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Objective: We aimed to evaluate the accessibility of anticancer medicines in public hospitals of Shaanxi, a representative province of Northwestern China.

Methods: Thirty-one anticancer medicines were investigated in 146 designated public hospitals in 10 cities of Shaanxi Province. We used medicine procurement data from the Shaanxi Drug Centralized Purchasing Platform during 2019–2021. Primary outcomes included the availability, drug utilization, and affordability of anticancer medicines.

Results: The mean availability of 31 anticancer medicines increased significantly from 5.45% in 2019 to 14.72% in 2021. The mean availability of nationally negotiated medicines was significantly lower than that of Class B medicines (8.72% vs. 12.85%, p = 0.048), whilst the availability of injectable medicines was significantly greater than that of oral medicines (13.66% vs. 8.77%, p = 0.007). In 2019–2021, the annual mean amount purchased increased significantly from CNY 6.51 million to CNY 18.56 million (p = 0.007). The mean defined daily doses of 31 medicines significantly rose from 225.50 to 1019.50 (p = 0.008) whereas their defined daily drug cost significantly decreased from CNY 551.15 to CNY 404.50 (p < 0.001). The percentage of catastrophic health expenditure decreased from 71.0 to 51.65% and from 90.30 to 80.60% for urban and rural residents, respectively. The affordability of nationally negotiated medicines was significantly lower than that of Class B medicines (p = 0.032), and the affordability of injectable medicines had no significant difference compared to that of oral medicines (p = 0.124) for both urban and rural residents.

Conclusion: The accessibility of anticancer medicines improved dramatically in public hospitals of Northwestern China during the period 2019–2021.
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1. Introduction

Cancer is a disease that seriously threatens human health. The number of global cancer cases and deaths increased from 2006 to 2016 by 38 and 17.8%, respectively (1). It is estimated that 28.4 million new cancer cases will occur in 2040, a 47% increase over the number in 2020 (2). In China, there were 4.57 million new cancer cases and 3 million cancer deaths in 2020, accounting for 23.7 and 30.2% of those worldwide, respectively (3). However, the 5-year survival rate of cancer cases in China was lower than that in developed countries. For instance, the 5-year survival rate of breast cancer in China was more than 8% lower than that in the United States and Australia (4).

Access to anticancer medicines is a pivotal part of cancer treatment and influences the survival rate of cancer patients worldwide. Mainly owing to the high cost of anticancer medicines, their accessibility is unsatisfactory in both developed and developing countries (5). Previous studies have reported that the out-of-pocket (OOP) costs for cancer treatment in low- and lower middle-income countries account for 58 and 32% of total costs, respectively, but only 1.8% in upper middle-income countries (6). In Europe, only 66% of surveyed anticancer medicines are always available in at least 90% of countries (7).

The number of newly approved anticancer medicines in China has increased substantially since 2005 (8), with 63.4% (n = 52) of these approved during 2017–2020 (9). However, in terms of access to anticancer drugs, China has among the lowest accessibility in the world (10), and only 6 of 49 innovative anticancer medicines newly approved worldwide were available in China during 2010–2014 (11). To improve accessibility, the Chinese government has taken a series of measures, including imposing tariffs on imported cancer drugs exempted in 2018, initiating centralized government negotiations and procurement of anticancer medicines, and incorporating more anticancer drugs into the National Reimbursement Drug List (NRDL) (10).

The high OOP cost, sluggish market approval of new drugs, inadequate funding of public hospitals, and differences in socioeconomic development among regions of China all negatively influence the accessibility of cancer drugs (12). Accessibility of anticancer medicines also varies regionally, with accessibility in eastern regions of China expected to be greater than that in other regions owing to greater economic development (13). To date, most studies have reported on the accessibility of anticancer medicines in eastern China (14–16) but have rarely focused on that in northwestern provinces, the least developed regions of the country. Therefore, in the present study, we aimed to explore the accessibility of anticancer medicines in public hospitals of Northwestern China.



