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Abstract 

Background:  Although determining the recurrence of cutaneous squamous cell carcinoma (cSCC) is important, cur‑
rently suggested systems and single biomarkers have limited power for predicting recurrence.

Objective:  In this study, combinations of clinical factors and biomarkers were adapted into a nomogram to construct 
a powerful risk prediction model.

Methods:  The study included 145 cSCC patients treated with Mohs micrographic surgery. Clinical factors were 
reviewed, and immunohistochemistry was performed using tumor tissue samples. A nomogram was constructed by 
combining meaningful clinical factors and protein markers.

Results:  Among the various factors, four clinical factors (tumor size, organ transplantation history, poor differentia‑
tion, and invasion into subcutaneous fat) and two biomarkers (Axin2 and p53) were selected and combined into 
a nomogram. The concordance index (C-index) of the nomogram for predicting recurrence was 0.809, which was 
higher than that for the American Joint Committee on Cancer (AJCC) 7th, AJCC 8th, Brigham and Women’s Hospital, 
and Breuninger staging systems in the patient data set.

Conclusion:  A nomogram model that included both clinical factors and biomarkers was much more powerful than 
previous systems for predicting cSCC recurrence.

Keywords:  Cutaneous squamous cell carcinoma, Clinical risk factors, Biomarkers, Combined risk factors, Nomogram, 
Prognosis
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Background
Cutaneous squamous cell carcinoma (cSCC) is the sec-
ond most common skin cancer, and its incidence is 
increasing annually [1, 2]. Complete surgical excision is 
the treatment of choice for cSCC, and further systemic 
treatment is not required for localized cSCC [3–7]. How-
ever, cSCC often recurs even 1after complete surgical 
excision, and the prognosis of recurrent cSCC is notably 
poorer than that of the primary tumor [8, 9]. In a recent 
study, the cost of inpatient care was much higher for 
cSCC than for non-cSCC ($66,841 per cSCC patient vs. 
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$37,102 per non-cSCC patient), especially for patients 
with aggressive cSCC, with recurrence or metastasis [10].

According to previous studies, various clinical param-
eters, such as age, tumor location on auricle or lip, organ 
recipient, tumor diameter > 2  cm, poor differentiation, 
invasion into subcutaneous fat, and presence of perineu-
ral invasion are well-known factors for a poor progno-
sis of cSCC [11–17]. Various clinical staging systems or 
definitions for high-risk cSCC have also been suggested 
based on these clinical risk factors [11–16, 18, 19]. How-
ever, all currently suggested systems or definitions have 
limited ability for predicting recurrence [18, 20], and 
there is a need to identify biomarkers that more accu-
rately predict high-risk cSCC.

Aberrant expressions of various proteins have been 
found during cSCC progression. In our previous study, 
we found axis inhibition protein 2 (Axin2), Snail, and 
melanoma-associated antigen A12 (MAGEA12) to be 
poor prognostic markers for cSCC [21, 22]. Further-
more, we investigated several candidate biomarkers and 
validated the value of these proteins for predicting cSCC 
recurrence.

Since cSCC recurrence develops in a multistage pro-
cess through the accumulation of alterations in various 
factors, prediction of the risk of cSCC recurrence using a 
single factor is difficult. Therefore, by combining several 
biomarkers and further combining them with clinical fac-
tors for synergistic effects, cSCC recurrence can be more 
accurately predicted. Moreover, a nomogram, which is a 
mathematical formula constructed using various factors 
with different weights, is another tool for predicting can-
cer prognosis, and it reflects complex factors.

In this retrospective study, we aimed to evaluate the 
predictive value of clinical factors and biomarkers in 
cSCC recurrence and to construct a powerful risk predic-
tion model for cSCC recurrence using combined factors 
applied in a nomogram.

Materials and methods
Patient selection
Patients with cSCC who underwent Mohs micrographic 
surgery at the Department of Dermatology, Severance 
Hospital, Seoul, South Korea from 2000 to 2017 were 
retrospectively reviewed. This study was approved by 
the Institutional Review Board for Bioethics of Yon-
sei University Health System, Severance Hospital 
(4–2018-0331).

Clinical factors
We selected several candidate factors using previous lit-
erature on cSCC risk prediction. Clinical factors such as 
age, sex, tumor location, organ transplantation history, 

tumor size, differentiation grade, and invasion depth 
were analyzed. These candidate factors were considered 
in the patient cohort, and the association of individual 
factors with recurrence was analyzed. Various clinical 
factors were then combined to investigate the best clini-
cal factor combinations for predicting recurrence, and 
predictive ability was analyzed for each combination.

