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Cutaneous squamous cell carcinoma (cSCC) is the second
commonest cancer worldwide.' > While the majority has an
excellent post-surgical prognosis, a small subset (2-5%) of

© 2021 The Authors. British Journal of Dermatology

Background Cutaneous squamous cell carcinoma (c¢SCC) is the second most com-
mon cancer worldwide with relatively low metastatic potential (2—5%). Develop-
ments in therapeutic options have highlighted the need to better identify high-
risk patients who could benefit from closer surveillance, adjuvant therapies and
baseline/follow-up imaging, while at the same time safely omitting low-risk
patients from further follow-up. Controversy remains regarding the predictive
performance of current cSCC staging systems and which methodology to adopt.
Objectives To validate the performance of four c¢SCC staging systems [American
Joint Committee on Cancer 8th edition (AJCC8), Brigham and Women’s Hospital
(BWH), Tubingen and Salamanca T3 refinement] in predicting metastasis using a
nationwide cohort.

Methods A nested case—control study using data from the National Disease Regis-
tration Service, England, 2013-2015 was conducted. Metastatic cSCC cases were
identified using an algorithm to identify all potential cases for manual review.
These were 1 : 1 matched on follow-up time to nonmetastatic controls randomly
selected from 2013. Staging systems were analysed for distinctiveness, homo-
geneity, monotonicity, specificity, positive predictive value (PPV), negative pre-
dictive value (NPV) and c-index.

Results We included 887 metastatic cSCC cases and 887 nonmetastatic cSCC con-
trols. The BWH system showed the highest specificity [92.8%, 95% confidence
interval (CI) 90.8-94.3%, PPV (13.2%, 95% CI 10.6-16.2) and c-index (0.84,
95% CI 0.82-0.86). The AJCC8 showed superior NPV (99.2%, 95% CI 99.2—
99.3), homogeneity and monotonicity compared with the BWH and Tubingen
diameter and thickness classifications (P < 0.001). Salamanca refinement did not
show any improvement in AJCC8 T3 cSCC staging.

Conclusions We validated four ¢SCC staging systems using the largest nationwide
dataset of metastatic cSCC so far. Although the BWH system showed the highest
overall discriminative ability, PPV was low for all staging systems, which shows
the need for further improvement and refining of current ¢SCC staging systems.

tumours metastasizes.* ® A low-risk ¢SCC may require no clin-
ical follow-up or further investigations whereas a high-risk
¢SCC may be considered for intense surveillance, imaging,
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sentinel lymph node biopsy or even adjuvant therapy. With
the development of targeted immunotherapies, accurate identi-
fication of high-risk patients becomes even more important
for treatment, clinical trials and healthcare planning.”

The most widely used staging system is the American Joint
Committee on Cancer 8th edition (AJCC8).'° Due to the subop-
timal performance of its previous 7th edition,''
and Women'’s Hospital (BWH)'? and Tiibingen University'>
(i.e. Breuninger) staging systems were developed. Comparative

the Brigham

studies on their predictive performances have mostly been lim-
ited to single academic centre data."*'* Only one study has vali-
dated AJCC8, BWH and Tubingen staging systems using
population-based data but the number of metastatic cSCCs were
relatively small (n = 103).'° Recently, aimed at further refining
the AJCC8 T3 stage to reduce prognostic heterogeneity, the
Salamanca T3 classification was developed.'” In the present
study, we aimed to validate the predictive performances of the
AJCC8, BWH, Tibingen and Salamanca staging systems in
nationwide cancer registry data from England, comprising the
largest sample of metastatic c¢SCC so far.