2. Materials and methods


2.1. Drug selection

We selected Shaanxi Province as the most representative region of Northwestern China. To ensure access to anticancer medicines, the government of Shaanxi implemented the policy of the Special Administration Drug List (SADL) in 2018. The SADL in Shaanxi mainly included nationally negotiated medicines and high-cost Class B medicines, both of which could be prescribed with reimbursement in outpatient and inpatient. The SADL was determined by the Shaanxi Provincial Healthcare Security Administration and updated annually. It was implemented by the “Three Designations” and “Dual-Channel” policy, which referred to designated physicians, public hospitals, and retail pharmacies. The number of medicines included in the SADL increased from 43 in 2018 to 126 in 2021. In 2021, the SADL included 95 nationally negotiated medicines and 31 Class B medicines, and the surveyed medicines in the present study were selected from the 2021 SADL.

To explore the continuous change in accessibility of these medicines, we selected 31 medicines that were commonly available in the SADL during the years 2018–2021 for our survey (Table 1). Among these, nine injectable medicines and 22 oral medicines were finally selected, with 11 Class B medicines and 20 nationally negotiated medicines. The Class B medicines were conventionally old drugs included in the national reimbursement drug list, and their drug costs were usually stable. In contrast, the nationally negotiated medicines were innovative drugs included in the NRDL for a short time to market.



TABLE 1 Characteristics of 31 surveyed anticancer medicines.
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2.2. Sampling

There are 10 major cities in Shaanxi Province, and Xi’an is the capital city. Considering the geographic and economic differences among cities, Shaanxi Province can be divided into three regions: high-income regions (Yulin, Yan’an, and Xi’an), middle-income regions (Weinan, Xianyang, Tongchuan, and Baoji), and low-income regions (Hanzhong, Ankang, and Shangluo) (17).

The number of designated public hospitals varies among Shaanxi’s 10 cities, ranging from three in Hanzhong to 52 in Xi’an. Xi’an is the capital city with more than one-third of designated public hospitals in Shaanxi. Therefore, we considered Xi’an as a separate region in our study. Consequently, the designated public hospitals in this study were divided into four groups: those in the capital city (Xi’an), high-income regions (Yulin and Yan’an), middle-income regions (Weinan, Xianyang, Tongchuan, and Baoji), and low-income regions (Hanzhong, Ankang, and Shangluo), which have 52, 33, 46, and 15 designated public hospitals, respectively.



2.3. Data source

We collected data from all 146 designated public hospitals in Shaanxi Province. The procurement data of 31 anticancer medicines were extracted from the Shaanxi Drug Centralized Purchasing Platform, a provincial platform that provides hospital information and detailed drug procurement data for each hospital in Shaanxi. We extracted procurement data from January 1, 2019 to December 31, 2021. The data collected in our study included the month purchased, name of the purchasing medical institution, location of purchasing medical institution, amount purchased, quantity purchased, drug code, generic name, dosage forms, specifications, and conversion factor.



2.4. Primary outcomes

Three primary outcomes of anticancer medicines were applied in the present study, including availability, drug utilization, and affordability. The availability in each region was defined as the proportion of public hospitals with availability of these drugs to the total number of surveyed hospitals, calculated as follows:
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The drug utilization of anticancer medicines was evaluated using the amount purchased, defined daily doses (DDDs), and defined daily drug cost (DDDc). DDDs is an indicator developed by the World Health Organization (WHO) to evaluate the consumption and change trend of medicines. A higher DDD indicates higher use frequency of anticancer medicines. DDDs are calculated using the DDD, which is derived from the ATC/DDD Index 2022 published by the WHO (18). If there is no determined value for anticancer drugs in which the therapeutic dosage depends on the patient’s characteristics, we calculated the DDD for an adult with a body surface area of 1.7 m2 and weight of 70 kg (19). The value of the DDD of each anticancer medicine is displayed in Table 1. DDDc represents the daily expenditure for a certain medicine per one patient with cancer, which is calculated using the amount of the medicine purchased divided by the DDDs. The equations for calculating the DDDs and DDDc are as follows:
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In the present study, the catastrophic health expenditure (CHE) was used to evaluate the affordability of anticancer medicines. When the annual OOP drug cost reached the threshold ≥40% of household expenditures, CHE occurred. Medicines were considered affordable when the OOP cost was below 40% of the household’s capacity to pay. Additionally, the affordability of anticancer medicines was analyzed for urban and rural households separately (20). The annual disposable incomes per capita in urban and rural regions were derived from the Shaanxi provincial Bureau of Statistics (21). We considered 30% to be the minimum reimbursement level of the SADL in Shaanxi in the base-case scenario (22). Therefore, anticancer medicines were considered affordable in our study if the annual OOP medicine costs were below CNY 28,878.40 and CNY 9,896.80; CNY 30,294.40 and CNY 10,652.80; and CNY 32,570.40 and CNY 11,796.00 for urban and rural residents in each year from 2019 to 2021, respectively.



