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Summary
Background Affordability to novel anticancer drugs has become a major health issue in China. It is encouraging to
note that China initiated its drug regulatory reform and national price negotiation policies since 2015. As a growing
number of domestic within-class targeted anticancer drugs are approved in China, it is expected that this may reduce
the price of novel anticancer drugs and improve the affordability of anticancer drugs. This study aimed to evaluate the
price, efficacy, and safety of the within-class anticancer drugs between domestic and imported drugs approved in
China from 2010 to 2022.

Methods The domestic and imported within-class targeted drugs for solid cancers approved in China between 2010
and 2022 were extracted. We classified it as a class of anticancer drugs based on the same indication and similar
biological mechanism. The published literature derived from pivotal clinical trials of these domestic and imported
drugs was identified based on the review report and the latest labels issued by the China National Medical
Products Administration. We evaluated the monthly treatment price at launch and the latest (2022), primary
efficacy endpoint and safety between domestic and imported anticancer drugs. Meta-analyses were further
employed to evaluate the efficacy and safety of the domestic and imported anticancer drugs, including pooled
hazard ratios (HR) for progression-free survival (PFS), overall survival (OS), objective response rates (ORR) for
solid cancers, and relative risk for serious adverse events (SAE) and Grade ≥3 adverse events (AEs).

Findings In our cohort study, 12 within-class anticancer drugs with 7 cancer diseases were analyzed, including 18
domestic (21 indications; 21 pivotal trials) and 18 imported (21 indications; 27 pivotal trials) novel anticancer drugs,
respectively. The median monthly treatment price of domestic and imported drugs from the years of launch to 2022
had significantly decreased by 71% and 62%, respectively. Moreover, the median monthly treatment price of domestic
targeted anticancer drugs on the market at launch ($3786 vs. $5393, P = 0.007) and the latest ($1222 vs. $2077,
P = 0.011) was significantly lower than that of imported drugs. No significant differences in median PFS gains (9.0 vs.
11.0 months; P = 0.24), OS gains (9.3 vs 10.6 months; P = 0.66), and ORR (57% vs 62%, P = 0.77) of targeted
anticancer drugs in their pivotal trials were observed between the domestic and imported drugs. Additionally, there
was no significant difference between domestic and imported drugs in the incidence of SAE (23% vs. 24%; P = 0.41)
and Grade ≥3 AEs (59% vs. 57%; P = 0.45). These findings were also further confirmed in the meta-analyses for
primary efficacy endpoints and safety outcomes.

Interpretation The prices of both domestic and imported anticancer drugs significantly decreased after market entry
mainly due to the role of national price negotiations. The median monthly treatment price of domestic within-class
targeted anticancer drugs was significantly lower than that of imported drugs. Furthermore, the efficacy and safety of
domestic anticancer drugs were comparable to that of imported drugs. This evidence implicated that the development
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of within-class anticancer drugs with national price negotiations in China significantly improved the affordability for
patients.

Funding This study was supported by postdoctoral fellowship from Tsinghua-Peking Joint Centers for Life Sciences
(CLS).

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
The high expenditure on anticancer drugs has become a great
concern and challenge worldwide, showing a rapid annual
growth trend. In the past 5 years, spending on anticancer
drugs in China has more than doubled, mainly due to the
impact of patented drugs. Fortunately, China initiated a
package of reforms in 2015 aimed at improving the
affordability of anticancer drugs, including drug regulatory
reform and national drug price negotiations. Evidence showed
the rapid growth in the number of locally developed within-
class anticancer drugs approved since 2015 in China.
Additionally, the average price of anticancer drugs was
reduced by more than 50% in the six rounds (2016–2021) of
national drug price negotiations. However, the available
evidence of their monthly treatment price between domestic
and imported drugs was limited in China. Moreover, it is
unclear whether the within-class anticancer drugs developed
by local developers can ensure substantial efficacy and safety
compared to the imported drugs. In this study, we described
and compared the monthly treatment price between
domestic and imported within-class targeted anticancer drugs
approved in China from 2010 to 2022 at the launch and the
latest (2022). Then, the efficacy and safety of these drugs
were further evaluated.

Added value of this study
This is the first study to evaluate the differences in price,
efficacy and safety between domestic and imported within-
class targeted anticancer drugs. The price (at launch and the
latest) of within-class targeted anticancer drugs developed by
local developers in China were significantly lower than that of
the imported drugs without a significant difference in their
primary efficacy endpoint and safety. Besides, the
implementation of national price negotiations significantly
reduced the price of novel anticancer drugs both for domestic
and imported within-class targeted drugs after market entry.
Our findings supported the significant gains in China had
achieved in improving the affordability for patients in recent
years.

Implications of all the available evidence
The policy of encouraging research and development (R&D) of
novel anticancer drugs and implementing national price
negotiations in China had significantly improved the
affordability for patients. This pattern may provide a new
perspective on international approaches to improve the
affordability of targeted anticancer drugs.
Introduction
Cancer has risen to become the second leading cause of
death in the world, imposing a significant burden on
public health.1,2 Global Cancer Statistics 2020 reported
that there were 19.29 million new cancer cases and 9.95
million cancer deaths worldwide in 2020.3 The latest
report (2020) of International Agency for Research on
Cancer of World Health Organization showed that there
were 4.57 million new cancer cases (205/100,000 for the
age-standardized incidence rates) and 3.00 million can-
cer deaths (129.4/100,000 for the age-standardized
mortality rates) in China, which was the ranked first
in the world, implying that cancer has become a major
public health burden and the leading cause of death in
China.4 Trends in the cancer spectrum in China have
also gradually shifted from the previous burden of liver,
stomach, and esophageal cancer to an increased burden
of lung, breast, colorectal, and prostate cancers, which is
similar to that of developed countries.5 It is foreseeable
that China will face a significant burden of cancer
treatment in the coming years.

