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Introduction: The Brigham and Women’s Hospital and the T€ubingen cutaneous squamous cell carcinoma
(SCC) stratification systems propose different criteria from the American Joint Committee on Cancer, eighth
edition.Ourgroup identifiedprognostic subgroupswithinT3 stage according to theAmerican Joint Committee
on Cancer eighth edition’s classification, the most common classification for high-risk cutaneous SCCs.
Objective: To compare the performance and prognostic accuracy of these staging systems in a subset of
high-risk cutaneous SCCs.
Methods: Homogeneity, monotonicity, and McNemar tests for pairwise comparisons were assessed.
Distinctiveness and relative risk of poor outcome were calculated by stage. Prognostic accuracy was
compared with respect to quality (Akaike and Bayesian information criteria), concordance (Harrell C-index
and G€onen and Heller concordance probability estimate), and predictive accuracy (sensitivity, specificity,
negative predictive value, positive predictive value, and global accuracy).
Results: The Brigham and Women’s Hospital and Salamanca systems were more distinctive,
homogeneous, and monotonic than the T€ubingen system. The T€ubingen system was the most specific,
whereas the Salamanca and Brigham and Women’s Hospital systems were more sensitive. Negative
predictive value was high in all 3 systems, but positive predictive value and accuracy were low overall.
Conclusions: Alternative staging systems may partially overcome the heterogeneity and low prognostic
accuracy of the American Joint Committee on Cancer, eighth edition and enable high-risk cutaneous SCCs
to be stratified more reliably, but their prognostic accuracy is still low. Considering the accumulation of risk
factors may improve high-risk cutaneous SCC risk stratification. ( J Am Acad Dermatol 2021;84:938-45.)
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INTRODUCTION
Cancer staging systems, which stratify tumors into

prognostic subgroups by risk factors, are useful for
artamento de Dermatolog�ıa,a Instituto de

Biom�edica de Salamanca (IBSAL),b and Servicio
�ıa,d Hospital Universitario de Salamanca; and
c and Laboratory 7,e IBMCC-CSIC, Salamanca.

ro and Corchete-S�anchez contributed equally to

: Dr Ca~nueto is partially supported by grant

nstituto de Salud Carlos III, cofinanced by FEDER

us: The study was approved by the University

lamanca’s Institutional Ethics Review Board.
managing patients. Existing cutaneous squamous cell
carcinoma (SCC) staging systems do not accurately
predict poor prognosis based on T stage,1-3 making
Accepted for publication December 4, 2020.

Reprints not available from the authors.

Correspondence to: Javier Ca~nueto, MD, PhD, Department of

Dermatology, Complejo Asistencial Universitario de Salamanca,

Paseo San Vicente 58-182, 37007 Salamanca, Spain. E-mail:

jcanueto@usal.es.

Published online January 9, 2021.

0190-9622/$36.00

� 2020 by the American Academy of Dermatology, Inc.

https://doi.org/10.1016/j.jaad.2020.12.020

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaad.2020.12.020&domain=pdf
mailto:jcanueto@usal.es
https://doi.org/10.1016/j.jaad.2020.12.020


J AM ACAD DERMATOL

VOLUME 84, NUMBER 4
Puebla-Tornero et al 939
improvementsessential tomeet clinicalpracticeneeds.
Alternative staging systems have been developed but
require continual refinement as new prognostic evi-
dence emerges. Although high-risk cutaneous SCCs
represent a minority of cases, identifying them is the
main challenge in effective risk stratification, and the
predominant focus of research. Cutaneous SCC is
CAPSULE SUMMARY

d A more precise stratification of high-risk
cutaneous squamous cell carcinoma may
help clinicians in daily practice.

d Current alternative staging systems are
an improvement on the official American
Joint Committee on Cancer, eighth
edition but have low accuracy for high-
risk cutaneous squamous cell
carcinomas. They all have high negative
predictive value, but their specificity and
positive predictive value are low overall.
Considering the combination of risk
factors can help better identify which
cutaneous squamous cell carcinomas are
at greatest risk of recurrence.
considered high risk when
staged as T3/T4 stage accord-
ing to the American Joint
Committee on Cancer eighth
edition’s classification (T3/T4-
AJCC8). Most high-risk cuta-
neous SCCs are staged as
T3-AJCC84 because T4-AJCC8
accounts for only 0.3% of
cutaneous SCCs in some
series.5

