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ORIGINAL ARTICLE

Low proportion of unreported cervical treatments in the cancer registry of
Norway between 1998 and 2013

Maarit K. Leinonena , Svenn A. Hansenb, Gry Baadstrand Skarec, Inger Berit Skaaretc, Monica Silvad,
Tom Børge Johannesend and Mari Nygårda

aDepartment of Research, Cancer Registry of Norway, Oslo, Norway; bDepartment of Health Management and Health Economics, University
of Oslo, Oslo, Norway; cUnit of Cervical Cancer Screening, Cancer Registry of Norway, Oslo, Norway; dDepartment of Registration, Cancer
Registry of Norway, Oslo, Norway

ABSTRACT
Background: Accurate information about treatment is needed to evaluate cervical cancer prevention
efforts. We studied completeness and validity of reporting cervical treatments in the Cancer Registry
of Norway (CRN).
Material and methods: We identified 47,423 (92%) high-grade cervical dysplasia patients with and
3983 (8%) without recorded treatment in the CRN in 1998–2013. We linked the latter group to the
nationwide registry of hospital discharges in 1998–2015. Of patients still without treatment records,
we randomly selected 375 for review of their medical history. Factors predicting incomplete treatment
records were assessed by multiple imputation and logistic regression.
Results: Registry linkage revealed that 10% (401/3983) of patients received treatment, usually coniza-
tion, within one year of their initial high-grade dysplasia diagnosis. Of those, 11% (n¼ 44) were miss-
ing due to unreporting and 89% (n¼ 357) due to misclassification at the CRN. Of all cases in medical
review, patients under active surveillance contributed almost 60% (223/375). Other reasons of being
without recorded treatment were uncertain dysplasia diagnosis, invasive cancer or death. Coding error
occurred in 19% (73/375) of randomly selected cases. CRN undercounted receipt of treatment by 38%
(n¼ 1526) among patients without recorded treatment which translates into 97% overall completeness
of treatment data. Incomplete treatment records were particularly associated with public laboratories,
patients aged 40–54 years, and the latest study years.
Conclusions: CRN holds accurate information on cervical treatments. Completeness and particularly
validity can be further improved through the establishment of new internal routines and regular link-
age to hospital discharges.
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Introduction

Cervical cancer control relies on early detection and treat-
ment of preinvasive lesions [1]. Whenever abnormal cells are
detected in a cervical smear, a thorough evaluation with col-
poscopy-directed punch biopsies follows. When appropriate,
treatment eradicates a preinvasive lesion preventing its fur-
ther progression into invasive cancer, and a success rate is
over 90% [2]. Two types of treatment are available: excisional
and ablative (destructive) procedures. Excisional techniques
include most commonly used loop electrosurgical excision
(LEEP), cold-knife conization, laser conization and in some
cases hysterectomy. Ablative or destructive procedures
include laser ablation, cryotherapy, radical diathermy and
cold coagulation. Local ablation or destruction can be con-
sidered if pretreatment biopsies show no evidence of inva-
sive or glandular disease, and the entire transformation zone

is visible [3]. In Norway, almost 99% of cervical preinvasive
lesions are treated with excisional procedures, usually with
LEEP (46%) or laser conization (38%). Ablative procedures
constitute about 1% of treatments only [4].

Registration of precancerous lesions of cervix uteri is
common in the Nordic cancer registries [5]. While the com-
pleteness of vulvar and vaginal preinvasive lesions in
Norway has been formally evaluated [6], less is known
about registration of cervical lesions. It has been estimated
that the CIN Registry has more than 80% of ascertainment
of treatments of cervical precancerous lesions [4,7]. Accurate
information about treatment of cervical lesions is needed to
evaluate cervical cancer prevention efforts and burden on
the health care system. To determine the extent of missing
registry data, administrative claims linked to registry data
provide a robust tool for quality evaluation [8]. We studied
completeness and validity of reporting treatments of
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cervical lesions at the Cancer Registry of Norway (CRN) for
the first time. We also made a descriptive analysis on rea-
sons of being without recorded treatment for high-grade
cervical dysplasia.

