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ABSTRACT

Introduction New targeted therapies have changed
cancer treatment in the past decades. However,

high prices of targeted anticancer medications have
increased economic burden for both patients and health
insurance systems. In July 2017, China implemented
combined medication price negotiation and mandatory
reimbursement policies for 15 targeted anticancer
medications. This study assesses effects of the policy on
hospital procurement prices, volumes and spending.
Methods Using a quasi-experimental interrupted time
series design, we analysed procurement data from the
Chinese Medical Economic Information of 789 public
hospitals in 30 provinces between January 2016 and
September 2018. The intervention group consisted of 15
targeted anticancer medications with negotiated prices

in 2017. The comparison group consisted of six targeted
anticancer medications without negotiated prices by 2018.
The effective date of the policy was September 2017.
Results After the implementation of the 2017 medication
price negotiation and reimbursement policy, cost per
defined daily dose (DDD) of the 15 targeted anticancer
medications dropped US$71.21 on average from an
average US$169.24/DDD before (p=0.000). Compared with
what would have happened without the intervention, cost/
DDD of price-negotiated medications decreased by 48.9%
(p=0.000), procurement volumes increased by 143.0%
(p=0.000) and hospital medication spending decreased by
6.9% (p=0.146).

Conclusions The 2017 medication price negotiation and
reimbursement policy decreased targeted medication
procurement costs per DDD, increased volumes procured
and at least temporarily contained spending. These
changes should result in better access to and affordability
of targeted anticancer medications in China.

INTRODUCTION

With increasing incidence, cancers are a
major public health problem worldwide.'
Since 2010, cancers are the leading cause of
death in China.” New targeted therapies have
significantly changed the treatment of some
cancers in the past decades.” However, high
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Key questions

What is already known?

» As cancer burden is increasing across the world,
high prices of new targeted anticancer medications
have raised major concerns regarding access and
affordability, especially in emerging and expanding
universal coverage systems.

» It has been widely recommended that governments
should use their bargaining power to reduce pro-
curement prices of anticancer medicines.

» China has implemented in 2017 medication price
negotiation as a criterion for mandatory insurance
reimbursement. Impacts of the negotiation policy on
targeted anticancer medication prices, volumes and
spending are unknown.

What are the new findings?

» Using a quasi-experimental interrupted time series
design, this study demonstrates that in China na-
tional medication price negotiation as a condition
for mandatory insurance reimbursement decreased
medication prices, increased volumes procured
and controlled hospital spending on anticancer
medications.

What do the new findings imply?

» China’s approach to promoting affordability of new
anticancer medications provides valuable experi-
ence for health policy decision-makers.

prices of targeted anticancer medications
have increased economic burden for both
patients and health insurance systems."

To promote access to healthcare, including
access to cancer care and anticancer medica-
tions, China has since 2009 implemented a
series of linked policies (see box 1). As medi-
cations listed in the national reimbursement
list must be paid at least in part by China’s
health insurance system,” including new
medications in the National Reimbursement
Drug List (NRDL) is the main approach for
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Box 1 Main policies and actions of the Chinese

government to promote medication access and
affordability

March 2009: Beginning of comprehensive health system
reforms

Aiming to establish an equitable and effective health system for

all people (universal health coverage) by 2020,* the government
established Basic Medical Insurance (BMI) coverage with a target of
enrolling 90% of the population by 2010.*

November 2009: 2009 Edition of the National
Reimbursement Drug List (NRDL) for the BMI

The NRDL is the guiding standard for BMI to pay for medications. Prior
t0 2017, experts created the NRDL based on safety, efficacy and need,
without price negotiation of included products.*

February 2017: 2017 Edition NRDL®
Medications included in the February 2017 Edition NRDL were based
on expert review.

July 2017: First-round of drug price negotiations for the
2017 Edition NRDL"

The Chinese government conducted price negotiations with
manufacturers whose medications had been suggested for inclusion
in the NRDL based on expert review. Thirty-six medications were
listed in the NRDL after successful price negotiations in July 2017
with negotiated medication maximum procurement prices reduced by
44% on average.*’

October 2018: Second round of drug price negotiations for
the 2017 Edition NRDL*

The Chinese government conducted the second round of price
negotiations in October 2018. Seventeen medications were added

to the NRDL in October 2018 with negotiated medication maximum
procurement prices reduced by 57%.

