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INtROduCtION

A series of problems have occurred along 
with the development of construction indus-
try, including abuse of resources, worsening 

of greenhouse effect and excessive deforestation, etc., 
which severely threatens our living environment; more-
over, a host of facts indicate that the problems result 
from human construction activities[1]. As we all know, 
the energy consumption of construction industry and its 
related industries accounts for almost half of the energy 
consumption of national production[2–3].

Article

Construction Engineering 
Management and its Assessment 
System Based on Green Building 
Methods
yongxia Chen
is at the Civil Engineering College of NanJing, Forestory University, Nanjing, Jiangsu, China

AbStrACt
in recent years, the construction industry has been searching for intra-industry development methods, 
developing new technologies as well as introducing new equipment and environment-friendly materials, etc., 
and the arising of green buildings has brought new opportunities to the development of construction industry. 
Therefore, this study was designed to analyze the engineering management system of green buildings, as well as 
explore the development mode, engineering design evaluation and construction management methods in the 
management of green buildings. The development of construction engineering is connected with the multiple 
relations among the government, developers and consumers. The government restrains behaviors of developers 
through policy control, thus to promote development activities. However, market promotion should be based on 
consumers’ demand and purchase intension. Therefore, according to the game analysis between the government 
and developers, this study discussed the development management mechanism of construction engineering; 
combining with the development status of Chinese construction industry, four kinds of designing schemes of 
construction engineering were established, and the optimal scheme was selected according to the evaluation 
criteria of engineering construction products, thus to lower the construction costs; finally, based on the static 
game analysis of incomplete information of contractors, the choice mechanism of green construction contractors 
was put forward.

Journal of Commercial Biotechnology (2017) 23(2), 3–14. doi: 10.5912/jcb769
Keywords: Green building; evaluation system; game analysis; management mode

The key of the problem is that, the energy consump-
tion of unit building area of China is two to three times as 
much as that of developed countries[4–6]. With the accel-
eration of urbanization progress of China, the popula-
tion that floats to cities every year reaches more than one 
hundred million, and tens of thousands of rural popula-
tion settle in cities[7–8]. The migration of a large number 
of populations, especially the migration to large towns 
[9], has led to the continuous improvement of productive 
forces level; however, energy consumption, on the other 
hand, also increases rapidly[10–12].

Thus it can be seen that, resource shortage, energy 
tension and environmental degradation have become a 
great challenge that the Chinese construction industry 
faces at present, and arisen green construction design 
philosophy has been carried out aiming at energy sav-
ing and environmental protection. After years of effort, 
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Yongxia Chen, Civil Engineering College of NanJing, 
Forestory University, Nanjing, China. E-mail: 
chenyongxia03@sina.com



Journal of CommerCial BioteChnology  ht tp://www.CommerCialBioteChnology.Com 4

the development of green construction is becoming more 
and more mature in China, indicating that, the consen-
sus between development speed of China’s modern econ-
omy and construction industry has been reached[13].

This study aimed to discuss theories of evaluation 
system of construction engineering, thus to put forward 
principles, steps and methods of establishing the evalua-
tion system of green building; moreover, combining with 
the development status and experience of evaluation sys-
tem of green construction engineering, reference values 
were provided for the construction and improvement of 
China’s construction engineering management and the 
establishment of its evaluation system.

dEvELOPmENt ANd mANAgEmENt 
mOdE Of gREEN buILdINgS

AnAlysis of Develop MArket of Green 
BuilDinGs

The development of green buildings involves in the 
multiple relations among government, developers and 
customers. Relevant policies are carried out by govern-
ment for supervision, thus to further promote develop-
ment activities of green buildings. However, the market 
of green buildings stimulates the development of green 
buildings mainly according to purchase intensions as 
well as demands of consumers.

The reason why government participates in the 
development process of green buildings is that, govern-
ment plays its roles as the promoter, guider and supervi-
sor in development of green buildings[14], indicating the 
capacity of service supporting of government.

DevelopMent MoDe of Green BuilDinG 
MArket

principal-agent relation
From the perspective of politics, government is elected by 
consumers and consumers elect government to protect 
their legitimate interests[15–16]. In the process of develop-
ment activities, government advertises to consumers to 
guide their consumption demand and direction; mean-
while, government also supervises behaviors of develop-
ers to guarantee rights and interests of consumers.

relation of market supply and demand
Generally speaking, enterprises and consumers only have 
the relation of market supply and demand; consumers 
have the right of option and can choose their purchasing 
behaviors according to properties of products[17]. Market 
demand of products is relatively stable, which does not 
totally depend on price changes. As shown in figure 1, q1 
and q2 refer to the minimal demand and the maximum 
demand in unit time of housing respectively. Therefore, 
the correlation between these two can be described by 
price-demand curves. In figure 1, the xx1 curve refers to 
the demand curve of general merchandises, while the 
yy1 and y2y3 curves refer to the demand curves of gen-
eral buildings. The market mechanism can not adjust the 
resource allocation between consumers and enterprises 
under the circumstance that, the quality of products is 
poor and the price is very high. In this case, government 
regulation or administrative mechanism is vital.

Dynamic game refers to that, behaviors of par-
ticipants are sequential, and the latter can observe the 
behavior state of the former before taking action[18]; the 
dynamic game problem of incomplete information can 
be found between government and developers.

The following assumptions were made:

•	 Monitoring cost of government is C1 and exam-
ination probability is P1;

•	 If developers give priority to long-term ben-
efits, and opportunity cost is C2, prestige ben-
efit is R1 and probability is P2; on the contrary, 
if developers only value short-term benefits and 
employ trickery, costs of punishment and legal 
liability are C3 and reputation loss is C4 .

One party of game is government, and the other one 
is developers; both parties of game only have bounded 
rationality and at least one party is incompletely rational. 
If two parties of game can not make the optimal deci-
sion immediately, they will experience a stage of learn-
ing, trial and error and imitation during repeated game, 
and with continuous adjustment, a dynamic balance 
can be achieved. During the game, government has two 
choices to answer to enterprises’ decision on whether 
invest green buildings: carrying out incentive policies or 
not carrying out incentive policies. On the other hand, 
enterprises also have two choices to answer to the gov-
ernment’s decision on whether implement incentive 
policies: invest construction of green buildings or invest 
construction of non-green buildings. Under the stimula-
tion of government (probability is P3), if developers invest 
green buildings (probability is P4 ), the brought commu-
nity income is τC2 (0 < τ < 1); if government takes τC2 as 
its own income, the loss of reputation is C5; if developers 
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invest non-green buildings, the fine after investigation of 
government is σC3, σ > 1.

If developers carry out development activities of 
green buildings and government hand τC2 and σC3 over 
to the national treasury, the rewards are k(τC2 + C3) and 
(0 < k < 1).

If government does not monitor activities of devel-
opers properly, leading to collusion of developers and 
contractors, then the loss caused by dereliction of duty 
of government is C6.

Thereby, the game model between government and 
developers is shown in figure 2.

Profit values of nodes are shown in table 1.

model solution
Backward induction is adopted for seeking the equilib-
rium solution and the expected value of node 5 is:

E C C C P P
k C C C P P
C C C P

11 2 5 1 3 4

2 3 1 3 4

3 1 5 3

1

1

= − −

+ + − −

+ − −

( )

[ ( ) ]( )

( ) (

τ
τ

β −−

+ − − −

P
kC C P P

4

3 1 3 41 1

)

( )( )( )    (1)
E C C P P C C P P

C C C P P
C

12 2 4 3 4 3 4 3 4

2 3 4 3 4

3

1

1

= − + − −

− + + −

− +

( ) ( ) ( )

[ ]( )

(

τ β
τ

CC P P4 3 41 1)( )( )− −
  (2)

figure 1: Demand curves of products

Government

Government

Developer Developer

Developer Developer

figure 2: Game model between government and developers
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Solution procedures of nash equilibrium of above two 
equations are:

∂
∂

= − − + − − −

− + −

−

E
P

C C C P C C C P

k C C C P

11

3
2 5 1 4 3 1 5 4

2 3 1 4

1( ) ( )( )

[ ( ) ]

(

τ σ

τ
kkC C P3 1 41 0− − =)( )  (3)

∂
∂

= − − −

+ − − − −

+ +

E
P

P C C C C P

C C C P
C C

12

4
3 2 4 3 4 3

2 3 4 3

3 4

1

1

( ) ( )

[ ]( )

( )(

τ σ

τ
−− =P3 0)                   (4)

P C
C

P
k C C
k C C3

2

3
4

3 5

2 31

* *,
( )

( )
= =

− +
− −

τ
σ

σ
τ β    (5)

Thus (P3
*, P4

*) are substituted into equation (1) and (2):

E P k C kC C11 4 2 3 1
* *= + −τ                    (6)

E C C C C12
2

2 3 4
* = − − −

τ
σ

τ
                   (7)

After that, calculation procedures of the expected value 
of node 3 are:

*
21 1 2 1 1 2 11 6 1 2( ) (1 ) (1 )(1 )E P P C P P E C P P= − + − − − −  (8)

*
21 1 2 1 1 2 11 6 1 2( ) (1 ) (1 )(1 )E P P C P P E C P P= − + − − − −  (9)

Similarly,

*21
2 1 2 11 6 2

1
( ) (1 ) (1 ) 0E P C P E C P

P
∂

= − + − + − =
∂               (10)

Solution of equation (10) is:

* *2 1
1 2* *

1 12 1 11 6
, 1  

C C
P P

R E C E C
= = −

− + +                (11)

results analysis

1. The probability of government regulation 
is related to benefits from development of 
qualified green buildings and the expected 
values[19]; the higher the value of C2, the bigger 
the value of P1

* (probability of government 
regulation); the bigger the value of R1 (benefits 
from protection of green building reputation 
by developers) and E12

*, the higher the 
enthusiasm of developers developing qualified 
green buildings and the smaller the value of 
P1

*.
2. The higher the C1 (costs of government 

regulation), the smaller the P2
*. The bigger the 

E11
* (benefits of government in the first stage), 

the bigger the P2
*; however, the bigger the C6 

(loss of government reputation) is, the bigger 
the P2

* will be.
3. The probability of government stimulating 

developers is related to following factors: 
bigger α leads to higher τC2 (social benefits) 
and bigger P3

*; the bigger the σ is, the higher 
the fine σC3 is; if developers respect justice 
and abide by the laws to avoid fine, the P3

* 
reduces.

4. The probability P4
* of developers developing 

green buildings is related to following factors: 
if the incentive bonus given by government is 
not in direct proportion to the extra money 
paid by developers during development 
of green buildings, developers are more 
inclined to invest unqualified green buildings, 
resulting in rent-seeking behaviors of 
developers and contractors, and P4

* becomes 
smaller.

Although the determination of game equilibrium is diffi-
cult, or it is hard to determine its math expression, it does 
not mean that game model is meaningless; game model 
well explains some phenomena in implementation pro-
cess of constructional engineering.

table 1: profit values of nodes

Node profit value

1 1 2 1,C C R− − +

2 2(0, )C−

3 21 22( , )E E

4 6( ,0)C−

5 11 12( , )E E

6 (τC2–C1–C5, –τC2–C4) 

7 (σC3–C1–C5, –σC3–C4) 

8 (k(τC2+C3)–C1, –τC2–C3–C4)

9 3 1 3 4( , )kC C C C− − −

Notes: E11, E12, E21 and E22 refer to expected profit values under 
different states; details are as follows.
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Therefore, in the develop market of green buildings, 
participants in game should cooperate with each other 
and strictly perform their own duties, so as to establish 
the information sharing mechanism. Thus, an improved 
incentive and punishment fiscal policy system should 
be established; the tax system and green building label-
ing system that are related to green buildings should be 
improved; the service mechanism of green buildings 
should be perfected.

COmPREHENSIvE EvALuAtION 
SyStEm Of dESIgN SCHEmE 
Of gREEN buILdINgS ANd 
APPLICAtION ExAmPLES

MAtheMAticAl MethoDs of constructinG 
evAluAtion inDex systeM

Evaluation feature set is composed of comprehensive 
evaluation of all relevant factors of something, and 
evaluation index set is composed of a series of indexes 
applied to the evaluation of the thing. Systematization of 
evaluation index set to evaluation index system requires 
analytic hierarchy process (AHP). Generally speak-
ing, it should be decomposed to appropriate hierarchies 
according to characteristics of the evaluation object, thus 
to obtain a clear and simple analytic hierarchy structure 
chart (figure 3).

Comprehensive evaluation indexes of green build-
ing design scheme are final results obtained after evalu-
ation, which are evaluation targets. The integral level 
of green building design scheme can be reflected by 
system evaluation and comparison, and the measuring 
results come from four evaluation criteria of the crite-
rion layer.

DiGitizAtion of exAMples of Green 
BuilDinG enGineerinG

An office building with floor space of 5578.2 m2 was 
selected as the research object in this study with a total 
investment of more than 32 million China Yuan (CNY) 
of total investment. Firstly, according to essential char-
acteristics of the project, this study proposed four archi-
tectural design schemes, and relevant evaluation index 
data of four design schemes were acquired. Detailed data 
are shown in table 2.

scorinG AnD cAlculAtion of evAluAtion 
inDexes

In this study, the first-grade evaluation indexes were 
selected as the comprehensive evaluation indexes of con-
struction engineering design schemes. Evaluation scores 
of the first-grade indexes were obtained by comprehen-
sively evaluating the second-grade evaluation indexes 
according to evaluation criteria of the second-grade 
indexes.

The index of heating and air-conditioning system is 
the sum of energy consumption of yearly heating, cool-
ing and heat supply, namely, yearly energy consumption 
measurement of building heating and air-conditioning 
system. The specific value of total amount of yearly energy 
consumption of the heating and air-conditioning system 
and area of structure is the yearly energy consumption 
of the heating and air-conditioning system. The compu-
tational formula is Qc = Mt/S. In the formula, Qc refers 
to yearly energy consumption (kWh/m2) of the heating 
and air-conditioning system; Mt refers to the yearly gross 
energy consumption (kWh) of the heating and air-condi-
tioning system; S refers to the area of building (m2).

Quantitative evaluation of the energy consumption 
of the heating and air-conditioning system inside the 
building was taken as an example, as shown in table 3.

Criterion

Criterion

Criterion

Evaluation target

Target layer Criterion layer Index layer Scheme layer

Index

Index

Index

Index

Index

Index

Scheme

Scheme

Scheme

figure 3: Hierarchical analysis structural model
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table 2: evaluation index values of four schemes

target layer Criterion layer

first-grade 
evaluation 

index
Second-grade 

evaluation index
Scheme 

1
Scheme 

2
Scheme 

3
Scheme 

4

Comprehensive 
evaluation of 
green building 
design scheme

economical 
criterion r1

life cycle cost 
e11

Construction cost 
(ten thousand CNY)

3200 3011 2872 2686

operation and 
maintenance cost 
during life cycle (ten 
thousand CNY)

2686 2976 3382 3478

increment 
economic 
benefit e12

payback time of 
investment (year)

9 7 7 6

Net present value 
of investment (ten 
thousand CNY)

803 551 138 47

Criterion r2 
of resource 
utilization 
and 
environment 
protection 

land saving 
and outdoor 
environment 
e21

Volume fraction (%) 3.2 3.1 3.4 3.6
usage rate of new-

type material for 
wall (%)

43 40 35 39

land utilization rate 
(%)

77 81 75 74

Greening rate (%) 55 55 53 53
Convenience 

of public 
transportation

8 8 7 6

perfect rate of 
auxiliary facilities

9 9 8 8

Area of underground 
public architecture 
(m2)

1122 1234 990 1025

energy 
conservation 
and resource 
utilization e22

Shape coefficient of 
architecture (l/m)

0.30 0.31 0.36 0.39

Thermal 
performance of 
maintenance 
structure (W/m2,K)

0.6 0.8 1.1 1.2

energy consumption 
of illuminating 
system (W/m2) 

3.1 3.5 4.0 4.0

energy consumption 
of heating and 
air-conditioning 
system (kWh/m2)

76 88 105 113

Water saving 
and water 
resource 
utilization e23

use ratio of recycled 
water (%)

18 17 14 15

use ratio of rainwater 
(%)

15 16 12 12

Water saving 
instrument and 
tube efficiency (%)

4.8 4.5 4.2 4.3
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table 2: Continued

target layer Criterion layer

first-grade 
evaluation 

index
Second-grade 

evaluation index
Scheme 

1
Scheme 

2
Scheme 

3
Scheme 

4

material saving 
and material 
resources 
utilization e24 

Design of material 
saving measures

8 8 7 7

recovery rate of 
building materials 
(%)

8 9 11 12

use ratio of 
recyclable material 
(%)

25 27 25 24

indoor 
environmental 
quality e25

Structural rationality 9 8 7 6
indoor sunlight 8 9 8 6
Daylight factor (%) 5 6 4 4
Natural ventilation 9 8 7 8
effect of sound 

insulation and noise 
reduction measures

9 9 8 8

internal and external 
sunshade measure

8 8 7 7

Technique and 
management 
criterion r3

Technology 
application e31

Difficulty of 
construction 
technique

6 6 8 9

Design of transitive 
persistence

9 8 8 7

building 
management 
level e32

Time limit for project 
construction

1.3 1.3 1.2 1.1

organization 
structure and 
management 
process of the 
project

7 7 8 9

Social 
development 
influence r4

Social 
development 
influence e41

Green building 
technology and 
product promotion 
rate

8 9 8 7

energy consumption 
of gross value of 
production of unit 
building (mtce/ ten 
thousand CNY)

0.62 0.69 0.81 0.84

regional 
development 
influence e42

Cultural environment 
protection

7 8 7 6

Harmony between 
architectural 
style and overall 
planning of the 
region

9 7 7 7

Activation of regional 
culture

7 7 6 7
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Comparison and scoring method was adopted to 
determine weight of the second-grade evaluation indexes; 
during the process, project decision maker could adjust 
index weight according to requirements of design func-
tions, as shown in table 4.

It is a key problem of choosing a method to weight 
evaluation indexes, because during the comprehensive 
evaluation of multi-index architectural design schemes, 
selection of appropriate weight calculation method is the 
basis of comprehensively evaluating whether the index 
system can complete quantitative evaluation or not. 
Weight calculation is directly related to the scientificity 
and accuracy comprehensive evaluation.

Weight coefficients of second-grade evaluation 
indexes are obtained by the weight coefficient of single 
index divided by weight value. Then scores of the first-
grade evaluation indexes can be obtained for project 

evaluation by addition of calculated index scores. The 
scoring calculation of energy saving and resource usage 
index was taken as an example, as shown in table 5.

According to above scoring methods, score values of 
evaluation indexes of the four design schemes of green 
building are shown in table 6.

coMprehensive evAluAtion of Green 
BuilDinG DesiGn scheMes usinG DistAnce 
evAluAtion technique

In the theory of information, entropy reflects the disor-
dering degree of information; the smaller the entropy, 
the smaller the disordering degree of system[20–21].

table 3: evaluation of energy consumption of heating and 
air-conditioning system

Score evaluation

yearly energy consumption of heating and 

air-conditioning system  (kwh/m2)

yearly energy 

consumption of 

heating system (kwh/

m2)

yearly energy 

consumption of air-

conditioning system

 (kwh/m2)

5 pass ≤85 ≤75
6 Average ≤75 ≤65
7 Good ≤65 ≤55
8 Very good ≤55 ≤45

9
Highly 

good
≤45 ≤35

10 excellent ≤35 ≤25

table 4: Weight values of the second-grade evaluation indexes

grade 5 6 7 8 9 10

relative 
importance

Not important 
at all

Significantly 
minor

Very minor minor A little bit minor equal importance

Note: The most important target was taken as the reference for above data.

table 6: Score values of evaluation indexes of the four 
design schemes

index p1 p2 p3 p4

e1 7.5 7.2 6.9 7.0

e2 8.0 8.1 7.8 7.7

e3 8.3 8.1 7.9 7.5

e4 8.4 8.1 7.9 7.4

e5 7.3 7.0 6.7 6.7

e6 6.7 6.7 7.2 7.1

e7 8.4 8.1 8.1 7.7

e8 8.3 8.6 9.2 9.2

e9 7.4 7.5 8.0 8.0
e10 8.3 6.2 8.2 7.9
e11 7.3 6.9 6.9 6.6

table 5: Scoring of the first-grade evaluation indexes

index weight value weight coefficient Score index score

building shape coefficient 9 0.25 9 2.13

Thermal performance of building envelope 8 0.27 7 1.82

energy consumption of heating and air-conditioning 
system

10 0.28 7 2.38

energy consumption of illuminating system 8 0.20 8 1.64
General comment: energy saving and resource usage 35 1 31 7.97
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proximity
Assume P is the set of n (in this study, n=4) green 
building schemes and E is the set of m (in this study, 
m=11) evaluation indexes; P = {P1, P2, P3, P4} and

1 2 11{ , , , }E E E E=  . i N∈ , j M∈ , {1, 2, , }N n=   and 

{1,2, , }M m=  . Suppose yij is the attribute value of 
scheme Pi to evaluation index Ej, thus the decision matrix 
Y of P based on E according to methods of evaluation 
model can be constructed:

11 1

1

7.5 8.0 8.3 8.4 7.3 6.7 8.4 8.3 7.4 8.3 7.3
7.2 8.1 8.1 8.1 7.0 6.7 8.1 8.6 7.5 8.2 6.9
6.9 7.8 7.9 7.9 6.7 7.2 8.1 9.2 8.0 8.2 6.9
7.0 7.7 7.5 7.5 6.7 7.1 7.7 9.2 8.0 7.9 6.6

m

n nm

y y
Y

y y

 
 =
 
 

 
 

= 
 
 


  



(12)

Suppose yik is the calculation value of evaluation index Ek 
of alternative scheme Pi, yk

* = max{yk} is the ideal value of 
evaluation index Ek. It can be known from Y that, scheme 
1 has the lowest cost of life cycle and the highest evalua-
tion index scores, and its ideal value y1

* = 7.5. Calculation 
of the proximity dk = yik/yk

* of calculation value and ideal 
value is:

Scheme 1: 

11
11 *

1

7.5 1
7.5

y
d

y
= = =

 Scheme 2: 

21
21 *

1

7.2 0.960
7.5

yd
y

= = =

Scheme 1:

31
31 *

1

6.9 0.920
7.5

y
d

y
= = =

 Scheme 2 :

41
41 *

1

7.0 0.933
7.5

yd
y

= = =

Constructed proximity matrix is:

11 1

1

m

n nm

d d
d

d d

 
 =
 
 


  

                   (13)

weight coefficients of indexes
Entropy evaluation method was used to determine weight 
coefficients of indexes. Firstly, index value weight of the 
ith scheme under the jth evaluation index is calculated:

ρi j
ij

ij
i

n

y

y
=

=
∑

1

    

                   (14)

In equation (14), 1,2, , ; 1, 2, ,i n j m= =  , thus:
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Secondly, the relative entropy of the jth evaluation index 
is calculated:

e j ij ij
i

n
=− ⋅

=
∑λ ρ ρln

1

 

                 (15)
In equation (15), λ = l/Inm, thus:

e ij ij
i

n
1

1

4
1

1

4
0 262 0 262 0 253 0

=− ⋅

=− × + ×
=
∑

ln

ln

ln

[ . ln( . ) . ln(

ρ ρ

   .. )

. ln( . ) . ln( . )]

253

0 242 0 242 0 246 0 246+ × + ×
=0.99998

Similarly, relative entropies of other evaluation indexes 
are calculated, as shown in table 7:

Entropy weight of the jth evaluation index is:

1 1

1 1

(1 ) 11

j j
j m m

j j
j j

e e
w

e e
= =

− −
= =

− −∑ ∑
           (16)

And 1
1

m
j

j
w

=
=∑ .

Thus entropy weights of evaluation indexes are shown in 
table 8.

Finally, the weighted sum Si of the range distance 
between ideal indexes and evaluation indexes of the 
four schemes is calculated according to the following 
equation:

S di j ij
j

m
= −

=
∑ β ( )1

1  (17)

table 7: relative entropies of evaluation indexes

e1 e2 e3 e4 e5 e6

ej
0.99998 0.99989 0.99992 0.99938 0.99991 0.99991

e7 e8 e9 e10 e11 -

ej 0.99993 0.99994 0.99990 0.99988 0.99979 -
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Therefore, distance values Si between four schemes and 
the ideal scheme are:

Si = (0.0414  0.0209  0.0465  0.0413)
Small Si means the distance between the design scheme 
and the ideal scheme is small, thus the design scheme is 
good. Results show that S3 > S1 >S4 > S2, thus scheme 2 is 
the optimal scheme.

After the establishment of design scheme, the 
construction stage starts. Construction and manage-
ment stage of green buildings is evaluated and ana-
lyzed next.

