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Objective: Health insurance programs are effective in preventing financial hardship in patients with cancer. However, not much is known about how health insurance policies, especially in Southwest China with a high incidence of nasopharyngeal carcinoma (NPC), influence patients’ prognosis. Here, we investigated the association of NPC-specific mortality with health insurance types and self-paying rate, and the joint effect of insurance types and self-paying rate.

Materials and methods: This prospective cohort study was conducted at a regional medical center for cancer in Southwest China and included 1,635 patients with pathologically confirmed NPC from 2017 to 2019. All patients were followed up until May 31, 2022. We determine the cumulative hazard ratio of all-cause and NPC-specific mortality in the groups of various insurance kinds and the self-paying rate using Cox proportional hazard.

Results: During a median follow-up period of 3.7 years, 249 deaths were recorded, of which 195 deaths were due to NPC. Higher self-paying rate were associated with a 46.6% reduced risk of NPC-specific mortality compared to patients with insufficient self-paying rate (HR: 0.534, 95% CI: 0.339–0.839, p = 0.007). For patients covered by Urban and Rural Residents Basic Medical Insurance (URRMBI), and for patients covered by Urban Employee Basic Medical Insurance, each 10% increase in the self-paying rate reduced the probability of NPC-specific death by 28.3 and 25%, respectively (UEBMI).

Conclusion: Results of this study showed that, despite China’s medical security administration improved health insurance coverage, NPC patients need to afford the high out-of-pocket medical costs in order to prolong their survival time.
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Introduction

Nasopharyngeal carcinoma (NPC) has a notable ethnic and geographic distribution, with a predominance in southern China and southeast Asia (1). Although NPC is fairly uncommon in several jurisdictions, it remains a significant public health problem in South China, which accounted for more than 40% of the approximate 130,000 patients worldwide in 2020 (2, 3). Radiotherapy or chemoradiotherapy is considered the primary radical treatment for non-metastatic NPC and the 3-year failure-free survival rate for non-metastatic patients exceeds 80% (4–6). Cancer survival now means living with a chronic and complex condition. Thus, the long-term management and care for cancer survivors bring severe financial stress to individuals and their families, particularly in the great majority of less developed countries where the public healthcare system is inadequate to lessen the burden on citizens (7, 8).

The presence of medical insurance system is considered a means of reducing the financial burden of cancer prevention and treatment, which seems essential for a country to achieve universal healthcare coverage and health equity. The majority of studies on the correlation between medical insurance and cancers have focused on geographical variations in health insurance coverage for cancer patients (9, 10), differences in the financial burden of cancer patients by type of health insurance (11–15), and the coverage of new types of anti-cancer treatments by health insurance policies (16–19). Fewer shreds of evidence have shown the influence of current medical insurance policies on cancer prognosis. So far, only studies on liver (20), lung (21), and breast cancers (22, 23) have suggested that underinsured patients have an increased risk of death and patients require higher out-of-pocket costs to reduce this risk. However, it is unknown whether the medical insurance policies, especially in high incidence areas of NPC, where the patients may afford higher self-paying rate, influence cancer prognosis. Therefore, we sought to investigate the association between health insurance types and self-paying rate and the incidence of NPC-specific death, as well as the joint effect of insurance types and self-paying rate, using a prospective cohort of patients diagnosed with NPC from 2017 to 2019.



Materials and methods


Patients selection

The medical database of Chongqing University Cancer Hospital covers almost all patients with nasopharyngeal carcinoma diagnosed in Chongqing since 2017, which is the foundation of this prospective cohort study. We enrolled 1,635 patients between May 31, 2017 and May 31, 2019. Clinical records were independently reviewed through the hospital’s electronic medical record database to prospectively gather data on demographic and clinical traits, lab tests, and treatments. In addition, patients with the following characteristics were excluded: (1) Non-primary NPC, (2) Pathologically confirmed non-squamous cell carcinoma, (3) Most of the treatment was not performed at our institution, (4) Missing data information collected, (5) Minors (17 years old and younger), and (6) No follow-up records.



