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Background: Multicenter clinical research faces many challenges, including how to quantitatively evaluate 
the data contribution of each research center. However, few data pricing model meets the requirements to 
the scenario. Thus, a suitable mechanism to measure the data value for clinical research is required.
Methods: Extensive documents were acquired and analyzed, including a rare disease list from the National 
Health Commission, data structures of the electronic medical records (EMR) system, diagnosis-related groups 
(DRGs) regulations from the Health Commission of Zhejiang Province, and the Clinical Service Price List 
of Zhejiang Province. Nine senior experts were invited as consultants from hospital and enterprises with 
professional field of clinical research, data governance, and health economics. After brainstorming and expert 
evaluation, seven data attributes were identified as the main factors affecting the value of medical data. Different 
weights were assigned for each attribute based on its influence on data value. Each attribute was quantized to 
an index based on proposed algorithms. The data value models for chronic diseases and other diseases were 
distinguished given the different sensitivity of data timeliness. A simulation system using blockchain and 
federated learning techniques was constructed to verify the data pricing model in the scenario of clinical research.
Results: A comprehensive clinical data pricing model is proposed and the simulation of three research 
centers with 50 million real clinical data entries was conducted to verify its effectiveness. It demonstrates that 
the proposed model can compute medical data value quantitatively.
Conclusions: Quantitative evaluation of the value of medical data for multicenter clinical research based 
on the proposed data pricing model works well in simulation. This model will be improved by real-world 
applications in the near future.
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Introduction

With the emergence of the big data industry, an increasing 
number of people have realized that data are valuable 
resources (1). There are more than 10 national data 
trading centers that are currently operating in China (2). 
Clinical data are precious resources (3) for multicenter 
research and medical organizations have developed various 
medical data platforms (4). However, distinguishing data 
contributions from different research centers is one of the 
biggest challenges facing the principal investigator (PI) 
in clinical research projects (5). Few researches focus on 
medical data pricing and current model can hardly meets 
the requirements of clinical researches. Therefore, an 
appropriate data pricing model is required to systematically 
estimate the value of clinical data (6).

Three typical pricing models are currently used, 
including the protocol pricing model based on game 
theory (7), the third-party pricing model based on data 
characteristics (8), and the tuple-based pricing model (9). 
As the most commonly used data pricing mechanism, the 
protocol pricing model based on game theory agrees on 
the data price by negotiating between data suppliers and 
users. Although it is simple to apply, it rarely evaluates the 
data value precisely due to the different understandings of 
the data between suppliers and users. For big data trading 
platforms, such as the Shanghai Data Exchange (10), the 
Guiyang Big Data Exchange (GBDEx) (11), Azure (12,13), 
and Datamarket, the third-party pricing model based on 
data characteristics is the most widely used mechanism. As 
the third party, data trading platforms calculate the data 
price according to their data quality evaluation indexes, 
including quantity, completeness, scarcity, and time span. 
However, the background of the data exchanges is usually 
too complex to guarantee their reliability. Furthermore, 
the prices are often set for datasets rather than tuples, 
which likely results in waste if the user only requires some 
tuples of data instead of a whole dataset. The tuple-based 
pricing model calculates the price for each tuple, given 
the information entropy, weights, cite index, and expense. 
However, in complex scenarios, pricing formulas with 
simple parameters seldom demonstrate the true data value. 

Due to the complexity of medical service (14-16), 
building a related clinical data pricing model that is suitable 
for most medical organizations is challenging. Experts 
were invited for the consultation from the fields of clinical 
research, data governance, and health economics. After 
several rounds of discussion, the most important medical 

data attributes were selected by experts. With the selected 
data attributes, a prototype of a clinical research data pricing 
model is proposed. The simulation system was developed 
and the pricing model is simulated with real data.

Methods

Modeling

Extensive documents were acquired and researched, e.g., 
the electronic medical records (EMR) structure (17), the 
International Classification of Diseases (ICD) (18), a rare 
diseases list (19), a chronic disease list, the diagnosis-
related groups (DRGs) regulations (20) from the Health 
Commission of Zhejiang Province, and the Clinical Service 
Price List of Zhejiang Province. The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013).

As consultants,  nine senior experts in different 
professional fields were invited from hospitals and 
enterprices, including clinical researchers, data experts, and 
health economists. All of them are familiar with medical 
industry and interested in the research area of medical 
data. Among the various factors in reflexing research 
value, seven attributes of medical data were selected and 
agreed on as the most important by senior experts from 
different professional fields, including clinical researchers, 
data experts, and financial experts. These attributes are as 
follows:
 Expense: fees charged for the medical services, drugs, 

or medical consumables in hospitals, which can be 
obtained from the EMR homepage. This is generally 
positively correlated to the value of medical service 
and related data.

