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Abstract 
Background: Bibliometric analysis often overlooks study-based components such as study aims, design, and statistical methods. 
In this study, we propose a conceptual framework incorporating these study-based components with disease-based components 
for the bibliometric analysis of cancer articles using real-world data. This framework is a significant step forward in cancer research. 
We then investigated the distribution and temporal trends of these components for cancer articles using the Taiwan National Health 
Insurance Research Database (NHIRD) published from 2006 to 2022.
Methods: Study- and disease-based components were extracted and cross-validated. The distribution and temporal trends of 
these components were then presented.
Results: We analyzed 1232 articles and found a noticeable increase in the annual publication count from 2011 onward. This 
upward trend signified the growing momentum in cancer research. Cancer risk factors were the most studied (52%), followed by 
cancer outcomes (36%) and incidence/prevalence (3%). Among the publications on risk factors and outcomes, most were cohort 
studies (85%), followed by case–control studies (10.7%). In both study designs, the use of the propensity score method increased 
steadily from 2.4% in 2011 to 40% in 2022. The most frequently studied cancer site was “all cancers or multiple cancers” (25.6%), 
followed by breast (9.6%), hepatobiliary (9.2%), and colorectal cancers (8.8%). Among the top 10 cited articles, the first and fourth 
focused on whether suppressing hepatitis B viral load with nucleoside analogs could reduce hepatocellular carcinoma recurrence 
and incidence in chronic hepatitis B patients. The remaining eight examined the association between medications and cancer risk.
Conclusion: Beyond citation metrics, our research underscores the importance of considering study-based and disease-based 
components in bibliometric analysis. These components form the foundation of the real-world data cancer research framework 
and have practical implications for diseases beyond cancers, providing a broader perspective for researchers and practitioners.

Keywords: Bibliometric analysis; Cancer; Interrupted time series; Taiwan National Health Insurance Research; Target trial emulation

1. INTRODUCTION

1.1. Importance of real-world data
Cancer is the second leading cause of death globally,1 and has 
remained the leading cause of death in Taiwan for the past 
four decades.2,3 Although randomized controlled trials (RCTs) 
are considered the gold standard for evaluating the efficacy of 
interventions under controlled conditions, the effectiveness of 

interventions can be influenced by various factors. In addition, 
due to strict eligibility criteria, participants in RCTs may not rep-
resent the broader patient population. To overcome these chal-
lenges, real-world data (RWD) can be used to investigate how 
interventions perform in real-world scenarios. RWD commonly 
refers to health data collected from real-world settings outside 
the context of RCTs.4 RWD includes administrative data, claims 
data, electronic health records, observational studies from pro-
spective data collection, or that derived from personal devices.5,6 
After analysis, the results can be used to evaluate the efficacy 
of clinical trials, conduct post-marketing safety surveillance for 
interventions, assess utilization in community practice, examine 
changes in treatment patterns, generate hypotheses, and develop 
innovative treatments.4–6

1.2. An example of RWD from Taiwan
An example of RWD extensively used for cancer clinical research 
is the Taiwan National Health Insurance Research Database 
(NHIRD). The National Health Insurance (NHI) program in 
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Taiwan was founded in 1995 to provide medical insurance cov-
erage to the entire population. The coverage rate was 97% in 
1995 and has since increased to 99.99%.7 The NHIRD contains 
longitudinal patient-level claims data from beneficiaries, includ-
ing ambulatory care claims, inpatient claims, prescriptions dis-
pensed at pharmacies, and registries for medical facilities and 
board-certified specialists. However, data on education level, 
results of laboratory tests, and personal lifestyle habits (such as 
cigarette smoking, alcohol consumption, diet, and exercise) are 
not available in the NHIRD.8 Data from the NHIRD can be 
linked to other databases via an encrypted personal ID, includ-
ing the Taiwan Cancer Registry, Cause of Death Data, Cancer 
Screening Data (Pap smear data, colorectal cancer screen-
ing, breast cancer screening, and oral mucosal screening), and 
Taiwan Biobank.8 Consequently, the NHIRD provides valuable 
nationwide longitudinal RWD for healthcare research, which 
can be used to generate evidence to support clinical decisions 
and healthcare policymaking. The diagnostic accuracy of major 
comorbidities, such as cancers, diabetes, and ischemic stroke, 
in the NHIRD has been validated.7 In a study investigating the 
validity of the diagnosis codes used in the NHIRD for cancers 
compared with the National Cancer Registry, the sensitivity was 
91.5%, and the positive predictive value was 93.6%.9 More 
than 4000 PubMed-indexed articles based on the NHIRD have 
been published since its release,7,10 with an increase from 86 
from 2000 to 2005 to 3751 from 2012 to 2017,10 indicating that 
the NHIRD is gaining acceptance in population-based research 
in Taiwan. Notably, cancer was one of the top five medical con-
ditions mentioned in the titles of studies that used the NHIRD 
in PubMed from 1996 to 2017.10

