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Background: Cancer is a significant health concern and is China’s leading cause of mortality. Targeted therapies, such as trastuzumab
and rituximab, have enhanced clinical treatment efficacy. However, their high costs burden patients and healthcare systems consider-
ably. Patient demographic factors further influence the utilization of these expensive drugs. On September 1, 2017, China implemented
the National Health Insurance Coverage (NHIC) policy, necessitating additional real-world evidence to assess its impact on patients.
Methods: Data on human epidermal growth factor receptor 2-positive breast cancer and CD20-positive non-Hodgkin B-cell
lymphoma patients were gathered in Jiangsu Cancer Hospital and Fujian Cancer Hospital from September 2015 to August 2019,
including demographic and clinical information. All eligible patients were divided into two groups. Univariate analysis and multi-
variable logistic regression were used to investigate the differences between subgroups. An interrupted time-series regression was used
to examine the change in trastuzumab and rituximab utilization percentages.

Results: Before and after the NHIC policy, utilization of trastuzumab increased from 61.13% to 75.10%, and the increase was
statistically significant. Rituximab therapy increased statistically significantly from 64.79% to 74.88%. The key factor influencing
trastuzumab and rituximab use was the NHIC policy. With policy implementation, medical insurance status, occupations, and cancer
disease stage affected trastuzumab and rituximab use.

Conclusion: The NHIC policy is essential to the utilization of trastuzumab and rituximab, and the patient’s income level and
repayment abilities continue to impact the use of innovative anti-cancer drugs. Appropriate steps, such as reducing the urban-rural gap
and broadening medical insurance coverage, would enable more people to access novel anti-cancer drugs.
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Introduction

Female breast cancer (BC) was the leading cause of cancer incidence (2.3 million cases, 11.7% of total cases) and the
fifth leading cause of cancer mortality (685,000 cases) worldwide in 2020." According to the World Health Organization
(WHO), China will have more new cases and deaths from BC than any other Asian country in 2040, with 491,000 new
cases and 176,000 deaths.? Trastuzumab, is a humanized monoclonal antibody that targets the extracellular domain of the
human epidermal growth factor receptor 2 (HER2) protein. It was the first anti-HER2 agent approved by the US Food
and Drug Administration (FDA) for clinical use and has become a standard of treatment for patients with HER2-positive

breast cancer when combined with chemotherapy.®* Non-Hodgkin lymphoma (NHL) caused 544,352 new cases and
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259,793 deaths in 2020, according to the GLOBOCAN database.' A systematic assessment of the burden of lymphoma in
China revealed that the burden of NHL in China increased much higher than the global burden.” NHL caused a large
burden of cancer incidence and mortality in men, and it was ranked as one of the top ten most common cancer types in
Chinese males.® Rituximab, a humanized monoclonal antibody against CD20 and the first monoclonal antibody approved
for the treatment of lymphoma, has become the standard first-line treatment and maintenance therapy for NHL.’
Although innovative targeted therapies have substantially revolutionized the treatment of certain cancers,” these targeted
anticancer drugs frequently come with high costs,” thereby escalating the financial burden on patients and healthcare
insurance systems. '’

To enhance patient access to anticancer drugs, China has introduced a series of policies since 2009, aiming to
incorporate these targeted anticancer drugs into the National Reimbursement Drug List (NRDL) to improve their
accessibility and affordability for patients.'' In 2017, significant progress was made in China’s national health insurance
coverage (NHIC) reform, with drug price negotiations becoming a prerequisite for inclusion in the healthcare catalog.'?
By undertaking national price negotiations and incorporating drugs into the NRDL, provinces are mandated to update
their Provincial Reimbursement Drug Lists (PRDL) and include all NRDL drugs in the PRDL. Public sector hospitals
procure these drugs at the negotiated national prices as their maximum prices. The efficacy of centralized negotiations in
controlling drug prices has been evidenced in multiple countries. Some researchers postulate that China’s price negotia-
tion policy is anticipated to reduce the per-unit purchase cost and enhance utilization rates, consequently ameliorating the
accessibility and affordability of costly targeted anticancer drugs.'’> Nonetheless, concerns persist that national price
negotiations may not benefit most patients in need. Despite the considerable price reductions observed for these targeted
anticancer drugs, a large proportion of patients might still be unable to afford them.'*'> Most extant studies cannot
address these concerns, as there is a dearth of real-world research evidence to substantiate which populations and how
many patients benefit from this policy.

Accordingly, we carried out a retrospective, observational study utilizing real-world data to investigate the changes in
patient characteristics and the utilization of trastuzumab and rituximab before and after the implementation of the NHIC
policy. Furthermore, we analyzed the factors influencing the utilization of trastuzumab and rituximab, and explored
which populations and how many patients might potentially benefit from the NHIC policy.

Materials and Methods
Study Design and Data Sources

This study focused on trastuzumab and rituximab, where trastuzumab is recommended for the treatment of human
epidermal growth factor receptor 2 (HER2)-positive invasive breast cancer,'® and rituximab is recommended for the
treatment of CD20-positive non-Hodgkin B-cell lymphoma (NHL).” We collected data from the electronic medical
record (EMR) system of Jiangsu Cancer Hospital (the Affiliated Cancer Hospital of Nanjing Medical University) and
Fujian Cancer Hospital (Fujian Medical University Cancer Hospital). Jiangsu Cancer Hospital is a 1239-bed tertiary
cancer hospital, and Fujian Cancer Hospital is a 1600-bed tertiary cancer hospital. We analyzed patient characteristics
and changes in trastuzumab or rituximab use from September 2015 to August 2019, before and after September 1, 2017,
which was the time point for the National Health Insurance Coverage (NHIC) policy implementation in Jiangsu and
Fujian. Changes in trastuzumab and rituximab before and after the NHIC policy are shown in Table 1.

