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The incidence of basal cell carcinoma is increasing
globally, with Denmark showing a 220% rise between
2013 and 2021, underscoring the need to optimize
treatment strategies. Curettage with or without
electrodesiccation (C±E) is commonly used, yet
updated tumour-specific recurrence data are limited.
Using the Danish Skin Cancer Registry, we assessed
long-term recurrence after C±E for 47,358 basal cell
carcinomas treated in office-based dermatological
practices between 2013 and 2022. Follow-up began
one year after treatment, and recurrence was
evaluated using Kaplan–Meier analysis and Cox
regression to estimate cumulative recurrence rates
and hazard ratios (HR) by tumour characteristics. The
5-year recurrence rate was 9.9% (95% CI 9.4–10.3),
increasing to 13.3% (12.6–14.1) at 8 years. Head
and neck tumours had the highest recurrence (25.1%
at 8 years; HR 2.25, 2.00–2.53), as did tumours
>10 mm (16.7% at 8 years; HR 1.80, 1.62–1.99),
while superficial basal cell carcinomas had the lowest
recurrence (8.4% at 8 years; HR 0.46, 0.38–0.56).
Incomplete follow-up may have introduced bias in
recurrence estimates. This nationwide study, the
largest to date with up to 8 years of follow-up, shows
that C±E remains a viable treatment, but careful
tumour selection is essential to optimize long-term
outcomes.
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Basal  cell  carcinoma (BCC) is  the most  common
form of skin cancer,  with its  incidence steadily

rising worldwide (1).  In Denmark,  the incidence
of BCC has risen by 220% from 2013 to 2021
(2),  with currently at  least  15,000 new cases
annually (3).  As this  number grows,  the demand for
optimizing treatment strategies becomes increasingly

important  to ensure high-quality patient  care and
sustainable use of  healthcare resources.  Various
treatment modalities are available,  inclu- ding
cryotherapy,  photodynamic therapy,  curettage with or
without electrodesiccation (C±E),  surgical  excision
and Mohs micrographic surgery (4).  Among these,
C±E is  widely used due to its  simplicity,  relatively
low cost  and short  procedural  time.  In addition,
immediate treatment with C±E following a clinical
diagnosis  may reduce the number of  healthcare
visits  compared with most  other  treatment options,
thereby offering potential  overall  cost  savings (5).
The effectiveness of  C±E, however,  is  largely based
on studies conducted decades ago with small  sample
sizes and short  follow-up periods,  highlighting the
need for  updated evidence reflecting current  clinical
practice (6–11).

C±E is  a  widely accepted technique and generally
recommended for  primary BCCs located outside the
high-risk H-zone,  smaller  than 10 mm, and with a
nodular  or  superficial  growth pattern (12).  However,
no standardized international  protocol  for  C±E exists,
and the recurrence risk appears to be influenced
by tumour characteristics and operator  skills  (4,  7–
9).  Reported 5-year recurrence rates for  C±E range
from 1% to 27%, but  prior  studies were limited
by small  sample sizes (N<2500) and focused on
5-year recurrence estimates or  less,  with limited
reporting of  longer-term recurrence (7–10).  Based
on these studies,  recurrence risk appears particularly
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high for  tumours on the head and neck,  aggressive
histological  subtypes and recurrent  BCCs,  making
C±E less suitable for  these cases (7–10).

A key clinical  challenge is  identifying which
BCCs are most  appropriately treated with C±E
based on tumour features and expected long-term
outcomes.  While C±E remains a convenient  and
cost-effective option,  its  effectiveness is  difficult
to evaluate due to the lack of  histological
margin assessment,  unlike surgical  excision or  Mohs
micrographic surgery (4).  This  limitation makes
real-world data essential  for  evaluating effectiveness,
with recurrence rates offering insights  into the
practical  utility of  C±E.

Therefore, the study aimed to prospectively assess
real-world, long-term recurrence data from dermatology
specialist practices in Denmark to better understand the
BCC tumours for which C±E is most appropriate. We
assessed overall cumulative recurrence rates (CRRs)
of BCC following C±E treatment in a dermatological
nationwide cohort from 2013 to 2022. Additionally, we
examined recurrence risk according to tumour location,
histological subtype and size using both CRRs and hazard
ratios.

