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Introduction

Colorectal cancer (CRC) is the third most commonly 
diagnosed cancer and the second most common cause 
of cancer death worldwide (Ferlay et al., 2020). The 
Asia-Pacific region has the highest number of cases of 
CRC and CRC mortality in the world (Rebeneck et al., 
2020), especially in Japan, where colorectal cancer is the 
most commonly diagnosed cancer and the second most 
common cause of cancer death (Cancer Information 
Service NCC, Japan, 2018). Approximately 70% of CRC 
cases are attributed to environmental factors, which are 
modifiable risk factors such as lifestyle (e.g., diet, physical 
activity, alcohol consumption, and smoking) (Wong et 
al., 2019; Cho and Shin, 2021). Other CRC cases may be 
caused by non-modifiable risk factors such as sex, age, 
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race, family history, and genetic predisposition (Jasperson, 
et al., 2010; Rosa et al., 2015). To prevent CRC, we need 
to deal with both modifiable and non-modifiable risk 
factors by investigating the role of non-modifiable factors 
concerning modifiable factors such as changing lifestyle 
(Boffetta et al., 2012; Rawla et al., 2019; Yang et al., 2019).

Biomarkers play an essential role in the clinical 
outcomes of CRC. Identifying the existence of biomarkers 
aids early detection or good vs. poor CRC prognosis. In 
addition, measuring increases or decreases in biomarkers 
aids assessment of the effectiveness of adjuvant 
chemotherapy (Huang et al., 2010; Thirunavukarasu 
et al., 2011; Duffy et al., 2014). Thus, in clinical and 
epidemiological studies, examining the association 
between biomarkers and clinical outcomes can help 
prevent CRC, manage or treat patients, and predict 
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prognosis. To investigate the roles and influence 
of biomarkers in clinical outcomes, registry-based 
biospecimen studies that link biospecimen data and 
electronic databases have become more practicable, 
and biobanks have been created at medical and research 
institutions around the world (Sudlow et al., 2015; 
Nagai et al., 2017). A biobank is based on the systematic 
collection of biospecimens and also health information 
such as medical, treatment, and lifestyle data collected at 
the time of biospecimen collection and is further enhanced 
by the availability of clinical follow-up data to conduct 
outcome studies (Olson, et al., 2014). Cancer registries 
are considered influential among the existing electronic 
databases linked with biospecimen data (Edwards and 
Bell., 2000; MacCallum, et al., 2018; Tucker, et al., 
2019). Population-based cancer registries and hospital-
based cancer registries collect information on newly 
diagnosed cancer patients and followed-up patients, and 
the criteria for registration and classification of tumor type 
are internationally standardized. In addition, site-specific 
cancer registries, which focus on specific cancer and are 
operated mainly by academic cancer research associations, 
can collect more detailed clinical information about 
patients and treatment than that available in population-
based or hospital-based cancer registries. Record linkage 
between cancer registries and biospecimen data enables us 
to collect both accurate information on cancer diagnosis 
and prognosis and detailed gene-environment information 
about biospecimen providers, which can be used to 
construct valuable databases for molecular epidemiology 
containing longitudinal data from baseline to follow-up 
(Langseth, et al., 2010; Dillner, 2015).

In this systematic review, we aim to investigate the 
possibility of using cancer registry and biospecimen 
data in the clinical and molecular epidemiology of CRC 
by identifying and evaluating clinical and molecular 
epidemiological articles that used record linkage between 
cancer registries and biospecimen data.

Materials and Methods

Search strategy
Studies were obtained by searching the following two 

electronic databases: PubMed and Google scholar. We 
performed the final search in January 2022 and included 
studies published up to December 2021. The search terms 
used to identify cancer registries and biospecimen of 
interest are shown in Table 1.

Selection strategy
We determined inclusion and exclusion criteria before 

undertaking the review. We included studies meeting the 
criteria: (1) focused on CRC, including Lynch syndrome 
(often called hereditary nonpolyposis colorectal cancer) 
and Familial adenomatous polyposis, (2) used both cancer 
registries and biospecimen data, (3) covered clinical 
and molecular epidemiology, (4) were published in 
peer-reviewed journals, and (5) were written in English or 
Japanese. Studies were excluded if they met the following 
criteria: (1) focused on other cancer types, (2) did not 
use cancer registries and biospecimen data, (3) did not 

clearly describe the process of obtaining information about 
participants and biospecimen data, (4) did not clearly 
describe the details of the type of biospecimen, (5) did not 
cover clinical and molecular epidemiology, (6) have not 
been peer-reviewed or were not original articles.

