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Background: Cancer as a global public health problem, imposes a heavy disease 
burden. With the rapid development of oral anti-neoplastic drugs, there has been a 
paradigm shift in the treatment of cancer from intravenous to oral administration.

Objective: This study was conducted to investigate the trends and prescribing 
patterns of oral anti-neoplastic drugs in an academic tertiary hospital in China.

Methods: A single-center and retrospective analysis was performed based on the 
prescriptions of outpatients treated with oral anti-neoplastic drugs from 2017 to 
2022. Yearly prescriptions and expenditure were calculated according to their 
pharmacological classes, and trends were further analyzed. Defined daily doses 
(DDDs) and defined daily cost (DDC) of oral targeted anti-neoplastic drugs were 
also determined.

Results: Both the number of prescriptions and expenditure of oral anti-neoplastic 
drugs increased progressively. There was a significant upward trend in the number 
and proportion of prescriptions for the older adult group, male group, and patients 
with gynecologic/genitourinary and respiratory cancer. Hormonal therapy agents 
accounted for the highest proportion of prescriptions, and letrozole was initially 
the most frequently prescribed drug. The number of DDDs of total oral targeted 
anti-neoplastic drugs showed a continuously ascending trend, primarily driven by 
the usage of epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors 
(TKIs) and BCR-ABL TKIs.

Conclusion: The prescriptions and expenditure of oral anti-neoplastic drugs, 
and the number of DDDs of oral targeted anti-neoplastic drugs all showed a 
progressively ascending trend. Further studies are needed to evaluate the long-
term health and financial outcomes, and the factors influencing these prescribing 
patterns.
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1 Introduction

Cancer is a substantial and global public health problem and is the second leading cause of 
death in the United States, contributing to a heavy burden of disease (1). Traditionally, the 
pharmacological therapy of cancer has predominantly been administered by intravenous route. 
However, oral anti-neoplastic drugs have experienced the highest rate of increase among all 

OPEN ACCESS

EDITED BY

Thomas T. H. Wan,  
University of Central Florida, United States

REVIEWED BY

Mehmet Yesilbas,  
Best Edit & Proof, United States  
M. Ishaq Geer,  
University of Kashmir, India

*CORRESPONDENCE

Ning Zhang  
 17709870077@163.com

RECEIVED 14 September 2023
ACCEPTED 07 November 2023
PUBLISHED 23 November 2023

CITATION

Lv X, Ren W, Ran S, Zhao Y, Zhang J, 
Chen J and Zhang N (2023) Trends and 
prescribing patterns of oral anti-neoplastic 
drugs: a retrospective longitudinal study.
Front. Public Health 11:1294126.
doi: 10.3389/fpubh.2023.1294126

COPYRIGHT

© 2023 Lv, Ren, Ran, Zhao, Zhang, Chen and 
Zhang. This is an open-access article 
distributed under the terms of the Creative 
Commons Attribution License (CC BY). The 
use, distribution or reproduction in other 
forums is permitted, provided the original 
author(s) and the copyright owner(s) are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not 
comply with these terms.

TYPE Original Research
PUBLISHED 23 November 2023
DOI 10.3389/fpubh.2023.1294126

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2023.1294126%EF%BB%BF&domain=pdf&date_stamp=2023-11-23
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1294126/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1294126/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1294126/full
https://orcid.org/0000-0002-6130-9904
https://orcid.org/0000-0002-8376-1037
mailto:17709870077@163.com
https://doi.org/10.3389/fpubh.2023.1294126
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2023.1294126


Lv et al. 10.3389/fpubh.2023.1294126

Frontiers in Public Health 02 frontiersin.org

anticancer medications over the past 13 years (2). Due to the rapid 
growth in the use of oral anti-neoplastic drugs, there has been a 
paradigm shift in the treatment of cancer, moving from intravenous 
to oral administration.

Compared with parenteral therapy, oral anti-neoplastic drugs 
offer several advantages, such as improved flexibility, better quality of 
life, and the absence of complications induced by invasive 
administration (3). However, this breakthrough treatment shifts the 
responsibility of appropriate administration and monitoring from 
healthcare professionals to the patients (4). Although oral anti-
neoplastic drugs are preferred by patients, they have created new 
challenges regarding the effectiveness and safety, including reduced 
healthcare visits, patient medication adherence, regular monitoring 
and management of adverse events, and the risk of drug–drug 
interactions with other medicines and foods (5–8). Furthermore, 
many oral anti-neoplastic drugs, especially the targeted therapy 
agents, are costly and impose an increased financial burden (9). The 
Chinese government has implemented policies to cope with increasing 
prices and improve accessibility (10, 11).

Given the shift of cancer treatment paradigm and the increasing 
clinical importance, the patterns and trends of oral anti-neoplastic 
drugs have been studied in some countries over the past decade, 
mainly in France and Manitoba (9, 12). However, limited studies 
regarding this issue have been conducted in China, specifically 
focusing on certain classes of anti-tumor drugs, such as EGFR-TKIs 
and human epidermal growth factor receptor 2 inhibitors (11, 13). 
Therefore, the present study aims to investigate the prescribing 
patterns and trends of oral anti-neoplastic drugs at our institution in 
China from 2017 to 2022, and analyze the DDDs and DDC values of 
oral targeted anti-neoplastic agents during this time period.

2 Materials and methods

2.1 Study design

This was a retrospective and observational study that reviewed the 
outpatient prescriptions of Jinshan Hospital, Fudan University in 
China from January 1, 2017 to December 31, 2022. It is an academic 
tertiary hospital with 1,000 regular hospital beds. Ethical approval was 
obtained from the Ethical Committee of Jinshan Hospital, Fudan 
University (JIEC 2023-S77). The study was designed as a retrospective 
research and the data was extracted from prescription records, so 
informed consent was waived. Due to the single-center study design, 
the study population may not be  representative of the general 
population, leading to biased results.