Patients and methods

Patient population

Nationwide data from all patients with a histopathologically
confirmed primary ¢SCC diagnosed between 1 January 2013
and 31 December 2015 were retrieved from the National Dis-
ease Registration Service (NDRS), England.* Metastatic cSCC
cases were identified from NDRS data using a verified algo-
rithm based on identifying free-text key words, treatment
codes and mortality data which has been published previ-
ously.* All pathology reports identified by the algorithm were
reviewed by a dermatologist (Z.C.V.) with a second opinion
from a pathologist (B.R.) when required. We included all
patients who developed metastatic cSCC for whom an excision
biopsy pathology report was available for the identified pri-
mary tumour source of metastasis, where the primary c¢SCC
occurred between 2013 and 2015, and which included at least
three of the following variables: diameter, thickness, depth of
invasion or Clark level. SCCs from genital or oral mucosa were
excluded. Pathology reports for diagnostic biopsies or shave/
curettage only were excluded due to lack of required reported
variables and potentially unreliable representation of the
tumour. For multiple potential primary cSCCs, the primary site
was chosen based on clinical judgement using the information
from the pathology report (topography, lymphatic drainage,
lack of presence of other potential primary sources) and the
time from primary tumour diagnosis to metastasis.

To obtain a nested case—control design, we randomly
selected control patients with a ¢SCC diagnosis in 2013 from
the same dataset that did not develop a metastasis during the
study period and matched cases and controls on follow-up
time. Ethical approval and informed consent were not required
for this study as per Section 251 of the National Health Ser-
vice Act 2006.'*
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Staging systems

cSCCs of cases and controls were classified according to the
AJCC8, BWH, Tiibingen and Salamanca refinement staging sys-
tems (Table S1; see Supporting Information). All required
tumour characteristics were extracted from pathology reports
and comprised a localization at the head and neck (with eye-
lid, ear and lip, in particular) and other body sites, tumour
diameter in centimetres, tumour thickness in millimetres, dif-
ferentiation grade (good/moderate vs. poor/undifferentiated),
Clark level (II-III vs. IV-V), invasion beyond subcutaneous fat
(yes/no), bone invasion (yes/no), perineural invasion (yes/
no), desmoplastic tumour morphology (yes/no) and
immunosuppression (yes/no). If Clark level was not stated, it
was assumed as not invading beyond subcutaneous fat. The
method used for measuring thickness was not routinely
reported in the pathology reports and was therefore assumed
to be standardized to the Royal College of Pathologists
(RCPath) guidance (i.e. measured from the adjacent normal
granular layer).'” Diameter of nerve invasion was not rou-
tinely reported and therefore if perineural invasion was
reported as present, it was assumed to meet the diameter cri-
terion of > 0.1 mm as per the AJCC8 and BWH systems. To
assess for immunosuppression, registry data and Hospital Epi-
sode Statistics were analysed for diagnosis/operation codes
associated with haematological malignancies and solid organ
transplantations before the date of primary tumour diagnosis
or within 6 months.

Statistical analysis

The AJCC8 staging system includes only head and neck
cSCCs (excluding eyelid) and the Salamanca refinement only
AJCC8 T3 ¢SCCs. To have fair comparisons, all analyses were
performed in: (i) ¢SCCs of all body sites; (ii) head and neck
cSCCs excluding eyelid; and (iii) AJCC8 T3 ¢SCCs. Each ¢SCC
was scored according to the T-stage criteria of all four stag-
ing systems to evaluate their predictive performances in
terms of distinctiveness (outcome differences between cate-
gories within a staging system), homogeneity (outcome sim-
ilarity within categories between staging systems) and
monotonicity (outcome worsening with increasing categories
between staging systems, equal to the sensitivity). Condi-
tional logistic regression analyses were performed to obtain
odds ratios (ORs) with 95% confidence intervals (CIs) on
the metastasis outcome per T stage. Missing values were
imputed 20 times using multivariate imputation by chained
equations with predicted mean matching. The imputation
model included all covariates, the outcome and ethnicity and
deprivation as auxiliary variables. To evaluate homogeneity,
the proportion of metastases occurring in the low T stages
(T1/T2 for AJCC8, T1/T2a for BWH, no- and low-risk
groups for Tibingen, and T3a for Salamanca refinement)
were compared between the staging systems using the
McNemar test. To evaluate monotonicity, this has been done
for the proportion of metastases occurring in the high T
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stages. A false discovery rate of 5% was used for homogene-
ity and monotonicity to correct for multiple comparisons.”
Specificity, positive predictive value (PPV) and negative pre-
dictive value (NPV) were calculated to assess classification
performances, where PPV and NPV have been adjusted for a
2% metastasis prevalence in the general population.”’ Har-
rell’s concordance index (c-index) was calculated, which is
equal to the area under the receiver operating characteristic
curve for binary outcomes in logistic regression models, and
represents the probability that a patient who will develop
metastasis will be assigned a higher risk score of this event
by the model/staging system compared with a patient who
will remain event free.””> An erratum of the AJCC8 classifica-
tion was published in February 2018 downgrading c¢SCCs of
2 cm without other high-risk criteria to Tl and 4 cm to
T2.”® Because all major studies on cSCC staging systems have
used the initial AJCC8 criteria without including the erratum
version, we did so as well in our study to enable compara-
bility across the published literature. However, we addition-
ally computed the c-index and number of tumours per T
stage for the AJCC8 using the erratum criteria to assess
whether this would change the results considerably. All anal-
yses were performed using SPSS 25.0 statistical software
(SPSS Inc., Chicago, IL, USA). Tests were two-sided at a 5%
statistical significance level.

