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Everolimus is an inhibitor of the mammalian target of rapamycin (mTOR) and has been shown to have antineoplastic activity in
addition to its use as an immunosuppressive agent for the prevention of organ transplant rejection.We report the use of everolimus
for the compassionate treatment of four elderly, nontransplant patients presenting with multiple basal cell carcinomas (BCC). All
patients had a long history of BCC, had refused surgery as a current treatment option, and did not respond to alternative treatments
(including topical 5-fluorouracil and imiquimod). Patients were treated with oral everolimus (1.5–3.0mg daily) for 12 months or
longer: a complete and sustained response was seen in one case, and partial responses were seen in two other cases. Everolimus
was well tolerated in these elderly patients. These promising preliminary data suggest that further dose-finding, controlled clinical
studies are warranted to evaluate the antineoplastic effects of everolimus in patients affected by BCCwho cannot or will not undergo
surgery.

1. Introduction

The protein kinase family is involved in many critical regula-
tory cell functions. One pathway that plays a key role in signal
transduction involves phosphatidylinositol-3-kinase (PI3K),
which activates a cascade of other kinases, eventually provid-
ing a signal for cell proliferation. The downstream effector
of PI3K is the mammalian target of rapamycin (mTOR),
which plays a key regulatory role in protein translation by
modulating the activity of other kinases via phosphorylation
[1, 2]. Two agents that target mTOR are now commercially
available: sirolimus and its derivative everolimus, and both
drugs are approved for use as part of immunosuppressive
regimens following renal or heart transplantation. In addition
to their immunosuppressive properties, these proliferation
signal inhibitors (PSIs) also have substantial antineoplastic
activity, resulting from a number of different mechanisms.
Firstly, there is now evidence that growth factors and onco-
genic proteins can activate PI3K, and this leads, via mTOR,
to the phosphorylation and activation of a number of protein
kinases that promote cancer cell proliferation and survival.

Inhibition of mTOR activity can block this signaling cascade
and thus interfere with tumor cell proliferation [3]. Secondly,
vascular endothelial cell proliferation and angiogenesis are
under the control of vascular endothelial growth factors
(VEGFs), which act, at least in part, through the PI3K-
mTOR signaling pathway. By blocking this pathway, PSIsmay
also exert antineoplastic activity by interfering with tumor
angiogenesis [4]. Thirdly, by inhibiting VEGF-C, PSIs may
also inhibit lymphangiogenesis and lymphatic metastases as
has been shown in experimental models [5]. Finally, PSIs
may modulate the levels of hypoxia-inducible factors, key
regulators of the cancer cell response to hypoxia [6].

The anticancer effects of PSIs have been preliminarily
investigated in renal transplant recipients, with some evi-
dence of efficacy in inducing regression or stabilization of
lymphoma [7], Kaposi’s sarcoma [8], and skin cancer [9]. We
report here four cases of the compassionate use of everolimus
in nontransplant recipients with recurrent multiple basal
cell carcinomas (BCC) that were resistant to conventional
therapy. Patients gave their informed consent, and the study
protocol was approved by the local Ethic Committee.
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2. Case Reports

Patient 1. A male patient who was 94 years old presented
at our institution with multiple facial BCC, comprising a
nodular BCC on the nose and two other superficial lesions.
The patient refused surgical ablation of the lesions and was
thus submitted to pharmacological treatment with topical
immunomodulators (including topical 5-fluorouracil and
imiquimod). Complete response was achieved for all lesions
following 12 weeks of therapy, but after 1 year the nasal
lesion relapsed and a suspect keratoacanthoma appeared on
the forehead. A further 8-week course of imiquimod was
administered, but the nasal BCC increased in size. Everolimus
(1.5mg daily per os) was initiated in August 2006, increased
to 3mg daily after 3 months, and continued for a total
treatment period of 12 months. Following an initial ulcerative
phase, after 8 months of everolimus treatment, the nasal
BCC disappeared completely. The forehead lesion remained
unchanged, and it was surgically removed and subsequently
shown to be an invasive squamous cell carcinoma. The
complete response of the nasal BCC persisted for the last
follow-up, 8 months after discontinuation of everolimus.
Subsequently the patient died for natural cause.

Patient 2. A female patient aged 85, who had in the last few
years undergone several interventions to surgically remove
multiple BCC, presented in January 2004 with 3 facial BCC:
one nodular lesion on the nose and two superficial lesions on
the forehead. The patient refused further surgeries and was
therefore treated with topical 5-fluorouracil, with complete
and sustained response of the superficial lesions, but no
response of the nodular lesion on the nose. From September
2006, everolimus was administered at an initial dose of 1.5mg
daily, which was raised to 3mg daily after two months and
continued for a total of 18 months. No response of the nasal
lesion was observed: the size was unchanged after 3 months
of treatment and slightly increased after 6 months. No new
lesions appeared. In December 2007 a suspected keratoacan-
thoma appeared under the right eyelid and required surgical
removal. This was diagnosed as a microinvasive squamous
cell carcinoma. During this surgical intervention, the nasal
lesion was also removed and the diagnosis of BCC was
confirmed. Wound healing required more than 2 months
and in April 2008 a rapidly growing new BCC lesion on
the mandibular region appeared, with surgical indication.
Subsequently the patient died for natural cause.

