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Abstract: To improve the effect of the drug pricing reform, a
business model of pharmaceutical e-commerce is introduced
into the pharmaceutical supply chain. First, based on the
measures of the drug pricing reform, a dual-channel model is
established, consisting of a drugstore and a hospital. The
analysis of the model indicates that the reform leads to higher
costs for patients. Then, an e-pharmacy is added to the dual-
channel supply chain. Meanwhile,
delivery cost of the e-pharmacy, a multi-channel coordination
strategy called “order online, delivery by drugstore” is
proposed. By comparing the optimal values under the two
models with and without coordination strategy, respectively,
the results show that the profits of the e-pharmacy and the
drugstore increase while the retail prices of drugs drop, and a
large number of patients are diverted from the hospital.
Therefore, the business model of pharmaceutical e-commerce
with multi-channel coordination can greatly improve the effect
of the drug pricing reform.
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to reduce the home-

urrently, the Chinese government is leading a drug
C pricing reform with a major problem to be solved:
the high retail prices of drugs. Before the drug pricing re-
form, the government permitted hospitals to add a 15%
markup to pharmaceutical wholesale prices to sell. The
price markups result in serious problems such as encoura-
ging medical institutions to use more drugs or even more
expensive drugs, which results in a rapid rise in medical
costs and increased burdens for both the government’s
medical insurance fund and patients. This is commonly
called drug-maintaining-medicine.

The Chinese government has removed the previous
15% markup for drug sales at hospitals, hoping that the
hospitals will not make a profit from selling drugs and to
predictably reduce unreasonable drug use'''. This drug
pricing reform was officially launched from September
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2017 and since then hospital drugs must be sold at whole-
sale prices. Simultaneously, to let hospitals make both
ends meet, the health department increases the prices of
outpatient fees. For instance, the Beijing government an-
nounced that all medical institutions involved in the re-
form will have abolished price markups from April 8,
2017. Meanwhile, outpatient fees will increase from 10
to 30 Yuan or more according to the doctors’ levels' .
Such measures may prevent over prescription, but it is
foreseeable that a substantial increase in the outpatient
fees will increase the purchasing cost of drugs, which is
against the original intention of the reform. Chen et al. "
declared that the drug spending dropped after reform, but
total spending during this period increased by 6. 88% per
patient.

Based on the analysis of the drug pricing reform, we
introduce a business model of pharmaceutical e-commerce
to improve the effect of the reform. Thus, there are three
channels for patients to purchase drugs in our innovative
model: Hospitals, e-pharmacies and drugstores. Howev-
er, the problem is that a profitable model for the e-phar-
macy has not been found . As reported by the Chinese
Food and Drug Administration, the average profit margin
of e-pharmacies was —5.5% in 2016'"". The main rea-
son for the unprofitability is high home-delivery costs be-
cause the online orders need to be delivered in a short
time after purchasing. For example, Dingdang Medicine
Express claims home delivery in 28 min. In 2018, its in-
come reached 10 million Yuan but with a net loss of
50 000 Yuan. To improve the effect of the pricing reform,
we have to design a mechanism to solve the problem of
pharmaceutical e-commerce profitability at the beginning.

A coordination solution between the e-pharmacy and
the drugstore called “order online, delivery by drugstore”
(OODD) is proposed in this paper, which enables the pa-
tients to obtain ordered drugs in a short time. In addition,
the cost of home-delivery can be reduced greatly. To en-
sure that the e-pharmacy cooperates with the drugstore
well, we introduce a fixed service fee, which means that
the e-pharmacy pays a fixed service fee to the drugstore
for each online order. Then, we derive a feasible range of
the cooperative fees so that both the drugstore and the
e-pharmacy increase their respective profits. As for the
managerial implications, if the range of cooperative fee is
not empty, the implementation of the OODD strategy is
feasible. With this in mind, the e-pharmacy and the
drugstore can effectively negotiate an OODD coordination
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scheme to achieve a win-win situation instead of pricing
with irrationality, which can eventually lead to the loss of
profits.

