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undergoing radiotherapy: A
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Objective : Using the Comprehensive Score for Financial Toxicity (COST) tool

to measure financial toxicity (FT) among nasopharyngeal cancer (NPC) patients

in western China and investigate the association between FT and psychological

distress.

Methods: We conducted a cross-sectional study of survivors with NPC in a

tertiary oncology hospital in China. FT was assessed using the COST (Chinese

version), a validated instrument widely used both at home and abroad. The

NCCN Distress Thermometer (DT) was used to measure psychological distress.

A multivariate logistic regression model was built to determine factors

associated with FT, and the Pearson correlation was used to assess the

correlation between COST and DT scores.

Results: Of 210 patients included in this study, the mean FT score was 16.3

(median: 22.5, SD: 9.7), and the prevalence of FT was 66.2% (mild FT: 37.1%,

moderate FT: 50.5%, severe FT: 2.4%). Suggested by the logistic regression model,

5 variables were associated with increased FT: unemployed, no commercial

insurance, receiving lower annual income, advanced cancer, and receiving

targeted therapy. The Pearson correlation showed a significantly moderate

correlation between financial toxicity and psychological distress (r= -0.587,

P < 0.001).

Conclusion: Patients with nasopharyngeal carcinoma (NPC) in western China

demonstrated higher self-reported financial toxicity (FT) associated with

factors including unemployed, no commercial insurance, receiving lower

annual income, advanced cancer, and receiving targeted therapy. These
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fonc.2022.1011052/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1011052/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1011052/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1011052/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1011052/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1011052/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.1011052&domain=pdf&date_stamp=2022-10-28
mailto:569458942@qq.com
https://doi.org/10.3389/fonc.2022.1011052
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.1011052
https://www.frontiersin.org/journals/oncology


Jiang et al. 10.3389/fonc.2022.1011052

Frontiers in Oncology
predictors will help clinicians identify potential patients with FT in advance and

conduct effective psychological interventions.
KEYWORDS

financial toxicity, financial burden, nasopharyngeal carcinoma, psychological distress,
NPC (nasopharyngeal carcinoma)
Introduction

Nasopharyngeal carcinoma (NPC) is epithelial cancer

originating from the nasal mucosa lining. According to the

American Cancer Society in 2018, the year saw 129,079 new

cases of nasopharyngeal cancer across the world, accounting for

0.7% of the total incidence of cancer, and 72,987 deaths, 8% of

the annual death toll (1, 2). China has the highest occurrence of

nasopharyngeal cancer in the world, mainly in its southern and

western regions (2), which accounted for 38.29% of the global

incidence of nasopharyngeal cancer, its incidence (1.9/100,000)

and mortality (1.2/100,000) significantly higher than the world

average (1.2/100,000, 0.7/100,000) (2, 3).

Intensity-modulated radiotherapy (IMRT) and systemic

chemotherapy are major treatments for patients with advanced

NPC (4). Due to the occult nature of NPC in its early stages, 70%

of the patients are locally advanced at the time of initial diagnosis

(5). Long-term concurrent chemoradiotherapy will not only cost

huge medical expenses, but also induce significant psychological

distress due to side effects during the treatment, such as radiation

mucositis and dysphagia. Hence, advanced NPC patients are

faced with considerable financial and mental burden resulting

from medical service utilization.

Financial toxicity (FT) was defined as the objective financial

burden and subjective financial distress of cancer patients due to

treatments using innovative drugs and concomitant health

services, similar to side effects such as nausea and vomiting (6,

7). FT can be influenced by demographics, economic status,

disease, treatment, etc. Taking into account differences in

cultural background and health systems, the influencing

factors of FT may vary among countries (8). However, current

researches on FT were mainly conducted in developed countries

(such as the United States) where the incidence of

nasopharyngeal cancer was relatively low, causing a gap in the

FT-related studies of this specific disease.