2.2 Data source and study population

All prescriptions for oral anti-neoplastic drugs for outpatients 
diagnosed with cancer were identified and obtained from the hospital 
information system between 2017 and 2022. Patients treated with oral 
anti-neoplastic drugs for non-oncologic indications and prescriptions 
with incomplete information were excluded from the analysis. The 
following prescription information was collected: prescription code, 
prescription date, clinical department, sex and age of the patient, 

diagnosis, drug generic name, route of administration, usage, single 
dosage, unit price, total amount and expenditure of the 
prescribed drug.

In accordance with the National Comprehensive Cancer Network 
(NCCN) guidelines, the classes of oral anti-neoplastic drugs were 
further classified into three categories as follows: (1) chemotherapy 
agents (capecitabine, hydroxycarbamide, tegafur gimeracil and 
oteracil porassium, chlorambucil, methotrexate, doxifluridine), (2) 
targeted therapy agents (gefitinib, erlotinib, osimertinib, almonertinib, 
imatinib, dasatinib, flumatinib, apatinib, anlotinib, olaparib, 
pyrotinib), (3) endocrine therapy agents (abiraterone, bicalutamide, 
flutamide, letrozole, tamoxifen).

2.3 Assessment of drug use

The primary units of analysis were the prescriptions and 
expenditure of oral anti-neoplastic drugs. The total number of yearly 
prescriptions containing oral anti-neoplastic drugs were counted 
and the percentage of prescriptions was calculated. The total and 
yearly costs were calculated by aggregating the costs of all the 
prescriptions in Chinese Yuan (CNY). The overall trends were 
illustrated by the annual number of prescriptions and annual 
expenditure. For further analyses, the trends were stratified by age 
group, sex, cancer type, drug classification and specific drug. Age 
groups were classified as young (0–39 years), middle-aged 
(40–64 years), and older groups (≥65 years).

The defined daily dose (DDD) is a statistical unit used for 
calculating and comparing medicine consumption. As there is no 
standard DDD for anti-neoplastic drugs, the DDD was obtained 
based on the daily dose and indications from the instructions and 
authoritative specification databases as well as literatures (13, 14). 
The defined daily doses (DDDs) were calculated as the ratio of the 
total dose of a specific drug used in grams to the corresponding 
DDD value. Higher DDDs values indicate a higher frequency of 
prescribing the medicine (15). The defined daily cost (DDC), as a 
standardized measure of the cost of per DDD medicine, was 
measured at the prescription level and recorded in Yuan. DDC was 
calculated with the following formula: DDC = expenditure/(number 
of DDDs) (16).

2.4 Statistical analysis

Data were processed via Microsoft Access software. Descriptive 
statistics were applied to characterize baseline patient demographics, 
cancer type, and the consumption of oral anti-neoplastic drugs. 
Continuous variables were presented by mean values and standard 
deviation. The frequencies and percentages per category were used 
to describe the categorical variables. The trends in yearly number 
and expenditure of prescriptions were analyzed by the Mann–
Kendall trend test, and the trends in proportions were assessed by 
the log-linear test. All statistical analyses were conducted in R 
(4.1.0) software. Statistical significance was set at p < 0.05. Sankey 
diagrams of EGFR-TKIs in 2022 were plotted with the R package 
alluvial. The other figures were made using Prism 5.0 
(GraphPad Software).
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3 Results

3.1 Overall trends in oral anti-neoplastic 
medication use and patient characteristics

Over the study period from 2017 to 2022, a total of 23,953 
outpatient prescriptions meeting the inclusion criteria were included 
in the study. As shown in Figure 1A, the number of oral anti-neoplastic 
prescriptions increased progressively from 3,204 in 2017 to 5,322 in 
2022, reflecting a 66.1% increase over the study period. The 
corresponding expenditure also continuously increased from 
2,789,895 Chinese Yuan (CNY) in 2017 to 8,087,095 CNY in 2022 
(Figure  1B). As Table  1 indicates, the average expenditure per 
prescription showed a significant increasing trend during the study 
period (p = 0.024).

The characteristics of patients with oral anti-neoplastic 
prescriptions are presented in Table  1. The average age of the 
population showed continuous growth from 63.5 years in 2017 to 
67.1 years in 2021, but slightly decreased to 66.8 years in 2022. The 
number of prescriptions was concentrated in middle-aged patients 
aged 40–64 years and older adult patients aged ≥65 years. In the 
middle-aged group, the number of prescriptions remained stable 
(p = 0.707) and the proportion continuously decreased over the 6-year 
period (p = 0.002). However, both the number and percentage of 
prescriptions for the older adult group patients increased progressively 
(all p < 0.01). There was a significantly upward trend in the number 
and proportion of prescriptions for male (all p < 0.01). Conversely, the 
female patients showed a reduction in the proportion of prescriptions 
(p = 0.001), while exhibiting no clear trend in the number (p = 0.26).

With respect to cancer type, patients receiving oral anti-neoplastic 
drugs were frequently diagnosed with digestive tract, respiratory, 

breast, gynecologic/genitourinary and hematology cancer. Both the 
number and proportion of prescriptions increased significantly in 
gynecologic/genitourinary and respiratory cancer (all p < 0.05), 
whereas the proportion decreased in breast cancer over the study 
period (p < 0.01).

3.2 Trends in prescriptions stratified by 
drug class and individual drug

A total of 22 oral anti-neoplastic drugs in three drug categories 
were involved in the study. In terms of medication category, hormonal 
therapy agents accounted for the highest proportion of the total 
prescriptions, ranging from 39.48 to 58.49% (Figure 1C; Table 2). As 
shown in Figures 1C and D, the number of hormonal and cytotoxic 
agent prescriptions remained stable during the study period, and the 
percentage of expenditure exhibited downwards trends in both drug 
classes. However, the rapid growth was observed for targeted agent 
class, where the number of oral drugs available increased from three 
to eleven. The use of targeted agents increased rapidly from 271 
prescriptions in 2017 to 1905 prescriptions in 2022, and the 
corresponding cost significantly increased from 13.12 to 77.51% (all 
p < 0.05).