December 2018: BMI enrolment
The BMI enrolled more than 95% of Chinese citizens by the end of
2018.%

improving access and patient affordability. Before 2017,
medications were listed in the NRDL based on expert
review and some would not be recommended due to high
prices. Aiming to increase coverage by the Basic Medical
Insurance (BMI) while containing BMI spending, China
has since 2017 used medication price negotiation as
one of the conditions for medication inclusion in the
NRDL (box 1). Following national price negotiations
and inclusion of medicines in the NRDL, provinces are
required to update their Provincial Reimbursement
Drug Lists (PRDLs).® All price-negotiated medications
are mandated to be listed in the PRDLs.” Public sector
hospitals must purchase these medications via the provin-
cial procurement websites and negotiated prices are
maximum prices. City or county-level insurance funding
is then required to reimburse medication costs based on
the negotiated prices (minus beneficiaries’ copayments).

Effects of centralised negotiation or other regulation
approaches on curbing medication prices have been
described in China® and other countries.*!! Previous
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studies have also shown that insurance coverage of medi-
cations without price negotiation led to a rise in medica-
tion use volumes as well as expenditures.'* "* Expectations
are that China’s combined price negotiation and manda-
tory reimbursement policies decrease procurement cost
per medication unit and increase utilisation and thereby
improve access to and affordability of expensive targeted
anticancer medications. In this study, we used an inter-
rupted time series (ITS) design and segmented regres-
sion analyses to assess the effects of the 2017 national
price negotiations on targeted anticancer medication
cost per defined daily dose (DDD), hospital procurement
volumes and spending in China.

METHODS

Study design

We used an ITS design covering the period from January
2016 to September 2018 to analyse changes in daily costs
and hospital purchasing volumes of and spending on
15 targeted anticancer medications for which procure-
ment prices were negotiated in July 2017 and which were
subsequently included in the NRDL and PRDLs.'*'° The
sample included all targeted anticancer medications
identified from the total national price-negotiated medi-
cations in 2017."7 To further strengthen the ITS design,
we selected as comparison group all targeted anticancer
medications approved by the National Medical Products
Administration (NMPA) before 2016 and which were not
price negotiated by the end of the study period. Provinces
in mainland China were mandated to list the 2017 price-
negotiated medications in their PRDLs before 31 July
2017. Considering that policy effects may lag, we selected
September 2017 as the time point when price negotiation
and mandatory reimbursement would have taken effect.

Data and outcome measures

We used hospital procurement data captured in the
Chinese Medicine Economic Information (CMEI) data-
base. The CMEI captures monthly medicines purchases
reported by 594 tertiary and 195 secondary public sector
hospitals,'® which respectively accounted for 28.1% and
3.2% of tertiary and secondary public hospitals in China
in 2017."

In this study, we assessed three main outcome measures:
cost per DDD, procurement volume and spending. We
calculated cost per DDD of each product, for example,
the ratio of procurement spending and volume procured
(in DDDs), as a surrogate measure of actual medication
price paid. DDDs, recommended by WHO for drug utilisa-
tion monitoring and research,” constituted the measure
of purchased volumes. DDDs were the number of daily
doses of each medication based on dosage regimens
recommended in the manufacturers’ product labels and
as approved by the NMPA.*! We prepared data for ITS
analysis by summing up monthly hospital spending and
DDDs of medications procured between January 2016
and September 2018 and calculated average cost per
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DDD for each medication and across the intervention
and comparison groups.” Hospital average procurement
volumes and spending were calculated to reflect drug
consumption. All expenditures were converted to 2016
US dollars using the Consumer Price Index and average
annual exchange rates.”” **

Statistical analysis
Statistical model
We used segmented regression models to assess whether
the 2017 national medication price negotiation policy
affected hospital procurement costs and consumption
of intervention and comparison group medications
across 30 of 31 provinces (data of Qinghai province was
not available).'* ® The regression model assumes the
following form.