1.3. Framework for bibliometric analysis
Most previous bibliometric analyses of cancer research based on 
RWD have focused on citation-based components and cancer 
types. For example, a bibliometric analysis of 589 cancer articles 
using the NHIRD published from 2002 to 2015 showed that 
PLoS ONE and Medicine published the most articles.11 The top 
five most studied cancer types were breast, lung, colorectal, liver, 
and prostate cancers.11

In contrast to citation-based components and cancer types, 
study-based components are often overlooked (Fig. 1). Study-
based components refer to the features of methodologies, includ-
ing study aims, design, and statistical methods. Study- and 

disease-based components (ie, cancer sites) are interrelated. 
Studies investigating specific cancer sites are more likely to include 
cancer staging and risk factors than those investigating all or mul-
tiple cancers. In the study aims, researchers may be interested in 
the incidence or prevalence rates of different cancers, identifying 
cancer risk factors, and assessing outcomes following a cancer 
diagnosis. Regarding the risk factors for cancer, disease-related 
risk factors are diseases associated with cancers, such as cardio-
vascular disease, diabetes, chronic kidney disease, inflammatory 
bowel disease, and periodontitis.12–15 Non–disease-related risk 
factors include aging, occupational exposure, lifestyle-related risk 
factors, etc.13,16 Clinicians are particularly interested in whether 
medical treatments for one disease increase or reduce a patient’s 
cancer risk. Outcomes may include cause of death, time to recur-
rence, overall and cancer-specific survival, and second cancer.

Cancer treatment refers to pharmaceuticals or procedures for 
diagnosing, preventing, treating, offering supportive care, and 
relieving symptoms. Non-medical approaches include lifestyle 
changes, dietary interventions, etc. A text-mining analysis of 
cancer publications based on the NHIRD revealed a gradual 
increase in the use of hospice care and end-of-life care from 
2012 to 2015.11 Although terms related to cancer treatments—
surgery, chemotherapy, and radiotherapy—were infrequent in 
most study periods, there was a slight increase in their usage 
from 2014 to 2015.11 However, apart from the types of cancer 
treatment, the other components in our framework (especially 
study-based components) are often overlooked in the literature.

Taken together, we used these components to form a struc-
tured framework of cancer articles for bibliometric analysis 
(Fig. 1). A structured framework, assembled with many pub-
lished studies, defines the backbone of a research topic (such 
as cancer research). In this study, we developed a conceptual 
framework for the analysis of cancer articles based on RWD, 
including (1) study-based (ie, study aims, design, and statisti-
cal methods); (2) disease-based (ie, cancer site, stage); and (3) 
citation-based components. We then applied this framework to 
perform a bibliometric analysis of NHIRD-based cancer articles 
published from 2006 to 2022 and reported the distribution and 
temporal trends of these components.

2. METHODS
We searched PubMed (n = 1312) and Scopus (n = 1248) for 
cancer articles that used the NHIRD and were published from 

Fig. 1 The conceptual framework of cancer articles for bibliometric analysis.
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January 1, 2006, to February 20, 2023 (Fig. 2). The search 
strings used are summarized in Supplementary Table S1 
(http://links.lww.com/JCMA/A320). There were 292 unique 
and 1134 duplicate records. Duplicate results were defined as 
those having the same title, abstract, ISSN, and DOI. We then 
manually screened the remaining records (n = 1334) so that 
only original articles written in English up to December 2022 
were included. We excluded publications that were not based 
on the NHIRD or cancer-related (n = 87), did not mention 
study aim(s) (n = 5), or were published in 2023 (n = 10). A 
total of 1232 publications were included in this bibliometric 
analysis.