METHODS

Data sources

Data for  this  study were extracted from the
Danish Skin Cancer Registry,  a  part  of  the
Danish Clinical  Quality Program (RKKP) (13).
It  is  an online nationwide database including
records of  keratinocyte cancer from all  office-
based dermatological  practices in Denmark’s state-
funded public healthcare system (2).  The registry
was established in 2011 with continuous data
collection onwards and the latest  data update in
June 2022.  It  contains comprehensive records on
keratinocyte cancers including a unique tumour ID,
date of  diagnosis,  a  unique treatment ID, treatment
method,  procedure code,  date of  last  control,
recurrence registration and tumour characteristics
including histological  subtype,  lateral  tumour size
and anatomical  location.  In Denmark,  all  citizens
are assigned a unique personal  identification number
(PIN),  which is  used universally in all  administrative
systems in Denmark.  Patient  demographic and
socioeconomic information,  including PIN, age,
sex,  individual  disposable income and education
level,  was obtained from the Civil  Registration
System, the Income Statistics  Register  and the
Danish Education Register  (14).  Information on
each patient’s  diagnoses from hospital  admissions,
discharges and outpatient  visits  were obtained from
The Danish National  Patient  Registry.

Study population and inclusion/exclusion criteria

The study population consisted of primary BCCs,
regardless of subtype, treated with C±E between June
2013 and June 2022. Tumours without any registered
follow-up were excluded from the dataset. More than one
BCC tumour treated with C±E could be registered per
patient.

Variable definitions and outcome

Tumours recurring within the 1st year after treatment
were considered treatment failures rather than
recurrences. Follow-up was therefore defined as starting
1 year after C±E treatment and continuing until
detection of a recurrent tumour or the last recorded
follow-up visit for the specific tumour course.

C±E treatment was recorded by dermatologists
as curettage, single curettage with electrodesiccation,
double curettage with electrodesiccation, curettage
combined with cryotherapy, or curettage combined with
silver nitrate.

Tumour characteristics included anatomical location,
histological subtype and tumour size. The anatomical
location of tumours was documented using SNOMED
(Systematized Nomenclature of Medicine – Clinical
Terms) 10-ICD codes and grouped into locations
of head and neck, trunk, extremities or unspecified.
Clinical diagnoses were included when histological
verification was unavailable, and histologically verified
subtypes overruled clinical diagnoses when both were
recorded. BCC subtype was categorized as nodular,
superficial, aggressive (infiltrated, morpheaform,
micronodular, basosquamous) or unspecified. Tumour
size was defined as the maximum clinical diameter
measured in millimetres. Size was categorized as ≤10
mm, >10 mm or unspecified, where “unspecified”
indicated missing information or unmeasurable size.

Yearly individual disposable income was categorized
into 3 groups based on quartiles of the study
population’s disposable income: 1st quartile, 2nd–3rd

quartile and 4th quartile. Education was classified
into 3 levels according to Statistics Denmark’s
recommendations: short education (basic or youth
education, 7–12 years of schooling), medium education
(vocational education, 10–12 years) and long education
(higher education >13 years).

Number of registered hospital diagnoses was
identified based on hospital admissions, discharges and
outpatient visits preceding tumour registration. Each
registered hospital diagnosis was classified according
to the International Classification of Diseases, 10th
Revision (ICD-10). The total number of registered
diagnoses per patient was calculated as the sum of
all distinct diagnoses recorded across these categories,
allowing for multiple registrations within the same
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category. A detailed description of the categorization is
provided in the Appendix S1.

The primary outcome was recurrence of  BCC
following C±E, defined as histologically confirmed
or clinically verified recurrence during follow-up.

Statistical analyses

Descriptive statistics were used to summarize patient
and tumour characteristics. Continuous variables were
reported as medians with interquartile ranges (IQRs).
Categorical variables were presented as counts and
percentages.

At study inclusion, defined as the first recorded BCC
treated with C±E, baseline patient characteristics were
stratified by the total number of tumours per patient
at baseline (1 or ≥2) and included age, sex, annual
disposable income, educational level and number of
registered hospital diagnoses.

Tumour characteristics based on tumour-level data
and stratified by recurrence status included age at
BCC C±E treatment, anatomical location, histological
subtype and tumour size. Tumour characteristics
stratified by control follow-up status was also
performed. The cumulative distribution of time from
BCC C±E treatment to first control was assessed.