Yi=Bo+BiTi+ BeXo+ Bs Xy + BaZ+ Bs ZT; + Be ZX, + B7 ZX, Ti + &4
Y is the dependent variable measured at each monthly
time point t, 7,is the time since the start of the study, X is
a dummy variable representing the intervention (prein-
tervention periods 0, otherwise 1), and X7, is an interac-
tion term of the time and intervention.® Zis a dummy
variable to denote the cohort assignment (treatment or
comparison group). When a comparison group is avail-
able, Z for the intervention group is set as 1.’

We performed the Durbin-Watson test to estimate
residual autocorrelations® and used the Cochrane-Orcutt
autoregression procedure to correct for first order seri-
ally correlated errors when needed.” The results of the
segmented regression models are presented as changes
in the levels and slopes of average daily cost, DDDs and
spending after the implementation of 2017 medication
price negotiation policy. In addition, based on level and
trend change parameter estimates, we calculated abso-
lute and relative differences in outcomes at 6 months
after the intervention as well as at the end of the obser-
vation period compared with what would have happened
without the policy (the counterfactual).'**

To analyse policy impacts on use and costs of and
spending on different medications, we conducted the
ITS regression analyses separately for individual medica-
tions. Pearson correlation coefficient was also estimated
to examine the correlation between relative price change
at the intervention time and medication launch time in
China.

Statistical analysis software
All models were run using the statistical software Stata/
MP V.14.0 (Revision 2 April 2015), StataCorp.

Patient and public involvement
Patients were not involved in this study.

RESULTS

Fifteen targeted anticancer medications had price nego-
tiations in 2017 and constituted the intervention group.
The comparison group consisted of all six targeted anti-
cancer medications included in the CMEI database for

which prices were not negotiated and which were not
listed in the NRDL by the end of the observation period
(table 1, for more detailed information, please see online
supplemental appendix 1). Launch years of the interven-
tion and comparison group medications ranged from
2000 to 2015. The majority of intervention group medica-
tions were indicated for the most common solid tumours
in China, such as lung cancer (N=3), breast cancer
(N=2), kidney cancer (N=2). Prices of four medications
for haematological malignancies including lymphoma
and multiple myeloma treatment were also negotiated
in 2017. As for the comparison group, 4 medications
were indicated for solid tumours including lung cancer,
colorectal cancer and kidney cancer, and two medica-
tions were leukaemia therapies.

Impacts on cost per DDD, volume and spending

The aggregated controlled ITS analysis showed that the
cost per DDD of medications in the intervention group
decreased abruptly and significantly in September 2017
while the cost of comparison group medications did not.
(figure 1A). With the implementation of the negotiation
policy, cost per DDD of the fifteen 2017 price-negotiated
medications had dropped by US$71.21(p<0.01) on
average from an average pre-policy cost of US$169.24/
DDD just before the policy change (table 2). At 6 months
after the price-negotiation policy, cost per DDD of nego-
tiated medications had dropped by US$76.91 (p<0.01)
and the relative change compared with expected cost
without the policy was —48.9%. When the comparison
group was included in the model, at the end of the obser-
vation period, average cost per DDD of the intervention
group medications had declined by US$88.36 (p<0.01)
compared with the estimated cost without price negotia-
tion. Table 2 lists coefficients for level and trend changes
for all outcome measures.

After the negotiation policy, the procured volume of
price-negotiated medications increased significantly in
terms of level and trend (figure 1B) (). Meanwhile, the
volume of comparison group medication was slightly
decreasing (p<0.05). (table 2) At the intervention point,
the consumption volume of the price-negotiated medica-
tions showed a significant increase (p<0.01). (figure 1B)
Compared with what would have happened without the
intervention, the volume of use (in DDDs) had increased
by 85.6% at 6 months after the negotiation policy took
effect and by 143.0% at the end of the observation period
(table 2).