Material and methods

The CRN holds information on cervical treatments in three
databases: the Incidence Database, the Histology Registry
and the CIN Registry. Reporting is mandatory and is based
on pathology and clinical notifications (messages). The
Incidence Database (established 1951) provides information
about site, histology and stage of all new cancer cases while

the Histology Registry (established 2002) provides informa-
tion on all histology specimens, including normal findings,
taken from a cervix. The main purpose of the Incidence
Database and the Histology Registry is to capture all cervical
diagnoses while the CIN Registry (established 1997) holds
information on preoperative findings, histology and cervical
treatment procedures. Reporting of histology during the
study period was based on modified version of the SNOMED
coding system [9]. Histology was classified according to the
SNOMED system in the Histology Registry and ICD-O-3 [10]
in the Incidence Database.

Identification of patients diagnosed with a high-grade
dysplasia, i.e., cervical intraepithelial lesion grade 2 (CIN 2),

193 laboratory inquiries 

  73 treatment of dysplasia 
 120 ac�ve surveillance 
      0 cancer therapy 

182 solved internally 

  22 treatment of dysplasia 
135 ac�ve surveillance 
  25 cancer therapy 

497 surgical or abla�ve treatment of high-grade dysplasia 
337 ac�ve surveillance 
154 cancer therapy 

25 duplicates, emigra�on 
or invalid PIN 

375 pa�ents to review of 
their medical history 

3 983 (8%) pa�ents without  
recorded treatment 

613 pa�ents with at least 
one treatment procedure 
in hospital discharges 

3 370 pa�ents without 
treatment procedure in 
hospital discharges 

51 656 CIN2, CIN3, CIS or ACIS cases 
diagnosed in 1998–2013  

(accessed in September 2016) 

51 406 eligible CIN2, CIN3, CIS or ACIS cases 

250 cervical cancers prior to 
high-grade cervical dysplasia 

47 423 (92%) pa�ents with 
recorded treatment 

548 surgical or abla�ve 
procedure 

401 treatment of dysplasia 
64 treatment of cancer 
    83 ac�ve surveillance 

65 radiotherapy 
and/or 
chemotherapy 

random sampling of 400 
pathology no�fica�ons 
received in 1998-2013 

Figure 1. Identification of 51,406 high-grade cervical dysplasia patients diagnosed in Norway between 1998 and 2013 and their assignment to treatment groups
in the beginning and during the study.
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cervical intraepithelial lesion grade 3 (CIN 3), carcinoma in
situ (CIS) or adenocarcinoma in situ (ACIS), and their assign-
ment to treatment groups is given in Figure 1. We extracted
all high-grade dysplasias diagnosed between 1 January 1998
and 31 December 2013 and registered in any of the three
database in September 2016 (n¼ 51,656). We excluded 250
patients who had been diagnosed with invasive cervical can-
cer before the high-grade cervical dysplasia. We categorized
patients into two mutually exclusive groups: ‘with recorded
treatment’ and ‘without recorded treatment’. A patient was
considered of being without treatment if there was no
recorded information on excisional or ablative treatment
after their initial high-grade dysplasia diagnosis.

We then linked 3983 (7.7%) patients with high-grade dys-
plasia and without recorded treatment to hospital discharges
recorded in the Patient Administrative Data System (PAS,
available from 1998 to 2010) and the Norwegian Patient
Registry (NPR, available from 2010 to 2015). We used the
unique personal identification number (PIN) that all
Norwegian residents have, and requested all hospitalizations
and outpatient visits in these nationwide registries, recorded
with the ICD-10 diagnostic codes of interest (C53, D06-D07,
N87, N89), and relevant medical, surgical and radiological
procedures that were recorded irrespective of ICD-10 code.
We then categorized found treatment procedures into three
categories: surgical or ablative treatment of high-grade dys-
plasia, active surveillance (see below) and cancer therapy.