Health insurance

China’s basic medical insurance is a national, provincial, municipal, and county-level system. The Urban Employee Basic Medical Insurance Scheme (UEBMI), which covers only unit employees, was implemented in 1998. The New Rural Cooperative Medical Scheme (NRCMS), which covers rural residents, was implemented in 2003. The Urban Residents Basic Medical Insurance Scheme (URBMI), which covers urban non-workers (students, children and youth, non-working urban residents, etc.), was implemented in 2007. URBMI and NRCMS merged in 2016 to create a basic medical insurance plan for urban and rural residents (URRBMI). Both types of medical insurance cover the same services, but their reimbursement ratios differ. As of 2019, the UEBMI reimbursement ratio in Chongqing is 83% and the URRBMI ratio is 75%. This difference is due to different insurance contributions. Chongqing’s 2020 URRBMI contribution rate is 220 or 550 RMB/person-years, but UEBMI requires a minimum health insurance contribution of 4,189 RMB/person-years, 20% of which is paid by the individual and the remainder is paid by the employer. Due to different contribution methods, reimbursement comes from different places. Individual contributions and government subsidies fund URRBMI, while UEBMI has individual accounts (individual contribution plus a small portion of unit contribution) and coordinated funds (the majority of the unit portion of the contribution plus government subsidies, funding, etc.). Geography (inside and outside the city), contribution status (contribution interruption, contribution years), and hospital level also affect reimbursement rate (Level I, II, III). The municipal government coordinates the regional implementation of health insurance reimbursement’s complex calculation. During treatment, patients must pay for medications, treatment items, and medical services that are not covered by their basic medical insurance, and the self-paying rate is the proportion of this cost to the patient’s total treatment cost.

The Chongqing University Cancer Hospital’s information system (HIS) provides data on the types of medical insurance and hospitalization expenses. Due to the time window of medical insurance policy implementation, URRBMI in this study refers to both URMBI and URRBMI medical insurance types, which differ in terms of administration and reimbursement rate insignificantly. During the statistical analysis, there were only 44 NRCMS, so they were excluded from the study; additionally, 393 patients were publicly funded, self-funded, covered by commercial insurance, or had blank registration information, so they were excluded from the study; 11 patients with unclear costs were also excluded. For further analysis of health insurance efficacy, by referring to the literature of similar studies (21, 22) in conjunction with our study, we calculated median values for health self-paying rate (56.8% for URRBMI and 46.8% for UEBMI), and we divided the self-paying rate into a low (0–50%) and a high (> 50%) group for inclusion in the analysis.



Outcome and follow-up

The primary outcome in this study was NPC-specific death, and the secondary outcome was all-cause death. Patients were followed up from the day they were diagnosed with NPC until the event (death) occurred or the follow-up cut-off time passed (May 31, 2022). The follow-up data were obtained from the records of patients’ voluntary follow-up visits to our hospital and telephone follow-ups received from our hospital at 3–6 months intervals by patients or their immediate family members. Multiple relatives were sought in cases of death, and medical records were thoroughly examined to adequately define the type of death and reduce research error.



Statistical analysis

First, we ran descriptive statistics on patient demographic and clinical baseline data, reporting count data as frequencies and percentages. Demographic and clinical baseline characteristics were counted for each insurance type and self-paying rate grouping, and differences were examined using chi-square tests. After controlling for demographic and clinical factors, we used logistic regression to investigate the relationship between health insurance type, out-of-pocket costs, and several NPC treatment modalities (radiotherapy, chemotherapy, and targeted therapy). Subsequently, we used Cox regression models to compare the hazard ratios (HRs) and 95% confidence intervals for cancer-specific and all-cause mortality for patients with URRMBI and UEMBI, as well as for NPC patients with less than 50% and greater than or equal to 50% self-paying rate. Finally, the impacts of medical insurance type and self-paying rate on mortality risk were examined for joint effects, as well as the link between each 10% rise in deductible and the probability of death from any cause as well as from NPC-specific causes was examined.

We built three models in analysis to reduce the possibility of confounding bias from other factors. We adjusted for demographic factors and tumor characteristics such as age, gender, ethnic group, marital status, occupation, tumor stage, and tumor histopathological classification in model A. Model B was based on model A, with additional adjustments for potential clinical indicators affecting the prognosis of NPC patients including such plasma EBV viral DNA load, serum albumin to globulin ratio(A/G) (24), lactate dehydrogenase to albumin ratio(LAR) (25), peripheral blood neutrophil count to lymphocyte count ratio(NLR) (26), and peripheral blood platelet count to lymphocyte count ratio(PLR) (25). Similar to model B, model C was based on it and controls for different treatment modalities, like radiotherapy, chemotherapy, and targeted therapy. Before including the data on clinical continuous variables in the analysis, we categorized them by reviewing the literature or using X-tile software to find truncation values.

Software R (version 4.0.2; R Foundation for Statistical Computing, Vienna, Austria) and SAS9.4 statistical software (version 9.4; SAS Institute Inc., Cary, North Carolina) were used to analyze all of the data. p < 0.05 indicates a statistically significant difference.




