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Background: Systematized Nomenclature of Medicine (SNOMED) codes are computer-
processable medical terms used to describe histopathological evaluations. SNOMED codes are
not readily usable for analysis. We invented an algorithm that converts prostate SNOMED codes
into an analyzable format. We present the methodology and early results from a new national
Danish prostate database containing clinical data from all males who had evaluation of prostate
tissue from 1995 to 2011.

Materials and methods: SNOMED codes were retrieved from the Danish Pathology Register.
A total of 26,295 combinations of SNOMED codes were identified. A computer algorithm
was developed to transcode SNOMED codes into an analyzable format including procedure
(eg, biopsy, transurethral resection, etc), diagnosis, and date of diagnosis. For validation, ~55,000
pathological reports were manually reviewed. Prostate-specific antigen, vital status, causes of
death, and tumor-node-metastasis classification were integrated from national registries.
Results: Of the 161,525 specimens from 113,801 males identified, 83,379 (51.6%) were sets
of prostate biopsies, 56,118 (34.7%) were transurethral/transvesical resections of the prostate
(TUR-Ps), and the remaining 22,028 (13.6%) specimens were derived from radical prostatec-
tomies, bladder interventions, etc. A total of 48,078 (42.2%) males had histopathologically
verified prostate cancer, and of these, 78.8% and 16.8% were diagnosed on prostate biopsies
and TUR-Ps, respectively.

Future perspectives: A validated algorithm was successfully developed to convert complex
prostate SNOMED codes into clinical useful data. A unique database, including males with
both normal and cancerous histopathological data, was created to form the most comprehensive
national prostate database to date. Potentially, our algorithm can be used for conversion of other
SNOMED data and is available upon request.
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Introduction

A steep increase in incidence from 1,408 new cases in 1995t04,280in2013, aswell asa
rapid increment in expensive treatment options for both localized and advanced prostate
cancer (PCa), makes the malignancy a major challenge for health care systems.! As in
the rest of the Western world, the incidence of PCa in Denmark has increased rapidly
by ~7.2% per year since 1995, and the age-standardized annual incidence has increased
from 70 to 163 cases per 100,000 males in the period 1995-2010.2 Increased awareness
and the use of opportunistic prostate-specific antigen (PSA) screening are the primary
contributing factors for this development.® Still, the PCa-specific mortality has remained
unchanged in Denmark at an age-standardized mortality rate of 19 per 100,000.*
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The impact of these dramatic epidemiological changes
on histological grade, stage, and diagnostic and therapeutic
activity is not fully appreciated. We initiated a program to
create a comprehensive integrated database including all
Danish males who underwent histopathological evaluation
of prostate tissue in the period 19952011 using the national
Danish Pathology Register (Patobank) as a platform.® Pato-
bank registers diagnoses of all pathology assessments made
by Danish pathologists. The diagnoses are given as text and/
or Systematized Nomenclature of Medicine (SNOMED)
codes, of which ~7,000 different codes were identified. In
the individual patient, the SNOMED codes are typically
combined to achieve optimal accuracy. However, this results
in a huge number of combinations, essentially making raw
SNOMED codes impossible to analyze. No previous com-
putational attempts to convert SNOMED codes to analyzable
data have been made. With extensive transcoding of Patobank
data, we developed a unique algorithm that transformed
complex codes to a relevant conclusion including tissue type,
histopathological diagnosis, and histopathological grading.
Denmark, with its relatively small population, is known for
its many validated and complete national registries. With
integration of data from health care registries, eg, the Causes
of Death Registry and the Danish Cancer Registry,®” we
created a new registry (the Danish Prostate Cancer Registry
[DaPCaR]), which holds the potential to be able to answer a
number of important research questions about epidemiology
and pathology of PCa.

