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Abstract

Nonmelanoma skin cancer is the most common cancer in kidney transplant recipients. The 
most common nonmelanoma skin cancer is squamous cell cancer, with an incidence of 
approximately 4% per annum in Northern Europe compared to 30% per year in high 
ultraviolet exposure areas such as Queensland, Australia. Age at transplantation, duration 
of immunosuppression, previous ultraviolet exposure, and previous nonmelanoma skin 
cancer are the key factors defining the risk of developing squamous cell cancer in kidney 
transplant recipients. Irrespective of geography, there appears to be a small minority of 
kidney transplant recipients who accrue multiple squamous cell cancers, with concomitant 
morbidity and mortality of approximately 1% per year. This review focuses on the current 
evidence available to risk-stratify kidney transplant recipients with regards to squamous cell 
cancer development, risk of metastasis, and death. In particular we focus on the concept of 
high-risk squamous cell cancer and tumor thickness as the main determinants of squamous 
cell cancer metastasis risk. Potential strategies to reduce the incidence of high-risk 
squamous cell cancer, including immunosuppression dose reduction, conversion to 
mammalian target of rapamycin inhibitor, and enumeration of regulatory T-cells in peripheral 
blood of kidney transplant recipients, are discussed. This latter technique may also define 
those kidney transplant recipients who derive benefit from mammalian target of rapamycin 
inhibitor conversion, i.e. tailored immunosuppression. It is proposed that the management 
of high-risk squamous cell cancer in kidney transplant recipients be directed by a multidis-
ciplinary team involving the nephrologist, dermatologist, plastic surgeon, histopathologist, 
and radiation oncologist. (Trends in Transplant. 2013;7:23-30)
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Introduction

Kidney transplant recipients (KTR) are 
three-to-five times more likely to develop 
cancer than the general population and for 
advanced-stage malignancy have a substan-
tially poorer prognosis1,2. For nonmelanoma 
skin cancer (NMSC) and in particular the most 
prevalent type of NMSC, cutaneous squa-
mous cell carcinoma (SCC), the increased 
risk can be 60-250-fold3-5. It is expected that 
half of all white organ transplant recipients will 
experience NMSC at some point after organ 
transplantation6. In addition, KTR who develop 
SCC are at an increased risk of developing 
non-cutaneous cancer7,8. 

Factors associated with squamous 
cell carcinoma development post 
renal transplantation

Prospective cohort studies of KTR in 
Northern Europe have defined SCC incidence 
at around 3.5% per annum9. However, the 
incidence is substantially higher in high ultra-
violet (UV) light exposure environments, such 
as subtropical Queensland, Australia, where 
the overall incidence approaches 30% per 
annum10. In addition, whereas KTR in Northern 
Europe tend to accrue singular tumors per 
year, those in subtropical Queensland accrue 
multiple tumors per year10.

The development of SCC is related to 
time after transplant. In a prospective study in 
the UK, 4/230 (1.8%) KTR developed SCC 
within five years of transplantation. With lon-
ger-term follow-up > 10 years, 34/230 (14%) 
developed at least one SCC, 18/34 (53%) de-
veloped more than two SCC, and 5/34 (15%) 
developed more than five SCC. These figures 
are similar to other European studies, with 
88% of KTR developing multiple SCC within 
the five-year period following their first SCC11,12. 
It is believed that the time to next SCC after 
the first SCC is approximately 15 months, and 

12 months to develop a third SCC13-15. How-
ever, in recent controlled trials from Northern 
Europe and the UK for secondary prevention 
of SCC in KTR, time to second and subsequent 
SCC was > 18 and > 24 months, respective-
ly16,17. This may also reflect baseline UV expo-
sure as a similar randomized controlled trial 
in Australia had a median time to next tumor 
of nine months18.

