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Abstract
Background—An estimated 34,000 cases of squamous cell carcinomas of the head and neck
(HNSCC) will be diagnosed in 2007 with 7,500 estimated deaths. Radiation is commonly used to
treat these patients. Preclinical studies have suggested that sirolimus may be an effective
radiosensitizer in HNSCC.

Methods—The present case report describes a patient, status post liver transplant, who was switched
to sirolimus for immunosupression. The patient subsequently underwent radiation therapy for a
T2N0M0 SCC of the larynx.

Results—The patient had an unusually early response to radiation, with a clinical complete response
after seven fractions of radiation. However, the patients also had toxicity earlier than expected and
required a break from radiation after eleven fractions.

Conclusions—To the authors’ knowledge, this is the first observation to suggest that sirolimus is
an effective radiosensitizer in patients with HNSCC. We hope that our results will create interest in
future clinical studies.

Introduction
An estimated 34,000 cases of squamous cell carcinomas of the head and neck (HNSCC) will
be diagnosed in 2007 with 7,500 estimated deaths (1). Locally advanced disease can be
devastating, with a 5-year survival rate of less than 50% with little improvement over the last
three decades (2). Generally, in early stage disease, a large portion of patients can be cured,
however, even in these cases, radiation doses of 6,000 to 7,000 cGy are needed for disease
control and clinical complete responses are usually not seem until at least 4,000 cGy. The
present case is interesting because it describes the rare occurrence where a patient on sirolimus
monotherapy for immunosupression, with a diagnosis of a T2N0M0 squamous cell carcinoma
(SCC) of the epiglottis, was treated with radiation. The laryngeal location of the tumor allowed
frequent evaluation with NPL. Unexpectedly, the patient’s tumor had a profound response to
a relatively low dose of radiation. To the authors’ knowledge, this is the first clinical report
suggesting that sirolimus may be an effective radiosensitizer in squamous cell carcinoma of
the head and neck.
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Case Report
A 59-year-old gentleman with a past medical history of non-alcoholic steatohepatitis (NASH)
treated with liver transplant approximately three years ago presented with several months of
hoarseness and voice changes. He had a history of significant tobacco use. He was evaluated
by his primary care physician who treated him for thrush over a three month period with various
antifungal agents, which failed to relieve his symptoms. He then underwent flexible
laryngoscopy which revealed an exophytic white lesion on the laryngeal surface of the
epiglottis just superior to the false vocal cords. The lesion predominantly involved the right
side of the epiglottis measuring approximately 3 cm in the greatest dimension. There was no
lateral involvement of the piriform sinuses bilaterally or anterior involvement into the
vallecula. No other masses were seen, vocal cord motion was normal, and there were no
palpable neck nodes. Biopsy of this lesion demonstrated a moderately to poorly differentiated
invasive squamous cell carcinoma (SCC). PET scan demonstrated increased uptake in the supra
and infrahyoid epiglottis with and SUV of 6.3, consistent with malignancy. No distant disease
or pathological cervical or mediastinal lymph nodes were noted on PET or MRI scans. The
patient was staged as T2N0M0.