CONStRuCtION mANAgEmENt Of 
gREEN buILdINgS

selection of the contrActor

Mechanism design theory is a branch of economics and 
a kind of special incomplete information countermea-
sure, and its core is to design game rules to achieve cer-
tain goals. In such kind of countermeasure, there is one 
tenderee and one or multiple tenderers[22]. The tendering 
processes among tenderers can be taken as simultaneous 
incomplete information static game[23].

Player
Players refer to immediate parties participated in the 
game. In the game model of construction project bid-
ding, there is one buyer and multiple sellers (including 
suppliers and contractors); suppose the buyer selects the 
contractor by open tendering; thus for convenience, sup-
pose the construction cost of each tenderee indepen-
dently complies with uniform distribution on [0, 1]. 
Suppose there are n contractors and individual cost of 
the ith contractor to the construction engineering is Ci, 

1,2, ,i n=  ; Bi refers to the offer of the ith contractor; if 
the contractor wins the bidding, his obtained net benefit 
is Bi-Ci, otherwise, the benefit is 0.

Payoff function
If project schemes of all tenderees meet the requirements 
of bid inviting, the contractor with the lowest offer can 
acquire the contract to build. Thus the payoff function of 
the ith contractor is:

table 8: entropy weights of evaluation indexes

e1 e2 e3 e4 e5 e6 e7 e8 e9 e10 e10

Wj 0.089 0.048 0.091 0.140 0.101 0.101 0.049 0.192 0.129 0.017 0.066

 , 
( , , )

0         , 
i i i j

i i j i
i j

B C B B
U B B C

B B

− <= >                (18)
, 1, 2, ,  ;  i j n i j= ≠ .

bidding strategy
The offer Bi(Ci) of the tenderee i is a strict monotone 
increasing function of its individual costs. Suppose the 
player has symmetry, then the optimal policy functions 
of every tenderee are the same, except for their individ-
ual costs. Therefore, the optimized quotation of tender-
ees with high individual costs is strictly higher than that 
of tenderees with low individual costs.

Because the game is symmetrical, only the symmet-
rical equilibrium bidding strategy B = B*(C) is taken into 
consideration. On this equilibrium point, every bid can 
achieve the maximization of its self interest, whether a 
successful bidder or not.

modeling and equilibrium analysis
Suppose the individual cost of tenderer i is C and his ten-
der offer is B, thus his expected value of pay is:

( ) ( )i j
i j

U B C P B B
≠

= − <∏
                (19)

In equation (19), P(B < Bj) is the probability of B < Bj; Bj 
refers to the offer of contractor j and (B-C) is the net ben-
efit of successful bidder. If the strategic function B*(C) is 
the strictly increasing function of C and is continuously 
differentiable, thus the inverse function of continuously 
differentiable strategic function is * ( )C B=Φ . Offer of 
other tenderer j being bigger than B equals to its con-
struction cost ( )jC B>Φ ; because costs of tenderer dis-
tributes evenly in [0, 1], thus:

( ) [ ( ) ] 1 ( )j jP B B P B C B< = Φ < = −Φ               (20)
According to properties of uniform distribution,

1( ) [1 ( )]n
jP B B B −< = −Φ∏  (21)

At present, the problem of tenderer i is the utility maxi-
mization, i.e.,

1( ) ( )[1 ( )]n
i j

i j
MaxU B C P B B B −

≠
= − < −Φ∏

 (22)

The first-order optimality condition is:
1 2[1 ( )] ( )( 1)[1 ( )] ( ) 0n nB B C n B B− −−Φ − − − −Φ Φ =
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According to ( )B CΦ =  and ( ) C
BB ∂
∂Φ = ,

1 2(1 ) ( )( 1)(1 ) 0n nC B B C n C C− −− ∂ − − − − ∂ = .
The optimal bidding strategy is:

* 11( ) n
n nB C C−= +

 (23)
In equation (23), when n→∞ , B C→ ; the difference 
between the optimal offer and the real cost of tenderer 
after further observation is:

* 1 11( ) n C
n n nB C C C C− −− = + − =

Therefore, enlargement of bidding scale can narrow the 
distance and the optimal offer can truly reflect the con-
struct cost of tenderer.

However, in practical work, the cost expenditure, 
technical condition and marginal effect can become 
main influencing factors of bidding[24]. From the aspect 
of marginal effect, the marginal effect MB of bid inviting 
decreases with the increase of the number of bidders (n). 
On the contrary, the marginal cost MC increases with 
the increase of n. When MB=MC, suppose the number 
of bidders is n* and the project costs ten million Chinese 
Yuan, then according to the quadratic regression anal-
ysis of n* and bidding scale (suppose the scale is S), 
n*=3.24+0.0015S-1.31×10-7S2.

Therefore, for a constructional engineering that 
costs ten million Chinese Yuan, five tenderers should be 
chosen.

plAnninG AnD MAnAGeMent of 
construction orGAnizAtion

Construction management of green buildings includes 
five aspects: organization management, planning man-
agement, implementation management, evaluation man-
agement and human security and health management[25]. 
Green construction schemes should include environ-
mental protection measures, material saving measures, 
energy saving measures, construction energy saving 
planning, target determination, formulation of energy 
saving measures and land saving and construction land 
protection measures, which should form an independent 
chapter and be examined and approved according to rel-
evant provisions. Construction schemes should not be 
determined only based on cost control; during the pro-
cess of construction, protection of surrounding environ-
ment should be given priority to.

CONCLuSION

Following conclusions are drawn in this study:

1. The development of construction engineering 
is connected with the multiple relations among 
government, developers and consumers. The 
selection of contractors of green buildings is 
mainly based on the mechanism design theory, 
and its core is designing game rules to achieve 
specific purposes. In order to achieve this, 
designers will design specific rule structures, 
thus the performers can operate following 
the game rules automatically. The selection of 
contractors of green buildings is an incomplete 
information static game. Relevant models 
are constructed according to government 
functions and bidding strategies; the 
equilibrium analysis is carried out and relevant 
conclusions are obtained.

2. After a comprehensive evaluation of four 
green building design schemes, principles and 
strategies of the index system construction 
are put forward. First of all, the standard 
evaluation methods of the second evaluation 
indexes are introduced through examples. 
Then based on this, the standard methods of 
calculating the first evaluation indexes are 
introduced. Finally a comprehensive evaluation 
index system of green building design schemes 
is established.

3. During the construction of green buildings, 
green requirements like energy saving and 
emission reduction should be met; moreover, 
a selection mechanism of green building 
contractors is established according to the 
incomplete information static game model.
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INtROduCtION

Medical devices play a crucial role in the 
continuing advancement of healthcare, pro-
viding new solutions that challenge existing 

paradigms and revolutionize the way treatments are 
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AbStrACt
To improve successful development and clinical use of medical technologies, it is suggested that manufacturers 
should start collecting evidence on devices effectiveness and efficiency early in their development. The aim of 
this study was to explore whether and how Dutch manufacturers perform an early assessment of medical devices 
through semi-structured interviews with key-informants from medical device companies. The primary focus was 
to identify why, how and to what degree these informants were engaged in early assessment activities to analyse 
the clinical context, the market, potential stakeholders, and the financial and health economic impact of their 
medical device. 37 interviews were performed with key-informants of 36 companies. The majority (N=19) of the 
companies are using internal resources and external consultants to perform early assessment activities. Typically, 
the assessment activities starts at the idea generation stage, and lasts until the post-marketing surveillance. The 
least developed areas of the assessment are health economic evaluation from the society perspective and formal 
stakeholders’ analysis. many methods seem to be in use to assess medical devices, however, there is no clear 
understanding of how they should be used, what evidence manufacturers could gather with their use, and how 
they influence the decision-making process within the companies.
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administered1-3. The medical devices industry is now seen 
as one of the fastest growing ones, with the technological 
advances driven by an increasingly demanding market 
with growing patient population and legislative require-
ments, amplifying health policy reforms, and tough qual-
ity and regulatory hurdles4-8. A multitude of medical 
devices appears on the market every year, where medi-
cal devices are defined by the European Commission as 
“any instrument, apparatus, appliance, software, material 
or other article, whether used alone or in combination, 
including the software intended by its manufacturer to be 
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used specifically for diagnostic and/or therapeutic pur-
poses and necessary for its proper application, intended 
by the manufacturer to be used for human beings”9.

To enter the market, a device manufacturer must 
demonstrate that it is safe, that it produces value to 
patients and society at a reasonable cost, that it has poten-
tial to bring significant savings to the healthcare system, 
and that the risks associated with its use are acceptable 
when weighed against the benefits to patients7. Health 
Technology Assessment (HTA) is the scientific discipline 
to systematically collect evidence on the effects, risks and 
health economic consequences of new medical technol-
ogies10. Over the past decades, it has been difficult for 
small and medium sized companies (SMEs), that consti-
tute around 75 percent of the medical device industry, to 
implement HTA in their business process5. Those SMEs 
operate under constant financial pressure1,5,11.

However, although HTA is not a core activity in 
most SMEs it is expected to become more important 
in the near future. A recent Dutch report reflects on 
the need for generating clinical evidence on safety and 
efficacy before market launch of medical devices, as do 
other policy documents such as the recently revised reg-
ulations in the EU urging for collection of clinical evi-
dence throughout the market lifetime of a device12,13. All 
these developments witness the current debate on safety 
of medical devices and the problems identified in the 
current regulatory framework.

So far, knowledge on HTA in SMEs is limited. In 
2012, Craven et al.14 explored the levels of health econom-
ics knowledge within English SMEs. The results revealed 
that 60 percent of SMEs representatives had low or no 
HTA experience. Clinical trials and cost analyses or cost-
effectiveness studies were the most highly cited means 

by which SMEs aim to demonstrate value of medical 
devices to the purchasers. However, those methods were 
reported as having no formal influence on the decision-
making process within SMEs.

Ideally, HTA should be conducted as early as pos-
sible in the device development process15-17. That way the 
development can either emerge or be stopped without 
major financial drawbacks for the company. The require-
ments of the stakeholders should constitute a base for an 
assessment and can be used to prioritize the development 
of medical devices most likely to succeed among others. 
At the same time, medical device manufacturers could 
use the early evidence gathered to enhance the efficiency 
of the use of research and development (R&D) resources 
within the company15,16,18.

This aim of this study was to analyse whether and 
how medical devices manufacturers in the Netherlands 
perform an early assessment of medical devices that 
would allow them to meet the requirements of potential 
stakeholders. The Dutch medical device industry market 
was chosen, because of the large amount of public-pri-
vate partnerships present in that market, e.g. The Centre 
for Translational Molecular Medicine (CTMM).

mEtHOdS

explorAtion of eArly htA AssessMent 
MethoDoloGies in selecteD coMpAnies

Four areas of an early assessment of the medical devices 
were subject of this study and incorporated in the 

figure 1: The areas of an early assessment of medical devices as distinguished in this research.
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structured interviews: (1) analysis of the clinical context 
of medical device use; (2) market analysis; (3) stakeholders 
analysis; and (4) financial and health economic evaluation 
of new medical device. In addition, the interviews were 
held so that a better understanding of the specific role of 
early assessments in companies could be elaborated. A 
detailed map of the four topics for early assessment as well 
as the specific elements is provided in figure 1.

The analysis of the clinical context of medical 
device included the criteria used by the companies to 
evaluate clinical impact and the clinical need for the 
novel medical device, e.g. the underlying disease state 
and disease severity. The market analysis as a part of 
an early assessment in this research was assumed to 
be based on the analysis of main competitors and the 
analysis of the future users. The stakeholders’ analysis 
was assumed to be based on the opinions of the experts, 
and the opinions of the decision makers. Finally, in the 
financial and health economic methods the company 
financial prospects as well as the buyer and societal 
perspective were analyzed. The list of methods pre-
sented during the interviews was extracted from the 
literature, and it was complemented during the vali-
dation of the interviews, and during the interviews 
themselves, as participants were asked to add meth-
ods if they thought any were missing. In general, spe-
cific methodologies (e.g. the Headroom method) were 
not explicitly included, as some of them might not be 
familiar to the medical device companies employees, 
so short description of the practical aims and results 
of those methods were used instead. During the inter-
views participants were asked to select those methods 
from the list which are being used in the company to 
assess medical device. Finally, the participants were 
asked to indicate at which stage the company started 
and finished specific assessments as well as which 
assessments were carried out iteratively throughout the 
development cycle. Six roughly defined medical device 
development stages were: (1) idea generation; (2) before 
prototype development starts; (3) during the prototyp-
ing; (4) gathering evidence on device effectiveness and 
efficiency; (5) device marketing; and (6) post-market-
ing surveillance.

interview DesiGn AnD selection of 
pArticipAnts

This research was based on semi-structured face-to-face 
interviews with key-informants within medical device 
companies in the Netherlands. “Key-informants” in this 
study were defined as those people within the medi-
cal device companies who have experience-based and/

or professional-based knowledge on different aspects 
of the medical device development and/or implemen-
tation, e.g. assessment practices, regulatory access, 
reimbursement19.

After designing the interview format, all ques-
tions were pilot tested by experienced representatives 
in academic science and in the medical device industry, 
based in the Netherlands (3 people), and in the United 
Kingdom (1 person). The objective of the validation was 
to make sure that the questions covered the full range 
of methods and that the content of the questions will be 
easily understandable to the key-informants, i.e. in case 
of no scientific background in the early assessment of 
medical devices topic.

The participants of this study were selected with 
the use of the convenience sample method, based on the 
structured search of biomedical companies online. In 
total 91 companies were selected. The Chief Executive 
Officers (CEOs), or Managers within the topic of inter-
est, of those companies were identified with the use of 
LinkedIn service and contacted via the telephone, with 
the use of the number provided on the companies web-
sites. During the phone conversation the CEOs were 
first introduced to the research topic and asked about 
the willingness of their company to participate in the 
study. After the approval of the CEOs, the researchers 
scheduled the face to face structured interview with the 
CEOs themselves, or contacted the person indicated by 
the CEOs as the key-informant. In total 36 CEOs were 
interested in the participation, with one large company 
indicating two people from two different departments as 
key-informants for the interviews. 37 face-to-face struc-
tured interviews were conducted. Before the interviews, 
the interviewer explained the purpose and format of the 
interview to the participants. The interviews lasted on 
average around 50 minutes. The interviews were audio 
recorded with participants’ permission. The results of 
the interviews were analysed with the use of the SPSS 
Statistics 21.0 software. The script of the interviews is 
presented in Appendix 1.

RESuLtS

coMpAny AnD pArticipAnts chArActeristics

The interviews revealed that the majority of the com-
panies commission their own employees as well as 
external consultants for the early assessment (reported 
19 times). 15 participants reported that an early assess-
ment is being performed only by people employed by 
the company, while only three stated that early assess-
ment activities are fully performed by an external 
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consultant. Interviews revealed that the main reason 
for the companies to search for an external help for 
the early assessment of medical devices is the lack of 
an expertise within the company (N=18). Some par-
ticipants stated that hiring external assessors is more 
efficient, e.g. cheaper (six participants), or more time-
efficient (mentioned twice). Internal assessments are 
mostly performed by an individual employees assigned 
to particular tasks (N=22), or performed within the 
specialized departments within the company, e.g. 
R&D and Sales and Marketing department (N=14). Six 
participants stated that an early assessment in their 
companies is performed by assigning particular tasks 
to multiple people. Finally, two participants admit-
ted that they are not sure how an early assessment was 
organised within their company. The characteristics of 
the interviews participants is presented in table A1 in 
Appendix 2. The characteristics of the companies par-
ticipating in the interviews is presented in table A2 in 
Appendix 2.

An eArly AssessMent MethoDs useD within 
the coMpAnies

An overall assessment activities conduction
When asked to indicate the start of the assessment activi-
ties based on six roughly defined medical device devel-
opment stages, it seemed that clinical context and market 
assessment have the highest priority, as both start at idea 
generation for the majority of companies. A smaller 
number of companies also start stakeholder analysis 
(n=18) and financial and health economic evaluation 
at the idea generation, while more companies postpone 
this to later stages. Figure 2a presents an overview of the 

stages where an assessment within four areas of an early 
assessment started as reported within the Dutch medical 
devices industry.

When asked to indicate when the assessment activi-
ties stop, the majority of the participants (reported 30-31 
times) indicated all the areas of an assessment activities 
last until the post-marketing surveillance. Figure 2b pre-
sents an overview of the ending time of an assessment 
activities within four areas of an early assessment as 
indicated by the interviews participants.

Clinical context assessment
To analyze the clinical impact and need several per-
formance indicators were of interest to the medi-
cal device developers: (1) potential device efficacy/
effectiveness (N=32), (2) potential target population 
size (N=30), (3) safety and tolerability of the device 
(N=24), (4) patient satisfaction with the device (N=23), 
and (5) the severity of the disease that medical device 
is targeted at (N=15).

In order to evaluate these indicators, companies 
use different information sources, e.g. talking with 
the patients and clinicians (key-opinion leaders, KOL) 
(N=22), attending (clinical) conferences, events/trade 
shows (N=21), and reading scientific journals (N=20) 
(see figure 3).

market assessment
The market analysis as a part of an early assessment in 
this research was assumed to be based on the analysis of 
the future users and the comparison to other interven-
tions used for the disease. The majority of the respon-
dents reported that the user analysis is mainly based 
on literature reviews of user needs (N=32), safety and 
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usability testing (N=31), and informal and/or accidental 
meetings with users (N=29) (see figure 4a). The analy-
sis of the alternative medical devices and interventions 
is mainly based on experts (KOL) consultation (N=30), 
monitoring industrial news sources (N=27), and patent 
searches (n=26) (see Figure 4b).

Stakeholders analysis
The analysis of the stakeholders within the medical 
device industry is based on the views of the experts and 
key decision makers within the medical device field of 
application. The participants reported that two dominat-
ing methods were present to gather those opinions, i.e. 
informal discussions (N=22), and formal consultation 
(n=21) (figure 5).

financial and health economic evaluation
With respect to the financial analysis, most participants 
reported that in their company an extensive financial 
analysis from the company perspective is conducted 
(N=34), followed by financial analysis from the buyer 
(health insurance or hospital) perspective (N=29). 
Finally, least interviewees reported a full health eco-
nomic evaluation, i.e. an evaluation of the incremental 
societal benefits against the incremental costs to society 
(N=22).

The financial analysis from the company perspective 
is usually supported by three methods, i.e. price determi-
nation (N=31), net present value using discounted cash 
flow analysis (N=30), and return on investment analy-
sis (N=29) (figure 6). The financial analysis from the 
buyer perspective is supported with the Budget Impact 
Analysis (N=29), and with the return on investment 
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figure 2b: An overview of the ending time of an assessment activities within four areas of an early assessment as 
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figure 3: An overview of the information sources used to assess the clinical impact criteria within the medical 
devices industry.
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(N=21). Interviewees reporting on a health economic 
evaluation did mention cost-benefit analysis (N=18), 
cost-effectiveness analysis (N=16), and use the least – 
cost-utility analysis (N=7).

dISCuSSION

With the increasing regulatory demands for medi-
cal device SMEs and the need for efficient allocation of 
resources, a thorough understanding of the regulatory 

environment and its mechanisms to build the evidence 
at early stages of product development is required. This 
study interviewed key-personnel from medical device 
companies involved in R&D and market access and 
concluded that most companies do several assessments 
along the product development pipeline. Most of the 
assessment activities start early in the development of 
the medical devices (at the idea generation stage) and are 
conducted iteratively up to the post-marketing surveil-
lance stage.

figure 4a: An overview of the methods used to assess the future users perspective of medical devices under 
development.

figure 4b: An overview of the methods used to assess potential competitors of medical devices under 
development.
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Although this research was not solely focused on 
SMEs, more than half of the companies participating in 
this study were SMEs (N=19), and 11 were a micro-sized 
spin-off companies with less than 10 employees. Almost 
half of the interviews participants, which were selected 
as the “key-informants” in the topic, reported a medium 
level knowledge (N=18) of the medical devices health 
technology assessment procedures, and one fourth indi-
cated low/basic knowledge. This led to the conclusion 
that, although early assessments was considered impor-
tant, most companies do not have in-house capacity and 
knowledge to perform health technology assessment. 
Previous research on the health economics activities 
within the English medical device industry performed 
by Craven et al.14 seems to confirm the findings of this 
research with regard to the varying levels of health eco-
nomics knowledge within the medical device industry. 
The main recommendation of Craven et al. was actually 
to increase the focus on the education needs, and tools 
to support the application of various health economics/
assessment tools within the industry.

With regard to the different areas of the assessment 
activities as distinguished in this study, it is clear that the 
current focus is on the evaluation of the clinical context 
of the medical device and the assessment of the potential 
market. These assessments are mostly performed infor-
mally with interviews and stakeholder meetings. The 
majority of the companies use only the conversations 
with the clinicians and patients (N=22) and attending 
clinical conferences and trade shows (N=21) as an actual 
source to inform the clinical context. No formal quan-
titative methods presenting the opportunities for new 
products and the needs of patients are performed, while 
these could contribute to the validity and quality of the 
information that is collected.

The financial and business case evaluations within 
the medical device industry seems to be well developed 
with return on investment as a main driver and price set-
ting as the objective. Although such analysis is essential 
for business planning and attractive venture capital, it 
does not reflect the perspective of the society in which 
the medical devices will operate. The societal perspec-
tive, i.e. the question whether society is willing to allocate 

figure 5: An overview of the methods used to gather the opinions of experts and decision-makers.

figure 6: An overview of the methods used to perform an economic evaluation from the company perspective.
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scarce resources to implement and/or reimburse the new 
medical device, is at best only marginally performed or 
understood from the companies perspective. This is dis-
appointing, as the business case might be unreliable if 
the societal benefits are not considered. Markiewicz et al. 
proposed a simple method to illustrate how the expected 
societal benefits of the new product can be used for val-
ue-based pricing23.

The results of this study confirm that medical device 
industry is very specific. It is characterized with very high 
level of innovativeness, strong technology push and a not 
very well developed market access and pricing strategy. 
It is build up mostly from SMEs managed by executives 
with strong scientific or technical background and over-
simplified view of business and management issues24. 
That leads to the situation where other than techno-
logical advantages aspects, which significantly influence 
future implementation and adoption of medical device, 
e.g. the potential stakeholders requirements, are mostly 
overlooked25. At the same time the majority of the SMEs 
within the medical device industry focus on the develop-
ment of a disruptive technologies, for which it is difficult 
to find the way to economically viable products5. A truly 
innovative medical device may offer the ability to sig-
nificantly improve patients care, however proving safety, 
efficacy and regulatory compliance is often too challeng-
ing and costly for SMEs26,27.

Inability of the SMEs to provide strong evidence of 
the potential societal value of their medical device under 
development makes it very difficult, or even impossible 
for most of them, to find investors willing to support 
their projects. As the healthcare resources are getting 
more and more stringent, the ability of a company to 
prove to potential investors that their technology will be 
cost-effective became a compelling argument support-
ing its future development28. The development of medi-
cal device from concept to product on the market can 
take up to a decades and significant investment is often 
needed before the medical device can even reach the 
first stage of clinical investigation5. In the same time the 
coverage and reimbursement by health insurance have 
a strong direct impact on the manufacturers attainable 
revenues29. Although there is a debate going on how 
assessment of an innovation early in the lifecycle could 
provide answers for insurers on the issue of funding the 
new technology and allow early patient access, the direct 
collaboration between medical device industry and 
insurance companies is still in the learning phase7,30.

Although medical device manufacturers are operat-
ing in high technology multi-stakeholder environments 
they often fail to recognize the importance of the stake-
holders analysis and they face the challenge of finding the 
right people to collaborate with5. For the medical device 
manufacturers it is therefore important to start an early 

dialogues with various stakeholders to understand the evi-
dentiary requirements of various decision-makers involved 
in the implementation process. That could also help to bet-
ter align perspectives on the potential value that the medi-
cal device could introduce to the healthcare system31.

CONCLuSION

Although many methods seem to be in use within the 
medical device industry, there is no clear understanding 
of how those methods are conducted, what evidential 
requirements are to be met and how this supports the 
decision-making process in companies. To improve the 
assessment of the medical devices, a structured guidance 
of best practices would greatly benefit the industry as a 
whole.
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APPENdICES

Appendix 1. Interviews with MD companies executives.

I COMPANY BACKGROUND
1. What is your knowledge level on assessment of medi-
cal devices?

 – good/expert;
 – unmedium;
 – low/basic.

2. Who performs assessment of medical devices in/for 
the company you work for?

 – there are people in the company 
responsible for assessment performance;

 – we hire external companies/people to 
assess devices;*

 – we have both people in and outside the 
company assessing devices;*

 – other:

3. *Why does your company hire external company/peo-
ple to perform the assessment?

 – there are no people capable of assessment 
performance in my company (lack of 
expertise);

 – there are no people assigned to perform 
assessment in my company (lack of tasks 
specification);

 – there in no time available to perform 
assessment in my company;

 – hiring external company is more efficient 
(e.g. cheaper);

 – other:

4. How does your company performs the tasks required 
for assessment of medical devices?

 – individual people assigned to particular 
tasks;

 – company department specialized in 
assessment performance;

 – ad hoc decisions on who is responsible for 
particular tasks;

 – particular tasks divided over multiple 
people.