2.5. Data analysis

The availability, amount purchased, DDDs, and DDDc are presented in descriptive statistics using mean and 95% confidence interval (CI), and the Wilcoxon rank-sum test and Friedman’s test were performed to compare their differences among different years, regions, dosage forms, and drug catalogs. The differences in affordability of anticancer medicines among different types of residents, dosage forms, and drug catalogs were analyzed by Wilcoxon rank-sum test. Spearman correlation analysis was applied to explore the correlation relationship among the primary outcomes. Data analyses were performed using Stata 16.0 (StataCorp LLC, College Station, TX, United States). Statistical tests were two-sided, with significance determined at p < 0.05.




3. Results


3.1. Availability

Thirty-one medicines were available in Shaanxi in 2021. The mean availability of the 31 surveyed medicines increased from 5.45% in 2019 to 14.72% in 2021, as shown in Table 2. The availability of anticancer medicines in Shaanxi Province was significantly different across regions (p < 0.001), and Xi’an had the highest mean availability (14.77%). The mean availability of nationally negotiated medicines was significantly lower than that of Class B medicines (8.72% vs. 12.85%, p = 0.048). The mean availability of injectable medicines was significantly higher than that of oral medicines (13.66% vs. 8.77%, p = 0.007). The mean availability of 27 medicines (87.1%) was lower than 20% and only one drug (gefitinib) had availability >30%.



TABLE 2 Associated factors of availability, purchasing amount, DDDs, and DDDc of anticancer medicines.
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The availability of each medicine increased significantly during 2019–2021 (p < 0.001). The mean availability varied between 0.96% for vemurafenib and 32% for gefitinib. Gefitinib continued to have the highest availability in these consecutive 3 years (Table 3), whereas the lowest availability was for vemurafenib in 2021 (1.18%). Azacitidine had the highest annual increase in availability during 2019–2021, which reached 267.39%.



TABLE 3 Availability, purchased amount, DDDs, and DDDc of each anticancer medicine.
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3.2. Drug utilization

The total purchased amount rose from CNY 201.74 million in 2019 to CNY 1,477.83 million in 2021. The amount purchased in Xi’an was significantly higher than that in other regions (p < 0.001), as shown in Table 2. The mean purchased amount of nationally negotiated medicines showed no significant difference compared with that of Class B medicines (CNY 27.11 million vs. CNY 22.83 million, p = 0.300). The mean purchased amount of injectable medicines was significantly higher than that of oral medicines (CNY 40.61 million vs. CNY 19.45 million, p = 0.002). The purchased amount of each medicine increased significantly each year (p = 0.007). The mean purchased amount varied from CNY 0.31 million for vemurafenib to CNY 136.48 million for bevacizumab (Table 3). Sorafenib had the highest purchased amount (CNY 42.88 million) in 2019 and bevacizumab had the highest in 2020 and 2021 (CNY 114.77 million and CNY 259.01 million, respectively). There was a positive correlation between availability and purchased amount (rs = 0.862, p < 0.001).