We downloaded citation-based and manually extracted 
study-based and disease-based components. Citation-based 
components included titles, publication years, journal catego-
ries, impact factors, citation counts, author names, affiliations, 
and countries. The impact factor was based on the Journal 
Impact Factor released by the Journal Citation Reports of 

the Web of Science Group in 2022. Study-based components 
included the study aims, design, and statistical methods. The 
study aims were categorized into four groups: (1) incidence or 
prevalence of reported cancer(s); (2) risk factors for reported 
cancer(s); (3) outcomes (such as survival rates) of reported 
cancer(s); and (4) others, such as economic analysis and data-
set validation. If an article had multiple aims, it was extracted 
for each aim. We manually extracted the study design and sta-
tistical methods from the methodology section. Study designs 
included cohort, case–control, and others such as nested case–
control, cross-sectional, and quasi-experimental. To ensure 
accuracy, all authors were involved in cross-verification of the 
interpretations of study design and statistical methods. The 
disease-based components included cancer sites, stages, risk 
factors, and outcomes. We determined the cancer sites based 
on information provided in the title, study aims, and key-
words. Articles that studied all cancer sites were categorized 
as “all cancers.” Descriptive statistics including mean, median, 

Fig. 2 Flowchart of the literature search for cancer articles using the NHIRD and a brief overview of the results. NHIRD = Taiwan National Health Insurance 
Research Database.
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frequency, and percentage were used for the statistical analysis 
in this study.

3. RESULTS

3.1. Study-based components
Of the 1232 cancer publications, cancer risk factors were the 
most studied (n = 642, 52.1%), followed by cancer outcomes (n 
= 444, 36.0%) and incidence/prevalence (n = 36, 2.9%) (Fig. 2). 
Between 2006 and 2010, the annual publication count remained 
at 15 or fewer. It then increased to 48 in 2011 and fluctuated 
between 100 and 130 from 2014 onward, with a drop to 79 in 
2020 due to the COVID-19 pandemic. After 2021, the number 
of articles increased again, consistently surpassing 120 annually 
(Fig. 3).

Regarding the temporal trends in cancer publications from 
2006 to 2022 by study aims, there was a significant increase 
in the number of publications on cancer risk factors from 0 in 
2006 to 68 (66.0%) in 2014. However, there was a slight decline 
in the proportion of risk factor publications after 2015, and the 
trend continued with fluctuations between 39.6% and 53.2%. 
The trend in publications on cancer outcomes showed a steady 
increase over the study period. Although the proportion of pub-
lications on cancer outcomes fluctuated between 21.7% and 

28.1% from 2008 to 2014, a general upward trend emerged. In 
2022, the proportion reached its peak at 47.5%. The trend in 
the number of cancer publications on incidence/prevalence was 
relatively low and sporadic from 2006 to 2011. There was a 
noticeable increase starting in 2012, reaching a peak of five pub-
lications in 2017. The trend continued with fluctuating propor-
tions ranging from 1.8% to 6.3% in subsequent years (Fig. 3).

After excluding articles published from 2006 to 2010 because 
of the small percentage (2%), we analyzed the publications on 
cancer risk factors and outcomes from 2011 to 2022 (n = 1064). 
Regarding study design, most were cohort studies (84.6%), 
followed by case–control studies (10.7%) and others (4.7%, 
including 34 nested case–control studies [3.2%]) (Fig. 4). In 
addition, 80.8% of the publications on cancer risk factors were 
cohort studies, and 90.1% were on cancer outcomes. Case–con-
trol and nested case–control studies were used in 13.8% and 
4.8% of the publications on cancer risk factors and in 6.2% and 
0.9% of cancer outcomes, respectively.

Regarding temporal trends, the use of case–control studies in 
publications on cancer risk factors fluctuated, reaching a peak 
of 13 studies (22%) in 2019 and declining to three studies (6%) 
in 2022. Cohort studies were consistently the predominant type 
of study on cancer risk factors, with proportions ranging from 
67.8% in 2019 to a peak of 89.3% in 2021. In publications 
on cancer outcomes, case–control studies fluctuated between 

Fig. 3 The annual number and percentage of study aim for cancer research: 1232 articles using the Taiwan National Health Insurance Research Database and 
published from 2006 to 2022.
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0 and 3 publications from 2011 to 2016, reaching a peak of 
14.3% in 2018 and then decreasing to a range of 4% to 11.1% 
in the following years. The proportion of cohort studies on can-
cer outcomes increased from 75.0% in 2011 to 97.8% in 2015, 
indicating a consistent preference for a cohort study design in 
understanding cancer outcomes (Fig. 4).