5. How many people does the company employ at the 
moment?
6. Which country does the company mainly operate in?

7. What is the number of medical devices your company 
now works on/offers?

 – On the market
 – In the development
 – Unsuccessful projects rate

8. What type of devices in the risk-based classification 
does your company mainly produce?

 – Class I: simple, low risk devices
 – Class II: more complex, higher risk
 – Class III: most complex, highest risk

II MARKET ANALYSIS
9. What does your company look at when performing 
market analysis?

 – clinical context of use (need analysis); 
(choose methods from LIST 1)

 – competitors (other companies operating in 
the area); (LIST 2)

 – future users (doctors, patients, hospital 
managers). (LIST 3)

List 1: CLINICAL CONTEXT OF USE
What sources does your company uses in the analysis of 
the clinical context of device use?

 – reading academic/scientific journals;
 – watching the activities of universities with 

departments engaged in medical devices 
R&D;

 – attending (clinical) conferences and 
events/trade shows, reading trade 
publications;

 – talking with patients/clinicians;
 – developing in-house suggestion schemes/

idea repositories (e.g. intranet discussion 
boards);

 – following weblogs;
 – talking to insurance companies/hospital 

managers;
 – assessing the competitors activities;
 – using external companies trend reports;
 – looking at white papers.

List 2: COMPETITORS
How do you (or your company) keep track of the compe-
tition during medical device development?

 – keeping track of websites/blogs/other 
internet resources;
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 – talking with clinical experts/clinicians/
health professionals;

 – attending trade shows, reading trade 
publications;

 – talking with insurance companies and 
hospital managers;

 – using reports on trends from external 
companies;

 – attending (clinical) conferences and 
events;

 – keeping track of scientific publications in 
research journals.

List 3: FUTURE USERS
How does your company involve the future user perspec-
tive in medical device development?

 – user analysis (i.e. analysis of published 
materials on user requirements, user 
needs);

 – safety and usability testing;
 – informal and/or accidental meetings with 

users;
 – seeking contact with user organizations 

(i.e. patient groups);
 – formal meetings with individual users;
 – formal meetings with users in group 

setting;
 – (semi)structured interviewing of multiple 

(>5) users;
 – by offering online or in-house discussion 

opportunities;
 – surveys/written questionnaires.

10. How do you or does your company estimate the 
potential of the medical device in the clinical context?

 – the clinical impact (increase in 
effectiveness of care) of the new device; 
(LIST 4)

 – costs of new device (for the company, for 
potential buyers, social costs); (LIST 5)

 – opinions of experts and decision makers; 
(LIST 6)

List 4: CLINICAL IMPACT
What does your company include in the clinical impact 
analysis of a medical device?

 – disease severity (e.g. life threatening);
 – the size of the target population;
 – the improvement of efficacy/effectiveness 

(of cure or care);

 – the improvement of safety & tolerability 
(of cure or care);

 – the improvement in patient satisfaction.

List 5: ECONOMIC EVALUATION
What methods does your company use to estimate costs 
from the company perspective?

 – estimation of the future selling price 
of the device based on manufacturing 
cost, market place, competition, market 
condition, and device quality;

 – estimation of the profitability of the 
project based on potential costs and 
revenues;

 – estimation of the return on investment on 
medical device;

 – estimation of how long it will take before 
the investment in the medical device will 
be recouped;

 – comparison of different business cases for 
one device, or for different devices to select 
the device with the highest potential for 
the company;

 – estimation of the profitability of the 
project based on potential costs and 
revenues while including the probability of 
achieving the revenues.

What methods does your company use to estimate costs 
from the buyer perspective?

 – estimation of the financial impact of new 
device in its future setting (i.e. hospital, 
etc.);

 – estimation of the future return on 
investment on new medical device for the 
buyer.

What methods does your company use to estimate costs 
from the societal perspective?

 – cost-effectiveness analysis;
 – cost-utility analysis;
 – cost-benefit analysis.

List 6: EXPERTS/DECISION MAKERS
How does your company gather opinions of the experts 
and decision makers?

 – building and analyzing potential buyers 
profiles;

 – running a focus groups;
 – organizing a public meetings;
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 – interviewing buyers and using buyers 
discovery;

 – formal consultation;
 – brainstorming sessions;
 – informal discussions.

11. When does market analysis start?

 – idea generation;
 – before the development of the device 

prototype starts;
 – during the device prototyping;
 – when gathering evidence on effectiveness 

and efficiency of the device;
 – during marketing of the device;
 – I don’t know.

12. When does market analysis stop?

 – idea generation;
 – before the development of the device 

prototype starts;
 – during the device prototyping;
 – when gathering evidence on effectiveness 

and efficiency of the device;
 – during marketing of the device;
 – I don’t know.

13. How is, in your opinion, market analysis usually 
performed?

 – one off exercise;
 – iterative/repetitive process.

14. Has the market analysis of the medical device ever led 
its further development to be:

 – accelerated;
 – stopped;
 – decelerated;
 – altered;
 – none of these;
 – I don’t know.

III ECONOMIC EVALUATION
15. From which perspective(s) does your company esti-
mate the costs aspects of the medical device?

 – company perspective (e.g. production 
costs, profit margins, production capacity);

 – buyer perspective (e.g. impact on hospital 
budget, spending and savings incurred by 
implementing the product in the setting);

 – societal perspective (e.g. long term costs 
consequences on societal spending on 
health care and revenues with regard to 
working life years gained).

16. Has the analysis of the cost impact of a medical device 
from the company/buyer/societal perspective ever led its 
further development to be:

Company perspective: Buyer perspective: Societal perspective:
- accelerated; - accelerated; - accelerated;
- stopped;  - stopped;  - stopped;
- decelerated; - decelerated; - decelerated;
- altered;  - altered;  - altered;
- none of these; - none of these; - none of these;
- I don’t know. - I don’t know. - I don’t know.

17. When does your company start with the analysis of a 
medical device costs?

 – idea generation;
 – before the development of the device 

prototype starts;
 – during the device prototyping;
 – when gathering evidence on effectiveness 

and efficiency of the device;
 – during marketing of the device;
 – I don’t know.

18. When does analysis of medical device costs stop?

 – idea generation;
 – before the development of the device 

prototype starts;
 – during the device prototyping;
 – when gathering evidence on effectiveness 

and efficiency of the device;
 – during marketing of the device;
 – I don’t know.

19. How is, in your opinion, analysis of costs of a medical 
device usually performed in your company?

 – one off exercise;
 – iterative/repetitive process.

IV EXPERTS/DECISION MAKERS ANALYSIS
20. Who do you or your company consider experts or 
decision makers in medical device development process?
21. When are the opinions of experts/decision makers on 
medical device first gathered?

 – idea generation;
 – before the development of the device 

prototype starts;
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 – during the device prototyping;
 – when gathering evidence on effectiveness 

and efficiency of the device;
 – during marketing of the device;
 – I don’t know.

22. When the gathering of opinions of experts/decision 
makers on medical device stops?

 – idea generation;
 – before the development of the device 

prototype starts;
 – during the device prototyping;
 – when gathering evidence on effectiveness 

and efficiency of the device;
 – during marketing of the device;
 – I don’t know.

23. Has the consultation of experts/decision makers ever 
led its further development to be:

 – accelerated;
 – stopped;
 – decelerated;
 – altered;
 – none of these;
 – I don’t know.

V RESPONDENT BACKGROUND
24. What is your age in years?
25. What is your education level?
26. What is your education background (Business man-
agement, Economist, etc.)?
27. What is your position in the company?
28. Which department within company do you work in?
29. How many years of experience (in that position) do 
you have?

VI USE OF MEDICAL DEVICE ASSESSMENT
What, in your opinion, are the uses of performing assess-
ment for medical devices under development?

 – increase understanding of design, usability 
and safety of a medical device;

 – aid decision making with regard to design, 
usability and safety of a medical device;

 – increase understanding of device impact 
(e.g. potential clinical and economic 
value);

 – aid decision making with regard to device 
impact (e.g. uptake in the market).
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table A1: An overview of the companies that participated in the study (N=36)

Characteristics description N

Company size

micro-sized company (less than 10 employees) 11
small-sized company (10-50 employees) 15
medium-sized company (50-250 employees) 4
large-sized company (more than 250 employees) 6

operating country
the Netherlands 27
international 9

risk classes of devices produced

Class i: simple, low risk devices 25
Class ii: more complex, higher risk 29
Class iii: most complex, highest risk 13
only one device class 18
more than one device class 19

Devices in development

0 2
1-3 13
4-6 5
6-10 4
>10 2

Devices on the market

0 8
1-3 7
4-6 6
6-10 2
>10 4

Appendix 2. Table A1 presents an overview of the companies that participated in the study. Table A2 presents an 
overview of the participants of the interviews.
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table A2: An overview of the participants of the interviews.

Characteristics description N

position in the company

Ceo 10
manager 14
business developer 5
researcher 4
engineer 4

Department in the company

No specific department 14
r&D 16
Sales & marketing 5
Clinical department 2

education level

master degree 19
phD degree 13
bachelor degree 4
Vocation education 1

education background

industrial design 6
economics 7
biomedical engineering 7
Health sciences 4
other (e.g. medicine, engineering) 13

respondents age
21-40 17
41-60 16
more than 60 4

experience years

< 1 4
1-5 11
6-15 14
>15 8

Assessment knowledge
good/ expert 10
medium 18
low/ basic 9
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INtROduCtION

With the accelerated process of economic integration, 
the world is facing with the tide of mergers and acqui-
sitions and the means, type and scope of mergers and 
acquisitions are also increasing, which makes it one of 
the paths for the rapid development of many industries. 
With the introduction of policies related to investment in 
the medical industry, hospital mergers and acquisitions 
have become an important way for hospitals to achieve 
expansion. The economic essence of hospital M & A is 
no different from enterprise M & A, both of which are 
the common forms of capital operation under market 
economy conditions. Through mergers and acquisitions, 
the hospital accesses to advanced medical technologies, 
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AbStrACt
in recent years, the Chinese government has introduced a series of policies to promote the health care reform 
and further promote the hospital industry towards marketization, which makes the hospital m & A continue 
to heat up. in order to effectively integrate the existing resources, expand the operation scale, strengthen the 
comprehensive strength, improve the hospital’s core competitiveness, make the m & A behavior more scientific 
to promote the deepening of the medical system reform, this paper studies the risk evaluation and management 
of m & A based on the theory of hospital m & A. The risks in the current m & A include financial risk, strategic 
risk, transaction risk, integration risk, etc. These risks will restrict the future development of hospitals, and even 
lead to the failure of mergers and acquisitions and huge economic losses. Therefore, correct risk assessment and 
management is the key to the success of m & A. by applying the qualitative identification method, the quantitative 
analysis method and the expert investigation method as well as making corresponding management adjustment 
and countermeasures, the risk probability can be reduced and the success rate of m & A can be improved so as 
to realize the strategic goal. in the hospital m & A, the use of risk assessment and management can prevent and 
evade risks, which enables the industry chain to extend, helps the development of the industry and provides 
better medical and health services for the people.
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management experience, professionals and other 
resources to expand the scale of operation and forms an 
effective scale, thereby enhancing its core competitive-
ness. Mas N et al [1] discussed the role of technology in 
the selection of targets in a merger through the US case 
of hospital mergers and acquisitions. Ling Bing [2] ana-
lyzed the current status of hospital mergers and acquisi-
tions, and thought that value assessment was a key issue 
in M & A. Kjekshus et al. [3] proposed that mergers were 
often complex and difficult processes with variable out-
comes and hospitals were merging to become more cost-
effective. However, hospital mergers and acquisitions 
bring many benefits but also a lot of risks, such as finan-
cial risk [4], strategic risk [5] and integration risk [6]. 
Therefore, it is necessary to grasp the risk evaluation and 
management in hospital M & A since good risk assess-
ment and management can effectively avoid the risks in 
hospital merger and acquisition, and thus achieve a win-
win situation of the merging party and the merged party.Correspondence:  

Fei Ren, Weifang People’s Hospital, China. Email: 
renfei1122@sohu.com
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theoreticAl siGnificAnce of hospitAl 
MerGers AnD Acquisitions

Hospital M & A [7], a way for hospitals to achieve expan-
sion, takes hospital property rights as the transaction 
object, aims to obtain the right of control of the merged 
hospital and is realized by purchasing all or part of the 
property or assets of the acquired hospital in cash, secu-
rities or other forms. Successful hospital M & A not only 
helps to integrate resources, improve economies of scale, 
establish its dominant position in the medical industry, 
but also helps hospitals digest excess capacity, reduce 
operating costs and capital costs and enhance their value. 
The combined hospital can produce synergistic effect, 
resulting in the “1 +1> 2” effect. The advantages of both 
parties are complementary in talent, technology and 
finance aspects, which helps to improve the efficiency 
and level in management. For the time being, chain type 
specialized hospitals with good profits, strong replica-
bility and small medical risks and level 2 and 3 general 
hospitals with certain scale and stable cash flow that can 
improve their performance through investment are most 
popular among investors and have become the main-
stream of hospital mergers and acquisitions. Hospital M 
& A has important strategic significance, which not only 
can undertake excellent medical service projects and 
management systems as well as the customer resources 
accumulated over the years, but also can lay the foun-
dation for the future development of hospitals, enhance 

their core competitiveness and build the benchmark of 
regional medical services.

RISK ASSESSmENt IN HOSPItAL  
m & A

There are a lot of risks in hospital merger and acquisition, 
among which the financial risk is the most prominent. 
Therefore, the management department should make 
risk assessment and timely management adjustments.

finAnciAl risks

As shown in Figure 1, hospital M & A includes strategic 
risk, transaction risk and integration risk. Financial risk 
runs through the whole process of M & A, and different 
stages of M & A have different financial risks.

Financial risk is a risk which can result in the 
decrease of the prospective profits of investors due to the 
loss of debt paying ability of the company resulting from 
unreasonable financial structure and improper financ-
ing. The financial risks in hospital M & A are mainly 
divided into the following three categories: In the deci-
sion-making stage, the acquirer blindly strives for the 
biggest profits and demands perfection, rushes for quick 
results while lacking the technology, management and 
market experience of the medical industry and makes 
wrong pricing decisions, leading to an incorrect value 

figure 1: Hierarchy structure of hospital m & A risk
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assessment; improper financing and the use of a single 
payment method in mergers and acquisitions can have a 
negative impact on capital structure and financial lever-
age; after mergers and acquisitions, resource integration 
decision-making errors can cause financial integration 
risks.

In this paper, the acquisition of an enterprise hospi-
tal (B) by a company (A) is taken as an example. In the 
early stage of M & A, if B does not provide accurate infor-
mation to A, A and B have asymmetric information, and 
A’s internal management personnel has low risk aware-
ness, then, A can not make correct evaluation of B, which 
will lead to pricing risk. During M & A, if A’s financing 
structure is unreasonable, its asset-liability rate is too 
high, its working capital turnover rate is insufficient, 
and its follow-up profitability is not enough to deal with 
the operation and repayment, there will be financial 
risk. After M & A, in this case, the information systems 
of A and B will be incompatible, the management cul-
tures of both parties are in conflict with each other and 
their resources can not be efficiently integrated, trigger-
ing financial crisis, affecting the performance of both 
sides. These are derived from internal financial risks. 
The external financial risk mainly comes from the com-
plexity of the financial management macro environment 
[8], including the economic environment, the legal envi-
ronment, the market environment, the social cultural 
environment and the resource environment. The lack of 
attention to the macroeconomic environment and the 
forecast on its changes will result in the collapse of merg-
ers and acquisitions.

risk AssessMent

Risk assessment [9] is a process to make an overall con-
sideration, combining with other factors, of the prob-
ability of the occurrence of risks and the degree of loss 
and decide whether to take appropriate measures, on 
the basis of risk recognition. We take the acquisition 
of Haiyang People’s Hospital of Shandong Province by 
the Affiliated Hospital of Qingdao University Medical 
College, Shandong Province (hereinafter referred to as 
the General Hospital) as an example. After the acqui-
sition, Haiyang People’s Hospital is known as Haiyang 
Branch of the Affiliated Hospital of Qingdao University 
Medical College (hereinafter referred to as Haiyang 
Branch). The qualitative identification method [10] and 
the quantitative analysis method [11] were used to deter-
mine the risk assessment benchmark and the overall risk 
level of the project. The individual risk was compared 
with the individual benchmark, the overall project level 
with the overall assessment baseline. When the project 
risk is still with an acceptable range, the project is still 
possible to continue. At the same time, expert survey 
method was used to evaluate the environmental risk of 
M & A by an expert evaluation team, marks were given 
by the experts according to the evaluation principle of 
Delphi method [12] and the final value was calculated by 
weighting with the same weight.

As shown in Fig. 2, the intrinsic value measurement 
risk is higher than the M & A environment risk in the 
M & A. The main risks are knowledge and innovation 
risk, valuation method risk and M & A market risk. In 
the acquisition process of Haiyang Branch, the value of 
the Haiyang Branch is relatively overpriced and there is 
pricing risk [13]. In order to avoid this risk, we need to 
further understand Haiyang Branch’s financial status, 
liabilities, property rights structure, human resources 

figure 2: Analysis of the various risk factors equity method



Journal of CommerCial BioteChnology  ht tp://www.CommerCialBioteChnology.Com 34

and technical level, so as to ensure the objective authen-
ticity of the information and strive for the positive coop-
eration of the Haiyang Branch as well as the support 
of the people’s government. Before the acquisition, the 
medical environment and equipment configuration of 
Haiyang Branch is poor, the level of academic qualifica-
tions is not high, with irrational structure of titles and 
lagged management methods, but there are geographi-
cal and policy support for it. While the main advantages 
of the General Hospital are advanced scientific research 
level and management system, its main goal is to bring 
medical and health resources to rural grass-root areas. 
After the acquisition, the hospital’s vertical service net-
work extends to the rural areas to form a reasonable 
medical resources allocation pattern, to achieve scientific 
research guidance and personnel training to better solve 
the problem of difficulty of local people to see a doctor. 
Relying on the driving of technology, capital and brand 
of the general hospital, Haiyang Branch quickly improves 
the quality of service and medical level, introduces the 
advanced management mode of the general hospital and 
improves the original operating mechanism. The two 
sides quickly and efficiently complete the integration of 
resources to avoid the risk of financial integration and 
achieve a win-win situation.

As shown in Figure 3, after the merger, the person-
nel number of outpatient and emergency departments, 
the number of operations and the daily total number 
of occupied beds of the Haiyang Branch have improved 
significantly. It gradually develops into a comprehen-
sive hospital integrating medical treatment, first aid, 
teaching, scientific research, prevention and health care. 
Reasonable risk assessment and corresponding adjust-
ment in hospital M & A can greatly reduce the risk prob-
ability and achieve a win-win situation of both parties.

HOSPItAL m & A RISK 
mANAgEmENt

Risk management [14] is a management process that 
minimizes the adverse effects which can be probably 
caused by risks. During the M & A process, the hos-
pital management department needs to take positive 
measures to prevent and control risks, to reduce the 
probability of loss. Effective risk management will help 
the hospital make the right decisions, protect the safety 
and integrity of assets and achieve the desired objectives. 
Facing with the financial risk in the M & A process, 
the Affiliated Hospital of Qingdao University Medical 
College in Shandong Province has taken corresponding 
risk management measures, making the acquisition to 
proceed smoothly, but there are still some shortcomings.

stAtus of risk MAnAGeMent

Before the M & A decision, the general hospital objec-
tively examined its own resource strength and reduced 
the blindness and subjectivity of the M & A strategy. 
However, in the preparatory stage, it was not fully aware 
of the importance of understanding each other’s infor-
mation and was lack of attention to the macro-market. 
Government attitudes towards M & A and changes in the 
external market environment will have a certain impact 
on M & A behavior. It is important for the acquirer to 
fully understand and carefully select the acquired hos-
pital, in particular, its property rights, financial status, 
in order to make a scientific assessment of its value 
and reduce the probability of the occurrence of risks. 
Hospital M & A is related to government administrative 

figure 3: business volume of Haiyang branch in 2010 and 2015
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intervention, financial, legal and other related policies, 
and each local policy is different from each other. Failure 
to get familiar with the local policy background of the 
acquired hospital will greatly affect the results of mergers 
and acquisitions. After the acquisition was completed, 
the general hospital carried out technical and financial 
resources integration in a timely manner, established a 
management mode focusing on the link management, 
strengthened the secondary management of the hospital, 
realized the complementary advantages of the medical 
institutions, shared the resources, optimized the lay-
out and structure of the hospital, so as to maximize the 
resource efficiency, and promote long-term development 
of the hospital to enhance the core competitiveness of the 
hospital after the merger. However, there was a lack of 
integration in the hospital culture as well as attention of 
personnel placement after the acquisition.

risk MAnAGeMent recoMMenDAtions

Set up a professional team, grasp the best time. Hospital 
M & A is not a simple capital operation, but a kind of 
merger and acquisition behavior affected by policies and 
the market. Hence, the establishment of a professional M 
& A team [15] is necessary. An M & A team composed 
of experts in finance and investment, management, law 
and other fields can solve the problems of more profes-
sionalism in M & A process, make the hospital merger 
more scientific, improve the efficiency of hospital reorga-
nization and asset management, and form a supervision 
mechanism to avoid risks. Meanwhile, the timing of the 
merger is equally important.

Emphasis on cultural integration and good place-
ment work. The completion of M & A is not the end, but 
the beginning of formal management. Employees are 
the fundamental part of the enterprise and the employee 
placement work after acquisition must be actively 
arranged. The personnel appraisal system and reward 
and punishment mechanism should be improved, with 
dynamic supervision, to fully mobilize the enthusiasm 
of the staff. Regular organization of professional and 
technical personnel to learn advanced management 
knowledge should be carried out in order to strengthen 
the quality education of the staff. Since hospital culture 
is the essence of the hospital, attention should be paid to 
the organic integration of the hospital culture after the 
merger, and the enhancement of the cultural construc-
tion and cohesion as well as the staff’s mental outlook.

dISCuSSION ANd CONCLuSION

With the intensification of competition in the medical 
market in China, hospital mergers and acquisitions have 
gradually become the social capital and entered into the 
hospital industry. Nevertheless, opportunities and chal-
lenges coexist. On the one hand, successful mergers and 
acquisitions will help the two sides to achieve comple-
mentary advantages and the sharing of resources, which 
enables the industrial chain to expand, makes health 
care services more comprehensive and enhances the 
hospital’s core competitiveness; on the other hand, it has 
many pitfalls, such as financial risk, strategic risk and 
integration risk, which may hinder the M & A and may 
even bring huge economic losses. This requires good risk 
assessment and management work in hospital M & A. 
Therefore, during the M & A process, multi-party infor-
mation should be acquired, the value of the merged party 
should be scientifically assessed, a professional team 
should be formed, the best time should be grasped and 
the governance structure and management mechanism 
should be improved. After the M & A process, effective 
reorganization of assets and cooperative management 
should be carried out so as to complete technological, 
cultural and personnel integration.

By taking the acquisition of Haiyang People’s 
Hospital of Shandong Province by the Affiliated Hospital 
of Qingdao University Medical College as an example, 
this paper carries out a risk assessment study and puts 
forward the corresponding management measures and 
improvement suggestions. However, practical measures 
of risk management in different stages still need to be 
further explored.
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INtROduCtION

Paddy straw is one of the most abundant lignocel-
lulosic wastes on the earth. In India, total annual 
production of rice was 136.5 million tons in the 

year 20091. About 1-1.5 kg of straw is produced from 
every kilogram of the grain harvested2 and thus, 136.5-
150 million tons of paddy straw is estimated to be pro-
duced annually. In India, approximately 85-95 million 
tons of paddy straw is disposed off by burning. One ton 
of paddy straw burning releases 3 kg particulate matter, 
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α-Amylase has been in increasing demand in industries due to its hydrolytic nature. Solid state fermentation 
(SSF) is a cost effective method for increasing the enzyme production. in the present study, amylase from Bacillus 
licheniformis mTCC 1483 was produced in large quantity by solid state fermentation using paddy straw as substrate. 
response surface methodology is a useful tool for optimizing many parameters at a time and is used for increasing 
the amylase production. 8523 iug-1 of enzyme activity was obtained under optimized conditions which lead to 35 
fold increase in the yield of amylase from unoptimized condition.
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60 kg CO, 1460 kg CO2, 199 kg ash and 2 kg SO2
3. Lung 

and respiratory diseases caused by burning adversely 
affect public health4. Repeated burning of paddy straw 
also results in soil erosion. Moreover, farmers offer rice 
straw as the main roughage source to their animals. But, 
the high level of lignification and silicification, the slow 
and limited ruminal degradation of the carbohydrates 
and the low content of nitrogen are the main deficiencies 
of rice straw, affecting its value as feed for ruminants5.