Materials and methods
Contributing health registries in

Denmark

The Danish Pathology Register (Patobank)

Patobank is a national nonprofit database that was initiated
in 1999 as a registered work tool for Danish pathologists. It
holds histopathological information on specimens that have
undergone pathological assessment in any Danish hospital
or private pathology practice. It is updated continuously and
registration of all pathological specimens is mandatory. Since
the initiation, data on diagnosis have been backlogged and
are complete from 1990 onward, except for one department
of pathology that registered data from 1999.%%

According to the bylaws of Patobank, data are available
for research purposes. Applications for extraction of data will
be considered after approval from the Danish National Data
Protection Agency. Approval from the Danish National Data
Protection Agency (file number: 2012-41-0390) was obtained.

Data in Patobank are stored using the complex format
of SNOMED codes. Each SNOMED code consists of one

letter and five digits, and each code represents information
on type of organ, anatomic orientation, diagnosis, grading,
histopathological techniques applied, or procedure from
where the tissue originated.

A data set with any combination of SNOMED codes includ-
ing prostate tissue and/or seminal vesicles evaluated in the
period 1995-2011 was retrieved in April 2012. The extracted
data included the Central Person Registry (CPR) number,
type of specimen, involved clinical department, the evaluating
department of pathology, specimen number, date of assessment/
procedure, patient age at assessment, and SNOMED codes.

During the following, and if not stated otherwise, the
term specimen refers to all part elements (eg, core biopsies)
in an assembled histopathological assessment (ie, a set of
biopsies), corresponding to one pathology report.

The Central Person Registry

All Danish citizens are registered by a unique ten-digit CPR
number. The first six digits represent the date of birth, while
the last four digits provide a unique identification number
and information about sex. Established in 1968, the registry
includes parameters such as place of birth, place of resi-
dence, citizenship, parents’ identity, etc.”!! CPR is used in
all national registries, and the system makes it possible to
track an individual in all the available registries.

The Causes of Death Registry

Initiated in 1875 and fully computerized in 1970, the Causes
of Death Registry holds information on time of death, type of
death (ie, natural death, suicide, homicide, and accident), and
cause of death. The physician who declares a person dead is
obligated to fill in the death certificate, registering both the
diagnosis associated directly with death, as well as the under-
lying cause and contributing diagnoses associated with the
cause of death. In cases of autopsies, the referent pathologist
is responsible for the death certificate report.® Since 2002, all
death certificates have been automatically validated through
the IRIS — language independent coding system.!'?

The Danish Cancer Registry

The Danish Cancer Registry was established in 1947 and
reporting has been obligatory since 1987. After a revision
in 2008, the Danish Cancer Registry holds data on personal
characteristics (CPR number and date of diagnosis) as well
as tumor characteristics at the time of diagnosis. Prior to
2004, PCa tumor characteristics were registered according
to a simplified WHO grading system, and since 2004, tumor-
node-metastasis (TNM) classification (according to Interna-
tional Classification of Diseases [ICD]-10) has been used.”
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The Danish Prostate Cancer Registry

The DaPCaR database has been approved by the Danish
National Data Protection Agency (file number: 2012-41-
0390) and by the science ethics committee of The Capital
Region of Denmark (protocol number: H-4-2014-FSP). An
overview of DaPCaR is demonstrated in Figure 1.

The DaPCaR database as well as the use of data from
the Central Persons Registry, the Cause of Death Registry,
Patobank, the Danish Cancer Registry and biochemical
departments for the present study was approved by the Dan-
ish National Data Protection Agency (file number: 2012-41-
0390) and by the ethics committee of The Capital Region of
Denmark (protocol number: H-4-2014-FSP). In the approval
from the ethics committee, it was stated that due to the nature
of the present study, informed consent from patients was not
necessary.

All 31 pathological departments contributing with his-
topathological examinations of prostate tissue in Denmark
have complete backlogged data from before 1995, except
for one that only had full registration implemented from
January 1, 1999. This particular department assessed 1%—2%
of the total amount of specimens in DaPCaR from 1995 to
1999. Thus, DaPCaR holds histopathological information
on at least 98% of examined prostate tissue in Denmark
from 1995 to 2011.

