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Abstract 

Organ transplant recipients (OTR) have a higher risk of developing cutaneous 

squamous cell carcinoma (cSCC) compared to the immunocompetent population. 

Immunosuppression is often stated as a risk factor for metastasis. However, evidence 

for this is scarce. 

To investigate the cSCC metastasis risk in OTR and the immunocompetent population, 

a systematic review of the literature was performed up to January 2018 using: 

Medline; Embase; Web of Science and ISI Science Citation Index. Studies assessing 

cSCC metastasis risk in ORT or immunocompetent cohorts were considered. A pooled 

risk estimate for metastasis was calculated for the immunocompetent population 

and OTR separately. 

The pooled metastasis risk estimate for OTR was respectively 7.3% (95% CI 6.2-8.4) 

for cSCC on total body, and 11.0% (95% CI 7.7-14.8) for cSCC of the head and neck 

area. For the immunocompetent population reported risk estimate analysis showed 

a pooled metastatic risk of 3.1% (95% CI 2.8-3.4) in total body cSCC and of 8.5% (95% 

CI 7.3-9.8) in cSCC of the head and neck area. 

Pooled risk estimate per single cSCC in OTR were 1.3% (95% CI 1.0-1.7) in total body 

cSCC and 4.0% (95% CI 2.7-5.5) in cSCC of the head and neck area. In the 

immunocompetent population these pooled risk estimates were respectively 2.4% 

(95% CI 2.1-2.6) and 6.7% (95% CI 5.7-7.8). 

OTR show a higher overall risk of cSCC metastasis compared to the immunocompetent 

population. Metastasis risks per single cSCC were substantially lower in both groups. 

However, due to heterogeneity and differences between studies, comparisons are 

difficult. Comprehensive follow-up studies with defined cohorts are necessary to 

adequately asses the risk for cSCC metastasis.
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Introduction

Keratinocyte carcinoma (KC) is the most prevalent cancer worldwide, consisting of 

cutaneous squamous cell carcinoma (cSCC) and basal cell carcinoma (BCC).1 

Approximately 20-25% of the KCs are cSCC.2,3 With a lifetime risk for cSCC between 

7 to 14% and a rising incidence, cSCC is considered a major health problem in white 

populations, at substantial costs.4-9 In high risk populations like solid organ transplant 

recipients (OTR) the reported cSCC risk is considerably higher, 60 to 250 times 

increased compared to the immunocompetent population.10,11 The incidence of cSCC 

in OTR is directly related to the level and duration of immunosuppressive 

medication.10,12-14 Important risk factors for both the immunocompetent and the 

transplant population are cumulative ultraviolet radiation, older age and male sex 

and probably human papillomavirus infection.15-19

Metastases occur in approximately 5% (range 0.1-9.9%) of cSCC, usually to regional 

lymph nodes.15,16,18,20-25 Low risk cSCC (<2cm, depth not beyond dermis, good 

differentiation grade) metastasize only in 0-3%.26-29 Presence of risk factors, like large 

tumor size (>2cm), deep infiltration, location on the lip or ear, poor differentiation 

grade and perineural and lymphovascular invasion increase the risk for metastasis 

up to 40%.2,16,23,30,31 Currently, tumor depth is identified as the most important risk 

factor for metastasis.32 For OTR patients a higher risk (13%) for metastatic disease 

has been described compared to immunocompetent patients with cSCC.16 

Furthermore, it seems that OTR present more commonly with aggressive cSCC 

(thicker tumors, poorly differentiated and infiltrative), irrespective of size, with a 

higher predilection for metastasis and worse outcome.33-37 Furthermore, in studies 

reporting only on metastasized cSCC, around 5 to 23% of patients were 

immunosuppressed.21,38,39

However, data regarding the metastatic risk of cSCC in OTR is relatively scarce and 

mostly based on small studies. This current systematic review investigates whether the 

risk for cSCC metastasis is increased for OTR compared to immunocompetent patients. 

Methods

Search strategy and Study selection

The Cochrane Database of Systematic Reviews was searched for a systematic review 

on this topic, but none was found. An electronic database search was performed up 
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to 01 January 2018 using the following data sources: Medline; Embase; Web of 

Science and the ISI Science Citation Index. No restrictions were applied with regards 

to language or calendar year. 

The following search terms and equivalents were used: “squamous cell carcinoma, 

malignancy, non-melanoma, skin, immunosuppression, transplantation, metastasis”. 

