
A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

CLINICAL REPORT

Acta Derm Venereol 2018; 98: 551–555
This is an open access article under the CC BY-NC license. www.medicaljournals.se/acta

Journal Compilation © 2018 Acta Dermato-Venereologica.

doi: 10.2340/00015555-2901

551

Organ transplant recipients (OTRs) have a high inci-
dence of cutaneous squamous cell carcinoma (cSCC), 
and immunosuppression has been reported to be an 
important risk factor for metastasis. The aim of this 
study was to identify the metastasis risk over a 10-
year period for 593 patients with cSCC, of whom 134 
were OTR and 459 were immunocompetent. Metasta-
sis incidence rate was 1,046 (95% confidence inter-
val (95% CI) 524–2,096) per 100,000 person years 
in OTR and 656 (95% CI; 388–1,107) in immunocom-
petent patients, yielding an incidence rate ratio of 1.6 
(95% CI 0.67–3.81). In OTRs head/neck location, ol-
der age at transplantation and older age at diagnosis 
of first cSCC were associated with metastatic risk, and 
7 out of 8 metastasized tumours were smaller than 2 
cm. In immunocompetent patients tumour size and tu-
mour depth were associated with metastasis. In con-
clusion, we were not able to demonstrate an increased 
incidence rate of metastasis in OTRs compared with 
immunocompetent patients. However, OTRs and im-
munocompetent patients differed with regard to risk 
factors for metastasis.
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cell carcinoma; metastasis; immunocompetent.
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Cutaneous squamous cell carcinoma (cSCC) is the se-
cond most frequent form of keratinocyte carcinoma 

(KC) (1, 2). The incidence of cSCC varies globally, with 
a higher incidence closer to the equator. In Finland the 
reported incidence for men is 6 per 100,000 person years 
and for women 4 per 100,000 person years. In Austra-
lia, these numbers are reported to be 1,035 and 472 per 
100,000 person years, respectively (3, 4). 

The incidence of cSCC metastasis varies, with higher 
incidence often reported from tertiary hospitals (5–10). 
The risk of developing metastasis from low-risk cSCC 
in the general population is between 0.5% and 5%, but 
may be as high as 45% in high-risk cSCC, i.e. tumours 
located on the lip and ear, large tumours and recurrent 
tumours (5, 11, 12).

The risk of developing cSCC in organ transplant 
recipients (OTRs) is 40–250 times increased compared 
with the general population (13). In some reports, it has 
been suggested that cSCC in OTRs frequently exhibit 
aggressive behaviour irrespective of size, that in-transit 
metastases are more frequent, and that cSCC in OTRs 
have a worse prognosis than cSCC in immunocompetent 
patients (14, 15). Between 5% and 23% of all patients 
with metastatic cSCC, have been reported to be immu-
nosuppressed, many of whom were OTR, and therefore 
immunosuppression has been reported to be a risk factor 
for metastasis (16–18). 

In clinical practice, it is difficult to identify high-risk 
cSCC and to detect metastasis at an early stage, both 
in immunosuppressed and immunocompetent patients 
(19–21). Tumour size, Clark’s level, Breslow’s thickness, 
degree of differentiation, perineural invasion and location 
are associated with the development of metastasis (22). 
Staging systems are developed to help determine high-
risk tumours (23–25). The American Joint Committee on 
Cancer (AJCC) classification is the most commonly used 
staging system, and is subject to regular modifications. 
Since 2010 the AJCC classification is based on several 
high-risk features of cSCC (23). Though immunosup-
pression is mentioned as a risk factor, it does not influence 
tumour stage in any of the staging systems. 

OTR are subject to lifelong immunosuppressive 
therapy and therefore are an ideal population with regard 
to analysing the influence of immunosuppression on 
cSCC metastatic behaviour. Comparative studies between 
OTR and immunocompetent patients focusing on the me-
tastasis risk of cSCC are scarce. The aim of this study was 
to identify the risk of cSCC metastasis in a defined cohort 
of OTRs and immunocompetent patients, calculated both 
per patient as well as per individual tumour.