Patients

This study included adult patients diagnosed and treated with either HER2-positive breast cancer or CD20-positive NHL
at Jiangsu Cancer Hospital and Fujian Cancer Hospital between September 2015 and August 2019, following the national
diagnosis and treatment guidelines.'”'? To mitigate potential selection bias, patients who were diagnosed but not treated
at the study hospital, those with contraindications to the study medicines, or those with incomplete data, were excluded.
All eligible patients were included in the study, regardless of whether the drugs were administered as first-line therapy or
subsequent lines of treatment, and whether they were de novo patients or had already been treated prior to receiving
rituximab or trastuzumab. Patients were divided into the investigated drug treatment group and the non-investigated drug
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Table | The Differences of Trastuzumab and Rituximab Between the Pre- and Post-Implementation of NHIC Policy in Jiangsu and
Fujian Province

Drug Time Price Implementation Average Patient Covered PAP
(CNY) Time Proportion of
Reimbursement

Trastuzumab | Pre-policy | 21,999.42 / - - -
Post-policy 7600 September |, 2017 80% Patients with UEBMI 8 vials paid by the PAP after 6
and URRBMI vials paid by patient only for
minimum income patient
Rituximab Pre-policy 4346.25 / - - -
Post-policy 2802.47 | September I, 2017 80% Patients with UEBMI -

and URRBMI

Abbreviations: UEBMI, Urban Employee Basic Medical Insurance; BURMI, Basic Urban Residents Medical Insurance; URRBMI, Urban-rural Residents Basic Medical
Insurance; PAP, Pharmaceutical Assistance Program.

treatment group. Specifically, the HER2-positive breast cancer patients were divided into two groups: the trastuzumab
group and the non-trastuzumab group. The CD20-positive NHL patients were divided into two groups: the rituximab
group and the non-rituximab group.

Data Management and Variable Definition

The collected information from the EMR system includes: (i) demographic data. Gender; age; married or not; occupation
(government administrative staff, professionals, businessmen, peasants, retiree, unclear); patient address (urban or rural);
method of payment for treatment. In China, payment methods have been divided into 3 types: (1) uninsured or self-paid,
implying payment with personal funds. (2) Health insurance, which is divided into two types based on insurance
schemes: urban employees’ basic medical insurance (UEBMI) and urban-rural residents’ basic medical insurance
(URRBMI). (3) Other types of insurance, such as commercial medical insurance, public expenditure, and so on. (ii)
Clinical details. Date of diagnosis, pathological type, pathological stage, and receptor status.

Surveyed Medicines Usage Percentage
Trastuzumab and rituximab utilization percentages were calculated as the proportion of all eligible patients who use
trastuzumab or rituximab every month during the study period. The surveyed medicine utilization percentage was
analyzed using interrupted time series (ITS) regression analysis during 48 months.

The ITS model is a valuable research design for evaluating the efficacy of public health interventions and allows
a more detailed assessment of the longitudinal impact of an intervention (15). The NHIC policy was implemented on
September 1, 2017. Hence, there were 24 months before and after the NHIC policy. The formula of the ITS model was as
follows:

Y=py+5 T+p,D+p;P + ¢

The monthly utilization percentage at time point t is denoted by Yt. T is a time-dependent continuous variable (T=1,
2, 3,.... 48). D is the dummy variable for the two time periods before and after the NHIC policy (D = 0 indicates before
the NHIC policy and D = 1 represents after the NHIC policy). P is the time point after policy intervention (P = 0 indicates
before policy intervention and P = 1, 2, 3,.... 24 indicates after policy intervention). Py is the estimated value of the
baseline level of the result (which refers to the outcome when the time is 0), B; represents the slope of the baseline, 3,
represents the level of change following the intervention, and B3 represents the trend change of the outcome caused by the
policy intervention, ; + B3 represents the slope after the intervention, and ¢ is the error term. The Durbin-Watson test
was used in this study to evaluate if the time series had autocorrelation. In addition, the median time point of the
preintervention period (September 1, 2016) as a pseudo-start period replaced the true intervention start period to test the

robustness of the results.?*>!
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Statistical Analyses

Chi-square and logistic regression were used to investigate the differences between subgroups. The Student’s #-test or the
Mann—Whitney U-test was used to analyze continuous data, which were expressed as the mean standard deviation (SD).
Categorical variables were expressed in percentages and were analyzed by chi-square or Fisher’s exact test. The variables
impacting the utilization of trastuzumab and rituximab were identified using multivariable logistic regression analysis
with backward elimination, and the findings were reported as odds ratios (ORs) and 95% confidence intervals (95% CI).
The above analyses were performed using SPSS 23 (IBM Corp., Armonk, NY). P values less than 0.05 were considered
statistically significant for all two-tailed statistical tests. ITS regression analyses were conducted using STATA 17
(StataCorp LLC, College Station, TX).

