
Journal of Clinical Epidemiology 114 (2019) 141e149
ORIGINAL ARTICLE

Using health insurance reimbursement data to identify
incident cancer cases

Chao Shia,1, Mengfei Liua,1, Zhen Liua, Chuanhai Guoa, Fenglei Lib, Ruiping Xuc,
Fangfang Liua, Ying Liua, Jingjing Lia, Hong Caia, Zhonghu Hea,*, Yang Kea,*

aKey Laboratory of Carcinogenesis and Translational Research (Ministry of Education/Beijing), Laboratory of Genetics, Peking University

Cancer Hospital & Institute, #52 Fucheng Road, Beijing, People’s Republic of China
bHua County People’s Hospital, Wenming Road, Hua County, Henan Province, People’s Republic of China

cAnyang Cancer Hospital, #1 Hengbin North Road, Anyang City, Henan Province, People’s Republic of China

Accepted 12 June 2019; Published online 18 June 2019
Abstract
Objectives: The objective of this study was to establish an optimal population-level follow-up strategy for identifying incident cancers
using health insurance reimbursement data in rural China.

Study Design and Setting: We compared active follow-up and passive linkage with claims data for identification of incident cancer
cases. Claims data were derived from the New Rural Cooperative Medical Scheme (NCMS). Follow-up data from subject enrollment to
December 31, 2016, regarding 33,948 subjects in a large-scale randomized controlled trial were used in this study.

Results: The overall sensitivity of passive linkage with NCMS claims data was significantly higher than that of active follow-up (95.6%
vs. 54.9%, P ! 0.001). Of 12 cases missed by the NCMS data set, seven were treated on an outpatient basis and there were therefore no
records in the NCMS system, and five were diagnosed at primary (township-level) health facilities and excluded from the quality control
process. Of the 123 cases missed by active follow-up, 54 were reported as negative, 69 were reported as positive but had inaccurate infor-
mation regarding the site of cancer, or exceeded the 6-month limitation from the date of diagnosis.

Conclusion: Passive linkage with NCMS claims data is an efficient approach for identifying incident cancers in areas without cancer
registries in rural China. � 2019 Elsevier Inc. All rights reserved.
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1. Introduction

For diseases with low incidence such as cancer, steady
and efficient long-term follow-up is essential for identi-
fying a sufficient number of cases to test research
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hypotheses in prospective studies [1]. Two methods have
been used widely in cancer-related prospective studies for
identification of new cancer diagnoses including active
follow-up and passive linkage with a cancer registry.

Active follow-up through direct interaction with subjects
has the advantages in flexibility and comprehensiveness of
follow-up data. However, this approach is challenging and
costly, especially when follow-up must be conducted for de-
cades in a large population with low levels of education [1].

Population-based cancer registries (PBCRs) are usually
considered to be an ideal data source of incident cancer di-
agnoses [2,3]. However, in contrast to a few developed
countries (Denmark, Switzerland, and Finland) where na-
tional level cancer registries have been established for
many years, registry coverage with high-quality data re-
mains well below 10% in Africa, Asia, and Latin America
[2,4,5]. In addition, most registry systems have a time
delay, which may have limited its application in long-
term prospective studies [3,6].
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What is new?

Key findings
� For the first time we evaluated the performance of

passive linkage with New Rural Cooperative Med-
ical Scheme (NCMS) claims data for identifying
incident cancers, as compared to active door-to-
door interviews in a large-scale population-based
prospective study in rural China.

� The overall sensitivity of passive linkage with
NCMS claims data was 95.6% (95% CI: 92.4%
e97.7%), which was significantly higher than that
of active follow-up (54.9%, 95% CI: 48.8%
e60.9%, P ! 0.001).

What this study adds to what is known?
� Follow-up would be greatly simplified with high

quality by using standardized data from health in-
surance systems, especially in regions without pop-
ulation level cancer registries.

