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Abstract

Background: Cutaneous squamous cell carcinoma (cSCC) incidence continues to

increase globally with, as of yet, an unmet need for reliable prognostic biomarkers to

identify patients at increased risk of metastasis. The aim of the present study was to

test the prognostic potential of the combined immunohistochemical expression of

the autophagy regulatory biomarkers, AMBRA1 and SQSTM1, to identify high-risk

patient subsets.

Methods: A retrospective cohort of 68 formalin-fixed paraffin-embedded primary

cSCCs with known 5-year metastatic outcomes were subjected to automated immu-

nohistochemical staining for AMBRA1 and SQSTM1. Digital images of stained slides

were annotated to define four regions of interest: the normal and peritumoral epider-

mis, the tumor mass, and the tumor growth front. H-score analysis was used to semi-

quantify AMBRA1 or SQSTM1 expression in each region of interest using Aperio

ImageScope software, with receiver operator characteristics and Kaplan–Meier anal-

ysis used to assess prognostic potential.

Results: The combined loss of expression of AMBRA1 in the tumor growth front and

SQSTM1 in the peritumoral epidermis identified patients with poorly differentiated

cSCCs at risk of metastasis (*p < 0.05).

Conclusions: Collectively, these proof of concept data suggest loss of the combined

expression of AMBRA1 in the cSCC growth front and SQSTM1 in the peritumoral

epidermis as a putative prognostic biomarker for poorly differentiated cSCC.
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1 | INTRODUCTION

Cutaneous squamous cell carcinoma (cSCC) is a malignancy arising

from the cancerous transformation of squamous keratinocytes, the

predominant cellular component of the epidermis. The global inci-

dence of cSCC is steadily increasing, with a recent study demonstrat-

ing an increase in 27 countries worldwide between 1990 and 2007.1

Despite this rise in global incidence, surgical excision of cSCC remains

largely curative.2,3 However, for those patients who develop

advanced disease, prognosis is poor, with an almost 50% rate of recur-

rence and a 10-year survival rate of <20%.4

Histopathological features have been shown to correlate with an

increased risk of metastasis, including a poorly differentiated pheno-

type, perineural invasion, and a tumor dimension >4 cm; however,

alone, none of these clinical–pathological features display reliable

prognostic accuracy.5 Collectively, these data highlight the acute

unmet need for credible biomarkers to identify patient subsets with

an increased risk of metastasis.

Considerable efforts have been made to develop prognostic bio-

markers, however, the high mutational burden and heterogeneity in

cSCC has limited the potential for genetic-based biomarkers. Whilst

genetic tests exist, protein-based biomarkers may more accurately

reflect the metabolic expression of the tumor cells and serve as more

powerful prognostic biomarkers.6–10

Recently, the immunohistochemical expression of regulatory pro-

teins of autophagy, the cellular process that sequesters cytoplasmic

contents or organelles for degradation, has been identified as valuable

prognostic biomarkers for cutaneous malignancies.11 In cancer, autop-

hagy plays a paradoxical role, with a blockade in activity accelerating

mutagenesis in early carcinogenesis, while more advanced-stage

tumors use autophagy to facilitate survival in nutrient/oxygen-poor

environments.12 Under normal physiological states, autophagy, and its

sister process nucleophagy, also contribute to epidermal differentia-

tion, allowing keratinocytes to fully flatten and elongate before corni-

fication.13,14 Given the active role of autophagy in ensuring the

complete differentiation of keratinocytes and that loss of its activity

promotes carcinogenesis, autophagy regulatory proteins may serve as

prognostic biomarkers for cutaneous malignancies.