Results

Patients

As presented in Table 2, a total of 1783 HER-2-positive breast cancer patients were included in this study, including 1112
cases in Fujian Cancer Hospital and 671 cases in Jiangsu Cancer Hospital. Trastuzumab was utilized by 486 of the 795
patients before the policy’s implementation and 742 of the 988 patients after. The use of trastuzumab increased from
61.13% before the implementation of the policy to 75.10% afterward, with a statistically significant increase (P = 0.001).
After implementing the NHIC policy, the utilization rate of trastuzumab in Fujian Cancer Hospital increased from
61.38% to 80.32% (P = 0.001), and the utilization rate of trastuzumab in Jiangsu Cancer Hospital increased from 60.73%
to 66.30% (P = 0.135).

Meanwhile, this study included 1445 patients, who were all diagnosed with CD20-positive NHL, and the baseline
information on these patients was provided in Table 3. Among them, rituximab was utilized by 379 of the 585 patients
before the policy implementation and by 644 of the 860 patients after. The average proportion of patients who started
rituximab therapy increased from 64.79% before the NHIC policy to 74.88% subsequently, and the increase was
statistically significant (P = 0.020). Following the implementation of the policy, the utilization rate of rituximab increased
from 76.85% to 83.53% in Fujian Cancer Hospital (P = 0.013) and increased from 49.81% to 62.29% in Jiangsu Cancer
Hospital (P = 0.002).

Univariate Analysis of the Factors Associated with the Use of Surveyed Medicine
According to univariate analysis, patients in the surveyed drug treatment group and the non-surveyed drug treatment
group had different demographic characteristics in the two hospitals. The results are displayed in Table 2 and Table 3.

In the study of trastuzumab, patients living in rural areas, clerks, patients with stage II cancer, and after the policy
implementation were more likely to choose trastuzumab for therapy in Fujian Cancer Hospital (P < 0.05). In Jiangsu
Cancer Hospital there were significant differences between urban and rural distribution, location of residence, medical
insurance, occupational type, and cancer stage (P <0.05). Combining data from two hospitals revealed that the proportion
of medical insurance patients, clerks, patients with stage II cancer and after the NHIC policy using trastuzumab increased
significantly (P < 0.05).

Furthermore, in the rituximab study, at Fujian Cancer Hospital, there were significant variations in the proportion of
patients using rituximab in the subgroups of gender, types of insurance scheme, and the implementation of the policy (P <
0.05). In Jiangsu Cancer Hospital, the distribution of patients using rituximab in subgroups such as urban and rural
distribution, location of residence, usage of medical insurance, occupational type, cancer stage, and the implementation of
the policy revealed statistical differences (P < 0.05). Combined with the statistics of the two hospitals, it was found that the
proportion of patients using rituximab increased in most subgroups, and the increase was significantly different, such as
local patients, medical insurance, UEBMI, clerk, advanced cancer, after the policy implemented, and so on (P < 0.05).

Multivariate Logistic Regression Analysis
Multivariable logistic regression analysis was performed to identify further the factors associated with trastuzumab or
rituximab. All the factors were included in the multivariable logistic regression analysis to compare the factors’ impact.

1742 "= Risk Management and Healthcare Policy 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

a0

91:£20T Ad1jod 2JedYy3ea pue juswaSeuey| sy

:sdyyy

€Ll

Table 2 Univariate Analysis of the Factors Associated with the Use of Trastuzumab

Patient Characteristics Fujian Jiangsu Total
Trastuzumab Non- Rate of P Trastuzumab Non- Rate of p® Trastuzumab Non- Rate of P
(N=800) Trastuzumab Trastuzumab (N=428) Trastuzumab trastuzumab (N=1228) Trastuzumab Trastuzumab
(N=312) (%) (N=243) (%) (N=555) (%)
Age <35 53 24 68.83 0.746 24 12 66.67 0.724 77 36 68.14 0.851
35~60 503 198 71.75 242 145 62.53 745 343 68.47
>60 244 90 73.05 162 86 65.32 406 176 69.76
Household Rural 413 135 7536 0.012 60 54 52.63 0.007 473 189 71.45 0.071
registration Urban 387 177 68.62 368 189 66.07 755 366 6735
Location of Local 332 147 69.31 0.188 202 83 70.88 0.004 534 230 69.90 0.151
residence Intra-provincial 451 157 74.18 156 114 57.78 607 271 69.13
Non-provincial 17 8 68.00 70 46 60.34 87 54 61.70
Medical Uninsured 400 143 73.66 0.212 197 165 54.42 0.001 597 308 65.97 0.007
insurance Insured 400 169 70.30 231 78 7476 631 247 71.87
status
Types of UEBMI 324 134 70.74 0.443 202 67 75.09 0.299 526 201 7235 0.268
insurance URRBMI 41 23 64.06 24 I 68.57 65 34 65.66
scheme
Others 35 12 74.47 5 0 100.00 40 12 76.92
Occupation Government 41 15 7321 0.001 25 7 78.13 0.011 66 22 75.00 0.001
administrative
staff
Professionals 17 4 80.95 19 9 67.86 36 13 73.47
Peasants 41 16 71.93 97 80 54.80 138 96 58.97
Businessmen 18 9 66.67 47 22 68.12 65 31 67.71
Clerk 272 46 85.53 46 16 74.19 318 62 83.68
Retiree 4 2 66.67 105 46 69.54 109 48 69.43
Others 407 220 64.91 89 63 58.55 496 283 63.67
Cancer stage | 114 21 84.44 0.001 159 121 56.79 0.015 273 142 65.78 0.001
Il 220 31 87.65 63 30 67.74 283 6l 82.27
1] 274 67 80.35 55 27 67.07 329 94 7778
v 192 193 49.87 151 65 69.91 343 258 57.07
The NHIC Before 302 190 61.38 0.001 184 119 60.73 0.135 486 309 61.13 0.001
policy After 498 122 80.32 244 124 66.30 742 246 75.10
Total 800 312 71.94 428 243 63.79 1228 555 68.87