The University of
T€ubingen group stratified
cutaneous SCCs into prog-
nostic groups based on tumor
thickness,6 width,7 and
several associated risk fac-
tors,7 but it is unclear how
these characteristics relate to
T categories.8 The same
group recently proposed a

risk-stratification system based on the accumulation
of risk factors.9 Although originally designed for
cutaneous SCCespecific death, it may be valid for
predicting other poor outcome events. In 2013, the
Brigham and Women’s Hospital alternative staging
system emerged,10,11 quickly demonstrating its supe-
riority over the American Joint Committee on Cancer,
seventh edition.12 It considers the combinations of 4
risk factors to classify cutaneous SCCs into T
stages.10,11 Its use in clinical practice is straightforward
and popular, allowing stratification of tumors beyond
the head and neck. The American Joint Committee on
Cancer, eighth edition (AJCC8), based on additional
studies6,12 and featuring significant changes concern-
ing cutaneous SCC,13 was released in 2017. AJCC8 has
limitations, including significant heterogeneity within
the T3 stage, to which category most high-risk
cutaneous SCCs belong.14,15 Combining AJCC8 risk
factors allows various prognostic subgroups to be
identified in T3-AJCC8 (Table I).4 In this tentative
subclassification, cases featuring 3 or more risk factors
were at particularly high risk of recurrence.4

Several comparisons of staging systems have
emerged since AJCC8 was released,5,8,14,16 but none
involving these 3 alternative systems (Brigham and
Women’s Hospital, T€ubingen, and T3-AJCC8) and
focused on high-risk cutaneous SCC. Our study
compared their performance in predicting poor prog-
nosis and death from disease in a series of head and
neck high-risk cutaneous SCCs. We identify opportu-
nities for improving staging systems and implement a
usefulmethodology for comparing staging systems for
a broader range of entities than cutaneous SCC alone.
PATIENTS AND
METHODS
Patients and variables

We selected a retrospec-
tively collected cohort of 196
primary head and neck cuta-
neous SCCs, staged as T3 by
theAJCC8, from theUniversity
Hospital of Salamanca, Spain.4

All 2391 pathology reports be-
tween January 1, 2005, and
December31,2016,wereeval-
uated; those meeting AJCC8
criteria for classifying cuta-
neous SCCs as T3 were
selected. Of the 216 tumors
retrieved, 9 were excluded
because of missing clinical
data or unavailability of slides,
and11wereexcludedbecause
they were recurrent, leaving a
final cohort of 196 primary T3 tumors. The study was
approved by the University Hospital of Salamanca’s
Institutional Ethics Review Board and complied with
Strengthening theReportingofObservationalStudies in
Epidemiology recommendations.

Patients’ age, sex, and immune status, and the
tumor traits involved in prognosis and staging, were
recorded. Tumors were classified by the 3 alterative
staging systems of the Salamanca University Hospital,
Brigham and Women’s Hospital, and T€ubingen
University Hospital. Disease-specific poor outcome
was evaluated as local recurrence, metastasis, and
disease-specific death. Metastasis and disease-specific
deathwere consideredmajor events of poor outcome.
Thus, hereafter, disease-specific poor outcome in-
cludes local recurrence, metastasis, or death, whereas
major events refer only to metastasis or death. Local
recurrences were assessed by considering the
pathology and medical records. Irrespective of how
the recurrence was managed, a biopsy was always
performed.