AMBRA1 is an autophagy regulatory protein that, in nutrient-rich

conditions, sequesters BECLIN 1–VPS34 into a complex on dynein

light chain 1/2, preventing autophagosome nucleation and the pro-

gression of autophagy.15 Studies of the immunohistochemical expres-

sion of AMBRA1 in the epidermis overlying early-stage melanoma

have shown loss of expression in combination with the non-

continuous expression of Loricrin in the stratum corneum, identifies

patients at higher risk of disease progression.11,16 Furthermore, loss

of expression of the autophagy cargo protein SQSTM1 has also been

identified as a prognostic biomarker in several solid tumors, including

melanoma.17 Under normal cellular homeostasis, SQSTM1 interacts

with ubiquitinated proteins, shuttling them to the expanding autopha-

gosome to ensure degradation, with reduced SQSTM1 expression

indicative of the exploitation of autophagy to extend tumor cell

life.18,19 Studies have also shown that SQSTM1 activity contributes to

the reprogramming of the tumor microenvironment, altering lipid dis-

tribution and metabolic rates in adipose cells and activating Nrf2 in

cancer-associated fibroblasts.20,21

Given that both AMBRA1 and SQSTM1 act as autophagy regula-

tory proteins and the already established link between their expres-

sion and carcinogenesis, their expression, either alone or in

combination, may act as a prognostic biomarker. This prompted the

current proof of concept study aimed at developing a methodology to

quantify AMBRA1 and SQSTM1 expression, determining their poten-

tial to identify high-risk cSCC subsets and their potential relationship

with other risk factors, including tumor differentiation status.

2 | MATERIALS AND METHODS

2.1 | Discovery cohort of primary cSCCs

A retrospective cohort of 68 formalin-fixed paraffin-embedded (FFPE)

primary cSCCs, with known metastatic outcomes, were obtained from

the Tissue Biobank, Addenbrookes Hospital, Cambridge University

Hospitals NHS Foundation Trust (Table 1). The time to disease metas-

tasis (months) for each case was extrapolated from pathology reports,

from the dates of the surgical excision of the primary and any meta-

static tumor. Full ethical permission for this study was obtained

through the Newcastle University Dermatology Biobank (REC REF

19/NE/004_Lovat) and a material transfer agreement with the Tissue

Biobank, Addenbrookes Hospital, Cambridge.

2.2 | Quantitative immunohistochemical analysis
of AMBRA1 and SQSTM1 expression

FFPE sections (4 μm) from primary cSCCs were adhered to charged

glass slides and subjected to automated immunohistochemistry (IHC)

staining for AMBRA1 and SQSTM1 expression. Antigen retrieval con-

ditions and primary antibody dilutions for AMBRA1 (AbD33473;

AMLo Biosciences) and SQSTM1 (sc-28359; Santa Cruz) were opti-

mized using a Ventana Benchmark XT automated IHC staining instru-

ment (Ventana Medical Systems, Inc.) with antibody binding visualized

either with an Optiview DAB Detection Kit (Ventana Medical Sys-

tems, Inc.), an ultraView Universal DAB Detection Kit (Ventana Medi-

cal Systems, Inc.) or a Discovery Fast Red detection kit (Ventana

Medical Systems, Inc.) as previously described.23

Quantification of AMBRA1 and SQSTM1 expression was deter-

mined via H-score analysis,24 using Aperio ImageScope Software

(Leica Biosystems). For all cSCC sections, four regions of interest were

identified: the normal epidermis, the peritumoral epidermis, the tumor

mass, and the tumor growth front. The normal epidermis was defined

as the epidermal region adjacent to the peritumoral epidermis and

extending over a distance of 1 mm or more with no evidence of dys-

plasia. The peritumoral epidermis was defined as the epidermis imme-

diately adjacent to the cSCC, extending for a distance of up to 1 mm

from the tumor, with or without, at most mild dysplasia. The tumor
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growth front was defined as the infiltrative edge of the invasive

tumor and no more than three cell layers in absolute thickness into

the tumor mass, while the tumor mass was defined as the rest of the

invasive lesion. For the normal and peritumoral epidermal regions of

interest, two areas adjacent to the tumor were defined and annotated

in detail. For both the tumor mass and tumor growth front, 1 mm2

boxes were used to define five areas for each region, respectively.