 Scarcity: the rarer clinical case, the more value it 
likely has. This depends on the diagnosis acquired 
from the EMR and is negatively correlated to the 
morbidity of rare diseases and related data.

 Completeness: data quality is one of the most critical 
factors affecting research results. Data entry without 
critical information can rarely be used in clinical 
research. Therefore, the completeness of medical 
data is positively correlated to its value.

 Timeliness: for clinical research, data timeliness is 
insensitive to chronic diseases while being sensitive 
to others. Whether timeliness should be taken into 
account is dependent on the disease type.

 Hospital level: in general, higher-level hospitals can 
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provide better medical service and higher quality 
medical data, both of which are positively correlated 
to the value of clinical research.

 Surgery grade: surgery is one of the most important 
medical services in the hospital. A medical case with 
high-grade surgery is likely more valuable than those 
with low grades in clinical research.

 Doctor post: doctors with a high post can provide 
high-level medical service and data recorded by them 
is generally of high quality. The higher the doctor 
post it has, the more research value it likely has.

The weights of these seven attributes are discussed and 
assigned in Table 1.

The normalized indexes were settled for each attribute 
as shown in Tables 2-8. Five index numbers were assigned 
for the attributes of expense, scarcity, hospital level, and 
surgery grade; 12 index numbers for completeness; six index 
numbers for timeliness; and four index numbers for doctor 
post.

Finally, data value for the ith clinical research data entry 
was calculated as follows:

30% 21%
12% 11%
10% 9%

7%

= × + ×

+ × + ×

+ × + ×

+ ×

i expense scarcity

completeness timeliness

hospital level surgery grade

doctor post

Value Index Index
Index Index
Index Index

Index

 [1]

For chronic disease, set Indextimeliness as 1.
The total value of n data entries is calculated by the 

summation of each data entry.

1

n

total i
i

Value Value
=

=∑  [2]

Simulation

A clinical research alliance with three hospitals was 
simulated, each of which has different medical datasets. 
Hospitals can share their data to earn “points” based on the 
data value model proposed above and need to pay “points” 
when they use the data of other hospitals.

Our application system is built on Arya privacy 
computing platform, which integrates with the most 
advanced technology, i.e., federated learning, multi-party 
computation, and blockchain, aiming to achieve data 
interconnection and collaborative computing in a secure 

Table 1 Attributes and weights

Attributes Weights (%)

Expense 30

Scarcity 21

Completeness 12

Timeliness 11

Hospital level 10

Surgery grade 9

Doctor post 7

Total 100

Table 2 Index of expense

Expense (RMB) Index

>100,000 1

50,000–100,000 0.8

10,000–50,000 0.6

1,000–10,000 0.4

<1,000 0.2

Table 3 Index of scarcity

Morbidity of adults’ rare diseases Morbidity of children’s rare diseases Index

Top 10 rare and strange diseases in the world Top 10 rare and strange diseases in the world 1.7

<1/1,000,000 <1/500,000 1.6

1/1,000,000 1/500,000 1.5

<1/900,000 <1/400,000 1.4

<1/500,000 <1/10,000 1.0
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way. All data pricing functions and modules can be quickly 
created with custom configuration (21). First, each hospital 
decides which data can be shared and uploads the hash 
number, rather than the medical data, onto the chain. Next, 
the hospital can check its points and data resource directory 
in the system. When researchers discover data of interest 

from other hospitals, they have to pay a certain amount of 
“points” before using them in clinical research.

Three layers were designed for the simulation system. 
On the Infrastructure As A Service (IAAS) layer, computing 
resources such as networking, storage, servers, data security, 
load balancing, and container were deployed. On the 
Platform As A Service (PAAS) layer, two function modules 
were developed: data pricing and alliance chain. In the 
data pricing module, seven data attributes were considered 
and their weights were designed to be configurable. In the 
alliance chain module, numerous functions were designed 
and developed. The smart contract function facilitates 
trustable agreements between peers on the chain without 
a third party, including smart contract uploading, smart 
contract maintenance, and smart contract details filling. The 
interface management function takes charge of interactions 
with other systems. The account book management 
function guarantees the accuracy of each peer’s account 
book and updates the distributed account book system. 
The node management function monitors and controls 
the computing resource consumption of every peer on the 
chain, such as central processing unit (CPU), random access 
memory (RAM), storage, etc. On the Software As A Service 
(SAAS) layer, function modules for multicenter research 
were established. With the project management function, 
researchers can initiate research projects, fill out project 
information, terminate projects, and search for interesting 
projects. With the data dictionary function, system 