Previous studies (9–11) have shown that patients

undergoing radiotherapy have a relatively high prevalence of

FT, which was linked to poorer health-related quality of life,

more severe psychological distress, greater symptom burden,

decreased adherence to treatment, and increased mortality risk

(12). When patients are unable to afford medical costs, they turn
02
to other financial coping mechanisms including use of savings,

loans, cutting back on leisure activities, reducing expenditure on

necessities of life, or working longer hours, or even non-

compliance including avoidance or discontinuation of

prescriptions, or deferment in medical care and follow-up

visits (13). Therefore, it is necessary to better understand the

risk factors of FT, which are expected to improve the

interventions aimed at reducing financial distress, thus

improving quality care and policy optimization.

To our knowledge, FT in nasopharyngeal carcinoma patients

has not yet been studied in China. This study is aimed to

examine the FT of nasopharyngeal carcinoma patients, as well

as the link between FT and psychological distress using the

Comprehensive Score for Financial Toxicity (COST), developed

and validated by De Souza et al (14). Our results are expected to

assist clinicians in the quick identification of high-risk groups in

patients with nasopharyngeal carcinoma by inferring the risk

factors of FT concluded from this study.
Materials and methods

Study design and sampling plan

We conducted a survey-based cross-sectional study in three of

the Head and Neck Radiotherapy departments in China between

October 2021 and July 2022. All three departments are affiliated

with a tertiary oncology hospital (Sichuan Cancer Hospital &

Research Institute), the largest oncology hospital in Southwestern

China, which guaranteed a sufficient sample size. All NPC patients

were treated with image-guided radiation therapy (IGRT), usually

five times a week. NPC patients are most likely to develop acute

toxic side effects after 2 ~3 weeks of radiotherapy, andmost patients

begin to experience financial distress.

Patients were enrolled if they were (i) elder than 18 years, (ii)

pathologically diagnosed with stage 0-IV (AJCC, 8th edition)

nasopharyngeal carcinoma, including those with recurrence and

metastasis (iii) treated with radiotherapy for more than 2 weeks

(as either stand-alone or part of the multimodal treatment

regimen), and (iv) willing to accept this interview. The

exclusion criteria contained: (i) currently treated for another
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malignancy, (ii) participating in other clinical trials, and (iii)

unable to read, understand and speak Chinese. All patients had

voluntarily signed an informed consent form before the

investigation. Ethics approval was acquired from the Ethics

Committee of Sichuan Cancer Hospital (SCCHEC-02-

2020-067).

The sample size was determined based on the acceptable

width of 95% confidence interval (CI) of FT. Assume that the

sample proportion is 0.78 which was reported in a systematic

review of FT in cancer survivors in China (15). To produce a

confidence interval with a width of no more than 0.12, 184

subjects were needed.
Questionnaire, variables, and outcomes

The general information questionnaire was designed based

on a meta-analysis of an extensive study which involved

sociodemographic and socioeconomic data. Information on

the clinic data of the patients was extracted from electronic

medical records from the Hospital Information System (HIS).

FT was assessed using the COST (Chinese version)

instrument, validated and widely used internationally and in

China (16–19). The total score ranges from 0 to 44, with lower

scores indicating more severe FT in patients. According to the

FT grading system established by De Souza et al., a COST score >

26 indicates no FT (grade 0), 14-25 mild FT (grade 1), 1-13

moderate FT (grade 2), and 0 suggests severe FT (grade 3) (20).

The Cronbach’s a of the Chinese version of COST is 0.891.

The NCCN Distress Thermometer (DT) was used to

measure psychological distress. The total score ranges from 0

(no distress) to 10 (great distress); A score of 4 has been

determined to be the cut-off score for moderate psychological

distress and the trigger for psychological assistance referral (21).
Statistical analysis

Descriptive statistics were used to characterize the

study population, and the prevalence of FT and its 95%CI will

be reported. We compared demographic and disease

characteristics among different FT groups using c2 or Fisher’s

exact tests for categorical variables, and Wilcoxon rank sum test

for continuous variables. A multivariate logistic regression model

was built to determine factors associated with FT (COST<26).

Multivariable regression analysis included significant covariates

identified in univariate analysis (P <0.05) and covariates thought

to be of clinical significance (sex, age and immunotherapy).