From 2011 to 2022, the use of the propensity score method in 
cancer publications with case-control and cohort study designs 
showed a notable increasing trend. The proportion of studies 
using the propensity score method increased steadily from 2.4% 
in 2011 to 6.7% in 2014, followed by a continued increase to 
21.9% in 2019. The trend persisted with a further increase rang-
ing between 30.8% and 40% from 2020 to 2022, reaching a 
total of 185 over the study period (Fig. 5).

3.2. Citation-based components
Publications on risk factors had the highest mean and median 
impact factors of 5.98 and 4.48, respectively; publications on 
cancer outcomes had slightly lower mean and median impact 
factors of 5.27 and 3.82. Publications involving the incidence 
or prevalence of cancer had mean and median impact factors of 
4.75 and 3.75, respectively (Fig. 6).

All of the top 10 cited cancer publications except the first 
and fourth investigated cancer risk factors. The article with the 
highest number of citations investigated the association between 
nucleoside analogs and tumor recurrence in patients with hepa-
titis B virus (HBV)–related hepatocellular carcinoma (HCC) 
after curative surgery17; the study was published in JAMA and 
had an impact factor of 157.335, with a total of 683 citations. 
The fourth-ranked article focused on whether suppressing HBV 
viral load by administering nucleoside analogs could reduce the 
incidence of HCC among patients with chronic hepatitis B.18 
The remaining eight articles examined whether medical treat-
ments for a disease were associated with an increased/decreased 

risk of cancer. Of these top 10 cited articles, eight focused on 
hepatobiliary cancers, and four investigated HCC related to 
hepatitis B or C virus infections (Table 1).

3.3. Disease-based components
Overall, the most frequently studied cancer sites were “all can-
cers or multiple cancers” (n = 316, 25.6%), followed by breast 
(n = 118, 9.6%), hepatobiliary (n = 113, 9.2%), colorectal (n 
= 109, 8.8%), prostate (n = 87, 7.1%), lung (n = 86, 7.0%), 
and hematologic (n = 55, 4.5%) cancers. When categorized by 
study aims, “all cancers or multiple cancers” remained the most 
frequently studied category. However, the order differed for 
other cancer sites. In publications focusing on cancer risk fac-
tors, hepatobiliary cancers ranked second (11.3%), followed by 
colorectal (9.2%), breast (7.0%), lung (6.7%), prostate (5.9%), 
and hematologic (4.7%) cancers. For publications focusing on 
cancer outcomes, breast cancer ranked second (14.7%), fol-
lowed by prostate (11.1%), colorectal (10.4%), lung (8.3%), 
hepatobiliary (7.3%), and hematologic (4.5%) cancers (Fig. 7).

Among the publications on cancer outcomes, mortality or 
survival was the most studied (n = 213, 47.9%), followed by 
second cancer (n = 21, 4.7%), recurrence (n = 17, 3.8%), and 
metastasis (n = 11, 2.5%).

4. DISCUSSION

4.1. Main findings
In this study, we proposed and applied a conceptual framework 
(study-based, citation-based, and disease-based components) to 
analyze NHIRD-based cancer articles published from 2006 to 
2022. Publications on cancer risk factors had the highest impact 
factors and were the most studied. In the publications on can-
cer risk factors and outcomes, cohort studies were predominant, 
with the use of propensity scores increasing yearly. “All cancers 

Fig. 4 The annual number and percentage of study designs on cancer risk factors or outcomes: 1064 articles using the Taiwan National Health Insurance 
Research Database and published from 2011 to 2022. Cancer articles from 2006 to 2010 were excluded because only 2% were published.
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or multiple cancers” were the most frequently studied sites, fol-
lowed by breast, hepatobiliary, colorectal, prostate, and lung 
cancers. Among the top 10 cited articles, the first and fourth by 
the same study team focused on whether suppressing HBV viral 
load by administering nucleoside analogs could reduce the recur-
rence17 and incidence of HCC among patients with chronic hep-
atitis B,18 respectively. The remaining eight articles investigated 
whether medical treatments for a disease were associated with 
an increased/decreased risk of cancer. Our conceptual framework 
includes the three components of cancer articles and uses RWD, 
and we believe that it could be applied to other diseases.

