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ABSTRACT
Objective: The National Penile Cancer Register (NPECR) in Sweden was initiated in year 2000 and currently 
contains more than 3,900 men diagnosed with penile cancer. The aim of this study was to evaluate data 
quality in the NPECR in terms of completeness, timeliness, comparability, and validity.
Material and methods: Completeness was assessed by cross-linkage to the Swedish Cancer Register. 
Timeliness, defined as time from date of diagnosis to date of reporting in the NPECR, was calculated. 
Comparability was evaluated by reviewing and comparing coding routines in the NPECR with national 
and international guidelines. To assess validity, medical records of 375 men with a penile cancer diagnosis 
in the NPECR between 2017 and 2020 were reviewed and selected variables were re-abstracted and com-
pared with previously registered data.
Results: Completeness was high (93%). Timeliness was in median 4.6 (Inter Quartile Range 2.6–8.8) 
months. Comparability was good with coding routines and the registration forms were in compliance with 
current guidelines. Overall, the validity was high. The majority of variables showed an exact agreement 
exceeding 90%.
Conclusion: Data quality in the Swedish NPECR is generally high with respect to completeness, timeliness, 
comparability, and validity. Hence, the NPECR represents a reliable data source for monitoring the quality 
of penile cancer care and research. Data quality can be further improved by revision of reporting forms and 
manuals, training of reporting staff, and by organizational adjustments.
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Introduction

The Swedish Cancer Register (SCR), to which reporting is man-
dated by law [1], is used to monitor the incidence of cancer, but 
lacks information on treatment and follow-up. As a comple-
ment, Sweden has a long tradition of clinical quality registers 
that collect these clinical data. In 2023, there were more than 
100 different clinical quality registers, including 30 national can-
cer quality registers [2]. Data collected in the National cancer 
quality registers are used for evaluation of health care quality, 
benchmarking, and register-based research. The National Penile 
Cancer Register (NPECR) was founded in year 2000 to monitor 
penile cancer care in Sweden. The NPECR is population-based 
and currently includes more than 3,900 men with penile cancer 
with information on diagnosis, surgical-, dermatological-, and 
oncological treatment, and follow-up data [1, 3].

The web-based platform INCA (Information Network for 
Cancer) is used for online reporting to the NPECR. At the time of 
launch of the NPECR, a combined form registering information 

on TNM classification and primary treatment was used. Over 
time, the forms have been modified, and now divided into 
registration, work-up and planned treatment, and surgical 
treatment forms, respectively. In 2015, new forms for oncological 
treatment with chemo- and radiotherapy and follow-up at 2 and 
5 years were introduced. The Regional Cancer Center in Central 
Sweden provides national, technical and administrative support 
to the NPECR, while six regional penile cancer centers across 
Sweden are responsible for the completeness of the reported 
data.

Due to the rarity of penile cancer, the organization of care has 
undergone several changes during the last decade. A weekly 
national multidisciplinary team (MDT) conference was 
introduced in 2013 and in 2015 curative surgery was centralized 
to two national centers, Skåne University Hospital and Örebro 
University Hospital, to ensure an improved and equal 
provision  of care for men with penile cancer. Clinical work-up 
and follow-up is mainly (but not exclusively) carried out at the 
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six regional penile cancer centers, one in each Swedish health 
care region. The two national centers also constitute regional 
centers for their respective health care regions.

The aim of this study was to evaluate data quality in the NPECR 
in terms of completeness, timeliness, comparability, and validity.

Material and methods

The quality of data collected in the NPECR was evaluated accord-
ing to the validation strategy originally described by Parkin and 
Bray [4], which includes four dimensions of register data quality: 
completeness, timeliness, comparability, and validity. A validation 
manual for cancer quality registers on the INCA platform was used 
as a guiding document [5]. The study period was set to 2017–2020, 
to focus on the current centralized organization of penile cancer 
care in Sweden and with the present TNM classification and forms 
for registration to the NPECR. Since 2017, the 8th edition of the 
TNM Classification of Malignant Tumors has been used [6].

Completeness

Completeness was calculated as the proportion of cases regis-
tered in the NPECR compared to all penile cancer cases regis-
tered in the SCR [4] during the period under study.