Detailed search strings for PubMed, Embase and Web of Science are shown in 

supplementary file 1. Relevant citations were checked by browsing the references 

of review articles and relevant publications of primary investigations were included.

Titles and abstracts from retrieved articles were screened by 2 authors (RG and EP). 

Subsequently full-texts of potentially relevant articles were assessed for eligibility 

by the same 2 authors. Any discrepancy was resolved by consensus. 

Eligibility criteria

Initially, a search was performed for studies that directly compared metastasis risk 

in OTR and in the immunocompetent population, but direct comparison of metastatic 

risk in both groups was scarce. Therefore, we broadened the eligibility criteria to 

include cohort studies and also single arm cohort studies of populations diagnosed 

with cSCC in: (1). a population of OTR or (2). the immunocompetent population, 

without immunosuppressed patients, and in which occurrence of metastasis was 

reported. Studies were included when they had 25 or more patients with a cSCC in 

any location in both immunocompetent patients and OTR. We excluded studies 

reporting on populations with solely metastasized cSCC. When more than one report 

was published on the same population or subpopulation, we included the report 

with the largest number of cSCC or with the longest follow-up.

Data collection process and risk of bias assessment 

The Meta-analysis Of Observational Studies in Epidemiology (MOOSE) checklist was 

followed for reporting of the review.40 Inclusion criteria and methods of data analysis 

were specified in advance. A data extraction sheet was developed and piloted. Two 

reviewers extracted data independently (RG and EP) and cross-checked each other’s 

results and disagreements were resolved by discussion. The following information 

was extracted from each included study; (1) study characteristics (e.g. design, 

location, centre, years of data collection, aim), (2) population characteristics (including 

number of patients with a solid organ transplant and immunocompetent population 

patients, gender, age, transplantation characteristics) and tumor data (including 
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number of cSCC, length of follow-up) (3) type of outcome measure (metastasis; nodal, 

in-transit, systemic). 

A component based approach to assess risk of bias based on the Newcastle-Ottawa 

Quality assessment scale was used.41 Relevant items of this scale were used and 

adjusted for our cohort. Important items relevant to the topic of this review were 

added. The following design elements were assessed; (1) whether the outcome 

metastasis was noted in the study aim, (2) statement of absence of immunosuppressive 

patients in the immunocompetent population studies, (3) inclusion of all consecutive 

cSCC in patients (or a random sample) during a distinct study period, (4) adequacy 

of follow-up, (5) use of standardized diagnostic protocol for metastasis, (6) number 

of low and high risk tumors, (7) presence of high risk features of cSCC. Quality 

assessment was scored positive bullet for each item if it was mentioned in the article. 

For high risk features at least two features had to be present. 

Statistical analysis

The risk of metastasis of cSCC was the primary outcome measure. We estimated a 

pooled risk of metastasis in the two populations separately: in studies reporting on 

the immunocompetent population and in studies of OTR. Descriptive statistics were 

used to calculate metastasis risk. A subdivision was made for cSCC studied on the 

total body and the head and neck area. Cohorts consisting of specific cSCC (e.g. only 

high risk or on specific anatomic locations) were excluded from analysis.

Summary estimates were calculated for the proportion of patients with metastasis 

and summary estimates were calculated for studies that reported the exact number 

of cSCC in their cohort.

Statistical analysis was performed using STATA 14 (StataCorp. 2015. Stata Statistical 

Software: Release 14. College Station, TX: StataCorp LP).

Results 

Search results

Details of the selection process for eligible studies are shown in Figure 1. A total of 

10396 publications were retrieved and 53 studies fulfilled the inclusion criteria. Two 

cohort studies described the metastasis risk in both OTR and immunocompetent 

population and will be described in more detail. Fourteen studies were performed 

solely in OTR and 37 solely in the immunocompetent population. 
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Figure 1. Flow chart. Details of the selection process for eligible studies.
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Studies in OTR 

Sixteen studies reported on the metastasis risk of cSCC in OTR. The included studies 

were published between 1980 and 2017; the number of included patients ranged 

from 34 to 796 (Table 1).42-57 These studies were performed in the USA, New-Zealand,  

Australia, the Netherlands, France, Portugal and Israel. Follow-up in these studies 

was mainly calculated from time of transplantation instead of follow-up from cSCC 

development. Only 5 studies informed about follow-up time of cSCC. Thirteen 

studies included patients with cSCC on the total body,42-49,51-53,56,57 three studies 

reported on patients with a cSCC in the head and neck area.50,54,55

Studies in the immunocompetent population 

Thirty-nine studies reported on metastasis risk of cSCC in the immunocompetent 

population. Nineteen studies reported on special cohorts in the immunocompetent 

population, like specific anatomical locations or only reporting on specific high risk 

cSCC or cSCC derived in burns.58-76 The results of these specific cohorts are not taken 

into account in the pooled metastasis risk analyses. The details of these studies are 

shown in Table 2. 