The high expenditure on anticancer drugs has
become a great concern and challenge around the
world.6–9 Evidence suggests that global spending on
anticancer drugs is up to $150 billion in 2020, with a
rapid annual growth trend.6 Also, spending on anti-
cancer drugs in China has more than doubled in the
past 5 years largely due to the impact of patented
drugs.10 It is well established that being diagnosed with
cancer would be considered a catastrophe. In a hospital-
based, multicenter, cross-sectional survey of common
oncology costs, the average expenditure per patient was
www.thelancet.com Vol 32 March, 2023
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$9739, much higher than the average annual household
income ($8607).11 Additionally, the previous study re-
ported that China ranked the second-poorest afford-
ability among the six surveyed countries with a median
monthly treatment price of $3173 in 2016 for patented
anticancer drugs, suggesting a far higher treatment
burden in China.12 Therefore, it has been a strong desire
and determination of the Chinese government and the
public to lower the price of novel anticancer drugs and
improve the affordability for patients.

Fortunately, China has initiated a package of re-
forms aimed at improving the affordability of anti-
cancer drugs, including the drug regulatory reform and
national drug price negotiations (Fig. 1). It can be
observed that few policies on drug innovation and price
negotiations were issued prior to 2015, whereas China
embarked on frequent drug reforms after 2015. For the
landmark reform in drug regulatory, China National
Medical Products Administration (NMPA) has been
tackling the drug review backlog by initiating priority
reviews, establishing a 60-day silent approval for
investigational new drug applications (IND) and
encouraging global multi-center clinical trials.13,14 This
has greatly increased the incentive for domestic
Fig. 1: Timeline of landmark reform for drug regulatory and price nego
Drug Administration (changed to the National Medical Products Adminis
IND, investigational new drug application; MRCT, multi-regional clinical tri
Ministry of Human Resource and Social Security; NHSA, National Healthca

www.thelancet.com Vol 32 March, 2023
developers to move from generic drugs to innovative
drug development.15 Indeed, these reforms have yiel-
ded tremendous results, with the number of new mo-
lecular entities developed by local developers
increasing from less than 5 in 2015 to more than 20
approved by the NMPA in 2021.16 Besides, China is-
sued a document on national drug price negotiations
for novel drugs in 2015 and then six rounds of nego-
tiations for novel drugs had been conducted to date
(2022). Our preliminary study analyzed the six rounds
of successful negotiations on novel anticancer drugs,
demonstrating that the novel anticancer drugs had
reduced their prices by more than 50% after market
entry. If the novel drugs are negotiated successfully,
they can be covered in the National Reimbursement
Drug List (NDRL), which implies that more patients
can be affordable. Previous studies reported a signifi-
cant increase in the volume of novel anticancer drugs
included the NRDL through national drug price nego-
tiations, which could also have a substantial impact on
domestic R&D of novel drugs.17,18 These figures sug-
gested that the established drug reforms had brought
more treatment options to oncology patients and
improved the affordability of novel anticancer drugs.
tiation for novel anticancer drugs in China. CFDA, China Food and
tration in 2018); NMPA, National Medical Products Administration;
al; NHFPC, National Health and Family Planning Commission; MHRSS,
re Security Administration; NRDL, National Reimbursement Drug List.
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It should be acknowledged that the majority of local
drug developers in China are now in the "follow up"
paradigm of novel drug development. This means
structural optimization through new molecular entities
already on the market, which can notably reduce the risk
of development failure (so-called "me too" or “me bet-
ter” novel drugs). Based on this development strategy,
several novel targeted anticancer drugs developed locally
in China have been marketed with similar targets and
biological mechanisms to those of imported anticancer
drugs. Evidence supports that within-class drugs may
contribute to lowering the price of new anticancer drugs
and increasing their bargaining power.19,20 However,
studies have also shown that more within-class products
do not necessarily reduce drug prices, and may even be
clinically ineffective in terms of efficacy and safety.21–24

As an increasing number of targeted within-class anti-
cancer drugs developed by local developers in China, it
is unclear whether these drugs can offer lower anti-
cancer drug prices with sufficient evidence of efficacy
and safety.

In this study, we first aimed to assess the monthly
treatment price of domestic and imported novel within-
class anticancer drugs by analyzing the price at launch
and the latest (2022) of these agents in China. And then,
the efficacy and safety of novel domestic and imported
anticancer drugs were evaluated by combining the meta-
analyses.
Methods
Data sources
The novel anticancer drugs (New molecular entities,
NMEs) for solid cancer approved between January 1,
2010 and August 1, 2022 was included. These agents
were derived from the NMPA listing database.25 The
price of anticancer drugs was collected from the Insight
databases (one of the most widely used commercial
databases in China)26 and publicly available data. Taking
into account the impact of inflation, we adjusted it based
on the annual consumption index published by the
National Bureau of Statistics of China.27 The gross do-
mestic product (GDP) per capita and purchasing power
parities relative to United States dollars (US$) for China
was derived from the public data.28,29 The sources of the
meta-analysis were obtained from the published litera-
ture (Table S1).
Data extraction
Sample identification
The scope of this study did not include chemotherapy
(e.g. eribulin) and cell therapy (e.g. Car-T therapy)
considered as non-targeted anticancer agents. The
generic or biosimilar of the novel anticancer drugs that
had been marketed in China were excluded in this study
since these drugs had a significant impact on the price
of novel drugs. Besides, the approved but unmarketed
novel anticancer drugs (without publishing the price)
were also not included in this study. The anticancer
drugs introduced from abroad by domestic developers
were regarded as imported drugs in this study (e.g.
niraparib). The approval date, origin (domestic or im-
ported drugs), indication, biological mechanism, type of
cancer, treatment lines, trial participants, and type of
approval (regular or conditional approval) were extrac-
ted. Additionally, whether these anticancer drugs were
included in the National Reimbursement Drug List
(NRDL) issued in 2021 was also analyzed. We grouped
anticancer drugs within the same class if they shared the
same biological mechanism and indications (such as
PD1/PDL1 inhibitors for melanoma), similar to the
previous study.19 We only included the class that had at
least one within-class imported and at least one do-
mestic novel anticancer drug approved by China.