Pearson correlation method was used to assess the

correlation between COST and DT scores. A coefficient (r)

between 0.20 and 0.39 suggested a mild correlation, 0.4-0.59 a

moderate correlation, 0.60-0.79 a strong correlation, and ≥0.80 a

very strong correlation (22). P<0.05 (two-tailed) was considered
Frontiers in Oncology 03
statistically significant. All statistical analyses were performed

with SPSS 26.0 (IBM, NY, USA).
Results

Patient participation and characteristics

Between October 2021 and July 2022, there were 246 patients

diagnosed with nasopharyngeal carcinoma who had been treated

with at least 2 weeks of radiotherapy. Of these patients, 235 met

our inclusion criteria; ultimately, 210 of them agreed and

completed the questionnaire, with the response rate being

89.4%. The mean age of the 210 patients enrolled in our study

was 51 years, ranging from 22–78 years. 34.3% of the patients were

covered by Urban Basic Medical Insurance (UBMI), 49% by New

Rural Cooperative Medical Insurance, while only 14.7% had

private insurance. 77.1% of them had advanced nasopharyngeal

carcinoma. 72.3% were receiving chemotherapy (chemotherapy

regimens were paclitaxel plus cisplatin and capecitabine or

gemcitabine plus cisplatin), 36.2% were receiving molecular

targeted therapy (Nimotuzumab), and 23.3% were undergoing

at least one immunotherapy (Carrelizumab or Toripalimab). The

demographic andmedical characteristics of the patients are shown

in Table 1.
Financial toxicity

The mean FT score was 16.3 (median 22.5, SD 9.7). 35.7% of

the included patients had an annual household income below

60,000 CNY, 30.0% between 60,000 and 120,000 CNY, and

26.2% between 120,000 and 200,000 CNY (1CNY=0.15USD, as

of 2022/7/20). The prevalence of FT was 66.2% (95CI:

59.7~72.6), among which 37.1% reported mild FT, 50.5%

moderate FT, and 2.4% severe FT. The distribution of FT

severity is listed in Table 2.
Variables associated with
financial toxicity

The univariate analysis of baseline variables associated with

FT was described in Table 3. As shown by the analysis, patients

reporting FT tended to be younger, living in rural areas,

unmarried, of lower educational level, unemployed, no private

insurance, receiving lower annual income, receiving immunity

therapy and receiving targeted therapy (Table 3). After adjusting

for potentially confounding variables in the multivariable

modeling, we found the following factors associated with

increased financial toxicity: unemployed, advanced cancer, no

private insurance, lower income, and receiving targeted therapy

(Figure 1). Compared to annual household income > 200,000
frontiersin.org
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TABLE 1 Patients characteristics by COST score (N=210).

Medical characteristics N COST≥26 (n=71) COST<26 (n=139) p

Age (years) ± SD 50.02 ± 8.75 51.10 ± 10.54 0.531

Sex 0.049

Male 141 55 (39.0%) 86 (61.0%)

Female 69 16 (23.2%) 53 (76.80%)

Age (years) 0.126

≥65 161 46 (31.1%) 115 (68.9%)

<65 49 21 (42.9%) 28 (57.1%)

Place of residence <0.001

Urban 90 43 (55.7%) 47 (44.3)

Rural 120 28 (23.3%) 92 (96.7%)

Marital status 0.032

Married 162 60 (37.0%) 102 (63.0%)

Unmarried 30 6 (20.0%) 24 (35.7%)

Divorced 12 4 (33.3%) 8 (66.7%)

Widowed 6 3 (50.00%) 3 (50.00%)

Education level <0.001

Primary school (<6 year) 41 7 (17.1%) 34 (82.9%)

High school (6~9 year) 89 23 (25.8%) 66 (74.1%)

Vocational college (9~12 year) 49 22 (44.9%) 27 (55.1%)

College or above (>12 year) 31 19 (61.3%) 12 (38.7%)

Employment status <0.001

Employed 72 34 (47.2%) 38 (52.8%)

Unemployed 115 25 (21.7%) 90 (78.3%)

Retired 23 15 (65.2%) 8 (34.8%)

Health insurance 0.008

UEBMIa 70 25 (35.7%) 45 (64.3%)

URBMIb 26 8 (30.8%) 18 (69.2%)