The annual number of prescriptions and expenditure for oral 
anti-neoplastic agents by category and individual drug are presented 
in Tables 2, 3. Letrozole was the most frequently prescribed drug at 
the beginning of the study. However, proportion of prescriptions 
containing letrozole gradually declined from 34.43% in 2017 to 
16.69% in 2022 (p = 0.001), and the corresponding expenditure 
decreased from 15.43 to 1.56% (all p < 0.05). In contrast, the 
percentage of prescriptions for EGFR-TKIs increased dramatically 

FIGURE 1

Trends of outpatients with treatment of oral anti-neoplastic agents from 2017 to 2022. (A) Trends of yearly total prescriptions. (B) Trends of yearly total 
expenditure. (C) Yearly prescriptions of different classes. (D) The percentage of yearly cost of specific drug classes.
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from 0.24% in 2018 to 17.44% in 2022 (p = 0.014), and the 
corresponding cost also substantially rose from 2.45 to 43.73% 
(p = 0.012). Consequently, by the end of the study, EGFR-TKIs had 
become the most commonly prescribed drugs, with the 
highest expenditure.

3.3 DDDs and DDC values of oral targeted 
anti-neoplastic agents

The number of DDDs of all oral targeted anti-neoplastic drugs 
exhibited a continuously ascending trend over the study period 
(Figure 2A). The average DDC of all targeted drugs changed slightly 
from 2017 to 2019 and from 2020 to 2022, but increased significantly 
from 2019 to 2020 due to the availability of olaparib and pyrotinib 
(Figure 2B).

As shown in Figure 2C, EGFR-TKIs and BCR-ABL TKIs were the 
most widely applied drugs, accounting for the majority of the total 
DDDs of targeted drugs from 2019 to 2022. The DDDs value of EGFR-
TKIs increased dramatically from 2018 to 2022, and the DDDs value 
of BCR-ABL TKIs increased gradually since 2017. At the end of study, 
the number of DDDs of EGFR-TKIs was far more than that of other 
targeted drugs. However, the average DDC values of EGFR-TKIs and 
BCR-ABL TKIs were both at relatively low levels, and decreased year 
by year from 2017 to 2021 and 2017 to 2022, respectively. In addition, 
the DDC of the other targeted drugs all showed a descending trend 
(Figure 2D).

3.4 The consumption and distribution of 
EGFR-TKIs

The distribution of DDDs and DDC values of drugs belonging to 
EGFR-TKIs in each year is shown in Figure 3, including gefitinib, 
erlotinib, osimertinib, and almonertinib. The number of DDDs of all 
four drugs increased dramatically, while the DDC of gefitinib and 
osimertinib decreased substantially in 2019 and 2021, respectively. The 
DDC of erlotinib and almonertinib remained relatively unchanged in 
2021 and 2022. The Sankey diagram illustrated the relationship 
between age group, sex and the distribution of EGFR-TKIs in 2022 
through lines, signifying the quantities via the line width (Figure 4).

4 Discussion

Oral anti-neoplastic therapy has emerged as a novel paradigm of 
anti-tumor treatment in recent years. The present study described the 
real-world patterns and trends regarding the use of oral anti-neoplastic 
drugs in a tertiary hospital in China over a 6-year period. Both the 
yearly prescriptions and corresponding expenditures of oral anti-
neoplastic drugs increased progressively throughout the study period, 
particularly for oral targeted anticancer drugs. The DDDs of overall 
oral targeted anti-neoplastic drugs showed a continuously ascending 
trend over the study period, with EGFR-TKIs and BCR-ABL TKIs 
accounting for the largest proportion. In line with previous research 
conducted in other countries, this study found a significant increase 

TABLE 1 Demographic and clinical characteristics of cancer patients treated with oral anti-neoplastic drugs between 2017 and 2022.

Variables Number of patients (%) P1 P2

2017 2018 2019 2020 2021 2022 Total

Age, years, 

mean ± SD

63.51 ± 12.75 63.66 ± 12.96 65.96 ± 12.85 66.40 ± 12.97 67.10 ± 12.49 66.81 ± 12.89

Age group, n (%)

Young (0–39) 95 (2.97) 124 (3.66) 110 (3.01) 109 (2.83) 107 (2.36) 158 (2.97) 703 (2.94) 0.707 0.237

Middle-aged 

(40–64)

1,600 (49.94) 1,633 (48.23) 1,442 (39.45) 1,480 (38.42) 1,596 (35.20) 1,826 (34.31) 9,577 (39.98) 0.707 0.002

Older adult (≥65) 1,509 (47.10) 1,629 (48.11) 2,103 (57.54) 2,263 (58.75) 2,831 (62.44) 3,338 (62.72) 13,673 (57.08) 0.009 0.005

Sex

Male 1,189 (37.11) 1,286 (37.98) 1,609 (44.02) 1,853 (48.10) 2,265 (49.96) 2,703 (50.79) 10,905 (45.53) 0.009 0.002

Female 2015 (62.89) 2,100 (62.02) 2,046 (55.98) 1,999 (51.90) 2,269 (50.04) 2,619 (49.21) 13,048 (54.47) 0.260 0.001

Cancer type, n (%)

digestive tract 638 (19.91) 731 (21.59) 828 (22.65) 668 (17.34) 782 (17.25) 970 (18.23) 4,617 (19.28) 0.133 0.170

Respiratory 55 (1.72) 47 (1.39) 269 (7.36) 520 (13.50) 759 (16.74) 1,152 (21.65) 2,802 (11.70) 0.024 0.006

Breast 1,450 (45.26) 1,465 (43.27) 1,341 (36.69) 1,178 (30.58) 1,260 (27.79) 1,223 (22.98) 7,917 (33.05) 0.133 <0.001

Gynecologic/

genitourinary

471 (14.70) 556 (16.42) 662 (18.11) 762 (19.78) 915 (20.18) 1,103 (20.73) 4,469 (18.66) 0.009 0.002

Hematology 569 (17.76) 577 (17.04) 548 (14.99) 683 (17.73) 743 (16.39) 811 (15.24) 3,931 (16.41) 0.060 0.292