Figure 1C illustrates that, with the price decrease after
the negotiation policy, medication spending dropped
significantly at the time of the policy implementation.
Given increasing consumption volumes, medication
spending over time increased and the change in spending
by the end of observation period was slightly less than
predicted spending without the negotiation (p=0.146).
Compared with what would have been expected without
the negotiation, spending on intervention group medi-
cations had decreased by 19.6% at 6 months after the
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No Generic name Launch time in China Indication

Intervention group
1 Rituximab April 2000 Lymphoma

3 Bortezomib February 2005 Multiple myeloma; lymphoma

5 Erlotinib April 2006 Lung cancer

7 Nimotuzumab April 2008 Nasopharynx cancer

9 Fulvestrant June 2010 Breast cancer

11 Everolimus January 2013 Brain cancer; kidney cancer; pancreatic
neuroendocrine tumor

13 Apatinib October 2014 Stomach cancer

15 Abiraterone May 2015 Prostate cancer
Comparison group
1 Cetuximab July 2006 Colorectal cancer

3 Pegaspargase January 2009 Leukaemia

5 Crizotinib January 2013 Lung cancer
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intervention and 6.9% by the end of the observation  Impacts on individual medication costs per DDD, volumes,

period. Spending on comparison group medications  spending

slightly increased before September 2017 and decreased ~ For individual medications, our results show that all

after the intervention (table 2). price-negotiated medications had significant decreases in
cost per DDD, ranging from 23.4% to 69.9% by the end
of the observation period. After implementation of the

i
|
8
]
g

September 2017 September 2017
Hams 2 g
&R ——— o .,
T e resenn g8 & - * .
- o F50 5200, ¢ : . .
ez L] = T . +
c§ W @ 3@ ., s
8 8 & . e g
e : .
2 o
8‘8'_ M 28 _1_“1’_0$a_u_=_°_g£_.b.-sg-a-ﬂr i
o
" . - 3 o
og 800t goadot o g
=l = =l
T T T T T T T T T y T T T T T T
2016m1 2016m7 2017m1 2017m7 2018m1 2018m7 2016m1 2016m7 2017m1 2017m7 2018m1 2018m7 2016m1 2016m7 2017m1 2017m7 2018m1 2018m7
Time Time Time
2017 Price-negofiated Medicafions * Actual —— Predicted 2017 Price-negotiated Medications. * Actual —— Predicted 2017 Price-negotiated Medications. ® Actual —— Predicted
G igon Group: © Actugl ——-— Predicted Comparison group: € Actual  ——— Predictad G group: © Actual === Predicted
Cochrana-Or glt) Prais-Wirssten and Goclirang-Orcul regrassior - lagi1) Prais Winsten and Cocheane-Oreutt regrossion - lsg(1)

Figure 1 (A) Observed and predicted cost per DDD of 2017 price-negotiated and comparison group medications. (B)
Observed and predicted hospital average volume (in DDDs) of 2017 price-negotiated and comparison group medications. (C)
Observed and predicted hospital average spending ($) on 2017 price-negotiated and comparison group medications. DDDs,
defined daily doses.
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negotiation policy, consumption volumes of 14 of the 15
medications (except bortezomib), trended significantly
upward. (table 3 and online supplemental appendix
2) By the end of the observation period, the Pearson
correlation coefficient between the relative price change
and medication launch date was 0.309 (p=0.262, online
supplemental appendix 2.1.2).

Before September 2017, 12 of 15 medications in the
intervention group showed an increasing trend in
procurement spending. After implementation of the
negotiation policy, trends in spending on erlotinib, nimo-
tuzumab and everolimus increased while spending on
bortezomib decreased (online supplemental appendix
2.3). At 6 months after the intervention, spending on five
price-negotiated medications was significantly lower than
spending estimated without the policy (table 3).

DISCUSSION

Principal findings

Our results indicate that the introduction of the Chinese
medication price negotiation and reimbursement poli-
cies led to significant decreases in cost per DDD and
sharp increases in procured volumes of targeted anti-
cancer medications, while at least temporarily containing
overall spending on these medications.