4.2. Overall temporal trends of cancer publications
During the initial 5 years (2006-2010), the yearly publication 
count was 15 or fewer. This could be due to a lack of awareness 
regarding the availability of the NHIRD and the time required 
to establish suitable data analysis methods. In addition, the time 
required for the peer review and editorial process might have con-
tributed to this finding. As researchers became familiar with the 
NHIRD and the associated methodologies used for data analysis, 
the publication count gradually increased to over 100 per year. 
Despite a temporary drop to about 80 in 2020 due to the COVID-
19 pandemic, the number of articles rebounded to over 120 from 
2021 onward as the pandemic subsided and restrictions eased. 
These findings are consistent with the overall trend of a significant 

decrease in non–COVID-19-related publications and notable 
increase in COVID–19-related publications, probably because 
research on COVID-19 was prioritized during this period.19,20

4.3. Cancer sites
In the analysis of the distribution of cancer sites by study aims, 
we found that study aims and disease-based components (ie, 
cancer sites) were closely related. The most commonly studied 
sites in publications investigating the incidence or prevalence 
of cancer were “all cancers” or “multiple cancers.” However, 
in publications investigating cancer risk factors, hepatobiliary, 
colorectal, breast, and lung cancers were the top four studied 
types. This pattern could be linked to the epidemiological land-
scape of cancer in Taiwan. HCC is a consistently prominent 
topic of cancer research because Taiwan is an endemic region 
for hepatitis B and C virus infections.21 Colorectal cancer and 
lung cancer are the most diagnosed types in Taiwan.22 Regarding 
breast cancer, the peak age at diagnosis and age-specific inci-
dence rates differ between Asian and Western countries.23

4.4. Cancer risk factors: most studied, highest impact
Regarding study aims, publications on cancer risk factors had 
the highest impact factor, followed by those on outcomes and 
incidence/prevalence. This aligns with the finding that cancer 
risk factor publications comprised half of all NHIRD-based 

Fig. 5 The annual number and percentage of case–control and cohort studies using the PS method in cancer research: 1014 articles using the Taiwan National 
Health Insurance Research Database and published from 2011 to 2022. PS = propensity score.
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cancer publications, followed by those on outcomes and inci-
dence/prevalence. These findings suggest a possible relation-
ship between study aims, the number of publications, and their 
impact factors. In fact, after 2009, there was a consistent trend 
of more publications focusing on cancer risk factors compared 
with those addressing cancer outcomes. Other bibliometric anal-
yses of highly cited cancer publications have also reported that 
cancer risk factors were among the most represented in stud-
ies on oral, pharyngeal, and breast cancers.24,25 “Risk factors” 
is also one of the most assigned keywords by PubMed indexers 
in publications on cancer molecular epidemiology.26 These find-
ings are probably due to the widespread interest in cancer risk 
factors among researchers from diverse disciplines. In Taiwan, 
researchers from various fields, not just oncologists, increasingly 
started to use the NHIRD as it gained recognition. Researchers 
studying cancer risk factors encompass many clinical specialists, 
extending beyond oncologists.

Researchers using RWD from the NHIRD directed significant 
attention and research efforts toward studying risk factors for 
hepatobiliary, colorectal, breast, and lung cancers. Among can-
cer risk factors, clinicians were particularly interested in the asso-
ciation between medications for a disease and subsequent cancer 
risk. In this study, we observed that the eight top-cited articles 
addressed whether medical treatments for a disease were associ-
ated with an increased/decreased risk of cancer (Table 1), aligning 
with our conceptual framework of cancer research (Fig. 1).

4.5. Cancer outcomes
Regarding cancer outcomes, mortality or survival was most 
studied (47.9%), and breast and prostate cancers were the sec-
ond and third most studied sites. Over the past decade, there 

has been a notable increase in the incidence of breast cancer 
among Taiwanese females.22 From 2010 to 2019, prostate can-
cer had the highest increase in annual percentage change in 
incidence rate among the top 10 cancers in Taiwanese males.27 
By 2021, female breast cancer ranked fourth, and prostate 
cancer ranked fifth in terms of mortality in Taiwan. In recent 
years, an increase in interest regarding the outcomes of these 
cancers may have led to their ranking as second and third most 
studied sites.