Timeliness

Timeliness was defined as the time between the date of penile 
cancer diagnosis and the actual date of registration according to 
the NPECR [4].

Comparability

Comparability was assessed by evaluating if the registration and 
coding routines are clear, nationally uniform, and whether they 
follow national [7] and international guidelines [8], hence ena-
bling national and international comparisons [4]. Comparability 
was evaluated based on the registration and coding routines 
applied during the review period.

Validity

Validity was defined as the proportion of cases in the data set 
with a specific characteristic that truly had the characteristic in 
question [4]. Re-abstraction of data from medical records was 
used as validation method and included independent review 
of information from original patient records and subsequent 
comparisons with data registered in the NPECR. To ensure 
nationwide representation, patients from all six regional penile 
cancer centers were included in the validation process. The 
final data set comprised 375 men with penile cancer after 
exclusion of 13 men due to previous incorrect registration or 
opt-out of the NPECR (Figure 1). Based on assessment of impor-
tance and clinical relevance, 31 (out of 289) specific variables 
were selected from the forms for registration, work-up and 
planned treatment, surgical treatment, and follow-up form, 
respectively.

The re-abstracted data were registered on the INCA platform 
by use of a form specifically designed for the validation. Retrieval 
of medical records and data re-abstraction was performed by a 
nurse with experience of Swedish health care and administration 
of cancer quality registers, including the NPECR specifically. At 
the time of the validation process, the validator was not affiliated 
with any of the reporting units.

Figure 1. Regional penile cancer centers with number of cases validated during the study period 2017–2020. Skåne University Hospital and Örebro Univer-
sity Hospital constitute both regional and national centers for penile cancer in Sweden.
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Validity was analyzed by calculating the exact agreement 
between the data recorded in the NPECR and the data 
re-abstracted from medical records. Strength of agreement was 
measured by Cohen’s Kappa for categorical variables and Pearson 
correlation coefficient for numerical variables.

The study was approved by the Regional Ethics Committee in 
Uppsala (2023-05066-02).

Results

Completeness

The mean national level of completeness during the study 
period was 93% with a range of 80% – 99% between the six 
health care regions.

Timeliness

The median time between date of diagnosis and registration in 
the NPECR was 4.6 months (Inter Quartile Range (IQR) 2.6–8.8). 
The cumulative proportion of individuals reported to the NPECR 
was 32% within 3 months, 62% within 6 months, and 83% within 
12 months (Figure 2).

Comparability

The coding routines and the forms for registration were reviewed 
and are consistent with both national and European guidelines 
for penile cancer [7, 8]. The NPECR is updated regularly, includ-
ing complying with the updates in TNM classification [6]. 
Updated versions of the reporting forms are available online, 
although reporting is mainly performed on the web-based INCA 
platform [9].

Validity

The results of the validation of the 31 selected variables from the 
NPECR are summarized in Table 1. In general, the proportions of 
exact agreement between the NPECR and re-abstraction data 
set were high for all 31 variables, ranging from 66% to 100%; 
however, larger variations were seen in the correlation coeffi-
cients (Table 1).

Seven high impact variables with representation from 
different registration forms were selected for detailed review. 
The results are presented next with additional information 
available in Figures 2 and 3.

Date of diagnosis

The variable ‘Date of diagnosis’ was 100% complete in both the 
NPECR and the re-abstracted data set. The exact agreement was 
66% while the correlation was 0.98 (Table 1). The discrepancy 
reflects that even a 1-day difference was considered discrepant, 
yet the correlation remains high (Table 1).

cT-stage and pT-stage

The variable clinical tumor stage, ‘cT-stage’, was complete in 99% 
and 100% in the NPECR and the re-abstracted data set, respec-
tively. The exact agreement was 70% and the correlation 0.6. The 
pathological tumor stage, ‘pT-stage’, was complete in 94% and 
91%, respectively. The exact agreement was 89% with a correla-
tion coefficient of 0.86 (Figure 3a and b).

