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Abstract: Radiation therapy is the mainstay treatment modality for nasopharyngeal carcinoma. Recurrent
disease affects about 10% of patients, and reirradiation is the most common treatment for recurrent
nasopharyngeal carcinoma. Serious complications are not uncommon during the second course of radiation
therapy because of the full-tolerance radiation dose applied to normal tissue. Catastrophic toxicity may be
induced by treatment for recurrent nasopharyngeal tumor. Salvage surgery has a 3-year overall survival of
85.8% with a 5% incidence of late fatal toxicity. However, the surgical approach is still relatively new with
limited information and experience regarding its optimal implementation. Another technique used for
recurrent nasopharyngeal carcinoma is stereotactic radiation therapy (SRT), which delivers radiation to a
specific target with a rapid dose fall-off to adjacent normal tissue that can reduce the risk of complications.
Single-shot radiation therapy for nasopharyngeal carcinoma has a local control rate of up to 72% for 2 years,
although there is a 10% chance of cranial neuropathy and temporal lobe necrosis. Conventional fractionated
SRT has shown a 3-year control rate of 56% with complications of 11% nasopharyngeal necrosis and 8.3%
nasal bleeding. Hypofractionation SRT with a large fraction dose has demonstrated a 5-year control rate
of 78% with a 12.5% to 16% incidence of fatal complications. Local recurrent nasopharyngeal carcinoma
with a limited volume should be treated with SRT. For reirradiation, the dose constraints in organs at risk
(OARs) of recurrent nasopharyngeal carcinoma are critical. Despite the lack of data regarding SRT, the
radiation doses of OARs in SRT may be converted to a biologically equivalent dose and summed with doses
of primary radiation therapy for evaluation. Hypofractionation may have an optimal treatment response rate
with acceptable complications. For recurrent nasopharyngeal carcinoma, SRT has shown certain therapeutic
advantages, but conventional fractionation radiation therapy may still be the appropriate setting for
reirradiation. Patients undergoing SRT should be counseled carefully before initiation of therapy, especially
if the targets are close to a critical organ that may cause serious side effects. The treatment decision of

recurrent nasopharyngeal carcinoma should be based on the patient’s overall condition and disease status.
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Introduction

Nasopharyngeal carcinoma is particularly prevalent in East
Asia and Southeast Asia. Its incidence has declined gradually
but steadily, and its mortality has been reduced substantially.
These improvements are most likely the result of changes
in lifestyle and environment, enhanced understanding of
the pathogenesis and risk factors, population screening, and
advancement in imaging techniques. Radiation therapy is
the mainstay treatment for nasopharyngeal carcinoma, as
it is highly sensitive to radiation. With the progression of
induction, concurrent, and adjuvant chemotherapy with
radiation therapy to treat nasopharyngeal carcinoma, patient
survival has improved and toxicities have been reduced (1).
However, approximately 10% of patients develop
recurrent disease (2), and the median recurrence period is
approximately 30 months, with 85% of local recurrences
being detected within 5 years (3). Surgery, reirradiation,
and systemic therapy can be used to treat local recurrent
nasopharyngeal carcinoma. Retrospective studies have
indicated that the salvage rates for surgery and reirradiation
are similar (4). Various confounding factors, such as lower
disease volume, earlier r-T stage (recurrent tumor stage),
performance status, and medical comorbidities, limit
resectability for recurrent nasopharyngeal carcinoma (5).

Reirradiation is the most common approach for recurrent
nasopharyngeal carcinoma. Various radiobiological factors,
as well as the dose tolerance of organs at risk (OARs)
(mucosa, carotid vessels, and neurological structures) should
be carefully considered due to prior radiation dose exposure
in primary treatment.

