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ABSTRACT
Cutaneous squamous cell cancer (SCC) affects up to 30% of kidney transplant recipients (KTRs)
within 10 years of transplantation. There are no reliable clinical tests that predict those who will
develop multiple skin cancers. High numbers of regulatory T cells associate with poor prognosis for
patients with cancer in the general population, suggesting their potential as a predictive marker of
cutaneous SCC in KTRs. We matched KTRs with (n � 65) and without (n � 51) cutaneous SCC for
gender, age, and duration of immunosuppression and assessed several risk factors for incident SCC
during a median follow-up of 340 days. Greater than 35 peripheral FOXP3�CD4�CD127low regula-
tory T cells/�l, �100 natural killer cells/�l, and previous SCC each significantly associated with
increased risk for new cutaneous SCC development (hazard ratio [HR] 2.48 [95% confidence interval
(CI) 1.04 to 5.98], HR 5.6 [95% CI 1.31 to 24], and HR 1.33 [95% CI 1.15 to 1.53], respectively). In
addition, the ratio of CD8/FOXP3 expression was significantly lower in cutaneous SCC excised from
KTRs (n � 25) compared with matched SCC from non-KTRs (n � 25) and associated with develop-
ment of new cutaneous SCCs. In summary, monitoring components of the immune system can
predict development of cutaneous SCC among KTRs.
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Organ transplantation is the treatment of choice for
individuals with organ failure. Immunosuppressive
regimens have become more potent, resulting in
transplant recipients experiencing fewer acute rejec-
tion episodes and improved 1-year graft survival.1

Concurrently, there has been an increased incidence
of malignancy.2,3 Organ transplant recipients (OTRs)
have a cancer prevalence four to six times higher than
the general population.4,5

Patients on long-term immunosuppression have
an increased risk for cutaneous squamous cell cancer
(SCC). Patients who require regular oral steroid ther-
apy and rheumatoid arthritis patients who take dis-
ease-modifying agents have a two to four times in-
creased risk for SCC compared with the general
population.6,7 In comparison, OTRs have up to a 200
times increased risk for SCC compared with the gen-
eral population.8 Three percent of OTRs will require

extensive plastic surgical procedures per year.9 Age at
transplantation and duration and dosage of immuno-
suppression are major determinants of SCC develop-
ment.10,11 Furthermore, dosage of immunosuppres-
sion is a major determinant of the risk for SCC
metastasis, which has an incidence of 1 to 4%.9,12 The
median survival after a diagnosis of poor-prognosis
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SCC is approximately 2 years.13,14 Although previous SCC is a
major determinant of new SCC development,15,16 approximately
30% of OTRs with one SCC will not develop another SCC.

Attempts have been made to define those at risk for cancer
after transplantation by measuring lymphocyte subsets. In two
studies, a low CD4 count predicted those at risk for any cancer
after transplantation, including SCC.17,18 These studies were
performed within the first 10 years of transplantation, when
skin cancer incidence is relatively low, and although predictive,
CD4 T cell count in this population had limited clinical utility.
If a particular immune profile could accurately predict new
SCC development in those at risk, then it would be a valuable
tool for posttransplantation clinical management and could
allow targeted manipulations in immunosuppressive therapy
and skin surveillance.

Candidate cell types that may predict cancer in OTRs could
be similar to those found in the general population with can-
cer. In the general population, the presence of increased num-
bers of regulatory T cells (Tregs; CD4�CD25highFOXP3� and
CD8�CD28� cells) within the tumor and peripheral circula-
tion is associated with poor prognosis.19 –22 Under physiologic
conditions, Tregs control immune responses, preventing ex-
cessive tissue damage and autoimmunity.23,24 In the tumor mi-
croenvironment, Tregs may act by a variety of mechanisms,
impairing antitumor functions of CD8� T cells and natural
killer (NK) cells.25–27

In contrast, in OTRs, Tregs have been shown to control or
prevent rejection28,29 and may lead to improved long-term
outcomes.30 Importantly, immunosuppressive drugs have dif-
ferential effects on Tregs.31 The addition of sirolimus to CD4�

T cells in vitro increases the number of FOXP3� cells,32

whereas cyclosporine decreases the number of Tregs.33

Despite the effect of immunosuppression on Treg number and
the relationship of immunosuppression with the development of
cancer in OTRs, Tregs have not been assessed in relation to cancer
after transplantation. We therefore investigated the hypothesis
that SCC in kidney transplant recipients (KTRs) would be associ-
ated with an increased number of Tregs by determining the im-
mune phenotype of leukocytes present in the peripheral blood
and at the site of the SCC lesion.