Kaplan–Meier survival analyses, with tumour
follow-up starting 1 year after C±E treatment date,
were conducted to estimate overall cumulative BCC
tumour recurrence rates, as well as stratified by
histological subtype, anatomical location and tumour
size reported as percentages with 95% confidence
intervals (CIs). Additionally, inverse Kaplan–Meier
plots were generated to visualize the overall CRR and
stratified CRRs.

The Cox proportional hazards assumption was
assessed using Schoenfeld residuals, with no indication
of non-proportionality. Uni- and multivariable Cox
proportional hazards regression models were used to
evaluate predictors of recurrence, adjusting for age,
sex, income, education, BCC histological subtype,
anatomical location and tumour size. Results were
reported as hazard ratios (HRs) with 95% CIs. All
analyses were conducted using R (version [4.4.1]).

RESULTS

Patient and tumour characteristics

The cohort selection process is shown in Fig. S1. In
total, 47,358 BCC tumours treated with C±E were
included in the analyses. These tumours occurred in
24,771 patients of whom 15.7% (n=3,878) had multiple
BCC tumours diagnosed at baseline (first registered
visit) (Table SI). Men were more likely to have multiple
tumours compared to women (54.0% vs 48.5%).

Socioeconomic characteristics were similar between
groups regarding income and educational level, and
no differences were observed for number of previous
registered hospital diagnoses.

Of the included tumours, 98.6% were
histopathologically verified, while the remaining
were diagnosed based on clinical and dermoscopic
assessment. Histological subtyping was not specified in
34% of tumours and these were therefore categorized as
“unspecified”. Among recurrent tumours, 1.7% lacked
histopathological verification and 29% could not be
histologically subtyped.

Among the included tumours treated with C±E
(n=47,358), 4.9% (n=2,336) were registered as recurring
(Table I). Recurrence was more frequent for head and
neck tumours (8.2%) compared to the trunk (4.0%)
and extremities (3.2%). Nodular BCCs had the highest
recurrence frequency (5.7%), while superficial BCCs
had the lowest (2.8%). Larger BCC tumours (>10 mm)
were more frequently recurring (6.2%) than smaller
tumours (4.5%).

Characteristics of tumours without registered follow-
up are presented in Table SII. Tumours without any
follow-up were slightly more often located in the head
and neck area, of superficial subtype, of unspecified
tumour size, and the median age at treatment was higher
(74.3 years versus 72.2 years).

Cumulative recurrence rates of BCCs treated with
curettage ± electrodesiccation.

The overall CRR increased over time, reaching 6.1%
(95% CI: 5.8–6.4) at 3 years, 9.9% (9.4–10.3) at 5 years,
and 13.3% (12.6–14.1) at 8 years post-treatment (Fig.
1). The inverse Kaplan–Meier curve did not plateau,
indicating a continued risk of recurrence (Fig. 1).

Table I. Basal cell carcinoma characteristics of 47,358 tumours
stratified by recurrence status following C±E treatment

Tumours without
recurrence
N=45,022(95.1%)

Tumours with
recurrence
N=2,336(4.9%)

Age, years (median, IQR) 72.2 (64.3–78.0) 72.1 (63.2–78.6)
Anatomical locations, n (%)
  Trunk 10,310(96.0%) 433(4.0%)
  Extremities 3,038(96.8%) 102(3.2%)
  Head and neck 10,768(91.8%) 961(8.2%)
  Unspecified 20,906(96.1%) 840(3.9%)
Histological subtype, n (%)
Nodular 24,573(94.3%) 1,477(5.7%)
  Superficial 3,909(97.2%) 111(2.8%)
  Aggressive subtypes 385(95.3%) 19(4.7%)
  Unspecified 16,155(95.7%) 729(4.3%)
Tumour size, n (%)
  ≤10mm 34,791(95.5%) 1,640(4.5%)
  >10mm 7,374(93.8%) 488(6.2%)
  Unspecified 2,857(93.2%) 208(6.8%)

Aggressive subtypes were infiltrated, morpheaform, micronodular or
basosquamous.
C±E: curettage with or without electrodesiccation; IQR: interquartile range.
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In subgroup analyses, CRRs varied by anatomical
location, histological subtype and tumour size. For
anatomical locations, head and neck tumours had the
highest CRR at 8 years of 25.1% (22.9–27.3), followed
by trunk tumours with a CRR of 12.1% (10.5–13.7)
(Fig. 2). The 8-year CRR for tumours located on
extremities was 8.3% (6.3–10.2).