Table 4 Index of completeness

Completeness Index

100% 1.0

90–99% 0.9

80–89% 0.8

70–79% 0.7

60–69% 0.6

50–59% 0.5

40–49% 0.4

30–39% 0.3

20–29% 0.2

10–19% 0.1

1–10% 0.05

<1% 0

Table 5 Index of timeliness

Timeliness Index

<1 year 1

2–4 years 0.8

5–7 years 0.6

7–9 years 0.4

9–11 years 0.2

11–13 years 0.1

Table 6 Index of hospital level

Hospital level Index

Level 3 grade A 1.0

Level 3 grade B 0.8

Level 2 grade A 0.6

Level 2 grade B 0.4

Level 1 0.2

Table 7 Index of surgery grade

Surgery grade Index

4 1.0

3 0.8

2 0.6

1 0.4

None 0.2

Table 8 Index of doctor post

Doctor post Index

Attending 1

Associate attending 0.8

Fellow 0.6

Resident 0.4
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administrators can import data dictionary trees, and display, 
search and edit dictionary elements. Researchers can create 
case report forms (CRFs) from scratch or use templates with 
the CRF management function. Using the data analysis 
function, researchers can perform classical statistics or build 
artificial intelligence (AI) models. The architecture of the 
data pricing simulation system is shown in Figure 1.

Instead of medical data, Hash numbers from each 
hospital are uploaded to the alliance chain to protect data 
security. The pricing model is then uploaded onto the 
chain. Points for medical data are computed based on the 
pricing model and the Hash numbers. After verification, the 
account book of each hospital is updated and distributed 
through the alliance chain. Finally, relative information is 
searchable on the chain, which includes the data directory 
of all alliance members, the pricing model configuration, 
the points on its account book, etc. The data process steps 
of the simulation system are shown in Figure 2.

Take one data entry of an inpatient’s inspection as an 
example. The hospital level “Level 3 Grade A” is acquired 
from the hospital level data sheet, which refers to the index 
of the hospital level as “1.0”. Based on the inspection data 
sheet, data completeness was computed to be 58% (42% 
of the data entry was blank), which refers to the index of 
completeness as “0.5”. The time of this inspection “2018” 
(4 years from now) can also be acquired from the inspection 
data sheet, which refers to the index of timeliness as 

“0.8”. The doctor’s name can be obtained from the EMR 
homepage data sheet, through which the doctor post 
“fellow” is acquired from the staff data sheet. Surgery grade, 
disease diagnosis, and inspection expense are acquired 
from the EMR homepage data sheet, which refers to the 
related indexes as “0.4”, “1.0”, and “0.4”, respectively. After 
entering the numbers of these seven indexes into the data 
pricing model “ESCTHSD”, the points for this data entry 
can be computed. The computation process is shown in 
Figure 3. 

Results

Following a 6-month discussion and improvement period, 
we propose the clinical research data pricing model 
“ESCTHSD”, and its simulation system (based on alliance 
chain technique) has been developed. The screenshots of 
the simulation system are shown in Figure S1.

More than 50 million real-world medical data entries 
were desensitized and divided into three parts to simulate 
the datasets of the three hospitals. The number of data 
entries and points computed are listed in Table 9.

The  s imula t ion  re su l t s  demons t ra te  tha t  the 
“ESCTHSD” data pricing model can properly evaluate the 
data value from simulated medical research centers. The 
seven attributes (expense, scarcity, completeness, timeliness, 
hospital level, surgery grade, and doctor post) of medical 

SAAS

PAAS

IAAS

Multicenter research

Project management Data dictionary Knowledge base 

CRF management Research follow-up Data analysis

Alliance chain Data pricing

Smart 
contract

Interface 
management

Chain code 
environment

Account book 
management

Node 
management Data index

Expense Scarcity Completeness

Timeliness Hospital 
level

Surgery 
grade

Doctor 
post

Network Storage Server Virtualization Security Load 
balancing Container

Figure 1 Architecture of the data pricing simulation system. SAAS, Software As A Service; PAAS, Platform As A Service; IAAS, 
Infrastructure As A Service; CRF, case report form.

https://cdn.amegroups.cn/static/public/ATM-22-3671-Supplementary.pdf
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data were well-considered and quantitatively computed. 
It is also clear that the alliance chain is a promising 

technique for clinical research, which are especially data-
driven. The simulation system effectively protects data 
privacy and performs robustly and smoothly with big data.

