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ABSTRACT

Objectives It is unclear what is driving rising colorectal
cancer (CRC) treatment costs in China, whether an
adjustment in drug prices changes use and total cost. This
study aims to estimate trends in drug use, prescribing
patterns and spending for antineoplastic drug therapies for
CRC in major cities of China.

Methods Information from 128 811 antineoplastic drug
prescriptions in CRC was retrospectively collected from
the Hospital Prescription Analysis Cooperative Project.

The prescriptions extracted included demographic
information of patients, the generic name and the price

of antineoplastic drugs. The Mann-Kendall and Cochran-
Armitage trend test was used to estimate the trends of
antineoplastic agent usage.

Results The number of antineoplastic prescriptions
ranged from 18 966 in 2015 to 34 219 in 2019. Among
the prescriptions collected in this study, the annual cost of
antineoplastic drugs increased by 117.2%, and average
prescription cost increased by 20%. Throughout the

study period, the most prescribed antineoplastic drugs
were capecitabine, oxaliplatin, fluorouracil and irinotecan,
representing 49%, 27%, 21% and 9% of (per cent of visits
(PV)). The PV of bevacizumab and cetuximab increased

by 494% and 338% (from 1.8% and 1.3% in 2015 to
10.7%and 5.7% in 2019). In prescribing patterns of
antineoplastic agents, monotherapy gradually decreased,
while combination therapy, especially three-drug
combination, increased significantly from 1.35% to 7.31%.
Conclusion This study estimated recent trends of
antineoplastic drug use and expenditure for Chinese
patients with CRC. These results would inform CRC
treatment decisions, including health insurance
negotiation, precision therapy access, allocation of
research funding and evaluation of the financial burden of
CRC drug treatment.

INTRODUCTION

Cancer has become a leading cause of death
in China, with an increasing burden of cancer
incidence and mortality observed over the
past half century.! The 2018 China Cancer

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study used hospital prescription records from
88 hospitals in the Hospital Prescription Analysis
Cooperative Project to present the first analysis of
the trend of antineoplastic agent usage in patients
with CRC in eight major cities in China.

= We used time-series analysis to estimate changes
in drug utilisation and expenditure in different drug
classes, subclass and specific drugs, over the last
5years. Current identifying practice might help in-
terpret existing cost-effectiveness and guide future
cost-effectiveness of drugs.

= This study only assessed the overall use of antineo-
plastic drugs in patients with CRC and did not dis-
tinguish the disease stage, individual patient factors
or regional factors.

= We looked at all of the antineoplastic drugs during
the study period, some of these drugs are used to
treat other concurrent cancers.

Statistics Report showed that the incidence
and mortality of colorectal cancer (CRC)
in China ranked third and fifth among all
malignant tumours, with 376 000 new cases
and 191 000 deaths, respectively. Further-
more, the incidence and mortality of CRC
in China have maintained an upward trend.”
Medical expenditures for CRC diagnosis and
treatment in China are substantial and have
increased rapidly.” What accounts for the
increase in CRC drug expense in China is not
yet fully understood. We suppose that both
patient and drug factors may significantly
affect the costs.

Antineoplastic drug treatment is an
important aspect of CRC therapy. At present,
the antineoplastic drugs of CRC mainly
include chemotherapy and targeted therapy.
Overall, chemotherapy drugs cost less than
targeted therapy. The mainstream cytotoxic
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chemotherapy drugs include fluoropyrimidine deriva-
tives, oxaliplatin and irinotecan.*® There were seven fluo-
ropyrimidine derivatives marketed in China during the
study period, all of which had CRC indications. However,
only fluorouracil (5-FU) and capecitabine are recom-
mended by the guidelines.”® Trends in the use of fluoropy-
rimidine derivatives in CRC are noteworthy in the context
of different indications and guideline recommendations.
CRC chemotherapy regimens usually consist of one to
three cytotoxic drugs. Monotherapy is usually used in
patients who cannot tolerate combination therapy. Stan-
dard CRC combination chemotherapy regimens include
folinic acid (LV)/5-FU/OX (FOLFOX), LV/5-FU/irino-
tecan, capecitabine/oxaliplatin, LV/5-FU/oxaliplatin/
irinotecan, oxaliplatin/irinotecan (JIROX).