Data extraction
Data extraction was performed by two independent 

researchers (AK and MO), and differences in judgment 
between the two researchers were discussed until they 
reached a consensus. The extracted data included the 
following information: title, journal name, article type, 
publication year, country of a survey, type of cancer 
registry, purpose, study design, acquisition of informed 
consent (IC), number of participants, research period, 
exposure or intervention factors, outcome indices, use of 
cancer registries, use of biospecimen data, and statistical 
methods. 

We classified study design into “cohort study,” 
“case-control study,” “cross-sectional study,” and 
“intervention study or randomized control trials” and 
classified type of cancer registry into “hospital-based 
cancer registries (HBCRs),” “population-based cancer 
registries (PBCRs),” “national cancer registries (NCRs),” 
“site-specific cancer registries (SSCRs), ” and “multiple 
cancer registries (Multiple CRs)” that use more than two 
cancer registries. Then, we organized the findings of the 
articles into the following categories according to the 
classified cancer registries for each study design: use 
of cancer registries, use of biospecimen data, exposure 
or intervention factors, outcome indices, acquisition of 
informed consent, and number of participants (number 
of cases for case-control studies). Results were reported 
following the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines 
(Moher, et al., 2009). The review protocol was not 
registered.

Results

Search and selection 
A flow diagram of the identification, screening, 

eligibility, and inclusion of studies is shown in Figure 1. 
A total of 2,793 articles were identified through electronic 
database searching; 1,713 from PubMed and 1,080 
from Google scholar. After removing duplicate reports, 
2,788 articles remained. We conducted title and abstract 
screening for these articles, and 95 papers were assessed 
for eligibility. After reading the complete text, 81 articles 
were considered to meet the inclusion criteria and included 
in this review.

Study characteristics
The detailed characteristics of the included articles 

are described in Table S1. The types of cancer registry by 
study designs are shown in Table 2. The highest use of a 
cancer registry was 44.2% (23/52) for SSCRs in cohort 
studies, 31.8% (7/22) for Multiple CRs in case-control 
studies, and 42.9% (3/7) for PBCRs in cross-sectional 
studies. Countries, where the studies were conducted 
by type of cancer registry are shown in Table S2. NCRs 
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Figure 1. Flow Chart Diagram of the Search Strategy and the Inclusion of Articles along Various Steps 

Concept Keywords MeSH terms
Cancer registry """cancer registr*“ OR ""tumor registr*"" OR 

""hospital cancer registr*"" OR ""hospital tumor 
registr*"" OR ""hospital based cancer registr*"" 
OR ""hospital based tumor registr*"""

Neoplasms, Registries, Records

Biospecimen urine OR blood OR “biological samples” OR 
specimen OR genome

"Urine Specimen Collection, Biological Specimen 
Banks, Blood Specimen Collection, Semen Analysis, 
Hemorheology, Genetic Techniques, Genome"

Table 1. Search Terms: Keywords and MeSH terms for systematic review

Figure 2. Studies that can be Conducted by Record Linkage between Cancer Registries and Biospecimen Data in 
Colorectal Cancer

were the most frequently used registries in Finland 
(3/11, 27.3%), PBCRs and HBCRs in the United States 
(PBCRs: 11/17, 64.7%, HBCRs: 9/13, 69.2%), and SSCRs 
and Multiple CRs were used in collaborations between 
several countries (SSCRs: 9/29, 31.0%, Multiple CRs: 
8/11, 72.7%).