For histological subtypes, nodular BCCs had the
highest CRR at 8 years of 17.8% (16.3–19.2), whereas
superficial BCCs had a lower CRR of 8.4% (5.8–10.9)
(Fig. 3). In BCCs of aggressive subtypes (infiltrated,
morpheaform, micronodular or basosquamous), the
8-year CRR was 13.7% (2.2–23.8%). In the inverse
Kaplan-Meier plot, CRRs for aggressive subtypes
increased steeply in the first years but plateaued over
time, likely due to limited data in later years.

Regarding BCC tumour size, larger tumours (>10
mm) had a CRR of 16.7% (14.7–18.6) at 8 years,
compared to 12.4% (11.5–13.2) for smaller tumours
(≤10 mm) (Fig. 4).

Predictors of BCC recurrence following curettage ±
electrodesiccation treatment

Cox proportional hazards analysis identified anatomical
location, histological subtype and tumour size as
the strongest predictors of BCC recurrence following
C±E treatment (Fig. 5). Head and neck tumours had
the highest recurrence hazard, HR 2.25 (2.00–2.53),
compared to tumours on the trunk (reference), while
tumours located on extremities showed no difference

in HRs. Superficial BCCs had a lower hazard of
recurrence, HR 0.46 (0.38–0.56), than nodular BCCs
(reference), while aggressive subtypes showed no
difference, HR 1.02 (0.65–1.61). Larger tumours (>10
mm) had an increased recurrence hazard, HR 1.80
(1.62–1.99), compared to smaller tumours (≤10 mm)
(reference).

Demographic factors showed limited impact on
recurrence including age, sex, educational level and
income.

DISCUSSION

This nationwide study, including 47,358 BCC tumours,
provides contemporary real-world data on long-term
recurrence following C±E treatment in dermatology
specialist practices. The overall cumulative recurrence
rate reached 13.3% at 8 years. Tumours on the
head and neck and those >10 mm were associated
with a significantly increased risk of recurrence,
while superficial BCCs had a substantially lower
risk than nodular BCCs. These findings emphasize
the importance of tumour characteristics in guiding
treatment selection and highlight the need for careful
consideration of C±E as a treatment modality for
high-risk tumours.

The overall  cumulative recurrence rate of  13.3%
at 8 years falls  within the range reported in
previous studies,  where rates have varied widely
from 1% to 27%, largely depending on follow-up
duration,  tumour characteristics,  operator skills  and

Fig. 1. Overall cumulative recurrence rates. Cumulative recurrence of basal cell carcinoma (BCC) following curettage with or without
electrodesiccation (C±E) treatment, with cumulative recurrence rates from 2 to 8 years post-treatment based on 47,358 tumours. CRR: cumulative
recurrence rate; N=number
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treatment protocols  (7–11,  15–19).  However,  earlier
studies often had short  follow-up periods,  small
sample sizes,  limited subgroup analyses or  were of
older date,  thus underscoring the need for  larger
and updated studies.  Our study provides useful
estimates of  recurrence due to real-world data
from dermatology practices,  the largest  dataset  to
date,  long-term follow-up,  and substantial  subgroup
analyses.

A unique aspect of this study is that all included
tumours were treated in office-based dermatology
practices, where specialist dermatologists performed
the curettage procedures. This setting likely ensures
a high level of procedural expertise as recurrence
rates may be higher when C±E is performed by less
experienced physicians. Previous studies have shown
that operator skill significantly impacts recurrence,
with higher rates observed among less experienced
practitioners (7, 9, 20). This suggests that the recurrence

rates observed in this study may represent outcomes
from a best-case scenario. Together, these findings point
to the importance of structured training programmes
to ensure adequate curettage technique. Additionally,
adjunctive imaging modalities such as line-field
confocal optical coherence tomography (LC-OCT) and
artificial intelligence could potentially assist junior or
less experienced dermatologists in both pre-treatment
tumour delineation and post-treatment assessment to
confirm complete removal.