Notes: P: Exploring the difference in distribution of patients by Chi-square text in Fujian Cancer Hospital, P’ Exploring the difference in distribution of patients by Chi-square text in the Affiliated Cancer Hospital of Nanjing Medical
University (Jiangsu Cancer Hospital), P: Exploring the difference of patients received trastuzumab therapy by Chi-square in the both hospitals.
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Table 3 Univariate Analysis of the Factors Associated with the Use of Rituximab

Patient Characteristics Fujian Jiangsu Total
Rituximab Non- Rate of P° Rituximab Non- Rate of pt Rituximab Non- Rate of P
(N=675) Rituximab Rituximab (N=348) Rituximab | Rituximab (N=1023 Rituximab Rituximab
(N=159) (%) (N=263 (%) (N=422) (%)
Age <35 56 12 82.35 0.941 32 18 64.00 0.37 88 30 74.58 0.391
35~60 346 83 80.65 170 122 58.22 516 205 71.57
>60 273 64 81.01 146 123 54.28 419 187 69.14
Gender Male 391 11 77.89 0.006 198 146 57.56 0.733 589 257 69.62 0.243
Female 284 48 85.54 150 117 56.18 434 165 72.45
Household Rural 383 97 79.79 0.328 76 78 49.35 0.028 459 175 72.40 0.236
registration Urban 292 62 82.49 272 185 59.52 564 247 69.54
Location of Local 246 59 80.66 0.959 142 70 66.98 0.001 388 129 75.05 0.002
residence Intra-provincial 418 97 81.17 152 150 50.33 570 247 69.77
Non-provincial I 3 78.57 54 43 55.67 65 46 58.56
Medical Uninsured 397 91 81.35 0.716 183 195 48.41 0.001 580 286 66.97 0.001
insurance Insured 278 68 80.35 165 68 70.82 443 136 76.51
status
Types of UEBMI 226 39 85.28 0.001 141 58 70.85 0.978 367 97 79.09 0.006
insurance URRBMI 49 29 62.82 21 9 70.00 70 38 64.81
scheme Others 3 100.00 3 | 75.00 6 | 85.71
Occupation Government 23 79.31 0.099 3 | 75.00 0.006 26 7 78.79 0.001
administrative
staff
Professionals 5 | 83.33 17 12 58.62 22 13 62.86
Peasants 36 10 78.26 102 117 46.58 138 127 52.08
Businessmen 39 12 76.47 41 28 59.42 80 40 66.67
Clerk 214 32 86.99 24 9 72.73 238 41 85.30
Retiree 7 0 100.00 57 40 58.76 64 40 61.54
Others 351 98 78.17 104 56 65.00 455 154 74.71
Cancer | 86 22 79.63 0.847 94 88 51.65 0.014 180 110 62.07 0.001
stage I 180 37 82.95 72 72 50.00 252 109 69.81
11l 129 32 80.12 98 58 62.82 227 90 71.61
v 280 68 80.46 84 45 65.12 364 113 7631
The NHIC Before 249 75 76.85 0.017 130 131 49.81 0.002 379 206 64.79 0.001
policy After 426 84 83.53 218 132 62.29 644 216 74.88
Total 675 159 80.84 348 263 56.96 1023 422 70.71

Notes: P: Exploring the difference in the distribution of patients by Chi-square text in Fujian Cancer Hospital, P’ Exploring the difference in the distribution of patients by Chi-square text in the Affiliated Cancer Hospital of Nanjing
Medical University (Jiangsu Cancer Hospital), P: Exploring the difference of patients received trastuzumab therapy by Chi-square in both hospitals.
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The details of the multivariable analysis are shown in Tables 4 and Table 7, and the multivariate logistic analysis of
Fujian Cancer Hospital is shown in Tables 5 and Table 8. The results of Jiangsu Cancer Hospital are shown in Table 6
and Table 9.

In the trastuzumab study, we observed that after the NHIC policy implementation, the patients were statistically
considerably more likely to obtain trastuzumab therapy than before (OR=0.610, 95% CI: 0.489-0.761, P = 0.001).

Patients with medical insurance were more likely to receive trastuzumab therapies than patients paying for their care

Table 4 Factors Related to the Use of Trastuzumab in the Multivariate Logistic Regression Model

Variables SE OR 95% CI P
Lower | Upper
Medical insurance status (Ref:Insured) Uninsured 0.11 0.804 0.648 0.998 0.048
Occupation (Ref:Others) Government administrative staff | 0.265 1.744 1.037 2.935 0.036
Professionals 0.342 1.325 0.678 2.587 0410
Peasants 0.162 0.922 0.671 1.266 0.614
Businessmen 0.243 1.016 0.63 1.637 0.949
clerk 0.167 23 1.659 3.188 0.001
Retiree 0.198 1.281 0.869 1.89 0.211
Cancer stage (Ref: IV) | 0.138 1.406 1.073 1.843 0.014
1l 0.167 3.137 2.26 4.354 0.001
11l 0.147 2.627 1.969 3.504 0.001
The NHIC policy (Ref:After) Before 0.113 0.610 0.489 0.761 0.001

Table 5 Factors Related to the Use of Trastuzumab in Fujian Cancer Hospital in the Multivariate Logistic Regression