Following this, all tumor material present within the 1 mm2 boxes

underwent detailed annotation (Figure 1). The cytoplasmic H-score of

AMBRA1 or SQSTM1 expression was determined in each annotated

cSCC using the ImageScope cytoplasmic V2 algorithm, pre-optimized

for analysis of keratinocyte/cSCC staining (Figures S1 and S2;

Tables S1 and S2). The H-score for each region of interest for each

cSCC was derived from the mean score of all staining across all anno-

tated areas.

2.3 | Statistical analysis

All statistical analysis was performed using GraphPad Prism 9 (version

9.3.1). Statistical differences in cytoplasmic AMBRA1 and SQSTM1

expression levels between different cSCC regions of interest were

determined by either a Mann–Whitney or an unpaired t-test, follow-

ing a determination of data normality by a Shapiro–Wilk test.

The prognostic potential of cytoplasmic AMBRA1 or SQSTM1

expression in each region of interest was determined using receiver

operator characteristic (ROC) analysis, with the region of interest with

the area under the curve (AUC) value closest to one selected as the

region with the highest prognostic potential. ROC values were also

used to determine the cut-off value for high- and low-risk staining

levels.

The ability of cytoplasmic AMBRA1 or SQSTM1 expression in

each region to predict cSCC metastasis was accessed using Kaplan–

Meier survival analysis, with the statistical separation of the popula-

tions determined using a log rank (Mantel–Cox) test.

3 | RESULTS

3.1 | AMBRA1 and SQSTM1 expression
individually are unable to independently prognose
cSCC metastasis

The prognostic utility of AMBRA1 and SQSTM1 in predicting cSCC

metastasis was assessed in a discovery cohort of 53 non-metastatic

and 15 metastatic primary cSCC cases comprising well, moderate, and

poorly differentiated subtypes (Table 1). Following automated immu-

nohistochemical staining for AMBRA1 and SQSTM1, and the acquisi-

tion of digital images from each case, all images were fully annotated

with the mean cytoplasmic H-score for each potential biomarker

derived in four discrete areas; the normal epidermis (representing an

internal control for homeostatic epidermal AMBRA1 and SQSTM1

expression), peritumoral epidermis, tumor mass, and tumor growth

front (Figure 1).

TABLE 1 Patient cohort demographics.

Age

≤60 7

>60 61

Sex

Male 48

Female 20

Differentiation status

Well 22

Moderately 26

Poorly 20

AJCC stage

Stage I 36

Stage II 5

Stage III 17

Stage IV 10

BWH stage

BWH 1 33

BWH 2A 24

BWH 2B 10

BWH 3 1

Metastatic status

No metastasis 53

Metastasis 15

pT stage

Stage I 42

Stage II 6

Stage III 19

Stage IV 1

Tumor size

Unclassifiable 2

≤20 mm 54

>20 mm 12

Tumor thickness

Unclassifiable 4

≤6 mm 41

>6 mm 23

Tumor depth

Unclassifiable 6

≤6 mm 49

>6 mm 13

Perineural invasion

Unclassifiable 6

Not present or present <0.1 mm 55

Present ≥0.1 mm or clinically significant 7

Immune status

Compromised 30

Uncompromised 38

Note: Patients were considered immune compromised if there was a history of

lymphoma/other cancer or if they were organ transplant recipients. Patients were

categorized as metastatic if they had the presence of in-transit or nodal metastases.

Tumor thickness and tumor depth categories were selected based on the 8th edition

UICC guidelines.22 cSCC cases were sourced from all anatomical sites except those

involving the eyes, eyelids, vulva, penis, perineal skin, and the vermillion surface of

the lips.

ALEXANDER ET AL. 3
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Statistical analysis of differences in mean cytoplasmic AMBRA1

expression between these areas revealed a significant loss of

AMBRA1 expression between the normal epidermis and the tumor

growth front, in both groups of non-metastatic primary cSCCs

(Figure 2B, NE H-score 123.3 vs. TGF H-score 65.99, ****p < 0.0001)

and metastatic primary cSCCs (Figure 2C, NE H-score 133.0 vs. TGF

H-score 62.09, ****p < 0.0001). This consistent loss of AMBRA1

expression in the tumor growth front, regardless of metastatic out-

come, suggests that the loss of AMBRA1 may be associated with

cSCC carcinogenesis rather than a predictor of metastatic potential.