In studies that conducted record linkage between 

cancer registries and biospecimen data, the main exposure 
was genome information (68/81,84.0%) and the main 
outcomes were cancer incidence (36/81, 44.4%) and 
prognosis (35/81, 43.2%) (Figure 2). Thus, record linkage 
between cacner registries and biospecimen data in CRC 
would enable researchers to mainly consider the impact 
of detailed genome information such as gene murations, 
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Cohort study Case-control study Cross sectional study Total
n % n % n % n %

NCR 6 11.5 5 22.7 0 0.0 11 13.6
PBCR 11 21.2 3 13.6 3 42.9 17 21.0
HBCR 9 17.3 3 13.6 1 14.3 13 16.0
SSCR 23 44.2 4 18.2 2 28.6 29 35.8
Multiple CRs 3 5.8 7 31.8 1 14.3 11 13.6
Total 52 100.0 22 100.0 7 100.0 81 100.0

NCR, National cancer registry; PBCR, Population based cancer registry; HBCR, Hospital based cancer registry; SSCR, Site specific cancer registry; 
Multiple CRs, Using more than two types of cancer registry

Table 2. Type of Cancer Registry by Study Design

expression, deletions or phenotype on the incidence or 
prognosis of CRC.

Cohort studies
The results of the cohort studies are summarized in 

Table S3. The highest use of cancer registry data was 
“Patients selection” in SSCRs (23/23, 100%), HBCRs 
(6/9, 66.7%), Multiple CRs (2/3, 66.7%), and PBCRs 
(4/11, 36.4%), and the highest use of biospecimen 
data was for “Prognostic factors” in all types of cancer 
registry: HBCRs (9/9, 100%), Multiple CRs (3/3, 100%), 
PBCRs (8/11, 72.7%), NCRs (4/6, 66.7%),, and SSCRs 
(9/23, 39.1%). Some studies using SSCRs data also used 
biospecimen data as “Surrogate endpoint” to investigate 
genetic mutation, expression, or deficiency (8/23, 34.8%). 
Most studies using HBCRs, Multiple CRs, and SSCRs 
data did not describe the acquisition of IC: HBCRs (9/9, 
100%), Multiple CRs (2/3, 66.7%), and SSCRs (14/23, 
60.9%); however, most studies using NCRs and PBCRs 
data obtained IC: NCRs (5/6, 83.3%) and PBCRs (6/11, 
54.5%). The number of participants was: under 99 people 
and 100-499 people in HBCRs (under 99 people: 3/9, 
30.0%, 100-499 people: 6/9, 66.7%), 500-999 people in 
PBCRs (7/11, 63.6%), and over 1000 people in NCRs 
(2/3, 66.7%).

Case-control studies
Results for case-control studies are summarized in 

Table S4. The highest use of cancer registry data was 
for “Case selection” in all cancer registries; PBCRs 
(3/3, 100%), HBCRs (3/3, 100.0%), Multiple CRs (6/7, 
85.7%), NCR (4/5, 80.0%),, and SSCRs (2/4, 50.0%),. 
The highest use of biospecimen data was for “Risk 
factors” in PBCRs (3/3, 100%), Multiple CRs (7/7, 
100%), NCRs (4/5, 80.1%), and SSCRs (2/4, 50.0%). 
In studies using SSCRs data, biospecimen data was also 
used as “Surrogate endpoint” (2/4, 50.0%). Most studies 
in PBCRs, SSCRs, Multiple CRs, and NCRs obtained 
IC: PBCRs (3/3, 100%), SSCRs (3/4, 75.0%), Multiple 
CRs (5/7, 71.4%), and NCRs (3/5, 60%). The number of 
participants was under 99 people in HBCRs (2/3, 66.7%), 
100-499 people in NCRs (2/5, 40.0%), 500-999 people in 
PBCRs (2/3, 66.7%), and over 1000 people in Multiple 
CRs (5/7, 71.4%).

Cross-sectional studies

Results for cross-sectional studies are shown in Table 
S5. Use of cancer registry data was for “Comparison with 
clinicopathological characteristics” in HBCRs (100%, 
1/1), “Patient identification” in Multiple CRs (100%, 1/1), 
and “Patient selection” in PBCRs (100%, 3/3) and SSCRs 
(100%, 2/2). Use of biospecimen data was for “Factors 
affecting clinicopathological characteristics” in HBCR 
(100%, 1/1) and SSCR studies (100%, 1/1), “Risk factors” 
in Multiple CRs (100%, 1/1), and “Surrogate endpoint” 
in PBCRs (66.7%, 2/3) and SSCRs (50.0%., 1/2). The 
acquisition of IC was 100% (1/1) in HBCR, Multiple 
CRs, and SSCR studies and 66.7% (2/3) in PBCR studies. 
The number of participants was under 99 in SSCR studies 
(50.0%, 1/2), 100-499 in Multiple CRs (100%, 1/1), PBCR 
(66.7%, 2/3), and SSCR studies (50.0%, 1/2), and over 
1000 in HBCR studies (100%, 1/1).