What are the implications, and what should
change now?
� In populations without specific cancer registries,

linkage with a government-run health insurance
system was an efficient means for tracking the
occurrence of cancer in prospective cohorts. This
strategy could also be used to establish popula-
tion-based cancer registries in less developed areas.
Claims data from a health insurance system have proved
to be an ideal substitute for cancer registry in identifying
incident cancer cases in developed countries [7e19]. How-
ever, few studies have explored the value of health insur-
ance reimbursement data in less developed areas, where
availability of PBCRs was limited, leaving the active
door-to-door interview as the only choice. The door-to-
door interview had thus been adopted over long periods
in many prospective studies.

The New Rural Cooperative Medical Scheme (NCMS)
is a government-run health insurance program in rural
China with a coverage of nearly 100%. NCMS claims data
were directly recorded and uploaded in a real-time manner
by health professionals in the health facilities in which the
insured inpatients were diagnosed and treated. NCMS
claims data thus have the potential for accurate
population-level identification of cancer cases with a very
short time delay. If the value of NCMS claims data in moni-
toring the occurrence of cancer can be demonstrated, it
would benefit more than 20 ongoing large-scale prospective
cohort studies in China, which have been funded by the
National Science and Technology Major Project in the
‘‘13th Five-Year Plan’’ [20].

In this study, the performance of annual door-to-door in-
terviews (active follow-up) and direct linkage with the
NCMS claims data (passive follow-up) for identification
of incident cancer cases were compared in a large-scale
population-based randomized controlled trial conducted in
a high-risk area of esophageal cancer in northern China.
The aim of the present study was to establish an optimal
population-level follow-up strategy in less developed areas
in China without PBCRs.
2. Materials and methods

2.1. Study population

In January 2012, the Endoscopic Screening for Esopha-
geal Cancer in China (ESECC) randomized controlled trial
(clinical trial: NCT01688908) was initiated in Hua County,
Henan Province, China, to evaluate the efficacy and cost-
effectiveness of endoscopic screening for esophageal can-
cer. A detailed description of the original design of the
ESECC has been previously published [21]. Briefly, 668
target villages of Hua County were randomly selected
and allocated into the screening arm or control arm at a ra-
tio of 1:1 (334 villages in each arm). Residents between 45
and 69 years of age who self-report no history of cancer or
endoscopic examination within 5 years in the screening arm
were assigned to undergo standard endoscopic examination
and biopsy with iodine staining. No screening was under-
taken in the control arm. All cohort participants were fol-
lowed up through annual door-to-door interviews, during
which vital events, including onset of cancer and death
from all causes, were recorded. Data regarding cancer
occurrence and death were also collected from the NCMS
of Hua County and from the Death Registry of National
Center for Disease Control and Prevention, respectively.

Enrollment in the ESECC trial was completed by
September 2016, and 33,948 participants were included.
The first annual follow-up was initiated on December 1,
2016 and was finalized at the end of April 2017. This eval-
uation was based on the first annual follow-up data of the
ESECC trial.

2.2. Definition of reportable cancer cases

Reportable cancer cases included all newly diagnosed
primary cancer cases, including carcinoma in situ, arising
in the ESECC cohort during the follow-up period from
the date of enrollment to December 31, 2016.

2.3. Active follow-up

Active follow-up in this study was conducted in three
steps as follows. First, all village doctors of the target vil-
lages who are responsible for the primary health care of ru-
ral residents were trained by our research team and required
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to interview all the participants from their villages face-to-
face, or at least through direct phone contact if the partici-
pants were not at home during the follow-up period. From
December 1, 2016, to December 31, 2016, they completed
a ‘‘follow-up report form’’ which included personal infor-
mation for each cohort participant, and for cases of newly
diagnosed cancer and death, detailed information regarding
the cancer diagnosis and/or death was included. Finally,
from January 1, 2017, to April 30, 2017, all 668 community
leaders of the target villages were interviewed to confirm
the completeness and accuracy of the information reported
by the village doctors based on their knowledge of the par-
ticipants’ health history.
2.4. Passive follow-up

Linkage to NCMS claims data was adopted as a passive
follow-up method for identification of incident cancer cases.
To reduce the impact of prevalent cancers and reimbursement
delay on identification of incident cancer cases, NCMS
claims data from July 1, 2010, to June 30, 2017, were ex-
ported using an annual timeframe based on the date of reim-
bursement through the Management System of Hua County.
Cancer diagnoses were indexed and extracted according to
the International Classification of Diseases (10th Version,
ICD-10) codes C00 to C97 and D00 to D09 [22].