Paddy straw due to its high nutritional value can be 
employed as a source of enzyme production. Solid state 
fermentation is a useful method for the production of 
enzymes in high yield. SSF employs low cost substrate to 
produce large quantity of enzyme with relatively low cost6. 
Solid substrate fermentation (SSF) is cheaper, less technol-
ogy oriented and the enzyme extraction is relatively eas-
ier than submerged fermentation as the release of liquid 
effluent is negligible and hence produces less pollution7. 
α-amylase (E.C. 3.2.1.1.) is a hydrolytic enzyme which 
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cleaves α-1,4 glycoside linkages in starch, yielding dextrin, 
oligosaccharide, maltose and glucose8,9. It is one of the 
most extensively used enzymes in various industries like 
pharmaceutical, food, textile, paper, detergent and fuel 
ethanol production industry8,10,11. Various Agro industrial 
wastes have been utilized for the cost effective production 
of alpha amylase and researchers are finding great inter-
est in using agro industrial waste as a substrate for alpha 
amylase production12. Previously, we had optimized the 
production of amylase from Bacillus licheniformis MTCC 
1483 in SSF using paddy straw as substrate by employing 
traditional one variable at a time method (OVAT)13.

Although, OVAT method is helpful in selecting 
parameters significantly affecting the enzyme produc-
tion, the method is not only time restrictive, but also 
ignores the combined interaction(s) among various phys-
ical and nutritional parameters. On the other hand, the 
statistical methods such as Plackett-Burman (PB) and 
response surface methodology (RSM) are useful models 
for selecting significant factors and studying the inter-
active effect of these factors. These methods give math-
ematical models showing the dependence of the response 
(enzyme yield) on independent variables which are used 
for the prediction of optimum values of these variables, 
ensuring maximum yield. They also reduce the number 
of experiments required in optimization. Use of factorial 
designs and regression analysis for generating empiri-
cal models makes RSM a good statistical tool. Therefore, 
in this study, to analyze the collective effect of various 
factors, Plackett-Burman (PB) and response surface 
methodology (RSM) were used for the optimization of 
amylase production from Bacillus licheniformis MTCC 
1483 using paddy straw as solid substrate and thereby 
reducing the burning of paddy straw as a methods used 
for paddy straw disposal.

mAtERIALS ANd mEtHOdS

cheMicAls

The chemicals used in the study were of analytical grade 
obtained from Hi-media (India). The solid substrate 
paddy straw was taken as a substrate for the production 
of α- amylase by SSF13. They were procured from local 
market of Mohali, Punjab, India. Substrate was washed 
with distilled water 2-3 times and then treated with 1% 
NaOH for 30 min and dried in oven at 80ºC overnight. 
Dried substrates were ground in the grinder and sieved 
through a mesh to obtain equal size particles.

MicroorGAnisM AnD Growth conDitions

The bacterial strain used in this study, Bacillus licheni-
formis MTCC 1483 producing extracellular amylase was 
obtained from MTCC, Institute of Microbial Technology 
(IMTECH), Chandigarh, India. The bacterial strain was 
revived in Brain heart infusion broth. The bacterial strain 
was sub-cultured periodically after 4 days and stored at 
4°C until further use.

AMylAse AssAy

Amylase assay was carried out by dinitrosalicylic 
method14 using 1% starch as substrate at pH 7.0, 50°C 
for 30 min and optical density was taken at 540nm. The 
amylase production was determined in IU g-1 by apply-
ing the standard formula. One unit of enzyme activity 
was defined as micromoles of glucose released per min-
ute per one gram of substrate.

inoculuM prepArAtion

The inoculum was prepared by inoculating a single bac-
terial colony from freshly grown plates into brain heart 
infusion broth supplemented with 1% soluble starch. The 
culture was incubated at 37°C, 150 rpm for 24 h and used 
as inoculum.

optiMizAtion of AMylAse proDuction By 
stAtisticAl MethoD

Amylase production from Bacillus licheniformis was 
increased by optimizing the various nutritional and envi-
ronmental parameters using statistical software Plackett 
Burman (PB) and Response Surface Methodology (RSM) 
of the Design Expert version (10.0.7) software (Stat-Ease 
Corporation, USA).

selection of siGnificAnt pArAMeters By 
plAckett-BurMAn (pB)

A set of 20 experiments was designed using the Plackett-
Burman design of the Design expert (version 9.0.7) 
software (Stat-Ease Corporation, USA) for 11 variables 
(Table 1) that were analyzed as possible factors affect-
ing production based on literature search. The param-
eters evaluated were as follows: A: temperature, B: pH, 
C: time, D: initial moisture content, E: Starch, F : Yeast 
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Extract, G: Moistening solution, H: inoculum concen-
tration, J: Tween-80, K: NaCl and L: MgSO4. In each 
experiment, paddy straw was taken as the basal solid 
media (5g) in 250 ml erlenmyer falsk. Concentration 
levels were decided on the basis of literature reports 
on amylase production. Experiments were carried out 
in triplicates. The average of enzyme activity obtained 
was taken as response. The effect of individual factors 
on enzyme activity was calculated according to follow-
ing equation:

E
P P
Ni

i i=
−+ −∑ ∑

    (1)

where, Ei is the effect of parameter i under study, Pi+ and 
Pi- are responses (amylase activity) of trials at which the 
parameter was at its high and low level, respectively, and 
N is the total number of trials. The significance of the 
model was calculated by ANOVA. From the pareto chart, 
the factors showing highest positive effects were selected 
for optimization using Central Composite Design of 
Response Surface Methodology.

centrAl coMposite DesiGn (ccD) AnD 
response surfAce MethoDoloGy (rsM)

Central composite design (CCD) at α value as ± 2 was 
employed using Design expert software (version 9.0.7, 
Statease Inc., Minneapolis, USA) to further optimize 
the levels of significant variables. Amylase activity was 
recorded as response. Response data were fed and ana-
lyzed by the software to generate 3D plots indicating 
the optimum conditions and interaction among these 
factors. Regression analysis was performed on the data 
obtained. A second-order polynomial equation was 
used to fit the data by multiple regression procedure. 
This resulted in an empirical model that related the 
response measured to the independent variables of the 
experiment.

Y = + + +β β β β0 Σ Σ Σi i ii i2 ij i jX X X X
  (2)

where, Y is the predicted response amylase activity (IU 
g-1), β0 is the constant term, βi the linear coefficients, βii 
the squared coefficients and βij the interaction coeffi-
cients. The quality of fitting by the polynomial model 
equation was expressed using coefficient of determina-
tion R2. Equation 2 was used to construct 3D plots.

preDiction of optiMuM vAlues for 
MAxiMuM AMylAse proDuction

After getting the model equation that explains the pro-
cess, it was used for optimization of the amylase pro-
duction using the numerical optimization option of 
the software. Criteria were set for each independent 
variable and the response (dependent variable). The 
independent variables were kept in the range used by 
the experimental set up and the response was set maxi-
mum. A solution was generated with predicted levels 
of the independent variables and predicted maximum 
production.

vAliDAtion experiMents

To check the validity of the chosen quadratic model, 
experiments were designed using the predicted optimum 
values of the parameters from equation 2. The amylase 
activity was measured and compared with the predicted 
value. Each experiment was conducted in triplicates and 
the data presented as mean ± SD.

extrAction of AMylAse

Extraction was done by soaking the fermented solids 
with 50ml of 0.1M phosphate buffer for 30 min at 30°C 
on a rotary shaker (150 rpm). The slurry was squeezed 
through a damp cheese cloth. Suspension was centri-
fuged at 10000 rpm for 15 min at 37ºC to separate small 
paddy husk particles, cells and spores. Clear Supernatant 
was collected and further used for amylase assay as per 
standard method.

RESuLt ANd dISCuSSION

α-Amylase catalyzes the hydrolysis of internal α-1,4 gly-
cosidic linkages in starch to yield products like glucose 
and maltose15. Due to its hydrolytic action, amylase has 
been in increasing demand in industries like detergent 
industry, fuel and alcohol industry, baking industry, 
textile industry etc. For an enzyme to have industrial 
application, it must be produced at high level with a 
relatively cheaper rate. Solid state fermentation is an 
effective method for the production of enzymes as large 
amount of enzyme can be produced at relatively cheaper 
rate using agro-industrial waste which are available free 
of cost16.

Paddy straw is a waste obtained from the rice 
field and is becoming a major problem as its disposal 
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by burning is a major environmental threat. Earlier 
we had employed paddy straw for the production of 
amylase from Bacillus licheniformis MTCC 1483 by 
optimizing various nutritional and environmen-
tal parameters using classical one factor at a time 
approach13. OVAT method is quite time consuming 
and also it does not describe the interaction among 
the variables17. Statistical methods viz. placket bur-
man response surface methodology (RSM) are useful 
tools for increasing the enzyme production as it con-
sumes less time and gives statistical relevant results. 
Therefore, in this study, PB and RSM approach was 
used for increasing amylase production from B. 
licehniformis MTCC 1483.

selection of siGnificAnt pArAMeters usinG pB

In order to screen the key factors having significant 
inf luence on amylase production, a PB experimental 
design was formulated with 11 different parameters, 
selected on the basis of literature search and OVAT 
results. In 12 runs, variation ranging from 785 IUg-1 to 
3318 IUg-1 in the yield of amylase was observed (Table 
1). The inf luence of various parameters on amylase 
production was estimated and graphically repre-
sented in the form of pareto chart (Fig. 1). Length 
of column represented the significance of the inf lu-
ence of studied parameters on enzyme activity. Out 
of 11 different parameters tested, eight factors viz. 
Temperature, moisture content, moistening solution, 
Tween-80, NaCl and starch were found to have posi-
tive effect on amylase production. Out of these, starch 
followed by Tween-80 and moisture content were 
having maximum effect on enzyme production. The 
results obtained from the pareto chart were checked 
by analysis of variance (ANOVA) test for their signifi-
cance (Table 2). The results confirmed that the model 
was significant with p < 0.05. It was observed that the 
first three inf luential parameters were starch concen-
tration, tween-80 concentration and initial moisture 
level. Increase in amylase production by supplement-
ing the medium with starch is due to the reason that 
amylase employ starch as substate 18. The use of surfac-
tants in SsF has been well-documented19. Surfactants 
increase the permeability of the membrane’s lipid 
bilayer, which facilitates the secretion of enzymes20. 
Initial moisture content also plays an important role 
in SsF16. Although, in SsF moisture content of the fer-
mentation medium varies during fermentation due to 
generation of heat21, the availability of initial water 
in lower or higher amounts affects microbial activ-
ity adversely22. At low moisture level, substrate was 
not moistened sufficiently to promote the growth 

of the bacteria while with increase in moisture con-
tent above optimum, the porosity of the medium 
decreased leading to difficulties of oxygen transfer 
and heat release in the medium23. Thus, these three 
factors were selected for further increase in amylase 
production by RSM.

response surfAce MethoDoloGy

The levels of the three significant parameters which 
have positive influence on amylase production were 
used as central values to design experiments for central 
composite response surface design (Table 3). By apply-
ing multiple regression analysis on the experimen-
tal data, a predictive quadratic polynomial equation 
was constructed to describe the correlation between 
enzyme activity and the three significant parameters 
as follows:

Amylase yield (IU g-1) = +382.40 - 37.65 * A - 22.42 * B 
+56.96 * C +16.30 * A* -37.67 * A * C +34.78 * B * C

where, A, B and C were the coded values of time initial 
moisture level, tween-80 and starch respectively. The 
analysis of variance for the response surface quadratic 
model is summarized in Table 4. The p-values <0.05 indi-
cated that the linear, interactive and squared terms, all 
had quite significant influence on enzyme activity. The 
p-value for lack of fit was 0.7062, indicating that this qua-
dratic model adequately fit into the data. The maximum 
enzyme activity of 5086 IU g-1 was obtained under condi-
tions viz. 1% starch, 1:2 initial moisture content and 0.3% 
Tween-80.

inDiviDuAl effect of process pArAMeters 
on AMylAse proDuction

From the figure 2 it was observed that process param-
eters A, B and C have significant effects on amylase 
production. The steep perturbation curve showed that 
amylase production is highly sensitive to concentra-
tion of starch followed by tween-80 and initial moisture 
content.

Starch is the basic substrate utilized by amylase. 
Increase in amylase production with the incorporation 
of starch can be due to the increase in growth of bacte-
ria by directly utilizing the available substrate resulting 
in increased enzyme production17. Tween-80 is known 
to increase the permeability of the membrane’s lipid 
bilayer, which facilitates the secretion of enzymes19. 
Initial moisture content also plays an important role 
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in SSF16 For amylase production, initial moisture con-
tent of 1:2 was found to be optimum. This can be due 
to the reason that at low moisture level, substrate was 
not moistened sufficiently to promote the growth of the 
bacteria while with increase in moisture content above 
optimum, the porosity of the medium decreased leading 

to difficulties of oxygen transfer and heat release in the 
medium22.

table 1: plackett burman design and responses for amylase yield

run

A:temp 
degree 
celsius

b: 
ph-

C: 
time 

h

d: 
moisture 
content 

%

e: 
Starch 

%

f:yeast 
extract 

%

g: mois-
tening 

Solution-

h: ino-
culum 

%

J: 
tween 
80 %

K: 
NaCl 
mg

l: 
mgSo4 

%

Amylase 
yield 
(iu/g)

1 30.00 6.00 96.00 1:1 0.50 0.50 0.00 20.00 0.30 5.00 0.00 1890.975

2 37.00 8.00 48.00 1:2 0.50 0.50 0.00 10.00 0.00 5.00 0.00 2861.825

3 37.00 8.00 96.00 1:1 0.00 0.00 1.00 10.00 0.30 5.00 0.00 785.8775

4 30.00 6.00 48.00 1:2 0.00 0.50 1.00 10.00 0.30 5.00 0.10 1195

5 37.00 8.00 48.00 1:1 0.00 0.50 0.00 20.00 0.30 0.00 0.10 3086.425

6 30.00 6.00 48.00 1:1 0.00 0.00 0.00 10.00 0.00 0.00 0.00 1021.563

7 37.00 6.00 96.00 1:2 0.50 0.00 0.00 10.00 0.30 0.00 0.10 3898.3

8 30.00 8.00 96.00 1:1 0.50 0.50 1.00 10.00 0.00 0.00 0.10 992.58

9 37.00 6.00 48.00 1:1 0.50 0.00 1.00 20.00 0.00 5.00 0.10 1036.053

10 30.00 8.00 48.00 1:2 0.50 0.00 1.00 20.00 0.30 0.00 0.00 3318.275

11 30.00 8.00 96.00 1:2 0.00 0.00 0.00 20.00 0.00 5.00 0.10 1673.623

12 37.00 6.00 96.00 1:2 0.00 0.50 1.00 20.00 0.00 0.00 0.00 1311.365

 
figure 1: pareto chart showing factors having positive effects (yellow color) and negative effects (blue color) on 
amylase production
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table 2: Analysis of variance (ANoVA) for plackett-burman Design

Source
Sum of 
squares df mean Square f Value

p-value 
prob>f

model 2.041e+006 9 2.041e+006 53.53 0.0185 significant

A-temperature 1.112e+05 1 1.112e+05 26.25 0.0361

b-pH 74596.67 1 74596.67 17.61 0.0524

C-time 51555.73 1 51555.73 12.17 0.0733

D-moisture content 3.953e+05 1 3.953e+05 93.31 0.0105

e-Starch 3.233e+05 1 3.233e+05 76.31 0.0129

G-moistening Solution 4.475e+05 1 4.475e+05 105.64 0.0093

H-inoculum 32512.47 1 32512.47 7.67 0.1093

J-Tween 80 3.714e+05 1 3.714e+05 87.67 0.0112

K-NaCl 2.335e+05 1 2.335e+05 55.13 0.0177

residual 8472.83 2 4236.41

Cor Total 2.05e+06 1

Std. Dev. 65.09 r-Squared 0.9959

mean 769.06 Adj r-Squared 0.9773

C.V% 8.46 pred r-Squared 0.8512

preSS 3.050e+005 Adeq precision 20.177

table 3: Central composite design with predicted and actual responses

run A:moisture content b:tween 80 C:Starch yield (iu/g) predictive Value (iu/g)

1 3.00 0.65 0.75 3970.32 3824

2 3.00 0.65 0.75 4376.05 3824
3 3.00 1.24 0.75 3723.99 3446.9

4 4.00 1.00 0.50 3202.34 2845.7

5 4.00 0.30 1.00 3839.9 3353.7

6 3.00 0.65 0.75 2419.86 3824

7 4.68 0.65 0.75 3187.85 3190.8

8 2.00 1.00 1.00 5607.7 5107.3

9 2.00 1.00 0.50 2289.45 2519.1

10 2.00 0.30 1.00 5086.07 5186.2

11 4.00 0.30 0.50 3419.69 3663.6

12 3.00 0.06 0.75 4665.85 4201

13 2.00 0.30 0.50 4202.16 3989.1

14 3.00 0.65 1.17 3593.57 4781.9

15 3.00 0.65 0.75 3666.02 3824

16 3.00 0.65 0.75 3999.3 3824

17 3.00 0.65 0.33 2173.53 2866.1

18 1.32 0.65 0.75 4607.98 4457.1

19 3.00 0.65 0.75 4477.48 3824

20 4.00 1.00 1.00 3970.32 3926.9



April 2017  i   Volume 23   i   Number 2 43

table 4: Analysis of variance (ANoVA) for response surface model developed for optimum amylase yield

Source Sum of squares df mean square f Value p-value prob>f

model 93682.69 6 15613.78 3.52 0.0272 significant

A-moisture content 19356.56 1 19356.56 4.36 0.057

b-Tween 80 6865.41 1 6865.41 1.55 0.2356

C-Starch 44304.52 1 44304.52 9.98 0.0075

Ab 2126.01 1 2126.01 0.48 0.5011

AC 11355.02 1 11355.02 2.56 0.1338

bC 9675.17 1 9675.17 2.18 0.1637

residual 57712.52 13 4439.42

lack of Fit 29909.54 8 3738.69 0.67 0.7062 not significant

pure error 27802.98 5 5560.60

Cor Total 1.514e+005 19
Std. Dev. 66.63 r-squared 0.6188
mean 769.06 382.40 Adj r-squared 0.4429
C.V% 17.42 pred r- Squared 0.1224
preSS 1.329e+005 Adeq precision 6.766

 figure 2: perturbation graph showing the effect of individual parameters on amylase production
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interActive effect of process pArAMeters

The interactive effect of starch, tween-80 and initial 
moisture content on amylase production was shown in 
figure 3(a-c). Fig. 3a shows the effect of moisture content 
and tween 80 on amylase production. It was observed 
from the curve that increase in moisture content will 
have negative effect on amylase yield while increase in 
tween-80 concentration will have positive effect on amy-
lase yield. Similarly, increase in starch concentration will 

have positive effect on increased amylase production 
(Fig. 3b, 3c). Thus, amylase production can be increased 
by increasing the concentration of starch and tween-80 
and maintaining the initial moisture content to 1:2.

vAliDAtion of preDicteD vAriABles for 
MAxiMuM AMylAse proDuction

The production parameters were numerically optimized 
using the software’s option. The criteria used for opti-
mization along with predicted and actual (observed) 
response values are presented in Table 5. The aim was 
to “maximize” the amylase yield while keeping the three 
variables level “in range”. By using the given criteria a 
solution i.e. 1.81% starch, 1:2.34 initial moisture content 
and 0.94% Tween-80, having maximum amylase yield 
of 8520 IU g-1 was selected and experiments were con-
ducted in triplicate. The observed response was 8523 ± 28 
which is very close to the predicted value, thus validating 
the model. Thus the predicted and actual values are in 
perfect coherence with each other and thus validated the 
result. The final composition of the medium is given in 
Table 6. Thus, an amylase yield of 8523 IUg-1 could be 
achieved under medium optimized in this study in SSF 
using paddy straw as substrate.

 figure 3: Three dimensional response curve showing the interactive effect of three parameters
(A) Tween-80 and initial moisture content; (b) Fig 3 (b) Starch and initial moisture content; (C) Fig 3 (C) Starch and 
Tween-80

table 5: Validation of predicted model

response (Amylase yield (iu/g)

Std 
run Starch (%)

initial moisture 
content tween-80 (%) Actual predicted residual error (%)

1 1.81 1:2.34 0.94 8523 ± 28 8520 3 0.03

Values represent mean ± SD (n=3)

table 6: Composition of the production medium after 
optimization of SsF

S.No. media component Quantity

1 paddy straw 5g
2 mgso4 0.1%
3 Distilled water 11.7ml
4 tween 0.94(470 µl)
5 starch 1.81%(90.5mg)
6 time 48 hrs
7 pH 8
8 time 48 hrs
9 inoculum 20%(1ml)
10 initial moisture content 1:2.34 (11.7ml)

A B C
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INtROduCtION

Biotechnology is a technology that provides 
processed products or other services through the 
construction of the expected new substances by 

the rational use of organisms and their cell and tissue 
functions combined with engineering principles, tak-
ing life science as the core1. The ancient people have long 
applied biotechnology to building materials. Concrete 
is by far the most widely used building material, with 
the advantages of low prices, various raw materials and 
strength in compression. Hence, it will still be a very 
important kind of building material in the future for a 
long period of time2. Concrete is a typical brittle porous 
material, containing many pore networks, which will 
form cracks subjected to internal and external pres-
sure. Besides, unscientific design, unqualified materials, 
unreasonable mixture ratio and poor construction and 
maintenance will also lead to concrete cracks3. Although 
the concrete is prone to cracks, it itself can repair the 
cracks to a certain extent through hydration and car-
bonation, despite of its weak repair capacity4. With the 
continuous development of science and technology, the 
means of repairing concrete cracks are also progressing. 
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Nowadays, surface treatment, deposition and grouting 
are commonly used for the remediation of concrete5. 
Courtyard L et al6 changed the concrete form through 
the patch repair and increasing the surface roughness of 
the concrete. Wu H et al7 used chemical grouting method 
to repair the cement concrete pavement cracks, and 
achieved good results. Sen L L et al8 used electrodeposi-
tion to study the repair of cracks and discussed the exist-
ing problems and future research directions. Concrete 
building materials is a kind of product which draws 
little public attention and belongs to the scope of durable 
goods. Hence, the marketing strategy for the product is 
difficult to develop. In this paper, the Microorganism 
Induced Calcite Precipitation (MICP) technology is used 
to repair the cracks of the concrete and the results show 
that the MICP technique could effectively repair the 
cracks of concrete and promote the marketing of con-
crete materials.

mICP tECHNOLOgy

Studies have shown that when some microorganisms in 
the soil are in a particular nutrient environment, they 
will speed up their metabolism and rapidly precipitate 
mineral crystals such as carbonates through degrada-
tion, leading to the increase in the concentration of inor-
ganic carbon and PH value in the environment. When in 
an alkaline environment, the soluble inorganic carbon 
undergoes hydrolysis, forming CO2-

3. While the micro-
bial cell wall is with negative charge and will adsorb posi-
tive charge such as Ca2+ in the neutral environment and 
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then produce CaCO3 after reacting with CO2-
3, followed 

by sediment, which is called the MICP technology9-10. 
The basic principle formulas are as follows:

CO NH H O NH COOH NH( )2 2 2 2 3+ → +  (1)

NH COOH H O NH H CO2 2 3 2 3+ → +   (2)

CO NH H O CO NH( )2 2 3

2

42+ → +− +

  (3)

Ca Cell Cell Ca2 2+ ++ → -    (4)

Cell Ca CO Cell CaCO- -2

3

2

3

+ −+ → ↓   (5)

Urease produced by microorganisms can accelerate 
the hydrolysis of urea, thus forming ammonia and 
carbonic acid. The negative charge of the cell wall is 
constantly reacting with Ca2+ and precipitates calcium 
carbonate crystals through mineralization with car-
bonate ions. Overbased microbes are mainly respon-
sible for providing urease, and produce carbon dioxide 
and oxygen through the urease reaction and respira-
tion action, to provide the location of calcium carbon-
ate precipitation.