Due to the patient’s numerous other comorbidities he was deemed a poor candidate for surgery.
During consultation with his transplant physician, the patient was given the option of switching
to sirolimus (2 mg daily) from tacrolimus (Prograf) (90 mg, twice a day) as sirolimus is used
as an immunosuppressant and has theoretical oncologic benefit due to its antiproliferative
activity. The patient elected to be switch to sirolimus. Prior to treatment, the patient underwent
nasopharyngeal laryngoscopy (NPL) to assess pretreatment tumor size (figure I. A and C). Two
and a half weeks prior to radiation treatment the patient’s sirolimus level was 8.6 ug/L
(therapeutic range 4.0–12.0 ug/L). The sirolimus level was checked again at the start of
treatment and was 14.4 ug/L, slightly supratherapeutic. The sirolimus dose was subsequently
reduced to 1 mg daily. Definitive radiation therapy was planned for the patient using 200 cGy
fractions to a dose of 4,400 cGy followed by a conedown to a dose of 2,600 cGy, giving a total
dose of 7,000 cGy. Initial fields were opposed laterals treating the primary tumor,
encompassing the patient’s neck bilaterally from the base of skull to the to the level IV cervical
lymph nodes. After seven 200 cGy fractions of radiation to a dose of 1,400 cGy the patient had
a repeat NPL and a dramatic response was seen (figure I. B and D), with complete resolution
of the tumor. The patient developed worsening odynophagia as treatment continued and after
approximately two weeks of treatment to a dose of 2,200 cGy the patient required a three day
break from radiation. NPL was repeated at that time which demonstrated mucositis (figure IIa).
There was a concern that his sirolimus levels might still be supratherapeutic. The sirolimus
level was repeated three weeks into treatment and was 11.6 ug/L. One week later it was 9.9
ug/L. Two weeks after completing treatment the patient’s serum sirolimus was 5.5 ug/L. The
patient had an additional two day treatment break secondary to an admission for nephrolithiasis
during the fourth week of treatment and a one day break due to pneumonia during the fifth
week of treatment. The patient was able to complete 35 fractions of 200 cGy to a final dose of
7,000 cGy, without further problems (figure IIb), over 57 days (35 treatment days, 16 weekend
days, 5 days of treatment break). The patient was doing well at two month follow-up and
appeared disease free (figure IIc). The patient was last seen for one year follow up and had no
signs of recurrence on NPL or PET/CT.

Discussion
Sirolimus (Rapamycin) was first isolated from the bacterium, Streptomyces hygroscopicus
found in a soil sample from the island Rapa Nui. It is a member of the macrolide family of
antibiotics and was first used as an antifungal agent. It was subsequently used in transplant
patients to prevent rejection after its immunosupressive and antiproliferative effects were
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discovered. Studies have demonstrated that sirolimus has antitumor effects at clinically
relevant doses in HNSCC (3) and that sirolimus is an effective in vivo radiosensitizer in several
different cancer cell lines (4,5). Several studies have found that sirolimus can suppress
progression of malignancies associated with immunosupression, such as Kaposi sarcoma and
other cutaneous malignancies (6–8), post-transplant lymphoproliferative disease,
hepatoblastoma (9), as well as several others (7).

A modified version of sirolimus, temsirolimus (CCI-779), demonstrated no
immunosuppressive effects and limited, reversible side effects in a recent phase I trial (10).
There have been several phase I/II clinical trials suggesting the safety and efficacy of
mammalian target of rapamycin (mTOR) inhibition in several different types of cancer, such
as renal cancer (11,12), breast cancer (13), glioblastoma multiforme (GBM) (14), and various
other advance staged tumors (15). However, other Phase II trials using CCI-779 in cancers
such as malignant melanoma, neuroendocrine tumors, and recurrent GBM showed
disappointing results (16–18). The combined use of radiation and sirolimus was recently
studied in a phase I trial (19). Patients with stage III non-small cell lung cancer were treated
with a combination of sirolimus, cisplatin, and radiation. Significant odynophagia due to
mucositis was seen in 3/7 patients, however, this resolved within four weeks of the end of
treatment in all patients. Patients were initially treated with 2 mg/day of sirolimus and had no
dose limiting toxicity. Serum sirolimus levels were drawn at three weeks and were 3.4, 3.9,
and 8.6 ug/L. Subsequent patients were treated with 5 mg/day of sirolimus and had serum
concentrations of 4.7, 14.2 and 7.5 ug/L. One patient had dose limiting mucositis in the 5 mg/
day group. Three weeks into treatment the patient in the present study had a serum sirolimus
level of 11.6 ug/L, despite having had his dose of sirolimus decreased to 1 mg/day, perhaps
due to his liver transplant. The patient in the present study developed mucositis and
odynophagia earlier than expected, likely reflecting radiosensitization of the normal tissues by
sirolimus. However, later, with lower serum sirolimus levels, the patient had no further dose
limiting toxicity. This may suggest that the dose of sirolimus is an important factor in normal
tissue radiosensitization.