Discussion

This is the first systematic review to investigate 
clinical and molecular epidemiological studies focused 
on CRC and use record linkage between cancer registries 
and biospecimen data. The present study showed that the 
primary use of cancer registry and biospecimen data in 
cohort studies was for “Patient selection” and “Prognostic 
factors,” and in case-control studies was “Case selection” 
and “Risk factors.” In addition, epidemiological studies 
investigating genome polymorphism, mutation, or 
deficiency have been conducted using SSCR data, 
especially in familial cancer registries.

The results identifying the primary use of cancer 
registries and biospecimen data in cohort studies and 
case-control studies were consistent regardless of the type 
of cancer registry. Study designs were selected based on 
the outcomes of interest for our investigation (Langseth, 
et al., 2010). Cohort studies will be chosen when we 
investigate the risk factors for prognosis or clinical 
outcomes, and case-control studies will be selected to 
analyze risk for cancer incidence (Langseth, et al., 2010; 
Olson, et al., 2014; Dillner., 2015). It will be possible 
to conduct clinical and epidemiological studies based 
on specific research questions or study designs because 
record linkage between cancer registries and biospecimen 
data can capture details of risk factors including genome 
mutation, polymorphisms, deficiency, tumor markers, 
serum, or heredity, and accurate health outcomes such as 
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the effect of the unknown genome on clinical outcomes. 
In addition, CRC caused by both environmental factors 
such as lifestyle and genetic predisposition, and genetic-
environmental factors can be thoroughly investigated by 
linking cancer registries with biospecimen data, which 
may help to elucidate the pathology of CRC. 

However, record linkage of cancer registries with 
biospecimen data would not be easy, especially for 
NCRs and PBCRs, due to the need for standardized data 
collection between regions and the amount of labor, time, 
and financial input required for the creation of a record 
linkage system. In addition, there may be differences 
between Japan and other countries regarding the use 
of biobanks or record linkages. In countries that have 
pioneered record linkage and secondary use of data such as 
Finland or other Scandinavian countries, comprehensive 
consent for research using biospecimen data, including the 
provision of biospecimen and personal information, and 
record linkage with various registries, has been adopted 
in accordance with the Biobank Act 2013 (Ministry of 
Social Affairs and Health, Finland., 2012). This allows 
the linkage of biospecimen data with medical, social, and 
economic databases maintained by various hospitals and 
governments with only an opt-out setting. The United 
Kingdom has successfully established the UK Biobank, 
one of the largest biobanks in the world, without a law 
such as Finland’s Biobank Act. The UK Biobank recruited 
ordinary people registered with a National Health Service 
(NHS) general practitioner and obtained IC not only to 
provide biospecimen data but also to record linkage with 
several health-related databases. The success of this can 
be attributed to a healthcare system like the UK NHS 
that facilitated record linkage and public awareness that 
participation in this research would benefit many people 
in the future. 

In contrast, the obstacles to record linkage for 
biospecimen data with databases maintained in other 
hospitals or governments are very challenging in Japan 
without a law like the Biobank Act (Kimura, et al., 2020). 
This is because consent must be obtained separately 
from participants when providing data to an outside 
organization for record linkage (Ministry of Health, 
Labour and Welfare., 2022). In particular, genomic data 
with information that could lead to personal identification 
is considered highly sensitive, and therefore, the opt-out 
only setting would not be permitted in principle (Personal 
Information Protection Commission., 2022). Such strict 
regulation would make using data through record linkage 
between databases across hospitals or governments 
difficult. In addition, while the success of biobanks 
in Finland or the UK has, in part, been due to public 
understanding of the research and trust in the reliability 
of governments or scientific communities (Soini., 2016), 
in Japan, knowledge of the use of banked biospecimens 
and databases for research is probably lower than other 
countries. Therefore, it will be necessary for the future to 
inform the public more widely about the value of using 
biobanks or record linkages with databases not only from 
hospitals or universities but also from national or local 
governments for research purposes.
Limitation