Studies included for analyses were published between 1957 and 2017; the number 

of included patients ranged from 40 to 6164 (Table 1).22-25,30,44,47,77-89 These studies 

were performed in the USA, New-Zealand, Australia, the Netherlands , Denmark, the 

UK, Greece, Turkey and Israel. Median follow-up time ranged from 24 to 81 months. 

Overall follow-up ranged from 0-312 months. 

Fourteen studies included patients with cSCC on the total body 22-24,30,44,47,78-81,83,84,87,88, 

six studies with patients with cSCC in the head and neck area.25,77,82,85,86,89 One study 

also included specified data on 10 OTR, that were excluded for this study as it were 

less than 25 patients.88

Two studies comparing immunocompetent population and OTR

Both studies were performed in the USA and studied total body cSCC.44,47

One study retrospectively compared 153 OTR with cSCC with 154 numerically matched 

cSCC patients in immunocompetent patient that were randomly chosen from a pool 

of patients.47 Follow-up time was shorter in the control group (mean 37 months) 

compared to the OTR group (mean 65 months). The reported risk for metastasis in 

the OTR population was 4.6%, in the control population 1.3%. No significant 

differences between OTR and the control population were found for lymph node 
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spread, although they stated that there was as a trend toward significance (p=0.10) 

and suggested that OTR are 3.5 times more likely to have lymph node spread. 

The second retrospective cohort study compared 58 OTR and 40 high risk 

immunocompetent patients (defined as patients with more than 1 cSCC in the past).44 

The OTR and immunocompetent groups were comparable regarding race and sex, 

patient care, follow-up time, numbers of skin lesions, and field cancerization and 

chemo preventive therapies. This study included a total follow-up of 369 patient-

years for both OTR and immunocompetent patients. Two OTR were diagnosed with 

regional lymph node metastases. No metastases were found in the control group. 

Risk of bias assessment 

Risk of bias assessment was based upon a component based approach for studies in 

OTR and normal population regarding total body and head and neck cSCC (Table 1). 

Figure 2.
Forest plot of metastasis risk 
of total body cutaneous 
squamous cell carcinoma per 
patient stratified by organ 
transplant population and 
immunocompetent popula-
tion.
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The results were based upon the studies included in the pooled risk analysis and figures. 

In general, studies reporting on the immunocompetent population gave more details 

about the study population and the cSCC in the cohort. 

The majority of studies reported on consecutive cSCC in their patients during the 

study period, but seven did not.24,30,52,54,83,85 Seven studies reported on loss of follow-

up 30,45,50,57,81,82,86 with a loss of follow-up of more than 5% in 6/7.30,45,50,57,81,86 One study 

excluded patients with follow-up less than 6 months 50, and one study included only 

patients with a minimum follow-up of more than one year.86 One study stated that 

a protocol was followed annually to detect metastasis with radiological imaging.86 

Four studies reported on clinical follow-up of patients.42,44,50,55 In seven studies the 

distribution of T-stage among the cSCC was mentioned.50,55,78,81,86,87,89 In 21 studies, 

one or more tumor related potential high risk features factors for metastasis, such 

as size, location, depth of invasion or perineural invasion, were taken into account. 