Patients with cSCC
diagnosed 2013-2015,
England
n=93 890

v

Patients identified through
algorithm for review as
potential metastatic cSCC
n=6168

v

Patients with histologically
confirmed metastatic cSCC
during 2013-2015
n=1566

\

Patients with primary and
metastasis diagnosed
between 2013-2015
n=1076

Non-metastatic cSCC in
2013, England matched on
follow-up, randomly selected
n=887

Metastatic cSCC meeting

criteria 2013-2015
n=887

Figure 1 Flowchart describing the retrieval of the cases and controls

in our study population. cSCC, cutaneous squamous cell carcinoma

© 2021 The Authors. British Journal of Dermatology

Results

In total, 887 metastatic cases and 887 nonmetastatic controls
met the inclusion criteria (Figure 1). The median follow-up
time to metastasis was 183 days [interquartile range (IQR),
78-336] for cases. Cases had more unfavourable tumour char-
acteristics than controls (Table 1). The majority of controls
fell in the T1 category of the AJCC8 (70%) or BWH (67%)
classification (Table 2). Following the Tiibingen classification,
most controls were present in the low-risk group for diameter
(85%), no- and low-risk groups for thickness (together 86%)
and low-risk group for the co-risk factors (71%). Cases were
most commonly AJCC8 T3 tumours (68%, n = 604) and sec-
ondly T1 tumours (19%, n = 172). Only 14 (2%) cases and
one (0.1%) control were T4a/b tumours.

Using the BWH classification, about half of all metastatic
cases (46%, n = 411) belonged to the T2b group with a much
smaller proportion of 8% (n = 71) in the T3 category. Follow-
ing the Tibingen classification, the highest percentage of cases
was found in the high-risk group for co-risk factors (68%)
with a less distinct metastatic proportion among the high-risk
diameter and thickness groups (60% and 58%, respectively).

Predictive performance — cutaneous squamous cell
carcinomas of all body sites

The risk of metastasis increased with increasing T stage for
the AJCC8 and BWH staging systems: OR of 3.9 (95% CI 2.6—
5.8) for T2 and OR of 11.6 (95% CI 8.3-16) for T3 cSCCs
compared with T1 ¢SCCs using AJCC8 (Table 2). Using the
BWH classification, the risk of metastasis was seven-fold for
T2a (OR 6.8, 95% CI 4.6-10.1) and 33-fold for T2b (OR
33.3, 95% CI 20.8-53.2) compared with T1 ¢SCCs. Following
the Tubingen classification, the highest metastasis risk was
captured by the high-risk group for tumour thickness: OR of
36 (95% CI 20.8—62.3).

The AJCC8 staging system showed superior homogeneity
and monotonicity compared with both BWH and Tibingen
tumour diameter and tumour thickness classifications whereas
these outcome measures were not different compared with the
Tlbingen co-risk factors classification [Table 3; see Table S2
(see Supporting Information) for P values]. As second best,
the Tibingen tumour diameter and co-risk factors classifica-
tions showed superior monotonicity and homogeneity com-
pared with the BWH classification. Comparing the three
Tlbingen classifications between themselves produced the best
homogeneity and monotonicity for the Tibingen co-risk fac-
tors classification.