Tumor-free resection margins

The variable ‘Tumor-free resection margins’ was 93% complete 
in the NPECR and 90% in the re-abstracted data set. The exact 
agreement regarding ‘Tumor-free resection margins’ was 85% 
while the correlation was 0.37. Out of 271 men registered in the 
NPECR with negative resection margins, 252 (93%) were classi-
fied accordingly in the re-abstracted data. In the NPECR, resec-
tion margins were registered as negative for eight individuals, 
but as positive during the re-abstraction. The patient records of 
11 individuals were missing. Conversely, 27 of 45 men (60%) 
with a record of positive resection margins in the NPECR had 
negative resection margins according to the re-abstracted 
data (Figure 3c).

Lymph node evaluation and pN-stage

The variable ‘Evaluation of lymph nodes’ in the NPECR includes 
undergoing any or a combination of dynamic sentinel node 
biopsy, modified and radical inguinal lymph node dissection. 
The exact agreement regarding this variable between the 
NPECR and the re-abstracted data set was 95% with a Cohen’s 
kappa of 0.9. The findings for the variable ‘pN-stage’ were similar, 
with an exact agreement of 92% and a correlation coefficient of 
0.87 for men with a pN-stage available in both the NPECR and 
the re-abstracted data set (Figure 3d and e).

Local recurrence

The variable ‘Local recurrence’ had a low proportion of complete 
records in the NPECR (48%) at 2-year follow-up. The correlation 
between the NPECR data and re-abstracted data was 0.72 
(Figure 3f ).

Discussion

The NPECR is a unique database used both for monitoring the 
quality of penile cancer care and research. To the best of our 
knowledge, it represents the largest population-based penile 
cancer register in the world. The aim of this study was to evalu-
ate the data quality in the NPECR in terms of completeness, 
timeliness, comparability, and validity. All registration forms 
were reviewed and variables with the highest clinical relevance 
were selected for detailed assessment. Our study shows that the 
data quality in the NPECR generally is high with respect to all 
these four dimensions of register data quality. Moreover, 
difficult-to-interpret clinical variables and those with a low 



165 Å. WARNOLF ET AL.

degree of completeness were identified during validation 
process.

By cross-linking data in the NPECR (for the years 2000–2012) 
with information in several other Swedish nationwide registers, 
a research database Penile Cancer Database Sweden (PenCBaSe) 
has been generated. The PenCBaSe has resulted in several 
publications that have improved the understanding of penile 
cancer and potentially also care and treatment [10–14]. The 
PenCBaSe is currently being updated to include all men 
registered in the NPECR until 2023.

Internationally, prospective population-based quality 
registers on penile cancer are rare. In Denmark, the Danish 
National Penile Cancer Quality database was launched in 2011 
[15]. A recent publication by Vreeburg et al. described penile 
cancer care based on information in the Netherlands Cancer 
Registry (NCR) including all men diagnosed with penile cancer 
since 1990 [16]. In other countries, information on men with 
penile cancer has been collected retrospectively in hospitals or 
from national registers with limited or no follow-up data 
available [17, 18].

The main strength of the NPECR is its high completeness, 
continuously increasing as delayed registrations are being 
added over time. During the period under study, 2017–2020, the 
completeness was 93% compared to 98% when assessed for 
calendar years 2006–2020 [3].

The proportion of men reported to the NPECR within 12 
months of diagnosis (83% for 2017–2020) was lower compared 
to other Swedish cancer quality registers. The corresponding 
estimate was 96% in the National Kidney Cancer Register, 98% in 
the National Breast Cancer Register, and 98% in the National 
Prostate Cancer Register [19]. Thus,  additional measures to 
improve the timeliness of reporting to the NPECR are needed. 

This could include direct reporting  in conjunction with the 
national weekly MDT conference.

Regarding comparability, we conclude that the coding 
routines and registration forms were consistent with current 
guidelines, ensuring that the data can be used for national and 
international comparisons.

The large geographical distance between reporting clinics, 
some of which only report a few cases over a period of several 
years, prevented inclusion of all newly diagnosed penile cancer 
cases during the period chosen for the validation process. 
However, to guarantee a nationwide representation, men with 
penile cancer reported to the NPECR by all six regional penile 
cancer centers were included. To ensure a uniform validation 
process of high quality, the work was performed on-site at 
each regional center by an experienced nurse validator. 
Considering the latest changes of the penile cancer care in 
Sweden, the study period from 2017 to 2020 was chosen to 
reflect its current organization with the latest TNM classification 
and registration forms.