Price data extraction
The Chinese health care system includes the central
government, provincial governments, and city, regional,
or county governments. Drugs are procured using
centralized bidding at the provincial or city level, which
may result in prices for drugs varying from different
cities.30 Therefore, we extracted the average winning bid
prices at launch (defined as the annual average winning
bid price of the drug when it enters the market in the
first year) and the latest (defined as the average winning
bid price of the drug in 2022) for anticancer drugs. We
calculated monthly treatment prices for anticancer
drugs based on the average winning bid prices using the
NMPA-approved labeling, as reported in the previous
studies.19,31 Based on the exchange rate between China
and the United States on June 20, 2022 (1 USD = 6.17
RMB), we changed the price in China to the US dollar.
For some drugs with varying dosage strengths, we chose
the lowest price of strength for calculation similar to the
study reported by Vokinger KN.19 We determined
monthly treatment prices by factoring in the combina-
tion of anticancer drugs based on NMPA-approved in-
dications (e.g. dalpiciclib combined with fulvestrant for
breast cancer). Drugs that required dosing based on
body weight or body surface area (BSA) assumed 70 kg
or 1.7 m2, which was consistent with previous
studies.31,32 Besides, we calculated the average annual
reduction rate (AARR) of monthly treatment prices for
each anticancer drug price. The AARR of the monthly
treatment price for anticancer drugs was defined as the
sum of the reduction rates divided by the number of
years. Moreover, similar to the previous study,12 the
affordability index of novel anticancer drugs in this
study was defined by calculating the percentage of the
median monthly treatment price to monthly GDP per
capita at purchasing power parities (GDPcap) in China.
A smaller affordability index indicates greater afford-
ability of anticancer drugs.
www.thelancet.com Vol 32 March, 2023
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Identification of pivotal trials
We identified all the pivotal clinical trials for each group
of anticancer agents from the NMPA review reports
(pivotal clinical trials for all drugs are clearly described
in the NMPA review report). Considering that drug re-
view reports issued by the NMPA may report only par-
tial efficacy and safety data (e.g. lack of the incidence of
serious adverse events), we collected published litera-
ture based on the pivotal clinical trials. Owing to the
unavailability of review reports for some targeted drugs,
we identified their pivotal clinical trial based on the
latest drug labels issued by the NMPA through August
2022, which was consistent with the previous study.33

We extracted the pivotal clinical trials involved in the
primary efficacy point used to support the approval of
the NMPA, including PFS, OS, ORR, disease-free sur-
vival (DFS), time to progressive (TTP) and other end
outcomes. The evaluation of ORR for solid tumors
included partial and complete responses, in accordance
with the Response Evaluation Criteria in Solid Tumors
(RECIST). Similar to previous studies,34,35 the novel tar-
geted anticancer drug with a PFS benefit of ≥3 months
or an OS benefit of ≥2.5 months improvement was
deemed clinically significant. Furthermore, to compare
the safety differences between domestic and imported
novel anticancer drugs, we identified SAE and Grade ≥3
AEs that occurred in pivotal clinical trials.

Two researchers independently extracted these data,
and their conclusions following a discussion when
produced varying outcomes. The study did not require
ethics committee approval because it was based on
public data and did not involve patient information.
Statistical analysis
Categorical variables were described as numbers (per-
centages), while continuous variables were expressed as
medians (interquartile range, IQR). For categorical vari-
ables (e.g. approval types), the fisher’s exact test was
employed for comparison. The Kruskal–Wallis test was
utilized to determine the differences between imported
and domestic anticancer agents in terms of monthly
treatment prices at launch and latest (2022), primary ef-
ficacy (PFS, OS, and ORR), and safety outcomes (SAE
and Grade ≥3 AEs). Additionally, consistent with the
previous study,34,36 we performed a pooled analysis of
primary efficacy (HR for PFS and OS of randomized
controlled trial; ORR for single-arm trial) and safety
outcomes (relative risk for SAE and Grade ≥3 AEs of
randomized controlled trial) of imported and domestic
anticancer drugs. In the case of proportions (ORR for
single-arm trial; relative risk for SAE and Grade ≥3 AEs),
confidence intervals (CIs) were computed using
the Clopper-Pearson method, and the Log transformation
was used to stabilize the variance of pooled estimates
for proportions. Statistical heterogeneity was estimated
by using I2 statistic (calculated by Cochran’s Q
www.thelancet.com Vol 32 March, 2023
[100 × (Q–df ÷ Q)]) and χ2 (P < 0.01), which can be
employed to assess between-trial heterogeneity.37 I2

values that were ≥50% indicated significant heterogene-
ity and a random effects model was conducted to calcu-
late the pooled results; otherwise, a fixed-effects model
was performed.38 To identify heterogeneity between trials
for PFS, OS, ORR, SAE and Grade ≥3 AEs, subgroup
analyses were analyzed by drug types, indication and
selection of control groups. Statistical analysis was per-
formed using SPSS 20.0 (for data analysis) and R, version
4.1.0 (ggplot2 package for graphs). P < 0.05 was consid-
ered a statistically significant difference.