METHODS
For this retrospective study, all consecutive patients with primary 
cSCC who were diagnosed from January 2004 to December 2013 
were identified from the institutional oncology database of Leiden 
University Medical Centre. Each patient’s medical record was 
cross-checked with pathology records of cSCC in the same pe-
riod. Missing patients and/or tumours were added to the database 
manually. Each tumour was given its own record; one individual 
patient could have had more records in case of multiple primary 

Metastasis Risk of Cutaneous Squamous Cell Carcinoma in Organ 
Transplant Recipients and Immunocompetent Patients
Roel E. GENDERS1, Joris A. J. OSINGA1, Elise E. TROMP1, Peter O’ROURKE2, Jan N. BOUWES BAVINCK1 and Elsemieke I. 
PLASMEIJER1,3

1Department of Dermatology, Leiden University Medical Centre, Leiden, The Netherlands, 2Statistics Unit, and 3Cancer and Population studies, 
QIMR Berghofer Medical Research Institute, Brisbane, Australia

http://crossmark.crossref.org/dialog/?doi=10.2340/00015555-2901&domain=pdf


A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

R. E. Genders et al.552

www.medicaljournals.se/acta

cSCC. Detailed histopathological information on all tumours was 
extracted from the Dutch pathology registry (PALGA). Tumours 
were categorized by differentiation grade (good, moderate, poor, 
undifferentiated), presence of lymphovascular invasion, presence 
of perineural invasion, tumour depth, location and tumour size 
(26). All tumours were classified using the TNM staging clas-
sification (AJCC 7th edition).

Patient data were extracted from the institutional oncology da-
tabase. When missing, additional data were collected from patient 
files. Status and data of immunosuppression were retrieved from 
the institutional patient database and patient files. 

Patient files for all patients were checked for information on 
possible development of metastasis in December 2015, i.e. a 
minimum follow-up of 2 years. In case of metastasis, the cSCC 
that was most likely to be the index tumour was identified. Cases 
were defined as patients who developed a metastasis from a cSCC 
that was diagnosed during the study period. 

Follow-up time was defined as the time from cSCC diagnosis to 
diagnosis of metastasis, death or end of study or to censoring. In 
our institution OTRs were examined at least every 3 months. Im-
munocompetent patients were followed clinically based on tumour 
stage according to national guidelines, i.e. twice a year for the first 
1–2 years and once a year in year 3–5 for patients with low-risk 
cSCC, and every 3 months first year, every 4, 6 and 12 months in 
year 2, 3 and 4–5, respectively for patients with high-risk cSCC. 
Screening for metastasis was performed routinely by lymph node 
palpation, and on indication in high-risk tumours by radiological 
imaging (ultrasound, X-ray, magnetic resonance imaging (MRI), 
computed tomography (CT) or positron emission tomography 
(PET) scan). Sentinel lymph node procedure was not performed. 

Descriptive statistics were used for patient and tumour cha-
racteristics at baseline. Frequencies, percentages, median, mean 
and range were calculated, when appropriate. Patients that were 
immunosuppressed for other reasons than organ transplantation 
were excluded. Univariable Cox regression analysis was used to 
identify risk factors for metastasis, excluding cases with missing 
values for each variable. Multivariable analyses were not carried 
out due to limited number of events. A p-value < 0.05 was set as 
statistically significant for all analyses. Statistical analysis was 
performed using SPSS version 23 (SPSS, Chicago, IL, USA). 
Incidence rate per person year of metastasis was calculated using 
STATA 13.1.

RESULTS

During the follow-up time of median 4.0 years (range 1 
month–10.8 years), 1,792 cSCCs were diagnosed in 665 
patients, with up to 116 cSCCs in one patient. After ex-
clusion of one OTR who had developed a cSCC one year 
before transplantation, 66 patients who were immuno-
suppressed for reasons other than organ transplantation 
(inflammatory disease or haematological malignancy) 
and 6 patients who had developed a metastasis from a 
cSCC diagnosed prior to the study period, the study co-
hort consisted of 134 OTRs and 459 immunocompetent 
patients (Table I). 