In summary, this paper focuses on the inefficient drug
pricing reform. To improve the effect of the reform, we
introduce pharmaceutical e-commerce into the pharmaceu-
tical supply chain, and design a service compensation
mechanism to realize supply chain coordination.

1 Literature Review

We generalize the related literature about the reform of
drug pricing and supply chain coordination as the basis of
our research.

First, there are a few articles on Chinese drug pricing
reform. The reform has reduced the retail prices of drugs.
Yang et al. "' expressed that the zero-profit drug policy
has effectively reduced the retail price of drugs dispensed
from primary care organizations, and it is estimated that
the price of medicines might have fallen by an average of
30%. Yi et al. ' indicated large reductions in drug reve-
nues after reform through collecting representative data
from China’s township health centers. Luan et al.'”
showed that the policy puts financial pressure on hospi-
tals, as their revenue from prescription drugs per patient
decreases significantly. However, some scholars believe
that the effect of reform is not significant. Liu et al. "' in-
vestigated the outcomes of Zhejiang’s zero-markup poli-
cy, thus predicting the effect of the policy on health ex-
penditures. In addition, the statistical results show that
the drug expenditures in sample hospitals have decreased
by 7.78% . A similar result is obtained in western rural
China by Zhou et al. " Regarding the flow of patients.
Shi et al. """ collected the actual data from all traditional
Chinese medicine (TCM) county hospitals, and the sta-
tistics show that the zero-markup drug policy was not sig-
nificantly associated with the number of annual outpatient
and inpatient visits. Zeng et al. !'"! showed that the decline
in total expenditure is weakened by the substitution effect
of medical consumables in the long-term.

Furthermore, other researchers argue that the reform
increases patient costs. For instance, Yang et al. """ as-
sessed the effects of a zero-markup drug policy on hospi-
talization expenditures based on data from a western Chi-
nese city. The results show that the hospitalization ex-
penditures are still rising. Wang et al. "' conducted ques-
tionnaire surveys in 60 hospitals and found that the aver-
age medical expense per outpatient and per inpatient in-
creased by 25.93% and 25.22%, respectively.

Although the above studies focus on the drug pricing
policy, they obviously have some limitations. Firstly,
these articles only examine the drugs’ retail price in a hos-
pital. In fact, pharmacies also hold considerable shares in
the drug retail market, especially common drugs. Sec-
ondly, the research methods of the existing articles are
surveys and statistics, which are restricted by small sam-
ple sizes. Moreover, there is no research in analyzing the

drug pricing reform from a theoretical perspective. Third-
ly, none of the above studies considers the new mode of
pharmaceutical e-commerce. The introduction of pharma-
ceutical e-commerce will certainly produce new scenarios
and problems. In contrast to the literature above, this pa-
per will analyze the issue of drug pricing based on a
mathematical model of the pharmaceutical supply chain.
This is a new way of addressing the problem of drug pri-
cing reform.

The second area of this paper focuses on the coordina-
tion of online and offline channels. The common coordi-
nation methods are as follows: Quality discounts con-
tracts, revenue-sharing contracts, profit-sharing contracts
etc. For example, Saha et al.'" proposed a three-way
discount mechanism employed in a closed-loop dual-chan-
nel supply chain, for acquiring used products earmarked
for remanufacture. Xu et al. """ proposed a two-way reve-
nue-sharing contract, which can coordinate the dual-chan-
nel supply chain and ensure both supply chain members to
achieve a win-win situation. Xiao et al. ' studied the
equilibrium decisions in the supply chain with an all-unit
quantity discount contract. There are also articles that
adopt a coordination strategy similar to that in this paper.
Liao et al. """ designed a revenue-sharing contract for ho-
tels and online travel agencies under the merchant and the
agency models, respectively. Dan et al."” proposed a
cost sharing contract to realize Pareto improvements in a
service-based free-riding dual-channel supply chain.
Dumrongsiri et al. """ pointed out the fact that the manu-
facturer and the retailer coordinate and follow a central-
ized decision maker, which adds a direct channel, thus
increasing the overall profit. Amrouche et al. """ analyzed
the minimum pricing strategy, the whole channel price,
and the revenue sharing cooperation in a dual-channel
supply chain when a dominant manufacturer owns and
controls the traditional retailer. Pei et al. ™ studied the
value of information sharing between the manufacturer
and the e-retailer, and showed that the cooperative whole-
sale price with profit sharing is a double-win strategy to
eliminate information distortion. Chen et al. "*"! focused on
an online and offline pricing mode of retailing based on the
power structure of the retailing service supply chain.

