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rare (2), but thick and/or aggressive tumour types with 
local invasive properties can cause significant tissue 
destruction, patient morbidity, and a major burden on 
healthcare systems (3, 4). Although surgical excision is 
the most effective treatment, the use of topical treatment 
modalities with a good therapeutic and cosmetic outcome 
may be favoured as BCCs often appear on sun-exposed 
areas such as the head, face, and neck (5, 6).

Photodynamic therapy (PDT) is such a treatment op-
tion. This method is based on red light activation of a 
topically applied photosensitiser that, in the presence of 
oxygen through the release of reactive oxygen species, 
causes selective destruction of tumour cells (7). How
ever, tumour thickness limits treatment response to PDT 
because both the red light and particularly the photosensi-
tiser have limited skin penetration abilities (8–11). Thus, 
the current guidelines restrict the recommendations of 
topical PDT to superficial and small, nodular BCC with 
a thickness of ≤ 2 mm located on low-risk sites (12–14). 
Therefore, a reliable pre-PDT assessment of BCC sub-
type and thickness is needed. 

Punch biopsy for histological tumour evaluation is a 
simple, clinically supportive method often used to obtain 

SIGNIFICANCE
Basal cell carcinoma is a common skin cancer and photo-
dynamic therapy is an approved treatment for thin basal 
cell carcinomas of specific subtypes. Although a histological 
evaluation of the tumour is recommended before photody-
namic therapy, many basal cell carcinomas are treated wit-
hout prior biopsy. There are few reports on the agreement 
between clinical and histological assessments of basal cell 
carcinoma subtypes and thickness. We aimed to investiga-
te whether clinical assessment is reliable for selecting basal 
cell carcinomas for photodynamic therapy. Reliable selec-
tion of basal cell carcinomas can improve photodynamic 
therapy efficacy, and reduce costs and patient burden as-
sociated with recurrence. The results show the importance 
of histological assessment of basal cell carcinomas before 
treatment.

Photodynamic therapy is an approved treatment for 
primary, superficial, and small nodular basal cell carci-
nomas with a thickness of < 2 mm located on low-risk 
sites. Histologically verified basal cell carcinomas clini-
cally assessed as suited for photodynamic therapy were 
included. The study aimed to investigate the agreement 
between clinical and histological assessments of basal 
cell carcinoma subtypes and thickness of tumours se-
lected for photodynamic therapy with histopathological 
evaluation as a reference. A total of 343 tumours were 
included. The agreement between clinical and histo-
logical diagnosis of basal cell carcinoma subtype was 
72% (p < 0.001). Clinical assessment of subtype had a 
sensitivity of 93% and specificity of 55% for superfi-
cial tumours and a sensitivity of 55% and specificity 
of 85% for nodular tumours. The mean ± SD thickness 
values by clinical and histological assessments were 
0.95 ± 0.53 and 0.86 ± 0.75. The difference of 0.09 mm 
was statistically significant (p = 0.017), but not consi-
dered to be clinically relevant, although the differences 
between specific subgroups could be relevant. Among 
basal cell carcinomas clinically diagnosed as superfici-
al, 91% were histologically consistent with the current 
photodynamic therapy criteria. The main results sug-
gest that histopathological evaluation should precede 
photodynamic therapy to ensure selection of suitable 
basal cell carcinomas. In selected cases, the clinical di-
agnosis alone may be adequate before proceeding with 
photodynamic therapy.
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Basal cell carcinoma (BCC) is the most common 
type of skin cancer in the white population and has 

a rising incidence (1). Metastatic tumours are extremely 
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important information on BCC before treatment selection 
(15). Nevertheless, a number of tumours are diagnosed 
clinically without biopsy for histological investigation 
before treatment (16), and the practice seems to vary (17). 
It has been suggested that the omission of punch biopsy 
before treatment may be justified in selected cases, for 
example if the physician has a high degree of confidence 
in their diagnosis of the BCC subtype (18). However, a 
few earlier studies on the agreement between clinical and 
histological assessments of BCC subtype and thickness 
reported that histological examination is more sensitive 
and specific in diagnosing BCC subtypes, particularly 
the aggressive subtypes, and that the agreement between 
clinical and histological assessments of tumour thickness 
may be poor (18–20). 

The aim of this study was to evaluate the agreement 
between clinical and histological assessments of BCC 
subtype and thickness in respect of clinical diagnosis in 
BCC selected for PDT.