Since 2004, a variety of antineoplastic drugs for the
targeted treatment of CRC have been available over-
seas.” Two years later, cetuximab became available
in China as the first CRC-targeted drug approved by
China National Medical Products Administration. With
better efficacy and safety, the role of target therapy has
become increasingly prominent for advanced or meta-
static CRC (mCRC)." Targeted agents can be used as
a monotherapy, or in combination with chemotherapy
or other targeted agents. The introduction of targeted
therapies has also introduced additional testing costs
to identify patients who will benefit from these targeted
therapies."" '* Currently, determination of tumour gene
status for V-KI-RAS2 Kirsten rat sarcoma viral oncogene
homolog (KRAS)/Neuroblastoma RAS viral oncogene
homolog (NRAS) and B-Raf serine-threonine kinase muta-
tions as well as human epidermal growth factor receptor
2 amplification and microsatellite instability (MSI)/ the
DNA mismatch repair (MMR) status is recommended for
patients with mCRC. Targeted drugs for CRC are mainly
composed of monoclonal antibodies and protein kinase
inhibitors (PKIs). Currently recommended monoclonal
antibodies for CRC include cetuximab, bevacizumab and
immune checkpoint inhibitors (ICIs) in China.® Up to
40% of patients with CRC have RAS mutations."” Patient
with RAS mutation should not be treated with cetuximab.
Bevacizumab has no genetic limitations.

The immune system substantially impacts CRC progres-
sion, which plays a crucial role in eliminating tumour
cells. MSI-H incidence in Chinese patients with CRC
is about 4.5%-15%.'"* Patients with CRC with MSI-H
responded well to ICIs treatment regardless of mono-
therapy or combination therapy, palliative, adjuvant or
neoadjuvant therapy.”” ™" ICIs work by blocking check-
point proteins from binding with their partner proteins.
Three ICIs have been approved by the Food and Drug
Administration for patients with mCRC with MMR-D or
MSI-H. Pembrolizumab and nivolumab work by inhib-
iting the immune checkpoint component programmed
cell death-1 protein (PD-1). Ipilimumab, a fully human-
ised monoclonal antibody, blocks cytotoxic T-lymphocyte-
associated protein 4.* However, affected by marketing
policies and other factors, some CRC therapeutic drugs

(such as panitumumab, ipilimumab, aflibercept, ramu-
cirumab, etc) have not been listed in China. Similarly,
some CRC treatment drugs that have been marketed
in China (such as fruquintinib, etc) have not yet been
marketed in other countries.

Many factors affect the prescribing patterns of antineo-
plastic agents for CRC, such as the location of the primary
tumour, the results of genetic testing, availability of medi-
cines, adverse reactions, insurance coverage and patient
socioeconomic status.” *~** Among these factors, economic
factors are particularly influential in China. For example,
British economic analysis showed that the incremental cost-
effectiveness ratio (ICER) of some clinical study populations
with cetuximab plus FOLFOX was ¥2.07 million per quality-
adjusted life year (QALY) in relation to chemotherapy alone
in 2015,/2016.% Treatment with cetuximab plus FOLFOX-4
resulted in an ICER of ¥0.84million to ¥1.08million per
QALY according to different cost-effectiveness study
used data of TAILOR trial (ClinicalTrails. gov identifier:
NCT01228734) in China in 2018.2° #’Although the ICER
of cetuximab in China is lower than in the UK, the imbal-
ance of regional economic level makes the willingness to
pay (WTP) the cost gap larger. The commonly used WTP
threshold per QALY in the UK is ¥0.49million, and the
commonly used WTP in China is about ¥0.18 million. An
exchange rate of Chinese Yuan Renminbi to English pound
(9.7:1, 31 December 2015) and US dollar (6.6:1, 30 June
2018) was used.