One study in the immunocompetent population specifically stated that no OTR were 

included in the cohort of the immunocompetent population.30 One study reported 

separately on 10 OTR patients in their cohort.88 Two studies compared OTR to the 

immunocompetent population.44,47 In 14 studies, the outcome of metastasis was 

specifically noted in the study aim.22,25,44,48,50,78-82,84,87-89 

Figure 3.
Forest plot of metastasis risk 
of cutaneous squamous cell 
carcinoma of the head and 
neck area per patient strati-
fied by organ transplant 
population and immunocom-
petent population.
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Table 1. Details of studies included in the analyses. 
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TOTAL BODY cSCC

OTR

Barrett, 
1993, USA

1968-1993 34 (nm) nm 47 Surg (27) 3 nm 3 1 8,8 - nm

Bouwes 
Bavinck, 
1996, AU

1969-1994 219 (66) 2042 (50), 15-72 nm nm 9 nm nm nm 4,1 0,4 nm

Cheng,, 
2017, US, 

2008-2015 58 (76) 167 (70) nm 46 3 2 1 nm 5,2 1,8 nm

Euvrard, 
2006, FR

1966-2004 188 (nm) 476 nm nm (21) 13 nm nm nm 6,9 2,1 nm

Lampros, 
1998, US

1985-1996 36 (nm) 172 (55) nm nm 2 nm nm nm 5,6 1,2 nm

Lott, 
2010, US

1997-2008 153 (73) 978 nm nm 36 7 nm 7 nm 4,6 0,7 nm

Lyall, 
1998, NA

1972-1997 40 (nm) nm nm nm nm 4 nm 4 nm 10,0 - nm

Mackintosh, 
2012, UK

2005-2008 42 (nm) 151 nm nm nm 2 nm 2 nm 4,8 1,3 nm

Ong, 
1999, AU

1984-1998 113 (nm) 849 54 nm nm 9 nm nm nm 8,0 1,1 nm

Penn, 
1980, US

1968-1993 240 (nm) nm nm nm nm 28 nm 24 4 11,7 - nm

Pinho, 
2016, PT

2004-2013 42 (nm) 43 nm nm nm 2 nm 2 nm 4,8 4,7 nm

Sheil, 
1992, AU/NZ

1963-1992 796 (nm) nm nm nm nm 61 nm nm nm 8,0 - nm

Winkelhorst, 
2001, NL

1968-1998 77 (nm) nm (53), 29-72 nm nm 5 nm nm nm 6,5 - nm

Immunocompetent population

Brinkman, 
2013, NL

2001-2008 131 (66) 155 (73), 19-96 Surg 81, 
27-125

18 0 12 6 13,7 11,6 nm

Brougham, 
2012, NZ

1997-2007 6164 (57) 8997 (74), 21–108 Surg 71, 
31-121

232 8 251 23 3,8 2,6 location, 
size, diff , 
PNI

Cheng, 
2017, US

2008-2015 40 (60) 111 (70) nm 46 0 nm nm nm 0,0 0,0 nm

Chuang, 
1990, US

1976-1984 169 (60) 169 72 (71) Surg 46 6 1 5 0 3,6 3,6 nm

Czarnecki, 
1994, AU

1988-1989 68 (75) 68 (72) nm > 36 3 0 1 2 4,4 4,4 nm
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no OTR 
cohort

yes nm yes nm nm ●●●○○○○

no OTR 
cohort

yes nm nm nm nm ●●○○○○○

no OTR 
cohort

yes nm yes nm 11% > 2mm depth, 1% PNI ●●●●○○○

no OTR 
cohort

yes 6 nm nm nm ●●●○○○○

no OTR 
cohort

yes nm nm nm 70% Head and neck ●●○○○○○

no OTR 
cohort

yes nm nm nm 9% > subdermal, 8% PNI, 3% LVSI ●●●○○○○

yes OTR 
cohort

yes nm nm nm nm ●●●○○○○

no OTR 
cohort

yes nm nm nm nm ●●○○○○○

no OTR 
cohort

yes nm nm nm nm ●●○○○○○

no OTR 
cohort

no nm nm nm nm ●○○○○○○

no OTR 
cohort

yes nm nm nm 7% > 2cm, 16% poor diff, 30% > 
4mm depth, 30% ear/lip/
anogenital, 2% PNI

●●●○○○○

no OTR 
cohort

yes nm nm nm nm ●●○○○○○

no OTR 
cohort

yes 8 nm nm nm ●●●○○○○

yes nm yes nm nm 1:46, 2:25, 3:6, 
NS: 24 (AJCC 
6th)

13% poor diff, 68% HN ●●●●○○○

yes nm yes nm nm nm 10% >2cm, 8% poor diff, 49% HN, 
1% PNI, 1% LVSI

●●●○○○○

no yes, 
present

yes nm yes nm 0% PNI ●●●○○○○

no nm no nm nm nm 79% HN ○○○○○○○

yes yes, not 
present

no 13 nm nm nm ●●○○○○○
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Table 1. Continued