Statistical analysis
Prognosis was analyzed by Cox proportional

hazards regression using competing risk analysis.
Two types of model were fitted to account for
competing risks: cause-specific hazard models,17



Abbreviations used:

AJCC8: American Joint Committee on
Cancer, eighth edition

SCC: squamous cell carcinoma
T3/T4-AJCC8: T3/T4 stage according to the

American Joint Committee on
Cancer eighth edition’s
classification
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which consider events of interest separately from
competing risk events; and Fine and Gray
proportional subdistribution hazards regression
models,18 which consider risk of events of interest
over time in the presence of competing risk events.
Disease-specific poor outcome, local recurrence,
major events, and disease-specific death were
analyzed (Supplemental Material available via
Mendeley at https://doi.org/10.17632/c9bjyxbk2r.
1). For tumors without any poor outcome, survival
time was censored on the date of death or, if the
patient was alive at data collection, on the date of
their last medical record review. Quality of the
survival models was compared by the Akaike and
Bayesian information criteria, in which lower indices
indicate a better-quality model.

McNemar test was used for paired categoric data
to analyze differences in T-stage assignment of
tumors between classification systems.
Distinctiveness, homogeneity, and monotonicity
were assessed to evaluate the performance of all 3
systems. Distinctiveness was assessed by evaluating
prognostic discrimination among stages. Odds ra-
tios of outcome events within each system were
estimated with binary logistic regression in
R (R Foundation). Homogeneity was evaluated by
comparing the prognosis of low T stages (T3a,
T1/T2a, and T1/T2 in the Salamanca refinement
of T3-AJCC8, the Brigham and Women’s Hospital,
and T€ubingen staging systems, respectively).
Monotonicity was assessed by comparing the prog-
nosis of high T stages (T3b-T3c, T2b-T3, and
T3-T4), following a similar approach to those of
other groups12,16 and ours.14

Concordance analysis estimates the probability of
selecting a pair of patients for which the one with the
greatest risk is also characterized by the shortest
disease-free survival. Concordance among
staging systems was compared by 2 approaches:
the Harrell C-index19 and the G€onen and Heller
concordance probability estimate,20 estimated in R
with the dynpred (version 0.1.2) and concordance
probability estimate (version 1.5.1) packages,
respectively. Higher indices indicate greater
accuracy. Concordance values were calculated by
considering all T-staging groups within each system
and by grouping staging categories as low or high
risk (Supplemental Material).

Sensitivity, specificity, positive and negative
predictive value, and accuracy were calculated
considering the aforementioned dichotomous
grouping categories (see Supplemental Material for
details of statistical methods). Analyses were
performed with R’s boot (version 1.3-22) package.

RESULTS
Data from our high-risk cutaneous SCC cohort are

summarized in Table II. The median age was
84.4 years, 116 of 196 patients were men, and almost
20% were immunosuppressed. Overall, 52 patients
(26.5%) developed disease-specific poor outcomes
during follow-up, and 32 events (16.3%) were major.
Ten patients (5.1%) died from the disease. The AJCC8
T3b/T3c represented 51.5% of cases, the Brigham
and Women’s Hospital T2b/T3 47.9%, and the
T€ubingen system (T3-T4 points) 34.7%.

Outcomes by T stage
Homogeneity was assessed by comparing

outcomes in low T categories in the 3 staging systems
(Table III). The lowest proportion of tumors evolving
poor outcome events in low T stages was observed in
T3a-AJCC8 (28.8% and 21.9% for disease-specific
poor outcome and major events, respectively); the
lowest proportion of disease-related death in low
T stages occurred in the T1/T2a Brigham and
Women’s Hospital system. Conversely, the highest
proportion of poor prognoses occurred in T3b/T3c
AJCC8; the highest proportion of disease-related
death was for T2b/T3 Brigham and Women’s
Hospital system (where all deaths belonged). The
Salamanca and Brigham and Women’s Hospital
systems had similar homogeneity and monotonicity,
producing better results than the T€ubingen system.
The McNemar tests demonstrated that high T stages
were similarly captured by the Salamanca and
Brigham and Women’s Hospital systems. However,
significant differences (P \ .05) were observed
between the T€ubingen and the other 2 systems
(Supplemental Table I).