In all, 23 patients (3.9%; 95% CI 2.6–5.8) developed 
a metastasis from a cSCC diagnosed in the study period, 
8 (6.0; 95% CI 3.1–11.3) OTRs and 15 (3.3%; 95% CI 
2.0–5.3) immunocompetent patients. The incidence 
rate (IR) for metastasis was 1,046 (95% CI 524–2,096) 
per 100,000 person years in the OTR group and 656 
(95% CI; 388–1,107) in the immunocompetent patient 

group, yielding an incidence rate ratio (IRR) between 
OTRs vs. immunocompetent patients of 1.6 (95% CI 
0.67–3.8). Median time between cSCC diagnosis and 
metastasis diagnosis was longer in the OTR group than 
in the immunocompetent group, 17.5 and 10.5 months, 
respectively. Distant site metastasis was found in 1 OTR 
and in 5 immunocompetent patients, of whom 3 also had 
concomitant nodal metastasis. 

Patient, tumour and metastasis characteristics are 
shown in Table II and Table III. Univariate hazard ra-
tios for metastasis are listed in Table III. Having a first 
cSCC at an older age was significantly associated with 
an increased risk of metastasis in OTRs (Hazard ratio 
(HR) 8.3, 95% CI: 1.7–41.8). In the immunocompe-
tent group, all patients (15) with metastasis developed 
their first cSCC after the age of 60 years. In OTRs, 
being transplanted at 60 years or older (HR 5.0, 95% 
CI 1.2–21.7), increased the risk of metastasis. Having 
multiple cSCCs was not associated with increased risk 
for metastasis in either group. cSCC located in the head 
and neck area was a risk factor for metastasis, both in 
the OTR group (HR 16.9, 95% CI 2.1–138.5) and in the 
immunocompetent group (HR 3.8, 95% CI 0.85–16.9), 
but statistically significant only in the OTR group. In the 
OTR group T stage, tumour size, differentiation grade 
and depth of invasion were not associated with increased 
metastasis risk. T stage of 2 or higher, tumour size and 
tumour depth beyond the dermis were associated with 
increased risk of metastasis in the immunocompetent 
group. In the OTR group, perineural invasion was not 
found in any metastatic cSCC and in 3 non-metastatic 
cSCC, but was observed in 1 metastatic cSCC and in 9 
non-metastatic cSCC in the immunocompetent popula-
tion. Lymphovascular invasion was only seen in 1 non-
metastatic cSCC in OTR and in 2 non-metastatic cSCC 
in immunocompetent patients. 

Table I. Baseline characteristics of 593 patients with cutaneous 
squamous cell carcinoma (cSSC)

OTR 
n = 134
n (%)

Immunocompetent 
n = 459
n (%)

Sex
Female 40 (30) 188 (41)
Male 94 (70) 271 (59)

Age first lifetime cSCC
< 60 years 90 (67) 78 (17)
≥ 60 years 44 (33) 381 (83)

Number cSCC study period, mean/patient   6.2 1.8
1 39 (29) 357 (78)
2–5 58 (43) 91 (20)
> 5 37 (28) 11 (2)

Number lifetime cSCC, mean/patient   8.6 2.4
1 32 (24) 313 (68)
2–5 52 (39) 130 (28)
> 5 50 (37) 16 (4)

Type of transplantation
Kidney 110 (82) NA
Kidney-pancreas 17 (13) NA
Liver   7 (5) NA

OTR: organ transplant recipient; cSCC: cutaneous squamous cell carcinoma; NA: 
not applicable.
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Table III. Univariate hazard ratios for patient and tumour characteristics as risk factors for metastasis in patients with cutaneous 
squamous cell carcinoma (cSCC)

Organ transplant recipients Immunocompetent patients

Total 
n

With metastasis
n (%) HR (95% CI)

Total 
n

With metastasis
n (%) HR (95% CI)

Patients 134 8 459 15
Sex     
Female 40 1 (2) 1 188   5 (3) 1

  Male 94 7 (7) 4.4 (0.52–36.1) 271 10 (4) 1.4 (0.49–4.2)

Age at 1st cSCC     
< 60 years 90 2 (2) 1   78   0 Not applicable
≥ 60 years 44 6 (14) 8.3 (1.7–41.8) 381 15 (4) Not applicable