Others 21 (0.66) 10 (0.30) 7 (0.19) 41 (1.06) 75 (1.65) 63 (1.18) 217 (0.90) 0.260 0.189

Total 3,204 3,386 3,655 3,852 4,534 5,322 23,953 0.009

Average cost 

(CNY)

870.75 823.68 918.36 1132.13 1139.19 1519.56 0.024

P1, p-value for trend in number of prescriptions, assessed by Mann–Kendall trend test; P2, p-value for trend in proportion of prescriptions, evaluated by log-linear analysis.
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of 66.1% in overall prescriptions and a 1.90-fold increase in 
expenditure (12, 17). A retrospective population-based study 
conducted in Manitoba demonstrated that the prevalence of oral 
anticancer agents use increased from 222 per 100,000 to 328 per 
100,000, and the total cost of targeted oral anticancer agents per year 
for all cancer patients increased from $1.8 million to $19 million 
between the years 2003 and 2016 (12). Similarly, a retrospective 
analysis using survey data in France revealed that the proportion of 
cancer patients receiving oral anticancer treatments increased by four 
percentage points from 2004 to 2012, with an increase from 28.4 to 
32.5% (17). This trend may reflect changes in cancer incidence and 
diagnosis patterns over time (12). Furthermore, the availability of oral 
anti-neoplastic drugs has significantly increased in recent years, 
leading to a shift toward the adoption of them as a therapeutic strategy 
for certain cancers (18). In terms of drug categories, the prescriptions 
of oral targeted anti-neoplastic drugs showed a significant increase 
during the study period. The rapid increase in prescriptions for 
targeted agents can be attributed to several factors. Firstly, with the 
advancements in medical technology and research, FDA-approved 
targeted agents have experienced a remarkable surge in the past 
20 years and have become mainstream cancer treatments (19). 
Secondly, targeted drugs have shown high potency, reduced toxicity 
and increased survival rates compared to traditional chemotherapy 
drugs. This has resulted in a growing interest and demand for these 
treatment options among healthcare providers and patients. Thirdly, 
the accessibility and affordability of targeted anti-cancer drugs have 
significantly increased following the implementation of government 
healthcare policies (20, 21). The prescriptions of oral cytotoxic and 
hormonal anti-neoplastic drugs remained stable, resulting in 
decreasing proportions.

In this study, the average age of the population increased gradually 
from 2017 to 2021, and both the number and percentage of 
prescriptions rose progressively in older adult patients aged ≥65 years. 
These results may be attributed to increased life expectancy, longer 
survival of patients and preference of clinicians for oral anticancer 
drugs instead of parenteral therapy in older adult patients to improve 
their quality of life (9). The absence of social support, limited access 
to care, and financial constraints may serve as major obstacles for 
older patients in utilization of oral anticancer drugs (22).

In the first few years of this study, the number of prescriptions for 
females was dramatically greater than those for males due to the high 
proportion of letrozole. Letrozole is known as a potent third-
generation aromatase inhibitor and has been widely used in the 
adjuvant, neoadjuvant, and metastatic therapy of hormone receptor-
positive breast cancer (23). However, with the widespread application 
of oral targeted anticancer drugs in clinical practice, the disparity in 
proportion between males and females has gradually decreased.

Regarding oral targeted anti-neoplastic drugs, the number of 
DDDs showed an upward trend, while the number of DDC showed a 
downward trend. DDC is an efficient indicator that guides the market 
prices of pharmaceutical products (15). Consistently, previous studies 
have indicated that drug price was an important determinant of drug 
consumption, and there was a negative relationship between DDC and 
the number of DDDs (11, 13, 24). In order to improve the availability 
and affordability of drugs, China established its fundamental health 
insurance system in 2009, which was enhanced by the implementation 
of price negotiation and mandatory reimbursement policies in 2017 
(13). The policies of price negotiation have been implemented in many 
countries, which resulted in a significant reduction in drug prices and 
an increase in drug consumption (24, 25). The Chinese government 

TABLE 2 Number of oral anti-neoplastic prescriptions from 2017 to 2022.

Medicine Number of prescriptions (%) P1 P2

2017 2018 2019 2020 2021 2022 Total

Cytotoxic class 1,059 (33.05) 1,118 (33.02) 1,139 (31.16) 1,044 (27.10) 1,132 (24.97) 1,316 (24.73) 6,808 (28.42) 0.260 0.002

Capecitabine 37 (1.15) 110 (3.25) 254 (6.95) 319 (8.28) 432 (9.53) 505 (9.49) 1,657 (6.92) 0.009 0.018

Hydroxycarbamide 278 (8.68) 289 (8.54) 301 (8.24) 349 (9.06) 383 (8.45) 379 (7.12) 1,979 (8.26) 0.024 0.210

Tegafur gimeracil and 

oteracil porassium

524 (16.35) 580 (17.13) 481 (13.16) 310 (8.05) 272 (6.00) 373 (7.01) 2,540 (10.60) 0.133 0.008

Chlorambucil, methotrexate, 

and doxifluridine

220 (6.87) 139 (4.11) 103 (2.82) 66 (1.71) 45 (0.99) 59 (1.11) 632 (2.64) 0.024 0.001

Targeted class 271 (8.46) 308 (9.10) 600 (16.42) 984 (25.55) 1,377 (30.37) 1,905 (35.79) 5,445 (22.73) 0.009 0.001

EGFR-TKIs 13 (0.41) 8 (0.24) 194 (5.31) 347 (9.01) 523 (11.54) 928 (17.44) 2,013 (8.40) 0.024 0.014

BCR-ABL TKIs 258 (8.05) 295 (8.71) 319 (8.73) 401 (10.41) 412 (9.09) 511 (9.60) 2,196 (9.17) 0.009 0.113

Apatinib, anlotinib, olaparib, 

and pyrotinib

0 (0.00) 5 (0.15) 87 (2.38) 236 (6.13) 442 (9.75) 466 (8.75) 1,236 (5.16) 0.008 0.056