Distinctiveness was assessed by evaluating prog-
nostic discrimination between stages (Table III).
Distinctiveness was similar for the Salamanca
refinement of the T3-AJCC8 and the Brigham and
Women’s Hospital system with respect to
disease-specific poor outcome and major events.
The 5-year cumulative incidence for the evaluated
outcomes gradually increased with the Brigham and
Women’s Hospital and Salamanca systems, but did
not increase as clearly with the T€ubingen system,

https://doi.org/10.17632/c9bjyxbk2r.1
https://doi.org/10.17632/c9bjyxbk2r.1


Table I. Features of alternative staging systems

T3-AJCC8 Salamanca staging system

BWH staging system,

high-risk factors, no.1*

T€ubingen staging

system, points2y

Low risk T3a Thickness[6 mm (with no invasion beyond
subcutaneous fat)

6
Width $ 4 cm

T1

T2a

None

1

T1

T2

0e1

2
High risk T3b

T3c

Invasion beyond the subcutaneous fat
(according to AJCC8)z

or
Perineural invasion (according to AJCC8)z

Combination of both T3b risk factors (invasion
beyond the subcutaneous fat + perineural
invasion)

or
$3 risk factors combinedx

T2b

T3

2e3

$4

T3

T4

3

4

BWH, Brigham and Women’s Hospital; OR, odds ratio.

*High-risk factors: tumor diameter greater than or equal to 2 cm, invasion beyond subcutaneous fat, poorly differentiated, and perineural

invasion greater than or equal to 0.1 mm.
yA tumor thickness of greater than 2 to 4 mm scores 1 point; a thickness of greater than or equal to 4 mm scores 2 points.

Immunosuppression and the presence of desmoplasia each score an additional point.
zPerineural invasion according to the AJCC8 consists of the involvement of nerves with a diameter of greater than or equal to 0.1 mm, with

the involvement of nerves located deeper than the dermis, or by clinical or radiologically evident perineural invasion.
xThe combination of 3 or more risk factors may include any of the risk factors that define a tumor as stage T3.
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which was therefore considered less distinctive
(Table III). Odds ratios for the different outcomes
gradually increased with the Salamanca and Brigham
and Women’s Hospital systems (Supplemental Table
II). The T€ubingen system showed an improvement
when cases were classified as low or high risk,
meaning that it was at least as distinctive as the
Brigham and Women’s Hospital and Salamanca
systems.
Prognostic accuracy
Supplemental Figs 1 and 2, respectively, show the

cumulative incidence of events considering all
T stages for the different systems for all outcome
events and for low- and high-risk subgroups.
The goodness of fit of these survival models was
approximately the same for almost all events
(Supplemental Table III).

We used the Akaike and Bayesian information
criteria to measure the relative quality of the staging
models (Supplemental Table IV). The T€ubingen stag-
ing system was the most balanced in terms of quality
for local recurrence because its Akaike and Bayesian
information criteria values were the lowest of all the
scenarios. Conversely, the Salamanca and Brigham
andWomen’s Hospital systems showed higher quality
for major events and disease-specific death.
C-indices were similar for the Salamanca and
Brigham and Women’s Hospital staging systems,
especially for major events and disease-specific
death, with respective values of 69.35% and 83.55%
for Salamanca, and 68.94% and 82.94% for Brigham
and Women’s Hospital, considering cause-specific
hazard. The T€ubingen system performed slightly
worse, with C-indices of 61.03% and 75.08% for
major events and disease-specific death. Considering
the low- and high-risk groups within each staging
system, the Brigham and Women’s Hospital system
had the greatest concordance for major events and
disease-specific death (C-index 65.72% and 77.07%).
The C-index cannot discriminate deaths from other
causes because staging systems are designed to
identify only tumor-related deaths and yielded
values close to 50% for the competing risk
(Supplemental Table V).

The Salamanca and Brigham and Women’s
Hospital staging systems were the most sensitive,
with major events and disease-specific death values
of 78.3% and 90.2% in the former, and 75.8% and
100% in the latter. The T€ubingen system had greater
specificity than the other 2, with values of 71.2%,
68.8%, and 67.4% for local recurrence, major events,
and disease-specific death, respectively. The
negative predictive value was high in all 3 systems,
with values of greater than 80% for almost all



Table II. Summary of characteristics of the cohort

Frequency %

Patient history
Mean age (SD), y 84.48 (10.50)
Sex, men/women 116/80
Immunosuppression 38 19.4
Organ transplant recipients 4 2
Hematologic malignancies* 20 10.2
Chronic lymphocytic leukemia 16 8.2
Immunosuppressive treatment for
chronic inflammatory disease

