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Abstract

Introduction: The immunosuppressive efficiency obtained
in the last decades in kidney transplantation significantly im-
proved graft survival. However, there is still a high risk and
incidence of cancer in transplant patients strongly and di-
rectly related to the type of immunosuppression. An increas-
ing body of evidence suggests that the PI3K/Akt/mTOR
pathway may play a pivotal role in the development and pro-
gression of several neoplastic diseases. Case Presentation:
We describe a 47-year-old male patient who received a ca-
daveric primary renal transplantin November 2008 develop-
ing a poorly differentiated infiltrating and ulcerated squa-
mous cell carcinoma (SCC) at the eye level. In this patient, the
modification of an immunosuppressive regimen with intro-
duction of rapamycin (mTOR) inhibitors and withdrawal of
calcineurin inhibitors (CNIs) led to the resolution of this se-
vere condition. Conclusion: The introduction of mTOR in-
hibitors and withdrawal of CNIs in kidney-transplanted pa-
tients with de novo eye SCC should be considered in this

clinical setting. ©2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

The immunosuppressive efficiency obtained in the last
decades in kidney transplantation significantly improved
graft survival [1]. In fact, the incidence of acute rejection
has significantly decreased due to the use of more potent
and specific immunosuppressive drugs [2]. On the other
hand, the incidence and prevalence of cancer in trans-
plant patients have increased in the last 10-15 years part-
ly because of higher patient/donor age and the use of new
immunosuppressive agents [3]. The high risk and inci-
dence of cancer in transplant patients are directly related
to the type of immunosuppressive therapy, its duration,
doses, and blood levels [4]. Interestingly, the types of can-
cer developed by the transplant population differ from
those in the general population, which can partly be ex-
plained by the distinct course of the oncoviruses devel-
oped in transplant patients, especially human papilloma-
virus, Epstein-Barr virus, and human herpes simplex-8
[5]. In addition, the prevalent posttransplantation malig-
nancy of a specific organ also varies because of the differ-
ent environmental exposure.

Calcineurin inhibitor (CNI)-based regimen is the
main immunosuppressive protocol used in renal trans-
plantation [5, 6]. CNIs, by impairing the nucleotide ex-
cision repair and activation of the tumor suppression
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gene, are commonly mentioned as tumor initiators in
several studies [7, 8]. The mammalian target of the ra-
pamycin (mTOR) pathway plays an important role in
the development of distinct kinds of tumor. mTOR, a
cytoplasmic serine-threonine kinase, is a key molecular
switch of protein translation and cell cycle progression
[9]. An increasing body of evidence suggests that the
PI3K/Akt/mTOR pathway may play a pivotal role in the
development and progression of several neoplastic dis-
eases [10-12]. mTOR sits at an intersection of several
inputs to the cell, integrating signals from both growth
factors and nutrients and mediating its effects through
2 main effectors, p70S6 kinase and 4E-BP1/eIF4E, with
a well-defined role in the regulation of protein transla-
tion [11-13]. The mTOR pathway can, indeed, promote
neoplastic cell survival and proliferation through the
phosphorylation and sequestration of the proapoptotic
Bad [14], upregulation of FLIPs [15], and translation of
antiapoptotic proteins, supporting the mitochondrial
energy production [11, 16, 17]. Thus, great interest has
arisen in the potential benefits of mTOR inhibition in
tumors [12, 13].

Case Report

We describe a 47-year-old male patient who received a cadav-
eric primary renal transplant in November 2008. An immunosup-
pressive therapy regimen was based on CNIs (tacrolimus at a dos-
age of 0.01 mg/kg/die) and corticosteroids. Since transplantation,
he began routine follow-ups at our medical division, with good
clinical condition and stable graft function (serum Cr 0.9 mg/dL)
without urinary abnormalities (Table 1).

In August 2017, the patient referred the first appearance of con-
junctival inflammation with severe tearing, followed by the devel-
opment of a cutaneous lesion at the left eye caruncle, without vision
alterations; the patient had a stable renal function. Following oph-
thalmological evaluation, a local corticosteroid and antibiotic ther-
apy was attempted without benefits. Therefore, we started to hy-
pothesize the presence of a cancer lesion; the patient underwent an
excisional cutaneous biopsy of periocular lesion (Fig. 1a) with sub-
sequent diagnosis of poorly differentiated infiltrating and ulcerated
squamous cell carcinoma (SCC); the borders of the lesion were an-
alyzed, resulting disease-free (Fig. 1¢). To complete the diagnosis,
a brain magnetic resonance imaging (MRI) was performed with
discovery, near to the left eye caruncle, of a “dishomogeneous neo-
formation with contrast enhancement without a clear-cut separa-
tion from the adjacent muscle and bones systems” (Fig. 2a).