7 males excl
died before

In the period
1995

1995-2011

data from all
specimens
containing:

Prostatic- or
seminal
visicle tissue
167,341

were specimens

extracted
from
Patobank

113,808
individuals

National cancer registry:
pre-TNM/TNM
classification

Data included:

- CPR

— Histologic
diagnosis
Date of
diagnosis

Etc Depts of biochemistry:

Data were delivered as a comma-separated file, and each
line in the file represented one pathology report, correspond-
ing to one histopathological case.

In every line, the evaluating pathologist’s assessment
report was coded with up to 69 combinations of 1-60
individual SNOMED codes separated by semicolons. A
total of 26,295 of these SNOMED code combinations were
identified. The code combinations between each semicolon
represented one specimen in a case, eg, one prostate core
biopsy in a set of biopsies. Examples of typical lines are
demonstrated in Figure 2.

The transcoded data extracted from Patobank formed the
basis of DaPCaR, and data from other registries was added
to the histopathological data based on CPR. Table 1 gives
an overview of the contributing health registries and their
data contribution.

Methodology — transcoding of
SNOMED codes

To transcode SNOMED codes into a meaningful and
analyzable format, a number of computational steps were
performed. Figure 3 provides an overview of these steps.
First, each unique SNOMED code combination
was translated into text strings according to the official
SNOMED?® classification as of April 2014. Second, these

Causes of death registry:
Cause of death on 56,057

5,809 assessments excl

(revisions)

DaPCaR

Procedure and histological
diagnosis on 167,334
specimens

161,525
specimens

113,801
individuals

PSA

Figure | Flowchart showing the integration process of data from multiple national registries into the DaPCaR.
Note: Revisions: reassessments of specimens, ie, when a patient is deferred to another department.
Abbreviations: CPR, Central Person Registry; Depts, departments; excl, excluded; PSA, prostate-specific antigen; DaPCaR, Danish Prostate Cancer Registry; TNM, tumor-

node-metastasis.
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P30990 T77100 M72000 — (bN)

T77100 M81403 P30990 — (bAC)

P30990 T77100 M81403 AF010A; P30990 T77100 M81403 AF010A — (bGS5+5)

T77100 M09450 P30990 P3B000; T77100 M09450 P30990 P3B000, T77100 M09450 P30990; T77100 M09450 P30990
P3B000; T77100 M09450 P30990 P3B000; T77100 M81403 AYYY00 P30990 P3B000; T77100 MB1403 AF034A P30990
P3B000; T77100 M09450 P30990 P3B000; T77100 M09450 P30990 P3B000; T77100 M09450 P30990 — (bGS3+4)

T08000 M09450 P30841; T0O8000 M09450 P30841; T77000 M81403 AEF007A AEF034A AEF1843 M09401 P306X0 P30841 —

(rapR+GS3+4T2cNOMXx)

Figure 2 Examples of typical lines of SNOMED code combinations (final conclusion in DaPCaR).

Notes: a) Simple code consisting of one combination of three SNOMED codes (biopsy of the prostate containing nonmalignant tissue); b) simple code with missing
information about GS, consisting of one combination of three SNOMED codes (biopsy of the prostate containing adenocarcinoma); c) simple code consisting of two identical
combinations of three SNOMED codes (biopsy of the prostate containing adenocarcinoma, GS 5+5); d) complex code consisting of ten combinations of 3—-5 SNOMED codes
(biopsy of the prostate containing adenocarcinoma, GS 3+4); e€) complex code consisting of three combinations of three or eight SNOMED codes (radical prostatectomy
with positive surgical margins containing a pT2c adenocarcinoma, GS 3+4 with negative lymph nodes).

Abbreviations: bN, biopsy of the prostate with non-malignant tissue; bAC, biopsy of the prostate containing adenocarcinoma; rap, radical prostatectomy; NOMx, negative
lymph nodes and unknown distant metastatic stage; SNOMED, Systematized Nomenclature of Medicine; DaPCaR, Danish Prostate Cancer Registry; GS, Gleason score.