ExPERImENtAL Study

prepArAtion of culture MeDiuM

The Bacillus bacillus (purchased from Ruigu 
Biotechnology Co., Ltd., Baoding, Hebei.) is selected as 
the microorganism in this study. In order to make the 
growth of the Bacillus bacillus better, a medium suitable 
for its growth was prepared, as follows: firstly, 30 g of 20 g 
/ L yeast extract (purchased from Bei Nai Bio Co., Ltd.), 15 
g of ammonium sulfate at a concentration of 10 g / L (pur-
chased from Changzhou LanYa New Material Technology 
Co., Ltd.) and 3.5 g of nickel chloride at a concentration of 
10 umol / L (purchased Baoding Fusai cobalt-nickel New 
Materials Co., Ltd.) were put into a pure water beaker and 
added with water to 1500 ml after full dissolution. Then, 
the pH value was adjusted to 9 with NaOH solution. After 
sterilization, the cells were inoculated and placed in a 
shaking incubator (Shanghai Guan Sen Biotech Co., Ltd.) 
at 30 ° C and 150 r / min for 24h.

ureAse Activity Detection

The urease produced by bacteria is the key to the experi-
ment, so there is need for its activity detection, to make 

the experiment to proceed smoothly. 5 ml of the bacte-
rial solution was mixed with 30 ml of 1.1 mol / L urea 
solution, the temperature was adjusted to 25 °C, and the 
conductivity change of the solution within 5 minutes 
was measured with a conductivity meter (METTLER 
TOLEDO, Switzerland). The urease activity (mS / cm / 
min) was obtained by multiplying the average change 
in conductivity by the dilution factor of the bacterial 
solution.

initiAl Detection of Micp Deposition

Nine concrete specimens were prepared and each con-
crete specimen was 20 cm x 10 cm x 10 cm in size. The 
fracture size and calcium source in each specimen are 
shown in the following table:

1. 200mL of bacterial liquid and 300mL of 
calcium source were drip irrigated to each 
concrete specimen crack, as shown in 
Figure 1. The drip irrigation temperature was 
maintained at 30 °C, and the speed was 75 
drops / min for bacterial liquid and 100 drops / 
min for calcium source.

2. After the drip irrigation was completed, the 
equipment was removed and the cracks were 
cut and observed.

3. The liquid in the glass tank was excluded 
and the glass tubes on both sides of the glass 
tank were closed; water was injected and the 
controller was adjusted to the maximum. 
Timing was started when there was liquid 
overflowing above the glass tank on the 
discharge side. The detection time was 30 min, 
and the amount of the discharged liquid and 
the height of the sediment on the injection side 
were recorded.

4. The results of water infiltration before and after 
2, 4, 8 and 16 times of drop irrigation were 
recorded and the impermeability was tested.

5. The orthogonal test was carried out on the nine 
specimens to calculate the range. The greater 
the difference, the greater the impact.

experiMentAl results

Calcium carbonate changes with various depths
It can be seen from Fig. 2 that the deposition of CaCO3 
increased first and then decreased with the increase of 
depth. At 90mm, the deposition of calcium carbonate 
was the largest. This is because that the water was more 
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turbulent on both ends of the inlet and outlet with larger 
impact effect which was not conducive to the deposition 
of calcium carbonate crystals while the water flow in the 
middle part was more slowly and presented a laminar 
flow state which was good for the deposition of calcium 
carbonate crystals.

impact of different drop irrigation time on 
water percolating capacity

From figure 3, we can see that with the increase of 
the number of irrigation, the amount of water seep-
age decreased gradually. For the precipitation height 
of the glass tank, the greater the number of irrigation 
was, the higher the precipitation would be. Thus, we 
can conclude that the higher the calcium carbonate 
precipitation in the crack, the smaller the crack width 

and the cross-sectional area, leading to the continuous 
reduction of water seepage. The results of the impervi-
ous performance experiment show that the maximum 
impervious water pressure of all the nine specimens 
was above 0.05Mpa, which means that the repaired 
concrete could bear at least 5m water pressure, which 
meets the requirements of general underground 
construction.

orthogonal analysis on different crack sizes and 
calcium sources

In Table 1, we divided the cracks and the calcium 
sources of the concrete specimens. The experimental 
results show that the experimental results of No.1 to 
No.6 are 22,21,22,20,20,17,19, 18 and 15 respectively. 
The quadrature mean values are shown in the follow-
ing table:

figure 1: Drip irrigation schematic diagram

figure 2: Deposition of calcium carbonate with 
increasing depth

table 1: Crack and calcium source situation

Number Crack width (mm) Crack depth (mm) Calcium source with or without oxygen

1 A(0.5) A(50) A(Calcium chloride) A(without oxygen)
2 A(0.5) b(100) b(Calcium nitrate) b(with oxygen
3 A(0.5) C(150) C(Calcium acetate) C
4 b(1) A(50) b(Calcium nitrate) C
5 b(1) b(100) C(Calcium acetate) A(without oxygen)
6 b(1) C(150) A(Calcium chloride) b(with oxygen)
7 C(1.5) A(50) C(Calcium acetate) b(with oxygen)
8 C(1.5) b(100) A(Calcium chloride) C
9 C(1.5) C(150) b(Calcium nitrate) A(without oxygen)

Among which, the calcium source concentration was 2 mol / l.
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We can see from table 2 that the main factor 
among the four factors is the crack width and the 
second factor is the crack depth, followed by calcium 
source, and the final one is whether there is oxygen or 
not. Among the mean values of crack width, A>B>C 
(A, B and C represents 0.5mm, 1 mm and 1.5 mm 
respectively), suggesting that the smaller the width of 
the crack, the more likely it is to be repaired. Similarly, 
for the mean values of crack depth, A>B>C, suggest-
ing that the smaller the depth of the crack, the more 
likely it is to be repaired. For the mean values of cal-
cium source, C>A>B (C, B and A represents calcium 
acetate, calcium chloride and calcium nitrate respec-
tively), suggesting that calcium acetate can promote 
the formation of calcium carbonate. Finally, whether 
there is oxygen or not does not have obvious impact on 
the effect of repairing.

CHANgES Of mARKEtINg mOdE

With the rapid economic development, China has 
become one of the world’s largest building materials 
market. Traditional building materials’ marketing is 
realized through television, radio, newspapers and mag-
azines11. With the development of the network, building 
materials’ marketing is gradually stepping into the net-
work marketing. Online marketing sends the purchased 

material to the purchaser’s destination via an online pay-
ment. But because buyers do not personally contact with 
the building materials, there are often quality problems 
and other related issues. There is no place for concrete in 
online marketing, which is prone to cracks, though in 
great demand.

It is conductive to the online marketing of the con-
crete to repair its cracks and improve its performance as 
well as its quality through the microbial technology. Not 
only that, for buyers who come to the factory personally, 
the quality of the building materials can be highlighted12. 
General building materials’ marketing includes market-
ing communications, such as word of mouth and profes-
sionals led, price strategy, price reduction, for example, 
and public relations strategy, such as holding knowledge 
lectures on building materials. These marketing modes 
do have their own advantages, still, deficiencies exist. For 
example, the purpose of price strategy is to realize quick 
returns and small margins. However, as mentioned 
above, building materials are different from other prod-
ucts and price reduction will not lead to sales rise and 
can even cause a drop on sales. It comes to a conclusion 
that there is a lack of marketing on the quality of build-
ing materials. Durable product itself is an existence with 
marketing difficulty and customers tend to pay more 
attention to its quality during purchasing. Therefore, the 
MICP technology is recommended to a local concrete 
building material factory in this experiment. Through 

table 2: orthogonal analysis of mean data

Number Crack width (mm) Crack depth (mm) Calcium sources with or without oxygen

A 21.67 20.33 19 19
b 19 19.67 18.67 19
C 17.33 18 20.33 20
range 3.10 1.70 1.24 0.82

figure 3: impact of different drop irrigation time on water percolating capacity
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the concrete crack repair technology publicity and 
uploading the compression test video to the company’s 
home page, the sales of concrete within a quarter showed 
an increase of 20% over last year and the concrete was 
even sold to other provinces.

It is a key step to convert the emphasis of the market-
ing of building materials from price to quality. The use 
of MICP technology in building materials improves the 
performance of building materials as well as their com-
petitiveness, which makes the building materials better 
meet the requirement of the building material industry 
and widens their market. Therefore, the use of the MICP 
technology has a great positive impact on the marketing 
of building materials.

CONCLuSION

Biotechnology mainly includes genetic engineering, 
cell engineering, fermentation engineering and enzyme 
engineering13. In this paper, enzyme engineering was 
applied. The urease produced by the microbial life activi-
ties was applied to a series of relevant reactions, which 
finally produced calcium carbonate. From the experi-
ment, there was more deposition of calcium carbonate in 
the lower part of the cracks. As the cracks were gradually 
repaired, the density of the middle and lower part was 
higher than that of the upper part. Microorganisms are 
the main influencing factors of calcium carbonate depo-
sition. According to relevant studies, when the microbial 
activity was high, the blocking rate of concrete cracks 
was greater. Therefore, the activity of micro-organisms 
should be ensured14. Besides, it is also found from the 
experiment that crack width has the deepest impact on 
the repair effect, followed by crack depth, calcium source 
and whether there is oxygen or not. Therefore, in actual 
work, the cracks with small width and depth and with 
calcium acetate as the calcium source can be repaired 
most easily. Through drop irrigation on the concrete for 
several times, it is found that the larger the number of 
irrigation, the less the water seepage. Therefore, it is con-
cluded that the MICP technology has a good repair effect 
not only on the exterior environment of the concrete but 
also on the internal structure of the concrete. With the 
help of this technology, the marketing mode and mar-
keting market of a local concrete building materials fac-
tory were further optimized and expanded. Due to time 
constraints and other factors, this paper does not study 
the other factors, which still need improvement in future 
studies. In summary, biotechnology can improve the 
performance of building materials, and plays an impor-
tant role in promoting its marketing.

This work is funded by the project of The Reason and 
Countermeasure of House Price Rise in the 21 Century, 

supported by the Science and Technology Department 
of Henan Province (Number: 112400430131), held by Lei 
Jiao.
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PROduCt HOPPINg

Product hopping (also called “evergreening” or 
“line extension”) refers to a drug company’s refor-
mulation of its product and encouragement of 

doctors to prescribe the reformulated, rather than origi-
nal, product. A brand manufacturer engages in a “prod-
uct hop” by combining two actions: (1) reformulating 
the product in a way that makes a generic version of the 
original product not substitutable and (2) encouraging 
doctors to write prescriptions for the reformulated rather 
than the original product, i.e., switching the prescription 
base from the original to the reformulated product.

There are several types of reformulations, which the 
first section catalogs. The next two sections introduce 
the foundations of the regulatory regime: the Hatch-
Waxman Act and state substitution laws. The final sec-
tion then focuses on a crucial element of pharmaceutical 
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AbStrACt
one of the most pressing issues in antitrust law involves “product hopping.” A brand-name pharmaceutical 
company switches from one version of a drug (say, capsule) to another (say, tablet). The concern with this conduct 
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competition: the timing of the brand’s reformulation in 
relation to generic entry.

forMs

Product hopping occurs through one (or more than one) 
of several types of reformulations. One category involves 
new forms, which consist of switches from a capsule, tab-
let, injectable, solution, suspension, or syrup to another 
form, such as any of the above, as well as extended-release 
capsules or tablets, orally dissolving tablets, and chew-
able tablets.1 For example, the makers of antidepressant 
Prozac and cholesterol treatment TriCor switched from 
capsule to tablet form, while anxiety-treating Buspar was 
switched from tablet to capsule.2

A second type of reformulation involves chang-
ing molecule parts (known as “moieties”) by adding or 
removing compounds. More technically, a manufac-
turer can switch from one “enantiomer” (one of a pair 

1 Steve Shadowen et al., Anticompetitive Product Changes 
in the Pharmaceutical Industry, 41 RutgeRs L.J. 1, 24 
(2009).

2 Id. at 37.

Correspondence:  
Michael A. Carrier, Rutgers Law School, US. Email: 
mcarrier@law.rutgers.edu.



April 2017  i   Volume 23   i   Number 2 53

of chemical compounds that has a mirror image) to 
another.3 For example, and foreshadowing the change 
discussed below from heartburn-treating Prilosec to 
Nexium, a manufacturer can switch from a chemical 
compound that is an equal mixture of each enantiomer, 
only one of which contains the active ingredient, to a 
compound that includes only the enantiomer with the 
active ingredient.4 Chemical changes also explain the 
switches from allergy medication Claritin to Clarinex, 
antidepressant Celexa to Lexapro, and heartburn medi-
cation Prevacid to Kapidex.5

A third category of reformulation involves a com-
bination of two or more drug compositions that had 
previously been marketed separately.6 Combinations 
have involved migraine-treatment Treximet (combin-
ing Imitrex and Naproxen Sodium) and high-blood-
pressure medications Azor (Norvasc and Benicar), 
Caduet (Norvasc and Lipitor), and Exforge (Norvasc and 
Diovan).7

hAtch-wAxMAn Act

A crucial element of the regulatory framework forming 
the backdrop of product hopping is the Hatch-Waxman 
Act, enacted by Congress in 1984 to increase generic 
competition and foster innovation in the pharmaceutical 
industry.8

The Act fostered generic competition by creat-
ing a new process for obtaining U.S. Food and Drug 
Administration (FDA) approval, encouraging generics 
to challenge invalid or noninfringed patents by intro-
ducing a 180-day period of marketing exclusivity for the 
first generic to do so, and resuscitating a defense that 
allowed generics to experiment on a brand drug during 
the patent term.9 The drafters of the Act sought to ensure 
the provision of “low-cost, generic drugs for millions of 
Americans,”10 and recognized that generic competition 

3 Enantiomer, MeRRiaMWebsteR, http://www.merriam-
webster.com/dictionary/enantiomer (last visited Dec. 
2, 2015).

4 Shadowen et al., supra note 1, at 24.
5 Id. at 38.
6 Id. at 25.
7 Id. at 39-41.
8 Drug Price Competition and Patent Term Restoration 

Act of 1984, Pub. L. No. 98-417, 98 Stat. 1585 (codified 
as amended at 21 U.S.C. § 355).

9 Michael A. Carrier, Unsettling Drug Patent Settlements: 
A Framework for Presumptive Illegality, 108 Mich. L. Rev. 
37, 42-43 (2009).

10 130 cong. Rec. 24427 (1984) (statement of Rep. 
Waxman).

would save consumers, as well as federal and state gov-
ernments, millions of dollars each year.11

One central goal of the Act was to promote generic 
competition. Generic drugs have the same active ingre-
dients, dosage, administration, performance, and safety 
as patented brand drugs.12 Despite the equivalence, 
generic manufacturers were required, before the Act, to 
engage in lengthy and expensive trials to demonstrate 
safety and effectiveness. The FDA approval process took 
several years, and because the required tests constituted 
infringement, generics could not begin the process dur-
ing the patent term.13 They therefore waited until the 
end of the term to begin these activities, which pre-
vented them from entering the market until two or three 
years after the patent’s expiration. At the time Congress 
enacted Hatch-Waxman, there was no generic equivalent 
for roughly 150 drugs whose patent term had lapsed.14

In the Act, Congress employed several mechanisms 
to encourage competition. First, it allowed firms to 
experiment on the drug during the patent term. In par-
ticular, the legislature exempted from infringement the 
manufacture, use, or sale of a patented invention for uses 
“reasonably related to the development and submission 
of information” under a federal law regulating the manu-
facture, use, or sale of drugs.15

Second, the Act provided 180 days of marketing 
exclusivity to the first generic to challenge the brand’s 
patent or claim that it did not infringe the patent. Such 
exclusivity was reserved for the first generic firm—
known as a “Paragraph IV filer”—that sought to enter 
during the patent term.16 During the period, which 
begins after the first commercial marketing of the drug, 

11 Id.
12 U.S. Dep’t of Health & Human Servs., Food & Drug 

Admin., Generic Drugs: Questions and Answers (2015), 
http://www.fda.gov/Drugs/ResourcesForYou/
Consumers/QuestionsAnswers/ucm100100.htm.

13 Congressional Budget Office, How Increased 
Competition from Generic Drugs Has Affected Prices 
and Returns in the Pharmaceutical Industry 38 
(1998).

14 h.R. Rep. no. 98-857, pt. 1, at 17 (1984), reprinted 
in 1984 U.S.C.C.A.N. 2647, 2650. See generally 
Carrier, supra note 9, at 42.

15 35 U.S.C. § 271(e)(1)(2004).
16 21 U.S.C. § 355(j)(5)(B)(iv). Three other patent 

certifications apply if the drug is not patented, the 
patent has expired, or the generic agrees it will not 
seek approval until the patent expires. 21 U.S.C. § 
355(j)(2)(A)(vii).

http://www.merriam-webster.com/dictionary/enantiomer
http://www.merriam-webster.com/dictionary/enantiomer
http://www.fda.gov/Drugs/ResourcesForYou/Consumers/QuestionsAnswers/ucm100100.htm
http://www.fda.gov/Drugs/ResourcesForYou/Consumers/QuestionsAnswers/ucm100100.htm
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the FDA cannot approve other generic applications for 
the same product.17

Third, and most relevant for our purposes, Congress 
created a new process for obtaining FDA approval. 
Before Hatch-Waxman, generic firms that offered 
products identical to approved drugs needed to inde-
pendently prove safety and efficacy.18 One reason that 
generics chose not to bring products to the market after 
a patent’s expiration was the expense and time involved 
in replicating clinical studies. The Act created a new type 
of drug application, called an Abbreviated New Drug 
Application (ANDA), that allowed generics to rely on 
brands’ safety and effectiveness studies, dispensing with 
the need for lengthy and expensive independent preclini-
cal or clinical studies.19

In short, faced with the problem of insufficient 
generic entry and high drug prices, Congress enacted 
legislation that introduced several industry-shaping 
mechanisms to encourage generic entry.

stAte DruG proDuct selection lAws

States also have made it easier for generics to reach the 
market through their enactment of drug product selec-
tion (DPS) laws. Such laws, in effect in all 50 states today, 
are designed to lower consumer prices.20 The laws allow 
(and in some cases require) pharmacists—absent a doc-
tor’s contrary instructions—to substitute generic ver-
sions of brand-name prescriptions.

DPS laws are designed to address the price discon-
nect in the industry between prescribing doctors, who 
are not directly responsive to drug pricing, and paying 
insurers and consumers, who do not directly select the 

17 FedeRaL tRade coMMission, geneRic dRug entRy pRioR 
to patent expiRation: an Ftc study 7, https://www.
ftc.gov/sites/default/files/documents/reports/
generic-drug-entry-prior-patent-expiration-ftc-study/
genericdrugstudy_0.pdf [hereinafter Ftc, geneRic 
dRug study]. Until amended in 2003, the Hatch-
Waxman Act included as a second trigger for the 180-
day period a court decision finding invalidity or lack 
of infringement.

18 Elizabeth Stotland Weiswasser & Scott D. Danzis, 
The Hatch-Waxman Act: History, Structure, and Legacy, 
71 AntitRust L.J. 585, 588 (2003).

19 Ftc, geneRic dRug study, supra note 18, at 5.
20 See, e.g., Norman V. Carroll et al., The Effects of 

Differences in State Drug Product Selection Laws on 
Pharmacists’ Substitution Behavior, 25 Med. caRe 1069, 
1069 (1987).

prescribed drug.21 In particular, they carve out a role for 
pharmacists, who are much more sensitive to price than 
are doctors.22 Doctors are subject to a vast array of drug 
promotion, which includes detailing (sales calls to doc-
tor’s offices), direct mailings, free drug samples, medical 
journal advertising, sponsored continuing medical edu-
cation programs, and media advertising.23 Pharmacists, 
in contrast, make greater margins on generics and rec-
ommend them to consumers,24 competing with other 
pharmacies on price.25

The DPS laws typically allow pharmacists to sub-
stitute generic versions of brand drugs only if they are 
“AB-rated” by the FDA. This is a safety regulation, 
unconcerned with and unresponsive to the require-
ment’s effect on competition. To receive an AB rat-
ing, a generic drug must be therapeutically equivalent 
to the brand drug, which means that the generic has 
the same active ingredient, form, dosage, strength, 
and safety and efficacy profile.26 The drug also must be 
bioequivalent, which signifies that the rate and extent 
of absorption in the body is roughly equivalent to the 
brand drug.27

Product-hopping schemes take advantage of this 
regulation. By making minor changes to the original 
product—for example, switching from a capsule to a 
tablet, or from a 10-mg to a 12-mg dose—the brand can 
prevent the generic from obtaining the AB rating the 
generic needs to be substituted for the brand. After the 
brand’s reformulation, the generic cannot be substituted 
for the new version—to become substitutable it must 
start the FDA approval process all over again. And while 
the generic may eventually obtain an AB rating to the 
reformulated product, such a showing likely will not 
occur for years as the generic reformulates its product, 

21 dRug pRoduct seLection, staFF RepoRt to the Ftc 2-3 
(1979).

22 aLison Masson & RobeRt L. steineR, geneRic 
substitution and pRescRiption dRug pRices: econoMic 
eFFects oF state dRug pRoduct seLection LaWs 7 (1985).

23 stuaRt o. schWeitzeR, phaRMaceuticaL econoMics and 
poLicy 87-93 (2d ed. 2007).

24 Shadowen et al., supra note 1, at 16, 45-48.
25 Masson & steineR, supra note 24, at 7. See generally 

Michael A. Carrier, A Real-World Analysis of 
Pharmaceutical Settlements: The Missing Dimension of 
Product Hopping, 62 FLa. L. Rev. 1009, 1017-18 (2010).

26 Center For Drug Evaluation and Research, FDA, U.S. 
Department of Health and Human Services, Orange 
Book Preface: Approved Drug Products with Therapeutic 
Equivalence Evaluations (29th ed.), http://www.fda.
gov/drugs/developmentapprovalprocess/ucm079068.
htm; Shadowen et al., supra note 1, at 5.

27 Id.

https://www.ftc.gov/sites/default/files/documents/reports/generic-drug-entry-prior-patent-expiration-ftc-study/genericdrugstudy_0.pdf
https://www.ftc.gov/sites/default/files/documents/reports/generic-drug-entry-prior-patent-expiration-ftc-study/genericdrugstudy_0.pdf
https://www.ftc.gov/sites/default/files/documents/reports/generic-drug-entry-prior-patent-expiration-ftc-study/genericdrugstudy_0.pdf
https://www.ftc.gov/sites/default/files/documents/reports/generic-drug-entry-prior-patent-expiration-ftc-study/genericdrugstudy_0.pdf
http://www.fda.gov/drugs/developmentapprovalprocess/ucm079068.htm
http://www.fda.gov/drugs/developmentapprovalprocess/ucm079068.htm
http://www.fda.gov/drugs/developmentapprovalprocess/ucm079068.htm
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seeks FDA approval, and typically files a Paragraph-IV 
certification, which tends to be followed by the brand’s 
automatic “30-month stay” of FDA approval and addi-
tional delays from patent litigation.28 All of these delays 
prevent the effective operation of the DPS laws, removing 
the role of pharmacists and depriving consumers of the 
practical opportunity to consider a lower-priced generic 
version of the drug.

tiMinG of Generic entry

A seminal event in the lifecycle of a prescription drug is 
generic entry. When multiple generics enter the market, 
the price falls to a fraction of the brand price.29 Brand 
firms thus have every incentive to delay the entry of 
generic competition as long as possible.

The dramatic effects of generic entry explain the 
crucial role played by the Hatch-Waxman Act and state 
DPS laws. And they shed light on the essential element, 
in the product-hopping context, of the timing of generic 
entry. Stated most simply, the brand firm will be much 
more successful in forestalling generic competition if it 
can switch the market to the reformulated drug before a 
generic of the original product enters the market.

The reason is that if the brand can migrate the mar-
ket to the reformulated version, then the heavy promo-
tion and marketing artillery at its disposal can convince 
doctors to prescribe this drug. The fact that consumers 
can substitute a generic for the old version of the drug 
is not of practical significance given that doctors would 
tend to prescribe the reformulated version.

Stated more technically, introducing the reformu-
lated product before generic entry ensures that not only 
will there be almost no competition on price but also that 
there will be almost no competition on quality.30 Before 
generic entry, brands offer an uncontested message of the 
new product’s superiority as their detailers extol the new 
product at a time when no one is praising the original.31 

28 Carrier, supra note 27, at 1017-18.
29 About FDA: Generic Competition and Drug Prices, U.S. 

Food & Drug Admin., http://www.fda.gov/AboutFDA/
CentersOffices/OfficeofMedicalProductsandTobacco/
CDER/ucm129385.htm (last visited Dec. 2, 2015). 
See generally F. Morton & M. Kyle, Markets for 
Pharmaceutical Products, in II handbook oF heaLth 
econoMics 792-93 (M. Pauly et al., eds. 2012) 
(summarizing recent studies on generic penetration 
rates and prices).