We phenotyped peripheral blood from KTRs with (n �
60) and without SCC (n � 50), matched for age, gender, and
duration of immunosuppression, using flow cytometry. We
investigated the impact of clinical and immunosuppressant
variables using conditional logistic regression and quanti-
fied lymphocyte populations (FOXP3�, CD8�, and
CD56�) within the SCC from KTRs (n � 25) and matched
SCC from non-KTRs (n � 25). Finally, we assessed the
prognostic value of immune phenotype in predicting new
SCC development in a multivariate Cox regression.

RESULTS

A total of 110 patients were enrolled into the study (n � 60 KTRs
with SCC; n � 50 matched KTRs without SCC). Three (2.6%)

died during follow-up (one death from metastatic SCC). No pa-
tients were lost to follow-up. The demographics and drug history
of KTRs with and without SCC were similar (Table 1). No KTRs
were currently taking sirolimus or everolimus.

We assessed clinical and immunologic variables in a condi-
tional logistic regression and corrected them for age and gen-
der (Table 2). Only current prednisolone use and no other
immunosuppressive variables were associated with SCC devel-
opment. Immunosuppression before transplantation to treat
vasculitis or glomerulonephritis associated with an increased
risk for developing SCC after transplantation (odds ratio [OR]
1.83 [95% confidence interval (CI) 0.8 to 4.22]) but did not
reach statistical significance (P � 0.155). Additional immuno-
suppression after transplantation to treat rejection was not as-
sociated with an increased risk for SCC.

There were no differences in the number of CD4, CD8,
and NK cells (see Table 1 and corresponding ORs in Table
2). There were, however, differences in some lymphocyte
subsets. Increasing numbers of Tregs, both FOXP3�CD127low

CD69�CD4� and CD28�CD8� cells, and a decreasing number
of central memory CD8 T cells in the peripheral blood were found
to be associated with SCC in KTRs (Table 2).

The major predictors of FOXP3�CD127lowCD69�CD4�

were CD4� T cell count and history of SCC (P � 0.001 and P �
0.006, respectively). A calcineurin inhibitor (CNI)-based im-
munosuppressive regimen reduced the number of FOXP3�

cells/�l (P � 0.032). The number of KTRs who did and did not
have SCC and were treated with CNIs was similar, as were the
dosages given and the cyclosporine trough levels.

Regarding CD8�CD28� T cells, it is known that increasing
age,34 chronic viral infections such as cytomegalovirus
(CMV),35 and cancer status20,36 can increase the number of
these cells. Although age was not an independent predictor of
CD8�CD28� T cells in this study, CMV seropositivity and
SCC history associated with increased CD8�CD28� T cells
(OR 2.28 [95% CI 1.04 to 5.42; P � 0.039] and OR 2.63 [95%
CI 1.11 to 6.23; P � 0.027], respectively). We found no associ-
ation with immunosuppressive regimen. Increasing numbers
of CD8�CD28� T cells was associated with reduced lympho-
cyte proliferative capacity to phytohemagluttinin (PHA) in
vitro (OR 0.72 [95% CI 0.52 to 0.94]; P � 0.014; Figure 1), so
although KTRs with SCC had poorer proliferative responses
compared with KTRs without SCC (Figure 1), part of this ob-
servation was explained by CD8�CD28� T cell number.

Other differences in the CD8 compartment included a dif-
ference in memory cell subsets. Two subsets of memory T cells
exist: Secondary lymphoid tissue– homing CD62L� central
memory (TCM) T cells and peripheral tissue– homing CD62L�

effector memory (TEM) T cells with immediate effector func-
tion.37,38 Increasing numbers of CD8 TCM in the peripheral
blood was associated with not developing SCC after renal
transplantation (P � 0.027; Table 2). Prednisolone use, irre-
spective of SCC history, reduced the number of CD8 TCM, and
there was significant interaction of these variables in the con-
ditional logistic regression analysis (Table 3). Steroid did not
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Table 1. Clinical characteristics of KTRs with and without cutaneous SCC

Characteristic KTRs with SCC (n � 60) KTRs without SCC (n � 50)