Biomarkers and immunohistochemistry
For biomarker evaluation, tumor tissues from 145 
patients stored in the Department of Pathology were ret-
rospectively reviewed. Formalin-fixed paraffin-embed-
ded tissue samples were cut into 4-μm tissue sections for 
immunohistochemistry. Antigen retrieval and blocking 
of endogenous peroxidase activity were performed after 
deparaffinization and rehydration of tissue sections.

In our previous study, we selected genes that were 
involved in important biological processes of cancer cells, 
such as epithelial-mesenchymal transition (EMT), for-
mation of functional invadopodia, and tumor suppres-
sion. Further, we evaluated the biological functions and 
clinicopathological significance of the genes in cSCC 
[21, 22]. In the present study, we validated the clinico-
pathologic significance of previously selected candidate 
biomarkers and further investigated tumor suppres-
sor gene proteins such as p53, p16, AT-rich interaction 
domain (ARID) 1A, and ARID1B as candidate prognos-
tic markers using the cSCC cohort. Cortactin (CTTN, 
Abcam Inc., Cambridge, MA, USA), pTyr421-CTTN 
(LifeSpan BioSciences Inc., Seattle, WA, USA), pTyr466-
CTTN (LifeSpan BioSciences Inc.), MAGEA12 (Abcam 
Inc.), p21 (Abcam Inc.), p16 (Dako Inc., Glostrup, Den-
mark), p53 (Dako Inc.), ARID1A (Abcam Inc.), ARID1B 
(Abcam Inc.), Axin2 (Abcam Inc.), and Snail (Abcam 
Inc.) primary antibodies were used for this study. Tis-
sue sections were incubated with primary antibodies at 
room temperature for 1 h. REAL EnVision HRP Rabbit/
Mouse Detection System (Dako Inc.) was used as a sec-
ondary antibody. After visualizing with 3,3′-diaminoben-
zidine (Dako Inc.), counterstaining was performed with 
hematoxylin (Abcam Inc.). Histoscores for each protein 
expression were calculated with the weighted histoscore 
method according to the tissue staining intensity and 
percentage of positive cells [23]. Patients were subdivided 
into two groups: low (histoscore 0–100) and high (his-
toscore 101–300) expression.

Statistical analysis
The effects of various factors on the prediction of 
cSCC recurrence were assessed with the Cox pro-
portional-hazards model. Various types of metrics 
were suggested in previous studies to evaluate the 
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prediction models, such as the concordance index 
(C-index) and the integrated discrimination improve-
ment index [24–29]. The selection of the most suitable 
metrics helps create a powerful prediction model. In 
accordance with previous studies [24–27], the recur-
rence prediction ability was calculated using the 
C-index for different combinations of clinical factors. 
The protein expression in each group of patients was 
compared using the chi-square test. Kaplan–Meier 
analysis and log-rank test were used to evaluate the 
survival rate between groups in our cohort. The pre-
dictive nomogram was created using a combination of 
clinical factors and biomarkers for cSCC recurrence 
and evaluated using the C-index. The American Joint 
Committee on Cancer (AJCC) 7th, AJCC 8th, Brigham 
and Women’s Hospital (BWH), and Breuninger stag-
ing systems for cSCC were applied to the patient data 
set, and the C-index for predicting recurrence was 
calculated for each staging system [14, 15, 19]. SPSS 
for Windows version 23.0 (IBM Corp., Armonk, NY, 
USA) and R (R Foundation for Statistical Computing, 
Vienna, Austria) were used for the statistical analysis 
in this study.

Results
Patient demographics in the cSCC cohort
The cSCC cohort comprised 145 patients (70 men, 75 
women; median age: 75  years; age range: 30–98  years) 
with cSCC (mean follow-up period: 22  months) treated 
with Mohs micrographic surgery. Of these, 20 (13.8%) 
patients showed recurrence, and 125 (86.2%) patients 
did not show recurrence during follow-up. Among the 
20 patients with recurrence in our cohort, 12 patient 
showed only local recurrence, 3 patients showed both 
local and distant recurrence, and 5 patients had regional 
nodal recurrence or distant metastasis.

