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The Taiwan Cancer Registry (TCR) is a nationwide population-based registry that collects the
data of patients with newly diagnosed cancer from hospitals with �50 beds. TCR data are high
quality in terms of completeness and timeliness. However, accuracy is also a crucial quality
indicator. This study evaluated the accuracy rates of selected 55 major items in the long-
form TCR data between 2014 and 2016 with 700 reported cases randomly selected from 25
long-form-reporting hospitals. We calculated the accuracy rates of the reported data by em-
ploying a reabstracted chart review. Among the 55 items, the accuracy rates of 38 (69%) were
at least 95%, those of 10 (18%) were between 90% and 95%, those of 5 (9%) were between 85%
and 90%, and the remaining 2 (4%) were between 80% and 85%. This demonstrates a high degree
of accuracy in the TCR long-form data.
Copyright ª 2021, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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The Taiwan Cancer Registry (TCR) is a nationwide
population-based registry that provides critical data on
cancer incidence, care, and survival in Taiwan. The TCR has
collected the data of patients with newly diagnosed cancer
from hospitals with �50 beds in Taiwan since 1979.1,2 Each
year, qualified cancer registrars at the reporting hospitals
identify new cancer cases and perform online logic checks
for potential errors before they submit the data to the TCR.
The TCR central office uses standardized algorithms to
validate the received data. Any questionable data are
returned to the reporting hospitals for reconfirmation.3 The
completeness, quality, and timeliness of TCR data have
been improved. In 2016, the completeness of TCR data
increased to 98.4%, the proportion of cases with morpho-
logical verification of cancer diagnoses increased to 93.0%,
the mortalityeincidence ratio decreased to 45.1%, the
percentage of cases with only a death certificate decreased
to 0.9%, and the interval between the date of diagnosis and
date of reporting decreased to 14 months. These values
indicate the high quality of the TCR data.1e3

The TCR data are high quality in terms of completeness
and timeliness.1e3 However, accuracy is also a crucial
quality indicator for registry data. The accuracy rates of
specific items in cancer registry data have been evalu-
ated. For example, in the Tennessee Cancer Registry, the
Figure 1 The two-lev
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accuracy rate of “surgery of the primary site” from the
Commission on Cancer (CoC) facilities was lower than that
from non-CoC facilities.4 In Scotland, “grade/differentia-
tion” in cancer registration data was less reliable than
demographic and diagnostic data were.5 In the TCR, cancer
type and the experience of cancer registrars affect the
accuracy rate of items related to the first course of cancer
treatment, and the cancer caseloads of hospitals affect the
accuracy rate of items related to cancer staging.6,7

This study comprehensively evaluated the accuracy
rates of selected 55 major items in the long-form registry
data of the TCR database.

We collected cases from the long-form TCR data between
2014 and 2016. During this period, a total of 88, 91, and 94
hospitals reported cases to the TCR by using the long-form
format for 16 major cancers in 2014, 2015, and 2016, respec-
tively. The nearly 100 remaining hospitals used the short-form
format. By using purposive sampling (Fig. 1), we selected 25
long-form reporting hospitals in total for this study. Among
the 25 hospitals, 22 were selected because they had high
(>2%) error rates for logic checks in data reporting, and the
remaining three were selected because they were new to the
long-form reporting system during the study period. For each
hospital, 28 reportedcaseswere randomly selected foron-site
visits and chart review. Finally, the data of 700 cases were
el sampling process.



Table 1A Accuracy rates of items related to cancer
identification and staging.

Item Accuracy
rate

95% confidence
interval (right-
sided)

Sequence numbera 98.9% >98.0%
Class of caseb 95.1% >93.6%
Date of first contact 86.7% >84.4%
Date of initial diagnosis 82.7% >80.2%
Primary site 92.3% >90.4%
Histology 95.1% >93.6%
Behavior code 99.7% >99.1%
Grade/differentiation 95.1% >93.6%
Diagnostic confirmation 97.0% >95.7%
Date of first microscopic

confirmation
90.4% >88.4%

Tumor size 82.3% >79.7%
Number of regional lymph

nodes examined
98.0% >96.9%

Number of regional lymph
nodes positive

98.7% >97.8%

Date of surgical diagnostic
and staging procedure

87.0% >84.7%

Surgical diagnostic and
staging procedure at other
facility

96.3% >94.9%

Surgical diagnostic and
staging procedure at this
facility

90.1% >88.1%

Clinical tumor (T) 87.4% >85.2%
Clinical node (N) 92.3% >90.4%
Clinical metastasis (M) 94.9% >93.3%
Clinical stage groupc 88.9% >86.7%
Pathologic T 96.0% >94.6%
Pathologic N 95.9% >94.4%
Pathologic M 96.7% >95.4%
Pathologic stage groupc 94.1% >92.5%
Clinical other stage groupd 98.3% >97.2%
Pathologic other stage groupd 98.6% >97.6%

a Order of malignant neoplasms the patient has had over their
lifetime.

b Class of case reflects the hospital’s role in managing cancer,
and its grouping is based on the location of diagnosis and first
course of treatment.

c Anatomic extent of disease based on the American Joint
Committee on Cancer (AJCC) tumor, node, metastasis staging
system.

d Non-AJCC cancer staging system for specific cancer sites.
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collected. We then calculated the accuracy rates of the re-
ported data of selected 55 long-form registry items in total,
with the reabstracted data from the chart review serving as
the gold standard. We also calculated the lower limit of the
right-sided 95% confidence interval of the accuracy rate based
on the binomial test (the exact method).