NRCMIc 93 24 (25.8%) 69 (74.2%)

Commercial insurance 21 14 (66.7%) 7 (33.3%)

Annual household income (CNY)

<60,000 75 12 (16.0%) 63 (84.0%) <0.001

60,000~120,000 63 21 (33.3%) 42 (66.7%)

12,000~200,000 55 26 (47.3%) 29 (52.7%)

>200,000 17 12 (70.6%) 5 (29.4%)

Travelling time to hospital 0.236

<30min 25 14 (56.0%) 11 (44.0%)

30min~1h 26 15 (57.7%) 11 (42.3%)

1~2h 67 25 (37.3%) 42 (62.7%)

2~5h 75 12 (16.0%) 63 (84.0%)

>5h 17 5 (29.4%) 12 (70.6%)

Smoking 0.253

Yes 143 52 (36.4%) 91 (63.6%)

No 67 19 (28.4%) 48 (71.6%)

Chronic disease 0.845

Yes 37 12 (32.4%) 25 (67.6%)

No 173 59 (34.1%) 114 (65.9%)

Tumor stage <0.001

I~II 48 30 (62.5%) 18(37.5%)

(Continued)
Frontiers in Oncology
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CNY, patients with annual household income below 60,000

CNY had higher odds of reporting FT (odd ratio [OR], 13.45;

p<0.001). Compared with commercial insurance, patients who

rely only on NRCMI (odd ratio [OR], 5.50; p=0.018) and

URBMI (odd ratio [OR], 5.40; p=0.017) had higher odds of

reporting FT.
Financial toxicity and psychological
distress

The mean DT score in the overall study population was 4.72

(SD=2.07). The Pearson correlation coefficient (r) between the

COST score and DT score was -0.65 (P < 0.001). After adjusting

for covariates such as age, sex, marital status and treatment, the

correlation coefficient between COST and DT was -0.587,

representing a moderate correlation between FT and

psychological distress, as demonstrated in Figure 2, where FT

increased (lower COST score) with psychological distress

(higher DT score).
Frontiers in Oncology 05
Discussion

Our study found that FT was highly prevalent among NPC

patients, with a prevalence of 66.2%, mostly reporting moderate FT,

although health insurance coverage varied from patient to patient.

Several studies (23–25) have shown that FT was common among

Head and Neck Cancer (HNC) survivors, and the mean COST

scores in our study were even lower than indicated by previous

results, implying greater financial-related risk that patients in this

study were suffering from. On the one hand, nasopharyngeal

carcinoma patients were mainly males with the age of onset

concentrated between 40 and 59 years (2). In China, people of

this age, especially men, are often burdened with enormous living

pressures coupled with the duties of supporting both children and

the elder (26). On the other hand, the incidence of nasopharyngeal

carcinoma has prominent regional characteristics, with most of the

patients investigated in this study coming from China’s western

region. This is probably due to the fact that the economy of western

China is less developed, thus resulting in lower overall income level

compared with the east.
TABLE 1 Continued

Medical characteristics N COST≥26 (n=71) COST<26 (n=139) p

III~IV 162 41 (25.3%) 121 (74.7%)

Diagnosis time 0.173

<1month 20 5 (25.0%) 15 (75.0%)

1~6month 144 52 (36.1%) 92 (63.9)

6~12 month 25 8 (32.0%) 17 (68.0%)

1~5year 19 4 (21.0%) 15 (79.00%)

>5year 2 1 (50.0%) 1 (50.0%)

Chemotherapy <0.001

Yes 152 40 (26.3%) 112 (73.7%)

No 58 31 (53.4%) 27 (46.6%)

Immunity therapy 0.219

Yes 49 13 (26.5%) 46 (73.5%)

No 161 58 (36.0%) 103 (64.0%)

Targeted therapy <0.001

Yes 76 10 (13.1%) 66 (86.9%)

No 134 61 (45.5%) 73 (54.5%)
frontiers
UEBMI a, The Urban Employees’ Basic Medical Insurance Scheme covering 70–90% of the medical expenses; URBMI b, The Urban Residents’ Basic Medical Insurance Scheme covering 50–
70% of the medical expenses; NCMS c, The New Cooperative Medical Scheme covering 50–60% of the medical expenses; CNY, Chinese Yuan.
Travelling time to hospital: The travel time that one patient spends on journal from home to hospital.
TABLE 2 Distribution of financial toxicity in patients with nasopharyngeal carcinoma (N=210).