Table | Contributing health registries

Registry Data contribution

National Pathology Register**
(Patobank)
Central Person’s Registry’~

Histopathologic data

Date of diagnosis

Vital status (ie, alive, dead,
migrated, lost to follow-up)

Causes of death (PCa, other cause)
Diagnostic tumor classification

(ie, TNM classification)

PSA and PSA ratio Testosterone

Causes of Death Registry'°
National Cancer Registry'?

Depts of biochemistry

Abbreviations: Depts, departments; PCa, prostate cancer; PSA, prostate-specific
antigen; TNM, tumor-node-metastasis.

text codes were recoded into codes including procedure
type, tissue type, and diagnosis, eg, bGS 3+4 (biopsy of the
prostate containing a Gleason score [GS] 3+4 adenocarci-
noma) or bN (biopsy of the prostate without malignancy).
Approximately, half of the examinations contained multiple
SNOMED code combinations, eg, two normal core biopsies
and several core biopsies with PCa. To reach a final conclu-
sion for every unique histopathological assessment in the
Patobank data set, a third computational step was therefore
included to prioritize and summarize conclusions for each
specimen.

The Gleason system grades cell differentiation on a scale
from one to five, where 1 represents “highly differentiated
cells” and 5 represents the “most dedifferentiated cells”.
The final GS for a particular PCa is the sum of the Gleason
grades, representing the worst degree of differentiation and
the most frequent Gleason pattern observed. All institutions
apart from one reported GS as one score summarizing the
total number of core biopsies in a biopsy set. The GS reported
from these institutions was accepted as the final conclusion.
In the present data set, one institution registered one GS per

core biopsy, as opposed to one GS per biopsy set. In 873
(1% of all prostate biopsies) of these cases, a set of biopsies
had been given multiple GSs. To make results comparable
between institutions and to avoid upgrading and reporting of
multiple GSs per patient, these 873 specimens were reviewed
and divided into three groups (GS <6, GS =7, and GS =8).

Almost 45,000 assessments had insufficient coding, ie,
no specified GS or missing information about procedure
type. To overcome this, the text part of the histopathological
assessment rapport of these assessments was reviewed to
reach a final conclusion (computational step 4).

Many males had multiple procedures performed, ie,
rebiopsies on active surveillance or diagnostic core biopsies
followed by total prostatectomy, and were therefore repre-
sented in the database by multiple PCa-containing specimens
during the inclusion period. The term “diagnostic procedure”
was defined as the first procedure resulting in a specimen
containing PCa in each individual patient case.

A total of 5,809 specimens had undergone pathological
reassessment, typically in relation to referral to a tertiary
treating facility prior to surgery. Reassessment is coded by
a specific code in the SNOMED system. To ensure that each
specimen was represented only once in DaPCaR, all examina-
tion reports from patients having at least one reassessment
were manually reviewed. If the conclusions of the reassess-
ment differed from the original conclusion, the reassessment
conclusion was used.

Procedures were separated into distinguished categories
as mentioned in Table 2. Transrectal ultrasound (TRUS)-
guided core biopsies of the prostate were distinguished
from TRUS-guided core biopsies of the seminal vesicles,
anastomoses, or periprostatic area only. If TRUS-guided core
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SNOMED

code(s)

Step
Text translation

Needle biopsy,
adenocarcinoma, Gleason score 3+4

P30992
FEF034A

Needle biopsy,
Immunohistochemical examination,
paraffin section, prostate, no sign of
malignancy, chronic inflammation,
fibrosis, atropgy

P30990 P3B003 T77100
M09450 M43000 M49000
M58000

siInoma,

M81403 AEF033A
P30990;

M81403 AEF033A
P30990;

M81403 AEF043A
P30990;

M81403
P30990;

M09450 P30990;

M09450 P30990;

M09450 P30990;

oma,
needle biopsy;
malignancy,

no sign
needle biopsy;

no sign of malignancy,
needle biopsy;

no sign of malignancy,
needle biops

iInoma,
needle biopsy;
oma,
needle biopsy;
no sign of malignancy,
needle biopsy

M09450 P30990

M81403 adenocarcinoma

needle biopsy;