Our first therapeutic approach was to reduce CNI dosage
(0.005 mg/kg/die) starting with an mTOR inhibitor everolimus at
an initial dose of 1.5 mg/day (0.75 mg bid). The patient continued
weekly ambulatory eye medications presenting stable graft func-
tion.

Six months after eye biopsy, a new brain magnetic resonance
imaging was repeated revealing the presence of an “enhancement
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Fig. 1. A Cutaneous lesion at the left eye caruncle after excisional
cutaneous biopsy. B Ocular lesion 1 year after CNI withdrawn and
mTORi introduced as unique immunosuppressive agent. As
showed, there was a marked improvement of the ocular lesion.
C Poorly differentiated SCC with infiltrative ulcerated anaplastic
behavior. Earlier, the lesion margins were not free of disease (he-
matoxylin and eosin staining). D Moderately differentiated SCC,
with muscle and connective tissues infiltrating (hematoxylin and
eosin staining). CNI, calcineurin inhibitor; mTOR, rapamycin;
SCC, squamous cell carcinoma.

contrast region in previous surgical resection place” (Fig. 2b). Sus-
pecting disease diffusion, a second biopsy was done, showing skin
cancer infiltration on subcutaneous and muscular tissues (Fig. 1d).
Since the unfavorable prognosis with a histological result, the
ophthalmologist recommended the surgical removal of the whole
orbit. The patient was informed, and he refused surgery; consider-
ing the stability of renal function and the absence of proteinuria,
CNI was withdrawn and everolimus was adopted as a single im-
munosuppressive drug. We administered the drug at an initial
dose of 2 mg/day (1 mg bid) to obtain a blood trough level of 3-5
ng/mL.

One year later, the patient’s clinical condition was stable
(Fig. 1b); a new radiological control was performed, demonstrat-
ing no contrast enhancement areas in the previous cancer region
and a complete remission of the original lesion (Fig. 2¢).

Actually, the patient continued everolimus at low doses (1 mg
day: 0.5 mg bid, obtaining a mean blood trough level of 3.4 + 0.7
ng/mL), with a good renal allograft function and absence of pro-
teinuria. During the entire follow-up period, mTORi were well tol-
erated, and the patient did not present side effects (Table 1). The
patient gave written informed consent to publish this case report,
including publication of the images.
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Table 1. Clinical and demographic data of the patient

Age at dialysis, yrs 37

ESRD etiology Unknown

Dialytic treatment CAPD

Age at transplant, yrs 38

Age at SCC diagnosis, yrs 47

Immunosuppressive therapy at transplant CS, Tac

Immunosuppressive therapy at SCC diagnosis CS, Tac (low dose), mTORi (low dose)

Immunosuppressive therapy 1 yr post-SCC diagnosis CS, mTORIi

Acute rejection episodes None

Chemistry Transplant SCC diagnosis CNI+mTORi  mTORIi
center discharge

sCr, mg/dL 2.4 1.02 0.9 0.95

eGFR MDRD, mL/min/1.73 m? 324 83.2 96 92

Proteinuria, g/24 h 0.57 0.6 0.29 0.62

Fasting glucose, mg/dL 98 106 101 82

Total cholesterol, mg/dL 200 216 237 244

Triglycerides, mg/dL 98 232 258 203

CNI, calcineurin inhibitor; mTOR, rapamycin; SCC, squamous cell carcinoma.

Fig. 2. A Radiological features of the first brain MRI performed for
diagnostic completion. It shows the presence near the left eye car-
uncle, of a “dishomogeneous neoformation with contrast en-
hancement (overintense signal at MRI imaging) without a clear-
cut separation from the adjacent muscle and bones systems” (red
color line highlighted in the bottom panel). B Radiological features
of the new brain MRI performed 6 months after mTOR!i introduc-
tion with CNI reduction. It reveals the presence of an “enhance-
ment contrast region in previous surgical resection place” and

Discussion

SCC of the eye occurs at substantially increased rates
in individuals with iatrogenic or congenital immunodefi-
ciency or in those affected by human immunodeficiency

mTOR Inhibitors and Eye Cancer

shows a disappearance of previous overintense signal with a mini-
mal residual area near medial orbital section (red color line high-
lighted in the bottom panel) due to neoplastic infiltration. C Ra-
diological features of the new brain MRI performed 1 year after
CNI withdrawn and mTOR! introduction. It shows no contrast
enhancement areas in the previous cancer region and a complete
remission of the original lesion (red color line highlighted in the
bottom panel). CNI, calcineurin inhibitor; mTOR, rapamycin;
MRI, magnetic resonance imaging.