Salvage surgery to recurrent nasopharyngeal
carcinoma

Aggressive salvage treatment should be considered as
much as possible, as long-term survival is still possible
for most patients. Local disease can be controlled with
surgery; however, there is a high risk of complications after
treatment (6-8). Na’ara ez 4/. conducted a meta-analysis
for the outcome of patients undergoing salvage surgery for
recurrent nasopharyngeal carcinoma (9). The 5-year overall
survival and local recurrence-free survival rates were 51.2%
and 63.4%, respectively. Patients who received surgery and
adjuvant radiation therapy had a 5-year overall survival rate
of 63% compared with a significantly lower rate of 39% in
patients who received surgery alone. Liu e 4/. reported a
multicenter, randomized, controlled phase 3 trial comparing
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endoscopic surgery with intensity-modulated radiotherapy
(IMRT) in resectable locally recurrent nasopharyngeal
carcinoma (10). The eligible criteria were recurrent
tumor confined in one or more of the following resectable
areas: the nasopharyngeal cavity (r'T'1), the postnaris or
nasal septum (r'T2a), the superficial parapharyngeal space
(rT2b), or the base wall of the sphenoid sinus (r'T3). Other
eligibility criteria were as follows: being free of regional
lymph node recurrence and at least a 12-month disease-
free interval. The 3-year overall survival was 85.8% in the
surgery group and 68% in the IMRT group; 5% of the
patients who underwent surgery and 20% who underwent
IMRT died as a result of late toxic effects. Salvage surgery,
on the other hand, tends to yield betters result in the
low-recurrence stage. Patients with locally recurrent
nasopharyngeal carcinoma may undergo either radiotherapy
or surgery, but the salvage endoscopic surgery approach is
still relatively new, with limited information and experience
regarding it outcomes (11). Furthermore, surgery to the
nasopharynx is challenging due to the risk of damaging
various neurovascular structures, including the dura
mater (12). Thus, reirradiation remains the most common
treatment for recurrent nasopharyngeal carcinoma.

Fractional radiation therapy to recurrent
nasopharyngeal carcinoma

The conventional radiation therapy scheme is fractionated,
which means that the treatment is delivered over several
weeks, one day at a time. The cells within the tumor go
through different phases of cell cycle, and after radiation
exposure, cells die due to DNA damage. The poor DNA-
repairing function allows the radiation to be more effective
against the tumor, and the normal tissues are more capable
of repairing damage if the dose is delivered in smaller daily
treatments. The most reirradiation protocol to recurrent
tumor volume was found to yield a 3- to 5-year local control
rate of 44.3-85.8%, respectively (13,14). The reported 3-
to 5-year survival rates for fractionation radiation therapy
to recurrent nasopharyngeal carcinoma range from 27.5%
to 63.8% (15,16). The reirradiation dose may be a key
factor in salvage rates. For a planned radiation dose of
<60 Gy, 3- to 5-year local control rates have been reported
between 44.3% and 52% (14,17), while for a dose of >60 Gy,
the 3- to 5-year local control rates reported range from
60.9% to 85.1% (15,18). Whereas, the 3- to 5-year overall
survival rates ranged from 47.5% to 63.8% for a planned
radiation dose of <60 Gy (16,17) and 27.5% to 51.5% for
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a planned radiation dose >60 Gy (15,19). However, severe
complications during the second course of radiation therapy
are not uncommon. Mucosa necrosis, carotid blowout,
skull base osteonecrosis, temporal lobe necrosis, and other
serious complications can occur after reirradiation for
recurrent nasopharyngeal carcinoma (20-22). Because of
the narrow therapeutic margin, a higher radiation dose
may not result in a better survival, as fatal complications
negate the benefit of higher tumor control rates (23).
Although the tolerated dose of OARs in second radiation
therapy has been proposed for partial recovery (24-26), all
of these models are based on sparse clinical information
with the details of dose distribution within the OARs
being unknown. Therefore, the allowable tolerated dose
for OARs in the second course of radiation therapy should
always be guided by the “as low as reasonably practicable”
(ALARA) principles to avoid critical complications (27).
Therefore, similar consideration should be applied to the
design of reirradiation volume, and the elective treatment
(e.g., uninvolved regional nodal or sub clinical disease) is
not recommended (28). The treatment targets for recurrent
nasopharyngeal carcinoma usually consist of the recurrent
gross tumor volume (rGTV) with a tight margin.