Given that t-test-based statistical analysis is not an optimal test

for determining prognostic ability, ROC analysis was subsequently

undertaken to assess the prognostic potential of cytoplasmic

AMBRA1 expression in each defined histological area of interest.

Results revealed the area with the highest AUC value was the tumor

growth front, with an AUC of 0.5522 (Figure 2D), a value ordinarily

considered a poor prognostic indicator.25 This suggests that AMBRA1

expression in the tumor growth front alone is unable to predict meta-

static outcome. Moreover, Kaplan–Meier analysis of 68 cSCCs strati-

fied as high or low risk by a tumor growth front AMBRA1 H-score of

<59.740, did not reveal any significant difference in metastasis-free

survival over 5 years, further confirming the inability of AMBRA1

expression in the cSCC tumor growth front alone, to predict tumor

metastatic potential (Figure 2E).

As with AMBRA1 expression, mean cytoplasmic H-scores for

SQSTM1 expression were derived in the normal epidermis, peritu-

moral epidermis, tumor mass, and tumor growth front of 53 non-

metastatic and 15 metastatic cSCCs. Statistical analysis of changes in

expression revealed an increase in cytoplasmic SQSTM1 expression

in the tumor mass and tumor growth front compared to expression in

the normal epidermis and peritumoral epidermis, in both metastatic

and non-metastatic cSCCs (data not shown). Subsequent ROC curve

analysis of cytoplasmic SQSTM1 expression in the peritumoral epider-

mis, tumor mass, and tumor growth front revealed expression in the

peritumoral epidermis as the area with the highest AUC (Figure 3D,

0.6352), surprising, given that t-test analysis did not demonstrate any

significant difference in expression between the normal epidermis and

peritumoral epidermis in both metastatic and non-metastatic cSCC

cases (Figure 3B,C). Subsequent, Kaplan–Meier analysis of the

68 cSCCs stratified on the basis of a SQSTM1 H-score in the peritu-

moral epidermis of <20.010 did not reveal any significant difference

in 5-year metastasis-free survival (Figure 3E). Collectively these data

F IGURE 1 Digital annotation methodology used to analyze the expression of AMBRA1 and SQSTM1 in primary cutaneous squamous cell
carcinoma (cSCC) tumors. (Ai) Representative photomicrograph image of a hematoxylin and eosin (H&E)-stained cSCC tumor with the respective
annotations of normal epidermis (green), peritumoral epidermis (yellow), tumor mass (orange), and tumor growth front (red). (Aii) Enlarged
photomicrograph image of the normal epidermis annotated region of the H&E-stained cSCC tumor. (Aiii) Enlarged photomicrograph image of the
peritumoral epidermis annotated region of the H&E-stained cSCC tumor. (Aiv) Enlarged photomicrograph image of the tumor mass annotated
region of the H&E-stained cSCC tumor. (Av) Enlarged photomicrograph image of the tumor growth front annotated region of the H&E-stained
cSCC tumor. (Bi) Representative photomicrograph image of a cSCC tumor stained for AMBRA1 with the respective annotations of normal
epidermis (green), peritumoral epidermis (yellow), tumor mass (orange), and tumor growth front (red). (Bii) Enlarged photomicrograph image of the
normal epidermis annotated region of the AMBRA1-stained cSCC tumor. (Biii) Enlarged photomicrograph image of the peritumoral epidermis
annotated region of the AMBRA1-stained cSCC tumor. (Biv) Enlarged photomicrograph image of the tumor mass annotated region of the
AMBRA1-stained cSCC tumor. (Bv) Enlarged photomicrograph image of the tumor growth front annotated region of the AMBRA1-stained cSCC
tumor. Visible staining was achieved via immunohistochemistry with a DAB counterstain. Image A/Bi was taken using bright-field microscopy
with a magnification of �0.8. Scale bar = 3 mm. Image A/Bii–iv were taken using bright-field microscopy with a magnification of �9.5. Scale
bar = 300 μm. Image A/Bv was taken using bright-field microscopy with a magnification of �10.3. Scale bar = 200 μm.
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suggest peritumoral epidermis SQSTM1 expression alone is unable to

identify cSCCs at risk of metastasis.