China’s basic medical insurance is mainly govern-
ment medical insurance. There are two independently
managed projects, namely ‘urban employee insurance’
and ‘resident insurance’. According to China’s Sixth
National Survey on Health Services by the National
Statistics Bureau, the government insurance coverage
rate reached 96.8% in 2018. The participation rate of
urban and rural residents in basic medical insurance
was 96.1% and 97.6%, respectively.®® * Within insurance
coverage, the reimbursement rate varies from 35% to
90%, depending on the type of insurance, the regional
disparity and hospital status. However, the targeted anti-
cancer drugs were not included in the national medical
insurance catalogue until bevacizumab in July 2017,
followed by cetuximab and regorafenib in the second half
of 2018.

The high price of targeted antineoplastic drugs and the
lack of national health insurance coverage might severely
affect the use of new drugs in patients with CRC. There
were some reports on patients with cancer in China.”*™
However, real-world trends in antineoplastic drug use in
Chinese patients with CRC have not been fully assessed yet.
Besides, the significant price reduction and inclusion of
three classic CRC-targeted drugs (cetuximab, bevacizumab
and regorafenib) in national health insurance following
national negotiations might significantly affect the use of
these drugs in patients with CRC. This study used a large
clinical prescription database to explore changes in patterns
of antineoplastic drug prescriptions and related expendi-
tures of patients with CRC in China from 2015 to 2019.
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METHODS

Study design and data source

This study was a retrospective study based on national
multicentre prescription information collected from
the Hospital Prescription Analysis Cooperative Project
(HPACP). The HPACP database has been established
since 1997,%* and all participating hospitals were collected
prescriptions normally during the study period. Specific
prescription information was extracted from the HPACP
database, where 10-day prescription data were randomly
extracted in each hospital each quarter.34 Multiple hospital
admissions or visits by the same patient were recorded as
independent data. In this study, prescription data were
collected as described from 88 hospitals. Online supple-
mental table 1 provides the descriptive information for
these 88 hospitals. All these cities are the most economi-
cally developed areas in the local area.

Prescription inclusion and information collection
Prescriptions containing at least one antineoplastic agent
for patients who had a diagnosis of bowel cancer were
included. Inclusion criteria were unrestricted to diag-
nostic criteria and staging of CRC. The study period was
from January 2015 to December 2019. Prescription infor-
mation, including prescription code, sex, age, location,
diagnosis, hospital status (inpatient or outpatient) and
the generic name and price of the antineoplastic drugs,
was extracted from the HPACP database. Prescriptions
with incomplete information were removed. Prescrip-
tion coding was used to deidentify patients’ information
to protect patient identity. Prescription extraction was
approved by the ethics committee at each hospital.

Drug classes

In order to understand the overall picture of antineo-
plastic drug treatment for patients with CRC in China,
we had included all antineoplastic agents in the initial
statistics. According to the WHO anatomical therapeutic
chemical (ATC) classification system (https://www.
whocc.no/atc_ddd_index/), antineoplastic drugs were
divided into six classes. LO1A-alkylating agents, which
act by inhibiting the transcription of DNA into RNA and
thereby stopping the protein synthesis (eg, cyclophos-
phamide).” L01B-antimetabolites, which are structurally
similar to require cellular metabolites, but the cells cannot
use them in a productive manner (eg, 5-FU, capecitabine,
raltitrexed).”® LO1C-plant alkaloids and other natural
products, which include vinca alkaloids and analogues,
podophyllotoxin derivatives, taxanes, topoisomerase 1
inhibitors and other plant alkaloids and natural products
(eg, paclitaxel). LO1D-cytotoxic antibiotics and related
substances include actinomycines, anthracyclines and
other cytotoxic antibiotics (eg, doxorubicin). LO1E-PKIs
is a type of enzyme inhibitor that can block the action of
protein kinases. According to different drug targets, the
drugs in the LO1E class are divided into eight subclasses.
Regorafenib, fruquintinib and vemurafenib belong to
different subclasses of LOIE, respectively. LOIX-other

antineoplastic agents, including platinum compounds
(e.g., oxaliplatin), monoclonal antibodies (e.g., cetux-
imab, bevacizumab) indicated for the treatment of cancer,
and antineoplastic agents that cannot be classified into
other classes. The specific drug classification is shown in
online supplemental table 2.