Among 3370 patients with high-grade dysplasia but no
treatment procedure in hospital discharges, we took a ran-
dom sample in order to review their medical history in detail.
We made random sampling of 400 pathology notifications
received in the CRN in 1998–2013. We excluded 25 patients
because of duplicate sampling, emigration after high-grade
dysplasia or invalid PIN leaving 375 eligible patients for med-
ical review.

First, we reviewed records of these 375 patients from all
three databases to identify any in-house discrepancies in
coding treatment data. We solved internally 49% of cases
(n¼ 182), and these were not subjected to laboratory inqui-
ries, i.e., to external review. Remaining 193 patients were
ordered according to the name of the laboratory who
reported the high-grade dysplasia diagnosis. Laboratory
inquiries were done by regular mail or occasionally by phone
when there were only a few uncertain cases per laboratory.
We provided the laboratories with diagnosis, date of diagno-
sis and time period of interest for which we asked them to
send us all relevant patient records for all listed patients.
Laboratories received up to one reminder letter if they did
not respond within 3–4 weeks after the first inquiry.

We compared information on treatment in the external
data sources to the registry data in the CRN. Treatment pro-
vided within one year after the initial diagnosis was consid-
ered as a primary (first-line) treatment of which the CRN
should hold records. Treatment given more than one year
after high-grade dysplasia diagnosis was categorized as
active surveillance also called as watchful waiting as a pri-
mary treatment. Active surveillance also included women to
whom (1) the CRN had received a clinical notification

explicitly saying no treatment, (2) the CRN had received a
pathology notification from the same hospital visit that con-
firmed punch biopsy and (3) the CRN hold information on
colposcopy, ultrasound, Pap smear or similar diagnostic pro-
cedures following the high-grade dysplasia indicating that
clinical management strategy was conservative.

Statistical analyses

We made a descriptive analysis on reasons for unregistered
treatment and performed a non-parametric test of trend
(Ptrend) to study possible trends across groups in these rea-
sons where appropriate. We also studied factors that pre-
dicted incomplete treatment records in the CRN using
logistic regression. Results from the data linkage and from
medical review of randomly selected patients were imputed
to the whole population without recorded treatment
(n¼ 3983) using a multiple imputation by chained equations
(MICE) approach. Incomplete treatment records in the CRN
were our outcome variable and it was assumed to be miss-
ing at random [11]. Explanatory variables included age group
at diagnosis in three categories (less than 40, 40–54 and 55
years and above), severity of diagnosis (CIN 2 vs. CIN 3/CIS/
ACIS), type of laboratory (university hospital, other hospital,
private or unknown) and time period (years 1998–2003,
2004–2008 and 2009–2013). In addition, interaction between
severity of diagnosis and age group, exact name of labora-
tory and exact time since high-grade dysplasia in years were
included in the imputation models as possible predictors of
missing information. We created 40 imputed data sets of
which estimates were combined using Rubin’s rules [12,13].
Statistical analyses were done using Stata version 15.0
(StataCorp, College Station, TX, USA). Ethical approval was
not needed as the CRN has an obligation to continuously
monitor and measure the data quality of its own databases.

Results

Registry linkage revealed that 14% (548 out of 3983) of
patients without recorded treatment had a surgical or abla-
tive procedure performed, and 2% (n¼ 65) received radio-
therapy- and/or chemotherapy within one year after high-
grade dysplasia diagnosis (Figure 1). Fifteen percent of iden-
tified treatment procedures (83 out of 548) were considered
as under active surveillance, typically, because treatment was
given more than one year after high-grade dysplasia diagno-
sis (Table 1). Only seven patients had an erroneous proced-
ural code in hospital discharges and a pathology report in
the CRN from the same hospital visit confirmed biopsy.
Forty-nine per cent of primary treatments (303 out of 613)
were conizations, 22% were hysterectomies and 5% ablative
procedures. Hysterectomy was associated with increasing
age (Ptrend¼ .000) and a glandular lesion (ACIS, Ptrend¼ .000),
whereas conization was the most prevalent treatment type
in women of reproductive age and in squamous cell lesions.
The great majority of identified treatments were among
patients who had been diagnosed with high-grade dysplasia
during the last time period in 2009–2013. The CRN had
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complete data on radio- and/or chemotherapies adminis-
tered for cervical cancer.