3.2 | Combined peritumoral SQSTM1 and tumor
growth front AMBRA1 expression identifies high-risk
patient subsets with poorly differentiated cSCC

Given that both cytoplasmic AMBRA1 and SQSTM1 expression alone

were unable to stratify cSCC patients according to metastatic out-

comes, the prognostic potential of combining these two protein

markers was investigated. Kaplan–Meier analysis of all cSCC tumors

was performed, stratifying tumors into high- or low-risk subsets based

on the previously identified H-score values for AMBRA1 and

SQSTM1. High-risk status was defined on the basis of a tumor growth

front cytoplasmic AMBRA1 H-score of <59.740 and a peritumoral

epidermis cytoplasmic SQSTM1 H-score of <20.010, with low-risk

status defined as an H-score higher than or equal to <59.740 or

<20.010 for AMBRA1 or SQSTM1, respectively. Whilst unable to

stratify all cSCCs according to metastatic potential (Figure S3A), sub-

cohort analysis stratifying tumors by differentiation status (well, mod-

erately, and poorly differentiated cSCCs) revealed the combined

F IGURE 2 Cytoplasmic AMBRA1 expression is lost during cutaneous squamous cell carcinoma (cSCC) carcinogenesis regardless of metastatic
outcome. (A) Representative hematoxylin and eosin and immunohistochemical images of cytoplasmic AMBRA1 expression in the normal
epidermis and tumor growth front of a cSCC. Images were taken using bright-field microscopy at a magnification of �20x, with a �10 insert in
the right corner. Scale bars = 50 μm. (B) Scatter graph representing the cytoplasmic AMBRA1 H-score in the normal epidermis (n = 55) and
tumor growth front (n = 58) of all primary cSCCs that did not progress to metastasis. Horizontal bars represent the mean ± SD H-score for each
group. Statistics acquired by Mann–Whitney test (****p < 0.0001). (C) Scatter graph representing the cytoplasmic AMBRA1 H-score in the normal
epidermis (n = 29) and tumor growth front (n = 37) of all primary cSCCs that did progress to metastasis. Horizontal bars represent the mean ± SD
H-score for each group. Statistics acquired by unpaired t-test (****p < 0.0001). (D) Receiver operator characteristic curve for prediction of cSCC
metastasis based on the cytoplasmic AMBRA1 H-score in the tumor growth front of all primary cSCC tumors (n = 95). The AMBRA1 H-score

with the highest specificity and sensitivity is highlighted by a red circle. (E) Kaplan–Meier survival analysis representing 60-month metastasis-free
survival in 68 primary cSCC tumors stratified as low-risk (n = 42) and high-risk (n = 26) groups based on cytoplasmic AMBRA1 expression in the
tumor growth front. Statistics acquired by Mantel–Cox log rank test and Mantel–Haenszel test (ns = non-significant).
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expression of AMBRA1 in the tumor growth front and SQSTM1

expression in the peritumoral epidermis identified poorly differenti-

ated cSCCs at higher risk of metastasis (Figure 4, *p < 0.05), with a

hazard ratio of 20.52, a positive predictive value of 40.0%, a negative

predictive value of 81.0%, a sensitivity of 26.7% and a specificity of

88.68%. Conversely, the combined expression of these biomarkers

did not reveal any significant association with metastatic potential in

either well or moderately differentiated cSCC tumors (Figure S3B,C).