30 Shadowen et al., supra note 1, at 51.
31 Id.

Brands make the switch when doctors may not even be 
aware that a generic alternative is forthcoming.32

Several examples demonstrate the crucial role of 
timing. In the TriCor case discussed below, the brand 
firm predicted that it would sell more than ten times as 
many tablets if it was able to switch doctors to the refor-
mulated product before the generic version of the original 
product entered the market.33 Another example involved 
a confidential analysis of a product for which projected 
sales would be three times higher if the reformulation 
(replacing a twice-daily version with a once-a-day ver-
sion) occurred two years before the generic of the origi-
nal product entered the market.34 Another brand firm 
acknowledged that its reformulation was “a gimmick” 
and that switching the market before generic entry was 
the “cardinal” factor of success.35 Similar testimony in a 
different case referred to a “[t]otal [d]isaster” if the refor-
mulated product was introduced after the generic of the 
original product entered the market.36 The brand’s inter-
nal documents in the hearing in the Namenda case dis-
cussed below revealed that “if we do the hard switch and 
[] convert patients and caregivers to once-a-day therapy 
versus twice a day, it’s very difficult for the generics then 
to reverse-commute back.”37 And a recent empirical 
review of product hops concluded that “after a patient is 
on the new drug and the old drug has gone generic, the 
new brand did not lose share,” which was true “regard-
less of clinical differentiation.”38

The importance of timing also was recognized by 
the European Commission, which addressed obstacles 
blocking generic entry in its Pharmaceutical Sector 
Inquiry Final Report.39 The report concluded that brands 
would suffer reduced sales and prices if generics entered 
the market before or at the same time as the reformu-
lated product.40 For that reason, brands viewed it as “of 
the utmost importance” to “bring the follow-on product 

32 Id. at 35.
33 Id. at 52.
34 Id. at 53.
35 Id.
36 Meijer, Inc. v. Barr Pharmaceuticals, Inc., 572 F. 

Supp. 2d 38, 43 (D.D.C. 2008).
37 New York v. Actavis (Namenda), 787 F.3d 638, 656 (2d 

Cir. 2015).
38 Aaron Gal, Why Does Lifecycle Management Still Work?, 

at 3 (Bernstein Research June 14, 2013).
39 euRopean coMMission, phaRMaceuticaL sectoR 

inquiRy FinaL RepoRt ¶ 3 (2009), http://ec.europa.
eu/competition/sectors/pharmaceuticals/inquiry/
staff_working_paper_part1.pdf.

40 Id. ¶ 1010.

http://www.fda.gov/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDER/ucm129385.htm
http://www.fda.gov/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDER/ucm129385.htm
http://www.fda.gov/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDER/ucm129385.htm
http://ec.europa.eu/competition/sectors/pharmaceuticals/inquiry/staff_working_paper_part1.pdf
http://ec.europa.eu/competition/sectors/pharmaceuticals/inquiry/staff_working_paper_part1.pdf
http://ec.europa.eu/competition/sectors/pharmaceuticals/inquiry/staff_working_paper_part1.pdf
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on the market before the first product effectively loses 
exclusivity.”41

The brand firm facilitates such a switch by “channel-
ing demand from the first product to the follow-on prod-
uct” and by “delay[ing] or prevent[ing] generic entry for 
the sensitive period of the product switch.”42 For 13 of the 
22 second-generation products discussed in the report, 
the new product was launched before the first lost exclu-
sivity, with an average lead time of 17 months.43

The report included several telling comments from 
drug companies. One explained that “the switch rate is 
dramatically reduced” if generics enter at the time of, or 
before, the introduction of the second-generation prod-
uct.44 Similarly, as another brand revealed: “Each patient 
that is not switched quickly enough” to the second-
generation product is “forever lost to the generics.”45 
In contrast, as a third conceded, “[o]nce the patient is 
switched” to the reformulated product, “the physician 
does not have to, cannot, and will not switch him to a 
generic,” and “more important, the pharmacist cannot 
substitute!!”46

In short, the timing of reformulation is a crucial fac-
tor in a brand’s ability to switch the market to a reformu-
lated drug. As discussed in the next section, courts have 
not always focused on this issue.

JudICIAL ANALySIS

Given the complexity of the relevant economics and 
market structure, it is not a surprise that judicial analysis 
of product hopping in the U.S. has varied widely. Just as 
important, the timing of the cases has shaped the devel-
opment of the law. In particular, the factual settings of 
the first two cases set the stage for the analysis in later 
cases.

The first section begins with TriCor, in which the 
court offered a nuanced analysis, albeit one that later 
courts restricted to “hard switches” (in which the brand 
firm removes the old product from the market). The next 
section discusses the Walgreen case, which addressed 
a “soft switch” (in which the brand leaves the original 
product on the market) and offered a simplistic version 
of consumer choice.

The court in the Suboxone case, addressed in 
the following section, revealed aspects of both hard 
and soft switches, with the court offering a nuanced 

41 Id.
42 Id. ¶ 1011.
43 Id. ¶ 1031.
44 Id. ¶ 1025.
45 Id. ¶ 1028.
46 Id.

understanding of the regulatory regime. The Mylan case 
addressed in the succeeding section, in contrast, failed to 
fully appreciate the regime. And the Namenda opinion, 
addressed in the final section, understood the regulatory 
regime in the context of hard switches, but overempha-
sized the distinction between hard and soft switches and 
introduced a new, underinclusive framework based on 
coercion.

tricor: hArD switch, nuAnceD AnAlysis

In Abbott Labs v. Teva, the Delaware district court pro-
vided the first analysis of product hopping.47 It considered 
Abbott’s series of changes to its billion-dollar choles-
terol and triglycerides drug TriCor. Abbott marginally 
lowered the drug’s strength, switched from a capsule 
to a tablet, stopped selling capsules, bought back exist-
ing supplies of capsules from pharmacies, and changed 
the code for capsules in the national drug database to 
“obsolete.”48 After the generics developed equivalents 
for the reformulated tablets, Abbott again transitioned 
to a new (marginally lower-strength) tablet, stopped sell-
ing the original tablets, and again changed the database 
code to “obsolete.”49 In removing the old drugs from the 
market, Abbott engaged in what has since been deemed 
a “hard switch.”

Because of the “nature of the pharmaceutical 
drug market,” the court applied the Rule of Reason.50 
The defendants’ proposed standard of per se legality 
“presuppose[d] an open market where the merits of any 
new product [could] be tested by unfettered consumer 
choice.”51 But in this case, defendants “allegedly pre-
vented such a choice by removing the old formulations 
from the market while introducing new formulations,” 
thereby justifying “an inquiry into the effect of [d]efen-
dants’ formulation changes.”52

The court did not require plaintiffs “to prove that 
the new formulations were absolutely no better than the 
prior version or that the only purpose of the innovation 
was to eliminate the complementary product of a rival.”53 
Rather, “if [p]laintiffs show anticompetitive harm from 
the formulation changes, that harm will be weighed 
against any benefits presented by [d]efendants.”54

47 432 F. Supp. 2d 408 (D. Del. 2006).
48 Id. at 415–16.
49 Id. at 418.
50 Id. at 422.
51 Id.
52 Id.
53 Id.
54 Id.
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The court also found it irrelevant that the reformu-
lation did not completely bar the generics from entering 
the market, but only prevented automatic substitution 
at the pharmacy counter. The analysis asks not whether 
exclusionary conduct bars competitors “from all means 
of distribution,” but whether it precludes access to the 
“cost-efficient ones.”55 While generics “may be able to 
market their own branded versions of the old TriCor 
formulations, they cannot provide generic substitutes for 
the current TriCor formulation, which is alleged to be 
their cost-efficient means of competing in the pharma-
ceutical drug market.”56 Such an opportunity “has alleg-
edly been prevented entirely by [d]efendants’ allegedly 
manipulative and unjustifiable formulation changes,” 
and “[s]uch a restriction on competition, if proven, is suf-
ficient to support an antitrust claim.”57

In short, in the first judicial treatment of prod-
uct hopping in the U.S., the court offered a thoughtful 
approach that considered the realities of pharmaceutical 
markets, in particular the importance of generic substi-
tution, and relied on the Rule of Reason in balancing the 
anticompetitive and procompetitive effects of product 
hopping. Later courts, however, limited the reach of the 
ruling by cabining it to the “hard switch” scenario.

wAlGreen: soft switch, siMplistic choice

In particular, such a course was shaped by the second 
case, Walgreen v. AstraZeneca Pharmaceuticals, which 
involved AstraZeneca’s conversion from heartburn 
drug Prilosec to Nexium.58 The plaintiffs alleged that 
there was “almost no difference” between the drugs and 
there was “no pharmacodynamic reason” the two forms 
would have different effects in the body.59 The plaintiffs 
also alleged that AstraZeneca aggressively promoted and 
detailed Nexium to doctors while stopping its promo-
tion and detailing of Prilosec.60 And they claimed that 
AstraZeneca was able to switch the market (to a drug 
receiving patent protection for an additional 13 years) 
only through “distortion and misdirection in marketing, 
promoting, and detailing Nexium.”61

Unlike the court in Tricor, the District of Columbia 
court ignored the plaintiffs’ detailed allegations of the 
“price disconnect” in pharmaceutical markets (by which 
the doctor who prescribes the product does not pay for 

55 Id.
56 Id.
57 Id.
58 53 F. Supp. 2d 146 (D.D.C. 2008).
59 Id. at 149.
60 Id.
61 Id. at 148–49.

it, and the consumer (or her insurer) who pays for it does 
not choose it). The court granted AstraZeneca’s motion 
to dismiss, concluding that “there is no allegation that 
AstraZeneca eliminated any consumer choices.”62 But 
that conclusion rested on three factual assertions, all of 
which required the court to ignore the price disconnect. 
The court asserted as facts that:

•	 AstraZeneca “added choices”63 by 
“introduc[ing] a new drug to compete with 
already-established drugs”64;

•	 Determinations of “which product among 
several [are] superior” are “left to the 
marketplace”65; and

•	 “New products are not capable of 
affecting competitors’ market share unless 
consumers prefer the new product.”66

Each of those factual assertions contradicted plaintiffs’ 
allegations of the price disconnect and its effects. In a 
price-disconnected market, switching doctors’ prescrip-
tions from one branded product to another does not “add 
choices,” but effectively denies consumers the choice of 
obtaining a generic of the original rather than the refor-
mulated brand product. Moreover, the question is not 
“which product among several is superior,” but rather 
which product offers the consumer the best trade-off 
between price and quality, a determination that “the 
marketplace” cannot make in a price-disconnected mar-
ket. In fact, the switching of the market from the original 
to the reformulated version certainly is capable of affect-
ing competitors’ market shares despite consumers’ pref-
erences. The court’s contrary assertion ignored not only 
the plaintiffs’ detailed allegations, but also the economic 
rationale of 50 state DPS statutes and the Hatch-Waxman 
Act.67 None of those statutes would be necessary if con-
sumers in fact revealed their preferences through price/
quality choices.

In addressing a soft switch, the court confronted 
a different scenario than that in TriCor. But the divide 
between hard and soft switches did not need to be as stark 
as the court made it. The die was cast, however, when the 
court articulated a version of consumer choice that, even 
if it makes sense in non-pharmaceutical markets where 
consumers make the price/quality tradeoff, does not cap-
ture the realities of drug markets.

62 Id. at 151.
63 Id.
64 Id.
65 Id.
66 Id.
67 Id.
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suBoxone: hArD/soft switches, nuAnceD 
AnAlysis

The third court considered elements of both hard and 
soft switches in a nuanced analysis of the regulatory 
regime. In In re Suboxone Antitrust Litigation,68 the 
Eastern District of Pennsylvania court considered alle-
gations that Reckitt switched the market from opioid-
dependence-treating Suboxone tablets to sublingual 
film. Reckitt allegedly promoted Suboxone film to phy-
sicians, disparaged Suboxone tablets, warned of false 
safety concerns, publicly announced the removal of tab-
lets for these fabricated safety reasons but did not remove 
the tablets until six months later, and raised the price of 
tablets in relation to film even though film was more 
expensive to manufacture and package.69

The court began its analysis by noting that “[b] ecause 
ordinarily innovation will also inflict harm upon com-
petitors, ‘courts should not condemn a product change 
. . . unless they are relatively confident that the conduct 
in question is anticompetitive.’”70 But “when the intro-
duction of a new product by a monopolist prevents con-
sumer choice, greater scrutiny is appropriate,” with the 
test (similar to TriCor) for whether conduct is exclusion-
ary based “not [on] total foreclosure, but whether the 
challenged practices bar a substantial number of rivals 
or severely restrict the market’s ambit.”71

The court found that the conduct at issue “seems to 
fall somewhere between that alleged in Walgreen and 
TriCor.”72 The behavior was more concerning than that 
in Walgreen because Reckitt removed tablets from the 
market, but less concerning than that in TriCor because 
Reckitt did not buy back tablets or label an old product 
“obsolete.”73 The court made clear that “simply introduc-
ing a new product on the market, whether it is a superior 
product or not, does not, by itself constitute exclusion-
ary conduct.”74 Rather, “[t]he key question is whether the 
defendant combined the introduction of a new product 
with some other wrongful conduct, such that the com-
prehensive effect is likely to stymie competition, pre-
vent consumer choice and reduce the market’s ambit.”75 
Crucially, “[t]his analysis must be undertaken with the 

68 64 F. Supp. 3d 665 (E.D. Pa. 2014).
69 Id. at 674.
70 Id. at 679–80.
71 Id. at 680.
72 Id. at 681.
73 Id.
74 Id. at 682.
75 Id.

somewhat unique characteristics of the pharmaceutical 
market in mind.”76

Applying this analysis, the court found that “the 
facts presented sufficiently allege that the disparagement 
of Suboxone tablets took place alongside ‘coercive’ mea-
sures” as “[t]he threatened removal of the tablets from 
the market in conjunction with the alleged fabricated 
safety concerns could plausibly coerce patients and doc-
tors to switch from tablet to film.”77 The court recognized 
that “[p]laintiffs have plausibly alleged that various mar-
ket forces unique to the pharmaceutical industry make 
generic substitution the cost-efficient means of compet-
ing for companies selling generic pharmaceuticals.”78 In 
particular, the court noted that the “disconnect” that 
“exists between the person paying for the prescription 
and the person selecting the appropriate treatment” led 
to “the ordinary market forces that would allow consum-
ers to consider price when selecting a product [being] 
derailed.”79 A patient would not be able to “simply request 
to receive a generic from his or her pharmacist because 
the film and the generic tablets are not [bioequivalent] 
and thus may not be substituted.”80 Although the court 
noted the dichotomy between hard and soft switches, it 
conducted an analysis rooted in the regulatory frame-
work, ultimately concluding that the plaintiffs “plausibly 
pleaded exclusionary conduct.”81

Doryx: iGnoreD reGulAtory reGiMe

While the Suboxone court grounded its decision in 
the regulatory framework, the Third Circuit in Mylan 
Pharmaceuticals v. Warner Chilcott (Doryx)82 did not. 
In that case, Warner Chilcott engaged in an array of 
behaviors that resembled those of Abbott in TriCor I: it 
stopped selling capsule versions of acne-treating Doryx 
to wholesalers; removed Doryx capsules from its web-
site; worked with retailers to “auto-reference” the Doryx 
tablet whenever a doctor filed a Doryx prescription; 
informed wholesalers, retailers, and dealers that “Doryx 
Capsules have been replaced by Doryx Tablets;” and 
bought back and destroyed capsule inventory.83 Despite 
allegations of hard switches and lack of economic sense, 
the court rejected Mylan’s claims of anticompetitive 

76 Id.
77 Id.
78 Id. at 683–84.
79 Id. at 684.
80 Id.
81 Id.
82 2016 WL 5403626 (3d Cir. Sept. 28, 2016).
83 Id. at *3.
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conduct, finding that “Mylan was not foreclosed from 
the market.”84 Even though it found, “viewing the facts 
in the light most favorable to Mylan, that Defendants had 
indeed made the Doryx ‘hops’ primarily to ‘delay generic 
market entry,’” it affirmed summary judgment for the 
Defendants.85

After concluding that the plaintiff – the competi-
tor generic manufacturer – failed to adduce evidence of 
monopoly power, the court indicated that it would have 
affirmed summary judgment on the alternative ground 
that the plaintiff failed to satisfy its initial burden of 
introducing evidence of anticompetitive conduct under 
the rule of reason.86 But the court never explained what 
it considered to be an anticompetitive effect; nor did 
it consider whether a substantial reduction in the pre-
scription base available for automatic generic substitu-
tion would count. Instead, in direct opposition to the 
Supreme Court’s instruction that the relevant effect is on 
consumers, not competitors,87 the court focused exclu-
sively on the effect of Warner’s conduct on Mylan, the 
generic competitor, never even mentioning the effect on 
consumers.88

Regarding the product hops’ effects on Mylan (and 
assuming this were an appropriate inquiry, which it is 
not), the court offered only a series of non-sequiturs, 
asserting that Warner’s conduct was not anticompetitive 
because:

•	 Mylan received a 180-day exclusivity 
period under the Hatch-Waxman Act 
(although Mylan’s sales at relatively high 
generic prices is irrelevant to whether 
Warner substantially reduced the number 
of sales and profits that Mylan would have 
made absent the product hops);

•	 Mylan set its generic price higher than the 
brand price for a period of time (although 
the Court failed to explain the relevance 
of this fact and did not consider whether 
the product hop caused Mylan’s pricing 
strategy — a generic unable to distribute 
its product through automatic substitution 
might well increase price for the sales it 
can make);

84 Id. at *10.
85 Id. at *5.
86 Id.
87 E.g., Harrison Aire, Inc. v. Aerostar Int’l, Inc., 423 

F.3d 374, 385 (3d Cir. 2005) (noting that Supreme 
Court in Brunswick Corp. v. Pueblo Bowl-O-Mat, Inc., 
429 U.S. 477 (1977) held that “antitrust laws protect 
consumers, not competitors”).

88 Mylan, 2016 WL 5403626, at *11.

•	 Mylan made profits of $146.9 million on 
the sales of generic Doryx (although that 
number is meaningless unless compared 
to the profits that Mylan would have made 
absent the product hops).

Finally, the Court offered a hodge-podge potpourri for 
courts to decide other product-hopping cases, stating 
that courts should balance exceedingly broad policy 
goals, such as “encouraging innovation,” “protect[ing] 
consumers,” and “ensur[ing] fair competition.”89 Among 
the “non-exhaustive” factors that courts may consider is 
the need to be “wary” of “turning courts into tribunals 
over innovation sufficiency.”90 Presumably another fac-
tor to consider is the decisions of 50 states and Congress 
to promote generic competition. The court provided 
no guidance at all on how courts are to balance these 
objectives.

nAMenDA: roBust reGulAtory AnAlysis, 
iMproper coercion focus

The final decision was offered by the Second Circuit. In 
New York v. Actavis PLC (Namenda), the court upheld 
a preliminary injunction preventing brand firm Forest 
from withdrawing its original drug from the market.91 
As Forest’s Alzheimer’s drug Namenda IR (taken twice 
a day) neared the end of its patent term, it introduced 
Namenda XR (taken once a day), with a patent expir-
ing 14 years later. Although it initially planned to keep 
IR on the market (the soft switch), it later implemented 
a plan to effectively withdraw IR from the market (the 
hard switch).

The court found that “neither product withdrawal 
nor product improvement alone is anticompetitive” 
but “when a monopolist combines product withdrawal 
with some other conduct, the overall effect of which is 
to coerce consumers rather than persuade them on the 
merits . . . and to impede competition . . . its actions are 
anticompetitive under the Sherman Act.”92 The court 
also rejected a defense based on “free riding” since 
“generic substitution by pharmacists following the end of 
Namenda IR’s exclusivity period . . . is authorized by law; 
is the explicit goal of state substitution laws; and furthers 
the goals of the Hatch–Waxman Act by promoting drug 
competition . . . and [] preventing the ‘practical extension 

89 Id. at *12.
90 Id.
91 787 F.3d 638 (2d Cir. 2015).
92 Id. at 653–54.
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of [the brand firm’s] monopoly . . . beyond the expiration 
of the patent.’”93

The court held that defendants’ justifications were 
pretextual, and that even if they were not, any ben-
efits “are outweighed by the anticompetitive harms.”94 
It found monopolization from the combination of 
“withdrawing a successful drug from the market” and 
“introducing a reformulated version of that drug,” 
which forced patients to “switch to the new version” 
and “imped[ed] generic competition, without a legiti-
mate business justification.”95 The court then upheld 
an injunction because of the irreparable harm from the 
“planned hard switch strategy,”96 requiring defendants to 
make Namenda IR tablets available.97

While the court understood the regulatory frame-
work, it applied a test based on coercion that was 
underinclusive in targeting antitrust harm. The court 
stated that “[a]s long as [d]efendants sought to persuade 
patients and their doctors to switch from Namenda IR 
to Namenda XR while both were on the market (the 
soft switch) and with generic IR drugs on the horizon, 
patients and doctors could evaluate the products and 
their generics on the merits in furtherance of competi-
tive objectives.”98 The court focused on Forest’s “forc[ing] 
patients to switch” from Namenda IR to Namenda XR, 
and cited defendants’ figures that a soft switch would 

93 Id. at 657–58.
94 Id. at 655.
95 Id.
96 Id. at 660–61.
97 Id. at 649–50.
98 Id. at 654.

convert only 30% of patients while a hard switch would 
convert 80% to 100%.99 The court stated that “[h]ad 
[d] efendants allowed Namenda IR to remain available 
until generic entry, doctors and Alzheimer’s patients 
could have decided whether the benefits of switching to 
once-daily Namenda XR would outweigh the benefits 
of adhering to twice-daily therapy using less-expensive 
generic IR (or perhaps lower-priced Namenda IR),” but 
“[b]y removing Namenda IR from the market prior to 
generic IR entry, [d]efendants sought to deprive consum-
ers of that choice.”100

While the court appreciated the regulatory regime, 
its coercion-based framework does not make room for 
potential harms from a soft switch that arise from the 
unique nature of drug markets and that could involve 
profit sacrifice.

CONCLuSION

Product hopping is nuanced behavior that implicates 
antitrust law, patent law, the Hatch-Waxman Act, and 
state drug product selection laws. This article has shown 
the complexity of the behavior and courts’ varied treat-
ment of it.

99 Id.
100 Id. at 655.
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INtROduCtION

In the sector of the life sciences and health numer-
ous biotechnology inventions have contributed to 
significant improvements in plant breeding, food 

supply, manufacturing of drugs and health care. In this 
paper modern biotechnology is defined as an array of 
technologies that uses recombinant DNA (rDNA) in 
biological systems for practical means(1). Biotechnology 
can enable gene therapy by the delivery of nucleic acid 
polymers into patients’ cells as a drug to treat a disease 
or as medical preparations containing genetic natural 
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material inserted into cells to treat genetic diseases in 
persons. Bearing in mind that some four per cent of 
human mankind has genetic disorders(2) gene therapies 
hold great promise for medical use. Their practice has 
been a topic of much ethical debate in society since the 
1990’s which was aggravated by the death of eighteen 
year old Jesse Gelsinger at the university of Pennsylvania 
in 1999(3).

Nowadays, the European Medicines Agency receives 
less than five applications(4) for gene therapy medical 
products (http://www.ema.europa.eu/GTMP) per year 
and so far only Glybera® and Strimvelis® have received 
market authorisation. On the other hand, the outlook 
and consequences of patenting DNA and genes for 
therapies and research are well documented(5–7) and the 
number of gene patents(8) was on the rise. With the wake 
of biotechnology companies (e.g. Genentech, Amgen, 
Chiron) discussions about ownership of knowledge 
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funded by governmental financial research organisations 
(e.g. National Institutes of Health (NIH) started. The role 
and implications of intellectual property rights (IPR) for 
innovations and the development of the biotechnology 
sector became apparent(9). Since the eighties the potential 
cures for patients with genetic malfunctioning organs, 
numerous technologies have been patented in domains 
like cancer, immunology and vaccines. In this sector in 
particular the commercialisation of academic patents 
both in the USA and the EU is evident(10, 11). On a global 
scale both pharma and biotechnology companies that 
manage their IPR well can become very successful(12, 13).

CAN PAtENtS ALSO HOLd vALuE 
fOR gENE tHERAPIES?

The number of company patent applications or patents 
in a particular sector can be associated to R&D expendi-
tures and innovativeness(14). But apparently for promising 
new gene therapies there is an interesting but contrasting 
situation where numerous companies file large numbers 
of patent applications while their commercial viability is 
still unproven? Companies usually file and renew their 
product and process patents only in those countries 
where they expect that customers will use their appropri-
ated inventions and healthy gross margins on products 
sold or licensees are expected and realised. In the past 
decades several researchers used patent citations to study 
the relations between the financial value of patents, sales 
and the market value of the patent owner in various sec-
tors of the economy but not for gene therapies in the life 
sciences and health sector. The financial value of a patent 
is often defined as the net margin between the sum of 
revenues of sold volume of patented protected products 
during its’ patent term (incl. license revenues minus the 
costs to file and renew the patent(15). The patent family 
size and opposition may also be used as indicators to 
determine the value of patents(16, 17). Following the pat-
ent renewal fees paid for 964 inventions filed in the USA 
and Germany both researchers concluded that patents, 
renewed to the full term, were significantly higher cited. 
They conclude that ‘patents reported to be relatively valu-
able by the companies holding them are more heavily 
cited in subsequent patents’. Studying some 4 900 R&D 
projects in the pharma sector a ‘one per cent increase 
of number of citations corresponding with 0, 3 per cent 
increase in total sales’ was found(18). When combining 
data of market values of 4 864 publically traded com-
panies in the USA and all granted US patents between 
1963 and 1999 for technologies of these companies in a 
broad range of sectors of economy, it became evident that 
patent citations can provide a useful means to indicate 

the market value of a company(19). These researchers con-
clude that ‘an extra citation per patent boasts the market 
value by 3 per cent’ and ‘self-citations appear to be more 
valuable than external citations by third parties’. Since 
market values of companies in the US and the EU can 
be related to the numbers of citations to their patents(20, 21) 
investors are interested in companies with patents that 
receive a lot of citations. Due to cultural differences and 
the fact that there are only few large biotechnology com-
panies in Japan patents are less important than secrecy 
agreements(22).