STUDY CHARACTERISTICS
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Czarnecki, 
2000, AU

1988-1998 300 (67) nm nm Surg 6-120 3 nm nm nm 1,0 nm

Dinehart, 
1989, US

1979-1988 366 (77) 366 (67) Surg (20) 
2-94

27 nm 23 4 7,7 7,7 nm

Eroglu, 
1996, TR

1980-1989 1039 
(nm)

nm 65, 15-97 Surg/
RT/CT

28, 
6-149

20 nm 20 nm 1,9 nm

Gray, 
1997, US

1984-1992 511 (54) 511 (74), 
10-101

52 5 nm nm nm 1,0 1,0 nm

Katz, 
1957, US

1946-1950 393 (70) 577 nm Surg/
RT

60 15 nm nm nm 3,8 2,6 nm

Lott, 
2010, US

1997-2008 154 (66) 256 nm nm 36 2 nm 2 nm 1,3 0,8 nm

Moller, 
1979, DK

1950-1959 211 (73) 211 (65) Surg/
RT

204-312 11 0 9 4 5,2 5,2 nm

Nelson, 
2017, UK

2005-2014 1122 (64) 1495 78, 44-102 Surg 79, 
24-143

18 nm nm nm 1,6 1,2 size, 
depth

de Vries, 
1969, NL

1962-1967 80 (nm) 80 nm Surg/
RT

6-60 7 nm 7 nm 8,8 8,8 nm

cSCC OF THE HEAD AND NECK AREA

OTR

McLaughlin, 
2017, USA

2005-2015 130 383 (62) Surg (40) 7 nm 7 n nm 5.4 1.8 Scalp, 
subdermal 
growth

Pollard, 
2000, US

1968-1998 78 (nm) 214 nm nm nm 10 nm nm nm 12,8 4,7 nm

Rabinovics, 
2013, IL

1992-2010 101 (84) 198 nm nm nm 19 nm 17 2 18,8 9,6 nm

Immunocompetent population

Baker, 
2001, UK

1990-1995 183 (73) 227 78 Surg 24 12 nm 12 nm 6,6 5,3 nm

Goepfert, 
1984, USA

1970-1979 520 967 64 nm 24 119 nm 93 26 22.9 12.3 nm

Kilic, 
2014, TR

2010-2012 55 55 56, 29-89 Surg 24 6 nm 6 nm 10,9 10,9 nm

Kyrgidis, 
2010, GR

1996-2006 315 (46) nm 72. 26–95 Surg/
RT/CT

47, 
12-124

20 nm nm 5 6,3 nm

Silberstein, 
2015, IL

1998-2005 572 (59) 725 (72) Surg 72, 24-x 10 nm 10 0 1,7 1,4 T stage

Tavin, 
1996, US

1961-1992 388 388 nm Surg/
RT

38 nm 40 8 9,8 9,8 nm

Abbreviations: N; number, pt; patients, cSCC; cutaneous squamous cell carcinoma, FU; follow-up, meta; metastasis, IS; immunosuppression, 
OTR; organ transplant recipients, nm; not mentioned, Surg; surgery, RT; radiotherapy, CT; chemotherapy, diff; differentiation grade, 
USA; United states of America, AU; Australia, FR; France, NZ; New Zealand, UK; United Kingdom, PT; Portugal, NL; the Netherlands, TR; 
Turkey, DK; Denmark, IL; Israel, GR; Greece
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RISK OF BIAS / QUALITY ASSESSMENT
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no nm yes nm nm nm nm ●○○○○○○

yes nm no nm nm nm 85% HN, 2% PNI ●●○○○○○

yes nm yes > 10 nm 1:10, 2:21, 3:32, 
4:28 ( AJCC 5th)

9% poor diff ●●●●○○○

no nm no nm nm nm 78% HN ○○○○○○○

yes nm yes nm nm nm 58% HN ●●○○○○○

no yes, 
present

yes nm nm nm 2% subdermal. 1% PNI ●●●○○○○

yes nm yes nm nm 1:2, 2:38, 3:8, 
4:1 (AJCC 3rd)

75% HN ●●●○○○○

yes yes, 
present

yes nm nm nm 11% poor diff, mean size 15mm, 
mean depth 4.5mm, 65% HN

●●●●○○○

yes nm yes nm nm nm 85% HN ●●○○○○○

yes OTR 
cohort

yes 10.3 Clinical 
FU 
protocol

1:73, 2: 27 
(AJCC), 1 69, 2a 
24, 2b: 7 (BWH)