Interestingly however, loss of cytoplasmic AMBRA1 in the tumor

growth front and cytoplasmic SQSTM1 in the peritumoral epidermis

in a subcohort of 44 poor and moderately differentiated cSCCs with a

histological subcompartment tending toward a less-differentiated

phenotype also demonstrated a trend for identifying tumors at higher

risk of metastasis within 5 years of primary tumor development

(Figure S4, hazard ratio: 3.33).

Taken together, these data suggest that a combined cytoplas-

mic AMBRA1 H-score of <59.740 in the tumor growth front and a

cytoplasmic SQSTM1 H-score of <20.010 in the peritumoral epi-

dermis identify patients with high-risk poorly differentiated

cSCCs.

F IGURE 3 Cytoplasmic SQSTM1 expression is unchanged between the normal epidermis and the peritumoral epidermis of cutaneous
squamous cell carcinomas (cSCCs). (A) Representative hematoxylin and eosin and immunohistochemical images of cytoplasmic SQSTM1
expression in the normal epidermis and peritumoral epidermis of a cSCC. Images were taken using bright-field microscopy at a magnification of

�20, with a �10 insert in the right corner. Scale bars = 50 μm. (B) Scatter graph representing the cytoplasmic SQSTM1 H-score in the normal
epidermis (n = 54) and peritumoral epidermis (n = 56) of all primary cSCCs that did not progress to metastasis. Horizontal bars represent the
mean ± SD H-score for each group. Statistics acquired by Mann–Whitney test (ns = non-significant). (C) Scatter graph representing the
cytoplasmic SQSTM1 H-score in the normal epidermis (n = 28) and peritumoral epidermis (n = 29) of all primary cSCCs that did progress to
metastasis. Horizontal bars represent the mean ± SD H-score for each group. Statistics acquired by Mann–Whitney test (ns = non-significant).
(D) Receiver operator characteristic curve for prediction of cSCC metastasis based on the cytoplasmic SQSTM1 H-score in the peritumoral
epidermis of all primary cSCC tumors (n = 85). The SQSTM1 H-score with the highest specificity and sensitivity is highlighted by a red circle.
(E) Kaplan–Meier survival analysis representing 60-month metastasis-free survival in 68 primary cSCC tumors stratified as low-risk (n = 38) and
high-risk (n = 30) groups based on cytoplasmic SQSTM1 expression in the peritumoral epidermis. Statistics acquired by Mantel–Cox log rank test
and Mantel–Haenszel test (ns = non-significant).
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4 | DISCUSSION

The initial investigation into the potential for AMBRA1 as a biomarker

for cSCC metastasis revealed a significant loss of expression in the

tumor growth front as compared with the normal epidermis, regard-

less of metastatic outcome, suggesting that loss of AMBRA1 expres-

sion associated with initial cSCC carcinogenesis, rather than as a

prerequisite for acquiring invasive potential. This is consistent with

previous work demonstrating a role for autophagy in epidermal differ-

entiation, suggesting the loss of AMBRA1 promotes a dedifferentiated

and proliferative cell state, critical for carcinogenesis and further sup-

ported by our observation that loss of AMBRA1 expression alone is

unable to identify high-risk tumor subsets.11 Nevertheless, although

reduced, our data suggest AMBRA1 expression levels are sufficient to

evoke autophagy to allow for continued cSCC cell survival during

invasion, yet are not sufficient enough to encourage epidermal differ-

entiation, which would prevent tumor cell proliferation, tumor inva-

sion, and metastasis.

Surprisingly, the investigation into the potential of SQSTM1 as a

prognostic biomarker revealed expression in the peritumoral epider-

mis as the area with the highest prognostic power. SQSTM1 has been

implicated in several intratumoral and extratumoral signaling path-

ways, including contributing to increased cell migration, as well as

metabolic and tumor microenvironment reprogramming.20,21,26–28

Given an H-score of <20.010 identified cSCC cases at higher risk of

metastasis, this suggests that a near total suppression of SQSTM1 is

associated with a higher risk of developing metastatic disease. Recent

work has demonstrated that autophagic function has been linked to

the maintenance of intestinal epithelium tight junctional complexes,

and thus, suppression of SQSTM1 expression and activity may

weaken epidermal integrity and allow for cSCC cell epidermal detach-

ment and invasion.29 However, as with AMBRA1 expression in the

tumor growth front, peritumoral epidermis expression of SQSTM1

alone was also unable to identify cSCC cases at high risk of metasta-

sis, suggesting that whilst this potential reduction in epidermal integ-

rity contributes to invasion, it is not sufficient to promote this alone.