The studies above mainly focused on the stage of com-
modities sales, and there are also considerable studies in
the delivery phase. Gao et al. " developed a model in
which a retailer operates in both online and offline chan-
nels and they studied the impact of the buy-online-and-
pick-up-in-store ( BOPS) strategy on retailer operations.
Gallino et al. "™ empirically investigated the impact of
buying online and pickup in store on a retailer’s sales in
both online and offline channels. Interestingly, they find
that the implementation of BOPS is associated with the re-
duction in online sales and increase in store sales and traf-
fic. Liu et al. " studied the pricing and ordering strate-
gies when considering online returns in an omni-channel
model. Jiang et al. " indicated that the service value of a
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physical store strongly influences the players’ pricing
strategies in a BOPS model. Zhang et al. ™ studied the
preorder-online, pickup-in-store ( POPU) strategy for a
dual-channel retailer. The result shows that the retailer
should choose products with a high value and a low degree
of customer acceptance of the online channel for POPU.
The modeling approaches in the literature of supply
chain coordination unfolded above are almost based on
the dual-channel model. In comparison with previous re-
search, this study proposes a three-channel coordinative
supply chain model. The increase in one channel will lead
to greater complexity in model setting and solving. How-
ever, this coordination scenario is popular in reality.

2 Models and Analysis

In this section, we establish three models ( see Figs. 1
to 3). Fig. 1 describes the situation before the drug pri-
cing reform. As the patient can buy drugs from two chan-
nels; i.e., drugstores and hospitals, we call it a dual-
channel model before reform. Fig.?2 represents the current
situation after drug pricing reform, so it is called a dual-
channel model after reform. The main differences are the
eliminated pharmaceutical price margin in the hospital
channel and the increased outpatient fees. Fig. 3 is a
multi-channel coordination model, which adds a pharma-
ceutical e-commerce channel to it. Therefore, the pro-
posed model is defined as a multi-channel model after re-
form. In the following, we will study these three models
in detail and then analyze the pharmaceutical pricing re-
form based on the models.

Pharmaceutical manufacturer

wH+Aw \

Drugstore Hospital

3 w(l+r)

Patients

Fig.1 Dual-channel model before reform

Pharmaceutical manufacturer

w+Aw' W
Y
Drugstore Hospital
P w
\
Patients

Fig.2 Dual-channel model after reform

Pharmaceutical manufacturer

wtAw" wtAw" w
A
Drugstore |« - E-pharmacy Hospital
S

Order transfer

)24 e-channel 24 w
A A !
Patients

Fig.3 Multi-channel model after reform

The dual-channel model before reform indicates that
patients can purchase drugs from a drugstore or hospital.
The retail price of drugstores is p, and the retail price of
hospitals is w(1 +r), where r is the pharmaceutical price
margin. In addition, both the drugstore and hospital buy
wholesale from the pharmaceutical manufacturer. As the
negotiating abilities of the drugstore and hospital are dif-
ferent, their wholesale prices also vary. w represents the
wholesale price of the hospital and Aw represents the
wholesale price difference between the retailer and the
hospital. For the wholesale market, the pharmaceutical
manufacturer determines the wholesale price difference
Aw for drugstore, while the hospital determines the
wholesale price w. In China, the vast majority of hospi-
tals are run and managed by the government. In the
procurement of hospital drugs, the provincial government
centralizes the pharmaceutical demand of the hospitals,
then adopts a centralized bidding approach to determine
the wholesale price. Afterwards, hospitals place orders in
this drug-purchasing system. Considering the bargaining
power of the government and market competition, the
wholesale price to the hospital is set by the hospital, not
the manufacturer.