Role of the funding source
The analysis and interpretation of the manuscript was
supported by postdoctoral fellowship from Tsinghua-
Peking Joint Centers for Life Sciences (CLS). The
funder had no role in the study design, data collection,
data analysis, interpretation or writing of the paper.
Results
Characteristics of the included anticancer drugs and
pivotal trials
The framework of inclusion for novel anticancer drugs
is shown in Fig. 2. Our cohort study included 36 anti-
cancer agents in total (18 domestic drugs with 21 in-
dications; 2 indications for camrelizumab, sintilimab
and tislelizumab; 18 imported drugs with 21 in-
dications; 2 indications for regorafenib, pembrolizumab
and atezolizumab) and 12 groups (each group had at
least one domestic and imported agent), which covered
seven cancer diseases (Table 1 and Table S1): breast
cancer (CDK4/6 inhibitors, HER2 tyrosine kinase in-
hibitors and HER2-mab inhibitors), non-small-cell lung
cancer (EGFR, ALK, and PD1/PDL1 inhibitors), colo-
rectal cancer (VEGFR inhibitors), ovarian cancer (PARP
inhibitors), hepatocellular carcinoma (VEGFR in-
hibitors), prostate cancer (AR inhibitors) and melanoma
(PD1 inhibitors). The number of anticancer agents in
each group with the same class included 2 to 6. The
majority of anticancer indications were approved in
2016–2022 both for the domestic (20/21) and imported
anticancer drugs (18/21). The most common indication
was non-small cell lung cancer (n = 17), followed by
hepatocellular carcinoma (n = 7) and breast cancer
(n = 7). The number of small-molecule drugs included
in the study was greater than the number of biologics
(26 vs. 10). No significant difference between imported
and domestic anticancer agents was found for the
number of treatment lines (P = 0.39). The proportion of
domestic and imported anticancer drugs with condi-
tional approval was 48% (10/21) and 24% (5/21),
respectively. Additionally, the proportion of indications
for domestic anticancer drugs entering the 2021 NRDL
was 86% (18/21) compared to 71% (15/21) for imported
drugs.
5
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Fig. 2: The framework of inclusion for novel anticancer drugs. OS, overall survival; PFS, progression-free survival; ORR, objective response
rate; SAE, serious adverse event.
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A total of 48 pivotal clinical trials were identified to
support the approval of 42 indications (Table 2 and
Table S1). 21 of these pivotal clinical trials were identi-
fied for domestic anticancer drug approval (21 in-
dications), while 27 trials were for imported drug
approval (21 indications). 33 (69%) of pivotal clinical
trials were derived from NMPA review reports, while 15
(31%) were derived from the latest drug label published
by the NMPA (Table S1). All of these pivotal clinical
trials were published in the literature (Table S1). The
median patient enrolment in each pivotal clinical study
for domestic targeted agents was 341 (IQR:217, 412),
which was comparable to imported drugs (median: 345;
IQR: 206, 588) (Table 2). The number of pivotal clinical
trials of imported anticancer drugs was significantly
higher than that of domestic drugs (P = 0.04). In regards
to clinical trial design, 61% (13/21) of domestic drugs
employed RCTs while the proportion of imported anti-
oncology drugs was 81% (22/27). The majority of
pivotal clinical trials of imported and domestic anti-
cancer drugs were distributed in phase III clinical trials
(36/48), followed by phase II clinical trials (10/48). The
proportion of methods using open-label was higher than
the proportion of double blinding (domestic: 67%; im-
ported: 52%) in cancers. Besides, no significant differ-
ence between domestic and imported anticancer drugs
was observed in the types of the control group.
Prices of the anticancer drugs
The monthly treatment price change of domestic and
imported anticancer drugs in each within-class group
are shown in Table 3 and Table S2. Among the novel
anticancer drugs included in this study, three domestic
drugs and two imported drugs were marketed in 2022
respectively. Thereby, the prices of them remain un-
changed (Fig. 3). Other novel anticancer drugs showed a
decline in the latest years (2022). Compared to the prices
at launch, the domestic and imported anticancer drugs
showed significant decreases at the latest (2022) with
median price reductions of 71% and 62% (P < 0.001),
respectively (Table S2). 86% (18/21) of domestic anti-
cancer drugs and 71% (15/21) of imported anticancer
drugs were included by the 2021 NRDL (Table 1). Price
reductions for drugs that were included in the 2021
NRDL by the price negotiation were greater than those
without in the NRDL, as can be observed in domestic
(median: 73% vs. 0%, P < 0.001) and imported oncology
drugs (median: 75% vs. 8%, P < 0.001) (Table S2). No
significant difference in AARR of monthly treatment
price between domestic and imported anticancer drugs
(45% vs. 30%, P = 0.06) (Table S2). The median AARR
for anticancer drugs approved in 2016–2022 was
significantly higher than for drugs approved in
2010–2015 (44% vs. 2%, P < 0.01; data not shown). The
median monthly treatment price for the domestic
www.thelancet.com Vol 32 March, 2023
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Characteristic Domestic
drugs, N (%)

Imported
drugs, N (%)

P
value

Total of pivotal trial 21 27 NA

Pivotal trials per indications,
median (range)

1 (1, 1) 1 (1, 3) 0.04

Participants per trials,
median (IQR)

341 (217, 412) 345 (206, 588) 0.43

Study design

Randomized 13 (61) 22 (81) 0.19

Single-arma 8 (38) 5 (19)

Clinical trial phase

Phase 3 14 (67) 22 (81) 0.48

Phase 2 6 (29) 4 (14)

Phase 1 1 (4) 1 (4)

Type of Blinding

Double 7 (33) 13 (48) 0.38

Open label 14 (67) 14 (52)

Type of control

Active 6 (29) 11 (41) 0.27

Placebo 6 (28) 11 (41)

Dose comparison 1 (5) 0 (0)

Historical control 8 (38) 5 (19)

IQR, interquartile range; NA, not available. aOne of the domestic anticancer
drugs for a dose-comparison clinical trial design was considered as single-arm
design.

Table 2: Pivotal trials of targeted anticancer drugs between domestic
and imported drugs.