Among internally reviewed 182 cases, the most common
reason of unregistered treatment was active surveillance
(Table 2). These patients contributed 57% of all cases. Active
surveillance was particularly observed among patients
younger than 40 years (Ptrend=.000) and among patients with
less severe lesion (CIN 2, Ptrend=.000). Eighteen per cent of
internally reviewed cases had an uncertain dysplasia diagno-
sis in the first place. Their pathology reports stated CIN 1-2
or ungraded CIN where moderate dysplasia cannot be ruled
out. These were considered to be managed as CIN 1 lesions

which do not require treatment. Nine patients (5%) devel-
oped an invasive cervical cancer within six months. Of these,
eight patients were treated with radiotherapy and one had
refused treatment. Nine per cent of patients had some other
cancer or died within one year after the high-grade dyspla-
sia diagnosis.

Among cases subjected to external review, we received at
least one cytology or histology report following the high-
grade dysplasia diagnosis for 179 patients. For 14 patients
(7% of all inquired) no any records were identified from the
laboratories we contacted for the asked time period. These
patients were assumed to have complete records at the CRN

Table 2. Patients without recorded treatment for high-grade cervical dysplasia in the CRN who were solved internally by age, severity, laboratory type and time
period of diagnosis (n¼ 182).

Reasons of being without recorded treatment for high-grade cervical dysplasia

Patients
Cervical cancer

�6 months (prevalent)
Other cancer or death

�12 months
Active

surveillancea
Uncertain dysplasia

diagnosis
Uncoded
treatment

n (% of total) n (% of total) n (% of total) n (% of total) n (% of total) n (% of total)

Age group at diagnosis
<40 years 118 (64.8%) 1 (11.1%) 3 (18.8%) 79 (76.7%) 22 (68.8%) 13 (59.1%)
40–54 years 23 (12.6%) 2 (22.2%) 2 (12.5%) 9 (8.7%) 4 (12.5%) 6 (27.3%)
�55 years 41 (22.5%) 6 (66.7%) 11 (68.8%) 15 (14.6%) 6 (18.8%) 3 (13.6%)
Ptrend .000 .000 .000 .566 .851

Severity of diagnosis
CIN 2 107 (58.8%) 0 (–) 4 (25.0%) 71 (68.9%) 24 (75.0%) 8 (36.4%)
CIN 3, CIS 64 (35.2%) 8 (88.9%) 10 (62.5%) 30 (29.1%) 6 (18.8%) 10 (45.5%)
ACIS 11 (6.0%) 1 (11.1%) 2 (12.5%) 2 (1.9%) 2 (6.3%) 4 (18.2%)
Ptrend .001 .006 .000 .102 .005

Laboratory of diagnosis
University hospital 84 (46.2%) 4 (44.4%) 5 (31.3%) 46 (44.7%) 14 (43.8%) 15 (68.2%)
Other hospital 83 (45.6%) 5 (55.6%) 7 (43.8%) 50 (48.5%) 14 (43.8%) 7 (31.8%)
Private or unknown 15 (8.2%) 0 (–) 4 (25.0%) 7 (6.8%) 4 (12.5%) 0 (–)

Time of diagnosis
1998–2003 36 (19.8%) 3 (33.3%) 7 (43.8%) 18 (17.5%) 4 (12.5%) 4 (18.2%)
2004–2008 51 (28.0%) 2 (22.2%) 6 (37.5%) 24 (23.3%) 12 (37.5%) 7 (31.8%)
2009–2013 95 (52.2%) 4 (44.4%) 3 (18.8%) 61 (59.2%) 16 (50.0%) 11 (50.0%)
Ptrend .404 .002 .068 .687 .970

Total 182 (100.0%) 9 (100%) 16 (100%) 103 (100%) 32 (100.0%) 22 (100%)
aColposcopy, ultrasound, Pap smear or other diagnostic procedures following the high-grade dysplasia or a clinical notification explicitly saying no treatment.