The BWH system had the highest specificity (92.8%, 95%
CI 90.8-94.3%), PPV (13.2%, 95% CI 10.6-16.2%) and
c-index (0.84, 95% CI 0.82-0.86) of all staging systems. NPV
was highest for the AJCC8 classification (99.2%, 95% CI
99.2-99.3) (Table 4).

The use of the AJCC8 erratum criteria did not change the
c-index (i.e. 0.78, 95% CI 0.76—0.80) and resulted in restag-
ing of only 3.3% of the total cohort with changes seen in
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Table 1 Descriptive characteristics of the 1774 patients with a primary cSCC, stratified by metastasis outcome

Total group,

Metastatic cases, Nonmetastatic controls,

Characteristic n=1774 (%) n = 887 (%) n = 887 (%) P value
Sex
Male 1264 (71.3) 696 (78.5) 568 (64.0) <0.001
Female 510 (28.7) 191 (21.5) 319 (36.0)
Age, median (IQR) 80.4 (73.1-86.5) 80.8 (73.4-86.6) 79.7 (72.7-86.4) 0.41
Immunosuppressed
No 1601 (90.2) 791 (89.2) 810 (91.3) 0.13
Yes 173 (9.8) 96 (10.8) 77 (8.7)
Site of primary ¢SCC
Head and neck 1258 (70.9) 690 (77.8) 568 (64.0) <0.001
Eyelid 22 (1.7) 13 (1.9) 9 (1.6)
Far 292 (23.2) 190 (27.5) 102 (18.0)
Lip 99 (7.9) 61 (8.8) 38 (6.7)
Other sites 513 (28.9) 197 (22.2) 316 (35.6)
Unknown 3 (0.2) 0 (0.0) 3 (0.3)
Tumour diameter
<2cm 976 (55.0) 287 (32.4) 689 (77.7) <0.001
2-4 cm 533 (30.0) 386 (43.5) 147 (16.6)
>4 m 211 (11.9) 188 (21.2) 23 (2.6)
Unknown 54 (3.0) 26 (2.9) 28 (3.2)
Tumour thickness
<2 mm 273 (15.4) 24 (2.7) 249 (28.1) <0.001
2-6 mm 797 (44.9) 332 (37.4) 465 (52.4)
> 6 mm 553 (31.2) 465 (52.4) 88 (9.9)
Unknown 151 (8.5) 66 (7.4) 85 (9.6)
Differentiation grade
Good/moderate 1159 (65.3) 402 (45.3) 757 (85.3) <0.001
Poor 588 (33.1) 474 (53.4) 114 (12.9)
Unknown 27 (1.5) 11 (1.2) 16 (1.8)
Clark level
11/101 134 (7.6) 15 (1.7) 119 (13.4) < 0.001
/v 1243 (70.1) 755 (85.1) 488 (55.0)
Unknown 397 (22.4) 117 (13.2) 280 (31.6)
Invasion beyond subcutaneous fat
No 1533 (86.4) 668 (75.3) 865 (97.5) <0.001
Yes 239 (13.5) 217 (24.5) 22 (2.5)
Unknown 2 (0.1) 2 (0.2) 0 (0.0)
Perineural invasion
No 1323 (74.6) 581 (65.5) 742 (83.7) <0.001
Yes 243 (13.7) 207 (23.3) 36 (4.1)
Unknown 208 (11.7) 99 (11.2) 109 (12.3)
Desmoplastic morphology
No 1772 (99.9) 887 (100.0) 885 (99.8) 0.16
Yes 2 (0.1) 0 (0.0) 2 (0.2)

¢SCC, cutaneous squamous cell carcinoma; IQR, interquartile range.

metastatic cases Tl (+2.6%), T2 (—2.4%) and T3 (-0.1%),
and nonmetastatic cases T1 (+3.7%), T2 (-3.5%) and T3
(0.1%).