Stereotactic radiation therapy (SRT)

SRT developed from hypofractionated stereotactic
radiosurgery (SRS). The cobalt-60 isotope, which is
gamma knife, was first proposed as a source of radiation for
SRS (29). By 1980, linear accelerators with artificial x-ray
beam sources could also irradiate lesions from multiple
angles to perform SRS, due to the modification of using
special equipment packages. As technology progresses,
numerous specially designed radiation therapy devices, such
as Cyberknife, TomoTherapy (Accuray, Sunnyvale, CA,
USA), or Novalis (BrainLab, Munich, Germany), are being
developed for SRT with fractionated potential. All of these
devices use computer-based stereo positioning guidance
to ensure that the radiation rays are transmitted accurately
to the treatment target SRS (30). However, SRT may still
deliver a considerable dose to critical organs, and thus a
treatment of choice for recurrent tumors still needs to be
developed. The choice of treatment should have therapeutic
benefits to the patient, both in terms of tumor control and
complications. There is also risk in surgical intervention
when the recurrent nasopharyngeal tumor is near the
carotids, and the surgery only has one change to be treated
in the operating room. However, with SRT, it is possible to
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optimize the treatment plan through iterative calculations
on the computer until compromise is encountered, allowing
recurrent tumors to be irradiated with a sufficient dose
without affecting the carotid artery. SRT techniques
may represent an ideal treatment modality for recurrent
nasopharyngeal carcinoma in that they can escalate the
radiation dose to rGTV with an as-low-as-possible dose to
OARs, thus avoiding fatal complications.

SRT for recurrent nasopharyngeal carcinoma

SRT is a highly precise treatment technique. As SRT can
deliver a very specific radiation dose with a rapid dose fall-
off, the dose to nearby OARs is kept as low as possible. To
escalate the biologic effect of the treatment, treatments are
normally hypofractionated with a high-fractionated dose
(e.g., above 4 Gy per fraction at 3-5 times treatment). SRT
can also be used to perform single or conventional fractions.
The available reports for recurrent nasopharyngeal
carcinoma using SRT technique are listed in Table 1.
Chua ez al. (31-33) used single-shot SRT with a 11-18 Gy
single fraction treatment for recurrent nasopharyngeal
carcinoma and reported a response rate of 60-91%
(including complete and partial response). The reported
local control rates were 82% for 1 year and 72% for 2 years.
Furthermore, patients with r'T'1 disease also had a better
outcome following single-shot radiation therapy compared
with those with rT2 disease: the control rate was 77% (10
of 13) for rT'1 disease and 40% (2 of 5) for r'T2 disease (33).
In single-shot SRT, the treatment volume may be a
significant factor for treatment response. A large treatment
volume may also induce severe complications with a high
radiation dose. Sequelae with 10% cranial neuropathy
and 5.6-10% temporal lobe necrosis have been reported
in the literature (31-33). While a large single dose of
radiation may overcome the tumor cell’s relative resistance
to traditional fraction, a large treatment volume combined
with a high radiation dose may not only restrict treatment
response but also increase the risk of serious neurological
complications. Single-shot SRT is suggested in patients
with recurrent nasopharyngeal tumor at an early stage and
with small tumor volume.

Conventional fractionation using the SRT techniques,
instead of single-shot SRT, has also been attempted to
treat recurrent nasopharyngeal carcinoma. Fractionated
radiation based on radiobiologic principles should be
more effective because of an improved therapeutic ratio,
which enhances tumor control while reducing normal
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Table 1 Literature summary of stereotactic radiation therapy for recurrent nasopharyngeal carcinoma (31-43)

