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Abstract
Background: Everolimus, a potent mammalian target of rapamycin (mTOR) inhibitor, has
shown anticancer activity against various types of cancer, including renal cell carcinoma
(RCQ); however, little information is available on the efficacy and safety of the combination of
everolimus and radiotherapy. We report a case of radiation-induced esophagitis that might
have been exacerbated by the sequential administration of everolimus. Case Presentation: A
63-year-old Japanese man with RCC complained of back pain, and magnetic resonance
imaging revealed vertebral metastases. He received radiotherapy (30 Gy/10 fractions) to the
T6-10 vertebrae. Everolimus was administered immediately after the completion of
radiotherapy. One week later, he complained of dysphagia, nausea and vomiting. An
endoscopic examination of the esophagus showed erosive esophagitis in the middle to lower
portions of his thoracic esophagus, corresponding to the irradiation field. Conclusion:
Clinicians should be aware that everolimus might lead to the unexpected exacerbation of
radiation toxicities.

© 2013 S. Karger AG, Basel

Background

Renal cell carcinoma (RCC) accounts for 80-85% of all primary kidney neoplasms [1].
There are approximately 65,000 new cases of RCC and 14,000 deaths from RCC each year in
the USA [2]. Twenty-five to 30% of patients newly diagnosed with RCC have metastases at
initial presentation, and 20-30% of patients with localized RCC experience relapse after
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radical nephrectomy over the course of several years of follow-up [1]. Frequent sites of
metastasis include the lung, bone and liver.

Recently, advances in the understanding of the biology of RCC have led to the develop-
ment of targeted agents such as vascular endothelial growth factor receptor inhibitors and
mammalian target of rapamycin (mTOR) inhibitors. Patients with metastatic RCC or those
who develop recurrent metastases following prior treatment generally receive systemic
chemotherapy using these molecular targeted agents. Meanwhile, treatment of symptomatic
metastases includes radiotherapy or surgical procedures. External beam radiotherapy is one
of the standard palliative treatments for painful bone metastasis, which is the second most
common site of metastasis in RCC. However, it is unknown whether the continual admin-
istration of molecular targeted agents during palliative radiotherapy is safe or not. Everoli-
mus, a potent mTOR inhibitor, has shown anticancer activity against various types of cancer,
including RCC. Some preclinical studies have shown that mTOR inhibitors are potential
radiosensitizers [3]. However, little information is available on the clinical efficacy or safety
of the combination of mTOR inhibitors and radiotherapy.

We report a case of radiation-induced esophagitis that might have been exacerbated by
the sequential administration of everolimus.

Case Presentation

A 63-year-old man was diagnosed with RCC (papillary cell carcinoma) and underwent a
nephrectomy in December 2006. Four years later, lung metastases were found and a lung
metastasectomy was performed. However, the lung metastases recurred in June 2011, and
sunitinib therapy was initiated. The lung metastases improved, and the sunitinib treatment
was continued for 12 months. In July 2012, the patient complained of back pain, and
magnetic resonance imaging and a technetium bone scintigraphy examination revealed
multiple vertebral metastases. Treatment with everolimus (10 mg daily) was initiated as
second-line systemic therapy, and nonsteroidal anti-inflammatory drugs as well as
oxycodone analgesics were also administered. One week later, the patient’s back pain
persisted, and we temporarily discontinued the everolimus treatment and initiated
irradiation to the T6-10 vertebrae at 30 Gy in 10 fractions over a 2-week period. Everolimus
(10 mg daily) was reinitiated immediately after the completion of the radiotherapy. One
week after receiving the everolimus, the patient complained of dysphagia, nausea and
vomiting. An endoscopic examination of the esophagus showed erosive esophagitis in the
middle to lower portions of his thoracic esophagus (fig. 1), corresponding to the irradiation
field (fig. 2a, b). Everolimus was discontinued, and his symptoms gradually resolved. One
month later, a repeat endoscopy showed a remarkable improvement in the esophageal
erosions (fig. 3).

Written informed consent was obtained from the patient for publication of this case
report and any accompanying images. A copy of the written consent form is available for
review by the editor of this journal.

Discussion

This case suggests that everolimus administration might exacerbate or augment radia-
tion toxicity. Generally, a radiation dose of 30 Gy delivered in 10 fractions would rarely cause
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radiation-induced esophagitis. Several hypotheses can be proposed concerning the
pathogenesis of severe esophagitis associated with everolimus and radiotherapy.

First, the administration of everolimus immediately after radiation might contribute to
the development of radiation recall syndrome. Radiation recall syndrome is an inflammatory
reaction that occurs when certain promoting agents are administered during or soon after
radiotherapy [4]. The biologic basis of this syndrome is unknown. Although it most
commonly develops in the skin, other sites such as the gastrointestinal tract (esophagus,
small intestine, etc.) and lung have also been reported [5]. Radiation recall syndrome has
been associated with various drugs, including everolimus [5, 6]. A previous study reported
that 3 patients who received an mTOR inhibitor (everolimus or temsirolimus) developed
gastritis, bladder stenosis and colitis related to radiation recall syndrome [6]. In that study,
the time interval between the completion of radiotherapy and the recall reaction ranged
from 2 months to 4 years [6]. However, the 1-week interval in the present case differs from
that described in previous reports.

Second, everolimus might contribute to enhanced radiation toxicity. Preclinical data
have suggested the synergic effects of mTOR inhibitors when combined with radiation [7, 8].
One mechanism for enhancing the antitumor effect is thought to be an increase in antiangio-
genesis efficacy when mTOR inhibitors are combined with radiotherapy. Shinohara et al. [8]
reported that everolimus combined with radiation significantly reduced the tumor
vasculature in a glioma xenograft. Another mechanism of radiosensitization is the inhibition
of DNA double-strand break repair by mTOR inhibitors. Chen et al. [9] have demonstrated
that rapamycin combined with ionizing radiation inhibited homologous recombination and
nonhomologous end joining, two major pathways for the repair of radiation-induced DNA
double-strand breaks. These mechanisms are consistent with the exacerbation of radiation
toxicity induced by mTOR inhibitors. The two major mechanisms of radiation-induced
mucositis are the impairment of vascular endothelial cells and DNA strand breaks, leading to
cell death in the basal layer of the epithelium.

Some clinical data have shown the efficacy of concurrent mTOR inhibitors and radio-
therapy; however, little information is available on the toxicity of concurrent radiation and
mTOR inhibitors [10, 11].

Conclusion

Little clinical evidence regarding the safety of mTOR inhibitors when used in combina-
tion with radiation has been reported. Clinicians should be aware that such combinations
might lead to the unexpected exacerbation of radiation toxicities. Further clinical studies on
the safety and efficacy of radiotherapy combined with mTOR inhibitors are warranted.
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Fig. 1. Radiation-induced esophagitis. Endoscopy examination reveals erosion and erythema in the
middle to lower portions of the thoracic esophagus.
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Fig. 2. Irradiation field for vertebral metastases (T6-10). The irradiated region for vertebral metastases
(T6-10) is shown in the horizontal (a) and coronal (b) sections. Blue areas show the esophagus and upper
stomach.

Fig. 3. Repeat endoscopy 1 month after discontinuation of everolimus shows a remarkable improvement
in the esophageal erosions.
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