Predictive performance — head and neck cutaneous
squamous cell carcinomas

Restricting to head and neck c¢SCCs resulted in 422 eligible
cases and 422 controls. While the AJCC8 has been devel-
oped for head and neck ¢SCCs only, the staging system per-
formed worse when fitted on this subgroup compared with

British Journal of Dermatology (2022) 186, pp835-842

all body sites: homogeneity 33.2%, monotonicity 66.8%,
specificity 79.1% (95% CI 75.0-82.9%), PPV 6.1% (95%
CI, 5.1-7.4), NPV 99.2% (95% CI, 99.0-99.3) and c-index
of 0.76 (95% CI, 0.73-0.79) (Tables S3—S5; see Supporting
Information). Use of the AJCC8 erratum criteria produced
the same c-index (0.76, 95% CI 0.72-0.79) values. Worse
results were also found for the other staging systems except
for the Tibingen diameter classification, which showed a
slightly higher specificity and PPV and equal c-index in
head and neck ¢SCCs compared with c¢SCCs of all body
sites.

© 2021 The Authors. British Journdl of Dermatology
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Table 2 Conditional logistic regression analyses between the AJCC8, BWH and Tiibingen staging systems and the metastasis outcome

(distinctiveness)
OR (95% CI) With metastasis, Without metastasis,
for metastasis n = 887 (%) n = 887 (%) P value ORs
AJCC8
T1 1.0 172 (19.4) 620 (69.9)
T 3.9 (2.6-5.8) 97 (10.9) 94 (10.6) <0.001
T3 11.6 (8.3-16.0) 604 (68.1) 172 (19.4) <0.001
T4a/T4b NA 14 (1.6) 1 (0.1)
BWH
T1 1.0 111 (12.5) 596 (67.2)
T2a 6.8 (4.6-10.1) 294 (33.1) 227 (25.6) <0.001
T2b 33.3 (20.8-53.2) 411 (46.3) 61 (6.9) <0.001 S
T3 NA 71 (8.0) 3(0.3) s
Tiibingen 8
o
Diameter (cT) @
Low risk (< 2 cm) 1.0 355 (40.0) 754 (85.0) 3
High risk (> 2 cm) 8.0 (6.0-10.6) 532 (60.0) 133 (15.0) <0.001 3
Thickness =
No risk (£ 2 mm) 1.0 29 (3.3) 264 (29.8)
Low risk (26 mm) 6.0 (3.7-9.8) 347 (39.1) 499 (56.3) <0.001
High risk (> 6 mm) 36.0 (20.8-62.3) 512 (57.7) 124 (14.0) <0.001
Co-risk factors
Low risk 1.0 285 (32.1) 627 (70.7)
High risk 5.1 (4.0-6.5) 602 (67.9) 260 (29.3) <0.001

AJCC8, American Joint Committee on Cancer 8th edition; BWH, Brigham and Women'’s Hospital; CI, confidence interval; OR, odds ratio.

- t significant, metastasis risk in the T3b st t high
Predictive performance — AJCC8 T3 cutaneous squamous 1Ot SIgnICant, MEtastasis Tisk 1 the Stage was not ugher

cell carcinomas

To validate the Salamanca T3 refinement staging, only AJCC8
T3 ¢SCCs were included, resulting in 37 eligible cases and 37
controls (Tables S6-S8; see Supporting Information). Although

Table 3 Homogeneity and monotonicity of the AJCC8, BWH and
Tubingen staging systems.

Metastasis

T stage per staging system (n=887), n (%)

Evaluation of homogeneity: proportion of metastases occurring in low T stages
between the three staging systems

compared with T3a stage (OR of 0.7, 95% CI 0.2-2.0, P =
0.47). The T3c stage showed a nonsignificant trend towards a
higher risk of metastasis compared with T3a (OR 2.9, 95% CI
0.8-10.9, P = 0.12). In terms of homogeneity, monotonicity,
PPV, NPV and c-index, the Salamanca T3 refinement per-
formed worse than all other staging systems.