MATERIALS AND METHODS
This comparative study uses data from a randomised controlled 
study investigating the treatment efficacy of simplified versus 
standard PDT for BCC (21) and was conducted in 7 dermatology 
centres. The BCC diagnosis was histologically verified before the 
tumours were included. Inclusion criteria included patients of both 
sexes over the age of 18 with tumours histologically diagnosed 
as BCC and clinically assessed as superficial or nodular < 2 mm 
thick, thereby meeting the international PDT criteria (12, 13). 
Exclusion criteria included tumours with prior treatment, mid-
face-H-area location, or longest diameter > 15 mm on the face and 
scalp, > 30 mm on the trunk, or > 20 mm on the limbs or tumours 
clinically evaluated as pigmented or morphea types. Furthermore, 
patients with Gorlin syndrome, porphyria, xeroderma pigmento-
sum, or a history of arsenic exposure, being on immunosuppressive 
medication, or with child-bearing potential were also excluded. 
The study was approved by the Regional Committees for Medical 
and Health Research Ethics Central (2011/2048). It was performed 
in accordance with the Declaration of Helsinki. Written informed 
consent was obtained from all patients before study entry.

One investigator at each of the 7 dermatology centres performed 
the clinical examinations. All clinical investigators were certified 
dermatologists and members of the Norwegian PDT group, each 
with 15–20 years of experience in PDT. They were aware of the 
histological diagnosis of BCC but were blinded to any further in-
formation in the histological report before the clinical examination. 
Tumour sizes were clinically defined as the mean of the maximum 
length and width measurements. The clinical assessment of the 
BCC subtype was based on recognised clinical features (22), and 
the estimation of BCC thickness was based on inspection and 
palpation of the tumours.

A biopsy from each tumour was obtained before inclusion using 
a disposable 3- or 4-mm biopsy punch. The biopsies were taken 
from the part of the tumour clinically considered to be the thickest. 
Two sequential histological assessments from each biopsy were 
performed. The first histological assessment was prospective and 
routinely performed by pathologists affiliated with each of the 
dermatological centres aiming to verify the BCC diagnosis, but 
did not exclude other histological information concerning the 
tumours, such as subtype and thickness. Later, after treatment of 
all included BCCs, another histological assessment was performed 
retrospectively, aiming to assess the subtype and thickness. For this 

second examination, the original biopsy wax blocks were retrieved 
from each of the pathological laboratories and sent to St. Olav’s 
University Hospital for tumour subtype and thickness assessment. 
Preparation was done at the Cellular and Molecular Imaging Core 
Facility, the Norwegian University of Science and Technology, 
Trondheim, by orienting the biopsy sample so that the epidermis 
was aligned with the longest axis of the wax block and cut with a 
microtome into 3 parallel, interspersed sections. The sections were 
stained with haematoxylin, eosin, and saffron, and examined under 
a microscope by a pathologist at St. Olav’s University Hospital 
with extensive experience in histological BCC assessment. The 
initial biopsy sections evaluated by the local pathologists from the 
first histological examination were not re-evaluated.

In the second histological examination, the tumours were 
subclassified into 3 categories, superficial, nodular, or aggres-
sive types, according to the histological criteria proposed by J. 
J. Rippey (23). The aggressive category included morpheaform, 
infiltrative, and micronodular types. In tumours presenting mixed-
growth patterns, the tumour was classified according to the most 
aggressive component. Any information on the BCC subtype from 
the first histological assessments was not considered as the local 
pathologists were not compelled to follow the same criteria for 
subclassification of tumours used in this study.

BCC thickness was measured on the stained slides from the base 
of the stratum corneum to the bottom of the tumour nest using 2 
different methods: an oculometer (1 mm squares) and an ocular 
micrometre to a precision of 0.1 mm (Vernier method) (24). For 
each tumour, the greatest measurement from either the first initial 
histopathological investigation or the second examination was 
considered to best reflect the “true” tumour thickness and was 
defined as the maximum tumour thickness.

Statistical analysis

Analyses were performed using SPSS® Statistics (Version 28, IBM 
Corp, Armonk, NY, USA). Visual inspection of histograms showed 
the variable “clinical thickness” and “histological thickness” not 
to be normally distributed, while “difference between clinical 
and histological thickness” and “age” were normally distributed. 

The overall agreement between clinical and histological as-
sessments of subtype and the difference between clinical and 
histological assessments of thickness were statistically tested 
using generalized linear mixed models with a data structure where 
tumours were nested within patients. The null hypotheses were 
(a) no significant difference between the subtype assessment from 
0.5 (as 50% agreement is to be expected by chance) and (b) no 
significant difference between thickness assessment. A p-value 
< 0.05 was regarded as statistically significant; p-values are 
presented with a 95% confidence interval (CI). The results from 
each study centre were presented as error bar plots with 95% CI. 
A 1-sample binomial test, the Clopper–Pearson exact test, was 
used to calculate CIs with respect to subtype assessments while 
the statistical software calculated the 95% CIs automatically with 
regard to the thickness assessment.