Age at assessment (years; median [range]) 63.2 (45.5 to 81.9) 61.8 (39.2 to 81.5)
Age at first transplantation (years; median [range]) 47 (20 to 65) 46 (18 to 66)
Male gender (n [%]) 52 (86.7) 45 (90.0)
Years of immunosuppression 17.6 (4.8 to 32.4) 16.7 (4.8 to 27.4)
Total dosage of cyclosporin (mg/kg; median [range]) 3183 (997 to 7297) 3231 (497 to 7923)
Total dosage of azathioprine (mg/kg; median [range]) 1207 (279 to 3856) 1008 (103 to 4300)
Total dosage of prednisolone (mg/kg; median [range]) 71.0 (2.3 to 474.0) 23.0 (1.8 to 232.0)
Time-averaged C0 trough level (median [range]) 128 (69 to 207) 133 (35 to 204)
Current azathioprine use (n [%]) 46 (77) 43 (86)
Current CNI use (n [%]) 43 (72) 37 (74)
Current prednisolone use (n [%]) 34 (57) 16 (32)
No rejection episodes (n [%]) 26 (43.3) 24 (48.0)
GN or vasculitis as cause of ESRF (n [%]) 22 (37) 12 (24)
Creatinine (�mol/L; median [range]) 138 (54 to 427) 139 (66 to 366)
HLA mismatch (median [range]) 2 (0 to 6) 3 (0 to 5)
% CD4� cells FOXP3� (median [range]) 4 (1 to 12) 3 (1 to 9)
CD4� FOXP3� cells/�l 21 (3 to 91) 16 (1 to 32)
% CD8� cells CD28� (median [range]) 55 (0 to 96) 25 (0 to 97)
CD8�CD28� cells/�l (median [range]) 140 (0 to 1180) 72 (0 to 1300)
CD4� cells/�l (median [range]) 620 (50 to 1980) 510 (60 to 1600)
CD8� cells/�l (median [range]) 330 (30 to 1340) 280 (30 to 1360)
Central memory CD8� cells/�l (median [range]) 32 (1 to 230) 53 (2 to 550)
% central memory CD8� (median [range]) 10.5 (2 to 40) 14 (1 to 66)
NK cells/�l (median [range]) 65 (1 to 580) 36 (1 to 740)
Total drug dosage was calculated by recording all alterations in immunosuppressive medication from 12 months after transplantation until October 2008. Time-
averaged C0 level was determined by calculating the duration of time a given C0 level was maintained. GN or vasculitis included all glomerulonephritis
excluding IgA and FSGS. Vasculitis includes ANCA-positive vasculitis, lupus nephritis, and microscopic polyarteritis nodosa. ESRF, end-stage renal failure.

Table 2. ORs for SCC development using a conditional logistic regression

Parameter
Univariate Analysis Multivariate Analysisa

OR (95% CI) P OR (95% CI) P

Age at transplantation 1.05 (0.99 to 1.11) 0.695
Gender (male versus female) 0.72 (0.22 to 2.37) 0.591
Immunosuppression (years) 1.05 (1.00 to 1.11) 0.064 1.10 (1.02 to 1.18) 0.011
Total CNI (mg/kg) 1.00 (0.99 to 1.02) 0.91
Total C0 (ng/ml) 1.00 (1.00 to 1.00) 0.77
Total azathioprine (mg/kg) 0.99 (0.97 to 1.02) 0.60
Total steroid (mg/kg) 1.33 (0.83 to 2.14) 0.23
Components of drug regimen

azathioprine 0.53 (0.20 to 1.45) 0.219
calcineurin 0.88 (0.38 to 2.07) 0.784
prednisolone 2.77 (1.27 to 6.08) 0.011 3.18 (1.39 to 7.28) 0.006

Immunosuppression before Tx 1.83 (0.80 to 4.22) 0.155
Required therapy for rejection

steroid versus no rejection 0.91 (0.45 to 1.81) 0.79
OKT-3/ATG versus no rejection 1.07 (0.32 to 3.66) 0.91

% CD4� cells FOXP3� 1.24 (1.01 to 1.52) 0.042 1.26 (1.02 to 1.55) 0.035
CD4� FOXP3� cells/�l 1.06 (1.02 to 1.10) 0.003 1.07 (1.03 to 1.12) 0.001
% CD8� cell CD28� 1.02 (1.01 to 1.03) 0.006 1.02 (1.01 to 1.03) 0.005
CD8�CD28� cells/�l 2.18 (1.01 to 4.70) 0.047 2.15 (0.99 to 4.71) 0.054
CD4� cells/�l 1.10 (0.97 to 1.24) 0.127
CD8� cells/�l 0.99 (0.88 to 1.12) 0.896
Central memory CD8� cells/�l 0.96 (0.92 to 0.99) 0.030 0.96 (0.92 to 0.99) 0.028
% central memory CD8� 0.92 (0.85 to 0.99) 0.027 0.92 (0.85 to 0.99) 0.027
NK cell (per 100 cells/�l) 1.00 (1.00 to 1.03) 0.566
Tx, transplantation.
aAdjusted for age/gender.
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statistically significantly affect the subsets of CD4� T cells (data
not shown).

We also investigated immune infiltrates into excised SCC.
Twenty-seven matched pairs of excised SCC from KTRs and non-
KTRs identified by the dermatopathologist were stained by triple
immunohistochemistry for the presence of FOXP3�, CD8�, and
CD56� cells. Unfortunately, two of the 54 slides did not stain
correctly (one slide from two matched pairs), and therefore the
data set contained 25 matched pairs. The differences in peritumor
cell densities comparing SCC from KTRs and non-KTRs are
shown in Table 4. The only significant difference in peritumor cell
infiltrates between KTR and non-KTR SCC was the CD8-FOXP3
ratio. Because three independent variables were assessed in this
analysis, the appropriate Bonferroni correction set the levels of
significance at P � 0.017; therefore, the P value for FOXP3� does
not reach significance.