Claims data for ESECC participants were extracted from
the NCMS claims data set using identifiers contained in
both data sets, including name and unique personal ID
number. Only diagnoses made by secondary (county-level)
or tertiary (city-level and above) health care facilities were
regarded as valid cancer diagnoses and included in the anal-
ysis. For each patient identified, information for the first
valid cancer diagnosis in the NCMS data set was used.
2.5. Verification of true incident cancer diagnoses

Cancer diagnoses ascertained using the two follow-up
approaches were verified in this study. All cancer cases re-
ported were classified into three groups, including ‘‘both-
reported group’’ (cases reported by both active and passive
follow-up, not necessarily matched in terms of tumor site
and date of diagnosis), ‘‘NCMS-reported group’’ (cases re-
ported in the NCMS data set but not confirmed by active
follow-up), and ‘‘AF-reported group’’ (cases reported in
active follow-up but not reported by the NCMS data set).
Because all NCMS claims data were reported directly by
the health facilities where the patients were treated and then
rechecked by professionals from NCMS management of-
fice, cases in the ‘‘both-reported group’’ were considered
to be true cancer cases and were included in the ‘‘verified
cancer case data set’’ directly. For these cases, information
regarding the tumor site and date of diagnosis in the NCMS
data set was adopted. Cases in the AF-reported and NCMS-
reported groups were further verified by one-on-one inter-
views with the patients themselves or their first-degree
relatives, or by reviewing a hardcopy of the patients’ med-
ical records. Verified true cancer diagnoses were also
included in the ‘‘verified cancer case data set.’’

2.6. Interview

To identify potential causes of disagreement between
these two follow-up approaches, 32 target village doctors,
eight township-level officials, and two staff members of
the Hua County NCMS Management Office were
interviewed.

2.7. Statistical analysis

Sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and the Cohen’s Kappa
coefficient with 95% confidence intervals for active and
passive follow-up were calculated using the ‘‘verified can-
cer case data set’’ as a reference. Stratified analysis of
sensitivity was then conducted with selected characteristics
of the participants including education, village population
size, years of follow-up after enrollment, vital status, and
tumor site. ‘‘True cancer diagnosis’’ was defined as a diag-
nosis which agreed with the ‘‘verified cancer case data set’’
regarding the original site of tumor, where the date of diag-
nosis was no more than 6 months earlier/later as compared
with the date in the ‘‘Verified cancer case data set.’’ People
assigned the status ‘‘lost to follow-up’’ in the active follow-
up were defined as negative for cancer diagnosis.

All statistical analysis was performed using Stata/SE
14.0 for Windows (STATA Corporation, College Station,
TX, USA). All tests were two sided at a significance level
of 0.05.

2.8. Ethics statement

Research protocols of the present study were approved
by the Institutional Review Board of the Peking University
School of Oncology, Beijing, China. All participants pro-
vided written informed consent.
3. Results

3.1. Characteristics of study subjects

The characteristics of the participants that may have
influenced identification of cancer cases are shown in
Table 1. All participants from the 668 target villages in
22 towns of Hua County were between the ages of 45
and 69 at enrollment. Half of these participants (51.3%)
were female, and 55.7% had an education level of primary
school or below. In addition, most of the participants
(71.0%) resided in small- or medium-sized villages with
a population size between 500 and 1,499. The median inter-
val of follow-up after enrollment was 1.98 years. A total of
403 (1.2%) participants in this study were lost to active
follow-up by December 31, 2016.