In the analysis process, the first step was to analyse
the prescriptions of each class of antineoplastic agents
according to the ATC classification. In the second step,
we further analysed the subclasses contained in the three
antineoplastic drug categories (LOlB-antimetabolites,
LOIE-PKIs and LO1X-other antineoplastic agents) with
the most prescriptions in the first step. Finally, we esti-
mated the use of specific drugs in the most used drug
subclasses and recommended by guidelines. We extracted
the price of each antineoplastic drug on each prescription
from the HPACP database. The drug cost was calculated
by adding the price of all analysed drugs in the Chinese
Yuan. Drug expenditure was just costs as reported during
each year.

Statistical analyses

Treatment visits and the cost of antineoplastic agents for
patients with CRC were analysed. A visit was defined as one
prescription containing antineoplastic agents, regardless
of inpatient or outpatient status. The per cent of visits
(PV) was the proportion of a specific class, subclass or
drug prescriptions in the total number of antineoplastic
drug prescriptions. The drug cost was the sum of all the
antineoplastic drugs. The average cost per visit was calcu-
lated by the cost of total antineoplastic agents divided
by the total visit number of patients. Overall trends in
each class and the use of some specific antineoplastic
agents were evaluated over the 5-year observation period.
Monotherapy and combination therapy were analysed as
prescribing patterns.

Since the antineoplastic drug treatment of patients with
CRC is less affected by seasonal factors, and China’s drug
policy is usually adjusted annually, trends were analysed
at the annual level. The Mann-Kendall test was used to
estimate the statistical significance of overall trends for
the number and expenditure of total prescriptions.”
The statistical significance of prescribing trends of anti-
neoplastic drugs and drug classes was analysed using the
Cochran-Armitage trend test R V.3.3.0 (http://www.R-
project.org) ¥ Statistical significance was identified as a p
value less than 0.05.

Patient and public involvement
The study design was a secondary data analysis and did
not directly involve patients or the public.

RESULTS

Descriptive statistics of total prescriptions

A total of 129 098 antineoplastic prescriptions for patients
with CRC were extracted. However, 287 prescriptions with
incomplete information were excluded. The remaining

Yao D, et al. BMJ Open 2021;11:046166. doi:10.1136/bmjopen-2020-046166

3


https://dx.doi.org/10.1136/bmjopen-2020-046166
https://dx.doi.org/10.1136/bmjopen-2020-046166
https://www.whocc.no/atc_ddd_index/
https://www.whocc.no/atc_ddd_index/
https://dx.doi.org/10.1136/bmjopen-2020-046166
http://www.R-project.org
http://www.R-project.org

Open access

I

Table 1 The population demographic characteristics of included prescriptions from 2015 to 2019

Year 2015 2016 2017 2018 2019

Total prescription number 18966 21074 25207 29345 34219

Age n (%) n (%) n (%) n (%) n (%)
Under 18 21 (0.11) 6 (0.03) 10 (0.04) 13 (0.04) 6 (0.02)
18-29 206 (1.09) 234 (1.11) 320 (1.27) 283 (0.96) 343 (1.00)
30-39 894 (4.71) 854 (4.05) 1096 (4.35) 1270 (4.33) 1498 (4.38)
40-49 2683 (14.15) 2615 (12.41) 3256 (12.92) 3527 (12.02) 3991 (11.66)
50-59 5043 (26.59) 5599 (26.57) 6321 (25.08) 7663 (26.11) 9159 (26.77)
60-69 6435 (33.93) 7467 (35.43) 9056 (35.93) 10601 (36.12) 12159 (35.53)
70-79 2916 (15.37) 3423 (16.24) 4053 (16.08) 4804 (16.37) 5775 (16.88)
80-89 745 (3.93) 852 (4.04) 1061 (4.21) 1152 (3.93) 1244 (3.64)
90 up 23 (0.12) 24 (0.11) 34 (0.13) 33 (0.11) 44 (0.13)