When a given SCC had both intratumor and peritumor cell
infiltrate, these cell densities were compared within individual
SCC. Because there were differences in the CD8-FOXP3 ratio
between KTRs and non-KTRs, these two groups were analyzed
separately, as shown in Table 5. Intratumor cell infiltrates were
invariably less dense than peritumor infiltrates. The median
change in FOXP3� for SCC from KTRs, comparing intra and
peritumor areas, was 10 cells/0.25 mm2. Every SCC from KTRs
had less FOXP3� in peritumor areas compared with intratu-
mor areas. This observation probably explains why the P value
was 0.011 with only 14 observations. The intratumor CD8-
FOXP3 ratio was inverted in KTR and non-KTR SCC when
compared with peritumor CD8-FOXP3 ratio (Figure 2). A to-
tal of 53.6% of KTRs developed a new SCC within 1 year of the
SCC that was stained by immunohistochemistry. No non-KTR
developed a new SCC during the follow-up period.

For the prospective follow-up study, we followed the entire
cohort of KTRs with and without SCC (n � 116; median fol-
low-up after enrollment 340 days [range 167 to 907 days]). Only
KTRs with a previous SCC developed a new SCC in this period
(n � 23). Univariate Cox regression for time to next tumor and
for immune phenotype of circulating peripheral blood lympho-

cytes therefore included the 65 KTRs with a previous SCC and
incorporated previous published factors involved in new tumor
development39,40: Age; thickness and grade of index tumor (com-
plete histologic data, thickness, and grade, available on 39 tu-
mors), and previous number of SCCs. The number of previous
SCCs was the only significant factor previously reported to predict
the time to next tumor.15,16 Hazard ratios (HRs) for new SCC
development were per FOXP3� cell/�l whole blood (HR 1.01
[95% CI 0.99 to 1.03]; P � 0.22) and per NK cell/�l (HR 0.99
[95% CI 0.98 to 1.00]; P � 0.06); however, risk for SCC with
FOXP3�CD4�CD127low and NK cells was not constant when
spline plots were inspected. These variables were dichotomized at
the point at which risk for SCC changed: �35 FOXP3� cells/�l
(HR 2.48 [95% CI 1.04 to 5.98]; P � 0.041) and NK �100 cells/�l
(HR 5.6 [95% CI 1.31 to 24]; P�0.02). The relative effects of these
three predictors are shown in Figure 3.

DISCUSSION

This is the largest study to analyze the immune phenotype of
peripheral blood leukocytes present in long-term KTRs (�5
years after transplantation) and is the first report that the
immune phenotype of peripheral blood leukocytes is differ-
ent between KTRs with and without SCC. KTRs with previ-
ous SCC have a higher number of FOXP3�CD4�CD127low

and CD8�CD28� T cells present in the peripheral blood
than KTRs without SCC. Moreover, we found an overrep-
resentation of FOXP3� cells within SCC removed from
KTRs compared with matched SCC from patients who were
not taking immunosuppression. A low CD8-FOXP3 ratio
therefore associated with new tumor development, because
only KTRs with previous SCC developed subsequent new
SCC during follow-up in this study. During prospective fol-
low-up of the KTRs enrolled in the study, high numbers of
FOXP3�CD4�CD127low and low numbers of NK cells pre-
dicted KTRs who had a previous SCC and went on to de-
velop a new SCC.

First, because FOXP3 is transiently expressed in activated hu-
man T cells, which do not subsequently have the ability to regu-
late,23 we excluded these recently activated cells by ensuring
FOXP3� cells were CD69� and CD127low. As has been found
previously, we noted that a CNI-based immunosuppressive regi-
men resulted in reduced numbers of FOXP3� cells in the periph-
eral blood41; however, independent of CNI use, FOXP3� cell
number was still an important independent risk factor for devel-
opment of SCC after transplantation and for predicting new SCC
development in KTRs with a previous SCC.

Second, our data on CD8�CD28� T cells agree with previous
published data. We found that higher levels of CD8�CD28� T
cells were associated with a history of SCC and also previous CMV
infection. Data suggest that CD8�CD28� T cells from patients
with head and neck SCC have impaired cytotoxic activity,42 and
CD8�CD28� T cells can inhibit the proliferation of effectors

Figure 1. Maximal proliferative response of peripheral blood
leukocytes to PHA in healthy control subjects (n � 32), KTRs with
SCC, and matched KTRs without SCC. Poor proliferative re-
sponse, defined as a count of �10,000 cpm (10th centile of
healthy control subjects), was more common in KTRs with a his-
tory of SCC (OR 3.7 [95% 1.5 to 9.8]; P � 0.004).
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cells.20 Indeed, we found that lymphocytes from KTRs with SCC
had a poorer proliferative response to PHA than did matched
KTRs without SCC (Figure 1). This poor proliferative response
was explained partly by the number of CD8�CD28� T cells in
peripheral blood mononuclear cells (PBMCs). Unlike previous
reports, we found no correlation with age in this cohort, but this
may be due to the relatively greater age of this patient population
compared with previous reports.34 Importantly, we found no ef-
fect of drug regimen on the number of CD8�CD28� T cells.