Discussion

We describe the largest reported nationwide dataset used to
validate four cSCC staging systems. The BWH system had
highest specificity, PPV and c-index, while the AJCC8 system
performed best in terms of NPV, homogeneity and mono-
tonicity. Thus, when determining high-risk patients who

AJCC8 T1+T2 269 (30.3)

BWH T1+T2a 405 (45.7) might require close follow-up or adjuvant therapy, the BWH
Tiibingen tumour diameter, low risk 355 (40.0) T2b/3 would be most appropriate, whereas in correctly iden-
Tiibingen tumour thickness, no and low risk 376 (42.4) tifying who could be safely omitted from follow-up visits, the
Tiibingen co-risk factors, low risk 285 (32.1) AJCC8 T1 would fit best. Overall, the BWH showed the high-

Evaluation of monotonicity: proportion of metastases occurring in high T stages
between the three staging systems

est c-index, which is singularly the best indicator of the pre-
dictive capability of a staging system. However, the PPV of all

AJCC8 T3+T4 618 (69.7)

BWH T2b+T3 482 (54.3) staging systems was suboptimal (ranging from 5% to 13%)
Tiibingen tumour diameter, high risk 532 (60.0) and is important for selecting patients for adjuvant (immuno)
Tibingen tumour thickness, high risk 512 (57.7) therapy and/or intensive surveillance. There remains a need to
Tiibingen co-risk factors, high risk 602 (67.9) identify new patient and tumour characteristics that are associ-

AJCC8, American Joint Committee on Cancer 8th edition; BWH,
Brigham and Women'’s Hospital.

© 2021 The Authors. British Journal of Dermatology

ated with the likelihood of ¢SCC progression.
A prior study showed comparable results to ours in head and
neck cSCCs with a higher c-index for BWH (0.91) than AJCC8
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Table 4 Specificity, positive predictive value, negative predictive value

and c-index of the AJCC8, BWH and Tiibingen staging systems

Parameter

Value

Specificity, % (95% CI)
AJCC8
BWH
Tibingen tumour diameter
Tubingen tumour thickness
Tiibingen co-risk factors
Positive predictive value,” % (95% CI)
AJCC8
BWH
Tubingen tumour diameter
Tiibingen tumour thickness
Tubingen co-risk factors
Negative predictive value,* % (95% CI)
AJCC8
BWH
Tibingen tumour diameter
Tubingen tumour thickness
Tiibingen co-risk factors
Staging system, c-index (95% CI)"
AJCC8
BWH
Tibingen diameter
Tiibingen thickness
Tubingen co-risk factors

80.5 (77.7-83.1)
92.8 (90.8-94.3)
85.0 (82.5-87.3)
86.0 (83.6-88.2)
70.7 (67.6-73.7)

6.8 (6.0-7.7)
13.2 (10.6-16.2)
7.6 (6.5-8.8)
7.8 (6.6-9.1)
4.5 (4.1-5.0)

99.2 (99.2-99.3)
99.0 (98.9-99.1)
99.1 (99.0-99.1)
99.0 (98.9-99.1)
99.1 (99.0-99.2)

0.78 (0.76-0.80)
0.84 (0.82-0.86)
0.73 (0.70-0.75)
0.77 (0.75-0.79)
0.69 (0.67-0.72)

* For the positive and negative predictive values, we adjusted the
calculation with a metastasis prevalence of 2%. °P value < 0.001
in each instance. AJCC8, American Joint Committee on Cancer
8th edition; BWH, Brigham and Women’s Hospital; CI, confi-
dence interval.

(0.84)."* Although they found an equal NPV of 99% for both
staging systems, specificity and PPV were higher for BWH as
was also the case in our study. A limitation of this study was
that part of the same data for BWH staging development was
used with the original development dataset including 256
tumours in 237 patients with 25 metastatic cases from 1998 to
2005." Validation against AJCC8 used a dataset including 680
tumours in 459 patients with 23 metastatic cases from 2000 to
2009 and appears to be sourced from the same single academic
centre.'* This could have led to selection bias, poor generaliz-
ability and optimistic results. Canueto et al. concluded that the
BWH did not have great advantages over the AJCC8 in staging
head and neck ¢SCCs and many overlaps were observed in
terms of homogeneity and monotonicity.'® This could be due
to the relatively small sample size (n = 186) and zero to very
few tumours included in the AJCC8 T4 and T2 categories,
respectively, as well as the BWH T3 category. Roscher et al. did
use a population-based external cohort and found a c-index of
0.82 for the Tiibingen classification compared with 0.81 for
the BWH and 0.75 for the AJCC8.'® However, for the AJCC8
staging, only head and neck ¢SCC were included, whereas the
BWH and Tiibingen classifications comprised cSCCs of all body
locations, resulting in an unequal comparison. Besides, while a
c-index rounded to 0.8 can be considered a high discriminative
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ability, the c-index evaluates only the ranking of case—control
pairs. Metastases can still occur in low-risk T stages (e.g. 46%
for BWH1/2a, Table 3 homogeneity analysis) and controls can
be assigned to high-risk T stages. This will not affect the c-
index as long as the case is ranked to a higher risk category than
the control, which means that the c-index alone is not enough
in assessing the performance of a staging system and the
remaining outcome measures should also be considered.