Sex
Male 11608 (61.20) 12944 (61.42) 15518 (61.56) 18360 (62.56) 21712 (63.45)
Female 7358 (38.80) 8130 (38.58) 9689 (38.44) 10986 (37.44) 12507 (36.55)

Tumour site
Colon 9786 (51.60) 10403 (49.36) 12799 (50.78) 14365 (48.95) 17322 (50.62)
Rectal 9014 (47.53) 10431 (49.50) 12245 (48.58) 14333 (48.84) 16552 (48.37)

Site unspecified

166 (0.88)

240 (1.14)

163 (0.65)

647 (2.20)

345 (1.01)

128 811 of these were collected in this study. The demo-
graphic characteristics of the included patients for the
prescriptions are shown in table 1. Prescriptions for male
patients with CRC made up 62.2% of the sample for
5years. The population with bowel cancer aged below 40
and over 79 years was small, with a total of approximately
10% each year. Among them, the number of prescrip-
tions for patients in the 50-89 age group had increased
significantly (z=2.2045, p=0.027). The proportion of male
patients’ prescriptions was on the rise, increasing from
61.20% to 63.45% (z=2.2045, p=0.027), the annual per
cent change (APC) was 0.56% (95% CI 0.14 to 1.00).
These trends are similar to the previously reported
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total and average drug cost.
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increase in the incidence of CRC in men than in women
in recent years.2

Overall trends in antineoplastic drugs and cost

The overall trend in antineoplastic drug prescriptions was
determined by clinic visits and cost data, as indicated in
figure 1A. For the antineoplastic drugs included in the
present study, the yearly visits for patients with bowel
cancer in sample hospitals increased by 80.4% (from
¥18 966 in 2015 to ¥34 219 in 2019, p<0.05). During the
same period, the annual expenditure of antineoplastic
drugs increased by 117.2% (from ¥58.7million in 2015
to ¥127.4million in 2019, p<0.05), as shown in figure 1B.
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Total visits and cost trends of anti-tumour drugs for colorectal cancer patients from 2015 to 2019. (A) Total visits; (B)
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Figure 2 Prescriptions trends and drug cost of subclasses for antimetabolites and other antineoplastic agents (L01X). (A)
Antimetabolites; (B) other antineoplastic agents (LO1X); (C) protein kinase inhibitors. BRAF, B-Raf serine-threonine kinase; HER2,
human epidermal growth factor receptor 2; PKis, protein kinase inhibitors; PV, per cent of visits; TKls, tyrosine kinase inhibitors;

VEGFR, vascular endothelial growth factor receptor.

The average cost of antineoplastic drugs per visit for
patients with CRC was also calculated. Although it ranged
from ¥3 095 to ¥3 723 in Hyears, the difference was non-
significant (p=0.22).

Trends by drug subclass in the most widely used
antineoplastic agent classes

According to WHO ATC classification, a total of 6 classes,
26 subclasses and 79 antineoplastic drugs were included.
Further analysis was conducted according to the WHO
ATC classification of drugs for antineoplastic prescrip-
tions. A list of drugs is shown in online supplemental
table 2. Online supplemental figure 1A shows the annual
trends in each class of antineoplastic drug during the
study period. We further analysed the drug class LOIB-
antimetabolites, LO1X-other antineoplastic agents and
LO1E-PKIs.

The PV for antimetabolites was 82.6% in 2015, then
gradually decreased to 79.5% in 2019 (Z=-11.479, p<0.05,
APC 0.8%, 95% CI -4.78 to 4.46). Figure 2A shows trends
in the PV and expenditures for the three subclasses of anti-
metabolites. Pyrimidine analogues were the top subclass
of antimetabolites; the PV was only slightly less than that
for antimetabolites, and it decreased during the b-year

period (Z=-15.461, p<0.05, APC -1.2%, 95% CI —4.6 to
4.1). The antimetabolites, which cost ¥148.7 million over
a total byears, ranked second in all six classes of antineo-
plastic drugs. The cost of pyrimidine analogues increased
from ¥24.6 million in 2015 to ¥32.4million in 2019. The
PV of folic acid analogues was 0.9% in 2015, increasing
to 2.4% in 2019 (Z=12.551, p<0.05, APC 0.4%, 95% CI
-0.2 to 0.9), with a cost from ¥0.69 million in 2015 to
¥2.49 million in 2019.