Characteristic Domestic
drugs, N (%)

Imported
drugs, N (%)

P
value

Included indications 21 21 NA

Cancer type

Non–small-cell lung cancer 8 (38) 9 (43) 0.94

Hepatocellular carcinoma 5 (23) 2 (10)

Breast cancer 3 (14) 4 (19)

Ovarian 2 (10) 2 (10)

Colorectal 1 (5) 1 (5)

Melanoma 1 (5) 1 (5)

Prostate cancer 1 (5) 2 (10)

Approval date

2010–2015 1 (5) 3 (14) 0.61

2016–2022 20 (95) 18 (86)

2021 NRDL

Included 18 (86) 15 (71) 0.45

Not included 3 (14) 6 (29)

Approval types

Conditional approval 10 (48) 5 (24) 0.20

Regular approval 11 (52) 16 (76)

Line of therapy

Adjuvant therapy 0 (0) 2 (10) 0.39

First-line advanced or
metastatic

9 (43) 9 (43)

Second-line advanced or
metastatic

9 (43) 9 (43)

Third- or- later-line
advanced or metastatic

3 (14) 1 (5)

NRDL, National Reimbursement Drug List; NA, not available.

Table 1: Characteristics of the included indications between domestic
and imported drugs.

Articles
oncology drugs in the year at launch was significantly
lower than that of imported drugs ($3786 vs. $5393,
P = 0.007) (Fig. 4). Moreover, this difference in the latest
(2022) between domestic and imported also can be
identified ($1222 vs. $2077, P = 0.011). Since the
monthly GDPcap for 2022 in China has not been pub-
lished yet, we adopted data from 2021 as a surrogate
(1617$ for monthly GDPcap in 2021). Thereby, the
affordability index for domestic and imported anticancer
was estimated as 76% (1222/1617) and 128% (2077/
1617), respectively, in 2022.
Efficacy and safety of the anticancer drugs
The primary efficacy endpoints of the 48 pivotal clinical
trials are shown in Table 4. The most common primary
efficacy for domestic agents was ORR (43%), followed by
PFS (33%) and OS (14%). For imported anticancer
drugs, PFS (41%) as the primary efficacy endpoint was
the most popular, followed by ORR (19%) and co-
primary of PFS and OS (15%).

No significant differences were observed between the
domestic and the imported drugs in terms of median
www.thelancet.com Vol 32 March, 2023
PFS gains (9.0 vs. 11.0 months; P = 0.24), OS gains (9.3
vs. 10.6 months; P = 0.66) and ORR (57% vs. 62%;
P = 0.77) derived from their pivotal trials (Table 4). The
pooled results also revealed that no significant differ-
ence in primary efficacy endpoint between domestic and
imported anticancer drugs was found (HR for PFS, 0.51
vs. 0.48, P = 0.60, Fig. 5); HR for OS (0.71 vs. 0.66,
P = 0.38, Fig. 6); ORR (37% vs. 48%, P = 0.51, Fig. S1).
Besides, the proportion of drugs meeting clinically
meaningful improvement criteria between the domestic
and imported groups also showed no statistical differ-
ences (PFS gains improvement greater than 3 months:
50% vs. 86%, P = 0.14; OS benefits ≥2.5 months: 33%
vs 80%, P = 0.46).

A pooled analysis of adverse events from the pivotal
clinical trials designed as randomized controlled trials
(RCT) suggested that the proportion of SAE for do-
mestic anticancer agents was comparable to that of
imported drugs (23% vs. 24%, P = 0.41). Similarly, there
was no significant difference between domestic and
imported anticancer agents in the AEs risk of Grade ≥3
(59% vs. 57%, P = 0.45). The pooled results also
confirmed that there was no significant difference be-
tween domestic and imported novel anticancer drugs for
safety outcomes (relative risk for SAE: 1.40 [95%CI,
1.08–1.83] vs. 1.18 [95%CI, 1.07–1.31], P = 0.23, Fig. S2;
relative risk for AEs of Grade ≥3: 1.61 [95%CI,
7
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Characteristic Initial monthly treatment price,
median (IQR)

The latest treatment price,
median (IQR)

Price reductiona

Domestic anticancer drugs

Breast cancer (CDK4/6 inhibitors) 2843 (2843–2843) 2843 (2843–2843) 0%

Breast cancer (HER2-TKIs) 4425 (4425–4425) 1536 (1536–1536) −65%

Breast cancer (HER2 mab inhibitors) 2920 (2920–2920) 1089 (1089–1089) −63%

NSCLC (ALK inhibitors) 5909 (5909–5909) 1736 (1736–1736) −71%

NSCLC (EGFR inhibitors) 5235 (3817–6420) 1075 (844–1337) −79%

NSCLC (PD1/PDL1 inhibitors) 4872 (4053–5408) 878 (835–1397) −81%

Hepatocellular carcinoma (PD1/PDL1 inhibitors) 4663 (4544–6466) 943 (788–1645) −80%

Hepatocellular carcinoma (VEGFR inhibitors) 3376 (3171–3581) 1249 (1213–1286) −63%

Colorectal cancer (VEGFR inhibitors) 3785 (3785–3785) 1222 (1222–1222) −68%

Melanoma (PD1 inhibitors) 2172 (2172–2172) 543 (543–543) −75%

Ovarian cancer (PAPR inhibitors) 2897 (2741–3052) 1439 (1439–1440) −50%

Prostate cancer (AR inhibitors) 3177 (3177–3177) 3177 (3177–3177) 0%

Imported anticancer drugs

Breast cancer (CDK4/6 inhibitors) 4766 (4766–4766) 2298 (2298–2298) −52%

Breast cancer (HER2-TKIs) 4637 (4350–4924) 1270 (1139–1401) −73%

Breast cancer (HER2-mab-inhibitors) 7042 (7042–7042) 1750 (1750–1750) −75%

NSCLC (ALK inhibitors) 4830 (3141–8614) 2470 (2077–3141) −49%

NSCLC (EGFR inhibitors) 3049 (2853–3248) 633 (528–739) −79%

NSCLC (PD1/PDL1 inhibitors) 8740 (8449–9031) 7667 (7503–7831) −12%

Hepatocellular carcinoma (PD1/PDL1 inhibitors) 9875 (9875–9875) 8972 (8972–8972) −9%