Table 1. Selected demographic characteristics for 33,948
participants in the ESECC trial in rural Hua County, China,
2012e2016

Variables

Total

(N [ 33,948)

n (%)

Age at enrollment, y

45e59 20,656 (60.8)

60e69 13,292 (39.2)

Gender

Male 16,543 (48.7)

Female 17,405 (51.3)

Education levela

Primary school or below 18,020 (55.7)

Middle school or above 14,346 (44.3)

Number of towns 22 (100.0)

Number of villages 668 (100.0)

Village population size

500e1,499 474 (71.0)

1,500e3,000 194 (29.0)

Years of follow-up after enrollmentb

Median (quartile) 1.98 (0.92,3.51)

Loss to active follow-upb

Yes 403 (1.2)

No 33,545 (98.8)

Abbreviation: ESECC, Endoscopic Screening for Esophageal Can-
cer in China.

a Education level was based on the 32,336 participants who
completed the questionnaire at enrollment.

b Years of follow-up after enrollment and loss to active follow-up
were calculated from date of enrollment to 31 December 2016.

Fig. 1. Flowchart and results of active (A) and passive (B) follow-up in the E
whether these cases were reportable or not according to the information prov
and fibroelastoma, etc. bTownship-level health facilities. cCounty-level he
ESECC, Endoscopic Screening for Esophageal Cancer in China.
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3.2. Results of active and passive follow-up

In active follow-up, 240 cancer cases were reported by
village doctors, and of these, 208 were verified as valid
cases and included in the analysis. In addition, another 42
valid cases were reported by community leaders
(Fig. 1A). In passive follow-up, 279 subjects in the ESECC
cohort were matched in the NCMS data set and 1,165 re-
cords with cancer diagnoses were extracted. This included
25 (9.0%) subjects who had more than one cancer diagnosis
(Fig. 1B).

3.3. Establishing the ‘‘verified cancer case data set’’

The flowchart for establishing the ‘‘verified cancer case
data set’’ is shown in Figure 2. Among cases reported by
active and passive follow-up, 43 were AF-reported, 207
were both-reported, and 72 were NCMS-reported. After
the verification process, 12 of the 43 AF-reported and 54
of the 72 NCMS-reported cases were confirmed as true-
positive cancer diagnoses. Finally, 273 true cancer
cases (12 AF-reported, 207 both-reported, and 54 NCMS-
reported) were included in the ‘‘verified cancer case
data set.’’

3.4. Sensitivity, specificity, PPV, and NPV of active and
passive follow-up

As shown in Table 2, the sensitivity of active follow-up
was 54.9% (95% CI: 45.6%e57.4%), which was signifi-
cantly lower than that of passive follow-up (95.6%, 95%
CI: 92.4%e97.7%, P ! 0.001). The specificity, PPV and
NPV of active follow-up were 99.9% (95% CI: 99.8%e
99.9%), 82.9% (95% CI: 76.6%e88.1%), and 99.6%
SECC trial in rural Hua County, China, 2012e2016. aIt was unclear
ided by village doctors; for example, thyroid lesion, esophageal lesion,
alth facilities. dCity-level and above health facilities. Abbreviation:



Fig. 2. Flowchart for establishment of the ‘‘verified cancer case data set’’ in the ESECC trial in rural Hua County, China, 2012e2016. aCases re-
ported by active follow-up but not by the NCMS data set. bCases reported by both active follow-up and the NCMS data set but, which were not
necessarily matched as to tumor site and date of diagnosis. cCases reported by the NCMS data set but not by active follow-up. dIncluded 13 begin
lesions and 18 nontumor diagnoses. eIncluded four begin lesions and 14 nontumor diagnoses. Abbreviations: ESECC, Endoscopic Screening for
Esophageal Cancer in China; NCMS, New Rural Cooperative Medical Scheme.
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(95% CI: 99.6%e99.7%), respectively. The specificity,
PPV, and NPV of passive follow-up were 99.9% (95% CI:
99.9%e100.0%), 93.5% (95% CI: 90.0%e96.1%), and
100.0% (95% CI: 99.9%e100.0%), respectively. The Co-
hen’s Kappa coefficient for active follow-up was 0.66
(95% CI: 0.61e0.71), and for passive follow-up was 0.95
(95% CI: 0.93e0.96).