The mean DDDs of the 31 surveyed medicines rose from 225.50 to 1019.50 during 2019–2021. The mean DDDs of anticancer medicines in Xi’an was significantly higher than that in other regions (p < 0.001), as shown in Table 2. The mean DDDs of Class B medicines was significantly higher than that of nationally negotiated medicines (p = 0.021), and there was no significant difference in DDDs between different dosage forms (p = 0.379). The DDDs of each medicine increased significantly from 2019 to 2021 (p = 0.008), and the mean DDDs varied between 1.81 for vemurafenib and 3168.70 for gefitinib (Table 3). Icotinib had the highest DDDs (1071.00) in 2019 and gefitinib had the highest DDDs in 2020 and 2021 (4293.78 and 4558.22, respectively). There was a positive correlation between availability and DDDs (rs = 0.869, p < 0.001).

The yearly mean DDDc of the 31 medicines decreased from CNY 551.15 to CNY 404.50 during 2019–2021 (Table 2). There was no significant difference in DDDc among regions (p = 0.106). The mean DDDc of nationally negotiated medicines was significantly higher than that of Class B medicines (p = 0.006). The mean DDDc of injectable medicines was significantly higher than that of oral medicines (p = 0.003). The DDDc of each medicine decreased significantly during the 3 years (p < 0.001), and the mean DDDc varied between CNY 63.91 for icotinib and CNY 2,107.33 for rituximab, as shown in Table 3. There was no significant correlation between availability and DDDc (rs = −0.096, p = 0.608).



3.3. Affordability

The percentage of CHE decreased annually from 2019 to 2021. The percentage of CHE decreased from 71.0 and 90.30% in 2019 to 51.65 and 80.60% in 2021 for urban and rural residents, respectively (Figure 1), the affordability of anticancer medicines of urban residents was significantly higher than that of rural residents (p < 0.001). In both urban and rural areas, the affordability of nationally negotiated medicines was significantly lower than that of Class B medicines (p = 0.032), and the affordability of injectable medicines was lower than that of oral medicines (p = 0.124).

[image: Figure 1]

FIGURE 1
 Affordability of anticancer medicines in urban (A) and rural areas (B).


Figure 2 shows the results of a comprehensive analysis between the availability and affordability of anticancer medicines in 2021. For urban residents, three (9.68%) medicines had good availability (≥30%) with high affordability, among which gefitinib concurrently had the best availability and affordability (0.18-fold over the threshold). Fourteen (45.16%) medicines had poor availability with low affordability, among which vemurafenib had the poorest availability (1.18%) and rituximab had the poorest affordability (6.19-fold over the threshold). For rural residents, only gefitinib simultaneously had superior availability and affordability (0.49-fold over the threshold), and five (16.13%) affordable medicines were poorly available. Twenty-one (67.74%) medicines had poor affordability and poor availability; rituximab and cetuximab had the poorest affordability (6.90- and 17.09-fold over the threshold, respectively).

[image: Figure 2]

FIGURE 2
 Cross-over analysis of availability and affordability in urban (A) and rural areas (B). The triangular dots indicate the availability of each medicine in public hospitals (X-axis) and the times of catastrophic health expenditure for affordability (Y-axis) in 2021.





4. Discussion

To our knowledge, this was the first study to assess the accessibility of anticancer medicines in Northwestern China. We incorporated a total of 146 public hospitals in 10 cities of Shaanxi in this study and examined drug availability, utilization, and affordability to comprehensively evaluate drug accessibility. Our results showed that the availability, utilization, and affordability of anticancer medicines all improved significantly in the public hospitals surveyed during 2019–2021.

As for availability, our results showed a significant uptrend, with an average annual growth rate varying between 12.37 and 267.39% of 31 surveyed medicines. In 2019, the availability of all 31 medicines was below 20.0%; by 2021, the availability of eight (25.81%) anticancer medicines was over 20%, and the availability for the leading two drugs reached 41.43% for gefitinib and 41.27% for bevacizumab. Similar findings were reported in a study from Nanjing, with mean availability of gefitinib, bevacizumab, and recombinant human endostatin increasing from <30% in 2017 to 60.33% in 2020 (14). Incorporating more innovative cancer drugs into the NRDL combined with reimbursement policies, could improve the availability of anticancer medicines (14, 15). However, the overall availability of anticancer medicines was still unsatisfactory, with less than half of these drugs available in public hospitals in Shaanxi. Similarly, a study from Sichuan reported that the availability of 95.88% of investigated anticancer medicines was less than 30%, among which 78.35% were unavailable in 2020 in all tertiary public hospitals (23). The reasons for the low availability of anticancer drugs in public hospitals might be multifactorial, involving insufficient funding of public hospitals, a lack of incentives to maintain sufficient stocks, and inefficient procurement systems (24, 25). Therefore, multiple measures could be combined to further increase the drug availability in China, such as priority review and conditional approval for innovative cancer drugs (26, 27), as well as expanding funding and improving key performance indicators for public hospitals.