Grading No. of patients Proportion (95%CI, %)

No FT (Grade0) 71 33.8 (95%CI:27.4~40.3)

Mild FT (Grade1) 78 37.1 (95%CI:30.6~43.7)

Moderate FT Grade2) 106 50.5 (95%CI:43.7~57.3)

Severe FT (Grade3) 5 2.4 (95%CI:0.3~4.5)
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TABLE 3 Univariable and multivariable logistic regression models predicting the likelihood of self-reported financial toxicity.

Characteristics Univariate analysis Multivariable analysis

OR (95% CI) P-value OR (95% CI) P-value

Age (years)

≥65 Reference Reference

<65 1.66 (0.86-3.21) 0.051 1.91 (0.70-8.19) 0.205

Sex

Male Reference Reference

Female 1.90 (1.02-3.62) 0.128 1.44 (0.63-3.30) 0.382

Place of residence

Urban Reference Reference

Rural 3.01 (1.66-5.42) < 0.001 1.33 (0.58-3.01) 0.493

Marital status

Married Reference Reference

Unmarried 2.35 (1.21-6.08) 0.027 2.45 (0.77-8.20) 0.143

Divorced 1.17 (0.73-4.57) 0.789 3.80 (0.12-15.35) 0.440

Widowed 2.94 (0.33-10.64) 0.330 2.77 (0.22-34.50) 0.427

Education level

College or above (>12 year) Reference Reference

Primary school (<6 year) 3.76 (1.38-10.27) 0.010 3.14 (0.81-12.22) 0.099

High school (6~9 year) 4.19 (1.76-9.94) 0.002 2.88 (0.89-9.31) 0.077

Vocational college (9~12 year) 1.26 (0.51-3.12) 0.155 1.27(0.37-4.35) 0.693

Employment status

Employed Reference Reference

Unemployed 3.22 (1.69-6.11) < 0.001 2.68 (1.18-6.08) 0.018

Retired 0.82 (0.32-2.10) 0.679 0.76 (0.22-2.66) 0.673

Health insurance

Commercial insurance Reference Reference

UEBMI 3.60 (1.28-10.09) 0.017 4.52(0.91-22.35) 0.064

URBMI 4.50 (1.31-15.42) 0.001 5.40 (1.37-21.50) 0.017

NRCMI 5.75 (2.07-15.93) 0.015 5.50 (1.33-22.67) 0.018

Annual household income (CNY)

>200,000 Reference Reference Reference

<60,000 12.60 (3.75-42.34) < 0.001 13.45 (2.88-30.81) 0.001

60,000~120,000 4.80 (1.49-15.42) 0.008 5.57 (1.28-24.18) 0.022

12,000~200,000 2.67 (0.83-8.62) 0.099 5.76 (1.25-26.57) 0.025

Tumor stage

I~II Reference Reference

III~IV 4.92 (2.48-9.74) < 0.001 2.65 (1.16-7.26) 0.030

Chemotherapy

No Reference Reference

Yes 3.21 (1.73-6.03) < 0.001 1.77 (0.67-4.63) 0.152

Immunity therapy

No Reference Reference

Yes 1.59 (0.76-3.17) 0.221 1.10 (0.44-2.73) 0.152

Targeted therapy

No Reference Reference

Yes 3.13 (1.65-5.92) < 0.001 2.04 (1.13-4.63) 0.042
Frontiers in Oncology
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Our findings in this study suggested that unemployed, no

commercial insurance, receiving lower annual income, advanced

cancer, and receiving targeted therapy were factors significantly

associated with higher FT. Lower annual household income is one

of the key risk factors of FT. We observed a substantial decrease in

the probability of reporting FT in patients with annual household

income above 200,000 CNY, which was consistent with the results

of Xu and Jing et al. that investigated FT in lung cancer and breast

cancer patients respectively (27, 28). The results of Yu et al. found

that patients with URBMI were associated with an average 2.2 point

decrease in the COST scores compared to patients who had UEBMI

(29). In this study, we found that patients without commercial

insurance are at greater risk of suffering from FT, whether the

patient had URBMI or UEBMI. Universal health insurance has

been developed in China, but the current tiered “basic medical

insurance” scheme cannot cover all the health services. Social
Frontiers in Oncology 07
medical insurance in China contains three types which are