Author Patient Stereotactic Treatment Local control ~ Overall Complications
number radiotherapy scheme  response rate (%)  survival (%) P
Single shot
Chua et al. (31) 10 12-18 Gy/1 Fr 10% CR; 50% - - 10% cranial neuropathy
PR; 30% SD
Chua et al. (32) 11 12-14 Gy/1 Fr 82% CR; 1-yr 82% - 9.1% temporal lobe necrosis
9% PR
Chua et al. (33) 18 11-14 Gy/1 Fr 89% CR 2-yr72%  2-yr86% 5.6% temporal lobe necrosis
Hypofractionation
Xiao et al. (37) 50 14-35 Gy/6-8, 12, 76% CR; - 3-yr 59.6% 6% cellulitis of nasopharynx; 12% otitis
15 Gy per fraction 8% PR media; 16% fatal hemorrhage
Wau et al. (38) 90 Group 1 18 Gy/3 Fr; 66% CR; 3-yr 89.4%; 3-yr 80.7%; 8.8% severe complications; 25% severe
Group 2 48 Gy/6 Fr 63% CR 3-yr 75.1% 3-yr 45.9% complications
Dhanachai 32 17-59.4 Gy/4-25 Fr - 3-yr37.9% 3-yr 71.2% 25% complications
etal. (42)
Leung 30 36-55 Gy/8-22 Fr - 5-yr56.8% 5-yr40% 30% endocrine dysfunction; 23% cranial
etal. (43) neuropathy; 20% temporal lobe necrosis;
13% trismus; 7% epistasis
Seo et al. (39) 35 24-45 Gy/3-5 Fr - 5-yr78%  5-yr50% 8.6% Gr 4 or 5 hemorrhage; 2.4% Gr 4 or
5 mucosa necrosis
Ozyigit 24 30 Gy/5 Fr - 2-yr82%  2-yr64% 21% serious late toxicity; 12.5% fatal
et al. (40) complications
Dizman 24 24-30 Gy/4-6 Fr 3-yr83%  3-yr31% 4.2% Gr 4 mucositis; 4.2% Gr 3 temporal
etal. (41) necrosis
Fractionation
Mitsuhashi 5 50-70 Gy/2 Gy  80% CR; 20% - - None
etal. (34) PR
Orecchia 13 24 Gy/2 Fr to 38.5% CR; - 3-yr31% 23% acute side effect. Headache, throat
et al. (35) 11 patients; 24 Gy/  30.8% PR,; pain, mucositis
4 Fr for 2 patients 15.4% SD
Pai et al. (36) 36 20-60 Gy/1.8-2 Gy  33.3% CR; 3-yr56%  3-yr49% 11% nasopharyngeal necrosis; 8.3% nasal
33.3% PR bleeding; 2.8% skull base destruction

CR, complete response; SD, stable disease; PR, partial response.

tissue damage. Typically, SRT aims the radiation dose to a
recurrent nasopharyngeal tumor with a rapid fall-off, which
can further reduce the impact of radiation on underlying
normal tissue. There have been reports of fractional
SRT being used to treat recurrent nasopharyngeal cancer
(34-36). The reported treatment doses ranged from
20 to 70 Gy with fraction sizes ranging from 1.8 to
2 Gy. An 80% complete response rate with no severe
complications was observed by Mitsuhashi ez a/l. (34),
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Orecchia er al., and Pai er al., who reported response
rates ranging from 66.6% to 69.3% and complete
response rates ranging from 33.3% to 38.5% (35,36).
In Orecchia et al’s study, the 3-year local control rate
was 56%, and the overall survival rate ranged from 31%
to 49%. The incidence of acute side effects, including
headache, throat pain, and mucositis, were 23% (35).
Meanwhile, Pai er al. reported an 11% incidence of
nasopharyngeal necrosis, 8.3% nasal bleeding, and 2.8%
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skull base destruction using fractionation SRT (36). Neither
the risk of complication nor the treatment response was
better under fractionated SRT as compared with to the
single-shot modality. It may be that a single shot is more
effective and capable of sterilizing malignant tumors while
the precision of SRT technique is reduced by repeated
daily treatment that increases the risk of radiation therapy—
related complications.

Hypofractionated radiation therapy, in which the
dose is divided into larger doses than conventional
radiotherapy is, can be used instead of a single-shot large-
dose radiosurgery, and treatments are given once a day or
less often. Therefore, hypofractionated radiation therapy
is given in a shorter period (i.e., over several days) than is
conventional radiation therapy. To minimize complications,
this treatment scheme should have effective malignant cell
sterilizing power close to that of single-shot and normal
tissue damage-repair ability. Most study series examining
hypofractionated SRT for recurrent nasopharyngeal
carcinoma tended to have more cases than did single-shot
and conventional fraction studies. The treatment radiation
dose ranged from 17 to 59.4 Gy with 3-25 fractions
(37-41). Except for a few series that used around 2.5 Gy
(42,43), most series used 3-6 fractions with a fraction size of
4.25-15 Gy (37-41). The response rates ranged from 66.6%
to 90% with the best complete response rate reported
being 76% (37). The local control rates were similarly
high, with rates of 82%, 89%, and 78% being reported
at 2-, 3-, and 5-year follow-up, respectively. The highest
overall survival rates reported at 2-, 3-, and 5-year follow-
up were 64%, 80%, and 50%, respectively. The 3-year local
control rates for the studies using fraction sizes of around
2.5 Gy, which is similar to that of traditional radiation
therapy, ranged from 37.9% to 56.8% (37-41). The 3- and
S-year overall survival rates were at least 71.2% and 40%,
respectively in the hypofractionation SRT series (42,43).
In regard to radiation complications, although the rate
of severe complications may be as high as 25%, the fatal
complications were 12.5% to 16% in all hypofractionated
SRT series. Nonetheless, incidences of endocrine
dysfunction, cranial nerve neuropathy, and temporal lobe
necrosis of 30%, 23%, and 20%, respectively, were reported
even with a smaller fraction dose of about 2.5 Gy (43). The
treatment response, local control rate, and overall survival
of hypofractionated SRT appear to be superior with an
about equal complication rate compared with conventional
fracton SRT.