Number cSCC study period     
1 39 1 (3) 1 357 12 (3) 1
> 1 95 7 (7) 1.5 (0.19–12.8) 102   3 (3) 0.75 (0.21–2.7)

Number lifetime cSCC 
1 33 2 (6) 1 314 12 (4) 1
> 1 101 6 (6) 0.48 (0.09–2.6) 145   3 (2) 0.49 (0.14–1.7)

Age at transplantation
< 60 years 113 5 (4) 1 Not applicable Not applicable Not applicable
≥ 60 years   21 3 (14) 5.0 (1.2–21.7) Not applicable Not applicable Not applicable

Tumours 829 8 814 15
Location tumour
Body 582 1 (1) 1 296   2 (1) 1
Head & neck 247 7 (3) 16.9 (2.1–138.5) 518 13 (3) 3.8 (0.85–16.9)

T-stage
T1 657 6 (1) 1 584   1 (1) 1
T2–T4 73 1 (1) 1.5 (0.18–12.7) 105 10 (10) 61.4 (7.8–484.9)
Missing 99 1 (1)  125 4 (3)

Tumour size (diameter)
≤ 20 mm 726 7 (1) 1 661 6 (1) 1
> 20 mm 59 1 (2) 1.8 (0.21–14.6) 71 6 (8) 10.1 (3.2–32.1)
Missing 44 0  82 3 (4)

Differentiation
Good–moderate 720 7 (1) 1 681 10 (1) 1
Poor–undifferentiated 94 1 (1) 1.1 (0.13–9.0) 120 4 (3) 2.3 (0.71–7.5)
Missing 15 0    13 1 (8)

Depth/invasion
Dermis 227 4 (2.0) 1 458 3 (1) 1
Hypodermis   27 1 (4) 1.4 (0.24–8.5)   46 8 (17) 6.5 (3.3–13.0)
Missing 575 3 (1)  310 4 (1)  

CI: confidence interval; HR: hazard ratio.

Table II. Patient and tumour characteristics in 23 patients with metastatic cutaneous squamous cell carcinoma (cSCC)

Sex

Age at 
cSCC 
diagnosis, 
years OTR Location

cSCC 
size, mm

Differentiation 
grade Depth

T-stage 
AJCC

Lifetime 
cSCC until 
metastasis, 
n

Type of 
metastasis

Time 
between 
cSCC and 
metastasis

Death 
because of 
metastasis

F 43 Kidney/pancreas Cheek 14 Good Unknown 1 8 Nodal 27 months No
M 61 Kidney Scalp 10 Good Subcutis 1 3 Nodal 14 months No
M 62 Kidney/pancreas Chest 14 Undifferentiated Unknown Unk. 8 Nodal 3 months Yes
M 66 Kidney Frontal 15 Good Unknown 1 1 Nodal 3 months Alive

M 68 Kidney Peri-ocular 16 Good Dermis 1 3 Distant 30 months No
M 68 Liver Neck 17 Good Dermis 1 1 Nodal 21 months Cause unk.
M 70 Kidney/pancreas Ear 25 Good Dermis 2 15 Nodal   6 months Alive
M 71 Kidney Scalp 15 Good Dermis 1 15 Nodal 38 months Alive
F 65 No Finger 10 Poor Unknown Unk. 1 Nodal 17 months Yes
M 66 No Temporal 10 Undifferentiated Muscle 3 1 Distant 13 months Yes
F 72 No Cutaneous lip 16 Good Muscle 3 1 Nodal & distant 16 months Yes
M 74 No Temporal Unknown Moderate Dermis Unk. 1 Nodal   7 months Yes
M 75 No Ear 25 Good Muscle 3 1 Nodal 21 months Alive
M 76 No Scalp Unknown Good Unknown Unk. 1 Distant 7 months Cause unk.
F 79 No Peri-ocular 38 Undifferentiated Unknown 2 1 Nodal 6 months No
F 84 No Arm Unknown Poor Unknown Unk. 11 Nodal 2 months No
F 85 No Temporal 45 Good Dermis 2 1 Nodal 7 months Alive
M 85 No Frontal 15 Moderate Muscle 3 1 Nodal 39 months Cause unk.
M 85 No Occipital 45 Good Subcutis 2 5 Nodal & distant   0 months Yes
M 86 No Neck 15 Unclassifiable Dermis 1 1 Nodal 15 months No