Hormonal class 1,874 (58.49) 1,960 (57.89) 1,916 (52.42) 1,824 (47.35) 2,025 (44.66) 2,101 (39.48) 11,700 (48.85) 0.260 <0.001

Letrozole 1,103 (34.43) 1,140 (33.67) 1,129 (30.89) 918 (23.83) 967 (21.33) 888 (16.69) 6,145 (25.66) 0.133 0.001

Tamoxifen 339 (10.58) 307 (9.07) 177 (4.84) 191 (4.96) 212 (4.68) 200 (3.76) 1,426 (5.95) 0.452 0.008

Bicalutamide 334 (10.42) 381 (11.25) 477 (13.05) 584 (15.16) 608 (13.41) 626 (11.76) 3,010 (12.57) 0.009 0.306

Abiraterone and flutamide 98 (3.06) 132 (3.90) 133 (3.64) 131 (3.40) 238 (5.25) 387 (7.27) 1,119 (4.67) 0.060 0.031

EGFR-TKIs, gefitinib, erlotinib, osimertinib, and almonertinib.
BCR-ABL TKIs, imatinib, dasatinib, and flumatinib.
P1, p-value for trend in number of prescriptions, assessed by Mann–Kendall trend test; P2, p-value for trend in proportion of prescriptions, evaluated by log-linear analysis.
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has implemented six rounds of national drug price negotiations since 
2016 to include innovative and expensive drugs, particularly 
anticancer drugs, in the national list of reimbursable medicines. The 
average price discount for newly-added drugs has exceeded 50% from 
2018 to 2021 (26). Furthermore, national centralized drug 
procurement organized by the Chinese government has effectively 
reduced the price of bid-winning anti-cancer drugs (27). National 
volume-based procurement was launched in 2018 to negotiate drug 
price with manufacturers in “4 + 7” pilot cities, which covered 4 
provincial municipalities and 7 sub-provincial cities (10). The 
procurement volume was set based on 60–70% of the actual annual 
drug consumption of all public hospitals in pilot cities in the previous 
year (21). The centrally purchased pilot drugs were high-quality 
generic drugs with the same therapeutic effect through the quality 
consistency evaluation procedure. Most of them were drugs for the 
treatment of chronic diseases, and major diseases such as tumors.

In this study, the DDDs value of EGFR-TKIs increased 
dramatically from 2018 to 2022, far exceeding that of other targeted 
drugs at the end of the study. The latest monitoring data in 2023 
showed that lung cancer had been the leading cancer in Shanghai. 

EGFR-TKIs have been used as a novel therapeutic strategy in patients 
with advanced non-small cell lung cancer (NSCLC) with EGFR 
mutations, significantly improving prognosis. Although the first 
generation EGFR-TKIs, including gefitinib and erlotinib, have shown 
high efficacy, resistance has emerged due to T790M mutation (28). 
Osimertinib, a third-generation and central nervous system-active 
EGFR-TKI targeting T790M mutation, has exhibited longer 
progression-free survival (PFS) compared to the first generation 
EGFR-TKIs (29). Almonertinib, another third-generation EGFR-TKI, 
was approved by China in March 2020 as a novel treatment option for 
EGFR T790M+ NSCLC (30). Our data showed a marked increase in 
the number of DDDs for gefitinib and osertinib, far exceeding 
erlotinib and almonertinib. Geftinib and erlotinib have been included 
in the national health insurance in 2017, and osimertinib in 2019. 
Additionally, multiple rounds of price negotiations have been 
conducted for EGFR-TKIs, resulting in a decrease in DDC and 
improved availability (11).

The results of the present study showed that both the number of 
BCR-ABL TKIs prescriptions and expenditure significantly increased 
over the study period. Moreover, the DDDs value of BCR-ABL TKIs 

TABLE 3 Cost of oral anti-neoplastic drugs from 2017 to 2022.

Medicine Cost of Chinese yuan (%) P1 P2

2017 2018 2019 2020 2021 2022 Total

Cytotoxic class 1,584,579 

(56.80)

1,511,733 

(54.20)

1,309,118 

(39.00)

510,662 

(11.71)

255,695 

(4.95)

348,882 

(4.31)

5,520,669 

(20.79)

0.024 0.002

Capecitabine 27,724  

(0.99)

74,766  

(2.68)

159,188 

(4.74)

179,518 

(4.12)

115,736 

(2.24)

120,759 

(1.49)

677,691  

(2.55)

0.260 0.818

Hydroxycarbamide 14,559 (0.52) 14,010 (0.50) 14,686 (0.44) 18,249 (0.42) 19,934 (0.39) 38,206 (0.47) 119,644 (0.45) 0.024 0.187

Tegafur gimeracil/

oteracil porassium

1,450,872 

(52.00)

1,374,210 

(49.27)

1,094,723 

(32.61)

290,648 

(6.66)

113,203 

(2.19)

179,125 

(2.21)

4,502,781 

(16.96)

0.024 0.003

Chlorambucil, 

methotrexate, and 

doxifluridine

91,424 (3.28) 48,747 (1.75) 40,521 (1.21) 22,247 (0.51) 6,822 (0.13) 10,792 (0.13) 220,553 (0.83) 0.024 <0.001

Targeted class 366,015 

(13.12)

495,570 

(17.77)

1,188,343 

(35.40)

2,812,015 

(64.48)

3,801,939 

(73.61)

6,268,651 

(77.51)

14,932,533 

(56.25)

0.009 0.003

EGFR-TKIs 68,418  

(2.45)

45,677  

(1.64)

535,537 

(15.95)

1,039,834 

(23.84)

1,528,017 

(29.58)

3,536,276 

(43.73)

6,753,759 

(25.44)

0.024 0.012

BCR-ABL TKIs 297,597 

(10.67)

423,309 

(15.18)

391,233 

(11.66)

487,121 

(11.17)

534,769 

(10.35)

721,350 

(8.92)

2,855,379 

(10.76)

