3.28 1.02 1.12

p value

 

 

  0.21 0.04 0.21 0.03 0.16 0.11

cTTO = Composite Time Trade-Off; EQ-5D-5L =EuroQol-5 Dimensions-5 Levels

Table 2. Clinical characteristics and EQ-5D-5L index values according to gender (N=105)
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Variable N (%)

 

EQ-5D-5L index

 

cTTO

 

    Male Female Total Male Female Total

SEER stage classi�cation   Mean
(SD)

Mean
(SD)

Mean
(SD)

Mean
(SD)

Mean
(SD)

Mean
(SD)

Localized 30
(28.57)

0.53(0.06) 0.45(0.04) 0.47(0.06) 0.59(0.04) 0.52(.05) 0.53(0.05)

Regionalized 61
(58.09)

0.48(0.11) 0.41(0.11) 0.40(0.08) 0.51(0.03) 0.49
(.12)

0.50
(0.08)

Distant 14
(13.34)

0.36(0.07) 0.31(0.03) 0.33(0.05) 0.41(0.02) 0.34
(.08)

0.43
(0.06)

F   5.31 5.08 5.23 6.13 5.79 4.33

P value   0.001 0.001 0.001 0.001 0.001 0.03

Duration of
disease(months)

             

<6 33
(31.43)

0.61(0.05) 0.29(0.09) 0.44(.06) 0.55(0.07) 0.64(.05) 0.60
(0.04)

6-11 30
(28.57)

0.51(0.06) 0.39(0.09) 0.45(.05) 0.47(0.06) 0.48(.08) 0.47
(0.05)

12-23 17
(16.19)

0.26(0.11) 0.48(0.08) 0.37(.07) 0.38(0.04) 0.48(.06) 0.46
(0.04)

≥24 25
(23.81)

0.59(0.07) 0.36(0.13) 0.51(.06) 0.52(0.07) 0.44(.12) 0.49
(0.06)

F   2.78 1.79 1.99 2.39 4.16 3.11

P value   0.33 0.97 0.76 0.11 0.04 0.09

Comorbidity              

0 66
(62.86)

0.58(0.04) 0.41(0.05) 0.47(.03) 0.55(0.07) 0.56
(.10)

0.56
(0.06)

1 23
(21.90)

0.55(0.11) 0.35(0.11) 0.43(.07) 0.49(0.04) 0.52(.05) 0.51(0.03)

≥2 16
(15.24)

0.53(0.09) 0.25(0.14) 0.40(.09) 0.41(0.12) 0.50
(.05)

0.46
(0.06)

F   3.99 4.98 4.13 4.02 4.54 4.51

P value   0.04 0.01 0.03 0.04 0.02 0.02

cTTO = Composite Time Trade-Off; EQ-5D-5L =EuroQol-5 Dimensions-5 Levels

Table 3. BetaMix model of the EQ-5D-5L index and cTTO values
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Variable N (%)

 

EQ-5D-5L index

 

cTTO

 

 

Independent
Variables

Coef dy/dx SE [95% Conf.
Interval]

Coef dy/dx SE [95%
Conf.
Interval]

Gender                

Female -0.0731* -0.4312 0.0221 [-0.1164 
 -0.0510]

-0.0823* -0.4312 0.0312 [-0.1244 
 -0.0632]

Age                

45-59 0.0412 0.0581 0.0561 [-0.0687   
 0.0973]

0.0794* 0.0671 0.0198 [-0.0767
   0.0992]

60-74 -0.0711 -0.0782 0.0271 [-0.1242
   -0.0440]

-0.0823* -0.0798 0.0206 [-0.2511 
 -0.0564]

≥75 -0.0981* -0.0831 0.0231 [-0.1433  
 -0.0750]

-0.0956* -0.0901 0.0214 [-0.1895
  -0.0875]

Monthly income (IRR)                

13,000,000 to
29,999,999

0.0986* 0.0938 0.0112 [0.0766
     0.1098]

0.2137* 0.8865 0.0432 [0.1166
   0.1268]

≥30,000,000 0.1075* 0.9191 0.0108 [0.0863
     0.1183]

0.1189* 1.0125 0.0215 [0.0986
   0.1511]

Comorbidity number                

1 -0.0765* -0.0812 0.0184 [-0.1125
  -0.0581]

-0.0474 -0.0532 0.0293 [-0.1215
  -0.0621]

≥2 -0.0831* -0.0723 0.0125 [-0.1076
  -0.0706]

-0.0321 -0.0954 0.0354 [-0.1198
  -0.0616]

SEER stage
classi�cation

               

Regionalized -0.0892* -0.0923 0.0213 [-0.1309 
 -0.0679]

-0.0989* -0.0897 0.0207 [-0.1209
-0.0749]

Distant -0.1020* -0.1453 0.0226 [-0.1463
  -0.0794]

-0.1120* -0.0983 0.0239 [-0.1382
-0.0684]

F 1.3421* 1.6787 0.0987 [1.1486 
   1.4408]

1.1241* 1.0783 0.0745 [1.3216   
1.8518]

cTTO = Composite Time Trade-Off; EQ-5D-5L =EuroQol-5 Dimensions-5 Levels

*signi�cant at level 5%

Figures
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Figure 1

Percentage of problem on each of the EQ-5D-5L dimensions