Ma 88 No Temporal 32 Good Subcutis 2 1 Nodal & distant   1 months Yes

M 93 No Ear 19 Good Cartilage 3 6 Nodal 13 months Yes
M 94 No Ear 30 Moderate Subcutis 2 1 Nodal   8 months Cause unk.

aOnly patient without perineural invasion
OTR: organ transplant recipient; unk.: unknown.
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DISCUSSION

This study was not able to demonstrate a significantly 
increased risk for metastasis from cSCC in OTRs com-
pared with immunocompetent patients with cSCC. Ho-
wever, the risk factors appeared to be different between 
the 2 groups. 

With cSCC metastases incidences of 6.0% in OTR and 
3.3% in the immunocompetent patients the incidence 
of metastasis from this study was lower than in other 
studies. In OTR metastases incidences of 7–14% are 
reported for low-risk tumours and 10–20% for high-risk 
tumours (1, 9, 18, 27–30). In the general population, the 
overall incidence varies between 2.3% and 9.9% (31). 
For low-risk tumours the risk is between 0.5% and 5% 
and may increase to more than 20% in high-risk cSCC 
(5, 11, 12). 

The mean time between diagnosing the cSCC and 
detecting metastasis was longer in the OTR group than 
in the immunocompetent group. The OTR group had 
a median time of 17.5 months to develop metastasis, 
compared with 10.5 months in the immunocompetent 
group. This was a surprising finding, considering both 
the immunosuppressed state leading to decreased immu-
nological tumour surveillance and the increased clinical 
surveillance of OTRs. As the majority of tumours in 
OTRs were not located in the head and neck area, in 
contrast to the immunocompetent group, this difference 
in tumour distribution could contribute to the relatively 
low risk of metastasis in OTRs. In other studies, the 
median time to develop metastasis is reported from 4 to 
12 months (32, 33).

In OTR, age over 60 years at transplantation and 
at time of first cSCC diagnosis were risk factors for 
metastasis. This is in line with previous studies (34). 
As OTRs developed their first cSCC at a younger age 
than immunocompetent patients, this could explain the 
relatively low number of metastasis in OTRs. Most 
OTRs in our study were renal transplant recipients and 
have somewhat different immunosuppressive treatment 
regimens than other OTRs, especially heart transplant 
recipients (35–37). This could contribute to different 
incidence rates of cSCC metastasis across the literature.

In our immunocompetent patients, tumour size and 
depth, and subsequently T-stage, were significant risk 
factors for metastasis, as shown in other studies (5, 9, 28, 
38, 39). In our OTRs we did not find these associations. 
Tumour size is a well-known risk factor for metastatic 
lesions (5, 9, 19, 40–43) with an association between 
increasing tumour thickness and lesion size (18). In our 
study, 7 out of 8 cSCC that metastasized in OTR were 
less than 2 cm in diameter and most of the tumours 
were low-risk T1 tumours. This suggests that OTRs 
with relatively small tumours (<2 cm) are already at an 
increased risk of developing metastasis from cSCC, and 
are less dependent on specific tumour characteristics (18, 
44). OTRs have regular clinical follow-ups, and small 

tumours should therefore be diagnosed before they grow 
into large tumours. Although it is published that patients 
with multiple cSCC are at an increased risk of metastasis 
(45), we were unable to confirm that having multiple 
tumours led to a higher risk of metastasis. Given the 
low number of metastases in our OTR group and with 
metastases developing mainly from relatively small 
tumours, frequent follow-up of OTRs should continue. 