0.024 0.176

Apatinib, anlotinib, 

olaparib, and pyrotinib

0  

(0.00)

26,584  

(0.95)

261,573 

(7.79)

1,088,808 

(24.97)

1,724,705 

(33.39)

1,873,119 

(24.87)

5,323,395 

(20.05)

0.008 0.064

Hormonal class 839,301 

(30.08)

781,680 

(28.03)

859,153 

(25.60)

1,038,287 

(23.81)

1,107,468 

(21.44)

1,469,562 

(18.17)

6,095,451 

(22.96)

0.024 <0.001

Letrozole 430,374 

(15.43)

414,166 

(14.85)

389,613 

(11.61)

334,802 

(7.68)

102,512 

(1.98)

125,783 

(1.56)

1,797,250 

(6.77)

0.024 0.006

Tamoxifen 9,115 (0.33) 7,120 (0.26) 36,991 (1.10) 48,020 (1.10) 54,488 (1.05) 64,876 (0.80) 220,610 (0.83) 0.024 0.115

Bicalutamide 364,249 

(13.06)

318,797 

(11.43)

389,251 

(11.60)

563,784 

(12.93)

442,840 

(8.57)

360,276 

(4.45)

2,439,197 

(9.19)

0.707 0.059

Abiraterone and 

flutamide

35,563  

(1.27)

41,597  

(1.49)

43,298  

(1.29)

91,681  

(2.1)

507,628 

(9.83)

918,627 

(11.36)

1,638,394 

(6.17)

0.008 0.017

EGFR-TKIs, gefitinib, erlotinib, osimertinib, and almonertinib.
BCR-ABL TKIs, imatinib, dasatinib, and flumatinib.
P1, p-value for trend in number of prescriptions, assessed by Mann–Kendall trend test; P2, p-value for trend in proportion of prescriptions, evaluated by log-linear analysis.
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has been gradually increasing since 2017, accompanied by a gradual 
decline in DDC. BCR-ABL TKIs are the first-line treatment for 
patients with chronic myelocytic leukemia (CML) and Ph 
chromosome-positive acute lymphoblastic leukemia (31). With the 
development of BCR-ABL TKIs including first-generation imatinib 
and second-generation dasatinib, most CML patients experience long-
term remissions and have a life expectancy close to normal (32). 
Flumatinib, a novel second-generation BCR-ABL TKI, has been 
launched in the Chinese market with an optimized structure based on 
imatinib to achieve higher potency (33).

There were certain limitations in our study. First, it was a single-
center and retrospective design, which restricted the generalizability 
of the data to other populations or settings. Second, the term 
consumption referred to the quantity of prescribed drugs rather than 
administered drugs, due to the lack of information about medication 
compliance. Third, our analysis was carried out based on prescription 
data, and lacked the clinical information such as laboratory tests and 

biological characteristics, which limited the ability to assess the 
appropriateness of drug prescriptions and evaluate factors influencing 
prescribing patterns. Furthermore, while the study focused on 
prescription trends and drug consumption, it does not provide 
insights into patient outcomes or the effectiveness of the 
prescribed treatments.

5 Conclusion

In this study, the use of oral anti-neoplastic drugs has been 
increasing annually, especially oral targeted anticancer drugs. Among 
them, EGFR-TKIs and BCR-ABL TKIs accounted for the majority in 
terms of defined daily doses (DDDs), but with relatively low levels of 
DDC. Further studies are warranted to explore the factors influencing 
the prescribing patterns and to conduct the cost-effectiveness analysis 
of oral anti-neoplastic treatments.

FIGURE 2

DDDs and DDC values of oral targeted anti-neoplastic drugs from 2017 to 2022. (A) DDDs of overall targeted anti-neoplastic drugs. (B) DDC of overall 
targeted anti-neoplastic drugs. (C) DDDs of three classes. (D) DDC of three classes. DDDs, defined daily doses; DDC, defined daily cost.

FIGURE 3

Consumption of four types of EGFR-TKIs from 2017 to 2022. (A) DDDs of four types of EGFR TKIs. (B) DDC of four types of EGFR TKIs. DDDs, defined 
daily doses; DDC, defined daily cost.

https://doi.org/10.3389/fpubh.2023.1294126
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Lv et al. 10.3389/fpubh.2023.1294126

Frontiers in Public Health 08 frontiersin.org

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics 
Committee of Jinshan Hospital, Fudan University. The studies 
were conducted in accordance with the local legislation and 
institutional requirements. Written informed consent for 
participation was not required from the participants or the 

participants’ legal guardians/next of kin in accordance with the 
national legislation and institutional requirements.

Author contributions

XL: Conceptualization, Funding acquisition, Investigation, Writing 
– original draft, Writing – review & editing. WR: Data curation, 
Resources, Validation, Writing – original draft. SR: Methodology, Project 
administration, Writing – original draft. YZ: Data curation, Project 
administration, Writing – original draft. JZ: Methodology, Software, 
Writing – original draft. JC: Formal analysis, Software, Visualization, 
Writing – review & editing. NZ: Conceptualization, Resources, 
Supervision, Validation, Writing – review & editing.

Funding

The author(s) declare financial support was received for the research, 
authorship, and/or publication of this article. This work was supported by 
grants from Fourth Training Program for the Outstanding Young Talents, 
Jinshan Health Commission (JSYQ201904) to XL.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

References
 1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer J Clin. 