Table 1. Results from linkage of 3983 patients without recorded treatment for high-grade cervical dysplasia in the CRN to the nationwide registry of hospital
discharges in 1998–2015.

Primary treatment type within �365 days

Patients Active surveillancea Radio- and/or chemotherapy Conization Hysterectomy Ablative procedure
n (% of total) n (% of total) n (% of total) n (% of total) n (% of total) n (% of total)

Age group at diagnosis
<40 years 286 (46.7%) 44 (53.0%) 12 (18.5%) 193 (63.7%) 12 (9.0%) 25 (89.3%)
40–54 years 164 (26.8%) 24 (28.9%) 20 (30.8%) 78 (25.7%) 42 (31.1%) 0 (–)
�55 years 163 (26.6%) 15 (18.1%) 33 (50.8%) 32 (10.6%) 80 (59.7%) 3 (10.7%)
Ptrend .080 .000 .000 .000 .000

Severity of diagnosis
CIN 2 197 (32.1%) 47 (56.6%) 1 (1.5%) 99 (32.7%) 32 (23.9%) 18 (64.3%)
CIN 3, CIS 348 (56.8%) 32 (38.6%) 58 (89.2%) 198 (65.4%) 50 (37.3%) 10 (35.7%)
ACIS 68 (11.1%) 4 (4.8%) 6 (9.2%) 6 (2.0%) 52 (38.8%) 0 (–)
Ptrend .000 .000 .000 .000 .000

Laboratory of diagnosis
University hospital 285 (46.5%) 34 (41.0%) 20 (30.8%) 141 (46.5%) 77 (57.5%) 13 (46.4%)
Other hospital 287 (46.8%) 39 (47.0%) 34 (52.3%) 149 (49.2%) 51 (38.1%) 14 (50.0%)
Private or unknown 41 (6.7%) 10 (12.0%) 11 (16.9%) 13 (4.3%) 6 (4.5%) 1 (3.6%)

Time of diagnosis
1998–2003 47 (7.7%) 22 (26.5%) 5 (7.7%) 1 (0.3%) 19 (14.2%) 0 (–)
2004–2008 60 (9.8%) 16 (19.3%) 10 (15.4%) 1 (0.3%) 33 (24.6%) 0 (–)
2009–2013 506 (82.5%) 45 (54.2%) 50 (76.9%) 301 (99.3%) 82 (61.2%) 28 (100.0%)
Ptrend .000 .410 .000 .000 .000

Total 613 (100.0%) 83 (100.0%) 65 (100.0%) 303 (100.0%) 134 (100.0%) 28 (100.0%)
aPathology notification from the same hospital visit confirmed biopsy or treatment was given more than one year after high-grade dysplasia diagnosis.
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and considered under active surveillance group without any
screening or diagnostic follow-up. All results from laboratory
inquiries are shown in Table 3. Overall, 62% of patients (120
out of 193) untreated for high-grade dysplasia were under
active surveillance, and their proportion was highest during
the latest study years (Ptrend=.049).

Coding error in the CRN had occurred in 19% of randomly
selected cases (Tables 2 and 3). Proportion of coding errors
was 12% in internal review and 26% in external review. Of
those internally reviewed cases, one was destructive treat-
ment of vaginal CIS, two were hysterectomies with normal
findings in cervix and 19 were conizations reported using an
unspecific SNOMED code (T83000 Cervix Uteri UNS). Two-
thirds of coding errors in external review were reported
using an unspecific SNOMED code and one-third was mis-
classification of treatment status in the CRN albeit of accur-
ate reporting. Twenty-two cases (6% of all medically
reviewed) were due to previously unreported treatment to
the CRN.