Finally, we found that low numbers of CD8� TCM present
in the peripheral blood associate with a history of SCC. The
only independent predictors of CD8� TCM were a history of
SCC and a steroid-based immunosuppressive regimen, both
reducing the number of CD8� TCM. Importantly, we also
found steroid continuation after transplantation increased the

risk for SCC. Given that steroids can induce the same immune
phenotype as SCC, the data support a possible mechanism by
which steroids mediate an increased risk for SCC in KTRs. The
contribution of CD8� TCM and TEM subsets to antitumor re-
sponses43,44 has not yet been fully elucidated. CD8� TCM are
superior to TEM in clearing cutaneous viral infections,45,46

which may be important given that human papillomavirus and
cutaneous warts are risk factors for SCC development in
KTRs.10,47

The interaction of steroid therapy and the presence of TCM

identified in this study also has implications for the interpre-
tation of previous data that CD8� TCM are markers of toler-
ance. In the study by Brouard and colleagues,48 the immune
phenotype of tolerant KTRs was compared with KTRs with
chronic rejection (n � 14). High numbers of CD8 TCM were

Table 3. Conditional logistic regression multivariate models: OR of developing cutaneous SCC in matched kidney
transplant recipients

Parameter
Full Model

Model Removing Variable
“Immunosuppression”

Model Removing Variable
“Steroid”

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Immunosuppression (years) 1.06 (0.83 to 1.36) 0.620
FOXP3� cells/�l (per cell increase) 1.04 (1.01 to 1.07) 0.033 1.04 (1.01 to 1.07) 0.003 1.04 (1.02 to 1.07) 0.002
% CD8�CD28� of CD8 T cells 1.02 (1.00 to 1.04) 0.015 1.02 (1.01 to 1.04) 0.039 1.02 (1.00 to 1.03) 0.020
Steroid regimen 2.32 (0.97 to 5.55) 0.059 2.44 (1.05 to 5.70) 0.011
TCM CD8 cells/�l (per cell increase) 0.99 (0.98 to 1.00) 0.07 0.99 (0.98 to 1.00) 0.067 0.99 (0.98 to 0.99) 0.016
Only variables that were significant after correction for age and gender were included in the multivariate model. Duration of immunosuppression was initially
included to ensure the matching was valid and was subsequently removed from the model. Steroid use predicted TCM cell numbers and was also removed from
the model.

Table 4. Peritumor lymphocyte density in SCCs from KTRs and matched SCCs from non-KTRs

Parameter
Nontransplant SCC

(n � 25)
Transplant SCC

(n � 25)
P

FOXP3� cells (0.25 mm2; median [range]) 63 (32 to 280) 102 (16 to 353) 0.030
CD8� cells (0.25 mm2; median [range]) 157 (54 to 421) 117 (36 to 625) 0.353
CD8/FOXP3 (median [range]) 2.1 (0.8 to 6.1) 1.4 (0.4 to 5.5) 0.013
CD56� cells (0.25 mm2; median [range]) 10 (0 to 115) 16 (0 to 60) 0.476
CD8� FOXP3� cells (n [%]) 15 (65) 13 (57) 0.627a

All cancers were matched for grade and depth �0.2 mm. One 9-mm poorly differentiated tumor in a transplant recipient could be matched only to a 13-mm
tumor in the nontransplant population. All tumors were well differentiated apart from five moderately and two poorly differentiated tumors. Differences were
assessed by Wilcoxon sign rank test (two-tailed).
aFisher exact test (two tailed).

Table 5. Comparison of intra- and peritumor lymphocyte populations within SCCs from KTRs and non-KTRs

Parameter
Peritumor Infiltrate
(Median [Range])

Intratumor Infiltrate
(Median [Range])

P

KTR SCC (n � 14)
FOXP3� cells (0.25 mm2) 70 (27 to 264) 60 (13 to 155) 0.011
CD8� cells (0.25 mm2) 102 (50 to 449) 24 (2 to 153) �0.001
CD8/FOXP3 1.46 (0.70 to 4.00) 0.54 (0.01 to 2.50) �0.001
CD56� cells (0.25 mm2) 13 (0 to 43) 5 (1 to 14) 0.003