The clinicopathological characteristics of the patients 
are described in Table 1. As shown in Table 1, no signifi-
cant association was found between any clinicopatholog-
ical factor and recurrence. We then combined different 
clinical factors and explored the predictive accuracies 
(Supplementary Fig.  1). The C-index was the highest 
when four clinicopathological factors were combined, 
and among various combinations of four clinicopatholog-
ical factors, tumor size, histologic grade, invasion depth, 
and organ transplantation history showed the highest 
predictive accuracy (Supplementary Table  1). When a 

Table 1  Demographics of 145 cSCC patients

*  p-values were calculated using univariate cox regression analysis; cSCC Cutaneous Squamous Cell Carcinoma, HR Hazard ratio, CI Confidence Interval, WD Well 
differentiated, MD Moderately differentiated, PD Poorly differentiated

Variables Total (n) Recurred cases
n (%)

p-value* HR (95% CI)

Total cases 145 20 (13.79)

Mean age, years 73.66 68.7 0.589 0.990 (0.957–1.026)

Sex, n

  Male 70 4 (5.71) 1

  Female 75 16 (21.33) 0.285 0.601 (0.236–1.529)

Location, n

  Head and neck 121 17 (14.05) 1

  Trunk 2 0 (0) 0.986 0.000 (0.000–0.000)

  Extremities 2 0 (0) 0.996 0.000 (0.000–0.000)

  Acral 20 3 (15.00) 0.978 1.018 (0.293–3.533)

Organ transplantation

  No 135 17 (12.59) 1

  Yes 10 3 (30.00) 0.699 1.281 (0.365–4.499)

Tumor size (mean, cm)

   ≤ 2 cm 92 10 (10.87) 1

   > 2 cm 53 10 (18.87) 0.091 2.147(0.884–5.214)

Differentiation grade

  WD 68 11 (16.18) 1

  MD 66 6 (0.09) 0.692 0.800 (0.266–2.407)

   PD 11 3 (27.27) 0.058 3.653 (0.955–13.971)

Invasion of subcutaneous fat

  Absent 126 16 (12.70) 1

  Present 19 4 (21.05) 0.126 2.407 (0.782–7.412)
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nomogram was constructed using these clinical factors, 
the C-index of the combined clinical factors for predict-
ing cSCC recurrence was approximately 0.650 (Fig. 1).

Characteristics of protein expression for the candidate 
biomarkers in cSCC
The candidate biomarkers showed various expression 
patterns (Fig.  2). cSCC cells typically showed nuclear 
expression of p53, p21, ARID1A, and ARID1B. Cyto-
plasmic expressions of Axin2, CTTN, pTyr421-CTTN, 
pTyr466-CTTN, and MAGEA12 were also found. In 
addition, p16 and Snail expressions were detected in 
both the nucleus and cytoplasm of cSCC cells. The differ-
ences between patients with or without recurrence in tis-
sue immunoreactivity against candidate biomarkers are 
shown in Supplementary Table  2. Kaplan–Meier analy-
sis showed that the immunoreactivity of p53, ARID1A, 
Axin2, pTyr421-CTTN, pTyr466-CTTN, MAGEA12, 
p16, and Snail were significantly related to the recur-
rence-free survival of cSCC patients (Supplementary 
Fig. 2).

Selection of combined risk factors for predicting cSCC 
recurrence
To implement an optimal prediction model, we first 
attempted to identify the number of biomarkers that 
could show the most efficient predictive power when 
combined with clinical factors. To identify the most 
valuable biomarker set, we combined different proteins 
and explored their predictive ability (Fig.  3). C-indexes 
increased as the number of biomarkers increased. For 
ease of clinical application, we identified the number of 
biomarkers that showed the highest predictive power 
with the smallest number of proteins, and the most opti-
mal result was obtained with two proteins. The C-index 
achieved by combining selected clinicopathological 

factors and biomarkers is shown in Supplementary 
Table 3.

Nomogram construction using combined risk factors
We constructed a nomogram (Fig. 4A) to predict the prob-
ability of recurrence by combining data concerning tumor 
size, histologic grade, subcutaneous invasion, history of 
organ transplantation, and Axin2 and p53 expressions. The 
C-index of the nomogram was approximately 0.809 (Sup-
plementary Table 3). The probability of recurrence in 1, 3, 
and 5 years was determined by the calculated total scores. 
For comparison with the traditional staging systems, four 
staging systems, namely AJCC 7th, AJCC 8th, BWH, and 
Breuninger, were considered in our patient set, and their 
C-indices were 0.6264, 0.7073, 0.7086, and 0.7185, respec-
tively, which were lower than the C-index of our model 
(Supplementary Table 4) [14, 15, 19].