This study has several limitations. First, there was only 
a small number of patients with metastasizing cSCCs in 
the OTR group. It was, therefore, difficult to estimate 
the effect size for risk factors. We acknowledge that 
statistical analysis should be considered insufficient and 
only indicative. We also had too few cases to perform 
multivariable analyses to control for possible confoun-
ders. Secondly, the Leiden University Medical Centre is 
a tertiary referral centre for selected patients with cSCC. 
Due to this selection bias, extrapolation of our results is 
difficult, as one should expect a higher rate of metasta-
sis in immunocompetent patients with cSCC referred 
to the hospital. Finally, the cSCCs in our cohort were 
diagnosed by several pathologists without a systematic 
re-evaluation of the histopathological slides. This might 
have introduced some error, but probably not bias, as no 
differences are expected in how pathologists will evaluate 
tumours from OTRs and immunocompetent patients. 

To conclude, the metastatic rate of cSCC in OTRs and 
immunocompetent patients in this study is lower than 
in most other studies. We were not able to demonstrate 
an increased risk of metastasis in OTRs compared with 
immunocompetent patients. Most tumours that did me-
tastasize in OTRs were small tumours without high-risk 
features. Close and regular inspection of the skin with 
adequate and rapid diagnosis and treatment of cSCC is 
important to prevent metastasis. 

ACKNOWLEDGEMENTS
The authors thank Jan Molenaar, Jan Oosting and Mandy Way for 
their contributions to this study. 

The authors have no conflicts of interest to declare.

REFERENCES
1. Alam M, Ratner D. Cutaneous squamous-cell carcinoma. N 

Engl J Med 2001; 344: 975–983.
2. Madan V, Lear JT, Szeimies RM. Non-melanoma skin cancer. 

Lancet 2010; 375: 673–685.
3. Green A, Battistutta D, Hart V, Leslie D, Weedon D. Skin 

cancer in a subtropical Australian population: incidence and 
lack of association with occupation. The Nambour Study 
Group. Am J Epidemiol 1996; 144: 1034–1040.

4. Hannuksela-Svahn A, Pukkala E, Karvonen J. Basal cell skin 
carcinoma and other nonmelanoma skin cancers in Fin-
land from 1956 through 1995. Arch Dermatol 1999; 135: 
781–786.

5. Brantsch KD, Meisner C, Schonfisch B, Trilling B, Wehner-
Caroli J, Rocken M, et al. Analysis of risk factors determining 
prognosis of cutaneous squamous-cell carcinoma: a prospec-
tive study. Lancet Oncol 2008; 9: 713–720.



A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

555Metastasis risk of cutaneous squamous cell carcinoma

Acta Derm Venereol 2018

6. Brougham ND, Dennett ER, Cameron R, Tan ST. The incidence 
of metastasis from cutaneous squamous cell carcinoma 
and the impact of its risk factors. J Surg Oncol 2012; 106: 
811–815.

7. Chuang TY, Popescu NA, Su WP, Chute CG. Squamous cell 
carcinoma. A population-based incidence study in Rochester, 
Minn. Arch Dermatol 1990; 126: 185–188.

8. Dinehart SM, Pollack SV. Metastases from squamous cell 
carcinoma of the skin and lip. An analysis of twenty-seven 
cases. J Am Acad Dermatol 1989; 21: 241–248.

9. Rowe DE, Carroll RJ, Day CL, Jr. Prognostic factors for local 
recurrence, metastasis, and survival rates in squamous cell 
carcinoma of the skin, ear, and lip. Implications for treatment 
modality selection. J Am Acad Dermatol 1992; 26: 976–990.

10. Tavin E, Persky M. Metastatic cutaneous squamous cell car-
cinoma of the head and neck region. Laryngoscope 1996; 
106: 156–158.

11. Mourouzis C, Boynton A, Grant J, Umar T, Wilson A, Macp-
heson D, et al. Cutaneous head and neck SCCs and risk of 
nodal metastasis – UK experience. J Craniomaxillofac Surg 
2009; 37: 443–447.

12. O’Hara J, Ferlito A, Takes RP, Rinaldo A, Strojan P, Shaha 
AR, et al. Cutaneous squamous cell carcinoma of the head 
and neck metastasizing to the parotid gland – a review of 
current recommendations. Head Neck 2011; 33: 1789–1795.