In the pharmaceutical retail market, the retail price at
the drugstore is determined by the drugstore, while the
retail price at hospitals is the wholesale price plus a 15%
price margin for government controls. Additionally, if a
patient chooses the hospital channel to buy drugs, he/she
has to pay outpatient fees for doctors’ consultations.

In the dual-channel model after reform, the retail price
at hospital equals the wholesale price since the drug pri-
cing reform forces the hospital to cancel the 15% price
margin. At the same time, to divert patients with minor
ailments, the outpatient fees are increased greatly by the
hospital. Facing the new business environment, the phar-
maceutical manufacturer resets the wholesale price for the
drugstore. The wholesale price of the hospital remains un-
changed due to market competition and the government’s
strong bargaining power.

The multi-channel model after reform shows that a
pharmaceutical e-pharmacy enters the drug retail market.
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According to the provisional regulation on the approval of
the internet drug business, the e-pharmacy must have off-
line physical pharmacies, and thus the e-pharmacy is also
a pharmaceutical retailer. Here, we assume that the e-
pharmacy and the offline drugstore have the same bar-
gaining power. Therefore, the drugstore and the e-phar-
macy buy wholesale drugs from pharmaceutical manufac-
turers at the same wholesale price, and then sell them on-
line and deliver them to patients. He/she controls the on-
line retail price p,. To realize “order online, delivery by
drugstore” coordination, the offline drugstore earns a
fixed service compensation f from the e-pharmacy. In this
paper, different upper cornermarks are used to distinguish
between diverse scenarios.

2.1 Modeling

In modeling, most scholars use price-demand func-
tion™™' or channel-utility function”®*>"". In this paper,
Hotelling’s linear street models, which is a utility func-
tion, is applied to simulate the market environment.
Compared with the price-demand function, the reasons
for choosing the Hotelling model are: 1) The total num-
ber of patients remains basically unchanged; 2) The
three-channel model constructed has fewer parameters to
be analyzed. Thus in the following Hotelling model, the
drugstore is located at an initial point x =0; conversely,
the hospital is located at a terminal point x =1, and the
patients are distributed uniformly along this interval.
Then, we construct the patient utility function of each
channel. By comparing the patient utility of each chan-
nel, the patients can make choices.

Three components are considered for the selection of
the drug-purchasing channel: Pharmaceutical utility, dis-
tance and costs. We suppose that V is the pharmaceutical
utility, and it should be sufficiently large to ensure that
the patient buys at least once. When patients go to the
drugstore or hospital to buy medicines, they need to
spend time and endure pain in the meantime. When the
distance is longer, the negative effect is greater. Thus,
we suppose that the generated negative utility is linear
with the distance, and the distance coefficient is set to be
a. Moreover, when the patient orders medicines online,
during the home-delivery trip, the patient can rest at
home and wait a short time to receive the orders. Thus,
we assume that the negative effect of the distance does not
exist in the e-channel. The costs are the pharmaceutical
retail prices of each channel. Additionally, when the pa-
tient goes to hospital, the outpatient fee o is required. As
shown in Fig. 4, under the dual-channel model, the pa-
tients can choose the drugstore or the hospital to buy
drugs. In contrast, under the multi-channel model, some
patients in the middle who are far away from the drug-
store and hospital probably choose the e-pharmacy chan-
nel to buy drugs (see Fig.5).