Our findings suggested that the regional disparity in drug availability is considerable in Shaanxi, with high-income regions having greater availability and differences across regions at the national level (13). This result is supported by findings in Hubei Province, where the mean availability of gefitinib in 2019 was 23.81%, which was higher than that of our study at 16.32% (28). Our findings could also be attributed to differences in socioeconomic development and different capacities in the governance provided (29). The significant difference in dosage forms might be explained by the fact that injectable drugs can only be used in hospitals whereas oral dosage forms are available in both public hospitals and designated retail pharmacies. We also observed some variations in the availability of each drug. First, drugs for cancers with higher morbidity and mortality in China had greater availability, which reinforced reports from previous studies (12, 30). Lung cancer has the highest incidence in China; therefore, drugs for treating lung cancer, such as gefitinib and pemetrexed, had greater availability. Additionally, medicines that were included early in the NRDL had more availability (28). Class B medicines usually require a longer time for market and are included in the NRDL earlier whereas nationally negotiated medicines are innovative drugs with a short time until they become available on the market. This might explain the significant difference in availability between different catalogs.

Our findings indicated a significant increase in procurement volumes and DDDs and a significant decrease in DDDc of the surveyed anticancer medicines during 2019–2021. Including anticancer medicines in medical insurance with partial reimbursement and national pricing negotiations could boost the use and lower the costs of anticancer medicines (27, 31), with improvement in patients’ access to these drugs (32). Additionally, the DDDc of anticancer medicines in our study did not show a significant difference among regions. Similar results have been reported previously, which confirms the effectiveness of national drug pricing negotiations in unifying medicine prices across a country (12).

We found that the affordability of anticancer medicines increased annually, but the expenditure was still unreasonable for most families owing to high prices. Annual OOP spending on the 31 anticancer medicines was 0.18- to 6.19-fold and 0.49- to 17.09-fold the threshold 40% of annual household income for urban and rural residents in Shaanxi, respectively. In Hangzhou, targeted payments for anticancer medicines were 0.6- to 2.1-fold and 1.8- to 4.4-fold the average annual disposable income per capita for urban and rural residents after government health insurance coverage inclusion (16). In Mexico, most anticancer medicines are also unaffordable for patients, with the median daily cost of patented cancer medicines equaling wages for 30.17 days (33). Price is a vital factor hindering access to anticancer medicines. It is therefore imperative that the Chinese government reasonably control the price of cancer drugs via national drug price negotiation with dynamic updates of the NRDL, as well as publication of a volume-based price list (34). Our findings showed that urban residents usually had better affordability of any anticancer medicines than rural residents. These results were similar to research in Jiangsu (35) and Sichuan (23). In rural areas of China, health financing structural imbalance and funding shortages may hinder drug affordability. Therefore, further investment in health resources, strengthening medical insurance for major diseases, and medical assistance for low-income people are urgently needed to ensure equal access to anticancer medicines (36, 37). Additionally, precision policies to promote the accessibility of anticancer medicines are warranted. Due to the imbalance of diagnosis and treatment capabilities of cancer in different regions and hospitals, the local government needs to allocate resources to improve the access of anticancer medicines to institutions that in real need.

There were several limitations in the present study. First, owing to limited data sources, only Shaanxi was selected as the study province, and the accessibility of anticancer medicines in other provinces of Northwestern China might be overestimated owing to economic development levels that are even lower than those of Shaanxi. Second, a certain drug was considered available if it was stocked on any day in a quarter; however, drug supply continuity and shortages during the study period were ambiguous, which might lead to overestimation regarding the availability of anticancer medicines. Third, subgroup analysis for different types of public hospitals was not performed, and we could not further compare the drug accessibility levels in tertiary and secondary hospitals.