12% subdermal, ●●●●●○○

no OTR 
cohort

no nm nm nm nm ●○○○○○○
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yes nm yes 1:69, 2:27, 3+4: 
4, Other: 3% 
(AJCC)
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no nm yes nm nm nm 26% ear, 6% lip ●○○○○○○

yes no yes 2 nm nm 14% PNI ●●●○○○○
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no nm yes 8 yes 1:51, 2:20, 3:29 
(AJCC 7th)

mean size 2.2 cm, mean depth 
5mm, 18% poor diff, 13% 
periocular, 24% ear, 20% PNI

●●●●●○○

yes nm yes nm nm 0:3, 1:89. 2:8, 
3:1, 4:1 (nm)

17% ear, 6.3% peri-ocular ●●●○○○○

yes nm yes nm nm nm 26% ear, 6% lip ●●○○○○○
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Table 2. Details of studies regarding special locations or high risk tumors 
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2017, UK66
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(100)
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24-60 4 nm 4 nm 2,1 2,1 diff, 
PNI

Shiffman, 
1975, CA72

1952-1973 52 (96) nm (73), 28-96 SURG/
RT

(23) 7 1 5 3 13,5 nm nm

Eyelid

Faustina, 
2004, USA62

1952-2000 111 (80) nm 64, 31-91 SURG/
RT

77, 
6-484

33 nm 27 7 29,7 nm nm

Nasser, 
2014, USA69

1999-2011 65 (62) nm 67, 41-89 SURG/
RT

27, 
1-150

6 nm 6 0 9,2 nm T 
stage, 
size

Soysal, 
2007, TR73

1997-2006 76 (54) 76 67, 11-93 SURG/
RT

nm 5 nm 5 nm 6,6 6,6 nm

Lip

Boddie, 
1977, USA58

1943-1973 56 (nm) 56 9-39 SURG/
RT

60 18 nm 18 nm 32,1 32,1 nm

Cerezo, 
1993, ES59

1976-1985 117 (87) nm 68, 31-93 SURG/
RT

65, 
11-160

8 nm 8 nm 6,8 nm T stage

McCombe, 
2000, AU67

1979-1988 323 (87) nm 65, 18-94 SURG/
RT

94 16 nm 16 nm 5,0 nm T stage, 
RT, age

Unsal, 
2017, USA74

1973-2013 14901 
(82)

14901 68 SURG/
RT

nm 131 nm 119 12 0,9 0,9 nm

de Visscher, 
1998, NL61

1979-1992 184 (90) nm (66) SURG (56), 
24-x

12 nm 12 1 6,5 nm depth, 
PNI

Scalp

Jenkins, 
2014, UK64

2005-2009 101 (78) nm (82) SURG nm 7 nm 7 nm 6,9 6,9 no

Hand

Bean, 
1984, USA57

1963-1983 51 (80) 64 (72), 41-92 SURG/
RT

nm 5 nm 4 1 9,8 7,8 nm

Trunk and extremities

Friedman, 
1985, USA63

1965-1975 63 (73) 71 (65), 33-97 nm 100, 
2-215

5 nm 5 1 7,9 7,0 nm

Joseph, 
1992, AU65

1977-1987 695 (90) 695 (68), 51-84 SURG 48, 
12-216

34 0 33 1 4,9 4,9 nm

de Lima 
Vasquez, 
2008, BR60

1987-2005 57 (60) 57 nm SURG/
RT

23 22 nm 22 4 38,6 38,6 nm

Ribeiro, 
2006 BR70

1995-1999 36(16) 43 (74), 50-95 nm nm 0 nm nm nm 0,0 0,0 nm
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no nm yes nm nm nm 31%> 2cm, 21% catillage, ●●○○○○○

yes nm yes nm nm nm 8% PNI ●●○○○○○

yes nm yes nm yes 1:9, 2:46, 3:38, 4:6 
(AJCC 7th)

25% PNI ●●●○○○○

no nm yes nm nm nm size mean 24mm, 12% poor diff, 
24% PNI

●●○○○○○

no nm yes 1 nm 1:53, 2:21, 3:7, 
4:5% 52.6% 
UK:15 (nm)