Few of the included studies investigated recurrence (3.8%). 
The top-cited article examined whether suppressing HBV viral 
load by administering nucleoside analogs could reduce the recur-
rence of HCC.17 The results supported the association between 
using nucleoside analogs and reduced risk of HCC recurrence in 
HBV patients after liver resection. These findings are clinically 
significant because HBV viral load is one of the most clinically 
controllable risk factors for HCC.

4.6. Study designs
Since publications on cancer risk factors and outcomes were 
predominant, we further analyzed the study designs employed 
in these publications. Cohort studies were the primary design 
due to the longitudinal nature and large population size of the 
NHIRD. The advantages of cohort studies include assessing 
causality, investigating multiple outcomes and rare exposure, 
and providing disease rates in exposed and unexposed individ-
uals over time (eg, incidence rate and relative risk/rate ratio). 
However, cohort studies are susceptible to loss to follow-up 
(ie, attrition bias), selection bias, numerous confounders, and 
changes in exposure over time.28,29 Attrition in the NHIRD is 
negligible because all residents in Taiwan are legally required 

Fig. 6 The impact factor of cancer research: 1232 articles using the Taiwan National Health Insurance Research Database and published from 2006 to 2022.
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to be insured by the NHI, which covers more than 99% of the 
population.8 Changes in exposure over time, especially with 
medication use, remain a challenge in studies examining cancer 
risk factors using the NHIRD.

Case–control (10.7%) and nested case–control (3.2%) study 
designs were less frequently used. The case–control design 
is particularly advantageous when studying rare outcomes 
because there is no need to enroll all controls. The core of a 
case–control study is that cases with the condition under study 
are derived from a source population, and controls are a repre-
sentative sample of the same source population. Hence, whether 
the cases and controls are representative samples from the same 
source population is uncertain.30 This drawback is not an issue 
in nested case–control studies because cases and controls are 
nested within well-defined cohorts.31 In fact, many case–control 
studies examining cancer risk factors using the NHIRD should 
be nested case–control studies. For example, the seventh most 
cited article identified all patients newly diagnosed with urinary 
tract cancer (case subjects) from 2001 to 2002. The control sub-
jects were randomly selected from a 200,000-person random 
sample of the entire insured population from 1997 to 2002.32 
Unfortunately, this article did not specify whether the controls 
were obtained by random selection with or without replacement 
from non-cases. Lubin and Gail33 stated that bias arises when 
(1) requiring controls to remain completely disease-free for a 
fixed time interval, and (2) excluding all incident cases during 
observation as controls. They suggested that controls should be 
sampled randomly with replacement from the entire risk set or 
without replacement from the noncases. The exclusion of future 
cases (ie, a noncase member of the risk set that later becomes a 
case) as controls should be avoided.34

In observational studies addressing cancer risk factors or 
outcomes, the problem of confounding can seriously impact 
the validity of the analysis. Therefore, we investigated temporal 
trends using the propensity score method in the case–control 
and cohort studies. We found a gradual increase in the use of 
propensity scores from 2010. Unlike the random assignment in 
clinical trials to balance the differences between treatment and 
nontreatment groups, observational studies have no randomi-
zation, such as those using the NHIRD. The propensity score 
method gained popularity after 2010 to resolve this limitation 
and reduce confounding in observational studies. This approach 
uses propensity score weighting and matching to estimate the 
average treatment effect for the population and the average 
treatment effect for the treated, respectively.35 Our findings are 
consistent with the increasing popularity of the propensity score 
method in cancer research literature based on large databases 
of RWD.36