Patient 3. This female patient, aged 91 years, had undergone
several interventions to remove multiple BCC over the
previous 10 years. In the last 5 years, the patient developed
partially ulcerated superficial BCC lesions of both left and
right external and internal acoustic meatuses and several
superficial BCC on the forehead and in the nuchal region.
The patient consistently refused surgery, and over a period
of a few years she had lost a large part of the right auricle.
Topical application of 5-fluorouracil was prescribed for the
meatal lesions and cryotherapy with liquid nitrogen for the
other lesions. The skin BCC underwent complete remission,
whereas the meatal BCC only partially responded to topical

therapy. The clinical picture remained stable for some years;
then at a follow-up visit, an extensive progression of the
acoustic meatus lesion of the right ear was observed in
addition to the occurrence of new facial lesions with a
mean diameter of 3 cm. The patient again refused surgery,
so everolimus was started at 2.5mg daily (rapidly increased
to 3mg daily) from September 2006 until September 2008.
Once everolimus administration was started, the forehead
lesions improved, while all other lesions remained unchanged
(Figure 1). At the 24 months follow-up visit, the right ear
BCCwas in progression, while the forehead BCCwere stable.
Subsequently the patient died for natural cause.

Patient 4.Thismale patient (aged 73 years), who had a 30-year
history of multiple BCCwith repeated surgical interventions,
had developed more than 20 superficial and nodular BCC of
the trunk and the face, some of them ulcerated, in the last
two years. Having refused further surgical treatments, the
patient was submitted to photodynamic therapy and topical
application of imiquimod on the smallest lesions. Some of
the superficial BCC lesions regressed under these treatments,
while the nodular forms responded only partially, and new
nodular lesions were observed at follow-up. At this point,
the patient accepted surgery, but only for nodular BCC.
Everolimus (3mg daily) was started in June 2007 for the
residual superficial lesions and is still ongoing after more
than one year. The lesions remained stable until the follow-
up visit in December 2007, when two new BCC (one on the
face and one on the ear) were observed. At the follow-up
visit, in September 2008, the newest lesions had disappeared
(Figure 2). At the last follow-up visit, in November 2012, the
clinical profile was stable.

Blood Chemistry. No clinically relevant changes in hema-
tology or blood chemistry parameters were observed in all
patients, except for a slight and transient increase in total
cholesterol (Table 1).

3. Discussion

The PSI everolimus can induce the remission of non-
melanoma skin cancer in kidney and heart transplant recip-
ients [9, 10], while its effect on nonmelanoma skin cancer in
nontransplant patients has not been previously investigated.
In our four elderly patients with a long history of relapsing
multiple BCC, who refused surgical treatment and were
resistant to previous topical treatments, everolimus was pro-
posed for compassionate use. Everolimus was administered
cautiously at low dose, bearing in mind the advanced age
of the patients and the off-label indication. Tolerability was
generally good: no adverse events were reported, with the
exception of patient 1, where nausea and dyspepsia occurred
initially, when everolimus was administered after a period of
fasting. These adverse effects diminished significantly when
the drug was administered after meals. The response of BCC
lesions to everolimus was variable: a complete and sustained
response was seen in patient 1, and partial responses were
observed in patients 3 and 4,while in patient 2 everolimus had
no effect. Patients 2 and 3 had a long history of occupational
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Table 1: Blood chemistry and haematology parameters assessed at baseline and end of treatment with everolimus.

Patient 1 Patient 2 Patient 3 Patient 4
Baseline End of treatment Baseline End of treatment Baseline End of treatment Baseline End of treatment

Creatinine (mg dL−1) 1.00 1.20 0.90 0.80 0.84 0.81 1.13 0.90
Triglycerides (mg dL−1) 153 198 50 91 82 118 100 117
Cholesterol (mg dL−1) 195 195 167 207 138 175 195 203
Haemoglobin (g dL−1) 13.0 10.0 12.0 12.5 10.0 9.2 14.5 13.6
Haematocrit (%) 38.0 30.0 37.0 37.1 32.0 27.0 41.7 41.7
Platelets (×103 𝜇L−1) 261 238 280 360 151 238 269 245

(a) (b)

Figure 1: Patient 3. Forehead basal cell carcinoma lesions before everolimus treatment (a) and after six months of everolimus 3mg daily (b).