UEMBI for urban employees, URMBI for urban residents, and

NRCMI for rural residents, but their reimbursement coverage was

limited compared with commercial insurance (30). Besides, NPC

has a significant impact on the work of patients after treatment, and

many patients are at risk of incapacity or unemployment. Alison

and Mols et al. (31, 32)confirmed that unemployment was

significantly associated with FT and that those with limited

financial resources were most at risk. Regarding disease

characteristics, advanced cancer and receiving targeted therapy

are both risk factors for FT. Advanced nasopharyngeal cancer

requires more systemic treatments, such as innovative drugs and

diagnostic methods, thereby directly increasing the medical costs

(33). Nevertheless, several studies (11, 34, 35) have suggested that

indirect medical costs for cancer treatment, such as transportation,

accommodation, and time expenditure can also contribute to the
-10 0 10 20 30 40

Unemployed

No commercial insurance

Lower household income

Advanced cancer

Targeted therapy

r
otcaf 

ksi
R

Odd Ratio 95%CI

2.04 (1.13-4.63)

2.65 (1.16-7.26)

13.45 (2.88-30.81)

5.50 (1.33-22.67)

2.68 (1.18-6.08)

Odd ratio（95%CI)

FIGURE 1

Forest plot of risk factors for self-reported financial toxicity in NPC patients.
FIGURE 2

Correlation between financial toxicity and psychological distress.
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FT of cancer survivors, but we did not observe significant

association between travelling distance to the hospital and FT

levels. The impact of indirect costs is limited probably due to the

current convenience in transportation, as well as coverage of high-

speed railway and subway in the areas where we conducted

our survey.

Lentz et al. (36) believed that measuring psychological

distress was necessary since financial distress was more severe

than physical, emotional, and spiritual suffering. Two cross-

sectional survey conducted by Meeker and Margret et al.

confirmed that FT in cancer patients was strongly associated

with psychological distress (37, 38). In the Pearson correlation

analysis, we found that FT was significantly associated with

psychological distress among patients with NPC, further

validating their findings. Therefore, developing effective

interventions to deal with patients’ financial stress has

potential value in relieving their psychological distress.

Several limitations need to be considered. Although we

attempted to include as many samples as possible, the single-

center nature of this study still hindered the generalizability of

our conclusions, and thus more multicenter cohorts are

necessary to further verify the risk factors of FT. Second, the

samples in our study were all insured patients. However,

considering that uninsured patients in China are supposed

to be more susceptible to FT, follow-up studies need to include

this group of people. Given that patients’ out-of-pocket (OOP)

costs are confidential, information was hard to obtain on all

direct medical expenses during treatment, so it was not

possible to measure the relationship between OOP costs

and FT.

This is the first study using the COST tool in the

nasopharyngeal carcinoma (NPC) population, and the results

showed that patients with NPC in western China reported a

higher proportion of FT. This result also showed a moderate

association between FT and psychological distress and that

patients with lower income levels are most vulnerable to FT,

so it is necessary to conduct effective psychological interventions

for the these highly susceptible patients. Furthermore, we

identified several factors significantly associated with FT,

which will assist in rapid identification of high-risk patients,

and implementation of policy-level interventions.
Conclusion

In western China, increased self-reported financial toxicity

(FT) in patients with nasopharyngeal carcinoma (NPC) was

mainly associated with factors including unemployed, no

commercial insurance, receiving lower annual income,

advanced cancer, and receiving targeted therapy. This study

demonstrated the feasibility of the COST tool in NPC patients,

and also revealed a moderate correlation between FT and

psychological distress. Clinicians are supposed to identify
Frontiers in Oncology 08
potential patients with FT by these predictors at an early stage

and also conduct effective psychological interventions.
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