By the model of market share and the patient utility of
each channel, we can obtain the patient’s decision expres-

Going to drugstore  Going to hospital

] [ ] ] ] [ ] [ ] [ ]
0090 o o4 0 0 o'

Drugstore Hospital

Fig.4 Market share taken by two channels

Going to Choose Going to
drugstore e-pharmacy  hospital

A A L] A A L] ]
0._3_:) o 0 ot 0o 0!

Drugstore Hospital

Fig.5 Market share taken by three channels

sion. Under the dual-channel model before the reform,
the patient’s decision expression is formulated as follows:

max[V-ax-p,V-a(l-x) -w(l+r) —o] (1)

Let V-ax-p,=V-a(l -x) —w(l +r) —o, and we
a+o-p,+w(l+r)
2a ’
market demarcation point between the drugstore and hos-
pital. With this cut-off point, the expressions of
drugstore’s profit 7, hospital’s profit 7, and
manufacturer’s profit 77 are shown, respectively:

obtain x = which represents the

m,=(p, —w—Aw) (2)
7, =(0o+wr)(1-Xx) (3)
T,=(w+Aw)x +w(l -x) (4)

To find the optimal decision variables, the decision
process is assumed as follows: The manufacturer, as a
leader, determines the price differentiation of the whole-
sale price to drugstore Aw. Then, the drugstore, as a fol-
lower, sets its optimal retail price p,. According to profit
maximization, we first obtain optimal p, by dw /dp, =0
and substitute p, into manufacturer’s profit 77 ,. Then, we
obtain optimal Aw by 97,/9Aw =0. Thus, all the opti-
mal decision variables in the first model are solved. For
the solution of the optimal values under the dual-channel
model after the reform, we just set the pharmaceutical
price margin of hospital » =0 and the outpatient fee after
reform to be increased to o’.

Under the multi-channel coordination model, the
patient’s decision expression, the expressions of profits
and the decision process are different from the two models
above. In the multi-channel coordination model, the pa-
tient decision expression is determined by

max[V-ax-p", V-p", V-a(l -x) —w=-0"1 (5)

To search the cut-off point of patients’ utility, we have
V—ax, -p{=V-p; (6)

V-a(l -x,) —-w-0"=V-p" (7)

where x, represents the market demarcation point between
the drugstore and the e-pharmacy, and x, represents the
market demarcation point between the e-pharmacy and the

hospital.
Hence, the expressions of profits are as follows:
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7l =(p -w-Aw")x +(f-c,)(x, -x,) (8)
my=0"(1 —x,) (9
7TZ=(PZ—W—AW"—J‘)(XZ—X1) (10)

'l =(w+Aw")x, + w(l —x,) (11)

where c, is the home-delivery cost of the drugstore. Using
the same method, the optimal decision variables can be
acquired under the multi-channel model.

Thus, we have solved the quantity of patients and the

retail prices in different channels under the three models.
In the following, we will analyze the effect of the drug
pricing reform and discuss how to improve the effect.

2.2 Effect of drug pricing reform

To analyze the effect of the drug pricing reform, we
compare the optimal values before and after the reform.
The comparison is shown in Tab. 1.

Tab.1 Comparison of market parameters

Parameter Before reform After reform Differences
a+o+wr a+o’ o' —o-wr
* 8a 8a 8a
Aw a+o+wr a+o' o' —o-wr
2 2 2
3(a+o0) +4w +3wr 3(a+0’) +4w 3(o' =0 -wr)
Ps 4 4 4
- _(o+wn(-Ta+o+wr) _o0'(=Ta+0") (o' —o-wn) (0" +o+wr-Ta)
h 8a 8a 8a
- (a+o0+wr)? (a+0")? (o' =0o-wr)(0' +0+wr+2a)
s 32a 32a 32a
2 "2 o ’
- (a+o0+wr) (a+0") w (o' =0-wr)(0' +o0+wr+2a)
16a 16a 16a

Proposition 1  When the increment of the outpatient
fee is greater than the abolition of the price margin, the
drug pricing reform can divert patients from the hospital
to the drugstore; meanwhile, the drug pricing reform in-
creases the retail price of the drugstore.