On an individual level, the clinical pa-
rameters associated with increased risk of 
SCC posttransplant include: intensity and 
duration of previous UV exposure; recalled 
history of blistering sunburn; and age at trans-
plant and previous history of sun damaged 
skin and NMSC5,10,19. At the time of transplant 
assessment, it is possible to have an evi-
denced-based approach to predict time to 
first SCC and therefore advise on the neces-
sary dermatological review periodicity20. In 
fact, after transplantation it is also possible to 
use similar evidenced-based clinical indices 
to predict the number of SCC accrued over 
the next 12 months10,21.

Metastatic squamous cell  
skin carcinoma and outcome  
in kidney transplant recipients

Irrespective of time to develop multi-
ple SCC, there is still a small but significant 
cohort of KTR who accrue multiple SCC, 
which are associated with significant mor-
bidity. Up to 3% of KTR populations per year 
undergo extensive plastic surgical proce-
dures requiring in-patient stays in hospital9,10. 
The KTR populations have an incident mor-
tality of 1-4% for metastatic SCC10, which is 
related to the dose of immunosuppression, 
with heart transplant recipients having the 
highest SCC-related mortality rates and im-
munosuppression doses22. 

In prospective studies, in a large cohort 
of predominantly non-immunosuppressed 
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subjects, the most significant clinicopatho-
logic parameter predicting SCC metastasis 
was tumor thickness with almost no risk of 
spread < 2.8 mm23. Risk of spread was 4% in 
tumors 2-6 mm, and 16% in those thicker than 
6 mm. However, the risk of spread for any 
stage or grade was three-times higher for 
patients taking immunosuppression. The ag-
gressiveness of SCC in KTR is reflected in the 
one-year mortality rate from metastatic SCC in 
organ transplant recipients, which approaches 
60%23,24, whereas two-year mortality is only 
20% in the general population with metastatic 
SCC25,26. This attrition is also reflected in data 
from the ANZDATA registry shown in figure 1.

The clinical impact of SCC or solid or-
gan cancer on KTR populations is illustrated 
by registry data showing death from any cancer 
is in some countries (Australia) becoming the 
leading cause of death of KTR who have a 
functioning graft. Death from SCC is one of 
the largest contributors to cancer death27. 

The primary reason for this clinical 
predicament is that not only do immunosup-
pressive drugs suppress immune responses 

to the allograft, but they may also impair 
antitumor responses28-31. Immunosuppressive 
agents can have indirect mutagenic effect, 
leading to the elaboration of the mediators 
that are pro-carcinogenic31,32. These issues 
will be discussed in the following sections.

Immunosuppressive regimen  
and squamous cell carcinoma risk

Whereas immunosuppressive exposure 
leads to a greater risk of SCC33,34, there are 
conflicting data regarding the impact of the 
calcineurin inhibitors (CNI), tacrolimus and 
cyclosporine, mycophenolate acid, and aza-
thioprine on SCC risk in the context of solid 
organ transplantation33,35,36. The only immuno-
suppressants consistently associated with re-
duced de novo cancer risk are the mamma-
lian target of rapamycin inhibitors (mTORi)37,38. 

Before it was used in transplantation, 
azathioprine was associated with malignancy 
after prolonged treatment of autoimmune dis-
orders29. Azathioprine is thought to increase 
SCC risk due to its incorporation into DNA. 
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Figure 1. Kaplan Meier estimate of patient survival after diagnosis of nodal spread of squamous cell cancer skin. Data from kidney transplant 
recipients registered in the ANZDATA registry from 1990 to 2011 as having nodal spread of squamous cell cancer. Approximately 85% of 
all deaths relate directly to death from metastatic squamous cell cancer and the remainder predominantly from cardiovascular death.
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This incorporation causes DNA to absorb 
more UV energy and creates reactive oxygen 
species, which are directly mutagenic39,40. 
However, when compared to CNI-based 
regimens, azathioprine and prednisolone regi-
mens have been associated with fewer skin 
malignancies41.