A comparison between superficial BCC with nodular/aggres-
sive BCC and nodular BCC with superficial/aggressive BCC 
was performed to calculate clinical sensitivity and specificity for 
subtyping, using histological subtypes as reference. Sensitivity 
and specificity with 95% CI were calculated using the MedCalc 
Statistical Software (https://www.medcalc.org/) diagnostic test 
evaluation calculator (25). The relationship between histological 
and clinical thicknesses was illustrated using scatterplots. 

The number of tumours suitable for PDT was calculated by 
summing up the number of tumours meeting the PDT criteria, 
superficial and nodular BCC with a thickness of < 2 mm, with 
histological results as reference and calculating ratios with cor-
responding percentages.

http://medicaljournalssweden.se/actadv
https://www.medcalc.org/
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RESULTS

A total of 202 patients with a mean (range) age of 66 
(26–92) participated. Of these, 108 were males with a 
mean age of 67 (26–91) years, and 94 were females with 
a mean age of 65 (40–92) years. The number of BCCs per 
patient was 1, 2, 3, 4, 5, 6, and 7 in 202, 76, 35, 18, 8, 3 
and 1 patients, respectively. All tumours had a histologi-
cally verified diagnosis before being clinically selected 
for PDT. A total of 343 BCCs with information on both 
clinical and histological subtype and thickness were in-
cluded in this study. The mean ± SD (range) clinical lesion 
size was 11.3 mm ± 4.5 (5.0–30.0 mm). Tumours were 
localised on the trunk in 240 cases, head/neck in 36 cases 
and extremities in 67 cases. Investigators from centres 
1 to 7 included and conducted clinical examinations of 
90, 8, 55, 45, 30, 68, and 47 BCC cases, respectively.

Subtype analysis

Clinically, 258 (75%) tumours were superficial and 85 
(25%) were nodular. Histologically, 217 (63%) tumours 
were superficial, 83 (24%) were nodular, and 43 (13%) 

were aggressive (35 infiltrative, 6 morphea, and 2  
micronodular). The aggressive tumours were located 
on the head/neck, trunk, and extremities in 7, 28, and 
10 cases, respectively. The overall agreement between 
clinical and histological diagnosis of BCC subtype was 
72% (95% CI 67–77, p < 0.001). The sensitivity and 
specificity for the clinical diagnosis of superficial BCC 
were 93% (201/217) (95% CI 88–96) and 55% (69/126) 
(95% CI 46–64), respectively. The sensitivity and specifi-
city for the clinical diagnosis of nodular BCC were 54% 
(45/83) (95% CI 43–65) and 84% (220/260) (95% CI 
80–89). The proportions between the 2 different clinical 
and the 3 histological subtypes are presented in Fig. 1. 
In more detail, the agreement for the different centres is 
presented in Fig. 2. 

Thickness analysis

The first histological report included assessments of tu-
mour thickness in 110 cases, of which 23 were included 
as they gave the largest measurements compared with 
the second examination. The overall mean ± SD thickness 
values by clinical and histological assessments were 
0.95 ± 0.53 and 0.86 ± 0.75, respectively. The difference 
was 0.09 mm (95% CI 0.02–0.17, p = 0.017). 

Scatterplots with corresponding clinical and histolo-
gical tumour thickness measurements are presented in 
Fig. 3. The 2 clinical subtype diagnoses are presented 
separately, each with the histological diagnosis marked. 
The plots show a widening scatter as the clinical as-
sessment of tumour thickness increases, particularly for 
histologically nodular and aggressive subtypes, reflecting 
a difference in clinical and histological results. The dif-
ferences between clinical estimations and histological 
measurements of tumour thickness for the different  
centres are presented in Fig. 4. Clinical assessment 
overestimated the histological thickness of superficial 
BCCs and underestimated the thickness of nodular and 
aggressive subtypes. The mean differences in BCC thick-
ness for each clinical subtype against each histological 
subtype are presented in Table I. 

Fig. 1. Proportion of histologically diagnosed basal cell carcinoma 
subtypes among tumours clinically diagnosed as superficial or 
nodular type.