Because of the purposive sampling method (selecting
hospitals with high error rates for logic checks in data
reporting or hospitals that were new to the long-form
reporting system), the accuracy rates calculated in this
2039
study were expected to be lower than the national average.
Nevertheless, the lower limits of the right-sided 95% con-
fidence intervals that we calculated in this study provide
the conservative lower bounds of the accuracy rates.

Table 1(A) presents the accuracy rates of items related
to cancer identification and staging. Among the 26 items,
the accuracy rates of 14 (54%) were �95%, those of 6 (23%)
were between 90% and 95%, and those of 6 (23%) were
<90%. Items with a conservative lower bound of <85%
included “date of surgical diagnostic and staging proced-
ure” (84.7%), “date of first contact” (84.4%), “date of initial
diagnosis” (80.2%), and “tumor size” (79.7%).

Table 1(B) presents the accuracy rates of items related
to the first course of treatment. Among the 29 items, the
accuracy rates of 24 (83%) were �95%, those of 4 (14%)
were between 90% and 95%, and that of 1 (3%) was <90%.
No items had a conservative lower bound of <85%. The
conservative lower bounds of five radiotherapy-related
items exceeded 99%.

Among all items in the TCR data, the accuracy rate of
“tumor size” was the lowest (82.3%; conservative lower
bound: 79.7%). Tumor size tended to be underestimated in
the registry; the proportion of cases with underestimated
tumor size (5.3%) was larger than of cases with over-
estimated tumor size (3.7%; Appendix Table 1). If a 10-mm
error in tumor size is allowed, then the accuracy rate in-
creases to 87.4% (conservative lower bound: 85.1%;
Appendix Table 2). The accuracy rate of “date of initial
diagnosis” was the second lowest (82.7%; conservative
lower bound: 80.2%). The date of initial diagnosis tended to
be recorded in the registry as later than it should have
been; the proportion of cases with a late date of initial
diagnosis (10.2%) was larger than that of cases with an early
date of initial diagnosis (3.3%; Appendix Table 3). If a 3-day
error in the date of initial diagnosis is allowed, then the
accuracy rate increases to 87.3% (conservative lower
bound: 85.0%; Appendix Table 4).

In this study, the accuracy rate of tumor size was the
lowest among all items. The coding manual for the TCR
specifies that if a patient has more than one tumor size
record in the registry (such as records obtained through
different imaging modalities), the registrar responsible
should report the largest tumor size of all the records.
However, registrars may often fail to retrieve all records
regarding tumor size in practice because of limited time
and the considerable effort involved. This helps explain
why tumor size is often underestimated in the registry.

The date of initial diagnosis had the second-lowest ac-
curacy rate and tended to be recorded as later than it
should have been. According to the TCR coding manual, the
date of initial diagnosis is that recorded by a physician for
tumor diagnosis confirmed clinically or microscopically. A
registrar may report the date of the pathological confir-
mation of cancer. However, if a physician states that upon
retrospection, a patient had cancer at an earlier date, this
earlier date should be reported as the date of initial diag-
nosis for the patient. Registrars may report the date when
the test result the diagnosis was based on was obtained
when in fact, it should be the date that the test was per-
formed. This explains why the date of initial diagnosis was
often late in the registry. The results indicate that if a 3-
day error is allowed, the accuracy rate of the date of initial



Table 1B Accuracy rates of items related to first course of
treatment.

Item Accuracy
rate

95% confidence
interval (right-
sided)

Date of first course of
treatment

92.6% >90.7%

Date of first surgical
procedure

95.0% >93.4%

Date of most definitive
surgical resection of the
primary site

96.0% >94.6%

Date of chemotherapy started
at this facility

94.3% >92.6%

Date of hormone therapy
started at this facility

97.9% >96.7%

Date of immunotherapy
started at this facility

99.4% >98.7%

Date of targeted therapy
started at this facility

97.7% >96.5%

Surgical procedure of primary
site at this facility

89.0% >86.9%

Chemotherapy at this facility 92.4% >90.6%
Hormone therapy at this

facility
98.6% >97.6%

Immunotherapy at this facility 99.4% >98.7%
Targeted therapy at this

facility
98.0% >96.9%

Summary of radiotherapy
target volumee

98.1% >97.1%

Radiotherapy modality 98.9% >98.0%
Date radiotherapy started 98.4% >97.4%
Date radiotherapy ended 97.9% >96.7%
Location of radiotherapy 98.3% >97.2%
External beam radiotherapy

technique
94.3% >92.6%

Target sites for the highest
radiation dose of the
clinical target volume

96.9% >95.5%

Highest radiation dose for the
clinical target volume
(cGy)

97.0% >95.7%

Number of fractions for the
highest radiation dose for
the clinical target volume

96.9% >95.5%

Target sites for the lower
radiation dose for the
clinical target volume

97.4% >96.2%

Lower radiation dose for the
clinical target volume
(cGy)

97.0% >95.7%

Number of fractions for the
lower radiation dose for
the clinical target volume

97.4% >96.2%

Other radiotherapy modality 99.9% >99.3%
Other radiotherapy technique 100.0% >99.6%
Target of other radiotherapy 100.0% >99.6%
Dose for the clinical target

volume of other
radiotherapy

99.9% >99.3%

Table 1B (continued )

Item Accuracy
rate

95% confidence
interval (right-
sided)

Number of fractions for the
clinical target volume of
other radiotherapy

99.9% >99.3%

e Coverage of radiation target volume for radiotherapy in the
first course of treatment.
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diagnosis remains <90%. This may jeopardize the survival
analysis of patients with cancer when the date of initial
diagnosis is used as the starting point for follow-up and the
focus is on short-term survival.
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