The increasing economic burden of cancer treat-
ments has become a source of worldwide concern for
patients, prescribers, payers and policy—rnakers.30 Various
approaches have been proposed to mitigate effects of
increasing drug prices.31 32 Aiming to improve access to
healthcare and medications, the Chinese government
published the Opinions on Deepening Health System
Reform in 2009, a political commitment to establishing
an accessible, equitable, affordable, and efficient health
system to cover all people by 2020.% Insurance coverage
expansion and better medication access were two foci of
the 2009 reforms.** The 2017 medication price negoti-
ation and mandatory reimbursement policies jointly
targeted both policy goals. Prior to 2017, most insured
patients needed to pay for expensive targeted anticancer
medications entirely out-of-pocket (OOP) except in few
provinces or cities which had included the medications
in their reimbursement lists.” To improve patient and
system affordability and decrease health inequity, the
Chinese government implemented a series of policies,
including reimbursementlinked central medication
price negotiations.7

We found that after national medication price nego-
tiations in 2017, procurement volumes of all price-
negotiated anticancer medications increased abruptly
and significantly, except for bortezomib for which use
increased initially and declined in 2018. Nonetheless, cost
per DDD of all price-negotiated medication decreased
between 17.3% and 78.5% by the end of the study period
regardless of duration of the drugs on the Chinese
market. Increased volumes of use suggest that patients’
access to these cancer medications may have improved.g5

In addition to price reduction, insurance coverage should
have further improved affordability of expensive medi-
cations, as demonstrated before.”” ** A previous study
showed that estimated patient OOP spending decreased
after a patient assistance programme in Zhejiang Prov-
ince, China.”” However, challenges to equitable access
likely remain in China since insurance schemes differ in
the amounts of patient copayments.”® * Further study,
based on individual-level data, including claims data, is
needed to evaluate equity in access to and quality of use
of new anticancer medications following price and reim-
bursement negotiations.

With price reductions and volume increases, our study
showed that spending on targeted anticancer medica-
tions in the intervention group did not increase 1year
after the policy took effect. Considering the significant
increase in use of most of the sample medications, further
follow-up is needed to estimate the long-term policy
effects, including the impact on insurance budgets.

New anticancer medications come to markets at high
and increasing prices and many with limited evidence
of benefit at time of approval.” *! It is therefore imper-
ative for payers to negotiate prices, to assess whether
new cancer therapies result in the expected clinical
benefits, and to estimate the opportunity costs of cancer
therapy spending in health and social systems. Our
results are consistent with previous studies that have
demonstrated price negotiation as a strategy to improve
medication affordability in both developed and low/
middle-income countries.”” ¥ With more bargaining
power, centralised national price negotiation seems
more effective in constraining medication prices.” While
impacts of the policy changes on access to, quality, and
outcomes of cancer care require further study, China’s
reimbursementlinked cancer medication price negotia-
tion approach may constitute a valuable experience for
healthcare decision-makers elsewhere.

Strengths and limitations

To our knowledge, this is the first analysis to evaluate
impacts of national reimbursementlinked price nego-
tiations on targeted cancer medication costs, volumes
and spending in China. We used an ITS design, a quasi-
experimental approach for evaluating the effects of
interventions, increasing internal validity. In addition,
we strengthened the ITS design by adding a comparison
group to separate intervention effects from other poten-
tial influences on the outcomes that may have occurred
at the same time as the price negotiations.

This study has several limitations related to its data
source. First, our study is based on aggregated medica-
tion purchase data of hospitals. We, therefore, cannot
assess access in terms of numbers of patients treated or
affordability in terms of OOP spending. In addition, we
cannot assess whether treatment for patients with indi-
cations for bortezomib changed to explain the volume
decline of that medication in 2018. Third, few targeted
anticancer medications were available in China before
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2016 and the comparison group is imperfect in that inter-
vention and comparison group targeted anticancer medi-
cations have different indications. Different incidences
of the diseases for which the medications are indicated
may influence changes in use and spending over time.
However, the quasi-experimental design we used controls
for preintervention levels and trends of medication costs,
use and spending.

Further research is needed to evaluate the actual finan-
cial burden of new anticancer medications on house-
holds and the health system and clinical outcomes among
patients after the implementation of the policy.

CONCLUSION

Our results suggest that the 2017 medication price negoti-
ation policy, linked to mandatory reimbursement, signifi-
cantly changed costs and use of and spending on selected
anticancer medications. The decline in per-unit medica-
tion procurement costs combined with at least partial
coverage by the BMI should improve patients’ access to
these anticancer medications, although this remains to
be demonstrated.
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