6 3.1

Solid tumorsy 8 4.1
Tumor traits
Width (SD), mm 22.32 (11.76)
Thickness (SD), mm 9.27 (4.21)
Grade of differentiation
Good to moderate 138 70.4
Poor 58 29.6

Perineural invasion 70 35.7
Perineural invasion of nerves $0.1 mm 34 17.3
Deep nerve invasion 18 9.2
Invasion beyond the subcutaneous fat 95 48.5
Muscle invasion 86 43.9
Bone invasion 5 2.6
Tumor location
Lower lip 23 11.7
Ear 15 7.7
Other location 158 80.6

Growth pattern
Noninfiltrative 118 60.2
Infiltrative 78 39.8

Desmoplasia 37 18.9
Poor prognosis
Disease-specific poor outcome 52 26.5
Local recurrence 36 18.4
Major events 32 16.3
Disease-specific death 10 5.1
Follow-up, mean and SD, mo 44.54 (29.37)

SD, Standard deviation.

*Hematologic malignancies include chronic lymphocytic leukemia

(n = 16) and other hematologic dyscrasias (n = 4).
yExcluding nonmelanoma skin cancer.
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evaluated outcomes, but the positive predictive
value was very low for all 3. Accuracy was low for
all 3 staging systems; the T€ubingen system was the
best in this respect (Table IV).

DISCUSSION
Prognostic stratification of high-risk cutaneous SCC

remains a huge problem for clinicians. Different
staging systems are available for cutaneous SCC
stratification, but their performance in high-risk cuta-
neous SCCs needs to be specifically explored. Most
high-risk cutaneous SCCs are staged as T3-AJCC8, but
a substantial proportion of these behave well.14 Our
group recently demonstrated heterogeneity within
T3-AJCC8 for cutaneous SCC, which prompted us to
propose a refinement of this stage, which includes
most high-risk cutaneous SCCs.4 Alternative staging
systems are available, the Brigham and Women’s
Hospital and T€ubingen systems being the most pop-
ular. Here, we compared all 3 systems and provided
evidence of their low prognostic accuracy for high-
risk cutaneous SCC, the heterogeneity of the T3-AJCC8
staging category, and the value of considering com-
binations of risk factors for cutaneous SCC stratifica-
tion in future staging editions.

The Brigham and Women’s Hospital and
Salamanca systems partially overlapped, probably
because the AJCC8 is based on previous work by the
Brigham and Women’s Hospital group.10,12 They
were more distinctive than the T€ubingen system for
disease-specific poor outcome and major events; the
Brigham and Women’s Hospital system was the best
for disease-specific death. Indeed, all cutaneous
SCCs causing death in this cohort were staged as
T2b/T3 in the Brigham and Women’s Hospital
system. Only 1 of the 9 T3a Salamanca patients
died from the disease, so the Salamanca system’s
performance is more than fair relative to
disease-specific death. The increase in odds ratio of
poor outcome with T stage was clearer for the
Salamanca and Brigham and Women’s Hospital
systems than for the T€ubingen system, especially
for major events and disease-specific death.

The Akaike and Bayesian information criteria
indices showed that the T€ubingen system had higher
prognostic accuracy for local recurrence, but the
Brigham and Women’s Hospital and Salamanca
methods were more accurate for major events and
disease-specific death. C-indices were higher for the
Brigham and Women’s Hospital and Salamanca
systems than for the T€ubingen system. Cutaneous
SCC-specific death yielded the biggest differences, in
which the first 2 systems had a C-index of greater
than 80%, implying excellent concordance for
disease-specific death. They were also the most
sensitive, whereas the T€ubingen system was the
most specific. The negative predictive value was
high for all 3 staging systems but the positive
predictive value was very low, meaning that an
advanced T-stage cutaneous SCC with any of these
systems may behave well yet still reflect the hetero-
geneity within these ‘‘high-risk’’ groups. Conversely,
an early T stage is highly predictive of good
prognosis. All 3 systems had low accuracy, the
T€ubingen system performing the best.