Both cyclosporine and tacrolimus have 
been shown to promote progression of cancer 
in mice by increasing synthesis of transform-
ing growth factor beta (TGF-β), interleukin-6 
(IL-6) and vascular endothelial growth factor 
(VEGF) in tumor cells, thereby enhancing 
tumor growth, metastasis, and angiogene-
sis29,31,42. From a preventative perspective, 
there is only one prospective randomized 
controlled trial suggesting reduced CNI dose 
results in fewer cancers developing34. In this 
study, 231 KTR were randomized to low or 
standard dose  cyclosporine. After a follow-up 
of 66 months, there were 26 NMSC, predom-
inately SCC, in the standard cyclosporine 
dose group and 17 NMSC in the reduced dose 
group (p < 0.05). 

Steroids act primarily by blocking the 
nuclear factor kappa-B pathway, which can 
lead to skin malignancy43,44. In non-KTR taking 
oral corticosteroids, there is an increase risk 
of SCC45 and Kaposi’s sarcoma46. In case-
control studies, steroid usage has been as-
sociated with SCC development in long-term 
immunosuppressed KTR47. Meta-analysis of 
steroid-free regimens in KTR has shown re-
duced incidence of cancer after five years, 
but these observations did not reach statistical 
significance48. 

The inhibitors of the intracellular mam-
malian target of rapamycin (mTOR) pathway, 
sirolimus and everolimus, inhibit the intracel-
lular effects of VEGF, reduce levels of TGF-β, 
and sensitize tumor cells to apoptosis49. 
There is strong evidence in vitro and in ani-
mal models that mTORi inhibit malignant 
transformation. There are three randomized 

controlled trials involving sirolimus for sec-
ondary prevention of SCC in KTR, and these 
are summarized in table 1 and reviewed 
elsewhere50. Although, in a population-based 
approached, new SCC was reduced by 40% 
on conversion to mTORi, there were major 
issues with tolerability so that only 30-50% 
of KTR were able to tolerate mTORi in the 
long term16-18. However, in those KTR who 
tolerated mTORi, the reductions in new SCC 
approached 60%.

In subgroup analysis, there was also a 
suggestion that mTORi are not beneficial for 
secondary prevention of SCC in KTR with 
more than two SCC16,17. This leads to ques-
tions as to how to manage KTR with aggres-
sive SCC who do not tolerate mTORi or 
continue to accrue high-risk lesions whilst on 
therapy.

Unfortunately, there are only limited case 
series data showing that immunosuppressive 
dose reduction after SCC reduces the chance 
of death from metastatic SCC, the likelihood of 
metastasis, or subsequent SCC develop-
ment51,52. Around two-thirds of KTR will de-
velop fewer SCC after reduction or cessation 
of immunosuppression, and therefore the con-
verse is also true; that after drug cessation 
one-third of KTR can still accrue SCC. 

For those who have failed to derive 
benefit from the aforementioned options, there 
is evidence that adding low-dose capecitabine 
to preexisting immunosuppressive regimens 
is efficacious53. In this study of 15 solid organ 
transplant patients, new SCC development fell 
to a third of pretreatment levels, with a discon-
tinuation rate of 33% at one year. 

In our local experience (n = 4) we have 
found that cessation of antiproliferative and 
partial reduction in prednisolone and siroli-
mus and the addition of capecitabine has 
been efficacious in reducing the number of 
new SCC and the severity of the histological 
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features. One patient was unable to tolerate 
capecitabine. There have been no deteriora-
tions in graft function with this alteration in the 
drug regimen.

Future options

As in the general population, UV expo-
sure increases the risk of SCC in KTR20,54,55. 
Ultraviolet light is directly mutagenic to DNA, 
in particular inducing p53 mutations56. The 
p53 is a tumor suppressor gene, it is respon-
sible for inducing apoptosis in cells with irre-
trievably damaged DNA, and is the prime 
mechanism preventing epidermal carcinogen-
esis57. Around 90% of SCC have this mutation 
and are therefore resistant to apoptosis26. 