Results


Patients’ characteristics

Applying the inclusion and exclusion standards, there were 1,635 patients with NPC of which 446 (27.28%) were females and 1,189 (72.72%) were males in the final cohort. They were almost Han and only 221 were minorities, with a median age of 51 years old. Their tumors were more likely to be non-metastatic (91.31%), undifferentiated (40.37%), and to have the locally advanced stage. Among the included study subjects, 1,055 (64.5%) patients were insured by URBMI, and the remaining 580 (35.5%) patients were insured by UEBMI. The median self-paying rate in URRBMI was 56.8%, whereas it was 46.8% in UEBMI. When categorized at a 50% deductible, 667 patients were below 50%, while the remaining 968 patients were above or just 50%. Most of the younger patients were covered by UEBMI, and there were no differences in marital status and gender between the different insurance types. Clinical stage and EBV copy number were statistically significant in the self-paying rate group. Table 1 shows the full study results.



TABLE 1 NPC patient characteristics by insurance type and self-paying rate.
[image: Table1]



Health insurance type, self-paying rate, and NPC treatment

We investigated the association of the groups of different health insurance types and self-paying rate, with treatment options for NPC, using the grouping of insurance type and self-paying rate as independent variables, treatment regimens as the outcome, and other adjustment variables in the model. As shown in Table 2, after adjusting gender, occupation, marital status, ethnicity, age at diagnosis, cancer stage, histopathological diagnosis and clinical laboratory indicators, patients insured by UEBMI are more likely to choose radiotherapy, chemotherapy, targeted therapy when compared with patients who were insured by URRBM. Moreover, choosing these treatment regimens (including radiotherapy, chemotherapy, and targeted therapy) could obviously lead to higher out-pocket costs for NPC patients.



TABLE 2 Associations between treatment kind and insurance type and self-paying rate, according to demographic and clinical traits.
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NPC-specific mortality and health insurance type and self-paying rate

During a median follow-up period of 3.7 years, 249 deaths were recorded, of which 195 died of NPC. As shown in Figure 1, Patients with a lower self-paying rate had a greater cumulative hazard overall and NPC-specific mortality than patients with a higher self-paying rate. The overall and NPC-specific mortality rate were not different between patients receiving UEBMI and those with URRBMI. After adjusting for demographic and tumor characteristics, patients with higher out-of-pocket costs compared to those with insufficient out-of-pocket costs experienced a risk reduction of overall mortality of 56.7% (HR: 0.433, 95% CI: 0.322–0.583, p < 0.001) and a risk reduction of NPC-specific mortality of 61.4% (HR: 0.386, 95% CI: 0.253–0.588, p < 0.001) (Table 3). When additionally adjusting the clinical characteristics and NPC treatment regimens, the risk of overall mortality was reduced by 47.5% (HR: 0.525, 95% CI: 0.380–0.727, p < 0.001) for patients with higher self-paying rate in comparison to patients with insufficient self-paying rate, and the risk of NPC-specific mortality was reduced by 46.6% (HR: 0.534, 95% CI: 0.339–0.839, p = 0.007).

[image: Figure 1]

FIGURE 1
 Cumulative hazard in patients with nasopharyngeal carcinoma. (A) Cumulative hazard of NPC-specific mortality by self-paying rate (self-paying rate). (B) Cumulative hazard of overall mortality self-paying rate (self-paying rate). (C) Cumulative hazard of NPC-specific mortality by insurance type. (D) Cumulative hazard of overall mortality by insurance type.




TABLE 3 Associations between insurance type and self-paying rate and NPC-specific or overall mortality risks.
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The joint effect of insurance types and Self-paying rate

We demonstrated that each 10% increase in the self-paying rate was related to a 24.3% decreased overall risk of NPC-specific mortality (HR: 0.757, 95% CI: 0.647–0.887, p < 0.001), and a 28.3% decreased risk of NPC-specific mortality for patients receiving URRBMI (HR: 0.717, 95% CI: 0.611–0.842, p < 0.001), and a 25% decreased risk of NPC-specific mortality for patients receiving UEBMI (HR: 0.750, 95% CI: 0.626–0.899, p = 0.002). Similar results in overall mortality were discovered (Table 4).



TABLE 4 Association between each 10% increase in insurance self-paying rate and risk of specific or overall mortality from NPC.
[image: Table4]




Discussion

To the extent that we are aware, this is the first study to comprehensively analyze the relationship between all-cause and NPC-specific death and insurance types or self-paying rate in NPC patients in China. In this large-scale cohort of 1,635 NPC patients treated at Chongqing University Cancer Hospital from 2017 to 2019, the sub-group analysis was conducted based on insurance types and self-paying rate. We found that the greater self-paying rate is associated with the lower incidence of NPC-specific death. Importantly, our results strongly suggest that the incidence of NPC-specific death was reduced by 25% per 10% rise in UEBMI’s self-paying rate, while the incidence of NPC-specific death was reduced by 28.3% per 10% rise in URRBMI’s self-paying rate. These associations are understood in part but not entirely by proven prognostic factors such as clinical features and NPC treatment regimens.