Model
Variables SE OR 95% CI P
Lower | Upper
Household registration (Ref: Urban) Rural 0.152 1.365 1.013 1.84 0.041
Occupation (Ref:Others) Gvernment administrative staff 0.342 1.321 0.676 2.582 0.416
Professionals 0.59 1.481 0.466 4713 0.506
Peasants 0.332 1.306 0.682 2.501 0.421
Businessmen 0.467 0.906 0.363 2.264 0.833
clerk 0.218 2.03 1.325 3.1 0.001
Retiree 0.889 0.392 0.069 2.238 0.292
Cancer stage (Ref: IV) | 0.268 5.307 3.137 8.975 0.001
I 0.223 6.717 4.338 10.401 0.001
n 0.176 4.171 2.956 5.885 0.001
The NHIC policy (Ref:After) Before 0.169 0.559 0.402 0.779 0.001

Table 6 Factors Related to the Use of Trastuzumab in Jiangsu Cancer Hospital in the Multivariate Logistic
Regression Model

Variables SE OR 95% ClI P
Lower Upper
Household registration (Ref: Urban) Rural 0.218 0.647 0.422 0.993 0.046
Medical insurance status (Ref:Insured) | Uninsured 0.172 0.432 0.308 0.606 0.001
Cancer stage (Ref: IV) [ 0.197 0.559 0.38 0.822 0.003
I 0.273 0.856 0.501 1.462 0.569
1] 0.287 0.749 0.427 1.313 0.312
Risk Management and Healthcare Policy 2023:16 https: 1745
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Table 7 Factors Related to the Use of Rituximab in the Multivariate Logistic Regression Model
Variables SE OR 95% CI P
Lower Upper
Medical insurance status (Ref:Insured) Uninsured 0.13 0.713 0.552 0919 0.009
Occupation (Ref:Others) Government administrative staff 0.443 1.138 0.478 2712 0.770
Professionals 0.367 0.566 0.276 I.161 0.120
Peasants 0.161 0.401 0.293 0.551 0.001
Businessmen 0.218 0.663 0.432 1.017 0.060
clerk 0.203 1.712 1.15 2.55 0.008
Retiree 0.228 0.511 0.327 0.798 0.003
Cancer stage (Ref: IV) | 0.17 0.640 0.459 0.893 0.009
1l 0.165 0.902 0.653 1.246 0.531
1] 0.172 0.98 0.7 1.374 0.908
The NHIC policy (Ref:After) Before 0.127 0.721 0.562 0.926 0.010

Table 8 Factors Related to the Use of Rituximab in Fujian Cancer Hospital in the Multivariate Logistic

Regression Model

Variables SE OR 95% ClI P
Lower Upper

Gender (Ref: Male) Female 0.19 1.668 1.149 2.422 0.007

The NHIC policy (Ref:After) Before 0.179 0.652 0.459 0.926 0.017

Table 9 Factors Related to the Use of Rituximab in Jiangsu Cancer Hospital in the Multivariate Logistic

Regression Model

Variables SE OR 95% CI P
Lower Upper
Medical insurance status (Ref:Insured) | Uninsured 0.179 0.397 0.28 0.564 0.001
Cancer stage (Ref: IV) | 0.243 0.619 0.385 0.997 0.048
Il 0.255 0.584 0.354 0.963 0.035
11l 0.254 0.971 0.59 1.597 0.907

(OR=0.804, 95% CI: 0.648 to 0.998, P = 0.048). In addition, patients with non-distant metastatic cancer were more likely
to receive trastuzumab than those with distant metastatic cancer (stage IV) (stage I: OR=1.406, 95% CI: 1.073-1.843, P =
0.014; stage 1I: OR=3.137, 95% CI: 2.26-4.354, P = 0.001; stage III: OR=2.627, 95% CI: 1.969-3.504, P = 0.001). In
addition, government administrative staff (OR=1.744, 95% CI: 1.037-2.935, P = 0.036) and clerks (OR=2.3, 95% CI:
1.659-3.188, P = 0.001) were much more likely to receive trastuzumab than patients with other occupational types.

In the rituximab study, the probability of using rituximab after the policy implementation was more than before
(OR=0.721, 95% CI: 0.562-0.926, P = 0.010), and the probability of using rituximab in patients with stage IV tumor was
greater than in patients with stage I (OR=0.640, 95% CI: 0.459-0.893, P = 0.009). The patients with medical insurance
were more likely to use rituximab than self-pay patients (OR=0.713, 95% CI: 0.552-0.919, P = 0.009). Peasants
(OR=0.401, 95% CI: 0.293-0.551, P = 0.001) and Retiree (OR=0.511, 95% CI: 0.327-0.798, P = 0.003) were less
likely to use rituximab than other occupational types, and clerk (OR=1.712, 95% CI: 1.15-2.55, P = 0.008) were more
likely to use rituximab than patients with other occupational types.
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The Impact of NHIC Policy on the Use of Trastuzumab and Rituximab