13. Proby CM, Wisgerhof HC, Casabonne D, Green AC, Harwood 
CA, Bouwes Bavinck JN. The epidemiology of transplant-
associated keratinocyte cancers in different geographical 
regions. Cancer Treat Res 2009; 146: 75–95.

14. Carucci JA, Martinez JC, Zeitouni NC, Christenson L, Coldiron 
B, Zweibel S, et al. In-transit metastasis from primary cuta-
neous squamous cell carcinoma in organ transplant recipients 
and nonimmunosuppressed patients: clinical characteristics, 
management, and outcome in a series of 21 patients. Der-
matol Surg 2004; 30: 651–655.

15. Veness MJ, Quinn DI, Ong CS, Keogh AM, Macdonald PS, Coo-
per SG, et al. Aggressive cutaneous malignancies following 
cardiothoracic transplantation: the Australian experience. 
Cancer 1999; 85: 1758–1764.

16. Dinehart SM, Chu DZ, Maners AW, Pollack SV. Immunosup-
pression in patients with metastatic squamous cell carcinoma 
from the skin. J Dermatol Surg Oncol 1990; 16: 271–274.

17. Khurana VG, Mentis DH, O’Brien CJ, Hurst TL, Stevens GN, 
Packham NA. Parotid and neck metastases from cutaneous 
squamous cell carcinoma of the head and neck. Am J Surg 
1995; 170: 446–450.

18. Veness MJ, Palme CE, Morgan GJ. High-risk cutaneous squa-
mous cell carcinoma of the head and neck: results from 266 
treated patients with metastatic lymph node disease. Cancer 
2006; 106: 2389–2396.

19. Cherpelis BS, Marcusen C, Lang PG. Prognostic factors for 
metastasis in squamous cell carcinoma of the skin. Dermatol 
Surg 2002; 28: 268–273.

20. Martorell-Calatayud A, Sanmartin JO, Cruz MJ, Guillen BC. 
Cutaneous squamous cell carcinoma: defining the high-risk 
variant. Actas Dermosifiliogr 2013; 104: 367–379.

21. Veness MJ. Defining patients with high-risk cutaneous squa-
mous cell carcinoma. Australas J Dermatol 2006; 47: 28–33.

22. Farasat S, Yu SS, Neel VA, Nehal KS, Lardaro T, Mihm MC, 
et al. A new American Joint Committee on Cancer staging 
system for cutaneous squamous cell carcinoma: creation 
and rationale for inclusion of tumor (T) characteristics. J Am 
Acad Dermatol 2011; 64: 1051–1059.

23. Cutaneous squamous cell carcinoma and other cutaneous 
carcinomas. In: Edge SB, Byrd DR, Compton CC, editors. 
AJCC Cancer Staging Manual. 7th edn. New York, NY: 
Springer, 2010: p. 301–314.

24. Sobin L, Gospodarowicz M, Wittekind C, editors. UICC Inter-
national Union Against Cancer TNM Classification of Malignant 
Tumors. 7th edn. West Sussex: Wiley-Blackwell, 2009.

25. Karia PS, Jambusaria-Pahlajani A, Harrington DP, Murphy GF, 
Qureshi AA, Schmults CD. Evaluation of American Joint Com-
mittee on Cancer, International Union Against Cancer, and 
Brigham and Women’s Hospital tumor staging for cutaneous 

squamous cell carcinoma. J Clin Oncol 2014; 32: 327–334.
26. Casparie M, Tiebosch AT, Burger G, Blauwgeers H, van de 

Pol A, van Krieken JH, et al. Pathology databanking and 
biobanking in The Netherlands, a central role for PALGA, the 
nationwide histopathology and cytopathology data network 
and archive. Cell Oncol 2007; 29: 19–24.

27. Nuno-Gonzalez A, Vicente-Martin FJ, Pinedo-Moraleda F, 
Lopez-Estebaranz JL. High-risk cutaneous squamous cell 
carcinoma. Actas Dermosifiliogr 2012; 103: 567–578.

28. Breuninger H, Schaumburg-Lever G, Holzschuh J, Horny HP. 
Desmoplastic squamous cell carcinoma of skin and vermilion 
surface: a highly malignant subtype of skin cancer. Cancer 
1997; 79: 915–919.