(a) (b)

Figure 2: Patient 4. (a) A facial basal cell carcinoma appeared after six months of everolimus treatment. (b)The lesion had disappeared after
a further nine months of treatment (3mg daily).

exposure to ultraviolet radiation, but there were no other
significant precipitating factors such as immunosuppression
or arsenic exposure. The positive results were obtained in
patients with multiple BCC, while no response was observed
in squamous cell carcinomas. The preliminary evidence of
efficacy of everolimus seen in these cases, where low doses
were employed in patients of advanced age with a long
history of disease not responding to alternative treatments,
indicates that everolimus may warrant further investigations
for BCC in nontransplant patients. The doses used in these

four patients (1.5–3.0mg daily) were considerably lower than
the 10mg/day dose approved by the FDA in March 2009 for
the treatment of patients with advanced renal cell carcinoma
[11] and used in phase II clinical trials in other cancer
indications (5–10mg/day) including breast [12], pancreatic
[13], and neuroendocrine tumors [14]; consequently, it is
possible that higher dosesmay bemore effective for BCC also.
One important, although preliminary, observation was the
good tolerability of everolimus when administered to these
elderly patients at up to 3mg/day, with only a few, slight,
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and transient adverse events noted. Further dose-finding and
controlled clinical studies need to be conducted to evaluate
the possible antineoplastic effect of everolimus in skin cancers
in patients affected by BCC who cannot or will not undergo
surgery.
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conflict of interests regarding the publication of this paper.

Acknowledgments

The authors thank Gilberto Bellia, Lucia Garulli, and Rod
McNab of Wolters Kluwer Health Medical Communications
who provided assistance with English language editing. This
assistance was funded by the Novartis Farma S.p.A.

References

[1] M. Aoki, E. Blazek, and P. K. Vogt, “A role of the kinase mTOR
in cellular transformation induced by the oncoproteins P3k and
Akt,” Proceedings of the National Academy of Sciences of the
United States of America, vol. 98, no. 1, pp. 136–141, 2001.

[2] M.N. Corradetti andK.-L. Guan, “Upstream of themammalian
target of rapamycin: do all roads pass through mTOR?” Onco-
gene, vol. 25, no. 48, pp. 6347–6360, 2006.

[3] C. L. Sawyers, “Will mTOR inhibitors make it as cancer drugs?”
Cancer Cell, vol. 4, no. 5, pp. 343–348, 2003.

[4] M. Guba, C. Graeb, K.-W. Jauch, and E. K. Geissler, “Pro- and
anti-cancer effects of immunosuppressive agents used in organ
transplantation,” Transplantation, vol. 77, no. 12, pp. 1777–1782,
2004.

[5] S. Huber, C. J. Bruns, G. Schmid et al., “Inhibition of the
mammalian target of rapamycin impedes lymphangiogenesis,”
Kidney International, vol. 71, no. 8, pp. 771–777, 2007.

[6] H. Zhong, K. Chiles, D. Feldser et al., “Modulation of hypoxia-
inducible factor 1𝛼 expression by the epidermal growth fac-
tor/phosphatidylinositol 3-kinase/PTEN/AKT/FRAP pathway
in human prostate cancer cells: implications for tumor angio-
genesis and therapeutics,” Cancer Research, vol. 60, no. 6, pp.
1541–1545, 2000.

[7] S. M. Smith, “Clinical development of mTOR inhibitors: a focus
on lymphoma,” Reviews on Recent Clinical Trials, vol. 2, no. 2,
pp. 103–110, 2007.

[8] J. M. Campistol and F. P. Schena, “Kaposi’s sarcoma in
renal transplant recipients—the impact of proliferation signal
inhibitors,” Nephrology Dialysis Transplantation, vol. 22, no. 1,
pp. i17–i22, 2007.

[9] J. W. de Fijter, “Use of proliferation signal inhibitors in
non-melanoma skin cancer following renal transplantation,”
Nephrology Dialysis Transplantation, vol. 22, no. 1, pp. i23–i26,
2007.

[10] S. Euvrard, P. Boissonnat, A. Roussoulières et al., “Effect of
everolimus on skin cancers in calcineurin inhihitor-treated
heart transplant recipients,”Transplant International, vol. 23, no.
8, pp. 855–857, 2010.

[11] M. B. Atkins, U. Yasothan, and K. P. Everolimus, “News and
analysis,” Nature Reviews Drug Discovery, vol. 8, pp. 535–536,
2009.

[12] J. Baselga, V. Semiglazov, P. Van Dam et al., “Phase II random-
ized study of neoadjuvant everolimus plus letrozole compared
with placebo plus letrozole in patients with estrogen receptor-
positive breast cancer,” Journal of Clinical Oncology, vol. 27, no.
16, pp. 2630–2637, 2009.

[13] B. M. Wolpin, A. F. Hezel, T. Abrams et al., “Oral mTOR
inhibitor everolimus in patients with gemcitabine-refractory
metastatic pancreatic cancer,” Journal of Clinical Oncology, vol.
27, no. 2, pp. 193–198, 2009.

[14] J. C. Yao, A. T. Phan, D. Z. Chang et al., “Efficacy of
RAD001 (everolimus) and octreotide LAR in advanced low- to
intermediate-grade neuroendocrine tumors: results of a phase
II study,” Journal of Clinical Oncology, vol. 26, no. 26, pp. 4311–
4318, 2008.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