However, when combining an H-score <59.740 for the expres-

sion of AMBRA1 in the tumor growth front with an H-score <20.010

for the expression of SQSTM1 expression in the peritumoral epider-

mis, this identified high-risk cSCC patient subsets with poorly differ-

entiated tumors, with a similar, non-significant trend for the

identification of any cSCC with a component tending toward a less-

differentiated phenotype. It is worth noting that neither AMBRA1 nor

SQSTM1 expression significantly correlated with either BWH stage or

immune status (data not shown), further suggesting any alteration to

their expression is not linked to these established risk factors.

Multiple prognostic biomarkers have been proposed for cSCC,

yet few have been subjected to further validation.30–32 Recently,

however, an encouraging gene expression profile (GEP) test has been

developed, which classifies the risk of cSCC metastasis based on the

expression of 40 genes in the primary tumor through the use of a mul-

tianalyte algorithmic.10 However, given the expense of GEP tests and

the tissue requirements, the use of combined AMBRA1/SQSTM1

expression presents an additional promising immunohistochemical-

based alternative for the identification of high-risk poorly differenti-

ated cSCCs that would fit seamlessly into current clinical diagnostic

pathways.

Whilst the basis of these studies relies on the detailed quantifica-

tion of AMBRA1/SQSTM1 expression, it has also identified the gen-

eral trend that loss of expression of both markers in the tumor growth

front and peritumoral epidermis is predictive for poorly differentiated

cSCC. Future work is therefore focused on refining the quantification

of these proteins to provide an immunohistochemically based prog-

nostic biomarker that can be used on both an AI-driven analysis plat-

form (via the addition of an extension onto the existing departmental

limbs systems, which now exist in most diagnostically digitized

F IGURE 4 Cytoplasmic AMBRA1 expression in the tumor growth front region and cytoplasmic SQSTM1 expression in the peritumoral
epidermis region is a predictor of metastasis in poorly differentiated cutaneous squamous cell carcinomas (cSCC) tumors. Kaplan–Meier survival
analysis representing 60-month metastasis-free survival in 19 poorly differentiated primary cSCC tumors stratified as low-risk (n = 16) and high-
risk (n = 3) groups based on cytoplasmic AMBRA1 expression in the tumor growth front region and cytoplasmic SQSTM1 expression in the
peritumoral epidermis. Statistics acquired by Mantel–Cox log rank test and Mantel–Haenszel test (*p < 0.05).
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pathology departments), as well as via light microscopy analysis, as

per the traditional diagnostic practice. Through the acquisition of

larger cSCC tissue cohorts, we aim to quantifiably determine further

diagnostically relevant staining patterns and their potential categoriza-

tion into a graded system (rather than a binary system), as seen for

example with HER-2 staining.33 In addition, we endeavor to refine our

assays, therefore assisting us with the potential reduction in the num-

ber of visual fields required for an adequate assessment of the tumor

growth front. Both approaches would provide cheaper and adaptable

options to be harnessed by existing laboratory systems, as compared

to alternative GEP tests, which are more costly and require

outsourcing.

In summary, this proof of concept study suggests the combined

loss of cytoplasmic AMBRA1 and SQSTM1 expression in the tumor

growth front and peritumoral epidermis, respectively, as a putative

prognostic biomarker to identify subsets of patients with poorly dif-

ferentiated cSCCs at increased risk of metastasis, warranting further

biomarker discovery and validation analysis in additional powered

independent tissue cohorts.
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