Fig. 2. Mean agreement between clinical and histological 
basal cell carcinoma subtype evaluation for 7 dermatology 
centres. The blue markers represent the mean values, and the 
whiskers represent the 95% confidence intervals of the mean.

http://medicaljournalssweden.se/actadv
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Fig. 4. Mean difference between clinical estimations 
and histological measurements of basal cell carcinoma 
thickness for 7 dermatology centres. The blue markers 
represent the mean values, and the whiskers represent the 
95% confidence intervals of the mean.

Fig. 3. Scatterplots showing the corresponding 
clinical and histological measurements of basal cell 
carcinoma (BCC) thickness. The 3 histological tumour 
subtypes are distinguished with different markers. BCCs 
depicted in panel A were clinically evaluated as superficial, 
while those in panel B were clinically evaluated as nodular 
subtype. A dotted line at 2 mm is included to signify the 
thickness threshold pertinent to current recommendations 
for photodynamic therapy.

http://medicaljournalssweden.se/actadv
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Combined analysis: photodynamic therapy suitability

All BCCs included in the study were clinically asses-
sed as suitable for PDT in respect of the subtype and 
thickness. Among 258 tumours clinically assessed to be 
superficial, 235 (91%) were histologically in line with 
the current PDT criteria. Among 85 tumours clinically 
assessed as nodular, 46 (54%) were histologically in 
line with the current PDT criteria. Further information 
is given in Table II.

DISCUSSION

To the best of our knowledge, this is the first study to 
investigate the agreement between clinical and histolo-
gical assessments of both BCC subtype and thickness 
and evaluate whether the clinical diagnosis is reliable for 
selecting BCCs suitable for PDT. The study results imply 
that a punch biopsy for histopathological investigation is 
generally a better diagnostic tool than clinical diagnosis 
for obtaining pre-PDT information on BCC. We regard 
the overall agreement of 72% between clinical and 
histological diagnosis of BCC subtype as poor, as 50% 
agreement would be expected by chance. The clinical 
assessment of superficial BCCs showed a relatively high 
sensitivity but a low specificity. For nodular BCCs the 
results were even poorer. In addition, clinical assessment 
missed the diagnosis of the 13% histologically aggres-
sive subtypes perceived clinically to be either superficial 
or nodular. This suggests that a significant number of 
aggressive tumours can be overlooked and incorrectly 
selected for topical therapy if clinical assessment only 
is used as a diagnostic method. 

Overall, we found a small statistically significant dif-
ference between clinical and histopathological thickness 
assessments. We do not consider the overall difference 

to be clinically relevant; however, differences between 
specific subgroups may be relevant. Clinical assessment 
overestimated the thickness of histologically superficial 
BCCs and underestimated the thickness of nodular and 
aggressive tumour types. 

A number of nodular BCCs with a clinical thickness of 
> 1 mm were, by visual inspection of the plot, histologi-
cally found to be > 2 mm. For histologically aggressive 
types of BCC, clinically misclassified as non-aggressive, 
a number of tumours with a clinical thickness of > 0.5 
mm were histologically found to be > 2 mm thick.

An underestimation of tumour thickness can result 
in thick tumours incorrectly being selected for topical 
therapy, which, in turn, may increase the chances of 
post-treatment failure. Conversely, overestimated thick-
ness can lead to unnecessary invasive treatment such as 
excision. There were considerable variations between the 
centres (investigators) in the assessment of both tumour 
subtype and thickness. Altogether, the study findings 
support the practice that a biopsy punch for histopatho-
logical assessment of BCC subtype and thickness should 
generally precede the use of PDT.

Only a few previous studies have investigated the 
agreement between clinical and histological diagnoses of 
BCC subtype. In 2 studies, punch and excision biopsies 
were taken with the histological diagnosis from exci-
sion biopsies used as the reference and tumours were 
histologically classified according to acknowledged 
criteria (22, 23). The first study included 191 BCCs and 
demonstrated that the sensitivity and specificity for the 
clinical diagnosis of superficial BCC were 89% and 64% 
(18). Furthermore, the results showed that the proportion 
of aggressive BCCs that was misdiagnosed was much 
higher for clinical diagnosis than histological punch 
biopsy diagnosis (44% vs 15%). The second study, which 
included 43 BCCs, demonstrated that the sensitivity 

Table I. Mean difference in basal cell carcinoma (BCC) thickness for each clinical subtype against each histological subtype

Clinical assessment

Histological assessment

Superficial BCC Nodular BCC Aggressive BCC

Superficial BCCa, mean, mm (95% CI) 0.37 (0.31–0.44) –0.43 (–0.64 to –0.22) –0.39 (–0.78 to –0.01)

Nodular BCCa, mean, mm (95% CI) 0.57 (0.31–0.84) –0.33 (–0.78 to –0.01) –0.55 (–1.00 to –0.10)

aDifference between clinical and histological thickness. CI: confidence interval.