3.5. Discordance analysis

A total of 154 cases reported by active follow-up showed
disagreement with the ‘‘verified cancer case data set’’
(Table 3). Among these cases, 54 (35.1%) were unreported,
69 (44.8%) were reported but showed disagreement on the
cancer site or the date of diagnosis (Appendix Table A1),
and the remaining 31 (20.1%) were false-positive reports.
By contrast, 30 cases reported by passive follow-up
Table 2. Sensitivity, specificity, positive predictive value (PPV), negative pre
passive follow-up in the ESECC trial in rural Hua County, China, 2012e20

Data source

Cancer diagnoses

Total
Sensitivi
(95% C

True
positive

True
negative

(N [ 273) (N [ 33,675) (N [ 33,948) (%)

Active follow-up

Positive 150a 31 181 54.9b

(48.8e60

Negative 123 33,644 33,767

Passive follow-up

Positive 261 18 279 95.6b

(92.4e97

Negative 12 33,657 33,669

Abbreviation: ESECC, Endoscopic Screening for Esophageal Cancer in C
a Correct on tumor site and agreement within 66 months on date of di
b Sensitivity of active follow-up was significantly lower than that of pas
disagreed with the ‘‘verified cancer case data set,’’
including 12 which were unreported by the NCMS data
set, and 18 false-positive reports.

3.6. Stratified analysis of sensitivity

Table 4 shows analysis of the sensitivity of the two
follow-up strategies stratified by selected characteristics.
Sensitivity of active follow-up was higher in males
(61.4%) than in females (48.1%, P 5 0.027) and was
significantly higher in common cancers (top five in males
and females in the ESECC population, including esopha-
geal, gastric, lung, liver, breast, and colorectal cancer) than
in other cancers such as uterus, pancreas, and prostate
(67.2% vs. 32.3%, P ! 0.001). Regarding passive
follow-up, sensitivity was high and stable across all the
variables.
dictive value (NPV), and Cohen’s Kappa coefficient of the active and
16

ty
I)

Specificity
(95% CI)

PPV
(95% CI) NPV (95% CI)

Cohen’s Kappa
coefficient
(95% CI)(%) (%) (%)

.9)
99.9

(99.8e99.9)
82.9

(76.6e88.1)
99.6

(99.6e99.7)
0.66

(0.61e0.71)

.7)
99.9

(99.9e100.0)
93.5

(90.0e96.1)
100

(99.9e100.0)
0.95

(0.93e0.96)

hina.
agnosis with the ‘‘verified cancer case data set.’’
sive follow-up (P ! 0.001).



Table 3. Discordance analysis of the results of active and passive
follow-up with the ‘‘verified cancer case data set,’’ in the ESECC
trial in rural Hua County, China, 2012e2016

Variables N (%)

Active follow-upa 154 (100.0)

Unreported cases 54b (35.1)

True-positive cancer cases but
disagreement on cancer site or beyond
6 months on date of diagnosis

69 (44.8)

False reports 31c (20.1)

Passive follow-up 30 (100.0)

Unreported cases 12d (40.0)

False reports 18e (60.0)

Abbreviation: ESECC, Endoscopic Screening for Esophageal Can-
cer in China.

a Correct on tumor site and agreement within 66 months on date
of diagnosis with the ‘‘verified cancer case data set.’’

b Included 10 true cancer diagnoses were reported as unclear re-
ports by active follow-up and excluded in the quality control process,
41 were never reported by active follow-up, and three were lost to
active follow-up.

c Included 13 benign lesions and 18 nontumor diagnoses.
d Included seven outpatients and five true cancer diagnoses who

were diagnosed only by primary health facilities and excluded in the
quality control process.

e Included four benign lesions and 14 nontumor diagnoses.
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4. Discussion