Importantly, UV light is also immuno-
suppressive58,59 and induces keratinocytes to 

secrete IL-10, which in turn prevents Langer-
hans cells from activating T-cells60,61. Post UV 
exposure to the skin, Langerhans cells in the 
epidermis migrate to local lymph nodes and 
undergo apoptosis58,62. The migrating Langer-
hans cells contain pyrimidine dimers, specific 
to UV-induced damage, and are functionally 
impaired, with reduced major histocompatibil-
ity complex class II, intercellular adhesion 
molecule-1, and B7 expression63,64. These UV-
induced antigen-presenting cells are involved in 
the suppression of cutaneous immunity and 
can generate regulatory T-cells (Treg)65,66. These 
cells are thought to play a part in the defective 
cell-mediated immunity of patients with SCC67. 
Indeed, SCC development correlates with 
susceptibility to UV-induced suppression of 
cutaneous cell-mediated immunity67-69. 

This interaction of cell-mediated immu-
nity of Treg cells has been found to predict 

Table 1. Randomized controlled trials of sirolimus conversion for secondary prevention of squamous cell carcinoma in kidney 
transplant recipients

Campbell, et al.18 Euvrard, et al.17 De Fijter, et al.6

Cohort size n = 87 n = 120 n = 155

Age 59 62 > 55 (58%)

Duration immunosuppression (months) 115 (24-243) 148 (18-565) 216 (48-382)

Longitude subtropical (23°) 20-35° South 40-50° North 50-55° North

Concurrent antiproliferative 33/39 (80%) 47/64 (75%) 0/72 (0%)

Median number of SCC 2 (0-9) 3 (2-15) 64% (2-9)*

Mean sirolimus level 7.9-10.3 7.5-17.0 7.1-9.4

Concurrent prednisolone use 29/39 (75%) 37/64 (57%) 71/71 (100%)

Proportion affected by new SCC
Sirolimus vs. controls

 41 vs. 70% 22 vs. 39% 47 vs. 56%

Number SCC per person per year
Sirolimus vs. controls 

0.88 vs. 1.71 NC 0.82 vs. 1.38

Median time to first SCC in controls 9 months Only 40% affected 18 months

Rate ratio 0.53 NC 0.51 (95% CI: 0.32-0.82)

Relative risk time to first SCC NC 0.56 (95% CI: 0.32-0.98) 0.76 (95% CI: 0.48-1.2)

Values in brackets = ranges. 
*Mean (± 2 SD) – as median and range not stated.
SCC: squamous cell carcinoma; NC: not collected.
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aggressive behavior of cancer in the general 
population70. Indeed, the predominance of 
Treg cells in SCC from KTR compared to SCC 
from non-immunosuppressed subjects has 
been hypothesized as one of the reasons 
cancer is more aggressive in KTR71.

Indeed, we have also investigated 
whether Treg cells in peripheral blood are a 
marker of increased SCC risk. In the United 
Kingdom KTR populations, the number of Treg 
cells in peripheral blood was additive with 
previous SCC history in predicting those 
with KTR at risk of developing new SCC47. In 
addition, we have also shown that KTR con-
verted to mTORi who have increased number 
of Treg cells are those KTR who continue to 
accrue SCC in spite of conversion to mTORi. 
Treg testing may predict those who do not 
derive benefit from conversion to mTORi72. 

Conclusions

All of these data assume KTR with SCC 
have regular dermatological follow-up and the 
recommendations here are for the transplant 
physician to consider manipulations in immu-
nosuppression in high-risk situations. The 
transplant physician is reminded to consider 
post-surgical radiotherapy for any high-risk 
lesion in their KTR to prevent recurrent of 
SCC73.

In summary, SCC is a major clinical 
problem for a minority of KTR, and previous 
SCC is one of the major risk factors for new SCC 
development. In KTR with high-risk lesions 
(invading deep reticular dermis or > 2.8 mm 
thick), the risk of metastasis and death is not 
insubstantial and some thought to manipula-
tion of immune suppression should be con-
sidered. 

The mTORi have offered some hope, 
but they are not always well tolerated and may 
not be efficacious in those with multiple SCC. 

Capecitabine offers some hope and “simple” 
dose reduction in those with high-risk lesions 
may be safe, though there is always the risk 
of precipitating rejection.
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