virus (HIV). The rates of this cancer in transplant patients
are approximately 20-fold compared to the general popu-
lation, while in individuals with HIV infection, the rate is
13 times higher [18]. Moreover, while the increased risk
of ocular SCC in HIV infection appears to be associated
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with exposure to high levels of solar ultraviolet radiation
[19] and infection with high-risk human papillomavirus
subtypes [20, 21], and in renal transplant patients, this
risk is strongly associated with immunosuppressive drugs
used to prevent graft rejection. The fact that the develop-
ment of this cancer is associated with the cumulative im-
munosuppression dose was validated by registry data
which showed that all patients who developed SCC had a
history of glomerulonephritis treated with immunosup-
pressive agents before transplantation [18].

SCC of the eye is almost uniformly the result of local
invasion from a cutaneous primary lesion, extension by
perineural invasion, or metastasis. This particular form of
carcinoma for localization and diffusion can be compared
to a rare form of SCC as primary orbital SCC is an ex-
tremely rare disease without a specific treatment. This
was evident in case reports described in the literature
where the management ranged from primary orbital ra-
diation to orbital exenteration with adjuvant chemother-
apy and orbital radiation [22]. In fact, in our case, the first
indication of the ophthalmologist was the surgical re-
moval of whole orbit, followed by adjuvant chemothera-
py and orbital radiation with a high probability of recur-
rence. Then, considering the patient’s decision, our posi-
tive experience in the use of mTORI in the setting of
kidney transplant patients affected by cancer, and the ex-
isting literature [23-25], CNI was withdrawn, and the pa-
tient continued with mTORi as the only antirejection
drug.

Although the onset of neoplastic diseases in renal
transplant patients may be related to the increased occur-
rence of viral infections or the direct effect of immuno-
suppressive drugs on specific cell populations, these
causes alone cannot justify the high incidence of malig-
nancies in this setting [26, 27]. On the other hand, the role
of the immune system in controlling tumor development
and progression is widely accepted and might be even
more relevant in the transplant scenario. For these rea-
sons, disease-specific survival is significantly worse
among transplant recipients with solid cancer compared
to nontransplant patients with the same malignancies
[28].

Immunosuppression is considered the most impor-
tant risk factor as it decreases the immunologic control of
oncogenic viral infection and cancer immunosurveil-
lance. Although it is accepted that the overall immuno-
suppressive dose is associated with the increased cancer
risk following transplantation, the relative effect of differ-
ent immunosuppressive agents is not well established at
this time.
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Several studies demonstrated that apart from the effect
on IL-2 expression, CNI exerts an array of effects poten-
tially promoting the development and progression of neo-
plastic diseases including transforming growth factor 1
production and suppression of antitumor-specific im-
mune responses [29, 30]. In addition, CNIs induce the ex-
pression of vascular endothelial growth factor, leading to
an increased tumor angiogenesis [31] by inhibiting cancer
cell apoptosis, through a calcineurin-dependent pathway
[32, 33]. It is noteworthy that the pro-neoplastic effects of
CNIs were counterbalanced by the simultaneous admin-
istration of mTORI in different experimental models [34,
35], and data registries demonstrated that maintenance of
mTORIi-based immunosuppression is characterized by a
significantly reduced risk to develop any de novo post-
transplant malignancy or nonskin solid malignancy com-
pared to a CNI-based immunosuppressive regimen [36].
The cancer-promoting effect of CNIs, independent of re-
duced immunosurveillance, has been clearly shown and
currently mTORIi is the only class of immunosuppressive
drugs that have been shown to exert simultaneously im-
munosuppressive and antineoplastic effects [37].

Conclusions

At our knowledge, this is the first case of de novo eye
SCC treated with mTORi; however, it is important to re-
alize that our approach might not be used in all cases of
eye SCC. Effectively, our case suggests that patients who
develop posttransplant malignancies represent a serious
challenge for transplant physicians. The management of
immunosuppressive therapy in this setting is still debat-
ed. Although evidence-based guidelines are missing, the
decision should consider the type and stage of malignan-
cies along with actual graft function. Withdrawal of CNI
and introduction of mTORi are fully supported by the
existing literature. However, the use of mTOR!i in patients
with posttransplant malignancies, instead of simply with-
drawing immunosuppressive therapy, can be considered
as an option to preserve graft function and, at the same
time, to reduce the effect of immunosuppression on neo-
plastic disease progression.
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