The PV of other antineoplastic agents (LO1X) increased
relatively fast, ranging from 35.3% to 48.2% in the space
of byears (2=26.932, p<0.05, APC 3.3%, 95% CI 1.32 to
6.48). The drug expenditure for LO1X also increased.
For 2015-2019, ¥264.7million was spent on this drug
class, making it the highest in the total (online supple-
mental figure 1B) and average prescription costs (online
supplemental figure 1C). LOIX mainly consists of three
subclasses in this study, as shown in online supplemental
table 2. The trends in use and cost of this class of drugs
are shown in figure 2B. Among these subclasses, plat-
inum compounds were the most widely used. The PV
for platinum compounds was 26.2% in 2015 and gradu-
ally increased to approximately 29.5% in 2019 (Z=8.654,
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p<0.05, APC 0.8%, 95% CI -1.32 to 3.55), and the cost
increased from ¥12.3million in 2015 to ¥26.5 million in
2019. The PV of monoclonal antibodies increased almost
fourfold over byears (Z=48.214, p<0.05, APC 3.3%,
95% CI 0.23 to 7.87), with the annual drug cost ranging
from ¥14.5million to ¥44.1million. The PV for the
subclass of other antineoplastic agents (ATC code name
LO01XX) was 7.8% in 2015 and gradually rose to 12.6% in
2019 (Z=16.132, p<0.05, APC 1.2%, 95% CI 0.33 to 2.47).
The cost grew from ¥6.0 million in 2015 to ¥15.0 million
in 2019.

PKIs were used in 0.1% visits in 2015, which increased to
2.5% in 2019 (Z=21.164, p<0.05, APC 0.6%, 95% CI -0.02
to 1.78). The drug expenditure of PKIs was ¥8.6 million
during the study period (figure 2C). This study collected
nine subclasses of PKIs. Among them, multitarget PKIs
and vascular endothelial growth factor receptor tyrosine
kinase inhibitors are the most commonly used, the PV of
which increased by more than 300 (Z=22.391, p<0.05, APC
0.4%, 95% CI 0.0017 to 1.6404) and 50 times (Z=5.152,
p<0.05, APC 0.1%, 95% CI 0.0045 to 0.1371), respectively.
The cost of multitarget PKIs was ¥24 267 in 2015 and
increased to ¥5.0 million in 2019. Other subclasses of PKIs
were mainly used for other cancer with multiple primary
tumours.

Because patients with CRC may receive multiple drug
combinations of antitumor therapy, the sum of PV of
different class drugs may exceed 100%, which may also
be the case for drug subclass analysis and specific drug
analysis.

Trends in specific drugs in the most widely used drug classes
The prescribing trends for specific drugs in antimetabo-
lites, LO1X and PKIswere analysed. Eightfluoropyrimidine

drugs were found in our study. The results shown in
figure 3A indicated that capecitabine, fluorouracil (5-FU)
and the compound fluorouracil derivatives tegafur,
gimeracil and oteracil potassium were the top three
most frequently prescribed antimetabolite drugs, repre-
senting 49.1%, 20.6% and 8.5% of the 5-year average
PV, respectively. The APC in PV of these three drugs was
1.6% (Z=11.13, p<0.05, 95%CI -0.92 to 4.38), -1.6%
(Z=-12.974, p<0.05, 95% CI -3.49 to 1.50) and -0.8%
(Z=-11.13, p<0.05, 95% CI -1.21 to -0.67), respectively.
The annual cost of these three drugs was ¥17.6million,
¥1.1million and ¥5.2million in 2015, respectively, and
¥22.0million, ¥6.1million and ¥4.1million in 2019,
respectively. The sum of the PV values for the other five
5-FU analogues (fluorouracil deoxynucleoside, doxifluri-
dine, tegafur, carmofur and uracil tegafur) declined from
9.8% in 2015 to 1.1% in 2019 (Z=-38.835, p<0.05, APC
-2.16%, 95% CI -3.43 to -0.91).