3% PNI ●●●○○○○

no nm yes 7% nm 1:86, 2:13, 3:1 
(UICC 1987)

size mean 10mm ●●●○○○○

no nm yes nm nm 1:85, 2:10, 3-4:1 
(AJCC 4th)

size mean 12mm, 4% poor diff ●●●○○○○

no nm yes nm nm 1:80, 2:12, 3:4, 4:4 
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7% poor diff ●●○○○○○
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●●●●○○○
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●●●○○○○

no yes, 
present

yes nm nm nm size mean 16mm, ●●○○○○○

yes nm no nm nm nm 10% poor diff, 12% subdermal ●●○○○○○

yes nm yes nm nm nm nm ●●○○○○○

no nm yes 18% nm 1:-, 2:-, 3:63, 4:37 
(AJCC, 6th)

nm ●●●○○○○

no nm yes 12% nm nm nm ●●○○○○○
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Metastasis risk: pooled analysis

Summary estimates were calculated for the proportion of patients with metastasis 

in the studies reporting on total body (Figure 2) and cSCC of the head and neck area 

(Figure 3).

For cSCC on total body, the pooled metastasis risk estimate for OTR was 7.3% (95% 

CI 6.2-8.4), with a range of 4.1 to 14.1% reported in these studies. For the 

immunocompetent population reported risk estimates in individual studies ranged 

from 0 to 13.7% and analysis showed a pooled risk of 3.1% (95% CI 2.7-3.4). 

For studies reporting on cSCC of the head and neck area, the pooled metastasis risk 

estimate for OTR was 11.0% (95% CI 7.7-14.8), with a range of 5.4 to 18.8% reported 

in these studies. For the immunocompetent population reported risk estimates in 

individual studies ranged from 1.7 to 22.9% and analysis showed a pooled risk of 

8.5% (95% CI 7.3-9.8). 

In addition, estimates were calculated for studies that reported the exact number 

of cSCC with metastasis as patients can have multiple primary cSCC.

Table 2. Continued
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Salmon, 
2011,USA/
NZ71

1988-2008 72 (64) 73 76, 45-91 SURG/
RT

36 0 nm nm nm 0,0 0,0 nm

Burns

Ames, 
1982, USA56

1944-1976 1118 
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1118 nm nm nm 106 0 75 15 1,4 1,4 nm

Metwally, 
2017, EG68

2004-2015 26 (61) 26 (47) SURG > 12 6 nm 6 3 23,1 23,1 diff

Abbreviations: N; number, pt; patients, cSCC; cutaneous squamous cell carcinoma, FU; follow-up, meta; metastasis, IS; 
immunosuppression, OTR; organ transplant recipients, nm; not mentioned, Surg; surgery, RT; radiotherapy, CT; chemotherapy, diff; 
differentiation grade, UK; United Kingdom, CA; Canada, USA; United states of America, , TR; Turkey, ES; Spain, AU; Australia, NL; the 
Netherlands, BR; Brazil, NZ; New Zealand, EG; Egypte
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Eight studies in the immunocompetent population reported the same number of 

cSCC as patients. Five of those were excluded from the risk analysis of metastasis 

per cSCC because the cSCC were not included consecutively.

For cSCC on total body, the pooled metastasis risk estimate for a single cSCC in OTR 

was 1.3% (95% CI 1.0-1.7), with a range of 0.4 to 7.7% reported in these studies. For 

the immunocompetent population analysis showed a pooled risk of 2.4% (95% CI 

2.1-2.6) and reported risk estimates in individual studies ranged from 0 to 11.6% 

(Figure 4). 

For studies reporting on cSCC of the head and neck area, the pooled metastasis risk 

estimate for a single cSCC in OTR was 4.0% (95% CI 2.7-5.5), with a range of 1.8 to 

9.6% reported in these studies. For the immunocompetent population analysis 

showed a pooled risk of 6.7% (95% CI 5.7-7.8) and reported risk estimates in individual 

studies ranging from 1.4 to 12.3% (Figure 5). 
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Discussion 

The aim of this study was to estimate the overall risk for cSCC to develop metas-

tasis in OTR versus the immunocompetent population. This review suggests a low 

overall metastasis risk in cSCC, in both the immunosuppressed organ transplant 

population and the immunocompetent population, and a higher overall metastasis 

risk in OTR. 