According to the above results, hypofractionated SRT
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for recurrent nasopharyngeal carcinoma appears to be a
reasonable treatment strategy. The treatment response
is better than conventional radiation therapy due to the
radiobiological effect of the large fraction dose with the
radiation-induced complications being reduced due to the
time gap between fractions for normal tissue repairing.
Hypofractionated SRT also has the advantage of allowing
patients to spend less time in the hospital for treatment,
which is beneficial in large countries or remote areas where
getting to the hospital is difficult. Radiation dose schemes
reported in the literature vary widely, ranging from 14 to
55 Gy with fraction sizes from 4 to 15 Gy (Table 1).
Recurrent nasopharyngeal cancer has various conditions
with the goals of treatment being different in each case;
thus, there is no standard radiation therapy protocol to
follow. Furthermore, the constraints of the radiation
therapy treatment plan for recurrent nasopharyngeal
carcinoma are highly dependent on the results of initial
radiation therapy. Therefore, SRT therapy planning and
schemes should be based on the patient’s clinical condition,
the accessibility of technology and treatment machines, the
physician’s expertise, and relevant data from the literature.

SRT and salvage surgery are both local treatments. In a
comparison of the results of surgery and SRT in recurrent
nasopharyngeal carcinoma, surgery showed a lower fatal
complication rate of 5% (10). However, the salvage surgery
approach is still relatively new, with limited information
and experience, and it is challenging due to the risk of
damage to various neurovascular structures, including dura
mater (11,12). SRT should be preferred for most recurrent
nasopharyngeal carcinoma cases unless an experienced
surgeon is available.

There are also limitations of SRT in recurrent
nasopharyngeal carcinoma. First, there are technological
requirements for SRT to ensure the desired quality for
treatment. The requirements include imaging, motion
management, treatment unit accuracy, and delicate
quality assurance measures (44). Not all hospitals have
the necessary equipment and technology to perform SRT,
so this treatment is not widely available. The indications
for SRT in the treatment of recurrent nasopharyngeal
carcinoma are also limited. Due to the precision and
accuracy requirements of SRT, the patient’s performance
status should be good enough to remain stable during
treatment for a sufficient period. Moreover, the treatment
target volume is limited for SRT. The size of the lesion
suitable for SRT should not exceed 3.5 cm in diameter. The
treatment dose should also be reduced as the treatment
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volume increases. Nasopharyngeal carcinoma tends
towards lymphatic metastases. As SRT lacks radiation dose
focusing, it cannot be used if the recurrent tumor is too
large or accompanied by lymphatic spread. Although SRT
is an option for the treatment of recurrent nasopharyngeal
carcinoma, the treatment decision should depend on the
overall clinical condition of the patient.

Discussion

As nasopharyngeal carcinoma is highly sensitive to
radiation, radiation therapy is the mainstay treatment
modality. The survival of nasopharyngeal carcinoma patients
has been improved with reduced toxicity of treatment
due to the progression of induction, concurrent, and
adjuvant chemotherapy with radiation therapy. However,
10% of patients still develop recurrent disease. The most
common approach to recurrent nasopharyngeal carcinoma
is reirradiation. Because of various radiobiological factors
and the dose tolerance of OARs (e.g., mucosa, carotid
vessels, and neurological structures), the prior radiation
dose exposure in primary treatment should be carefully
considered. The conventional radiation therapy scheme is
fractionated, and the reirradiation dose may be a key factor
in salvage rates. However, severe complications are not
uncommon during the second course of radiation therapy,
as the radiation dose to normal tissue that is tolerable is
difficult to limit with the conventional radiation therapy
technique. SRT can deliver radiation to a specific target
with a rapid dose fall-off to surrounding normal tissue. It
may represent an ideal treatment modality for recurrent
nasopharyngeal carcinoma, as it can optimize the radiation
dose to rGTV with an as-low-as-possible dose to OARs,
which otherwise may be susceptible to fatal complications
under larger doses.