5. Conclusion

The accessibility of anticancer medicines increased annually in public hospitals in Northwestern China during 2019–2021. Additional incentive and collaborative policies are warranted to further improve the accessibility level of these drugs.
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Generic name Indications Dosage Form

1 Cetuximab Colorectal cancer Injection 607
2 Pegaspargase Leukemia Injection 30361V
3 Nimotuzumab Nasopharyngeal carcinoma Injection 143

4 Recombinant Human Endostatin Lung cancer Injection 85

5 Bevacizumab Colorectal cancer, lung cancer Injection 500

6 Azacitidine Myelodysplastic syndrome, leukemia Injection 100.0
7 Rituximab Lymphoma Injection 159
8 Bortezomib Myeloma, lymphoma Injection 04

9 Pemetrexed Lung cancer, alignant pleural mesothelioma Injection 405
10 Osimertinib Lung cancer Oral 800
1 Anlotinib Lung cancer, soft tissue sarcoma Oral 80
2 Crizotinib Lung cancer Oral 5000
3 Ceritinib Lung cancer Oral 4500
14 Pazopanib Renal cell carcinoma Oral 8000
15 Axitinib Renal cell carcinoma Oral 100

Hepatocellular carcinoma, colorectal cancer,
16 Regorafenib Oral 1200
Gastrointestinal stromal tumor

17 Nilotinib Leukemia Oral 600.0

Lymphoma, leukemia, Waldenstroms
18 Ibrutinib Oral 4200
‘macroglobulinemia

19 Vemurafenib Melanoma Oral 19200

Gastric adenocarcinoma or gastroesophageal
20 Apatinib Oral 1250.0
junction adenocarcinoma

21 Chidamide Lymphoma Oral 86
Renal cell carcinoma, endocrine tumor, I

2 Everolimus Oral 100
Astrocytoma

2 Erlotinib Lung cancer Oral 150.0

Renal cell arcinoma, hepatocellular carcinoma,
2 Sorafenib Oral 800.0
thyroid cancer

2 Afatinib Lung cancer Oral 400

Renal cell carcinoma, gastrointestinal stromal
26 Sunitinib Oral 33.0
tumor, endocrine tumor

27 Ieotinib Lung cancer Onal 1250
28 Lenalidomide Myeloma Oral 10.0
29 Gefitinib Lung cancer Oral 2500
30 Imatinib Leukemia, Gastrointestinal stromal tumor Onal 4000
31 Dasatinib Leukemia Oral 100.0

DDD, defined daily dose.
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Variable Availability (%) Purchasing amount (million CNY) DDDs DDDc (CNY)

Mean  95%Cl Mean  95%Cl P 95% CI 95% Cl
12415~ 40030~
2019 545 380799 651 269-1033 2550 55115
32686 76370
9162~ 33046~
Year 2020 1040 7.15-13.65 <0.001 13.26 670-1982 0007 65015 0.008 49029 <0.001
100867 650.12
527.06- 280,50
2021 1472 1051-18.93 1856 9.29-2784 101950 40450
151195 52851
127.94- 338.21-
Capital city 1477 114141814 1019 4921547 27981 148705
43167 63589
32879~
661 427-895 038 0.12-063 1240 3.08-21.73 48892
649.05
Region <0.001 <0.001 <0.001 0.106
Middle- 325,53
9.77 6.07-1347 086 042-129 3833 2757391 47563
income 62572
263.95-
Low-income 961 624-1298 135 062270 55.19 8.08-10230 403,04 s
Nationally
209.11- 42763~
Negotiated 872 6.60-1085 1347 6.56-16.48 457.86 48036
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Drug category Medicines 0.048 0300 0.021 0.006
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List 139624 75255
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Dosage form 0.007 0.002 0379 0,003
Oral dosage 40096~ 32147~
877 662-1093 961 576-1345 67774 381.96
form 95452 44246

CNY, Chinese Yuan; DDDs, defined daily doses; DDDC, defined daily drug cost; CI, confidence interval.
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