As shown in figure 3B, oxaliplatin was the most
commonly used platinum compound in our study. From
2015 to 2017, the PV for oxaliplatin was approximately
25%, which slightly increased to approximately 28% in
2018-2019 (Z=5.183, p<0.05, APC 0.4%, 95% CI —-0.91 to
3.08). The PV of lobaplatin in patients with CRC was 0.2%
in 2015, and it ranged between 1.2% and 1.8% since 2017
(2=13.441, p<0.05, APC 0.3%, 95% CI -0.39 to 0.96). The
PV ratio of oxaliplatin to irinotecan was 3.7 in 2015. With
the increase in the use of irinotecan (Z=17.771, p<0.05,
APC 1.4%, 95%CI 0.18 to 2.51), that ratio gradually
decreased to 2.2 in 2019. The PV of the combined use of
oxaliplatin and irinotecan also grew from 0.1% in 2015 to
1.2% in 2019.
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Figure 3 Trends in visits and drug cost of specific drugs of antineoplastic drugs from 2015 to 2019. (A) Trends of raltitrexed
and pyrimidine analogues; (B) trends of irinotecan and platinum compounds; (C) trends of monoclonal antibodies; (D) trends of
protein kinase inhibitors. PD, programmed cell death; PV, per cent of visits.
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Bevacizumab and cetuximab were the most prescribed
monoclonal antibodies, as shown in figure 3C. In 2015,
bevacizumab and cetuximab were used in 1.8% and 1.3%
of visits, accounting for 11.3% and 12.8% of antineo-
plastic drug costs, respectively. In 2019, the PV for these
two drugs increased to 10.7% and 5.7%, accounting for
20.3% and 13.7% of the total antineoplastic drug cost,
respectively. ICIs were not used in patients with bowel
cancer until 2019 in our study. In 2019, three PD-1 inhib-
itors were used in 0.1% of visits. The total cost for PD-1
inhibitors was ¥0.4million in 2019, accounting for 0.1%
of the annual antineoplastic drug expenditure.

Compared with 2015, the cost of PKIs in 2019 had
increased by 33 times (figure 3D). The use of PKIs
increased rapidly as well (Z=21.164, p<0.05). Regorafenib
was the most widely used PKI, contributing nearly 61.2%
of all PKIs prescribed in 2019.

Trends in prescribing patterns

Drugs with different pharmacologies are used in combi-
nation for CRC treatment. Trends in prescribing patterns
for monotherapy, dual combination, triple combina-
tion and quadruple or more combination are shown in
online supplemental figure 2. The percentage of mono-
therapy decreased from 73.4% in 2015 to 66.7% in 2019
(Z=-17.403, p<0.05, APC -1.7%, 95% CI -7.23 to 1.46).
Percentage of dual combinations ranged from 23.0%
in 2015 to 27.2% in 2019 (Z=2.98, p<0.05, APC 0.1%,
95% CI -1.84 to 4.20). Percentage of the three drug regi-
mens was 1.4% in 2015 and increased significantly to
7.3% in 2019 (Z=32.476, p<0.05, APC 1.5%, 95% CI 0.17
to 2.89). Combinations of four or more drugs increased
from 0.1% in 2015 to 0.5% in 2019 (Z=9.056, p<0.05, APC
0.1%, 95% CI 0.02 to 0.30).

DISCUSSION

In this study, real-world trends in the prescription patterns
of antineoplastic drugs for patients with CRC in China
are described herein for the first time. During the study
period, the number of antineoplastic drug prescriptions
showed an increasing trend, which may be related to
the rising number of patients with CRC and the growing
number of admissions/clinical visits per patient.1 % At the
same time, the total amount of antitumor drug prescrip-
tions increased significantly.