Non-KTR SCC (n � 11)
FOXP3� cells (0.25 mm2) 65 (34 to 280) 67 (25 to 434) 0.637
CD8� cells (0.25 mm2) 148 (54 to 377) 53 (17 to 191) 0.001
CD8/FOXP3 1.57 (0.80 to 6.10) 0.89 (0.30 to 2.60) 0.001
CD56� cells (0.25 mm2) 14 (2 to 115) 4 (1 to 60) 0.001

Fourteen KTR SCCs and 11 non-KTR SCCs had both intra- and peritumor infiltrate as defined in the Concise Methods section. Comparison of the median
density of infiltrate for each cell type between the two regions was compared for each individual tumor by Wilcoxon sign rank test (two-tailed).
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found in tolerant patients compared with those with chronic
rejection; however, the tolerant KTRs were no longer taking
steroids, whereas the control subjects were maintained on ste-
roid therapy at the time of the analysis.

Our observation that steroid cessation in KTRs is protective
against the development of SCC has been suggested in Austra-
lian KTRs with certain GST genotypes49 but has not been
found in UK cohorts.10 Steroid cessation or avoidance has been
associated with reduced cancer incidence, but this has not
reached statistical significance in meta-analysis.50 Regarding
other immunosuppressive drugs, we found no association of
CNIs with SCC development in this cohort. This is in contrast
to the article by Dantal et al.51 in which low-dosage CNI regi-
mens protected from SCC development within 5 years of
transplantation. The following points are potential reasons for
why we found no association with SCC and CNI.

First in the article by Dantal et al.,51 steroids were with-
drawn within 90 days of transplantation, whereas the majority
of patients in our cohort continued prednisolone. Second, the
CNI dosages in our cohort were approximately halfway be-

tween the low- and standard-dosage CNI trough levels used by
Dantal et al.51 Finally, our cohort had been immunosuppressed
for, on average, 17 years, compared with 6 years in the study
by Dantal et al.51; therefore, in the white cohort presented

Figure 2. Immunophenotype of infiltrating lymphocytes in cutane-
ous SCC is shown. (A and B) Paraffin-embedded tissue sections of
cutaneous SCC were investigated by triple immunoenzymatic label-
ing for detection of CD56 (brown), CD8 (blue), and FOXP3 (pink)
antigens (no counterstain). Within each tumor, two areas were iden-
tified: One showing intratumor lymphocyte infiltration (IT; A) and the
second characterized by a peritumor infiltrate (PT; B). IT areas were
composed mainly of FOXP3� cells (pink), contrasting with the PT
areas showing a predominance of CD8� cells (blue).

Figure 3. (A) Kaplan-Meier curve shows time to next SCC in 65
KTRs with a previous SCC. Top line represents KTRs with only one
previous SCC; bottom line represents KTRs with more than two
SCCs (HR 12.5 [95% CI 1.7 to 94.0]; P � 0.014). Tick marks
represent censored observation for time of follow-up. (B) Kaplan-
Meier curve of time to next tumor when KTRs are categorized as
having �35 FOXP3� cells/�l and �100 NK cells/�l. Bottom line
represents those with high FOXP3� cell number and low NK cell
number (high-risk phenotype; n � 11); top line represents those
with low FOXP3� cell number and high NK cell number (HR 3.77
[95% CI 1.42 to 10.00]; P � 0.008 for high-risk phenotype). (C)
Kaplan-Meier curve combining high-risk phenotype and single or
multiple previous SCCs. Bottom line represents KTRs (n � 8) with
high-risk phenotype and multiple previous SCCs (HR 6.13 [95% CI
2.30 to 16.00]; P � 0.001 for new SCC development).
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here, with the relevant caveats of immunosuppressive regi-
men and clinical variables, increased number of circulating
FOXP3�CD4�CD127low and CD8�CD28� and decreased
numbers of CD8 TCM associated with a history of SCC.

Similar immune phenotypes present within the tumor
itself, in particular increased FOXP3 and reduced numbers
of CD8 cells, have been associated with poor prognosis in
other cancers.52 Because KTRs with previous SCC develop
new tumors within months39 and SCC in non-KTRs are
usually singular events, we hypothesized that FOXP3� cells
would be overrepresented in SCC from KTRs compared
with non-KTRs. The only difference between SCC from
KTRs matched for thickness and grade to SCCs removed
from nonimmunosuppressed individuals was the ratio of
CD8 to FOXP3 cells present in the infiltrate (Table 4). Im-
portantly, 13 (53.6%) of 25 of the KTRs from whom SCCs
were stained developed a new SCC within 1 year, whereas
the non-KTR population did not develop new SCC. This
finding suggests that a combination of a lower number of
CD8� and a higher number of FOXP3� cells within an in-
dex tumor may predict new tumor development. This is the
first time it has been associated with new SCC development
in KTRs. The finding that site of infiltration of leukocytes
within a tumor can have profound effects on CD8 and
FOXP3 cell ratios (Table 5, Figure 2) has important impli-
cation for the validity of future reports in which total cells
extracted from a tumor or total FOXP3 mRNA from a tu-
mor are used as readouts. Our results suggest tumor loca-
tion of lymphocytes can profoundly affect data regarding
FOXP3.