Hepatocellular carcinoma (VEGFR inhibitors) 5393 (5393–5393) 2349 (2349–2349) −56%

Colorectal cancer (VEGFR inhibitors) 5393 (5393–5393) 2349 (2349–2349) −56%

Melanoma (PD1 inhibitors) 8235 (8235–8235) 7726 (7726–7726) −6%

Ovarian cancer (PAPR inhibitors) 10,138 (9342–10,934) 1940 (1823–1996) −81%

Prostate cancer (AR inhibitors) 4923 (4264–5583) 1068 (1033–1102) −78%

Prices are expressed in inflation-adjusted US dollars of monthly treatment. AR, androgen receptor; PAPR, poly(ADP-ribose) polymerase; VEGFR, vascular endothelial growth
factor receptor; TKIs, tyrosine kinase inhibitors; IQR, interquartile range. aPrice reduction is defined as the percentage reduction in the monthly treatment price at the latest
relative to the year at launch.

Table 3: The trend change of monthly treatment price for within-class targeted anticancer drugs at launch and the latest (2022) between domestic
and imported drugs.

Fig. 3: Price changes in monthly treatment price of novel anticancer drugs at launch and the latest (2022) in domestic (a) and imported
(b) drugs.
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Fig. 4: Comparison of monthly treatment price of novel anticancer drugs between domestic and imported drugs. (a) Comparison of
monthly treatment price of novel anticancer drugs at launch between domestic and imported drugs. (b) Comparison of monthly treatment
price of novel anticancer drugs at the latest (2022) between domestic and imported drugs. The line indicates the median price; the whiskers
indicate the 10th and 90th percentiles of price.

End Point or Outcome Domestic, (n = 21) Imported, (n = 27) P value

Primary trial end point, No. (%)

PFS 7 (33) 11 (41) 0.42

OS 3 (14) 3 (11)

ORRa 9 (43) 5 (19)

PFS and OS 2 (10) 4 (15)

DFS 0 (0) 2 (7)

MFS 0 (0) 1 (4)

TTP 0 (0) 1 (4)

Efficacy

Objective response rate, %b

Mediana(IQR) 57 (17, 69) 62 (47, 62) 0.77

Pooled estimate (95%CI)d 37 (22, 64) 48 (30, 77) 0.51

Progression-free survivalc

Gain, months, median (IQR) 9.0 (7.0, 10.1) 11.0 (7.9, 16.5) 0.24

Pooled hazard ratio (95%CI)d 0.51 (0.41, 0.63) 0.48 (0.44, 0.52) 0.64

Clinically meaningful improvement, No. (%) 4 (50) 12 (86) 0.14

Overall survivalc

Gain, months, median (IQR) 9.3 (9.0, 10.7) 10.6 (8.8, 18.1) 0.66

Pooled hazard ratio (95%CI)d 0.71 (0.64, 0.79) 0.66 (0.61, 0.73) 0.38

Clinically meaningful improvement, No. (%) 1 (33) 3 (80) 0.46

Safetyc

SAE, No. patients (%) 646/2783 (23) 1328/5566 (24) 0.41

SAE, Pooled Relative Risk (95%CI)d 1.40 (1.08, 1.83) 1.18 (1.07, 1.31） 0.23

Grade≥3 AEs, No. patients (%) 1480/2504 (59) 4201/7385 (57) 0.45

Grade≥3 AEs, Pooled Relative Risk (95%CI)d 1.61 (1.03, 2.51) 1.57 (1.21, 2.03) 0.92

IQR, interquartile range; CI, confidence interval; SAE, serious adverse events; PFS, progression-free survival; OS, overall survival; ORR, objective response rate; DFS, disease-
free survival; MFS, metastasis-free survival; TTP, time to progress; AE, adverse events. aOnly one pivotal clinical trial was a randomized controlled clinical trial design, and all
others were single-arm designs. bObjective response rate (ORR) included partial response and complete response. Only ORR reported in single-arm clinical trials were
analyzed. cData for these analyses were derived from randomized controlled clinical trials (not included for single-arm trial designs). dResults from meta-analyses.

Table 4: Primary endpoint and outcome of the pivotal trials between domestic and imported drugs.
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1.03–2.51] vs. 1.57 [95%CI, 1.21–2.03], P = 0.92, Fig. S3.
Subgroup analysis showed no significant differences in
PFS, OS, ORR, SAE and Grade ≥3 AEs between do-
mestic and imported anticancer agents (Tables S3–7).
Discussion
In this study, we first evaluated the price of the targeted
anticancer drugs, including 12 within the same classes
of drugs covering 7 cancer diseases. The results showed
an average reduction of 71% and 62% for domestic and
imported novel anticancer drugs, respectively, compared
to the price at launch. Besides, the AARR of 45% and
30% for monthly treatment price for domestic and im-
ported anticancer drugs, respectively. The affordability
index for domestic and imported anticancer drugs was
estimated as 76% (1222/1617) and 128% (2077/1617) in
2022, respectively, much lower than 288% for China in
2016 reported by Goldstein DA.12 Besides, the
Fig. 5: Hazard ratio forest plot for progression-free survival from
anticancer drugs. The serial number marked above the drug name in the
trials.
affordability of domestic anticancer drugs was close to
some developed countries, e.g. Australia (76% vs. 71%)
and the United Kingdom (76% vs. 78%) in 2016, indi-
cating that the affordability of anticancer drugs had been
significantly improved in China.12 This is mainly due to
the combined results of drug regulatory reform and
national price negotiations.