(2023) 73:17–48. doi: 10.3322/caac.21763

 2. Moreira A, Bernardo C, Ramos C, Aguiar P, Alves da Costa F. National trends in 
the use of oral chemotherapy over 13 years. Front Pharmacol. (2022) 13:909948. doi: 
10.3389/fphar.2022.909948

 3. Colomer R, Alba E, González-Martin A, Paz-Ares L, Martín M, Llombart A, 
et al. Treatment of cancer with oral drugs: a position statement by the Spanish 
Society of Medical Oncology (SEOM). Ann Oncol. (2010) 21:195–8. doi: 10.1093/
annonc/mdp595

 4. Timmers L, Boons CC, Kropff F, van de Ven PM, Swart EL, Smit EF, et al. Adherence 
and patients' experiences with the use of oral anticancer agents. Acta Oncol. (2014) 
53:259–67. doi: 10.3109/0284186x.2013.844353

 5. Barthélémy P, Asmane-De la Porte I, Meyer N, Duclos B, Serra S, Dourthe LM, 
et al. Adherence and patients' attitudes to oral anticancer drugs: a prospective series 
of 201 patients focusing on targeted therapies. Oncology. (2015) 88:1–8. doi: 
10.1159/000366226

 6. Escudero-Vilaplana V, Collado-Borrell R, Hoyo-Muñoz A, Gimenez-Manzorro A, 
Calles A, Osorio S, et al. Potential drug interactions between targeted oral antineoplastic 
agents and concomitant medication in clinical practice. Expert Opin Drug Saf. (2020) 
19:1041–8. doi: 10.1080/14740338.2020.1781089

 7. Collado-Borrell R, Escudero-Vilaplana V, Romero-Jiménez R, Iglesias-Peinado I, 
Herranz-Alonso A, Sanjurjo-Sáez M. Oral antineoplastic agent interactions with 
medicinal plants and food: an issue to take into account. J Cancer Res Clin Oncol. (2016) 
142:2319–30. doi: 10.1007/s00432-016-2190-8

 8. Solomon JM, Ajewole VB, Schneider AM, Sharma M, Bernicker EH. Evaluation of the 
prescribing patterns, adverse effects, and drug interactions of oral chemotherapy agents in an 
outpatient cancer center. J Oncol Pharm Pract. (2019) 25:1564–9. doi: 
10.1177/1078155218798150

 9. Bosco-Lévy P, de Boissieu P, Gouverneur A, Noize P. National trends in use and 
costs of oral anticancer drugs in France: an 8-year population-based study. 
Pharmacoepidemiol Drug Saf. (2017) 26:1233–41. doi: 10.1002/pds.4282

 10. Tang M, He J, Chen M, Cong L, Xu Y, Yang Y, et al. "4+7" city drug volume-based 
purchasing and using pilot program in China and its impact. Drug Discov Ther. (2019) 
13:365–9. doi: 10.5582/ddt.2019.01093

 11. Wu D, Xie J, Dai H, Fang W. Consumption and cost trends of EGFR TKIs: 
influences of reimbursement and national price negotiation. BMC Health Serv Res. 
(2022) 22:431. doi: 10.1186/s12913-022-07868-9

 12. Leong C, Czaykowski P, Geirnaert M, Katz A, Dragan R, Yogendran M, et al. Outpatient 
oral anticancer agent utilization and costs in Manitoba from 2003 to 2016: a population-based 
study. Can J Public Health. (2021) 112:530–40. doi: 10.17269/s41997-020-00464-6

FIGURE 4

Sankey diagram of EGFR-TKIs in 2022. The age group and sex 
matched with the distribution of EGFR-TKIs. A1: Young, A2: Middle-
aged, A3: Older group, D1: Gefitinib, D2: Erlotinib, D3: Osimertinib, 
D4: Almonertinib, S1:Male, S2: Female.

https://doi.org/10.3389/fpubh.2023.1294126
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3322/caac.21763
https://doi.org/10.3389/fphar.2022.909948
https://doi.org/10.1093/annonc/mdp595
https://doi.org/10.1093/annonc/mdp595
https://doi.org/10.3109/0284186x.2013.844353
https://doi.org/10.1159/000366226
https://doi.org/10.1080/14740338.2020.1781089
https://doi.org/10.1007/s00432-016-2190-8
https://doi.org/10.1177/1078155218798150
https://doi.org/10.1002/pds.4282
https://doi.org/10.5582/ddt.2019.01093
https://doi.org/10.1186/s12913-022-07868-9
https://doi.org/10.17269/s41997-020-00464-6


Lv et al. 10.3389/fpubh.2023.1294126

Frontiers in Public Health 09 frontiersin.org

 13. Liu J, Zhang X, Wang B, Dai H, Dou D, Fang W. Trends in anti-HER2 drugs 
consumption and influencing factors. Front Public Health. (2022) 10:944071. doi: 
10.3389/fpubh.2022.944071

 14. Moye-Holz D, Vogler S. Comparison of prices and affordability of Cancer 
medicines in 16 countries in Europe and Latin America. Appl Health Econ Health Policy. 
(2022) 20:67–77. doi: 10.1007/s40258-021-00670-4

 15. Teng L, Xin HW, Blix HS, Tsutani K. Review of the use of defined daily dose 
concept in drug utilisation research in China. Pharmacoepidemiol Drug Saf. (2012) 
21:1118–24. doi: 10.1002/pds.3240

 16. Guan X, Tian Y, Ross-Degnan D, Man C, Shi L. Interrupted time-series analysis of 
the impact of generic market entry of antineoplastic products in China. BMJ Open. 
(2018) 8:e022328. doi: 10.1136/bmjopen-2018-022328

 17. Benjamin L, Maroun R, Maurel F, Bardoulat I, Ricarte C. Patterns of use of oral 
anticancer treatments in France: a retrospective analysis of Cancer treatments given 
ORally from 2004 to 2012 (re-ACTOR study). Curr Med Res Opin. (2015) 31:323–32. 
doi: 10.1185/03007995.2014.986324

 18. Mueller-Schoell A, Groenland SL, Scherf-Clavel O, van Dyk M, Huisinga W, 
Michelet R, et al. Therapeutic drug monitoring of oral targeted antineoplastic drugs. Eur 
J Clin Pharmacol. (2021) 77:441–64. doi: 10.1007/s00228-020-03014-8

 19. Zhong L, Li Y, Xiong L, Wang W, Wu M, Yuan T, et al. Small molecules in targeted 
cancer therapy: advances, challenges, and future perspectives. Signal Transduct Target 
Ther. (2021) 6:201. doi: 10.1038/s41392-021-00572-w