Ultimately, we wished to test whether immune phenotyp-
ing could predict KTRs who are at increased risk for SCC de-
velopment. Twenty-three of 65 KTRs with previous SCC de-
veloped new SCC, and this predominantly occurred in KTRs
with more than two previous SCCs (Figure 3A), which is con-
sistent with previous reports.15,16 In this select group of KTRs
who had previous SCC and therefore were at high risk for new
SCC development, we found that high numbers of FOXP3�

and low numbers of NK cells improved the accuracy of pre-
dicting a more than six-fold increased risk for developing a
new SCC within 200 days (Figure 3, A versus C).

We accept that this defines a small proportion (eight
[12.4%] of 65) of KTRs with SCC; however, combining im-
mune phenotype and SCC history has a 95% confidence of
predicting at least a doubling in the risk for developing a new
SCC during a relatively short time frame. This provides clini-
cians and patients with a new parameter to consider when
making alterations in immunosuppressive regimen in high-
risk individuals. Immunosuppression dosage reduction can re-
duce the number of new tumors in KTRs without a previous
SCC51 and reduce new SCC development in KTRs with poor-
prognosis SCC.13,53 An important caveat is that these results
may relate to the ultraviolet exposure and immunosuppression
regimen peculiar to this cohort. Additional prospective moni-

toring of KTR populations with differing immunosuppressive
regimens, ultraviolet exposure, and tumor accrual rates are
required. Currently, we are determining whether these param-
eters are predictive in cohorts of patients who take sirolimus
and in those with higher tumor accrual rates.

Conversely, the combination of immune phenotype and
SCC history can also place some individuals in a lower risk
category and could prevent unnecessary reductions in immu-
nosuppression, which can have a concomitant risk for induc-
ing rejection. Defining lower risk categories could save re-
sources by allowing clinicians to reduce the frequency of
dermatologic review. Indeed, given these data, even KTRs with
a previous SCC may not need annual review, as suggested by
the American Society of Transplantation.54

In summary, high numbers of Treg within the peripheral
circulation and within the tumors associates with new tumor
development in KTRs. If similar immune phenotypes are pre-
dictive in other KTR populations, then immune phenotype
method has the potential to inform immunosuppressive regi-
men manipulation in KTRs at high risk for developing multi-
ple SCCs.

CONCISE METHODS

The study groups consisted of white KTRs with a functioning trans-

plant and histologically diagnosed SCC and KTRs without SCC

matched to the KTRs with SCC by gender, current age (�5 years), and

total duration of immunosuppression (�5 years). Patients with sec-

ond or subsequent grafts had the duration of immunosuppression

summed. KTRs without SCC could have SCC in situ, basal carcinoma,

or keratoacanthomas. White patients were selected because SCC in-

variably predominantly affects fair-skinned populations.

Seventy white KTRs with a history of SCC were identified, and all

white KTRs without a known SCC at the Oxford Transplant Centre

were potential matches (n � 416). Matching for gender, �5 years of

current age, and duration of immunosuppression defined 74

matches. Only KTRs who were �5 years after transplantation devel-

oped SCC in this study, so matches were identified from KTRs who

were �5 years after transplantation.

The study was approved by a multicenter ethics committee and

performed according to Strengthening the Reporting of Observa-

tional Studies in Epidemiology (STROBE) guidelines for observa-

tional studies.55 Written informed consent was obtained from all pa-

tients who participated. Two KTRs without SCC declined to be

assessed, and one KTR with SCC was not competent to provide in-

formed consent. At the end of recruitment in August 2008, 65 KTRs

with SCC and 51 KTRs without SCC had been recruited. For five

KTRs with SCC and one KTR without SCC, the corresponding

matches had not been recruited. Ultimately, this left 60 KTRs with

SCC to be matched to 50 KTRs without SCC.

Case records and the hospital histopathology database were re-

viewed, and demographic, transplantation, and histopathologic vari-

ables were recorded. In January 2009, the same records and databases

were reviewed to determine whether new histologically confirmed SCC
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had developed. Tumors that were defined as re-excision or as arising

from scar tissue were excluded.

Immune Phenotyping
Peripheral blood was collected from KTRs during trough levels of CNIs.

PBMCs were separated from whole blood by standard centrifugation and

Ficoll techniques within a median of 40 minutes (range 15 to 150 min-

utes) of venesection. Lymphocytes were stained as described previously

and analyzed via flow cytometry.56 Absolute counts for cell populations

identified were calculated using total lymphocyte count from routine

hematology laboratory results and the proportion of each cell type in the

lymph gate from flow cytometry data.