The total amount of medications spent in 2019 was
2.17 times that of 2015. The annual average prescription
amount changed slightly. Compared with 2015, the single
prescription amount only increased by 20%, and there
was no statistical difference in p for trend. In terms of
drug use, the proportion of cytotoxic drugs was in line
with the guidelines. The treatment regimens are mainly
composed based on fluorouracil or its derivatives and
substitutes, combined with oxaliplatin or irinotecan, or
IROX. The proportion of drug prescriptions of fluoro-
uracils was higher than oxaliplatin and higher than irino-
tecan. Cytotoxic antitumor drugs without CRC indication

accounted for less than 1% and were mainly used to
treat other diseases. Compared with high-income coun-
tries, more than 70% of patients received biologics at any
line of treatment,” * our study showed that the use of
targeted drugs may be significantly lower.

The increase in spending on antineoplastic drugs
may be related to several factors, such as patient or drug
factors, and they can affect each other. Consistent with
previous epidemiological results,' the proportion of
prescriptions for male patients in our study continues
to rise slightly. The higher male proportion may lead
to changes in mean weight or BSA, which will probably
result in higher costs for weight or BSA-based therapies.

Our study shows that the proportion of targeted drugs
in antitumor drug prescriptions increases (PV of mono-
clonal antibodies increased from 3.2% in 2015 to 16.6%
in 2019). The drug price of target medications is signifi-
cantly higher than that of cytotoxic drugs. The use of
costly target agents increases the average drug expense
per prescription. But the impact of increased costs from
targeted drugs is not constant. As drug prices continue
to fall, the average annual prescription cost of cetuximab
decreased gradually from ¥30 768 in 2015 to ¥21 689 in
2018 and significantly declined to ¥9 020 in 2019. On the
other hand, the cost per visit of PKIs dropped in 2017
after national negotiations in 2016, but it increased again
in 2018 and 2019 as the use of non-negotiated drugs such
as regorafenib, anlotinib and vemurafenib increased.
Therefore, to accurately evaluate the overall impact of
high-priced drugs on drug costs, a comprehensive calcu-
lation should be made based on total drug costs, the
number of prescriptions and the amount of single drug
use.

In addition, in our study, the proportion of prescrip-
tions of a single drug regimen decreased significantly,
and the remedies of three drugs increased significantly,
suggesting that the change of medication pattern may have
an impact on drug consumption. In particular, according
to the guidelines,”™ the three-drug regimen is mostly a
combination of chemotherapy and targeted drugs and,
thus, may significantly increase drug costs. However, the
specific composition remains to be confirmed by further
studies.

There are several limitations of this study. First, detailed
prescription information, such as the disease stage of
CRC, surgical history, pathological results and genetic test
results, was lacking. Our analysis was based on prescrip-
tion data only; therefore, the appropriateness of the anti-
neoplastic drug treatment could not be evaluated, nor
could the outcome of anticancer therapy. Our prescrip-
tion data do not involve the patient’s individual identifica-
tion information, it is impossible to analyse and evaluate
the drug on a patient basis. This topic requires further
research. Since the included hospitals are located in large
cities and prescriptions are obtained through random
sampling, prescriptions in different regions may fluctuate
from year to year. There might be bias in sampling. Our
sample hospitals are from large cities in some Chinese
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provinces, it may only represent the prescriptions of some
Chinese patients with CRC and may be less representa-
tive of the economically less developed and rural areas.
Moreover, the overall disease burden in patients with
bowel cancer, not just the burden of medication, should
be further explored in the future.

CONCLUSIONS

In our research, we found that prescription practices for
Chinese patients with CRC underwent major changes
during the b5-year study period. The use rate of targeted
antineoplastic drugs increased significantly after the drug
price was reduced. Therefore, as the high cost of cancer
drug treatment put pressure on the healthcare system and
patients, pharmacoeconomic research is needed to eval-
uate the cost-effectiveness of CRC antineoplastic drugs.
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