4.7. Discrepancies in the causal effect of certain 
medications on cancer between observational studies and 
clinical trials
According to our conceptual framework of cancer research 
(Fig. 1), the clinicians were particularly interested in whether a 
medication treatment for one disease increased or reduced can-
cer risk. Notable examples included metformin (the first-line 
diabetic drug) and statins (the first-line medication for hypercho-
lesterolemia). Among four of the top 10 cited articles, two exam-
ined the association of metformin with gastrointestinal cancer, 
and another two examined the association of statins with HCC. 
The findings from these four observational studies and clinical 
trials are conflicting. Observational studies37,38 and healthcare 
claims data39–41 have reported a protective effect of metformin 
against cancer incidence. However, RCTs have concluded that 
metformin provides no benefit for breast cancer42,43 or worsens 
the prognosis for gastrointestinal system cancer.44 For statins, 
observational studies have suggested that their use in patients T
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with cancer is associated with reduced cancer-related mortal-
ity.45,46 However, the evidence from several trials was insufficient 
to confirm or refute the efficacy and safety of statins in patients 
with solid malignant tumors,47 or whether they improved overall 
survival or progression-free survival in patients with advanced 
cancer and a prognosis of <2 years.48 Selection bias, immortal 
time bias, residual/unmeasured confounding, and reporting/
detection bias may explain the discrepancies in the causal effect 
of medications on the risk of cancer between observational stud-
ies and clinical trials. Selection bias occurs when cancer patients 
may die from the disease before they can derive cardiovascu-
lar benefits from statins.48 Immortal time bias is likely when 
participants must remain event-free until they start taking the 
medication of interest. The outcome rate is systematically under-
estimated in the medication-exposed group but overestimated in 
the unexposed group, thereby falsely suggesting that exposure 

to the medication of interest prevents the outcome under study.49 
Residual or unmeasured confounding in observational studies 
persists even after statistical adjustment. These biases may be 
further amplified by concomitant changes in lifestyle in patients 
who took the medication of interest.50 Reporting/detection bias 
of health outcomes occurs between patients who took and did 
not take the medication of interest because those who took 
the drug knew the side effects and were closely monitored.50 
Reporting bias also occurs due to exposure and poor adherence 
to the study medication.48

Without conducting a real trial, Hernán and Robins51 first 
proposed target trial emulation (TTE) to assess the real-world 
effectiveness and safety of medical treatments using observa-
tional big data. The framework of TTE has seven key com-
ponents: (1) eligibility criteria, (2) treatment strategies, (3) 
assignment procedures, (4) follow-up period, (5) outcomes, (6) 

Fig. 7 Distribution of cancer sites by study aims in cancer research: 1232 articles using the Taiwan National Health Insurance Research Database and published 
from 2006 to 2022. CRC = colorectal cancer.
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causal contrasts of interest, and (7) analysis plan. In TTE, these 
seven components of the target trial protocol are compared with 
an observational study to identify potential sources of bias and 
adjust the results accordingly.51 (1) Regarding the participants’ 
eligibility criteria, strict inclusion criteria are necessary. Patients 
should not be included based on future information. Prevalent 
users, those exposed to the medication of interest before the 
study begins, should also be avoided. Confounding may also be 
introduced when the medication influences covariates for par-
ticipants exposed to the medication of interest.52 (2) Regarding 
treatment strategies, tight monitoring and enforcing adherence 
to the study protocol is not recommended when emulating a 
placebo-controlled trial.51 A new-user design, which restricts the 
analysis to persons under observation at the start of the cur-
rent course of their treatment, is suggested to avoid selection 
bias. Because individuals meet eligibility criteria defined after 
initiating a treatment strategy, they may be influenced by the 
strategy itself. (3) Regarding assignment procedures, randomi-
zation and blinding are impossible in observational studies. In 
other words, the two study groups have very different baseline 
characteristics, and the patients and their healthcare workers 
know the treatments they receive. It is suggested that baseline 
confounders should be adjusted by matching, stratification or 
regression, inverse probability weighting, etc.51 Unfortunately, 
laboratory data or personal lifestyle habits are usually unavail-
able in healthcare claim datasets, as with the NHIRD. It is also 
recommended to compare an active treatment with another 
active treatment rather than with no treatment (or usual care).51 
(4) Regarding the follow-up period, Matthews et al53 stated that 
starting follow-up should coincide with three conditions: when 
eligibility criteria are met, treatment strategies are assigned, and 
study outcomes begin to be counted. However, these three con-
ditions usually differ in an observational study when selecting 
prevalent users.53 (5) Regarding outcomes, it is recommended 
to emulate a target trial with systematic and blinded outcome 
ascertainment to mitigate the influence of treatment status on 
clinicians’ decisions to pursue desired outcomes.51 For example, 
a death registry is a better ascertainment source than a medical 
chart when the outcome is death. (6) Regarding causal contrasts 
of interest, analogs of intention-to-treat and per-protocol effects 
from observational data should be provided. The intention- 
to-treat effect is the comparative effect of being assigned to 
the treatment strategy at baseline, regardless of whether the 
individual continues to follow the strategy after baseline. The 
per-protocol effect is the comparative effect of following the 
treatment strategy specified in the study protocol. (7) Regarding 
the analysis plan, it is recommended to examine different treat-
ment strategies based on therapy prescriptions at baseline and to 
conduct an intention-to-treat analysis.51 It is also recommended 
that the results of the per-protocol analysis be provided if pos-
sible.51 Since introducing the TTE concept, many studies have 
been published, including three studies using the NHIRD.54–56 
None of these three articles was cancer-related.