Finally, we categorized results from the PAD and NPR link-
age to comply with reasons of unregistered treatment from
medical review. Almost half of identified hysterectomies
(n¼ 63) were treatments against other gynaecological cancer
than cervical cancer, usually endometrial cancer. Two
patients had ovarian cancer and one patient had both endo-
metrial and ovarian cancer. One conization was found to be
an erroneous code in the NPR and the CRN confirmed treat-
ment as a radical hysterectomy against endometrial cancer.
Thus, 401 surgical or ablative procedures were previously
unregistered treatments against high-grade dysplasia. Of
these, 11% (n¼ 44) were due to unreporting and 89%
(n¼ 357) due to misclassification. Ablative procedures consti-
tuted 58% of all unreported treatments. Combined dataset
for imputation included 497 surgical or ablative treatments
of high-grade dysplasia, 337 patients with active surveillance
and 154 patients with cancer therapy.

Imputation models revealed that the CRN undercounted
receipt of surgical or ablative procedure by 38% in the whole
population without recorded treatment (1526 out of 3983)
(Table 4). This would indicate that completeness of surgical
or ablative procedures for cervical high-grade dysplasia in
the CRN overall is 97% (47,423/48,949). Results from logistic
regression showed that incomplete treatment records in the
CRN were particularly associated with public laboratories,
with the most recent study years and with patients aged
from 40 to 54 years. Severity of disease also predicted
incomplete treatment records so that treatment for CIN 3,
CIS or ACIS was more often incomplete than treatment
for CIN 2.

Discussion

This was the first time completeness and validity of reporting
treatment for cervical high-grade dysplasia in the CRN was
thoroughly evaluated. We found that CRN undercounted
receipt of surgical or ablative procedure by 38% among
women without recorded treatment. This translates into 97%
overall completeness of treatment data. Reporting using
unspecific SNOMED codes was more prominent threat to
data quality than underreporting. Completeness and particu-
larly validity can be further improved through establishing
new internal routines and regular linkage between the NPR
and the CRN.

Patients under active surveillance contributed 15% of
cases in a register linkage and almost 60% cases in a random
sample. Active surveillance together with ablative procedures
were particularly attributed to patients younger than 40
years and to CIN 2 lesions. Awareness that particularly deep
excisions and repeat treatments increase the risk of prema-
turity and perinatal complications has increased [4,14].
Ablative therapies have minor impact on adverse obstetric
outcomes and hence may be alternatives in reproductive-

Table 3. Patients without recorded treatment for high-grade cervical dysplasia in the CRN who were inquired from laboratories by age, severity, laboratory type
and time period of diagnosis (n¼ 193).

Reasons of being without recorded treatment for high-grade cervical dysplasia

Patients Active surveillance Unreported treatment Uncoded treatment
n (% of total) n (% of total) n (% of total) n (% of total)

Age group at diagnosis
<40 years 138 (71.5%) 92 (76.7%) 14 (63.6%) 32 (62.8%)
40–54 years 34 (17.6%) 17 (14.2%) 5 (22.7%) 12 (23.5%)
�55 years 21 (10.9%) 11 (9.2%) 3 (13.6%) 7 (13.7%)
Ptrend .070 .435 .154

Severity of diagnosis
CIN 2 96 (49.7%) 65 (54.2%) 6 (27.3%) 25 (49.0%)
CIN 3, CIS 95 (49.2%) 54 (45.0%) 16 (72.7%) 25 (49.0%)
ACIS 2 (1.0%) 1 (0.8%) 0 (–) 1 (2.0%)
Ptrend .114 .041 .793

Laboratory of diagnosis
University hospital 85 (44.0%) 52 (43.3%) 8 (36.4%) 25 (49.0%)
Other hospital 68 (35.2%) 44 (36.7%) 8 (36.4%) 16 (31.4%)
Private or unknown 40 (20.7%) 24 (20.0%) 6 (27.3%) 10 (19.6%)

Time of diagnosis
1998–2003 71 (36.8%) 40 (33.3%) 16 (72.7%) 15 (29.4%)
2004–2008 77 (39.9%) 46 (38.3%) 2 (9.1%) 29 (56.9%)
2009–2013 45 (23.3%) 34 (28.3%) 4 (18.2%) 7 (13.7%)
Ptrend .049 .007 .810