PBCR represents the gold standard for the provision of
information on cancer incidence in a defined population.
Despite the tremendous advances in PBCRs over the past
decade in low- and middle-income countries (LIMCs), reg-
istry coverage with high-quality data remained low in
LIMCs [5]. The present study was the first study to demon-
strate the power of health reimbursement data for identi-
fying incident cancers in less developed areas without
PBCRs, where active door-to-door interview was the only
choice available, and interviewing had been adopted years
earlier in many large-scale cohort studies. The results of
the present study demonstrated a much more efficient strat-
egy for tracking the occurrence of cancer in prospective co-
horts and establishing PBCRs in less developed areas.

In our study, we found that the overall sensitivity of link-
ing with NCMS claims data was fairly high (95.6%). This
finding is consistent with previous studies, which had
shown in other countries that claims data from health insur-
ance systems could be used to identify incident cancer
cases with ideal sensitivity and specificity as compared to
cancer registries data [7e19]. For example, Jonathan
et al. found a high sensitivity (95%) and specificity (97%)
of Medicare claims data in identifying patients with oral
and pharyngeal cancer [17]. Izumi et al. found that breast
cancer cases could be accurately identified from the Japa-
nese claims database using an optimal procedure, which
had high sensitivity (90.4%) and specificity (99.8%) [19].
In rural China, the NCMS has been the most important,
and under some circumstances, the only medical insurance
that local people have. This insurance plays a leading role
in improving the rural population’s access to health services
and alleviating poverty due to catastrophic health expenses
[23]. Prompted by economic benefit, almost all cancer pa-
tients apply for reimbursement from NCMS in rural China,
which ensures an extremely low risk of missing cases.
Another advantage of using claims data to ascertain cancer
cases was that it would include diagnostic and treatment in-
formation regardless of where diagnosis or treatment was
rendered. This enabled us to capture incident cancer pa-
tients who might have otherwise been missed by traditional
active follow-up due to population migration caused by the
economic development in today’s China, which has been an
increasing challenge to population-based prospective
studies [24]. Moreover, NCMS claims data contain detailed
personal information, date of admission and discharge, can-
cer diagnosis, International Classification of Diseases (10th
Version, ICD-10) code, and medical expenses, all recorded
in a standard and routine manner, which provides valuable
detailed records on patients’ diagnoses and treatments [23].
Thus, NCMS claims data were used to identify incident
cancer cases with high sensitivity in this study.

By contrast, our results indicated that the overall sensi-
tivity of active follow-up was relatively low (54.9%), espe-
cially when considering the accuracy of the reported tumor
site and date of diagnosis. In previous studies taking cancer
registry data as a reference, the sensitivity of self-reported
diagnosis varied from 53.0% in Japan, to 71.1% in
Australia, and to 86.6% in the United States [25e27]. This
may be due to the fact that cancer disclosure is heavily
influenced by cultural context [25]. In rural China, patients
were sometimes not informed of a cancer diagnosis, and
due to conservative cultural attitudes, family members were
reluctant to let others know about occurrence of cancer
[28]. Thus, it was difficult to obtain complete and accurate
information regarding cancer diagnosis directly from pa-
tients themselves or from family members in our study pop-
ulation. Although the ESECC trial had committed
substantial resources to the active follow-up process [21],
data provided by village doctors still did not reach the stan-
dards of the NCMS data.

The higher sensitivity of active follow-up observed in
men in this study might be due in part to the fact that rural
China is still a male-dominated society [29], and males are
better known to village doctors than females according to
our interviews. Male cancer patients were therefore more
likely to be identified and recorded. Consistent with previ-
ous studies [25,30], we also found sensitivity of active
follow-up varied considerably with cancer site. The prin-
cipal reason was that common cancers with high prevalence
such as esophageal cancer, stomach cancer, or lung cancer
were also better recognized by people and more likely to be
reported than rare cancers.