For practical usage of the nomogram, a hypertext 
markup language (HTML) format of the nomogram 
was also constructed (Fig. 4B). In the HTML format, the 
probability of recurrence in 1, 3, and 5 years was calcu-
lated by checking the status of patients. For example, a 
patient with tumor size < 2 cm, well to moderately differ-
entiated histologic grade, invasions of tumor cells in sub-
cutaneous fat, no history of organ transplantation, low 
expression of Axin2, and high expression of p53 would 
have a total score of 170, which would correspond to a 
probability of recurrence of 18.0%, 53.5%, and 78.7% in 1, 
3, and 5 years, respectively.

A statistically significant relationship between recur-
rence predicted by the nomogram and actual outcomes 
of cSCC patients was found in this study. When the pre-
diction values calculated by nomogram were assigned 
to the x-axis and the actual clinical outcomes were 
assigned to the y-axis, the calibration plot showed a 
solid line in each indicated follow-up period (Fig.  4C). 

Fig. 1  Predictive nomogram including four clinical factors (C-index 0.650 in our patient cohort). RFS: recurrence-free survival; WD: 
well-differentiated; MD: moderately differentiated; PD: poorly differentiated
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We also evaluated whether the total points calculated 
by the nomogram could be used to predict recurrence 
in our cohort. The total points ranged from 68 to 311, 
and the patients were further divided into two groups 
using the median value of the total point calculated by 
nomogram (cutoff score: 211). We found a significant 
difference in recurrence-free survival between the two 
groups of patients, according to Kaplan–Meier analysis 
(Log rank test, p < 0.001) (Fig. 4D). These findings sug-
gest that the prediction model for the recurrence of 
cSCC, constructed using combined factors, is ideal.

Discussion
Predicting recurrence and identifying high-risk cSCC 
patients that require strict surveillance are major issues 
in cSCC management. The incidence of basal cell carci-
noma is higher, but it shows a much indolent prognosis. 

The prognosis of melanoma is much poorer; however, 
there is a well-established clinical staging system for 
melanoma as well as crucial target biomarkers such 
as BRAF. In contrast, cSCC, which is the second most 
common skin cancer following basal cell carcinoma, 
has no clinically effective biomarkers or a staging sys-
tem with a high predictive value.

Consistent with previous observations, traditional 
staging systems that utilize only clinical factors did 
not show a satisfactory ability in predicting recurrence 
in our cohort. No significant association was found 
between patient outcome and the classic clinical prog-
nostic predictors such as age, tumor location, history 
of organ transplantation, histologic grade, and inva-
sion depth in our cohort. These discrepancies might be 
due to the fact that predictive power of the single clini-
cal factors is not high enough to apply to any cohort. 

Fig. 2  Expression pattern of biomarkers in the cSCC tissue samples. Each column shows high (i), low (ii), and negative (iii) expression. Each row 
shows the expression patterns of different biomarkers. p53, p21, ARID1A, and ARID1B showed nuclear expression pattern in cSCC cells, and p16 
and SNAIL showed expression in both the nucleus and cytoplasm. Axin2, CTTN, pTyr421-CTTN, pTyr466-CTTN, and MAGEA12, showed cytoplasmic 
expression (original magnification: × 200, scale bar: 100 μm; magnification for inset micrograph: × 1000, scale bar: 20 μm). ARID: AT-rich interaction 
domain; Axin2: axis inhibition protein 2; cSCC: cutaneous squamous cell carcinoma; MAGEA12: melanoma-associated antigen A12
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Because of the limited predictive power of clinical fac-
tors, predictive biomarkers have been investigated for 
risk stratification of SCC. In a recent study, Shapanis 
et  al. conducted proteomic profiling on cSCC tis-
sues and compared the metastasis and non-metastasis 
groups [30]. In their study, the prediction model incor-
porating significant proteins showed higher predictive 
power for metastasis compared with previous clini-
cal staging systems in the cSCC patient group, which 
implies that protein expressions are important factors 
and should be included in a risk prediction model.

In our previous study, Axin2, Snail, pTyr421-CTTN, 
pTyr466-CTTN, and MAGEA12 expressions were sig-
nificantly associated with recurrence-free survival [21, 
22]. In the current study, tumor suppressor genes, such as 
ARID1A, p53, and p16 were also found to be risk factors 
for cSCC recurrence in our cohort (Supplementary Fig. 2).