Total 193 (100.0%) 120 (100%) 22 (100%) 51 (100%)
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aged women [15]. Given the high proportion of CIN 2 lesions
that go into spontaneous regression, watchful waiting has
become an attractive option for young women [15–21]. Our
study showed that albeit national guidelines, where CIN 2
typically is treated, active surveillance plays a role in clinical
practice. However, results have to be interpreted keeping in
mind that CIN 2 is an equivocal diagnosis of poor reproduci-
bility [22,23] making it a challenging diagnosis for registra-
tion and time trend analysis. Also, current coding routines in
the CRN should be adapted to capture active surveillance as
an option for treatment.

Incomplete treatment records in the CRN were particularly
associated with the latest study years. There is always a
trade-off between timely data and the extent to which data
are complete and accurate. Complete information on the first
course of treatment may not be available until one year after
the initial diagnosis, and also reporting delays exist. While
there are no internal guidelines for timelines, within two
years of the close of the diagnosis year, at least 95% com-
pleteness is usually expected [24]. Our last year of diagnosis
was 2013. Still, 88 cases without recorded treatment at the
time of data extraction had correct information 6–12 months
later at the time of the review (data not shown). This means
that the latest years of diagnosis may not be the most opti-
mal setting to study treatment pathways.

While the CIN Registry is routinely cross-linked to the
Histology Registry to check for missing information on treat-
ment, there is no routine to verify treatment data in these
against the Incidence Database. Our study revealed that the
Incidence Database is an important data source to comple-
ment the treatment data and particularly to decide about
the primary site of the tumor. Using the Histology Registry
and CIN Registry alone for statistics and research will over-
estimate the proportion of untreated patients and provide
higher incidence of ACIS in the population. This is because
of reporting using unspecific SNOMED codes and because
screening program does not receive systematic information
on hysterectomies. Whether simultaneous cervical ACIS and
endometrial cancer constitute one or two incident cases may
have consequences when evaluating incidence patterns over

time and between countries. Endometrial cancer is the most
common gynecologic cancer among Norwegian women [25],
and prevalence of its major risk factors, namely obesity and
overweight, is increasing rapidly [26,27]. Lack of uniform clas-
sification and analysis of multiple primaries is a known prob-
lem related to a cancer registry for all tumors versus any
single domain oriented registry [28]. Recently, health
research is increasingly adapting new analytical techniques
to identify patterns in large data sets. Differences in the way
data are collected and stored (metadata) and inconsistencies
between data sources can reduce value of applying machine
learning and data mining [29–31]. Therefore, institutions col-
lecting health data should take these new opportunities into
account when organizing their data and supporting meta-
data [29].

Hospital discharges are a quick and feasible way to study
resource utilization. In research using hospital discharges, use
of diagnostic and procedure codes is common but infre-
quently validated. Patients registered on a code frequently
do not have the condition it represents [32,33]. We scruti-
nized thoroughly identified procedural codes and found only
a handful of erroneous procedural codes in the PAS and the
NPR. Also agreement between diagnostic codes in the NPR
and the CRN has previously shown to be high for the six
most common cancer types [34]. Therefore, we do not antici-
pate our results to be largely affected by erroneous codes. In
fact, the NPR is already a key source in finding information
on unreported cancer cases [25]. Proportion of unreported
high-grade dysplasia cases overall was low in our study. This
confirms that data in the CRN can be used to monitor inci-
dence of all Human Papillomavirus-related preinvasive gyne-
cological lesions with high precision [6]. Furthermore, our
study demonstrates the value of supplementing registry data
on treatment by linkage to hospital discharges or administra-
tive claims when these are of high quality, and similar results
have been reported previously [8].

Cancer registries often lack data on cancer therapies,
especially those administered in the outpatient setting such
as chemotherapy, endocrine therapy and radiation [8,35-37].
Even the information on first-line treatment is far from

Table 4. Predictors of incomplete treatment records among 3983 high-grade dysplasia patients without recorded treatment in the CRN.