diagnosis and prognosis.
Different results for the primary use of biospecimen 

data were observed in SSCRs based studies, and the 
biospecimen data were used to investigate genome 
polymorphism, mutation, or deficiency. This result may 
be associated with the different characteristics of SSCRs 
from those of PBCRs or HBCRs. PBCRs and HBCRs 
collect information on cancer incidence, management, 
treatment, and outcomes in specific areas or hospitals 
with uniform data standards and definitions (Edwards 
and Bell.,2000; Tucker, et al., 2019). In this study, clinical 
colorectal cancer registries (CCCRs) and familial cancer 
registries focused on CRC (CFCRs) were regarded as 
SSCRs. CCCRs contain more detailed clinical information 
and epidemiological data than PBCRs and HBCRs. 
Previous studies using CCCRs data investigated surgical 
and oncological outcomes or prognosis as the primary 
outcome and proved the association of the care or 
treatment for the patient with prognosis (Andersson, et al., 
2010; MacCallum, et al., 2018). CFCRs were developed 
to identify high-risk families with CRC, collect detailed 
personal and family histories, including epidemiological 
risk factors and biospecimen data, and conduct follow-up 
of the participants for CRC and other outcomes throughout 
their lifetime (Newcomb, et al., 2007; Vasen, et al., 2016). 
Linking these registries with biospecimen data would 
make it possible to identify the mutation or deficiency as 
the risk factors for the incidence and mortality of CRC 
and the risk for CRC in mutation carriers. 

We observed a difference in the number of participants 
according to the type of cancer registry. Registry size 
varied considerably according to the extent of the 
defined patient pool and time the registry had been 
operational (MacCallum, et al., 2018). Studies based 
on NCR, PBCR, and HBCR data collected information 
on all newly-diagnosed cancer patients in specific areas 
or hospitals. Studies that used SSCR data had clearly 
defined selection criteria to obtain a sufficient sample size 
and collected more detailed clinical information on the 
patients and families selected based on the requirements. 
In the future, we may be able to use the data of a larger 
sample to investigate rare genome or cancer cases and to 
conduct sub-group analysis by using NCRs, PBCRs, and 
HBCRs or SSCRs in multi-center collaborations.

In cohort studies, 56.9% of the studies did not 
describe the acquisition of IC. This may be because they 
were retrospective cohort studies using data gathered 
before the IC rules were introduced. In addition, it 
would be impossible to obtain retrospective consent 
from all participants if the studies had a large number of 
participants or if many of the participants were likely to 
have died.

Strengths and limitations of record linkage for cancer 
registries and biospecimen data in CRC

The incidence and mortality of CRC are high 
worldwide, and many CRC patients are registered in 
cancer registries. If we linked biospecimen data with 
these cancer registries, we would be able to investigate 
the association of already-known gene polymorphisms, 
mutations, and deficiencies with clinical outcomes and 
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In this study, search limitation should be considered 
when interpreting our present findings. This study focused 
on the use of cancer registries and conducted an extensive 
literature search using several similar concepts of “cancer” 
and “registries” as keywords and Mesh Terms, but several 
articles were not extracted. Although these articles used 
cancer registries as their research methodology, they may 
not have been caught by this search strategy because they 
did not specifically focus on the use of cancer registries 
or did not mention the use of cancer registries in their 
manuscripts. To authors’ knowledge, the famous cohort 
studies or hospital-based epidemiologic research in 
Japan, such as those examining the association between 
colorectal cancer risk and leptin, colorectal cancer 
incidence and inflammation markers, or the association 
between the risk of colorectal cancer and polymorphism 
(Tamakoshi et al., 2005; Matsuo et al., 2009; Song et al., 
2019) were not extracted in this present study.

In conclusion, this review highlighted previous 
studies that used record linkage between cancer registries 
and biospecimen data relating to CRC and investigated 
the possibility of using this linkage in clinical and 
molecular epidemiological studies of CRC. We found 
that the primary use of cancer registry and biospecimen 
data is “Patient selection” and “Prognostic factors” in 
cohort studies and “Case selection” and “Risk factors” 
in case-control studies. In addition, we were particularly 
interested in the genetic predisposition of CRC and found 
previous studies had focused on genome polymorphism, 
mutation, and deficiency using Familial cancer registries. 
Using record linkage between cancer registries and 
biospecimen data in CRC makes it possible to accurately 
capture health outcomes and detailed gene-environmental 
factors and conduct future clinical and epidemiological 
studies based on specific research questions and tailored 
study design.
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