Step 2:
Recoding

Conclusion

bGS3+4

bGS3+4

bGS4+3
bGS3+3
bGS3+3

bGS3+3
bGS3+3
bGS4+3 bGS3+3
bGS3+3 bGS3+3
bN bGS3+3
bN L\

bN L\
bGS3+3 bN
bGS3+3 bN

bN

bGS3+4

Figure 3 Computational steps in the process of transcoding SNOMED codes into a readily analyzable format.
Abbreviations: b, biopsy of the prostate; GS, Gleason score; N, nonmalignant; ?, unknown procedure; AC, adenocarcinoma; r, transurethral resection of the prostate;

SNOMED, Systematized Nomenclature of Medicine.

biopsies of the prostate were obtained in the same specimen
(ie, same assessment) as TRUS-guided core biopsies of the
periprostatic area/seminal vesicles/anastomotic area and/
or transurethral resection of the prostate (TUR-P), the set
was collectively regarded as “TRUS-guided core biopsies
of the prostate”. Prostate tissue removed by transvesical
approach was, together with TUR-Ps, regarded as “resec-
tions of the prostate”. “Radical prostatectomies” included
prostates removed by open retroperitoneal approach or by
laparoscopy (+/— robot assisted). Transurethral biopsies
of the bladder (TUR-Bs) containing benign prostate tissue
were distinguished from TUR-Bs containing prostate cancer
and regarded as either “resection of prostate + bladder” or
“resection of the prostate”. Cases in which it could not be
determined whether the procedure was a bladder only or a
bladder and prostate intervention were regarded as “prostate
+ bladder resection”. Total cystoprostatectomy specimens,
specimens from gastrointestinal interventions, autopsies,
and specimens from bladder biopsies/bladder resections
were translated into specific conclusions. Specimens with

inconclusive diagnoses and specimens from female anatomi-
cal sites and otherwise meaningless coding were defined as
“not suitable”.

All nonmalignant diagnoses were regarded as normal,
including diagnoses such as inflammation and granulomas.
All adenocarcinomas coded by the WHO classification
as having high, intermediate, or low differentiation or
as being a grade 1, 2, or 3 adenocarcinoma were in both
circumstances translated into GS<6, GS=7, and GS=8,
respectively.

Locally advanced disease and metastatic disease were
defined as PCa cells invading the periprostatic tissue and
PCa cells within any defined organ (except from the blad-
der) other than the prostate, respectively. Neuroendocrine
differentiation and small cell carcinoma components were
registered specifically, also in cases where a specimen was
also GS graded.

If the diagnosis was a possible prostate/urothelial cancer
(ie, uncertainty as to whether invasive or not) or certain
dysplasia, it was registered specifically as possible adeno-
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Table 2 Translation of SNOMED codes into conclusions

SNOMED code

Conclusion

TRUS-guided biopsy of the prostate

Biopsy of the prostate

TRUS-guided biopsies of the prostate + periprostatic area and/or seminal vesicles and/or

anastomoses and/or transurethral resection of the prostate
TRUS-guided biopsy of the periprostatic area only

TRUS-guided biopsy of the seminal vesicle only

TRUS-guided biopsy of the anastomoses only

Transurethral resection of the prostate

Transurethral resection of bladder and prostate with prostate cancer
Transvesical resection of the prostate

Transurethral resection of prostate and bladder without prostate cancer or with bladder

cancer and where the indication for intervention was unknown
Resection of seminal vesicles only

Resection of anastomoses only

Aspirations or cytological (asp/cyt) examination of the prostate
Asp/cyt examination of the seminal vesicles only

Biopsy of the periprostatic area only
Biopsy of the seminal vesicle only
Biopsy of the anastomoses only
Resection of the prostate

Resection of the prostate+bladder

Resection of seminal vesicles only
Resection of anastomoses only
Asp/cyt of the prostate