Table 4. Sensitivity of active and passive follow-up by selected characteristics in the ESECC trial in rural Hua County, China, 2012e2016

Variables

Verified cancer cases Active follow-up Passive follow-up

P valuebn (%)

True positive Sensitivitya

P valueb

True positive Sensitivity

n (%) (%) n (%) (%)

Total 273 (100.0) 150 (100.0) 54.9 261 (100.0) 95.6

Age group (years)

45e59 124 (45.4) 67 (44.7) 54.0 0.782 120 (46.0) 96.8 0.390

60e69 149 (54.6) 83 (55.3) 55.7 141 (54.0) 94.6

Gender

Male 140 (51.3) 86 (57.3) 61.4 0.027 133 (51.0) 95.0 0.617

Female 133 (48.7) 64 (42.7) 48.1 128 (49.0) 96.2

Education levelc

Primary school or below 158 (62.0) 87 (62.6) 55.1 0.821 149 (61.1) 94.3 0.165

Middle school or above 97 (38.0) 52 (37.4) 53.6 95 (38.9) 97.9

Village population size

500e1,499 130 (47.6) 65 (43.3) 50.0 0.117 125 (47.9) 96.2 0.673

1,500e3,000 143 (52.4) 85 (56.7) 59.4 136 (52.1) 95.1

Years of follow-up after enrollment d

0-1 54 (19.8) 34 (22.7) 63.0 0.186 53 (20.3) 98.1 0.301

2-4 219 (80.2) 116 (77.3) 53.0 208 (79.7) 95.0

Vital statuse

Living 169 (61.9) 96 (64.0) 56.8 0.431 164 (62.8) 97.0 0.140

Dead 104 (38.1) 54 (36.0) 51.9 97 (37.2) 93.3

Tumor site

Common cancersf 177 (64.8) 119 (79.3) 67.2 !0.001 167 (64.0) 94.4 0.170

Other cancers 96 (35.2) 31 (20.7) 32.3 94 (36.0) 97.9

Abbreviation: ESECC, Endoscopic Screening for Esophageal Cancer in China.
a Correct on tumor site and agreement within 66 months on date of diagnosis with the ‘‘verified cancer case data set.’’
b P values were derived from the chi-square test.
c The education level was based on the 32,336 participants who completed the questionnaire at enrollment.
d The years of follow-up after enrollment were calculated from date of enrollment to December 31, 2016.
e The vital status was evaluated by the end of 31st December 2016.
f Top five cancers for male and female in the ESECC cohort, including cancer of the esophagus, stomach (included cardia), lung, liver, breast,

and colorectal cancer.
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Because population-level follow-up is labor intensive
and time consuming, cost must be taken into consideration
when designing the working protocol. Active follow-up in
the ESECC trial involved 668 village doctors, 22 township
leaders, and nine full-time investigators in our research cen-
ter in Hua County to ensure a high rate of response and data
quality. About 5 months were spent to complete the first
round of active follow-up process. By contrast, only five
staff members and about 21 days were needed for passive
follow-up. As such, passive linkage with health insurance
system claims data was superior in terms of resource con-
sumption as compared to active follow-up.

Use of NCMS claims data to identify cancer cases has
a limitation, which should be noted. Theoretically, the
NCMS system does not record data from outpatients
and uninsured cancer cases. However, for a fatal chronic
disease like cancer, which often requires multidisciplinary
therapy in high-level hospitals and is only rarely treated in
primary facilities, the proportion of outpatients was
extremely low. For example, only seven (2.6%) cancer
cases in this study were diagnosed and treated in outpa-
tient clinics. In addition, the Chinese central government
has invested an enormous amount of resources to insure
all rural residents are covered by the NCMS, and the
coverage of NCMS has reached almost 100% in rural
China by 2013 [23].
5. Conclusion

In summary, passive linkage with claims data from the
NCMS system was an efficient approach for identifying
incident cancer cases in a rural population in China.
Compared to traditional door-to-door active follow-up,
linkage with a government-run health insurance system
should be extensively used in regions and populations
without specific disease registries like PBCRs to track the
occurrence of major chronic diseases, which are generally
diagnosed and treated in high-level hospitals.
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