ObJECtIvES Of tHIS RESEARCH

To our knowledge most research on the value of patents 
has been limited to the automotive, chemistry, electron-
ics, and pharma sectors(23, 24) excluding biotechnology. 
In one specific field of computer tomography scanners 
technology an empirical analysis showed effects of close 
relations between patent citations and increase in prod-
uct margins(25). Given the situation in the health sector 
in general and the gene therapies in particular follow-
ing research questions are addressed: a) Can indicators 
be identified that might explain why the patent term 
of gene therapy patents have been extended for the full 
length of 20 years, b) Can the origin of gene therapies 
and important inventors be identified and c) Can the 
value of patented gene therapies be related to the identi-
fied indicators? As a specific objective in this research an 
effort will be made to identify those indicators that can 
determine the value of a start- up that exploits patented 
gene therapies.

Under the assumption that the value of a gene ther-
apy patent for a company is positively correlated to its’ 
patent term four hypotheses will be tested:

1. The value of a gene therapy patent is positively 
to the number of designated countries in the 
patent application

2. Idem, to number of product / process claims in 
the patent application

3. Idem, to the number of licenses for the patent
4. Idem, to the number of citations (in future 

patent applications) to the patent

mEtHOdOLOgy

A global patent analysis of the life sciences and health 
sector between 1995 and 2005 will be carried out to iden-
tify and quantify the numbers of patent applications. 
Within that sector all patent applications in the domains 
of cancer, cardio vascular diseases, medical imaging, 
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immunology, vaccine development and neurodegenera-
tive disorders have been identified. For this analysis the 
Patstat database and the international patent classifica-
tion codes for these domains will be used (Appendix 1, 
http://www.epo.org/searching). Based upon the results 
of this analysis the global patent landscape of the most 
important companies in this sector can be quantified. 
This landscape (Appendix 2) will be used as a starting 
point for a patent cluster analysis measuring the perfor-
mance of the patentees of gene therapies as of 1995.

To provide support for the hypotheses, a quantita-
tive, longitudinal analysis of patented gene therapies of 
companies and research institutes has been carried out. A 
time frame between 1995 and 2015 was applied to collect 
data on the patent application routes, patent terms, num-
ber of designated countries (or patent family size), num-
ber of patent claims, citations and licenses. These data 
were then used in a patent cluster analysis to identify all 
patent applications that have been filed in the same year 
(1995) and within exactly the same patent classification 
classes A61K48, C12N7 and C12N15/86. In these patent 
classes the gene therapy of the Dutch start- up company 
IntroGene/ Crucell was patent i.c. EP 0833934 ‘Packaging 
systems of human recombinant adenoviruses to be used 
for gene therapy’. Their patented PER.C6 technology has 
been selected since the exploitation of this patent is well 
known. It has been exploited and managed for the full 
patent term of 20 years even after the acquisition of the 
company by Johnson and Johnson in the year 2011. So 
this patent of Crucell(26) has been selected as a bench-
mark for our research and cluster analysis since it has 
been successfully managed for several exclusive applica-
tions in niche markets (e.g. by licenses to companies like 
Transgene, DSM, Genzyme and research organisations 
as the NIH). The PER.C6 technology was used as a plat-
form technology for the development of vaccines and for 
future use in immunology.

Using the same patent classification codes as EP 
0833934 and the database EPODOC similar gene therapy 
patents which were filed in 1995 could be identified as 
well as their applicants. These databases, used by patent 
examiners at the European Patent Office, also contain 
bibliographic information and citations to patents and 
patent applications in over 90 countries(27). During the 
examination process, examiners at a patent office have to 
identify prior disclosures of a technology describing the 
claims in the patent application in full or partially, thus 
revealing documents as the closest state of the art in their 
search reports. If such documents are found they are 
submitted to the applicant of the new patent application 
and will be cited in future applications for inventions in 
the same technical domain(19). The number of times that 
a particular patent publication is cited in future patent 

applications may then be a used as an indicator of its’ 
technical significance.

Once the indicators have been identified that explain 
why patent holders of gene therapies renew their patent 
terms till the maximum patent term of twenty years the 
research will continue and study if these indicators can 
be linked the market value of the company, using differ-
ent methods for patent valuation(28) and the theories for 
the diffusion of medical innovations(29, 30) . In 2014 and 
2015 interviews with stake holders in the Dutch life sci-
ences sector were held to validate and confirm the find-
ings of our quantitative findings. Their opinions about 
the importance of strategic IPR management for bio-
technology companies, business development and mar-
ket development of new products were listed. Subsequent 
interviews with the original inventors of the PER.C6 
technology, the IP managers of Crucell, V/C’s that pro-
vide financial resources and stock holders enabled more 
insight into what happened after the discovery and the 
global exploitation of this patented gene therapy.

RESuLtS

Figures 1a and 1b show the developments of the numbers 
of annual gene therapy patent applications and the pat-
ent applications in six domains of the life sciences and 
health that have been filed between 1985 and 2013. These 
patent applications include all patent documents that 
describe worldwide filed (WO/ PCT) patent applications 
and European filed (EP) applications in the domains like 
cancer (36,375), cardiovascular diseases (3,261), medical 
imaging (1,557), immunology (17,348), vaccines develop-
ment against infectious diseases (13,065) and neurode-
generative disorders (5,859). For gene therapies patent 
applications an increase till the year 2003 (and a decrease 
of 64 per cent since) can be observed. In the domains of 

figure 1a: Gene therapy Wo and ep patent applications 
per year (*)
(*) Significant at p= 0,01

http://www.epo.org/searching
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cancer, neurodegenerative disorders, cardiovascular dis-
eases and medical imaging the number of applications 
increases till 2005, but a reduction of applications for 
immunology (twenty two per cent since 2000) and vac-
cines (thirty three per cent since 2000) took place.

Using the Thomsom Scientific WPI Index the iden-
tified patent applications can be converted into the 
domains of use (Appendix 2). Within the scope of this 
research there is a focus on gene therapies related to pat-
ent applications in the domains of cancer, immunology 
and vaccines only. It is clear that most gene therapy patent 
applications have been filed by companies and universi-
ties headquartered in the USA, followed by Germany, 
Japan, United Kingdom, France, Canada, Switzerland, 
The Netherlands, Sweden and Korea. GlaxoSmithKline, 
Merck and Bayer were the companies that filed most 
applications followed by a number of biotechnology com-
panies and universities. Especially in the domain of vac-
cine development high percentages of technologies using 
genetically modified organisms are found. Between 1995 
and 2005 on average only 1, 8 per cent of the patents in 
the domains of cancer, immunology and vaccine devel-
opment are gene therapy related. Based upon this per-
centage and the total numbers of patent applications 
in these domains an average of some 120 unique gene 
therapy inventions is expected to be patented per year. 
Figure 1a shows an annual number of 1, 768 of WO and 
EP patent applications in 1995 which means that some 
120 unique gene therapy inventions have become regis-
tered in some 15 countries (= 1, 768 / 120).

The methodology yielded a worldwide patent clus-
ter of ninety three gene therapies similar to EP 0833934 
of Introgene/ Crucell that were also patented in the year 
1995. Further analysis enabled the identification of the 
applicants and the quantification of data on their pat-
ent terms, granting procedures (including opposition), 
number of claims, countries of designation, number of 
licenses and citations by third parties (Appendix 3, table 
A). Seventy six of these patents have been granted to 

companies or universities. Additionally, seventeen pat-
ent applications have not been granted for several rea-
sons. Thirty eight gene therapy patents of the seventy six 
granted gene patents have been licensed to third parties to 
e.g. Oxford Biomedica Ltd. (eleven gene therapy patents 
from Chiron - Viagene Inc.) and the National Institutes 
of Health in the USA (five gene patents from US universi-
ties and three from companies). H. Gruber and D. Jolly, 
both employed by Chiron- Viagene Inc., have been the 
most important inventors in gene therapy patent appli-
cations. The statistical analysis of the patent cluster in 
table 1 reveals that fifty three per cent of the patents have 
been granted and renewed till the maximum patent term 
of twenty years. Additionally twenty eight per cent have 
been renewed for more than fifteen years. So in total 
more than eighty per cent of gene therapy patents were 
renewed for more than fifteen years. Apparently, paten-
tees of gene therapies in 1995 renewed their patents for 
more years when their patent is: a) granted in the USA, 
b) licensed to third parties and c) have been cited more 
frequently. Plotting the patent terms (in years of valid-
ity) of the granted patents against the actual numbers of 
patents granted (indicator A), their percentage of licenses 
(indicator D) and the number of citations (indicator E) 
significant differences are observed. So based upon these 
results only hypotheses three and four will therefore be 
accepted.

Next to the significant differences in renewals for 
patents filed with a priority in the USA, most of the patent 
holders also decided to maintain their patent in the UK, 
France, Germany and Japan. No significant differences 
were found for patents that had a priority filing in other 
countries than the USA and were subsequently renewed 
by their patent holders for the different sets of time frames 
as indicated. Most of the gene patent applications have 
been filed by companies and universities headquartered 
in the USA followed by French organisations (Appendix 
3, figure A). Some companies choose to file their prior-
ity patent applications in 1995 not at the US Patent and 

figure 1b: life science patent applications (N= 77, 435)
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Trademark Office (USPTO) but at national offices or at 
the European Patent Office (EPO) as Introgene/ Crucell 
did for their EP 0833934 patent application. Analysing 
the life cycles of US patent applications a granting per-
centage of eighty six per cent at the USPTO and a rate of 
granting an US patent application of less than four years 
can be observed. So patentees at the USPTO can expect 
a fast and efficient patent granting procedure. However, 
the practice at the USPTO differed considerably from the 
practice at the European Patent Office. There a granting 
percentage of less than seventy per cent can be observed 
while granting procedures took more than ten years on 
average (Appendix 3, table B). E.g. the EP 0833934 patent 
application from Introgene/ Crucell was filed in 1995 and 
granted in 2004. Thirteen companies and two universi-
ties withdrew their patent applications within (five to 
seven) years after the filing date of their applications and 
two patent applications have been revoked. Two patent 

applications of the total of seventy six granted gene tech-
nology patents faced opposition after grant at the EPO.

The number of citations of the Introgene/ Crucell 
patent EP 0833934 (equivalent to US patent US6033908) 
in future patent applications is relatively high. The anal-
ogy between citations to scientific papers and patent cita-
tions can be taken as point of reference. Where papers 
about breakthrough scientific discoveries will be cited in 
future scientific papers by peer researchers, the concor-
dant inventions might be patented. It seems only logical 
that over time important patented inventions will have 
a higher chance to be cited by future patent applicants. 
Besides, looking at the data in table 2 the idea that the 
proportion of self- citations to all citations to the patent 
of a start- up company could be used as an indicator to 
determine the patent value and the acceptance of a gene 
therapy becomes apparent. In order to provide evidence 
for this idea the number of self-citations as percentage 

table 1: indicators of significance (*) that determine the patent term of gene therapies

patent terms (in years) 20 15 – 19 10- 14 < 10

indicators (A, b, C, d and e)

A. Number of granted patents (N=76) 40 21 12 3
uS priority (60) (*) 32 18 (*) 10 (**) 0 (**)
French priority (9) 3 2 1 3
uK priority (2) 0 1 1 0
ep priority (2) 2 0 0 0
Denmark priority (1) 1 0 0 0
German priority (1) 1 0 0 0
israëli priority (1) 1 0 0 0
b. Avg. number of countries 35 30 42 33
C. Avg. number of claims 31 21 18 24
patents with product claims 36 2 0 0
patents with process claims 35 15 7 4
D. Number of license agreements (*) 21 11 (**) 5 (**) 0 (**)
e. Avg. number of citations (*) 53 41 (*) 21 (**) 6 (**)

Significant at (*) p= 0, 05 and (**) p= 0, 01, r² (patent terms – license agreements) = 0, 96 and r² (patent term – average number of citations) = 0, 99

table 2: Comparison of numbers of (self-) citations in future patent applications to patents filed in 1995 with three reference 
patents

Company patent Number of citations (A) Number of self-citations (b) Name

patents filed in 1995

introGene/ Crucell uS6033908 206 69 per.C6®
Transgene uS6040174 269 29

reference patents

Stanford/ boyer uS4237224 401 58 rDNA process
idem uS4468464 124 9 rDNA product
Cetus/ mullis uS4863202 6578 11 pCr®
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of the total number of citations in three particular gene 
therapy patents was compared with data from famous 
global patented innovations.

The priority patent of Introgene / Crucell (figure 2a) 
has also been cited by its’ spin- off company Galapagos in 
1999 while in 2009 and 2010 the number of both self-cita-
tions and citations by third parties reached a higher level 
again. Following the history of citations of the famous 
rDNA process patent US4237224 of Boyer and Cohen of 
Stanford/ Genentech (figure 2b) it can be observed that 
after the filing date of this patent the company applied 
for future patents citing this first patent, as well as third 
parties did. During the mid- nineties and still after the 
lapse of the patent it is cited in patent applications by 
third parties. From figures 2a and 2b it is evident that 

there is a need for the introduction of a time correction 
factor, thereby reducing the importance of self- citations 
to the priority patents of a start-up company.

Some researchers (17) describe the relation between 
the numbers of all patent citations and the market value 
of companies in an equation as: ln citations = 0,314 ln 
market value + 2. However, a direct relation between 
the (market) value of a biotechnology start- up company 
and the number of citations to their important (prior-
ity) patents has not been developed previously. For start-
up Crucell the relations between the parameter of the 
natural logarithm of the total number of citations (= 
sum of the citations by third parties and self-citations 
in future patent applications) on the one hand side and 
the parameters of stock value development and market 
capitalization on the other hand side, were analysed. The 
relations between these parameters show an interesting 
correlation over time. The accuracy of these correlations 
improves if only the total number of citations by third 
parties is used. The correlations become even better once 
a time correction factor of 1, 12 is implemented. Figure 3 
shows that the number of citations by third parties in a 
particular year even predicts the market capitalization of 
the start- up in the following year.

The established biotechnology company Chiron- 
Viagene Inc. was the largest applicant of gene therapy 
patents in 1995 (Appendix 3, table A). For the domains 
of cancer, immunology and vaccines the numbers of pat-
ent applications by Chiron- Viagene Inc. and biotechnol-
ogy start- up company Introgene/ Crucell filed between 
1995 and 2005 are presented in table 3. It is obvious that 
the start- up Crucell might be regarded as a serious com-
petitor to Chiron- Viagene Inc. only in the domain of 

figure 2a: Number of citations to the uS6033908 of 
Crucell in other patent applications per year

figure 2b: Number of citations to uS427224 of Genentech in other patent applications per year
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vaccines. But a comparative analysis of the patent appli-
cations by Introgene/ Crucell and Chiron- Viagene Inc.
in 1995 demonstrates the different characteristics of 
their patent portfolio.

Figure 4 shows very clearly that the only patent of 
Introgene/ Crucell in their portfolio has been cited in 
206 future patent applications while the twelve patents 
of Chiron- Viagene Inc. has been cited on average in six-
teen future patent applications between 1995 and 2015. 
Other data show that the number of licenses of the pat-
ent of Introgene/ Crucell is ten times higher compared 
to average license percentage of the other seventy six 
granted patents for gene therapies in 1995. The priority 
patent application EP 0833934 (= US6033908) was filed 
on June 15, 1995 and subsequently a patent portfolio 
of forty eight nationally registered patents and ten US 
divisionals was built. In order to generate revenues the 
start-up company Introgene/ Crucell decided to license 
their patented PER.C6® human cell line technology, 
after having received FDA approval for market authori-
sation, to third parties and major patent holders in the 
other life sciences and health domains (Merck and co., 
Rhône Poulenc, Millennium Pharma, Aventis Pasteur 
and GlaxoSmithKline) which eventually also led to the 

acceptance and dissemination of their technology. In 
this highly competitive field it was of key importance 
to appropriate this core technology (31) and to cooperate 
with third parties.

The PER.C6® technology of Crucell contains a pack-
age of tools and know-how based on Crucell’s priority 
patent EP0833934 (= US6033908). It provided a safe and 
cost-effective manufacturing system for high- yield, 
large-scale production of vaccines and monoclonal 
antibodies as shown in table 4. It is especially useful for 
vaccine manufacturing that requires the production of 
hard-to-grow viruses and holds the key to making such 
vaccines affordable on global scale. Johnson & Johnson 
acquired Crucell in 2011 and then delivered more than 
eighty five million doses of viral vaccines to UNICEF to 
protect people in over sixty countries against five seri-
ous childhood infections (diphtheria, tetanus, pertussis, 
hepatitis B and Haemophilus influenza type B).

LImItAtIONS

Gene therapies have been patented since 1985 and the 
scope of this research was to identify those indicators 
that determine the value of patented gene therapies. The 
methodology and a case study of the biotechnology start- 
up company Crucell enabled the identification and anal-
ysis of a patent cluster of similar gene therapies. The size 
of the studied patent cluster was ninety three gene patent 
applications filed in 1995.

CONCLuSIONS ANd dISCuSSION

This research shows that:

figure 3: Time lag effect between 1, 12 * the number of citations by third parties to uS6033908 (blue colour) and 
the market capitalization of Crucell (red colour) between 2000 and 2010

table 3: Number of gene therapy patent applications per 
company filed between 1995 and 2005 in three domains 
(and worldwide ranking)

domain Cancer immunology Vaccine

Company

Chiron- Viagene inc. 182 (27) 169 (9) 119 (10)
introgene / Crucell 23 (-) 37 (76) 45 (39)

(N) = ranking on the global list of patent applicants
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A.
The number of gene therapy patent applications increased 
significantly between 1985 and 2005 and decreased since.
B.
In a cluster of patented gene therapies similar to EP 
0833934 (of biotechnology start- up Introgene/ Crucell) 
ninety three gene therapies were filed in 1995 and 
granted and registered in some forty countries. The sta-
tistical analysis of this patent cluster provide evidence 
that: a) a US patent priority filing, b) the number of pat-
ent license agreements and c) the number of citations by 
third parties is significantly correlated with the length of 
the patent term.
C.
In the case of the biotechnology start- up Crucell a close 
correlation was observed between the number of patent 
citations by third parties and the market capitalization 
of the company. Applying a time correction factor to 
the number of third party citations predicts this mar-
ket capitalization even more accurately because of the 
acceptance of the use of the patented gene therapy over 
time.

Policy makers in the European Union, Japan and the 
USA have realised that the so- called red biotechnology 
in the sector of life sciences and health plays a crucial 
role in the development of the future public health. The 
increasing importance of the commercialisation of aca-
demic patents in this sector both in the USA and the EU 

is evident(31). To this end the European Biotechnology 
Directive EG/ 98/44, revisions on IPR ownership in the 
national patent acts and TT policies at universities have 
an important contribution role(32). Both legislation on the 
patentability of biotechnology subject matter and long 
term road maps on biotechnology research and funding 
will enable the contribution of scientific research to the 
growth of the sector of biotechnology. In many countries 
special biotechnology clusters (or regions) received sub-
stantial support at national/ regional level both in terms 
of financial assistance as well as in facility support(33). The 
successful case of Introgene/ Crucell is special since at the 
time of the discovery and patenting of the invention of 
PER.C6 neither the Leiden university in The Netherlands 
nor its’ faculty of science had a formal IP or TT policy in 
place. While the research was contracted by Introgene 
to the university and the inventors Frits Fallaux and 
Rob Hoeben were employed by the university the other 
inventors Bram Bout and Dinko Valerio were employees 
of Introgene. Between themselves they decided that the 
priority patent was filed in 1995 in the names of both the 
university and Introgene and later re- assigned and trans-
ferred to Introgene in 1997(34). Nowadays, with estab-
lished IP policies at university TTOs in place the power 
of attorney and permission by the Board of Directors of 
the university is usually required for such assignment of 
patents, which could delay both participation in contract 
research and/ or the formation of a start- up company 
based upon academic patents.

Where the adaptation of innovations often go hand 
in hand with early adapters in their networks and sys-
tems of communication(30), health innovations related 
to the treatment of diseases and disorders are subject to 
clinical trials and market authorization procedures by 
the Food and Drug Administration (FDA fda.gov) and 
the European Medicine Agency (ema.europa.eu). Once 
a biotechnology company went for an IPO and becomes 
stock listed, it will distribute news releases to the press 
and general public showing that their prospected 

figure 4: Comparison of the number of citations of one patent from Crucell and twelve patents from Chiron- 
Viagene inc. between 1995 and 2015

table 4: Vaccines based upon the patented per.C6 
technology of Crucell

Quinvaxem®
Fully liquid vaccine for protection 

against five major childhood 
infectious threats

Hepavax-Gene® recombinant hepatitis b vaccine
Hepavax-Gene® TF

epaxal® Aluminum- free hepatitis A vaccine
Dukoral® oral vaccine against cholera

http://www.fda.gov
http://www.ema.europa.eu
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products have passed some of these trials, thus mak-
ing their investors aware that these products have come 
closer to market entrance(34). The use and acceptance 
of new medical innovations require time and perse-
verance. And ‘although viral vectors may have become 
the vehicles for the gene therapist, more breakthrough 
inventions and technologies will be needed which will 
be based upon fundamental research’(35). It is evident 
that the rate of acceptance also depends on the IP uni-
versities and companies. This is clearly demonstrated 
that in a comparison between an IP strategy favouring a 
non- exclusively licensed patented research tool (e.g. the 
UCLA for the rDNA process to research institutes and 
companies) at low costs and a IP licensing strategy of a 
production platform (e.g. Crucells’ PER.C6® technology 
to companies) on an exclusive basis. Besides, it is known 
that the acceptation of a gene therapy and biotechnology 
by the general public also depends on perceptions of citi-
zens to avoid risk(36).

Our research in the life sciences and health sector 
demonstrates that in the domains of cancer, neurode-
generative disorders, cardiovascular diseases and medi-
cal imaging the number of patent applications increased 
between 1995 till 2005. Next to the applicants from the 
USA and the EU both the absolute number of patent 
applications from China, New Zealand, India, Taiwan 
and Korea and their percentages increase. The number 
of patented gene therapies also increased till 2004 but the 
number of patents based on human genes is on the decline 
as off the year 1999(31). Since 2010 most gene patents con-
tains synthetic sequences(37). Some 3,500 patents involv-
ing human genes will probably be invalidated in the USA 
after the decision of the US Supreme Court that isolated 
human genes are unpatentable(38). Our research data con-
trast those findings which claim that the percentage of 
biotechnology patents and pharma patents show levels 
under their top levels of application of 1996(39). On the 
other hand their data on important biotechnology appli-
cants in 2005 and 2006 correspond with the names of the 
companies and universities that have been identified in 
this study (e.g. Genentech, Amgen, Chiron, Millennium 
Pharma, universities of California and Texas).

Based upon research on possible relations between 
patent citations (both self- citations and third party) and 
company market value in various sectors of the econ-
omy data have been collected which demonstrate a very 
skewed relations. Where some researchers(17) relate the 
numbers of all citations with the market value of com-
panies the case of start-up company Crucell shows that 
only third party citations contribute to determine the 
market value. It has also been claimed that patent family 
size and opposition may be used as indicators to deter-
mine the value of patents(16). However, in this research 
neither size nor opposition were found to be positively 

correlated to the patent term and renewals of patented 
gene therapies that have been filed by companies and 
universities in 1995.