Incomplete treatment records

Multivariate odds ratio
(95% CI)

Observed data n¼ 497 Imputed data n¼ 1029 Completed n¼ 1526
n (% of total) n (% of total) n (% of total)

Age group at diagnosis
<40 years 286 (57.6%) 673 (65.4%) 959 (62.8%) Ref.
40–54 years 137 (27.6%) 232 (22.5%) 369 (24.2%) 3.23 (1.99–5.24)
�55 years 74 (14.9%) 124 (12.1%) 198 (13.0%) 1.20 (0.61–2.34)

Severity of diagnosis
CIN 2 178 (35.8%) 479 (46.6%) 657 (43.1%) Ref.
CIN 3, CIS, ACIS 319 (59.6%) 550 (53.4%) 869 (56.9%) 3.41 (2.53–4.59)

Laboratory of diagnosis
University hospital 242 (48.7%) 562 (54.6%) 804 (52.7%) Ref.
Other hospital 222 (44.7%) 349 (33.9%) 571 (37.4%) 0.83 (0.63–1.08)
Private or unknown 33 (6.6%) 118 (11.5%) 151 (9.9%) 0.40 (0.23–0.68)

Time period of diagnosis
1998–2003 43 (8.7%) 318 (30.9%) 361 (23.7%) 0.29 (0.19–0.44)
2004–2008 49 (9.9%) 278 (27.0%) 327 (21.4%) 0.28 (0.21–0.38)
2009–2013 405 (81.5%) 433 (42.1%) 838 (54.9%) Ref.
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perfect [5]. Not surprisingly, European cancer registries’ con-
tribution to cancer care outcomes is still rather limited [38].
We found that all cervical cancer cases had information on
administered radiotherapy and occasionally also on chemo-
therapy. This substantial result is most likely attributed to
access to data from radiation machines since 1997 [5].
Currently, the information on chemotherapy in the CRN is on
a dichotomous level except for nine quality registries. Data
on chemotherapy is not easy to supplement from administra-
tive claims as medical procedures were often recorded with-
out any ICD-10 code. This makes it hard to distinguish
between primary treatment and treatment for recurrence/
metastasis/other cancer in case of multiple malignancies.

We included several covariates associated with patient,
time, service provider and their interactions that could relate
to missingness into imputation models. Therefore, we feel
that missing at random assumption was reasonable.
Furthermore, MICE was a correct approach since hospital dis-
charges were not equally available for the whole study
period. This was clearly seen in the data linkage where the
majority of identified procedures were among patients diag-
nosed with high-grade dysplasia in 2009–2013. Complete
case analysis emphasized data from registry linkage and lead
to somewhat different estimates. Furthermore, it is possible
that private laboratories do not report to the CRN and to the
hospital discharges with the same intensity as public labora-
tories. A study comparing cancer diagnoses in the NPR and
in the CRN found that the private sector rarely reported
patient’s PIN to the NPR which limits possibilities to further
use this data [34]. A study from New Zealand clearly pointed
toward a non-reporting private hospital ‘effect’ on complete-
ness of cancer surgeries [37]. We noticed slight differences in
responses to our inquiries between public and private labo-
ratories. Private laboratories tended to provide fewer
cytology and pathology notifications per patient which could
be due to limited number of visits to clinician, but may also
indicate less intensive collection of patient records.

A limitation of our study is that we only studied patients
without recorded treatment, and we do not know about val-
idity of patients with recorded treatment. Therefore, our esti-
mates about overall completeness of 97% should be
interpreted with some caution. Still, our study indicates that
the CRN holds accurate information about treatment for cer-
vical high-grade dysplasia and also for cervical cancer. This
makes the CRN valuable data source to evaluate cervical can-
cer prevention and treatment efforts in the population.

Conclusions

CRN holds accurate information on cervical treatments. CRN
is a valuable data source to evaluate cervical cancer preven-
tion and treatment efforts in the population. The best data
for statistics and research is obtained by combining informa-
tion from all relevant databases. Completeness and particu-
larly validity of each database individually can be further
improved through the establishment of new internal routines
and regular linkage to hospital discharges.
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