To divert patients, o’ — o — wr >0 must be obeyed,
which means that the increment of the outpatient fee is
greater than the abolition of the price margin. We have x’
-x>0, p', -p, >0, and 7', — 7, >0, which indicates
the increase in the drugstore’s market share, retail price
and profit, respectively. Therefore, the drug pricing re-
form is definitely positive for drugstore. However, from
the patients’ perspective, they need to pay more in the
drugstore channel. In addition, the total cost of purcha-
sing drugs in the hospital channel also increases since o’
-0 — wr > 0. Therefore, the drug pricing reform will
definitely aggravate the financial burden on patients.

Additionally, when o' + 0 + wr —7a <0, the profit of
hospital will increase although fewer patients are going to
the hospital. Therefore, the drug pricing reform, which
is promoted by the government, will not increase the fi-
nancial burden on the hospital.

If the increment of the outpatient fee is greater than the
abolition of the price margin, the drug pricing reform will
play a role in diverting patients but may impose greater fi-
nancial burdens on patients due to the increase in the total
patients’ costs in both channels.

, 25(a’ ~69f> +68f0" +0°) +491c” +10¢c,(181f - 1460") +a( ~1 460c, +1 700f +500")

2.3 Effect improvement by e-pharmacy

In this section, we first analyze the conditions of multi-
channel coordination by comparing the maximum profits
of the drugstore under the dual-channel model and multi-
channel model. Then, we study the characteristics of the
multi-channel coordination model. Finally, we discuss
whether pharmaceutical e-commerce can improve the
effect of the drug pricing reform or not.

First, we obtain the market cut-off points under the
multi-channel coordination model as follows:

_5a-5f+29¢ . +50’

X, T0a (12)
_Sa-5f+c.+50 03
T2 = 14a (13)
Then, we obtain the optimal decision variables:
A , Sa+c . =5f+50 14
s 10 (14)
, 20a-17c, +15f+200" +35w
P, = (15)
35

, 9a-c +5(+90" +14w

p.= 14 (16)

Finally, the maximum profits under equilibrium are ob-
tained as follows:
. (9a-c, +5f-50")0’
= 14a

(17)

s

4 900a

(18)
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_2(5a-6c, ~5f+50")"

Te 1 225a (19)
) (5a-5f+50" +c,)’
T = 1404 (20)

The profit of the e-pharmacy #” is larger than zero.
Therefore, decision inequalities for coordination are de-
termined by

7>l >0 (21)
which represents that the coordination brings more profits
to the e-pharmacy and drugstore.

Moreover,
First, to ensure that all of the parameters are positive, we
have

other constraint inequalities are added.

Aw", p?, p" >0, 7} >0, 0 <x,<ux, <1 (22)
Secondly, considering the no-arbitrage condition:
pl>w+ Aw” (23)

Finally, combining formulae (21) with (23), the sys-
tem of inequalities for coordination decisions is construc-
ted. If the system of inequalities is true, the coordination
can be implemented by the drugstore and the e-pharmacy.
Otherwise, the program cannot be agreed upon. With this
criterion, the e-pharmacy and the drugstore can decide
whether to adopt the business model of coordination. An-
other contribution is that we can also gain a feasible range
of service fee f by these inequalities, which provides ac-
curate information for the agreement between the two par-
ties. This is a core contribution of this paper.

Next, we will study the features of the multi-channel
coordination model.

Proposition 2 The profit of the e-pharmacy decreases
with the increasing compensation.