Apart from TTE, we suggest using interrupted time-series 
(ITS) analysis to assess the effects of specific medical treatments 
on cancer when the medical treatment of interest was intro-
duced at a specific time. ITS analysis includes one time series 
(single ITS analysis) or more than one time series (controlled 
interrupted time-series analysis, CITS) of observations on the 
same outcome (mainly at an aggregate level), which is inter-
rupted by an intervention at a known point in time. Hence, the 
intervention effect can be easily estimated by comparing the 
change in the level and slope between the pre- and postint-
ervention periods using segmented regression analysis.57 The 
strengths of these statistical methods include (1) using obser-
vational data in an aggregate format rather than at an indi-
vidual level, (2) providing clear and easy-to-interpret graphical 

results, (3) utilizing statistical methods readily available, and 
(4) minimizing selection bias if every individual is included 
when calculating the outcomes.58 In this study, four cancer 
articles used ITS. The first analyzed temporal trend changes 
in the incidence and mortality due to HCC before and after 
the National Antiviral Treatment Program was implemented 
in 2003, which reimbursed patients for antiviral drugs and 
interferon for chronic hepatitis B and C.59 The second article 
explored whether changes in reimbursement policies had a sig-
nificant impact on the accessibility of targeted therapies for 
metastatic non–small-cell lung cancer treatment.60 The third 
article assessed the real-world impact of adjuvant oxaliplatin 
treatment on the survival of patients with stage III colon can-
cer,61 and the fourth examined changes in cancer incidence 
rates in three phases of disease-modifying antirheumatic drugs 
among patients with rheumatoid arthritis.62

We suggest a collaborative approach, encouraging researchers 
with diverse clinical, epidemiologic, and biostatistics expertise 
to work together. RWD from the NHIRD can be analyzed using 
TTE and ITS to evaluate the benefit–risk of clinical interven-
tions, fostering a sense of shared responsibility and collective 
progress in the field.

This study has several limitations. In citation-based compo-
nents, we limited our literature search to cancer articles published 
in English, potentially leading to an underestimation of the pub-
lication count. However, in Taiwan, the assessment of research 
performance relies heavily on the number of articles published 
in the journals indexed by the Science Citation Index. Therefore, 
we believe most cancer publications based on the NHIRD can be 
found in PubMed and Scopus. In addition, although impact fac-
tors are commonly used in research evaluation, they are not with-
out limitations and are vulnerable to manipulation.63 A holistic 
assessment of journal-level bibliometrics is recommended instead 
of relying solely on the impact factor.64

In study-based components, we did not further identify the 
specific statistical tests employed or assess their appropriateness 
of use. Notably, propensity score analysis may not be conducted 
properly in cancer publications using RWD.36 For example, 
the variables used for propensity score estimation may not be 
specified clearly, and non-baseline variables may be incorrectly 
included in the analysis.36 Further research is needed to assess 
the validity and appropriateness of statistical tests used in cancer 
publications based on the NHIRD.

In disease-based components, we did not further categorize 
the risk factors into disease-related and non–disease-related risk 
factors, as illustrated in our proposed conceptual framework 
(Fig. 1). These areas can be further investigated in future studies. 
In addition, we did not analyze the interventions (ie, medica-
tions and nonmedications) reported in the publications because 
they have been extensively discussed elsewhere.11

In conclusion, this study proposed a conceptual framework 
for cancer research based on RWD for bibliometric analysis. In 
addition to the citation-based components (such as impact factor 
and citation count), it is also essential to consider study-based 
components, including the study design, aims, and statistical tests. 
Moreover, a holistic evaluation of cancer publications should 
include disease-based components, medical or nonmedical inter-
ventions, and outcomes. In our proposed framework, all of these 
components not only define the backbone of cancer research, but 
could also be extended to encompass other diseases.
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