With the continuous development of precision radiotherapy technology and anti-cancer drugs, NPC patients have a great clinical curative effect and extended survival time, but meanwhile it also further increases the financial burden on individuals and their families (6). Since costly diagnostic screening (e.g., PET-CT), precise radiotherapy regimens (e.g., Helical Tomotherapy), and a part of anti-cancer targeted drugs and immune checkpoint inhibitors were not covered by medical insurance lists in China, NPC patients must afford the high out-of-pocket costs in order to prolong their survival time and improve their survival quality. In fact, our analysis shown that the association between high self-paying rate and NPC-specific mortality is somewhat attenuated by close to 15% after adjusting for treatment characteristics, suggesting a contribution from existing cancer treatments. Our data therefore provide a unique opportunity to uncover the underlying mechanisms of the relationship between health insurance and cancer prognosis, emphasizing the critical need to broaden the scope of reimbursement for diagnosis and treatment along with drugs in health insurance in order to dramatically enhance the prognosis of patients and minimize their financial hardship.

Patients with inadequate insurance would face a heavy economic burden and will not be able to pay for advanced therapy out-of-pocket (27). It is plausible that suboptimal medical services may lead to compromised prognosis after cancer diagnosis (28). Indeed, independent of clinical factors, our investigation showed that patients receiving URRBMI were more likely to have an advanced disease stage and that patients with low self-paying rate received less radiation, chemotherapy, and targeted treatment. For instance, Helical Tomotherapy was not covered by medical insurance lists during the study period, and the high out-of-pocket medical expenses may prevent financially vulnerable patients from such precise radiotherapy.

The increased prevalence of NPC-specific mortality in patients with insufficient out-of-pocket payments is not only due to differences in tumor features and treatment modalities. This is supported by our data that the increased risk of NPC-specific death remained robust in patients with low self-paying rate after exhaustive adjustment for clinical factors and treatment regimens. In addition, it is known that cancer patients face enormous psychological stress during cancer diagnosis and treatment (29). The high out-of-pocket costs, as a consequence of inadequate insurance, may aggravate patients’ emotional turmoil. It is no doubt that financial burden may impact patients’ prognosis via psychological disorders.

One significant feature of our study is that it is the first to investigate the relationship between NPC patients’ prognosis and medical expenses using a prospective cohort study design with comprehensive follow-up data. The abundance of data on the patient’s clinical and demographic traits helped us highlight how clearly health insurance policies influence NPC-specific mortality, which offers a fresh perspective for the development of our nation’s medical insurance. This study, however, has certain limitations. To begin with, because this cohort is based on a regional cancer center, the results can only provide a reference for generalization to the entire population. Second, our cohort only recorded the expenses incurred in the hospital for the treatment of NPC patients, but a small part of the costs incurred outside the hospital cannot be estimated. Third, we only discuss the association of NPC-specific mortality with insurance types and self-paying rate in the present study. Finally, the possible lack of patients who are most financially vulnerable may lead to information bias.

In conclusion, our findings suggest that patients with lower out-of-pocket costs face a higher risk of NPC-specific mortality in China, which may provide novel insights into the role of self-paying rate in cancer health disparities in China and likewise developing countries.
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“The hazard ratios were adjusted for demographic factors and cancer characteristics,such as diagnostic age, gender, ethnic group, marital status, occupation, cancer stage, and cancer
histopathological type.

“The hazard ratios were additionally adjusted for potential clinical indicators affecting the prognosis of NPC, such as EBV-DNA load, A/G, LAR, NLR, and PLR.

“The hazard ratios were additionally adjusted for different treatment modalites, such as radiotherapy, chemotherapy; and targeted therapy.
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“The odds ratios were adjusted for demographic characteristics such as diagnostic age, gender, ethnic group, marital status, and occupation.
“The odds ratios were additionally adjusted for cancer characteristics, such as cancer stage, and cancer histopathological type.

“The odds ratios were additionally adjusted for potential clinical such as affecting the prognosis of NPC, including EBV-DNA load, A/G, LAR, NLR, and PLR.
Number of events as a percentage of the number of classified patients.
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“The hazard ratios were adjusted for demographic factors and cancer characteristics,such as diagnostic age, gender,ethic group, marita satus, occupation, cancer stage, and cancer
histopathological type.

“The hazard ratios were addtionally adjusted for potential clinical indicators affecting the prognosis of NPC, such as EBV-DNA load, A/G, LAR, NLR, and PLR.

“The hazard ratios were additionally adjusted for different treatment modalities, such as radiotherapy; chemotherapy, and targeted therapy.
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