Asplcyt of the seminal vesicles only

Procedure not specified from the seminal vesicles only
Open retroperitoneal removal of the prostate
Laparoscopic (+/— robot assisted) removal of the prostate
Cystectomy

Cystectomy + prostatectomy

Autopsies

Transurethral biopsy of the bladder

Transurethral resection of the bladder

Gastrointestinal (Gl) interventions

Meaningless or otherwise inconclusive coding

Unknown seminal vesicle procedure
Radical prostatectomy

Radical cystoprostatectomy

Autopsies
Bladder biopsies/resection

Gl-interventions
Not suitable

Notes: Blue, biopsies; red, resections; green, aspirations; orange, unknown procedures; gray: other procedures.
Abbreviations: TRUS, transrectal ultrasound; SNOMED, Systematized Nomenclature of Medicine.

carcinoma or prostatic intraepithelial neoplasia, respectively.
Possible dysplasia was registered as “nonmalignant”.

In addition, all histopathological assessment reports from
radical prostatectomies were reviewed manually to ensure
complete data regarding surgical margin status, GS, and
pTNM stage to be further analyzed.

The computational algorithm for transcoding SNOMED
codes into analyzable conclusions was developed in the
xlIsx format by our data manager (Giinther Momsen) using
Microsoft Excel 2010. Statistical analysis was performed
using SPSS statistics version 22 (IBM Corporation, Armonk,
NY, USA).

Results

A total of 167,341 specimens from 113,808 males were
extracted from Patobank. Seven males died before 1995 and
were excluded. A total of 5,809 specimens were revised at
a tertiary pathology department, typically before curative-
intended therapy. We decided that the final conclusion was
retrieved from the revision, and hence the original report was
excluded. Therefore, 161,525 unique histopathological assess-
ments from 113,801 individuals were included in DaPCaR.
Of these, a histopathological diagnosis of PCa was recorded

Table 3 Diagnostic procedures

Diagnosis and diagnostic Individuals  Percentage

procedure

Prostate cancer 48,078 100
Biopsy of the prostate 37,895 78.82
Vesicular biopsy only 9 0.019
Periprostatic biopsy only | 0.0021
TUR/transvesical resection of 8,061 16.77
the prostate
Aspiration of the prostate 33 0.068
Vesicular resection only | 0.0021
Radical prostatectomies 75 0.16
Radical cystoprostatectomies 488 1.01
Autopsies 749 1.56
Gastrointestinal interventions 9 0.021
Unknown 757 1.57

Abbreviation: TUR: transurethral resection.

in 48,078 (42.2%) males. Table 3 shows an overview of how
these males were diagnosed, defined as the first procedure
resulting in a specimen containing PCa. Of these PCa cases,
78.8% and 16.8% were diagnosed by TRUS-guided core
biopsies and TUR-Ps, respectively. In only 1.5% of the
cases, the diagnostic procedure was unknown. The remaining
3.5% were according to Table 3 diagnosed otherwise (ie,
unexpected during radical cystoprostatectomies or autopsies
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or during assessment of seminal vesicle biopsy as a staging
procedure for biochemically or clinically diagnosed PCa, etc).

A complete overview of final histopathological conclu-
sions is displayed in Table 4. A total of 85,238 specimens
(52.8% of all specimens) were from TRUS-guided core
biopsies. Of these, 97.8% were from core biopsies of the
prostate, and ~2% of TRUS-guided core biopsies originated
from periprostatic area, seminal vesicles, or anastomoses. A
total of 59,726 cases (37% of all specimens) derived from
resections. And of these, 94% were from TUR-Ps or transvesi-
cal resections of the prostate, and 6% were from combined
prostate and bladder resections. A total of 129 (0.08% of all
specimens) were aspiration biopsies, ie, cytology specimens,
and of these, 90.7% were from the prostate. In 3,382 cases
(2.1% of all specimens), the procedure could not be speci-
fied, but 99.9% of these derived from the prostate. Overall,
6,848 (4.24%) cases were from radical prostatectomies,
2,506 (1.55%) from autopsies, 1,451 (0.89%) from radical
cystoprostatectomies, 1,430 (0.89%) from bladder interven-
tions, and 232 (0.14%) from gastrointestinal interventions.
Only in 583 (0.36%) cases, the coding for topography was
meaningless.