A major strength of this study is the nationwide data
from over 47,000 BCC tumours treated with C±E in
office-based dermatology clinics. The large sample size
and long-term follow-up of at least 8 years provide
robust estimates of recurrence rates and predictors
for recurrence. Moreover, we were able to show
recurrence rates and hazards stratified by anatomical
location, histological subtype and tumour size. Lastly,
the inclusion of all dermatology practices in the Danish

Fig. 2. Cumulative recurrence rates by anatomical location. Cumulative recurrence of basal cell carcinoma (BCC) following curettage with or
without electrodesiccation (C±E) treatment, with cumulative recurrence rates from 2 to 8 years post-treatment stratified by anatomical location (head
and neck, trunk, extremities and unspecified). Numbers provided as "<" in the table are censored to prevent personally identifiable data. CRR:
cumulative recurrence rate; N: number
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Skin Cancer Registry enhances the generalizability of
findings to routine dermatological care. However, some
limitations should be considered. Recurrences were
identified through routine clinical reporting without
mandatory histopathological confirmation, potentially
leading to misclassification or underestimation of
recurrence estimates; however, only 1.7% of recurrences
were not histologically verified. Recurrence may
also have been misclassified if a new tumour
developed near the original site, or underreported if
patients were treated outside dermatological practices
or if the treating dermatologist failed to register
it as a recurrence. Although recurrence data were
systematically recorded, missing information on tumour
characteristics and follow-up visits could introduce bias.
Most tumours had follow-up; however, a proportion
did not, and whether this reflects absence of follow-
up or incomplete registration is unknown. Nonetheless,
baseline characteristics between the 2 groups were
comparable. As follow-up was defined beginning one
year after treatment, tumours recurring within the
1st year were excluded and classified as treatment
failures rather than recurrences. This may have led to
underestimation of overall recurrence risk. Histological

subtype was “unspecified” in 34% of tumours, due to
lack of pathological subtyping, while only 1.4% lacked
histopathological confirmation. Incomplete subtype
information and potential clinical misclassification may
therefore have influenced subtype-specific recurrence
estimates. Although data on different C±E techniques
were available, comparisons between methods were
limited by confounding related to operator preference
and clinic-level practice patterns, making it difficult
to isolate the independent effect of technique on
recurrence. As a result, we could not assess the
impact of different curettage methods on recurrence
risk. Future studies should investigate optimal curettage
protocols to enhance treatment consistency and
effectiveness. Moreover, while head and neck tumours
showed the highest recurrence rates, anatomical data
lacked specificity regarding high-risk zones, such
as the nose, lips or periorbital area. More precise
anatomical classification would allow for improved risk
stratification and treatment recommendations. Finally,
while C±E is widely used in Denmark and other
European countries, the applicability of our findings
to other healthcare settings and countries remains
unknown and would need confirmation in future studies.

Fig. 3. Cumulative recurrence rates by histological subtype. Cumulative recurrence of basal cell carcinoma (BCC) following curettage with or
without electrodesiccation (C±E) treatment, with cumulative recurrence rates from 2 to 8 years post-treatment stratified by histological subtype
(nodular, superficial aggressive and unspecified). Numbers provided as “<" in the table are censored to prevent personally identifiable data. CRR:
cumulative recurrence rate; N: number
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Fig. 4. Cumulative recurrence rates by BCC tumour size. Cumulative recurrence of basal cell carcinoma (BCC) following curettage with or without
electrodesiccation (C±E) treatment, with cumulative recurrence rates from 2 to 8 years post-treatment stratified by tumour size (≤10 mm,>10 mm or
unspecified). Numbers provided as “<" in the table are censored to prevent personally identifiable data. CRR: cumulative recurrence rate; N: number.

Fig. 5. Hazard ratios for predictors associated with basal cell carcinoma (BCC) recurrence following curettage with or without
electrodesiccation (C±E) treatment based on 47,358 tumours. Univariable (blue) and multivariable (orange) hazard ratios (HRs) with 95
% confidence intervals (CIs) are shown for age, sex, educational level, income, histological subtype, anatomical location and tumour size. In the
multivariable analysis, all variables were mutually adjusted.
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In conclusion, this nationwide study provides robust
long-term real-world data on recurrence following C±E
treatment in dermatological practice. The higher
recurrence risk observed for head and neck tumours and
larger tumours underscore that C±E should be used
cautiously in these settings, where surgical excision may
be preferable. Conversely, the favourable outcomes for
superficial BCCs on low-risk anatomical sites support the
continued use of C±E in appropriately selected cases.

Overall, these findings reinforce the importance of
careful tumour selection when considering C±E and
provide up-to-date evidence to inform clinical decision-
making and future treatment guidelines.
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