Table 10 and Figure 1 illustrate scatter plots of trastuzumab and rituximab monthly usage and trends from
September 2015 to August 2019. September 2017 was regarded as the time point of the implementation of NHIC
policy, which divided the time series into two sections, ie, before and after the national insurance coverage inclusion of
trastuzumab and rituximab. According to the results of the segmented linear regression model, we plotted the two lines
before and after September 2017. From September 2015 to August 2017, the average monthly usage rate of trastuzumab
and rituximab increased by 0.102% (P = 0.289) and 0.331% (P < 0.001), respectively. Following the implementation of
the NHIC policy in September 2017, both trastuzumab and rituximab experienced a sudden surge in monthly usage rate,
with increases of 5.797% (P = 0.003) and 6.328% (P < 0.001), respectively. Between September 2017 and August 2019,
the growth in monthly usage rate of trastuzumab and rituximab accelerated compared to the period before NHIC policy
implementation, with average monthly increases of 0.842% (P < 0.001) and 0.850% (P = 0.090), respectively.
Specifically, at Fujian Cancer Hospital, the average monthly usage rate of trastuzumab and rituximab increased by
0.235% (P = 0.614) and 0.148% (P = 0.051) per month, respectively, between September 2015 and August 2017. After
September 2017, trastuzumab and rituximab experienced a sudden surge in monthly usage rate, with increases of 3.207%
(P = 0.004) and 6.058% (P = 0.001), respectively. Between September 2017 and August 2019, the growth in monthly
usage rate of trastuzumab and rituximab accelerated compared to the period prior to the NHIC policy implementation,
yielding average monthly increases of 0.849% (P = 0.002) and 0.556% (P = 0.156), respectively. At Jiangsu Cancer
Hospital, the average monthly usage rate of trastuzumab decreased by 0.113% (P = 0.004) between September 2015 and
August 2017, while that of rituximab increased by 0.161% (P = 0.002) per month. After September 2017, both
trastuzumab and rituximab experienced a sudden surge in their monthly usage rate, with increases of 9.599% (P <
0.001) and 7.073% (P = 0.006), respectively. From September 2017 to August 2019, the growth in monthly usage rate of
trastuzumab and rituximab accelerated relative to the period before the NHIC policy implementation, registering average
monthly increases of 0.268% (P = 0.021) and 0.956% (P = 0.007), respectively. In addition, we used the median time
point of the preintervention period (September 1, 2016) as a pseudo-start period to test the robustness of the results. The
results showed that after applying the pseudo-start period (September 1, 2016) for ITS regression analysis, the
instantaneous and long-term effects of policy implementation disappeared, indicating the stability of the true intervention
start period (Table 11).

Discussion

The implementation of the NHIC policy has enhanced the accessibility of trastuzumab and rituximab for patients with
cancer in China. After the policy’s implementation, the utilization rate of trastuzumab increased from 61.13% to 75.10%,
while the utilization rate of rituximab rose from 64.79% to 74.88%. These findings suggest that a larger number of
patients are benefitting from the NHIC policy and can afford these targeted therapies. The multivariate logistic regression
analysis further supports this perspective. In the ITS model, comparable observations were made, with the average
monthly utilization rates of trastuzumab and rituximab increasing by 20.06% and 24.14%, respectively, in comparison to
the period before the policy’s implementation. The introduction of policies typically enhances patients’ access to
medications in the short term.'*% In 2013, the local Jiangsu government established a negotiation mechanism to address

Table 10 The Interrupted Time-Series (ITS) Regression Analysis of Monthly Trastuzumab and Rituximab Usage Proportions

Drug Bo (P) B (P) B2 (P) Bs (P) D-w
Trastuzumab Total 0.5704626 (0.000) 0.0013326 (0.289) 0.0746054 (0.003) 0.0076214 (0.000) 2.00
Trastuzumab Fujian Cancer Hospital 0.5851882 (0.000) 0.0008845 (0.614) 0.0980131 (0.004) 0.0077803 (0.002) 1.99
Trastuzumab Jiangsu Cancer Hospital 0.5504601 (0.000) 0.0018528 (0.004) 0.0565203 (0.000) 0.002028 (0.021) 1.99
Rituximab Total 0.4605914 (0.000) 0.0049272 (0.000) 0.100441 (0.000) 0.0019633 (0.000) 1.84
Rituximab Fujian Cancer Hospital 0.6303721 (0.000) 0.0024882 (0.051) 0.0772224 (0.001) 0.0024525 (0.156) 1.96
Rituximab Jiangsu Cancer Hospital 0.4188893 (0.000) 0.003704 (0.002) 0.0605665 (0.006) 0.0043751 (0.007) 1.89

Note: Bold means statistically significant (P < 0.05).
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patients’ financial burden by selecting clinically essential but expensive medications as special drugs within the medical

insurance reimbursement scope for the treatment of major (rare) diseases. The costs of these medications were shared

among medical insurance beneficiaries. Trastuzumab was among the first special drugs to be incorporated into the

medical insurance reimbursement scheme, leading to an increase in its utilization rate from 16.21% prior to the special

drug policy implementation to 44.59% thereafter.”* Notably, the current NHIC policy has not only improved the short-

term utilization rates of trastuzumab and rituximab but also demonstrated potential long-term benefits for patients, as

indicated by the long-term trend simulation in the ITS model. This outcome aligns with a previous study conducted at

a provincial medical center in Fujian Province, where the utilization rate of trastuzumab escalated from 37.4% before the

NHIC policy implementation to 69.2% afterward.”* This evidence further underscores that the NHIC policy has

increased the accessibility of innovative targeted anticancer drugs and exerted a positive influence on patients utilizing

these novel targeted therapies.

The patients’ medical insurance status could pose significant impacts on the utilization of innovative anti-cancer

drugs. In China, the UEBMI and URBMI scheme have comprehensive healthcare service coverage and financial

protection. It means that cancer patients who use innovative anti-cancer drugs under the UEBMI and URBMI can get

adequate reimbursement. However, uninsured cancer patients had to pay out-of-pocket for expensive anti-cancer drugs.