PCa was identified in 50% of all TRUS-guided prostate
biopsy sets, in 9.7% of TRUS-guided biopsies of seminal
vesicle, in 21.7% of all TUR-Ps/transvesical resections
of the prostate, and in 20.8% of all aspiration biopsies. In
specimens from unknown prostatic procedures, PCa was
identified in 27.8%.

Discussion and perspectives

Currently, there is no national comprehensive Danish data-
base on PCa. With several national registries available in
Denmark, we initiated the DaPCaR program to create a novel
national registry of Danish males with PCa, containing com-
plete histopathological data for all males who have undergone
evaluation of prostate tissue in Denmark during a 16-year
period. Using a newly developed algorithm, we succeeded
in converting complex SNOMED code combinations into an
analyzable format suitable for PCa epidemiology research.
With DaPCaR, we have a flexible platform for integration
with other registries. An interesting attribution of DaPCaR is
the fact that it does not only hold information on males with
PCa but also holds information on autopsies, cystoprostatec-
tomies, and data on males with negative TRUS biopsies who
underwent evaluation for PCa, which is, to the best of our
knowledge, unprecedented.'*!” DaPCaR offers a complete
overview of the histopathological diagnostic activity within
prostatic diseases during a 16-year period.

The most important caveat in the creation of this data
platform is internal and external validity of the transcoded
SNOMED codes. Several validation efforts were made. Every
unique SNOMED code has been manually translated into
text strings to ensure that all clinically relevant information
in the SNOMED codes of Patobank was preserved. The use
of computer programming ensured that identical SNOMED
code combinations were translated into identical text strings
and later into identical diagnoses and conclusions in DaPCaR.
The prioritizing and summarizing of conclusions in cases of
multiple SNOMED codes (translational step 3) were done
manually to ensure that no information was lost. In order to
reduce the number of specimens with missing information,
more than 55,000 pathology reports were reviewed manually
(6,892 radical prostatectomies, 5,809 reassessed specimens,
and ~45,000 additional specimens).

An external validation of DaPCaR was made through
other registries and publications. A recent publication on
radical prostatectomies performed in Denmark based on local
registries identified 6,489 procedures performed in the period
1995-2011.'8 All these patients were recognized in DaPCaR,
and in addition, 359 males with PCa who underwent radical
prostatectomy (RP) in the period were identified in DaPCaR.

A total of 75 patients had an RP performed with no
prior biopsy procedure recorded. These patients were either
biopsied before 1995, diagnosed on core biopsies abroad, or
biopsied in private practice, from where Patobank registration
was not mandatory until 2005.

Additional external validation was performed using The
Nordic Cancer Registry NORDCAN),! that holds informa-
tion on incidence, prevalence, and mortality among 50 cancer
types in the northern countries.! The Danish contribution to
NORDCAN is achieved through integration of data from the
Causes of Death Registry and the Danish Cancer Registry.
In DaPCaR, we identified 48,078 patients with histopatho-
logically verified PCa, and in the same period, NORDCAN
registered 49,863 cases of PCa (difference of 3.6%). The
obvious explanation for this difference is that some PCas
are reported based on clinical findings without histological
confirmation (eg, a man with palpable PCa on digital rectal
examination, significantly elevated PSA, and metastasis veri-
fied by bone scan). This is supported in a recent publication
showing that in 1997, 13% of all diagnosed PCas in Denmark
were not histopathologically verified.!* We believe that the
narrow margin between DaPCaR and NORDCAN suggests
a high validity of our transcoded data set. Differences in the
number of PCa cases between DaPCaR and NORDCAN
decreased over time, suggesting a higher prevalence of
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Table 4 Overview of specimens and diagnosis