The exact agreement of cT-stage reached only 70%. One 
possible explanation is that the registration and assessment of 
cT-stage is often made by local urologists with limited experience 
of penile cancer. In general, the first assessment is heavily 
influenced by biopsy results that may not be representative of 
the whole tumor. However, at re-abstraction additional clinical 
information may have become available. There are ongoing 
discussions, whether cT-stage should be updated and registered, 
in the NPECR, in conjunction with the national weekly MDT 
conference, when photography, status description, and 
pathology report of biopsies are reviewed by experienced and 
dedicated urologists, dermatologists, and pathologists. As a 
direct consequence of the validation process, cT-stage 
reassessment is now a mandatory part of the national weekly 
MDT conference where it is explicitly expressed and registered 
in the MDT report.

The kappa score regarding regarding tumor-free resection  
margins was low, as 27 out of 45 men who were considered 
having positive margins in the register had negative margins 
according to the re-abstraction. Consequently, an update of the 
manual of the NPECR is currently discussed, more specifically, 
where PeIN at the resection margin should not be considered to 
constitute a positive margin when the invasive cancer is 
radically removed.

The most important predictor of penile cancer survival is 
lymph node involvement [20]. The variables on pN-stage and 
lymph node evaluation both showed high correlation and high 
exact agreement, 92% and 95%, respectively. The somewhat 
lower agreement regarding pN-stage found in our study might 
be due to changes in pN stage definitions between the 7th and 
the 8th edition of the TNM classification, a change that was not 
completely implemented by all reporting units at the beginning 
of the study period.

Registration of recurrences may be hampered by the current 
organization of Swedish penile cancer care with surgery being 
performed at one of the two national centers, while follow-up is 
carried out mostly at regional centers or local hospitals with 
limited resources.

Figure 2. Timeliness for registration in the National Penile Cancer Register 
(NPECR) between 2017 and 2020.
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Conclusion

Data quality in the Swedish NPECR is generally high with 
respect to completeness, timeliness, comparability, and valid-
ity. The results of this study show that the NPECR is a reliable 
data source for the monitoring of penile cancer care and 
research. Data quality can be further improved by revision of 
reporting forms and manuals, training of reporting staff, and by 

implementing direct reporting in conjunction with the national 
weekly MDT conference.
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Variable Number (%) of 

complete records in 
register data

Number (%) of 
complete records in 

validation data

Number (%) of 
complete records in 

both

Number (%) of exact 
agreement*

Correlation**

Registration form
 Date of diagnosis 375 (100) 374 (100) 374 (100) 245 (66) 0.98 (P)
 cT stage 373 (99) 375 (100) 373 (99) 261 (70) 0.60 (C)
 cN stage 371 (99) 372 (99) 368 (98) 287 (78) 0.34 (C)
  Has the patient been assigned a 

navigator nurse at the diagnostic 
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358 (95) 288 (77) 279 (74) 215 (77) 0.49 (C)

Workup and planned treatment form
  Has the patient been discussed at a 

national multidisciplinary 
conference?

369 (98) 367 (98) 361 (96) 337 (93) 0.55 (C)

  Has the patient been treated at one 
of the national centers?

367 (98) 369 (98) 361 (96) 343 (95) 0.87 (C)

  Has the patient been assigned a 
navigator nurse at the treating 
clinic?

348 (93) 369 (98) 344 (92) 293 (85) 0.48 (C)

 Radiological primary investigation 371 (99) 369 (98) 365 (97) 344 (94) 0.88 (C)
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 Chemotherapy 357 (95) 369 (98) 353 (94) 345 (98) 0.72 (C)
Surgical treament form
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 pT stage 352 (94) 343 (91) 330 (88) 294 (89) 0.86 (C)
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treatment
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*Among those with complete records in both register and validation data.
**Pearson correlation coefficient (P) for numeric variables, Cohen’s kappa (C) for ordinal variables.
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Figure 3. (a–f) Agreement between 
data registered in the National Penile 
Cancer Register (NPECR) and data 
re-abstracted from medical records 
(selected variables).
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