Immune phenotyping was postponed when the following were

present: Fever �37.8°C or oral or intravenous antibiotic or antiviral ther-

apy current or completed with 2 weeks. Patients who were admitted 1

week after immune phenotyping for suspected or confirmed infection

were reassessed during a clinically quiescent period as defined already.

This scenario occurred for only three patients during the recruitment

period.

Immune Function
To determine whether immune phenotype had an effect on immune

function, we tested the proliferative capacity of lymphocytes to the pan

cell mitogen PHA, in an assay based on that described previously.57 In

summary, the modified protocol was as follows: quadruplicates of

20,000 PBMCs were stimulated with varying concentration of PHA

over 72 hours in 96-well plates in tissue culture medium. Maximal

proliferative response was measured by the incorporation of tritiated

thymidine during an additional 16-hour incubation period. Previ-

ously, a low proliferative response was defined as a proliferative re-

sponse �10th centile of healthy control subjects.57

Immunohistochemistry
Biopsies from 58 SCCs from consenting KTRs were available to be

reassessed by a consultant dermatopathologist to reconfirm a diagno-

sis of SCC. Once SCCs from KTRs were defined, SCCs from non-

KTRs were matched for grade (well, moderately, and poorly differen-

tiated) and thickness by sequentially searching the hospital

histopathology database for an SCC that matched the given grade and

thickness.

Matched SCC pairs were then randomly selected and anonymized

(n � 27 SCC pairs). Paraffin-embedded tissue sections of the afore-

mentioned tumors were stained by triple immunoenzymatic labeling

techniques using FOXP3 (clone 236A/E7; Abcam, Cambridge, UK),

CD8 (clone C8/144B; DAKO UK Ltd., Ely, UK), and CD56 (clone

BC56C04; A. Menarini Diagnostics UK, Wokingham, UK) antibodies

and following a previously published protocol.58

All cells were counted in the peritumor infiltrate that surrounds all

SCCs. The total number of graticule areas was recorded in addition to

cell numbers and therefore cell density. Lymphocyte populations that

were not contiguous with the peritumor infiltrate but were entirely

surrounded by tumor were recorded separately as intratumor infil-

trate.

All counting of positive cells was performed in a blinded manner

by a single observer. Twenty randomly selected areas were also inde-

pendently counted by a second independent blinded observer. The

average variability between these two independent blinded observa-

tions was 6.5%.

Statistical Analysis
The relationship of KTRs with and without SCC and demographic,

transplant, and immunosuppression parameters and phenotypes was

assessed using conditional logistic regression models. These models

yielded ORs (and their SEs) that were adjusted for confounders (age

and gender) and accounted for the matched design. The multivariate

models were formulated using only variables with a statistical signif-

icance of P � 0.05 from their univariate models and then removing

variables with P � 0.05 from the full model. Because there was limited

power to test for interactions, we did not explicitly fit those in the

models. Because of the nonsymmetric nature of histopathologic data,

we used a paired nonparametric Wilcoxon test.

In a subanalysis, the predictors of Treg number were also assessed.

This included a linear regression of log-transformed FOXP3� cells/

�l, and because the distribution of CD28�CD8� T cell was bimodal

with nadir at 40%, predictors were assessed in a binary logistic regres-

sion with this as the dichotomization. Only parameters previously

published as predictors were used in these analyses.

Univariate time-to-event analyses on continuous variables

were performed using Cox regression, and categorical variables

were analyzed using the Kaplan-Meier and the log-rank meth-

ods.59,60 Both univariate and multivariate HRs were calculated by

Cox regression. The proportionality assumption of the Cox regres-

sion model was assessed by looking at Schoenfeld partial residuals.

In the multivariate Cox models, only variables previously pub-

lished as predictors of subsequent SCC were assessed together with

a priori hypothesis of high Treg and low CD8 and NK cells. The

linearity (or more complex forms) of the effect of the continuous

factors FOXP3�CD4�CD127low and NK cells was assessed using

fractional polynomials and splines.61 As a result, these variables

were dichotomized to �35 FOXP3�CD4�CD127low cells/�l and

�100 NK cells/�l, respectively, and incorporated into the Cox

regression.

Performing multiple statistical tests leads to an inflation in the

occurrence of false-positive results, and it is required that the P value

significance threshold (usually 5%) be adjusted to account for the

number of independent tests. Because of the high correlation between

the variables considered, a Bonferroni correction would be too con-

servative. By considering the number of independent variables and

tests, it is possible to interpret P less than approximately 0.01 to be

statistically significant. All statistical analysis was performed using the

R statistical software (http://www.r-project.org) and SPSS 16 (SPSS,

Chicago, IL).
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