The conclusions from this research are that the 
renewals of patented gene therapies are positive corre-
lated to the number of licenses and number of patent 
citations, so that the patent term can be used as indicator 
to determine their value. In the case of the biotechnology 
start- up Crucell the number of citations by third parties 
to its’ priority patent application EP0833934 in a certain 
year was positively correlated to its’ market capitaliza-
tion in the following year. The conclusion for this case is 
that the number of citations can be used to predict the 
company’s value. This conclusion is not only relevant for 
the patent holder but also for investors and V/C’s.
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APPENdIx 1

useD internAtionAl pAtent clAssificAtion 
coDes to iDentify life sciences inventions

APPENdIx 2

GloBAl lAnDscApe of pAtent ApplicAnts 
(per cent) in the life sciences AnD heAlth 
sector, their country of oriGin (per cent) 
AnD Most iMportAnt life sciences DoMAins

A61b medical sciences, diagnostics
A61b1 idem, instruments
A61K medical preparations
A61K31 idem, using organic substances
A61K35 idem, materials
A61K38 idem, peptides
A61K39 idem, antibodies
A61K48 gene therapy
A61K9 preparations with special form

A61p
therapeutic effects of chemical 

compounds or medical preparations
A61p25 idem, for the nervous system
A61p3 idem, for the metabolism
A61p35 idem, against tumours
A61p9 idem, against cardio vascular diseases
C07H sugars with nucleic acid
C07K peptides
C07K14 idem, having more than 20 amino acids

C07K16
idem, immunoglobulins, e.g. monoclonal 

antibodies

C12N
compositions of micro-organisms or 

enzymes

C12N15
idem, genetically modified DNA or rNA, 

vectors, plasmids and their isolation or 
preparation

C12N15/12 idem, recombinant DNA technology

C12N5
idem, undifferentiated human, animal or 

plant cells e.g. Cell lines, tissues

C12N5/10
idem, modified cells by the introduction 

of foreign genetic material
C12N9 idem, pro enzymes
C12Q measuring processes
C12Q1 idem, with enzymes or micro organisms
C12Q1/68 idem, using nucleic acids
G01 measuring

G01N33/50
idem by analysis chemical/ physical 

properties using micro- organisms
G01N33/53 idem, using bio specific assays
G01N33/574 idem, bindings assays for cancer

G01N33/68
idem, using peptides, proteins or amino 

acids
G06F electrical digital data processing
G06K recognition of data and data presenting
G06T imaging of data

figure A: life sciences and health patent applicants 
(1995 – 2005)
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figure b: Countries of origin for life sciences and health patent applications (1995 – 2005, in per cent)

table A: Number and distribution of life sciences patent applications (as identified by international patent Classification 
code) between 1995 and 2005 in three domains (per cent)

international patent Classification code Cancer immunology Vaccines

Total number of patent applications (*) 36, 375 17, 348 13, 065
in percentage (per cent)
A61K medicines 33 33,1 33,9
A61K48 gene therapy(**) 1,7 1,8 1,9
A61p therapeutic use 14,5 6,2 4,6
C07H sugars with nucleic acid 2,1 2,1 2,3
C07K peptides 7,0 13,2 15,3
C12N micro-organisms / enzymes 9,3 17,8 22,2
C12Q measurement 5,1 3,9 4,5
G01N chemical/ phys. analysis 8,7 6,6 5,9

(*) both Wo/ pCT and ep patent applications
(**) Average percentage of gene therapy patents in the three domains = 1,8 per cent
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table A: Distribution of patent applications, inventors and licensees of gene therapy patents similar to ep 0833934 and filed 
in 1995

Applications by companies and  
universities (N= 93)

inventors (mentioned in  
N= 93 applications)

licensees of granted patents  
(N= 38)

Chiron –Viagene 17 % H. Gruber 16 % oxford biomedica ltd. 29 %
American Cyanamid 6 % D. Jolly 11 % National institutes of Health 26 %
Transgene 5 % J. barber 7 % east Virginia medical School 8 %
Genvec 5 % i. Koveski 7 % Gbp ip 5 %
Canji 4 % A. mcCormick 4 % Glaxo Welcome 3 %
Genetic Therapy 3 % p. Klatzmann 4 % uS Health 3 %
Cell Genesys 3 % W. Zhang 4 % Texas Cancer Centre 3 %
introgene/ Crucell 1 % S. Woo 4 % others 23 %
university  paris 4 % others 43 %
university Texas 4 %
university California 3 %
baylor College of medicine 3 %
others 42 %
Total 100 % Total 100 % Total 100 %

table b: Granting percentage of gene therapy priority patents (pAs) filed in 1995 at various patent offices

patent office granted  vs. not granted pAs granted pAs (per cent)
Avg. time to grant after 

filing (years)

uSpTo (uSA) 60 / 10 86 < 4
european patent office 2 / 1 67 > 10
National offices eu (avg.) 13 / 5 71 < 4
il (israel) 1 / 1 50 < 10

figure A: Country or region of origin of patent (N=93) applicants in 1995 (in per cent)
IL = Israel, DE = Germany, DK = Denmark, GB = United Kingdom, EP = European, FR = France and US = United States

APPENdIx 3

Gene therApy pAtent ApplicAnts, their oriGin AnD the GrAntinG proceDures prActices
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INtROduCtION

Biotechnology companies rely heavily on pat-
ents to protect their most valuable inventions. 
Patent protection helps support billions of dol-

lars in research and development of life-saving drugs 
and treatments. Protecting biotechnology inventions 
has become more difficult in the last few years, however, 
because legal trends have created uncertainty regard-
ing what subject matter is eligible for patent protection. 
Specifically, courts have narrowed the scope of what is 
patentable and have increasingly invalidated patents 
because they claim abstract ideas or laws of nature. For 
example, courts have invalidated patents covering valu-
able diagnostic methods for treating Crohn’s disease and 
screening methods for Down’s syndrome. Indeed, the 

court that is responsible for all initial patent appeals—
the Court of Appeals for the Federal Circuit—has invali-
dated patents in nearly 90% of decisions it has issued 
relating to challenges based on ineligible subject matter.

Industry groups have expressed concern regard-
ing these patent law trends and their impact on inno-
vation. For example, the Pharmaceutical Research and 
Manufacturers of America has criticized the current state 
of the law because it is “hard for a patentee to know which 
inventions are patentable or not.”1 This concern was 
echoed by the Intellectual Property Owners Association, 
which explained that “[r]ecent Supreme Court decisions 
… have dramatically narrowed the scope of patent pro-
tection for life sciences …”2 And the former Director of 
United States Patent & Trademark Office, David Kappos, 
described the current situation as “the worst mess I’ve 
seen in the 30 years I’ve been practicing law.”3

The uncertainty created by recent court decisions 
has also influenced the examination of patent applica-
tions. The United States Patent and Trademark Office 
closely monitors court opinions and modifies its pro-
cedures for examining patent applications accordingly. 
Patent applications are regularly rejected by the Patent 
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Office for claiming laws of nature, natural phenomena, 
and abstract ideas. As a result, it has become more dif-
ficult for companies to predict whether the Patent Office 
will grant patents on certain types of inventions, includ-
ing diagnostic and screening methods that include laws 
of nature or natural phenomena.

As biotechnology companies wait for more clar-
ity on the scope of patentable subject matter, they face 
a dilemma of whether to patent their inventions or keep 
them secret. Patent protection creates a limited monop-
oly in exchange for publicly disclosing inventions to 
the world. This patent monopoly is critical to biophar-
maceutical companies because they “rely on patents to 
protect their inventions and provide an opportunity to 
recover their R&D costs and fund new research.”4 In con-
trast, trade secret protection is based on keeping ideas 
secret from the world. Keeping inventions secret offers 
some benefits to companies, but may not be sufficient to 
protect the significant investment made in research and 
development. The biotechnology industry will continue 
to grapple with this dilemma until the courts, the Patent 
Office or new legislation clarifies the boundaries of what 
subject matter is patentable.

The full scope of this dilemma can be understood by 
analyzing what the law says is eligible for patent protec-
tion, how courts have interpreted the law, and why bio-
technology companies and industry organizations have 
criticized these developments.

PAtENt PROtECtION fOR ALmOSt 
“ANytHINg uNdER tHE SuN tHAt 
IS mAdE by mAN”

The United States Constitution grants Congress the 
power “[t]o promote the progress of science and useful 
arts, by securing for limited times to … inventors the 
exclusive right to their … discoveries.”5 Congress has 
enacted legislation to help inventors protect a broad array 
of inventions, including almost “anything under the sun 
that is made by man.”6 The Patent Act states:

Whoever invents or discovers any new and 
useful process, machine, manufacture, or 
composition of matter, or any new and 
useful improvement thereof, may obtain a 
patent therefor, subject to the conditions and 
requirements of this title.7

This broad articulation of patentable subject matter is 
not without limits. Courts have created exceptions to 
what is patentable, holding that “laws of nature, natu-
ral phenomena, and abstract ideas” are not patentable.8 

The United States Supreme Court has explained that 
“[p]henomena of nature, though just discovered, men-
tal processes, and abstract intellectual concepts are 
not patentable, as they are the basic tools of scientific 
and technological work.”9 Allowing inventors to patent 
these tools would likely “impede innovation more than 
it would tend to promote it.”10

Defining the boundaries of these exceptions has 
never been easy. A natural phenomenon can be trans-
formed into a patentable idea by human intervention. For 
example, a naturally-occurring micro-organism would 
not be patentable; however, a “human-made, genetically 
engineered bacterium” is eligible for patent protection.11 
The new “micro-organism plainly qualifies as patentable 
subject matter” because it is “a nonnaturally occurring 
manufacture or composition of matter—a product of 
human ingenuity ‘having a distinctive name, character 
[and] use.’”12

New scientific discoveries challenge courts to define 
the boundary between what is patentable and what is not.

PAtENtAbLE OR NOt, tHAt IS tHE 
QuEStION

DiAGnostic AnD screeninG MethoDs

Until recently, the patentability of inventions was rarely 
challenged and courts rarely invalidated biotechnology 
patents based on whether they covered patentable subject 
matter. Instead, patents were typically challenged based 
on whether they claimed a new and non-obvious inven-
tion. The state of the law changed dramatically when the 
Supreme Court issued its decision in Mayo Collaborative 
Services v. Prometheus Laboratories.13 Prometheus had 
been awarded a patent on using thiopurine drugs to 
treat Crohn’s disease.14 The patent claimed a method 
of administering 6-thioguanine to a patient and then 
determining the level of 6-thioguanine. Depending on 
the level of 6-thioguanine in the patient, the patent rec-
ommended an increase or decrease in 6-thioguanine to 
either improve the drug’s efficacy or avoid causing harm 
to the patient. Prometheus alleged that Mayo infringed 
claims of its patent. Mayo challenged the validity of the 
patent, and the Court held that this diagnostic method 
was unpatentable.15

The Mayo decision set forth and applied a frame-
work for evaluating whether patents claim patentable 
subject matter. First, a court determines whether the 
patent claims are directed to ineligible subject matter, 
such as a law of nature.16 Second, if excluded subject 
matter is claimed, then the court evaluates whether the 
claims add something more to the otherwise ineligible 
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subject matter to justify patent protection.17 Applying 
this analytical framework to the Prometheus patent, 
the Court held that the patent covered a law of nature 
because it described the natural “relationships between 
concentrations of certain metabolites in the blood and 
the likelihood that a dosage of a thiopurine drug will 
prove ineffective or cause harm.”18 Next, the Court con-
sidered “whether the claims do significantly more than 
simply describe these natural relations.”19 It answered 
this question in the negative. None of the claimed steps 
of the patent added enough to the natural law to make 
the claim patentable.20

The far-reaching implications of the Supreme 
Court’s decision in Mayo were immediately evident, 
even to the Court itself. A broad application of the 
natural law exclusion called into question the validity 
of many diagnostic patents. The Court recognized that 
“too broad an interpretation of this exclusionary prin-
ciple could eviscerate patent law”21 because “all inven-
tions at some level embody, use, reflect, rest upon, or 
apply laws of nature, natural phenomena, or abstract 
ideas.”22

After Mayo, lower courts have more frequently inval-
idated patents relating to diagnostic or screening meth-
ods. In PerkinElmer v. Intema, for example, the Federal 
Circuit held that a screening method for Down’s syn-
drome was unpatentable.23 Itema had patented screening 
methods to determine “whether a pregnant woman is 
at an increased risk of having a fetus with Down’s syn-
drome.”24 This new, non-invasive screening method was 
a significant advancement over invasive diagnostic meth-
ods that increased the risk of miscarriage. Nevertheless, 
the court held that the patent claims covered ineligible 
subject matter because they described a law of nature—
“the relationship between screening marker levels and 
the risk of fetal Down’s syndrome”—and included “the 
mental process of comparing data to determine a risk 
level.”25 In examining the claims, the court was unable to 
find a specific inventive application that was more than 
the ineligible natural law and mental step.26 Accordingly, 
the patent was held invalid for covering ineligible subject 
matter.

The Federal Circuit has invalidated nearly all of the 
patents that have been challenged since Mayo based on 
ineligible subject matter.27 Mayo’s broad definition of 
“laws of nature” has “decimated patents and pending 
patent applications directed to diagnostic methods.”28 
These decisions have resulted in a substantial loss of 
valuable patent protection.

nAturAlly occurrinG DnA seGMents

Shortly after Mayo, the Supreme Court decided an 
important case relating to the patentability of natural 
phenomena – one that again narrowed what biotech-
nology discoveries can be patented. In Myriad Genetics, 
the Court held that naturally occurring DNA seg-
ments are not patentable, but complementary DNA (or 
cDNA) are patentable.29 Myriad discovered the BRCA1 
and BRCA2 genetic mutations that increase the risk of 
breast cancer and ovarian cancer.30 The importance of 
this discovery was beyond dispute, but the Court noted 
that a “[g]roundbreaking, innovative, or even brilliant 
discovery does not by itself satisfy the” question of 
whether the invention is eligible for patent protection.31 
In other words, even a remarkable discovery of a natu-
ral phenomena is not necessarily patentable.

Some of Myriad’s patent claims covered naturally 
occurring genetic sequences. These genetic sequences are 
products of nature.

The location and order of the nucleotides existed 
in nature before Myriad found them. Nor did 
Myriad create or alter the genetic structure of 
DNA. Instead, Myriad’s principal contribution 
was uncovering the precise location and genetic 
sequence of the BRCA1 and BRCA2 genes within 
chromosomes 17 and 13.32

Because “Myriad did not create anything,” it was not 
entitled to patent protection on the naturally occurring 
genetic sequences.33

The Court distinguished cDNA from the genetic 
sequences held ineligible because cDNA is not naturally 
occurring. “[C]reation of a cDNA sequence from mRNA 
results in an exons-only molecule that is not naturally 
occurring.”34 As a result, cDNA is eligible for patent 
protection if it is different from the naturally occurring 
genetic sequence.35

Other medically significant discoveries have been 
deemed unpatentable based on the reasoning in Mayo 
and Myriad. In Ariosa, the Federal Circuit held that a 
method of detecting cell-free fetal DNA (or cffDNA) was 
unpatentable.36 Two doctors discovered paternally inher-
ited cffDNA in blood samples of pregnant women.37 The 
cffDNA can be used to determine characteristics of the 
fetus, including gender. It was “undisputed that the exis-
tence of cffDNA in maternal blood is a natural phenom-
enon.”38 Even though Sequenom’s patent claims did not 
cover cffDNA, but methods of using cffDNA, the claimed 
methods “are generally directed to detecting the presence 
of a naturally occurring thing or a natural phenomenon, 
cffDNA in maternal plasma or serum.”39 The remaining 
steps of the claims were “well-understood, conventional 
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and routine” techniques for “detecting paternally inher-
ited cffDNA.”40 As a result, the court concluded that the 
claims failed to disclose patent eligible subject matter.41

One of the judges responsible for the Ariosa deci-
sion expressed concern that Mayo’s broad language 
is “excluding a meritorious invention from the patent 
protection it deserves and should have been entitled to 
retain.”42 According to Judge Lynn, “[b]ut for the sweep-
ing language in the Supreme Court’s Mayo opinion, I see 
no reason, in policy or statute, why [Sequenom’s] break-
through invention should be deemed patent ineligible.”43

Sequenom requested a rehearing of its appeal, but 
the request was denied.44 Several judges on the Federal 
Circuit took this denial as an opportunity to criticize 
the state of the law. Judge Lourie commented that there 
is “some truth in [the] concern” that a “whole category 
of diagnostic [patent] claims is at risk”45 because of the 
Supreme Court’s decision in Mayo. “In sum, it is unsound 
to have a rule that takes inventions of this nature out of 
the realm of patent-eligibility on grounds that they only 
claim a natural phenomenon plus conventional steps, or 
that they claim abstract concepts.”46 Judge Dyk shared 
the concern that the current state of the law “may dis-
courage development and disclosure of new diagnostic 
and therapeutic methods in the life sciences, which are 
often driven by discovery of new natural laws and phe-
nomena.”47 He criticized the Mayo decision because it 
potentially precludes too many inventions from patent 
protection.

Mayo did not fully take into account the fact 
that an inventive concept can come not just from 
creative, unconventional application of a natural 
law, but also from the creativity and novelty of 
the discovery of the law itself. This is especially 
true in the life sciences, where development of 
useful new diagnostic and therapeutic methods 
is driven by investigation of complex biological 
systems. I worry that method claims that apply 
newly discovered natural laws and phenomena in 
somewhat conventional ways are screened out by 
the Mayo test.48

Finally, Judge Newman argued that the case was 
“wrongly decided” and that the diagnostic method 
should be eligible for patent protection because it is 
“novel and unforeseen, and is of profound public bene-
fit—‘a significant contribution to the medical field,’…—a 
‘breakthrough.’”49

gROWINg CONCERN IN tHE 
bIOtECHNOLOgy INduStRy

The biotechnology industry, along with many orga-
nizations, has raised concerns regarding the current 
trend in patent law. Recently the United States Patent 
and Trademark Office (PTO) requested public com-
ments relating to patent eligibility.50 Several organi-
zations responded. The Pharmaceutical Research and 
Manufacturers of America (PhRMA) explained that 
“the current jurisprudence is not protecting important 
advances for patients and thus could stifle future inno-
vation to produce new drugs and treatments.”51 The 
Supreme Court’s “Mayo analysis sweeps too broadly 
and invalidates important contributions to society 
in this area that the patent system was designed to 
protect.”52

The American Bar Association (ABA) has also criti-
cized the trend in patent ineligibility.53 The ABA is con-
cerned that the current interpretation of the law stifles 
the “incentive to innovate.”

The current jurisprudence on patent eligibility 
under section 101 is confusing, creates uncertainty 
as to the availability and enforceability of patent 
assets, arguably risks the incentive to innovate 
provided by patents in technologies in which 
U.S. industry has historically led the world, and 
potentially places the U.S. in a less advantageous 
position on patent protection than our leading 
competitor nations.54

Similarly, the IPO has concluded that “[a]n overly broad 
view of the exceptions to patent eligible subject matter 
undermines incentives to invest in or develop new drugs 
and treatment methods.”55

These concerns not only apply to existing patents 
challenged in court, but also to applications filed with 
the United States Patent Office for patent approval. The 
Patent Office has followed the recent trends in the law 
and has adjusted its patent examination guidelines based 
on them.56 As a consequence, the uncertainty created by 
courts has resulted in more patent applications being 
rejected by the Patent Office for claiming unpatentable 
subject matter. The AIPLA has raised concerns with the 
Patent Office, stating that its “examination decisions on 
patent eligibility have been inconsistent and confusing.”57 
When the PTO rejects an application based on ineligible 
subject matter, it becomes an “an insurmountable bar-
rier”58 to obtaining patent protection. Thus, the ability to 
protect future inventions is at risk.
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A LEgISLAtIvE SOLutION

Several organizations have expressed concern that the 
current state of the law cannot be fixed by the courts, 
and that a legislative solution is required. The ABA has 
argued that “further judicial interpretation is unlikely, 
in the foreseeable future, to rectify the ambiguities and 
uncertainties created by that jurisprudence.”59 Instead, 
the ABA recommends “legislation clarifying the dis-
tinct role for section 101 in limiting patent eligibility 
to practical uses of processes, machines, manufactures, 
and compositions of matter.”60 Likewise, the AIPLA has 
argued that “a legislative solution is needed that will help 
increase certainty and efficiencies in our patent system 
and promote innovation in the United States.”61

Most of the legislative solutions that have been rec-
ommended focus on overruling the current Mayo test 
for patent eligibility. In its place would be an arguably 
simpler test that would allow more inventions to be con-
sidered patent eligible. For example, the IPO has recom-
mended that there be only two narrow exceptions to 
patent eligibility:

A claimed invention is ineligible under subsection 
(a) if and only if the claimed invention as a whole, 
as understood by a person having ordinary skill in 
the art to which the claimed invention pertains, 
exists in nature independently of and prior to 
any human activity, or exists solely in the human 
mind.62

The first exception prohibits a patent on naturally occur-
ring phenomena that have existed prior to any human 
activity. The second exception applies to abstract ideas 
that exist solely in the human mind. Each of these excep-
tions can be interpreted narrowly to effectively overrule 
the Court’s recent decisions on unpatentable subject 
matter.

Other organizations have recommended different 
amendments to the Patent Act. The ABA has proposed 
a legislative change that would only preclude patent pro-
tection for inventions that “preempt the use by others of 
all practical applications of a law of nature, natural phe-
nomenon, or abstract idea.”63 In other words, inventions 
that preempt some, but not all, practical applications of a 
law of nature would be eligible for patent protection. The 
legislation clarified that “[p]atent eligibility under this 
section shall not be negated when a practical applica-
tion of a law of nature, natural phenomenon, or abstract 
idea is the subject matter of the claims.”64 Like the IPO 
proposal, the ABA’s proposed legislation would allow 
many more inventions to be considered eligible for pat-
ent protection.

No legislation is currently under consideration by 
Congress.

tRAdE SECREt PROtECtION

The current uncertainty in patent law has renewed dis-
cussions of using trade secret law, instead of patents, 
to protect the value of new discoveries and inventions. 
If companies are unable to obtain patent protection on 
their inventions, or are uncertain whether patents will 
survive a court challenge, they may consider using trade 
secret protections. A shift to trade secret protection 
would impact not only internal corporate policies, but 
may also have broader implications for the public dis-
semination of scientific discoveries and investment in 
research and development.

A trade secret can be any valuable information. In 
other words, a trade secret does not need to rise to the 
level of a novel or patentable invention. Although “[a]n 
exact definition of a trade secret is not possible,”65 trade 
secrets are defined broadly to include information that 
derives economic value from being generally unknown 
and is subject to reasonable efforts to keep them secret. 
The Uniform Trade Secrets Act defines a trade secret as:

information, including a formula, pattern, compilation, 
program, device, method, technique, or process, that:

1. derives independent economic value, actual 
or potential, from not being generally known 
to, and not being readily ascertainable by 
proper means by, other persons who can obtain 
economic value from its disclosure or use, and

2. is the subject of efforts that are reasonable under 
the circumstances to maintain its secrecy.66

Companies that rely on trade secret protection must be 
vigilant in their efforts to identify economically valu-
able secrets and institute procedures to maintain their 
secrecy.

There are several tradeoffs to consider when deter-
mining whether to rely on trade secret protection. Unlike 
patent protection, which requires the public disclosure of 
the invention, trade secret protection relies on secrecy. 
Patent protection represents a deal made with the gov-
ernment: in exchange for publicly disclosing a discov-
ery, the inventor is entitled to a limited monopoly on 
the invention. The monopoly allows the patent holder 
to exclude others from using the invention during the 
term of the patent. In contrast, a trade secret is valu-
able because others do not know it and therefore can-
not use it. A trade secret can last forever, provided that 
it is kept secret. In other words, trade secrets are fragile; 
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they must be protected. Disclosure of the trade secret can 
destroy the secret. For example, if companies need to dis-
close certain trade secrets in order to obtain regulatory 
approval from the government, then the secret may be 
lost, along with its economic value.

Biotechnology companies have expressed concern 
that trade secret protection is an inadequate substitute 
for patent protection. PhRMA has indicated that trade 
secret protection “is an unrealistic option for the bio-
pharmaceutical sector.”67 For inventions that can be 
reverse engineered or must be disclosed to regulatory 
agencies, trade secret protection is not an option. These 
types of inventions require patent protection to justify 
the significant investment in research and development.

[Pharmaceutical companies] rely on patents 
to protect their inventions and provide an 
opportunity to recover their R&D costs and 
fund new research. Patents are critical for 
biopharmaceutical innovation given the research-
intensive nature of this sector and the substantial 
upfront investment needed to discover and develop 
products that meet FDA approval requirements.68

A shift to trade secret protection could result in “less 
disclosure of technologies and less of an incentive for 
innovation of important biopharmaceutical technologies 
for patents.”69 If patent protection becomes a less viable 
means of protecting inventions, then companies may 
choose to keep inventions secret. “Patent laws provide an 
incentive to disclose inventive technology that is benefi-
cial to the public, whereas trade secret protection relies 
on maintaining the secrecy of the technology.”70

Without patent protection, some companies may 
face more challenges in securing necessary investments 
for research and development. The ABA has raised con-
cerns regarding the loss of investments in the absence of 
patent protection: “without patents, emerging businesses 
and universities would be at risk with respect to their 
ability to attract needed investment.”71

CONCLuSION

In the past five years, the biotechnology industry has 
faced a seismic shift in the state of patent law, calling into 
question what inventions are eligible for patent protec-
tion. Patents relating to diagnostic and screening meth-
ods have been invalidated and patent protection has 
become more unpredictable. These developments in pat-
ent law have forced biotechnology companies to reevalu-
ate patent protection and consider whether trade secret 
protection provides an adequate remedy. Without pat-
ent protection, however, companies may be less willing 

to invest in certain research and development, and less 
likely to publicly disclose their discoveries. Both results 
would potentially limit innovation.
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