9a
From 0 <x, <x,<1 and 7} =0, we have -5t o'+

c 6¢

?e$f$a +o0' - ?e Combined with Eq. (20), we know
that the e-pharmacy’s profit is only valid on the left side
of the lowest point in spite of its convex profit function.
Therefore, high, the

e-pharmacy’s profit is low. In addition, when the com-

when the compensation is

pensation exceeds a + o' — the market share of the

ce
5
e-pharmacy will be zero, which represents that the
e-pharmacy exits the pharmaceutical retail market.
Proposition 3 If the service fee
25a +68c, +250" 39a +12¢, +390’
( 60 ’ 60
ment of pharmaceutical e-commerce can simultaneously
reduce the retail prices of the drugstore and divert patients
from the hospital.
The proposition can be easily obtained from p

Therefore,

f e

), the involve-

"

">p!and

x, > x'. we conclude that pharmaceutical

e-commerce can improve the effect of drug pricing re-
form. The government should encourage the development
of pharmaceutical e-commerce while reforming. Howev-
er, what is the effect of price reduction and patients’ di-
version? We will discuss this in the following section by
using real-world data.

3 Numerical Experiments

In this section, we will discuss the effects of drug pri-
cing reform and impacts of pharmaceutical e-commerce
on the retail market by using real-world data.

In reality, the wholesale price of drugs for treating
common diseases is approximately 100 Yuan; therefore,
we assume that w =100. The outpatient fee is raised from
10 to 30 Yuan, which means that 0o =10 and o' =30. Ac-
cording to community express service charges in China,
the home-delivery cost of the drugstore is set to be ¢, =5.
Finally, based on the local income level, the distance co-
efficient a can be assumed to be 30.

3.1 Feasible range of service fee

First of all, the feasible range of service fee f should be
determined. Substituting the above data into formulae
(21) to (23), we then plot the profits of the drugstore
and the e-pharmacy (see Fig. 6 and Fig.7).

151 -e- Dual-channel model

-4~ Multi-channel model

10 bAoA

Profit of drugstore/Yuan

4

1020 30 40 50 60
Service fee/Yuan

Fig. 6 Profit of drugstore with service fee of dual-/multi-chan-

nel mode

\A\
\‘A\
A
A

Profit of e-pharmacy/Yuan
)
T
P

0 | | | i S VR |
10 20 30 40 50 60
Service fee/Yuan

Fig.7 Profit of e-pharmacy with service fee of the multi-chan-
nel model

In this case, to ensure that the profit of the drugstore
increases after the introduction of pharmaceutical e-com-
merce, the red line should be on top of the blue line in
Fig. 6. Therefore, the figure shows the service fee f e
(9.8,55). This specific scope provides a clear reference
for the achievement of coordination. Moreover, the profit



450

Yang Ge and Zhao Lindu

of the drugstore is concave during this range; there is an
optimal value f=32.2 for the maximum profit. In Fig.7,
it is indicated that the profit of the e-pharmacy decreases
with the increasing service fee. Therefore, in this case,
as long as the service fee stays in range (9. 8,55), both
the drugstore and e-pharmacy will accept the OODD strat-
egy. On the other hand, the two figures indicate the va-
lidity of the OODD strategy and this specific scope plays
a guiding role in promoting bilateral cooperation.

Let =20, and we examine the effect of the change of
other parameter values on the profits under the multi-
channel model. The sensitivity analysis is performed by
increasing the parameter values by 20%, taking one at a
time and leaving the remaining values unchanged. The
corresponding results are given in Tab. 2.

Tab.2 Sensitivity analysis on the profits

Profit of the Profit of the

Parameters drugstore/ % e-pharmacy/ %
p 40 15.3
o 15.0 38.4
c. -3.8 -6.9

From Tab. 2, we can see that the profits of the drug-
store and the e-pharmacy ascend with the increasing out-
patient fee o’ and decreasing home-delivery cost ¢, under
the OODD strategy. When distance coefficient a increa-
ses, the profit of e-pharmacy increases but the profit of
the drugstore decreases, which shows that the pharmaceu-
tical e-commerce will develop better with the increase in
residents’ income; and for the changing intervals, o’ has
a strong influence, whereas a and c, comparatively exert
a weaker influence. Thus, in the decision making con-
text, the value of the outpatient fee should be emphasized
to implement a successful OODD strategy.