Table II. Clinical and histological basal cell carcinoma (BCC) assessments with number of tumours in different subtype and thickness 
categories

Histological assessment

Superficial BCC (n) Nodular BCC (n) Aggressive BCC (n) Within PDT criteria, ratio (%)

Clinical assessment Thickness (mm) < 2 > 2 < 2 > 2 < 2 > 2

Superficial BCC (n) ≤ 1.0 183 0 31 2 11 3 214/230 (93%)
≤ 1.5 184 0 33 2 12 3 217/234 (93%)
≤ 2.0 201 0 34 4 14 5 235/258 (91%)

Nodular BCC (n) ≤ 1.0   9 0 18 2 5 1 27/35 (77%)
≤ 1.5 13 0 23 6 7 6 36/55 (65%)
≤ 2.0 16 0 30 15 14 10 46/85 (54%)

All BCC were clinically assessed to meet PDT criteria. The table presents the ratio with corresponding percentages of clinically assessed tumours that met the histological 
PDT criteria.
n: number of tumours.

http://medicaljournalssweden.se/actadv
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and specificity for clinical diagnosis of superficial and 
nodular tumours were 73% and 94%, and 95% and 62%, 
respectively (20). Additionally, 7 of the 10 aggressive 
tumours were misdiagnosed as non-aggressive based 
on clinical assessment only. Amici et al. (26) studied the 
agreement between clinical and histological diagnoses on 
2,274 BCCs designated for surgery using excision biopsy 
as the reference standard. Clinical and histological sub-
typing agreed in 57% of cases. Of BCCs histologically 
diagnosed as aggressive, 6% were clinically diagnosed as 
superficial tumours and 72% as nodular tumours. Clinical 
accordance for superficial, nodular, and aggressive BCC 
was 50%, 86%, and 22%, respectively. The results of 
these 3 studies are not completely comparable due to 
the lack of uniformity in study design, such as the use 
of different tumour classification systems and different 
methods of collecting and using tissue samples. Howe-
ver, all these studies showed that a diagnostic biopsy is 
overall a better diagnostic tool than clinical assessment 
for diagnosing BCC subtypes, particularly for detecting 
aggressive tumours.

To the best of our knowledge, only 1 small-scale study 
including 55 BCCs exists on the agreement between 
clinical and histological BCC thicknesses (19). The re-
sults showed a clinical overestimation of histologically 
superficial tumours and an underestimation of histologi-
cally nodular and aggressive tumours with an increasing 
discrepancy between thickness estimations between the 2 
methods as the tumour thickness increased. This finding 
is consistent with the present study, adding strength to 
the recommended use of biopsy before PDT. However, 
the results of the present study also indicate the possi-
bility of permitting selected BCCs, clinically assessed 
as superficial tumours with a thickness of < 2 mm, to be 
treated with PDT without a prior biopsy as 91% of such 
cases were histologically found to meet the current PDT 
criteria. With such use, follow-up of the treatment area 
is necessary, particularly concerning the risk of clinical 
underdiagnosis of aggressive subtypes.

Strength and limitations
Strengths of this study are the sample size, the clinical 
evaluation by experienced dermatologists from multiple 
centres, and clinical and histological subtyping of BCC 
based on established criteria (22, 23). The present study 
has some limitations. The histological assessment was 
based on punch biopsies, which provide a limited view 
of the tumour tissue, is highly reliant on biopsy site (20), 
and has reduced accuracy for diagnosis of mixed subty-
pes (27, 28). A systematic review has shown that punch 
biopsy predicts BCC subtypes correctly in 61–85% 
of cases, with excision as the reference standard (28). 
Furthermore, the disparity between thickness measure-
ments from punch and excision biopsies increases with 
the increase in tumour thickness (29). However, it must 
be stated that, in the context of PDT, excision histology 

is not relevant as the reference standard. Other limita-
tions were the selection of BCCs that were limited to 
tumours which clinically met the PDT criteria and the 
investigators’ knowledge of histologically confirmed 
BCC diagnosis before the clinical assessment of subtype 
and thickness. 

Conclusion
To conclude, the results imply that a biopsy for histo-
pathological assessment is advisable before PDT. For 
selected BCCs clinically assessed by an experienced 
dermatologist to be superficial with a thickness of ≤ 2 
mm, a clinical diagnosis may be sufficient before per-
forming PDT.
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