The molecular mechanism for sirolimus’s antitumoral effects may be due to its role in inhibiting
components of the PI3K/Akt pathway. Studies have demonstrated that Akt (also known as
Protein kinase B) is persistently active in HNSCC cell lines (20,21). mTOR is a downstream
target of Akt and may be responsible for Akt’s regulation of cell growth. mTOR exerts its effect
by phosphorylating p70-S6 kinase and 4E binding protein 1 (4E-BP1) (22). Phosphorylation
of 4E-BP1 inhibits it from repressing Eukaryotic initiation factor 4E (eIF4E), which can then
upregulate several genes related to cell growth. eIF4E has been associated with malignant
progression in HNSCC and its expression at tumor margins can predict for recurrence (23,
24). Staining for S6 kinase phosphorylation in pathological specimens from patients with
dysplastic oral mucosa as well as well differentiated, moderately differentiated, and poorly
differentiated HNSCC all demonstrated significantly increased phosphorylated S6 compared
with normal mucosa (3).

There have been conflicting results regarding the radiosensitizing effects of mTOR inhibition.
Clonogenic studies conducted with a HNSCC cell line treated with sirolimus found no
radiosensitizing effects (figure III), which is in agreement with previous studies in other cancer
cell lines (4, 25). On the other hand, some studies have shown radiosensitization in response
to treatment with mTOR inhibitors in other cancer cell lines in vitro (5). Interestingly, several
in vivo studies have demonstrated radiosensitization of tumors treated with sirolimus, some of
which were not radiosensitized after in vitro treatment with sirolimus (4, 5, 25–27). There are
several explanations for the discordance between the in vivo and in vitro effects of sirolimus.
Studies have demonstrated that malignant cells treated with sirolimus that were not
radiosensitive in clonogenic studies, did demonstrate radiosensitization when grown as
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spheroids (25). The authors concluded that oxygenation may play a role and that sirolimus may
directly radiosensitize malignant cells. Further studies demonstrated that the vascular
endothelium can be sensitized by mTOR inhibition and cause regression of tumor vasculature
in vivo, resulting in reduced tumor growth (4). This discordance has been seen with several
other agents, such as cetuximab in HNSCC where the in vivo radiosensitizing effects are much
greater than the in vitro effects, possibly due to antiangiogenic effects (28). Other studies with
nelfinavir and bevacizumab have shown increased radiosensitization in vivo compared with
in vitro and suggest that antiangionic effects leading to vascular normalization and improved
oxygenation may be responsible for this difference (29–31). Based on the in vitro results from
this study, and the results of the studies mentioned above, we hypothesize that sirolimus may
be exerting a radiosensitizing effect on the vasculature of HNSCC tumors. Caution is necessary
as normal tissue toxicity may also be increased however; these pre-clinical findings suggest
that mTOR inhibition might be an effective radiosensitizer in HNSCC. This case report is the
first to suggest that sirolimus is an effective radiosensitizer in HNSCC. Clearly further clinical
studies are required to further evaluate this clinical observation. We hope this case study will
spark interest in further evaluation of sirolimus as a radiosensitizer in HNSCC.
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Figure I.
Shown are the patient’s Nasopharyngolaryngoscopy (NPL) exams from prior to radiation (A,
C) and after seven fractions of radiation (B, D) to a dose of 1400 cGy. Note that there has been
a dramatic improvement in the tumor in only seven treatments.
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Figure II.
Shown are Nasopharyngolaryngoscopy (NPL) exams at 2200 cGy with mucositis (A), and at
the end of treatment (B).

Shinohara et al. Page 7

Head Neck. Author manuscript; available in PMC 2010 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure III.
Shown are clonogenic survival curves performed in the human head and neck squamous cell
cancer cell line, SQ20B. SQ20B cells in exponential growth phase were treated with sirolimus
(10 nM) or control solvent followed by one, two, four or six gray. No significant difference in
response to radiation was seen between the two groups. This dose of sirolimus has been shown
to inhibit downstream signaling from mTOR using western blotting. After 24 hours, cells were
trypsinized to make a single cell suspension and seeded into 60-mm dishes in sirolimus-free
media. They were allowed to attach and then irradiated with a Mark I cesium irradiator (J.L.
Shepherd, San Fernando, CA) at a dose rate of 1.6 Gy/min. Colonies were stained and counted
14 days after irradiation. A colony by definition had >50 cells. The surviving fraction was
calculated by dividing the number of colonies formed by the number of cells plated times
plating efficiency. Each point on the survival curve represents the mean surviving fraction from
three replicates.
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