29. Johnson TM, Rowe DE, Nelson BR, Swanson NA. Squamous 
cell carcinoma of the skin (excluding lip and oral mucosa). 
J Am Acad Dermatol 1992; 26: 467–484.

30. Cooper JZ, Brown MD. Special concern about squamous cell 
carcinoma of the scalp in organ transplant recipients. Arch 
Dermatol 2006; 142: 755–758.

31. Weinberg AS, Ogle CA, Shim EK. Metastatic cutaneous 
squamous cell carcinoma: an update. Dermatol Surg 2007; 
33: 885–899.

32. Haisma MS, Plaat BE, Bijl HP, Roodenburg JL, Diercks GF, 
Romeijn TR, et al. Multivariate analysis of potential risk fac-
tors for lymph node metastasis in patients with cutaneous 
squamous cell carcinoma of the head and neck. J Am Acad 
Dermatol 2016; 75: 722–730.

33. Veness MJ, Porceddu S, Palme CE, Morgan GJ. Cutaneous 
head and neck squamous cell carcinoma metastatic to parotid 
and cervical lymph nodes. Head Neck 2007; 29: 621–631.

34. Kuijken I, Bavinck JN. Skin cancer risk associated with im-
munosuppressive therapy in organ transplant recipients: 
epidemiology and proposed mechanisms. Bio Drugs 2000; 
14: 319–329.

35. Coghill AE, Johnson LG, Berg D, Resler AJ, Leca N, Madeleine 
MM. Immunosuppressive medications and squamous cell 
skin carcinoma: nested case-control study within the skin 
cancer after organ transplant (SCOT) cohort. Am J Transplant 
2016; 16: 565–573.

36. Euvrard S, Kanitakis J, Decullier E, Butnaru AC, Lefrancois 
N, Boissonnat P, et al. Subsequent skin cancers in kidney 
and heart transplant recipients after the first squamous cell 
carcinoma. Transplantation 2006; 81: 1093–1100.

37. Rashtak S, Dierkhising RA, Kremers WK, Peters SG, Cassivi SD, 
Otley CC. Incidence and risk factors for skin cancer following 
lung transplantation. J Am Acad Dermatol 2015; 72: 92–98.

38. Breuninger H, Black B, Rassner G. Microstaging of squamous 
cell carcinomas. Am J Clin Pathol 1990; 94: 624–627.

39. Friedman HI, Cooper PH, Wanebo HJ. Prognostic and th-
erapeutic use of microstaging of cutaneous squamous cell 
carcinoma of the trunk and extremities. Cancer 1985; 56: 
1099–1105.

40. Clayman GL, Lee JJ, Holsinger FC, Zhou X, Duvic M, El-Naggar 
AK, et al. Mortality risk from squamous cell skin cancer. J 
Clin Oncol 2005; 23: 759–765.

41. Griffiths RW, Feeley K, Suvarna SK. Audit of clinical and 
histological prognostic factors in primary invasive squamous 
cell carcinoma of the skin: assessment in a minimum 5 year 
follow-up study after conventional excisional surgery. Br J 
Plast Surg 2002; 55: 287–292.

42. Hanlon A. Metastatic squamous cell carcinoma: epidemiology 
and available systemic therapies. Curr Derm Rep 2013; 2: 
118–124.

43. Mullen JT, Feng L, Xing Y, Mansfield PF, Gershenwald JE, Lee 
JE, et al. Invasive squamous cell carcinoma of the skin: defi-
ning a high-risk group. Ann Surg Oncol 2006; 13: 902–909.

44. Stevenson ML, Kim R, Meehan SA, Pavlick AC, Carucci JA. 
Metastatic cutaneous squamous cell carcinoma: the im-
portance of T2 stratification and hematologic malignancy in 
prognostication. Dermatol Surg 2016; 42: 932–935.

45. Levine DE, Karia PS, Schmults CD. Outcomes of patients 
with multiple cutaneous squamous cell carcinomas: a 10-
year single-institution cohort study. JAMA Dermatol 2015; 
151: 1220–1225.