SRT can be performed with conventional fractionation,
hypofractionation, or single shot methods. While a large
single dose of radiation may overcome the tumor cell’s
relative resistance to traditional fraction, a large treatment
volume combined with a high radiation dose may not only
restrict treatment response but also increase the risk of
serious neurological complications. Single-shot SRT is
suggested for recurrent nasopharyngeal tumor in patients
at the early stage of the disease and who have a small tumor
volume. In contrast to use of the single-shot approach,
SRT with conventional fractionated does not reduce the
risk of complications and does not yield superior response
rate. This may be due to the superior sterilizing effect
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on malignant tumors of the single-shot approach, and
the tendency of the precision of SRT to be reduced by
repeated daily treatment which may also increase the risk
of radiation therapy-related complications. In comparison
with conventional radiotherapy, hypofractionated radiation
therapy divides the treatment dose into a larger dose per
fraction. The treatment is given in a shorter period and
can sterilize malignant cells with similar efficacy to that
of the single-shot approach, while inflicting manageable
tissue damage with minimal complications. The treatment
response, local control rate, and overall survival seem to be
better with an acceptable complication rate as compared to
single-shot and conventional fractionated SRT.

On the other hand, SRT requires high technical
standards to ensure the precision of the treatment, and the
treatment target volume is often limited. This treatment
may not be for patients who are unable to remain still
during irradiation. SRT is not recommended for cases
of recurrent nasopharyngeal carcinoma with lymphatic
spreading due to its large target volume. Ng et /. have
proposed international recommendations for reirradiation
of locally recurrent nasopharyngeal carcinoma (45). The
surgical resection is the preferred option, but the requisite
expertise should be available, and a clear margin is likely to
be achievable. SRT with its characteristic dose conformity
and precision setup is a potentially advantageous modality
with effective tumor control for low volume recurrent
nasopharyngeal carcinoma. However, the possibility of
serious toxicities (including damage to the central nervous
system, fatal carotid blowout syndrome, or massive
hemorrhage from mucosal/tissue necrosis) should be
carefully considered. SRT for recurrent nasopharyngeal
tumor near critical organs, especially neural tissue or
carotid vessel, should be applied with care (40,43).
Dose constraints of OARs for recurrent nasopharyngeal
carcinoma are suggested for treatment with fractionation
IMRT (45). Although published standards exist for SRT,
the radiation doses of OARs in SRT could be converted
to a biologically equivalent dose and summed with the
doses of the primary radiation therapy for evaluation.
The guiding principle should always be ALARA. Amid
all the uncertainties and difficulties, the high-consensus
recommendation of a safe, cumulative dose of reirradiation
for recurrent nasopharyngeal carcinoma is <130% which
can be fully tolerated by the brainstem, spinal cord, optic
nerve, and temporal lobe; meanwhile, there is a moderate
consensus of a <130% dose for the optic chiasm and a low-
consensus dose of <125 Gy for the carotid artery. However,
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less stringent dose constraints, with the understanding
and consent from the patient that less critical OARs
may be damaged, can be considered to minimize salvage
failure should the dose for the recurrent tumor be found
inadequate.

Conclusions

In conclusion, for limited-volume local recurrent
nasopharyngeal carcinoma, SRT is a valid option. However,
compared with SRT, surgery or fractionation radiation
therapy may be less likely to result in catastrophic toxicity.
Patients should be counseled carefully before undergoing
SRT, particularly if the target is close to a vital organ
and could result in severe side effects. Although SRT has
certain therapeutic advantages for recurrent nasopharyngeal
carcinoma, conventional fractionation radiation therapy
may still be the appropriate approach for reirradiation. The
treatment decision should depend on the general condition
and clinical disease status of the recurrent nasopharyngeal
carcinoma patient.
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