Sensitivity and specificity were lower than in other
comparative studies,8,16,21 possibly because we
studied a cohort of high-risk cutaneous SCCs,
whereas others considered high- and low-risk



Table III. Homogeneity, monotonicity, and distinctiveness of staging systems

System Group n

DSPO, LR, MEs, DSD,

no. of events (%) no. of events (%) no. of events (%) no. of events (%)

Homogeneity and monotonicity
Homogeneity Salamanca T3a 95 15/52 (28.8) 9/36 (25.0) 7/32 (21.9) 1/10 (10.0)

BWH T1/T2a 102 20/52 (38.5) 14/36 (38.9) 8/32 (25.0) 0/10
T€ubingen T1/T2 128 25/52 (48.1) 14/36 (38.9) 15/32 (46.9) 3/10 (30.0)

Monotonicity Salamanca T3b/T3c 101 37/52 (71.2) 27/36 (75.0) 25/32 (78.1) 9/10 (90.0)
BWH T2b/T3 94 32/52 (61.5) 22/36 (61.1) 24/32 (75.0) 10/10 (100)
T€ubingen T3/T4 68 27/52 (51.9) 22/36 (61.1) 17/32 (53.1) 7/10 (70.0)

5-y CIF

Classification System Group n

No. of

events (%)

5-y CIF

(95% CI)

No. of

events (%)

5-y CIF

(95% CI)

No. of

events (%)

5-y CIF

(95% CI)

No. of

events (%)

5-y CIF

(95% CI)

Distinctiveness
All groups Salamanca T3a 95 15 (7.65) 15 (8.6e23.1) 9 (4.59) 9.8 (4.8e16.9) 7 (3.57) 6.3 (2.6e12.5) 1 (0.51) 1.1 (0.1e5.3)

T3b 59 19 (9.69) 32.5 (20.3e45.3) 14 (7.14) 24.2 (13.5e36.6) 10 (5.1) 18 (9.1e29.4) 0 NA
T3c 42 18 (9.18) 43.8 (27.8e58.8) 13 (6.63) 31.6 (18.0e46.1) 15 (7.65) 36.1 (21.7e50.7) 9 (4.59) 20.4 (9.4e34.5)

BWH T1 26 3 (1.53) 7.7 (1.3e22.1) 2 (1.02) 7.7 (1.3e22.1) 1 (0.51) NA 0 NA
T2a 76 17 (8.67) 23.6 (14.0e34.7) 12 (6.12) 16.1 (8.4e26.1) 7 (3.57) 9.9 (4.3e18.3) 0 NA
T2b 85 26 (13.27) 31 (21.3e41.1) 17 (8.67) 20.4 (12.4e29.6) 19 (9.69) 22.6 (14.3e32.0) 7 (3.57) 7.2 (2.9e14.2)
T3 9 6 (3.06) 66.7 (20.5e90.1) 5 (2.55) 63 (15.5e89.2) 5 (2.55) 55.6 (16.2e82.7) 3 (1.53) 38.1 (6.8e70.7)

T€ubingen T1 8 2 (1.02) 25 (3.0e57.9) 2 (1.02) 25 (3.0e57.9) 0 NA 0 NA
T2 120 23 (11.73) 18.8 (12.3e26.4) 12 (6.12) 10.4 (5.6e16.8) 15 (7.65) 11.9 (6.8e18.5) 3 (1.53) 1.8 (0.3e5.8)
T3 62 25 (12.76) 40.3 (27.5e52.7) 19 (9.69) 30.7 (19.2e42.9) 16 (8.16) 26.6 (16.1e38.3) 6 (3.06) 10.2 (4.1e19.6)
T4 6 2 (1.02) NA 3 (1.53) NA 1 (0.51) 16.7 (0.5e54.9) 1 (0.51) 33.3 (0.1e84.5)

Low- and high-risk
groups

Salamanca T3a 95 15 (7.65) 15 (8.6e23.1) 9 (4.59) 9.8 (4.8e16.9) 7 (3.57) 6.3 (2.6e12.5) 1 (0.51) 1.1 (0.1e5.3)
T3b/T3c 101 37 (18.88) 37.3 (27.5e47.1) 27 (13.78) 27.3 (18.6e36.6) 25 (12.76) 25.5 (17.3e34.6) 9 (4.59) 8.5 (3.9e15.3)