Table 4 (Continued)

Specimen type, location, and
overall diagnosis

Specimens Percentage

(Continued)

Specimen type, location, and
overall diagnosis

Specimens Percentage

Radical prostatectomies 6,848 424>
Radical cystoprostatectomies 1,451 0.89*
Autopsies 2,506 |1.552
Bladder biopsies/resection 1,430 0.89*
Gastrointestinal interventions 232 0.14*
Not suitable 583 0.36*
Total 161,525 100

Notes: *Percentage of specimens; ®percentage of TRUS-guided biopsies; percentage
of prostate biopsies; ‘percentage of periprostatic biopsies; °percentage of seminal
vesicle biopsies; percentage of anastomotic biopsies; fpercentage of resections;
"percentage of prostate resections; ‘percentage of prostate+bladder resections;
ipercentage of seminal vesicle resections; “percentage of anastomotic resections;
'percentage of aspirations/cytology; mpercentage of aspirations/cytology of the
prostate; "percentage of aspirations/cytology of the seminal vesicle; °percentage of
unknown procedures; Ppercentage of unknown prostatic procedures; 9percentage
of unknown seminal vesicle procedures. Blue, biopsies; red, resections; green,
aspirations; orange, unknown procedures; gray: other procedures.
Abbreviations: TUR, transurethral resection; TRUS, transrectal ultrasound.

histologically verified PCa today compared to the beginning
of the investigated period.

With transcoding and integration of Patobank data into
DaPCaR, a large and complete national database containing
validated histological data on males who have undergone
clinical and histopathological evaluation of the prostate has
been created. Further, clinically relevant data have been
integrated from other national registries using the unique
Danish CPR number system.’!!

From the Danish Cancer Registry, diagnostic tumor clas-
sification has been integrated into DaPCaR. Prior to 2004, a
simplified WHO classification system defined as pre-TNM
was used to classify tumors, and since 2004, tumors have
been classified according to the TNM system.” In DaPCaR,
data regarding tumor classification follow two different
classification systems, pre-TNM for patient diagnosed prior
to 2004 and TNM for patients diagnosed after 2004. The
Danish Cancer Registry and its information has previously
been validated in PCa patients."

Vital status was obtained from the Central Person Reg-
istry, and for the proportion of males who had died on April
28, 2015, the cause of death was obtained from the Causes
of Death Registry. This registry holds information on time
of death, overall type of death (ie, natural death, suicide,
homicide, accident), the condition directly causing death, as
well as underlying cause and contributory causes of death.®
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Serum PSA, PSA ratio (ie, serum-PSA/free-PSA level),
and s-testosterone values for all patients in DaPCaR were
collected from local databases and regional laboratory data-
bases. Unfortunately, several of those databases do not hold
information on all males, especially in the early period of
investigation, and thus only 47.4% of males with PCa had
diagnostic laboratory data recorded.

The Danish CPR system provides the opportunity to inte-
grate information from a range of national registries including
income information, geographical distribution, and other social
parameters as well as information regarding received PCa
treatment and complications. The National Patient Registry
(Landspatientregistret)® holds data on every hospitalization
and outpatient treatment in Denmark. Data are stored according
to CPR and ICD codes for diagnosis and procedures, which
make it possible to track the type of treatment given to each
patient as well as whether the patient had complications neces-
sitating hospitalization or outpatient visits.?** This holds the
potential for DaPCaR to be even more comprehensive and thus
an even more promising platform for future studies of PCa.

At present, DaPCaR is a closed database; however, it is
the intention to maintain the database, add new cases, and
increase the length of follow-up through future updates.

Conclusion

By decrypting complex coding from Patobank into analyz-
able conclusions, we managed to create a complete national
Danish histological registry on males undergoing histo-
pathological examination of prostate tissue in the period
1995-2011. DaPCaR was internally and externally validated
through several computational steps and comparison to other
registries. Integration of clinically relevant information from
other high-quality national registries makes DaPCaR a novel
platform for important future studies of PCa in Denmark.
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