The previous studies indicated that the average
monthly treatment price of anticancer drugs in the
United States increased from $5790 in 2009–2010 to
$14,580 in 2018–2019, which is significantly higher
than in other developed nations in Europe, despite the
significant increase in the number of novel anticancer
drugs approved by the US FDA during this time
period.39,40 A recent study also found a 15.31% increase
in prices for 12 drug classes covering 9 indications in
the United States four years after anticancer drugs
entered the market, compared to a 26% and 13%
decrease in Germany and Switzerland, respectively.19
the randomized controlled trials for domestic versus imported
figure represents the indication that involves multiple pivotal clinical
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Fig. 6: Hazard ratio forest plot for overall survival from the randomized controlled trials for domestic versus imported anticancer drugs.
The serial number marked above the drug name in the figure represents the indication that involves multiple pivotal clinical trials.
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This disparity of price change trend could be attributed
to price negotiations which were practiced in Germany
and Switzerland. Also, China had launched six rounds
of national drug price negotiations since 2016 to intro-
duce clinically valuable and unaffordable innovative
drugs into the NRDL, with an average price reduction of
over 50% from 2016 to 2021. Since China has imple-
mented universal health coverage, there will be a larger
market for novel anticancer drugs when they are
included in the NRDL due to more patients can afford
the copayment of them.

In this study, we noted that 86% (18/21) of novel
domestic anticancer drugs included in the 2021 NRDL
via price negotiations had significantly reduced their
monthly treatment prices when compared to the drugs
not included (3/21) in 2021 NRDL (73% vs. 0%,
P < 0.001). The three indications were not included in
the 2021 NRDL mainly because they were just marketed
in 2022. For the imported anticancer drugs, 71% (15/21)
of indications entered the 2021 NRDL, which was rela-
tively lower than that of domestic anticancer drugs
(81%). The median monthly treatment price reduction
for the 15 of imported indications included in the 2021
NRDL was also significantly greater than those not
included (75% vs. 3%, P < 0.001). Of the six imported
indications that did not enter the 2021 NRDL, two in-
dications were marketed in 2022, while the other four
indications were marketed before 2021, indicating that
the imported anticancer drugs were less inclined to
enter the NRDL through lower prices compared with
www.thelancet.com Vol 32 March, 2023
domestic drugs. Additionally, our findings demon-
strated the significantly higher median AARR for
approved anticancer drugs in 2016–2022 than in
2010–2015 (44% vs. 2%, P < 0.01). These findings
supported that to reduce the price of novel anticancer
drugs without national price negotiations may be
extremely challenging in China.

We further assessed the difference in the monthly
treatment price at launch and the latest between do-
mestic and imported novel anticancer drugs. Notably,
the monthly treatment price of domestic anticancer
medications was considerably lower than that of im-
ported ($3786 vs. $5393, P = 0.007). Moreover, the
monthly treatment price at the latest (2022) of domestic
anticancer medications was still significantly lower than
that of imports ($1222 vs. $2077, P = 0.011). Moreover,
the AARR of domestic anticancer drugs tended to be
larger than that of imported drugs although there was
no significant difference (45% vs. 30%, P = 0.06).
Therefore, it is reasonable to believe that the increasing
number of domestic anticancer drugs approved for
marketing would contribute to reducing the within-class
targeted anticancer drugs. The previous study suggested
that locally developed "me-too" anticancer drugs in
China, along with price negotiations and health insur-
ance reimbursement policies, could improve the
affordability to targeted anticancer drugs, which was
consistent with our findings.20 For instance, the most
advanced PD1/PDL1 inhibitors have received approval
from many regulatory authorities around the world due
11
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to their revolutionary therapeutic effects in the treat-
ment of cancer.41 This study included six PD1/PDL1
inhibitors approved for first-line treatment of non-
squamous NSCLC, of which three domestic PD1 in-
hibitors were successfully negotiated and included in
the 2021 NDRL, while another two imported PD1 in-
hibitors were not included for the absence of sufficient
price reduction. The lowest monthly price of domestic
PD1 inhibitor treatment cost less than one-tenth of
imported treatment. It can be estimated that the
monthly out-of-pocket price for the patients might be
less than $250 when assuming 70% of the price of
medical reimbursement in China, making the cost of
PD1 inhibitors hopefully the lowest in the world.
Therefore, it is highly significant to encourage the R & D
of within-class novel anticancer drugs by local de-
velopers to improve affordability for patients.

Indeed, the anticancer drugs are less affordable to
patients than non-anticancer drugs in China. We further
analyzed the prices of 21 novel non-anticancer drugs
(only novel drugs that require long-term administration
were included) that were successfully negotiated in the
national drug price negotiations in 2021. Our results
showed that the median monthly treatment price of
these novel non-anticancer drugs was $344 (IQR: 121,
621) in 2022, much lower than the median monthly
treatment price of the domestic or imported novel
anticancer drugs included in this study ($1222 and
$2077 for domestic and imported anticancer drugs,
respectively). This partly explained the significance of
speeding up the R & D of novel anticancer drugs and
increasing the national price negotiation of novel anti-
cancer drugs in China.

The characteristics of pivotal clinical trials between
domestic and imported anticancer drugs were also
analyzed in this study. Our results found no statistically
significant difference in the number of patients enrolled
in each pivotal clinical trial between domestic and im-
ported drugs. However, the median number of pivotal
clinical trials for imported anticancer drugs was signif-
icantly higher than that of domestic drugs (P = 0.04).
This phenomenon may be partly due to the fact that
imported anticancer drugs conducting the multi-
regional clinical trial (MRCT) lacked the Chinese pop-
ulation, and therefore some of them require bridging
clinical trials to meet the regulatory requirements in
China. Besides, the proportion of domestic and im-
ported anticancer drugs granted conditional approval
was 48% and 24%, respectively, which reflected the
flexibility of China’s regulatory review for drugs in
serious life-threatening oncology diseases. China
implemented the conditional approval program (Pilot)
since 2017, indicating that the novel drugs can rely on
surrogate endpoints with limited patients marketing in
advance. It should be admitted that the majority of im-
ported anticancer drugs usually obtained adequate effi-
cacy and safety trial evidence when submitted for New
Drug Application (NDA) or Biologic License Application
(BLA), given that the long-standing delay in bringing
anticancer drugs to market was observed in China.15

Consequently, the imported anticancer drugs included
in this study were primarily regular approval.