For all three staging systems, the PPVs were quite low (4.5—
13.2%), as we adjusted for a 2% metastasis prevalence in the gen-
eral population. Higher PPVs in studies among high-risk popula-
tions should be interpreted with caution if no adjustment for a
metastasis prevalence in the general population was made.'***

A remarkable finding from our study was that when
restricting to head and neck sites only, AJCC8 performed
worse with a lower c-index compared with including all body
sites. So, while AJCC8 staging is only advised for head and
neck cSCCs, it could be used for all sites.

Our study comprises the first external validation of the Sala-
manca refinement system.'’ Although the Salamanca refine-
ment system has been compared with the BWH and Tibingen
systems before, this was performed on the same sample as the
development of this staging system.”* We did not observe any
improvement in risk stratification for the Salamanca refine-
ment system in our study. The Salamanca study combined the
outcomes of metastasis and disease-specific death as ‘major
events’ and included only 32 patients in this category, which
may have limited the performance of the refinement. This
once again highlights the importance of external validation of
staging systems.

Tumour thickness has the greatest predictive value for
metastasis,®”> yet it is not robustly utilized in AJCC8 classifica-
tion, limited only to identifying tumours > 6 mm, and in
BWH staging only considered as invasion beyond subcuta-
neous fat. In contrast, Breslow thickness has multiple cate-
gories in AJCC8 melanoma staging.”® Similarly, differentiation
grade was not included in AJCC8 despite poor differentiation
being an important risk factor for worse outcomes.®***7®
This is probably related to the poor reproducibility of differ-
entiation grade. There is an urgent need to better define dif-
ferentiation grade and validate this among pathologists to be
able to include this in staging systems in the future. The
search for a more refined staging system also reflects the
requirement for less rigid categorization into limited risk-
profile groups. Comparable with melanoma, a nomogram
model which offers a predictive risk calculation could be an
attractive alternative,””"*°

The strengths of this study are the use of nationwide cancer
registry data producing generalizable results to other popula-
tions with similar characteristics and the conduct of the analyses
in three different body-site samples that the individual staging
systems had been developed on. This is relevant for clinical
practice, where the staging systems are often used for c¢SCCs
from all body sites. Limitations of our study include the restric-
tion to information provided by pathology reports available at
the NDRS. Although uniform reporting standards following the
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RCPath guidance are assumed, we could not assess the histologi-

. ) - 19
cal slides ourselves in case of missing parameter values. ~ Also,

given that our study period dated from before the introduction

of the analysed staging systems, nerve diameter for perineural

invasion assessment was not routinely documented. The retrie-

val of data on immunosuppression has not been validated before

and is likely to be an underestimation. Finally, we included all

patients with the primary and metastatic tumour identified
between 2013 and 2015. We previously found that 85% of the
cSCC metastases occur within 2 years and 93% within 3 years.*

Our data may therefore exclude a minority of tumours which

metastasize late.

In conclusion, we showed that the BWH and AJCC8 are

both superior to the Tibingen and Salamanca T3 staging sys-

tems and that each staging system has its own strengths, with

the BWH showing the highest overall discriminative ability.

With emerging treatments being developed to treat advanced

cSCC, identifying which tumours have the highest risk profile

(i.e. PPV) is essential and currently needs improvement for all

staging systems.3

! Due to the high volume of ¢SCCs, it is

equally important to correctly identify those at low risk (i.e.

NPV), thus enabling streamlined patient care. Possibly, better

utilizing variables such as tumour thickness and differentiation

grade may enhance outcome prediction. In the future, it

would be optimal to have a single staging system that per-

forms optimally for all key outcomes.
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