Lack of adequate financial protection leads to the underuse of trastuzumab and rituximab for self-paying patients.

Table Il The ITS Regression Analysis of Monthly Usage Ratio of Trastuzumab and Rituximab Using Pseudo-Start Period

Drug

Bo (P)

B (P)

B2 (P)

Bs (P)

D-W

Trastuzumab Total

Rituximab Total

Trastuzumab Fujian Cancer Hospital
Trastuzumab Jiangsu Cancer Hospital

Rituximab Fujian Cancer Hospital

Rituximab Jiangsu Cancer Hospital

05718968 (0.000)
0.5945027 (0.000)
05518075 (0.000)
0.4593205 (0.000)
0.630058 (0.000)

0.4026948 (0.000)

0.0001256 (0.975)
~0.0016788 (0.761)
0.0008126 (0.693)
0.0034779 (0.422)
0.0030978 (0.501)
0.0051526 (0.143)

0.0046649 (0.469)
0.0088341 (0.347)
0.0056832 (0.114)
0.0097749 (0.167)
~0.0814307 (0.072)
~0.0001228 (0.983)

0.0000956 (0.223)
0.0000566 (0.594)
0.0056832 (0.114)
~0.0000734 (0.333)
0.0043806 (0.352)
0.0000787 (0.245)

1.91
1.92
1.88
1.81
1.97
1.83

Note: Bold means statistically significant (P < 0.05).
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Medical insurance coverage has consistently played a crucial role in enhancing the accessibility of expensive cancer
treatments, as extensively investigated by numerous scholars.?> 2’ Doctors typically recommend the use of trastuzumab
for HER2+ breast cancer beyond stage IA, while the recommendation for rituximab spans across all stages. Therefore,
theoretically, the frequency of trastuzumab use is higher in stages 2, 3, and 4 compared to stage 1, while rituximab use is
similar across all stages. However, the high cost of medication needs to be taken into consideration, as many patients may
not be able to afford the treatment and choose not to follow the doctor’s recommendations. Similarly, this study
demonstrates the essential role of medical insurance in the utilization of trastuzumab and rituximab. The results of
multivariate logistic regression analysis reveal that the likelihood of out-of-pocket patients using trastuzumab and
rituximab is 0.804 and 0.713, respectively, in comparison to patients with medical insurance. Thus, it can be inferred
that patients with medical insurance are more inclined to receive these treatments than out-of-pocket patients. The
broadening of medical insurance coverage has been empirically demonstrated as a vital element in enhancing the
accessibility of targeted therapeutics, such as trastuzumab and rituximab. More comprehensive coverage not only
facilitates access but also eases financial burdens, potentially amplifying the utilization of these drugs. Physicians,
assured that expenses are likely to be covered by insurance, may be more inclined to recommend these therapeutic
regimens. Such policies do more than merely escalate drug availability; they may positively impact patient survival rates
and overall quality of life. Although the NHIC policy manifests similarities in its approach to reducing costs and
augmenting availability of anti-cancer drugs, our research delineates unique benefits attributed to the NHIC policy for
patients. The NHIC policy diverges from previous strategies that solely aimed to promote drug accessibility through
medical insurance. The NHIC policy not only benefits insured patients but also directly reduces the prices of these
innovative targeted anticancer drugs. This approach allows all patients to access these medications at more affordable
prices. As a result, out-of-pocket patients can obtain clinically effective treatments at costs approximately equivalent to
those incurred by patients with medical insurance. Currently, medical insurance reimbursement policies in various
regions of China are not without flaws. Patients with severe diseases, such as cancer, are more inclined to seek treatment
in tertiary hospitals.”®** However, a considerable number of patients from other provinces are unable to utilize their
medical insurance for reimbursement at out-of-town facilities.”® These patients may benefit significantly from the
implementation of the National Health Insurance Coverage (NHIC) policy. Additionally, in this study, many patients
in the target population for trastuzumab and rituximab treatments are from regions outside Jiangsu and Fujian provinces.
These out-of-town patients are likely to return to their medical insurance locations to purchase trastuzumab and rituximab
after receiving initial treatment at the hospital.>' Consequently, the actual utilization rate of trastuzumab and rituximab
may be higher than the results reported in this study.

The implementation of the NHIC policy or expansion of medical insurance coverage could potentially lead to an
increase in the use of high-cost treatments such as trastuzumab and rituximab. However, clinical misuse may follow,
possibly driving an overall rise in healthcare spending and placing strains on both the supply chain and existing medical
infrastructure. Therefore, safeguarding the sensible and sustainable use of medical resources is essential. Moreover, it
should be understood that neither the NHIC policy nor expanded medical insurance coverage can indefinitely reduce the
costs associated with trastuzumab and rituximab. In China’s diverse landscape, policy impacts may vary across different
regions and income levels. Even with increased coverage, there may remain areas where policy implementation is less
effective, leaving some population segments with reduced benefits from these measures. Drug usage disparities between
patients in various demographic subgroups are minimized. In univariate analysis, we discovered that in the trastuzumab
and rituximab studies, the proportion of patients in various demographic groupings grew, and the differences were
reduced. In China, urban-rural inequality in life expectancy, maternal mortality, infant mortality, and health resources has
aroused attention among policymakers in recent years. Interestingly, results from our study showed that there were no
significant differences in accessing trastuzumab and rituximab between patients living in urban areas and patients living
in rural areas. The most likely reason is that Jiangsu and Fujian are located in the eastern coastal economic-developed
region, which reduced the effects of urban-rural differences. However, we argue that the specific challenges faced by
rural populations in accessing trastuzumab and rituximab. For instance, inadequate supply of health service resources and
inconvenient transportation in rural areas could lead to urban-rural inequality in the utilization of innovative anti-cancer
drug therapy. It implies that transportation infrastructure and medical service capacity play critical roles in accessing
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trastuzumab and rituximab for patients living in remote rural districts. Currently, the key strategies to bridge this divide
and ensure equitable access across urban and rural geographical areas are to promote the equality of health services
utilization among the rural population. The policy recommendation would be that the government should facilitate the
two-way referral system between urban tertiary hospitals and remote rural community hospitals to reduce the urban-rural
gap in health service utilization. The utilization rate of trastuzumab in rural regions was higher than it was in urban
regions but not statistically significant. In multivariate analysis, the utilization rate of trastuzumab and rituximab among
rural and urban regions also showed that it was not statistically significant. Therefore, it was estimated that these
surveyed drugs’ inclusion in NHIC policy could promote medical equity for regions.***