For higher predictive power, combinations of biomark-
ers were included in the nomogram. Although the pre-
dictive power increased with a higher number of protein 
combinations, two biomarkers were selected, considering 
clinical practicality. When combined with clinical factors, 
p53 and Axin2 showed the highest synergistic power and 
were included in the final nomogram.

In response to several types of stress, the tumor sup-
pressor protein, p53, can be stabilized in the nucleus 
and acts as a transcription factor for many genes that are 
involved in the proliferation and differentiation of nor-
mal cells. In contrast, in various cancer cells, especially 
for ultraviolet light-induced carcinogenesis, mutation 

of the p53 gene is the most common genetic alteration 
during progression, which often leads to the overexpres-
sion of the p53 protein [31–33]. The association of p53 
overexpression with SCC prognosis has been consistently 
reported and was noted in our study as well [34, 35].

Axin2, as a component of the β-catenin degradation 
complex under the absence of Wnt signals, was initially 
identified as a tumor suppressor gene [36]. However, 
recent studies have demonstrated the oncogenic activi-
ties of Axin2 in both premalignant lesions and various 
malignancies [37, 38]. Studies showed that the abundant 
expression of Axin2 was significantly associated with the 
malignant transformation of oral leukoplakia, and both 
Wnt signaling and the invasive ability of cancer cells were 
attenuated by Axin2 knockdown in colorectal cancers [37–
40]. Moreover, as a downstream target of the Wnt signal-
ing pathway, Axin2 acts as a nucleocytoplasmic shuttle 
of glycogen synthase kinase 3 (GSK-3), thereby inhibiting 
GSK-3-dependent Snail degradation and resulting in the 
nuclear stabilization of Snail, which is a key mediator of 
EMT [41]. Consistent with previous studies [21, 41], Axin2 
expression was significantly associated with Snail expres-
sion, and increased Axin2 expression was also a signifi-
cant risk factor for recurrence, in our cohort. Moreover, 
some investigators showed that microRNA-34, a tran-
scriptional target of p53, can suppress Axin2 expression 
due to its binding with the 5’ and 3’ untranslated regions 
of Axin2 [42]. Considering the inhibitory effect of p53 on 
Axin2 expression, genetic alteration of p53 may be a sign 
of increased Axin2 expression. Therefore, the synergistic 
effect of p53 and Axin2 expression may result from the 
critical role of EMT mediated via the p53-Axin2-GSK3-
Snail axis in cSCC progression.

A nomogram, which is a mathematical formula with a 
diagram, has recently been adopted in the field of oncol-
ogy [43]. The nomogram may provide patients with per-
sonalized predictions and aid in determining treatment 
plans. Disparate risk factors for each cancer type can be 
mathematically weighted and combined into a nomo-
gram as a reliable and reproducible prediction model. To 
date, various nomograms have been used for the predic-
tion of various cancers [44–50]. However, there are only a 
few reports on the application of the nomogram in cSCC. 
In the present study, we constructed a predictive nomo-
gram to determine the probability of recurrence in 1, 3, 
and 5  years in cSCC patients after Mohs micrographic 
surgery.

This study had certain limitations. Some important 
clinical factors such as perineural invasion and vascu-
lar invasion were not included in this study because 
of missing entries in > 60% of the patients. Moreover, 
there may be other crucial predictive protein mark-
ers or genetic alterations related to cSCC recurrence 

Fig. 3  Concordance index (C-index) according to number of 
combined protein factors. The C-indexes increased as the number 
of factors increased. First boxplot: only protein(s); Second boxplot: 
protein(s) and clinicopathologic factors including tumor size, 
histologic grade, invasion into subcutaneous fat, and history of organ 
transplantation
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that were not included in our nomogram. Neverthe-
less, in the current prediction model, we found that 
the C-index was approximately 0.65 when only clinical 
factors were considered, but this increased to approxi-
mately 0.809 when the clinical factors were combined 
with p53 and Axin2 expression. In addition, the cali-
brated nomogram showed high predictive accuracy, in 
our study.

The combined expressions of the p53 and Axin2 
proteins may be useful for assessing the risk of cSCC 
recurrence. Despite the lack of external validation, the 
nomogram constructed by combining appropriate clini-
cal risk factors and biomarkers showed higher predic-
tive value than previous prediction systems for cSCC. 
By using a relevant nomogram model, high-risk cSCC 
patients can be identified more accurately, and stricter 
surveillance would be possible in these patients.
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