3.2 Effect of drug pricing reform and improvement

In this section, we study the drug pricing reform from
the perspective of retail prices and patients’ diversion,
and then we examine the impacts of e-commerce on the
profits of the manufacturer and hospital.

From Fig. 8, we know that the drug pricing reform in-
creases the retail price of drugstore. This is because the
increase in outpatient fees is greater than the cancellation
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Fig.8 Retail price of drugstore

tof drug price markups. As a result, the hospital increases
the cost of purchasing drugs for patients and this eventual-
ly leads to a higher retail price of the drugstore. When the
service fee f<30.5, the retail price of the drugstore un-
der he multi-channel model will be lower than that under
the dual-channel model after reform and if the service fee
continues to decrease; the retail price may even be lower
than that under the dual-channel model before reform
when f<21.9. In Fig.9, the retail price of the e-pharma-
cy increases with the increasing service fee. Therefore,
when the service fee is relatively low, the pharmaceutical
e-commerce can reduce the retail prices of each channel.
Next, we will analyze the patients’ diversion effect on
pharmaceutical e-commerce.
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Fig.9 Retail price of e-pharmacy of the multi-channel model

after reform

First, we analyze the effect of the drug pricing reform
without pharmaceutical e-commerce. Based on Fig. 10,
the market share of hospital falls from 77% before the re-
form to 75% after that, which indicates that the reform
diverts 2% of the patients. The effect of patients’ diver-
sion is relatively very small. In Fig. 11, we set the serv-
ice fee f to be equal to 10, 32.2 and 55, respectively.
We find that the market share of the e-pharmacy decreases
with the increasing service fee. The pharmaceutical e-
commerce diverts a large number of patients from the hos-
pital when the service price is relatively low. However,
when the service fee is high, a large number of patients
will return to the hospital from the pharmacy and e-com-
merce channel.

Combining Fig. 8 with Fig. 11, the introduction of
pharmaceutical e-commerce can simultaneously divert
some patients from the hospital and decrease the retail
prices when the service fee is relatively low, thus greatly
improving the effect of the drug pricing reform. Then, the
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Fig.10 Market share before and after reform
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impacts of the OODD strategy on the profits of the manu-
facturer and hospital are studied.

From Fig. 12 and Fig. 13, we know that the drug pri-
cing reform increases the profits of the hospital and manu-
facturer. This is also because the increase in outpatient
fees is higher than the decrease in the retail price of the
hospital. After the introduction of pharmaceutical e-com-
merce, the profit of the hospital increases with the in-
creasing service fee, while the profit of the pharmaceuti-
cal manufacturer changes in the opposite direction. It
concludes that the e-commerce channel can limit the profit
growth of the hospital when the service fee is relatively
low. Therefore, the development of e-commerce plays a
positive role in the reform of China’s medical system.
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4 Conclusions

1) To improve the effect of drug pricing reform, the
business model of pharmaceutical e-commerce and the
“order online, delivery by drugstore” strategy are intro-
duced to the pharmaceutical supply chain. This paper de-
signs a cooperative service fee to ensure the feasibility of
the online-offline coordination. Also, the range of the co-

operative service fee is solved.

2) With numerical experiments, we find that a consid-
erable number of patients are diverted from the hospital to
other channels under the e-commerce scenario, and phar-
maceutical e-commerce can lower the retail price at the
drugstore because the e-channel increases the competition
among channels.

3) In addition, for the profit of the drugstore, there is
an optimal value for the service fee, which does not mean
the higher the better. Therefore, the pharmaceutical
e-commerce is an effective supplement for the suppression
of prices rising after the drug pricing reform.
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