We found a risk of metastasis of cSCC on total body skin per patient in OTR patients 

of 7.3%, versus a pooled risk of 3.1% in the immunocompetent population. For cSCC 

of the head and neck area these estimates were higher, 11.0% in OTR and 8.5% in 

the immunocompetent population. These findings are in line with the hypothesis 

that OTR are at higher risk of metastasis.16,33-37 The chronic use of immunosuppressive 

Figure 4.
Forest plot of metastasis risk 
of total body cutaneous 
squamous cell carcinoma per 
tumor stratified by organ 
transplant population and 
immunocompetent popula-
tion.
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medication is thought to be a driver of this increased risk, earlier studies reported 

that patients on immunosuppression tend to have more cSCC and a higher proportion 

of aggressive cSCC that are less differentiated and thicker tumors.18,37 

Immunosuppressive drugs (e.g. azathioprine, calcineurin inhibitors) are linked to 

aberrant production of cytokines that promote tumor growth, angiogenesis and 

metastasis.90 Immunosuppressive drugs have a potential oncogenic action in cells or 

by facilitating tumor cell escape from immunosurveillance.91 Immunosuppression is 

not included as a risk factor for upgrading tumor stage in the tumor TNM classification 

system. Instead, it is described as a prognostic factor to take into account for clinical 

practice.92-94 

Figure 5.
Forest plot of metastasis risk 
of cutaneous squamous cell 
carcinoma of the head and 
neck area per tumor strati-
fied by organ transplant 
population and immunocom-
petent population.
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However, the pooled risk of metastasis per cSCC was lower, as patients often develop 

multiple lesions, especially OTR. In this analyses, the risk for a single cSCC to 

metastasize in OTR is lower compared to the immunocompetent population. 

Therefore, immunosuppressive state in OTR does not seem to increase the risk of 

metastasis in a single cSCC, but could be an overall risk factor for metastasis due to 

the multiplicity of cSCC in OTR. A possible explanation for the lower metastatic risk 

of a single cSCC in the OTR group might be due to the frequent skin checks in OTR. 

Those skin checks enable the detection of cSCC in OTR in an earlier stage compared 

to some cSCC in the immunocompetent population. However, since OTR patients 

develop more cSCC compared to immunocompetent patients, the cumulative risk 

for the total number of cSCC per patient is higher in the OTR group.

The definition of an immunosuppressed patient is often not clear and in studies 

regarding risk factors for metastasis different criteria are used. Ideally, 

immunosuppression should be defined more precise in studies. OTR are subject to 

lifelong immunosuppressive therapy and therefore an ideal population for studying 

the influence of immunosuppression on cSCC behaviour. Nevertheless, also patients 

with hematologic malignancies, HIV or chronic diseases on immunosuppressive drugs 

are to a certain extent immunosuppressed.95-100 

The presence of cSCC high risk features was taken into account for our risk of bias 

assessment. High risk features mentioned in literature are size, depth of invasion, 

location on head and neck, differentiation grade and perineural invasion.101 Not all 

studies report on these items. In addition, most studies do not mention proportion 

of high risk cSCC in their cohort. The proportion of high risk tumors obviously 

influences the metastasis rate in a cohort. Another important factor to take into 

account is age, as older age is a risk factor for metastasis.102 In the OTR, the age of 

cSCC patients is lower compared to the immunocompetent population and therefore 

could contribute to the lower metastasis risk per cSCC in these group. 

This systematic review has some limitations. The quality of evidence is limited due 

to diversity in study design, types of patients studied and data reporting. Because 

of this considerable heterogeneity between studies, limiting both the interpretation 

and scope of this review, the outcomes have to be interpreted with caution. Second, 

the studies reporting on the immunocompetent population could include some non-

reported OTR, diluting the effect. Lastly, but most importantly, follow-up time is 

variable. Although most cSCC metastasize within the first two years, longer follow-

up allows more cSCC to metastasize and might therefore influence the results of 
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studies with a longer follow up.103 Unfortunately the majority of studies in OTR did 

not provide adequate follow up time per cSCC. Follow-up time started at time of 

transplantation, and not at time of cSCC diagnosis. Also differences in study periods 

influence the rate of cSCC, especially the risk of metastasis per cSCC

Concluding, we found a difference in metastasis risk for OTR and immunocompetent 

cSCC patients. Prospective follow-up studies, with distinct cohorts of risk groups are 

necessary to adequately assess the risk for metastasis rate of cSCC, mainly in organ 

transplant patients and other immunosuppressed patients. 
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