BWH T1/T2a 102 20 (10.20) 19.2 (11.8e28.0) 14 (7.14) 13.8 (7.7e21.8) 8 (4.08) 7.3 (3.2e13.6) 0 NA
T2b/T3 94 32 (16.33) 34.4 (24.8e44.1) 22 (11.22) 23.9 (15.7e33.1) 24 (12.24) 25.8 (17.3e35) 10 (5.1) 9.9 (4.8e17.2)

T€ubingen T1/T2 128 25 (12.76) 19.2 (12.8e26.7) 14 (7.14) 11.3 (6.5e17.7) 15 (7.65) 11.1 (6.4e17.4) 3 (1.53) 1.7 (0.3e5.5)
T3/T4 68 27 (13.78) 40.4 (28.1e52.4) 22 (11.22) 32.9 (21.5e44.8) 17 (8.67) 26.2 (16.1e37.4) 7 (3.57) 11.1 (4.8e20.4)
T3/T4 68 27 (13.78) 2.7 (1.4e5.2) 22 (11.22) 3.9 (1.9e8.4) 17 (8.67) 2.5 (1.2e5.5) 7 (3.57) 4.8 (1.3e22.8)

‘‘All groups’’ stands for the classification that considers all staging categories; ‘‘dichotomous’’ classification stands for the classification that splits the cohort into high- and low-stage categories

within each staging system. For clarity, data are shown as the percentage and 5-year cumulative incidence of the outcome of interest. BWH, Brigham and Women’s Hospital; CI, confidence interval;

CIF, cumulative incidence function; DSD, disease-specific death; DSPO, disease-specific poor outcome; LR, local recurrence; MEs, major events; NA, not applicable.
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Table IV. Sensitivity, specificity, negative predictive value, positive predictive value, and accuracy

Staging system Tumors, n Group Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) Accuracy (95% CI)

Salamanca 196 DSPO 71.3 (70.2e72.3) 55.4 (54.7e56.0) 36.6 (35.9e37.4) 84.2 (83.6e84.8) 60 (59.4e60.5)
LR 74.3 (73.1e75.5) 53.9 (53.3e54.5) 26.6 (26.0e27.3) 90.4 (90.0e90.9) 57.2 (56.7e57.8)
MEs 78.3 (77.1e79.4) 53.5 (52.8e54.1) 24.5 (23.8e25.2) 92.7 (92.3e93.2) 58.5 (57.9e59.1)
DSD 90.2 (88.6e91.7) 50 (49.4e50.6) 8.5 (8.0e8.9) 98.9 (98.8e99.1) 52.4 (51.8e52.9)

BWH 196 DSPO 61.9 (60.8e63.1) 56.8 (56.2e57.5) 33.9 (33.2e34.6) 80.4 (79.8e81.0) 58.4 (57.8e59.0)
LR 61.8 (60.5e63.2) 55.2 (54.6e55.8) 22.9 (22.2e23.6) 86.3 (85.8e86.9) 56.8 (56.2e57.3)
MEs 75.8 (74.5e77.0) 57.6 (56.9e58.2) 25.6 (24.8e26.4) 92.4 (91.9e92.8) 60.6 (60.0e61.2)
DSD 100 (100e100) 54.7 (54.1e55.4) 10.8 (10.3e11.3) 100 (100e100) 57.2 (56.6e57.7)

T€ubingen 196 DSPO 51.4 (50.3e52.6) 71.2 (70.6e71.8) 40.2 (39.2e41.1) 80.5 (80.0e81.1) 66.2 (65.6e66.7)
LR 61.8 (60.6e63.1) 71.2 (70.6e71.8) 32.4 (31.6e33.2) 89.1 (88.6e89.5) 69.6 (69.1e70.2)
MEs 52.3 (51.1e53.6) 68.8 (68.2e69.4) 25.9 (24.9e26.8) 88.1 (87.6e88.6) 66.2 (65.7e66.7)
DSD 70.9 (68.6e73.3) 67.4 (66.9e68.0) 10.6 (10.0e11.2) 97.6 (97.4e97.8) 67.1 (66.6e67.6)