 20. Liu Y, Yi H, Fang K, Bao Y, Li X. Trends in accessibility of negotiated targeted 
anti-cancer medicines in Nanjing, China: an interrupted time series analysis. Front 
Public Health. (2022) 10:942638. doi: 10.3389/fpubh.2022.942638

 21. Wang X, Huang H, Sun Y, Zhu Z, Jiang B, Yang L. Effects of volume-based 
procurement policy on the usage and expenditure of first-generation targeted 
drugs  for non-small cell lung cancer with EGFR mutation in China: an 
interrupted  time series study. BMJ Open. (2023) 13:e064199. doi: 10.1136/
bmjopen-2022-064199

 22. Wheeler SB, Spees LP, Jackson BE, Baggett CD, Wilson LE, Greiner MA, et al. 
Patterns and predictors of Oral anticancer agent use in diverse patients with 
metastatic renal cell carcinoma. JCO Oncol Pract. (2021) 17:e1895–904. doi: 10.1200/
op.20.01082

 23. Mukherjee AG, Wanjari UR, Nagarajan D, Vibhaa KK, Anagha V, Joshua Paul P, 
et al. Letrozole: pharmacology, toxicity and potential therapeutic effects. Life Sci. (2022) 
310:121074. doi: 10.1016/j.lfs.2022.121074

 24. Lauenroth VD, Kesselheim AS, Sarpatwari A, Stern AD. Lessons from the impact 
of Price regulation on the pricing of anticancer drugs in Germany. Health Aff (Millwood). 
(2020) 39:1185–93. doi: 10.1377/hlthaff.2019.01122

 25. Kesselheim AS, Avorn J, Sarpatwari A. The high cost of prescription drugs in the 
United States: origins and prospects for reform. JAMA. (2016) 316:858–71. doi: 10.1001/
jama.2016.11237

 26. Sun Y, Zhu Z, Zhang J, Han P, Qi Y, Wang X, et al. Impacts of National Drug Price 
Negotiation on expenditure, volume, and availability of targeted anti-Cancer drugs in 
China: an interrupted time series analysis. Int J Environ Res Public Health. (2022) 
19:4578. doi: 10.3390/ijerph19084578

 27. Long H, Yang Y, Geng X, Mao Z, Mao Z. Changing characteristics of pharmaceutical 
prices in China under centralized procurement policy: a multi-intervention interrupted time 
series. Front Pharmacol. (2022) 13:944540. doi: 10.3389/fphar.2022.944540

 28. Westover D, Zugazagoitia J, Cho BC, Lovly CM, Paz-Ares L. Mechanisms of 
acquired resistance to first- and second-generation EGFR tyrosine kinase inhibitors. Ann 
Oncol. (2018) 29:i10–9. doi: 10.1093/annonc/mdx703

 29. Soria JC, Ohe Y, Vansteenkiste J, Reungwetwattana T, Chewaskulyong B, Lee KH, 
et al. Osimertinib in untreated EGFR-mutated advanced non-small-cell lung Cancer. N 
Engl J Med. (2018) 378:113–25. doi: 10.1056/NEJMoa1713137

 30. Nagasaka M, Zhu VW, Lim SM, Greco M, Wu F, Ou SI. Beyond Osimertinib: the 
development of third-generation EGFR tyrosine kinase inhibitors for advanced EGFR+ 
NSCLC. J Thorac Oncol. (2021) 16:740–63. doi: 10.1016/j.jtho.2020.11.028

 31. Shimada A. Hematological malignancies and molecular targeting therapy. Eur J 
Pharmacol. (2019) 862:172641. doi: 10.1016/j.ejphar.2019.172641

 32. Osman AEG, Deininger MW. Chronic myeloid leukemia: modern therapies, 
current challenges and future directions. Blood Rev. (2021) 49:100825. doi: 10.1016/j.
blre.2021.100825

 33. Jiang B, Qi J, Sun M, Zheng W, Wei Y, Wang J, et al. Pharmacokinetics of single- 
and multiple-dose flumatinib in patients with chronic phase chronic myeloid leukemia. 
Front Oncol. (2023) 13:1101738. doi: 10.3389/fonc.2023.1101738

https://doi.org/10.3389/fpubh.2023.1294126
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3389/fpubh.2022.944071
https://doi.org/10.1007/s40258-021-00670-4
https://doi.org/10.1002/pds.3240
https://doi.org/10.1136/bmjopen-2018-022328
https://doi.org/10.1185/03007995.2014.986324
https://doi.org/10.1007/s00228-020-03014-8
https://doi.org/10.1038/s41392-021-00572-w
https://doi.org/10.3389/fpubh.2022.942638
https://doi.org/10.1136/bmjopen-2022-064199
https://doi.org/10.1136/bmjopen-2022-064199
https://doi.org/10.1200/op.20.01082
https://doi.org/10.1200/op.20.01082
https://doi.org/10.1016/j.lfs.2022.121074
https://doi.org/10.1377/hlthaff.2019.01122
https://doi.org/10.1001/jama.2016.11237
https://doi.org/10.1001/jama.2016.11237
https://doi.org/10.3390/ijerph19084578
https://doi.org/10.3389/fphar.2022.944540
https://doi.org/10.1093/annonc/mdx703
https://doi.org/10.1056/NEJMoa1713137
https://doi.org/10.1016/j.jtho.2020.11.028
https://doi.org/10.1016/j.ejphar.2019.172641
https://doi.org/10.1016/j.blre.2021.100825
https://doi.org/10.1016/j.blre.2021.100825
https://doi.org/10.3389/fonc.2023.1101738

	Trends and prescribing patterns of oral anti-neoplastic drugs: a retrospective longitudinal study
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Data source and study population
	2.3 Assessment of drug use
	2.4 Statistical analysis

	3 Results
	3.1 Overall trends in oral anti-neoplastic medication use and patient characteristics
	3.2 Trends in prescriptions stratified by drug class and individual drug
	3.3 DDDs and DDC values of oral targeted anti-neoplastic agents
	3.4 The consumption and distribution of EGFR-TKIs

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