In this study, there were significant impacts of socioeconomic status on the selection of trastuzumab and rituximab in
cancer patients. This implies that income level, medical insurance, occupation, and repayment abilities play an important
role in the selection of innovative anti-cancer drug therapy for cancer patients. For instance, the cancer patients’
occupation type not only links to income levels but also poses an impact on employment status. If the patients’ jobs
involved heavy physical effort, they had to change their jobs when they are diagnosed with cancer. Some pieces of
evidence demonstrated that manual labor was negatively correlated with a return to work.>* The Chinese peasants still
have to deal with heavy manual labor and are more likely to lose their jobs due to serious diseases. As opposed to this,
the government administrative staff have mental labor and can take sick leave during treatment. Unemployment means
a dramatic change in economic position, which may result in lower acceptability of innovative anti-cancer drugs in
cancer patients. However, among the occupations, the univariate and multivariate analysis also indicated that peasants
had fewer benefits from the policy than other occupations. The utilization rate of peasants was the last rank in the study,
only 0.922 times that of other occupations in the trastuzumab study and 0.401 in the rituximab study, respectively. This
might be because peasants have lower incomes and the capacity to pay, making them less willing to receive trastuzumab
or rituximab.*” Even though trastuzumab and rituximab are already covered by health insurance, the illness burden
remains high. In China, different occupations represent different social classes and income levels. Inequality of income in
different social classes has gradually become a major concern in China. Recently, a previous study showed that
businessmen have been regarded as one of the richest social classes in China.*® Moreover, it was demonstrated that
the highest-income populations in China were government administrative staff, whereas the lowest incomes were earned
by peasants.** Therefore, huge differences in the occupations of Chinese cancer patients may lead to inequality in
individual earnings and household incomes. The major cause of inequality is the patients’ different salaries and work
stability.** Due to low-income levels or poverty, the possibility of obtaining innovative anti-cancer drug therapy
decreased significantly, especially when it was high-priced and paid for privately. In certain parts of China, a huge
number of low-income peasants exist. Patients do not have financial capacity to afford trastuzumab or rituximab therapy.
Although the implementation of NHIC, financial burden is still a source of strain for rural patients during cancer
therapy.*' The government should increase its efforts to lower the illness burden among rural patients.** Given the
economic disparities between cancer patients with different socioeconomic statuses, it is crucial to improve the multi-
level medical insurance coverage for economically disadvantaged patients. The multi-level medical security systems
include but are not limited to, basic medical insurance, medical assistance, serious illness insurance, and commercial
insurance jointly established by the government, enterprises, the market, and individuals.

Our study has several strengths, including examining the impact of China’s NHIC policy on targeted cancer therapies’
utilization, specifically trastuzumab and rituximab. Results show a statistically significant increase in usage after policy
implementation, with the NHIC policy being a key determinant. However, factors like patients’ income levels, repayment
abilities, medical insurance status, occupations, and cancer disease stages still affect utilization. Limitations include being
a two-center study, potentially causing selection bias and limited representativeness. Data sources may be influenced since
the study was conducted in urban medical centers. Some patients had insufficient illness information and lacked economic
indicators, possibly affecting the utilization of new anti-cancer medications. The research may not accurately represent the
benefits of national policy implementation due to regional economic differences. Further investigation into the effects of
expanding medical insurance coverage on the utilization of trastuzumab and rituximab remains an area for future in-depth
research. Our study provides an initial understanding of the potential long-term benefits of the NHIC policy in enabling
access to trastuzumab and rituximab in China over a 4-year period. However, we cannot yet confirm whether the initial
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growth in utilization rates is sustainable over time or if the policy leads to a lasting impact on patient access to these targeted
therapies. Further comprehensive investigations, enhanced data collection, and careful analyses will be necessary to elucidate
these aspects. The retrospective study design without a simultaneous control group makes it difficult to attribute results solely
to the NHIC policy, necessitating further research with larger sample sizes and more rigorous designs.

Conclusion

This study compared the utilization of trastuzumab in patients with HER2-positive breast cancer and rituximab in
patients with NHL. According to the findings, the NHIC policy positively impacted the utilization of trastuzumab and
rituximab. Following the NHIC policy, medical insurance status, occupations, and cancer disease stage affected
trastuzumab and rituximab use, indicating that the patient’s income level and repayment ability remain to influence the
novel anti-cancer drug usage. As a result, appropriate measures, such as reducing the occupations of urban-rural divide
and broadening medical insurance coverage, would allow more individuals to access novel anti-cancer medicines.
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