Data were generated with bootstrap resampling with 150 replications to estimate the mean and the 95% confidence interval. Results are

represented as percentages. BWH, Brigham and Women’s Hospital; CI, confidence interval; DSD, disease-specific death; DSPO, disease-

specific poor outcome; LR, local recurrence; MEs, major events; NPV, negative predictive value; PPV, positive predictive value.
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cutaneous SCCs. Our current work provides
additional information about the subgroup of
cutaneous SCCs at highest risk of metastasis and
death. However, given the cases onwhich it is based,
data about sensitivity, specificity, negative predictive
value, and positive predictive value may be not
completely comparable with those of other studies.
Our data reflect the significantly lower sensitivity,
positive predictive value, and C-index for the
high-risk cutaneous SCC subgroup, in which
improvement is desirable.

From a broader perspective, the 3 alternative
staging systems had greater prognostic accuracy
than the official AJCC8. Indeed, if all the tumors
had been classified the same, as would have
occurred with the AJCC8 (because all tumors were
T3-AJCC8), the C-index and concordance probability
estimate would both have been 50% for all outcome
events, implying that the system was no better at
predicting outcomes in these tumors than if they had
been randomly assigned. The Salamanca and
Brigham and Women’s Hospital systems slightly
outperformed the T€ubingen system, but all 3 would
be more effective for classifying high-risk cutaneous
SCCs than the AJCC8. The T€ubingen system
performed better when low- and high-risk categories
were combined (Supplemental Fig 1). Thus,
considering the prognostic effect of risk-factor
accumulation, as with our T3-AJCC8 and the
Brigham and Women’s Hospital and T€ubingen
staging systems, would probably increase prognostic
accuracy and improve risk stratification of high-risk
cutaneous SCC in AJCC9.

All 3 alternative staging systems rely on prognoses
that are based on knowledge of accumulated risk
factors. The presence of multiple risk factors is
associated with poorer prognosis than that arising
from a single one14,16 and implies a higher risk of a
positive sentinel lymph node biopsy result.22 These
alternative staging systems therefore highlight the
existence of subgroups of high-risk cutaneous SCC in
which sentinel lymph node biopsies, adjuvant
therapy, or both would be more useful.
Nevertheless, prognostic accuracy is relatively low,
meaning that risk stratification of high-risk cutaneous
SCCs still needs improvement.

This retrospective study is limited by differential
loss to follow-up, and possibly lower-quality data,
because records were not collected specifically for
the purpose of this study. Standardized pathology
records are needed to stratify cutaneous SCCs.
Indeed, several high-risk features of proven
prognostic significance (eg, desmoplasia) are not
regularly recorded, and other high-risk features
(eg, perineural invasion, tumor thickness) are not
recorded in a standardized, comprehensive manner.
Although this work focuses on high-risk cutaneous
SCC, there were no T4-AJCC8 cases in this cohort.
Such cases are rare and their evaluation requires a
multicenter approach. Another limitation is that this
was a single-center study from a University Hospital,
involving a cohort that was older, on average, than
others,6,8,23,24 although competing risk analysis
accounts for age-related bias. Finally, our study did
not consider AJCC8 low-risk tumors because clinical
decisions about them are usually less controversial,
and because no proposals for refining low
AJCC8 T stages have yet been published, to our
knowledge.

Until the AJCC staging system is upgraded, these
alternative systems offer a more accurate way of
classifying most high-risk cutaneous SCCs and
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identifying subgroups of higher-risk patients within
this staging category, for whom specific clinical
approaches may be considered. However, the
prognostic accuracy of all 3 alternative high-risk
cutaneous SCC staging systems is low, so better
stratification of high-risk cutaneous SCC is desirable.
By considering the accumulation of risk factors and
incorporating new risk factors, including genomic
data, better stratification of cutaneous SCC patients at
high risk of recurrence is highly feasible.
Conflicts of interest

None disclosed.
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