It is well known that conditional approval has
established itself as a strategy to expedite the launch of
novel drugs by primary international regulatory
agencies based on the surrogate endpoints (e.g. accel-
erated approval program in the FDA; conditional mar-
keting authorizations in the EMA), for the treatment of
serious life-threatening without available therapy.42

Previous studies have shown that accelerated approval
has been used for more than half of the FDA-approved
anticancer drug indications from 1992 to 2019, and the
majority of anticancer drugs have been converted to
traditional approval.43–45 In an FDA-published article
summarizing the accelerated approval of anticancer
drugs from 1992 to 2017, the proportion of marketing
approvals based on response rate and single-arm trials
was 87% and 72%, respectively.46 Only five indications
(5%) that received accelerated approval did not observe
clinical benefit in post-confirmation clinical trials, indi-
cating that the successful implementation of the accel-
erated approval program has resulted in more patients
experiencing clinical benefit. Therefore, it can be ex-
pected that the implementation of conditional approval
program in China will contribute to addressing the
affordability of drugs for oncology patients effectively.
However, the safety and efficacy of these drugs (with
conditional approval) should be stringently regulated in
China, including the introduction of OS in confirmatory
clinical trials and clinical endpoints that directly reflect
patient benefit (e.g. health-related quality of life).44,47

This study further evaluated comparative efficacy and
safety outcome from pivotal clinical trials of domestic
and imported anticancer agents in support of the NMPA
marketing approval. The PFS and OS gain results of the
RCT revealed no significant differences between do-
mestic and imported drugs. Similarly, no significant
difference was found in the ORR analysis of single-arm
trials. The meta-analyses provided further evidence that
the HR of PFS and OS, and the pooled analysis of ORR,
did not significantly vary between imported and do-
mestic anticancer agents. Additionally, we considered
OS improvement ≥2.5 months or PFS improvement ≥3
months to be clinically significant for tumor treatment,
which were consistent with previous studies.34,35 The
findings indicated that no significant differences in OS
and PFS improvement between domestic and imported
were observed. The safety of domestic and imported
anticancer agents was comparable, as shown by the
analysis of SAE and Grade ≥3 AEs occurring in pivotal
clinical trials. Moreover, it was further confirmed by the
meta-analyses. These findings supported that there were
no significant differences between domestic and im-
ported in primary efficacy and safety outcomes.
www.thelancet.com Vol 32 March, 2023
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This study confirmed that China had made signifi-
cant achievements in improving the affordability of
anticancer drugs in recent years. However, China also
faces a number of challenges, including excessive R & D
of the same target and the rationality of the negotiated
price of novel drugs.48–50 The previous study showed that
more than 400 me-too drugs were being developed in
China, the most common being CD19 (56), EGFR (44)
and PD1/PDL1 (32),48 which would result in a serious
waste of R&D investment. Therefore, it was recom-
mended that NMPA needs to further optimize the
development of clinically value-oriented drugs (e.g.
conducting head-to-head RCTs for similar target anti-
cancer drugs). From the societal perspective, when the
quality was comparable with no statistical differences,
the lower drug price the better. As the price per patient
may decrease, the total volume consumed will increase.
Hence, China should include more novel anticancer
drugs with obvious clinical value for national price ne-
gotiations. It can be expected that the close collaboration
between NMPA and the National Health Insurance
Administration (the department that leads national drug
price negotiations) will further accelerate the develop-
ment of novel drugs faster and at lower prices for more
oncology patients to receive novel treatment in China.

Our study has some limitations. First, this study fo-
cuses on targeted anticancer agents, therefore general-
ization to other types of therapeutic agents may not be
applicable. Additionally, similar to the earlier study,19

our definition of comparable anticancer agents was
broad. For instance, we included first-line and second-
line treatments for within-class anticancer drugs,
which may have biased the results. Future studies
should be more narrowly focused on the same in-
dications. Second, the analysis of anticancer drug prices
did not account for the discounting policies of de-
velopers, such as free treatment courses for low-income
families; however, this percentage is small and has a
negligible impact on this price analysis. The monthly
treatment price was calculated ideally based on the
cheapest per-mg strength in the drug package, which
may differ from the actual monthly treatment price.
Third, only the primary endpoints were included in this
assessment of the efficacy of imported and domestic
anticancer drugs, considering that the regulatory
agencies approve the new drugs for marketing primarily
based on the primary endpoint. In addition, the het-
erogeneity of some meta-analyses was excessively high,
so the interpretation needs to be cautious. Finally, this
study did not assess the clinical value of domestic and
imported anticancer drugs comprehensively. In recent
years, numerous studies assess the clinical value of
anticancer drugs using the validated American Society
of Clinical Oncology (ASCO) and European Society of
Medical Oncology (ESMO) value frameworks, which can
serve as a basis for price negotiations.31,39,51–53 Therefore,
www.thelancet.com Vol 32 March, 2023
these two value frameworks can be utilized further to
evaluate the clinical value of anticancer drugs in China.
Conclusion
Overall, the prices of both domestic and imported
within-class anticancer drugs significantly decreased
after entering the market in China. The median
monthly treatment prices of domestic anticancer drugs
were significantly lower than that of imported drugs,
both at launch and the latest prices. Moreover, no sig-
nificant differences in the efficacy and safety of anti-
cancer drugs were observed between domestic and
imported drugs. Our findings supported that encour-
aging the development of within-class anticancer drugs
and implementing the price negotiation for NRDL were
of great importance to reducing patient burden in
China. This pattern may provide new perspectives on
international approaches to improve the affordability of
anticancer medications.
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