Discussion

This study proposes a new data pricing model to evaluate 

10%× index of 
hospital level

Data 
source

Data 
pricing

Pricing 
result

Data sheet of hospital level Data sheet of inspection Data sheet of EMR homepage Data sheet of staff

Hospital

Hospital name: 
varchar (255)
Level: varchar (20)
Address: varchar (255)
Hospital code:  
varchar (255)

Pt_General inspection report

YLJGDM: text
YQID: text
YQMC: text
KH: text
KLX: text
XM: text
NLS: int
NLY: int
NLR: int
42 more columns…

Ipt_Medical record page

YLJGDM: text
YQID: text
JGYQMC: text
KH: text
KLX: text
JZLSH: varchar(32)
JKKH: text
CISID: text
ZYCS: int
159 more columns…

STAFF_DICT
EMP_NO: varchar (255)
DEPT_CODE: varchar (255)
NAME: varchar (20)
INPUT_CODE: varchar (255)
JOB: varchar (8)
TITLE: varchar(26)
USER_NAME: varchar (255)
INPUT_CODE_WB: varchar (255)
IDs: varchar (5)
20 more columns…

12%× index of 
completeness

7%× index of 
doctor post

9%× Index of 
surgery grade

11%× index of 
timeliness

21%× index of 
scarcity

30%× index 
of expense

Hospital level ID Doctor post Surgery grade Time level Disease Fees

Level 3 grade A 1807219390 fellow 1 2018 O080.00, 237.00, N89.808, O68.100O72.100... 4,844

Point =10%×1.0+12%×0.5+7%×0.6+9%×0.4+11%×0.8+21%×1.0+30%×0.4=0.656

Figure 3 Value computation example of a single data entry. EMR, electronic medical records.

Table 9 Simulated data & points

Hospital Data entries Points

A 30,000,008 26,715,861.62

B 12,300,000 9,944,785.74

C 8,070,000 5,581,746.03 

Total 50,370,008 42,242,393.39

Hospital A

Hospital B Hospital C

Hash1.

Hash
1. Hash

1.

Medical 
data

Medical 
data

Medical 
data

Alliance chain

2. Pricing model upload
3. Points computing
4. Account book update
5. Searchable

Figure 2 Data process steps of the simulation system.
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the value of medical data for multicenter clinical research. 
The proposed model consists of seven data attributes, 
namely, expense, scarcity, completeness, timeliness, 
hospital level, surgery grade, and doctor post. Each of 
these attributes can be transformed into a numerical index 
according to a certain rule. The data value is computed 
for every data entry based on the weighted summation of 
the seven attributes. The simulation system, based on the 
alliance chain technique, was developed with the IAAS, 
PAAS, and SAAS layers. Over 50 million data entries were 
divided into three datasets to simulate clinical research in 
three hospitals. The data value of each data entry and the 
total value of each hospital were computed.

The “ESCTHSD” medical data pricing model and 
alliance chain-based simulation system work well in the 
lab environment for historical datasets. However, for real 
clinical research projects, the number of research centers 
and the volume of research data could be larger, and more 
complex cases may occur. The clinical data from different 
medical organizations in different regions will be simulated 
in the system to verify the robustness of the proposed 
“ESCTHSD” model.

In the future, the data pricing model will be assessed 
by the third party, tested in the real-world scenario of 
multicenter research and will be modified if necessary. More 
attributes of medical data can be considered besides the 
seven included in the “ESCTHSD” model. Instead of fixed 
numbers, dynamic weights of data attributes will be assigned 
for different attributes to increase the generalizability of 
the pricing model. Also, more complicated models will 
be researched and compared rather than linear functions, 
including higher-order functions and machine learning 
models. However, managing incomplete data presents 
another challenge. Natural language processing (NLP) and 
machine learning techniques will be adapted to increase the 
quality of clinical research data.

Moreover, the technical structure of the system will 
be optimized to increase system efficiency and decrease 
computing resource consumption. More functions for 
clinical research will also be developed in the system. 
Furthermore, the federated learning module will be 
developed to increase the data security level, which 
contains the functions of distributed computing engine, 
distributed storage engine, federated modeling process, 
visualized modeling, networking proxy, service proxy, 
service cooperation, trusted computing, task dashboard, and 
operation monitoring. Different research centers are able 
to share information and build data models without actually 

exchanging their local data. An AI and statistics modeling 
toolbox will be developed as well. Various AI and statistic 
algorithms will be embedded, e.g., isomorphic Poisson 
regression, isomorphic multilayer perceptron, isomorphic 
logistic regression, heterogeneous logistic regression, 
isomorphic multiple linear regression, mean value, variance, 
and standard deviation. The alliance chain module will be 
enhanced to orient real cases of data-driven research among 
clinical research centers. The Certificate Authority (CA) 
system will also be added to manage the authority of every 
node on the alliance chain.

Based on the system architecture, more application 
scenarios can be integrated in the future, such as clinical 
quality management (CQM), clinical decision support 
system (CDSS), multi-disciplinary treatment (MDT), 
special disease reporting, and pharmaceutical development.

Conclusions

In this study, a new data pricing model “ESCTHSD” is 
proposed for multicenter research. The simulation system 
of three virtual hospitals with 50 million data entries was 
designed and developed, which proved the feasibility of the 
quantitative evaluation of medical data value for multicenter 
clinical research. This provides a solid foundation for real-
world applications in the near future.
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Supplementary

Figure S1 Simulation system screenshots. The GUI is designed in Chinese. GUI, graphical user interface. 
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