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Objective : We retrospectively evaluated the efficacy of Gamma Knife radiosurgery (GKS) for recurrent nasopharyngeal carcinoma
(NPC) in patients who previously underwent radiotherapy, and analyzed the treatment outcomes over 14 years.

Methods : Ten patients with recurrent NPC who had previously received radiotherapy underwent stereotactic radiosurgery using
a Gamma Knife® (Elekta Inc, Atlanta, GA, USA) between 2005 and 2018. The median target volume was 8.2 cm’ (range, 1.7-17.8),
and the median radiation dose to the target was 18 Gy (range, 12-30). The median follow-up period was 18 months (range, 6-76
months). Overall and local failure-free survival rates were determined using the Kaplan-Meier method.

Results : The NPCs recurred at the primary cancer site in seven patients (70%), as distant brain metastasis in two (20%), and as
an extension into brain in one (10%). The recurrent tumors in seven of the 10 patients (70%) were found on the routine follow-up
imaging studies. Two patients presented with headache and one with facial pain. Local failure after GKS occurred in five patients
(50%) : two of whom died eight and 6 months after GKS, respectively. No adverse radiation effects were noted after GKS. The 1- and
3-year overall survival rates after GKS were 90% and 77%, respectively. The local failure-free survival rates at 6 months, 1 year, and
3 years after GKS were 80%, 48%, and 32%, respectively. The median interval from GKS to local failure was 8 months (range, 6-12).
Univariate analysis revealed that using co-registration with positron emission tomography-computed tomography (PET-CT) and
magnetic resonance imaging (MRI) was associated with a lower local failure rate of recurrent NPC (p=0.027).

Conclusion : GKS is an acceptable salvage treatment option for patients with recurrent NPC who previously received radiation
therapy. PET-CT and MRI co-registration for dose planning can help achieve local control of recurrent NPC.
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INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a common head and
neck malignancy in East Asian countries, especially in China.
Early-stage NPC is curable, and external beam radiotherapy
(EBRT) alone is sufficient treatment given the tumor's radio-
sensitivity. However, late-stage NPC remains a challenge be-
cause of its high rate of recurrence. Late-stage NPC has con-
ventionally been treated with concurrent chemoradiotherapy
(CCRT). Many treatment options for recurrent NPCs have
been introduced to improve local control, including fraction-
ated stereotactic radiotherapy (FSRT), intensity-modulated
radiosurgery (IMRT), brachytherapy, and stereotactic radio-
surgery (SRS)08211-4 SRS using Gamma Knife” (Elekta Inc,
Atlanta, GA, USA) has become an alternative treatment for
the majority of recurrent or residual brain tumors, particular-
ly those that underwent previous conventional radiotherapy
that renders additional irradiation difficult. Gamma Knife ra-
diosurgery (GKS) has the advantage of high conformity to in-
tracranial tumors and the sparing of surrounding normal tis-
sue from irradiation, thereby reducing radiation-related
complications. However, GKS is often inadequate for achiev-
ing local control in patients with recurrent NPC because of
inaccurate target delineation, and has rarely been used for re-

current NPC*'. To improve local control in patients with re-

current NPC using GKS, we employed co-registration with
positron emission tomography-computed tomography (PET-
CT) and magnetic resonance imaging (MRI). PET-CT is valu-
able for differentiating recurrent NPC from non-tumorous
tissues because of its specific uptake in the tumor™?. To the
best of our knowledge, there have been no studies of PET-CT
and MRI co registration when using GKS to improve local
control of recurrent NPC. In this study, we evaluated treat-
ment outcomes following GKS using co-registration with
PET-CT and MRI in patients with recurrent NPC, and inves-

tigated factors that are associated with local tumor control.

MATERIALS AND METHODS

Study design

We conducted a single-institution, retrospective study that
was approved by the Institutional Review Board of Kyung-
pook National University Hospital (KNUH 2014-03-013-001).
The overall outcomes of 10 consecutive patients with recur-
rent NPC who underwent SRS with the Leksell Gamma
Knife® (Elekta Inc) at our hospital between 2005 and 2018
were evaluated. The diagnosis of initial and recurrent NPC
was confirmed by biopsy and imaging studies by head-neck
surgeons. All patients were staged according to the 2002

Fig. 1. A: Dose planning for recurrent nasopharyngeal carcinoma showing co-registration with PET-CT and MRI. The tumor was treated with a radiation dose of
20 Gy at the 50% isodose line. B : Dose planning for recurrent nasopharyngeal carcinoma showing MRI without co-registration with PET-CT. PET-CT : positron
emission tomography-computed tomography, MRl : magnetic resonance imaging.
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Union for International Cancer Control (UICC) staging sys-
tem, and all underwent conventional CCRT. ®F-fluoro-2-de-
oxy-D-glucose PET-CT was performed for all patients to as-
sess the recurrence status of NPC, as well as its extent
(including distant metastasis). GKS was recommended when
radiation-related risks existed after conventional radiotherapy
or when patients refused other salvage treatments such as sur-
gery, chemotherapy, and conformal radiotherapy. Recurrent
NPCs that were suitable for analysis were identified using our
GKS database and were verified on imaging studies conducted
by a neuroradiologist. Outcome data were collected through
an independent review of the patients' medical records and
were analyzed by neurosurgeons who did not participate in

their management.

GKS using the PET-CT and MRI co-registration
technique

A Model G Leksell stereotactic frame was applied to all pa-
tients under local anesthesia. After attaching an imaging-
compatible fiducial system to the frame, we performed high
resolution stereotactic MRI for all patients. We were unable to
obtain stereotactic PET-CT images at our hospital because of
the lack of frame-based PET-CT facilities. Instead, we per-
formed high resolution PET-CT without the frame. Images
were transferred to a computer workstation for treatment

planning; stereotactic MR images were fused with PET-CT
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images using the co-registration technique. Recurrent NPC
was outlined using optimized imaging integration of stereo-
tactic MRI and conventional PET-CT (Fig. 1). Six patients
(60%) underwent surgery and CCRT following their initial
diagnosis at our hospital, while four (40%) were referred from
other hospitals at the time of NPC recurrence; the former six
patients underwent GKS using co-registration with PET-CT
and MRI, while the latter four did not undergo GKS using this
technique because their PET-CT images obtained at other
hospitals were not adjustable for co-registration on our hospi-
tal's workstation computer. It was difficult to accurately delin-
eate the tumor volume on MRI without co-registration with
PET-CT (Fig. 2).

The target volume was determined at the time of treatment
planning with the goal of enveloping the 3-dimensional tu-
mor volume in a highly conformed and selective dose plan.
All patients received an intravenous dose of 20—40 mg methyl
prednisolone after GKS, and all were discharged from the
hospital within 6-24 hours.

Follow-up examination

The patients were instructed to undergo clinical follow-up
examinations every 1-3 months after GKS as well as an imag-
ing assessment (MRI and CT) every 6 months; neurological
and nasopharyngeal examinations were performed at the time

of imaging to assess clinical outcomes. Local failure was de-

Fig. 2. A: Dose planning for recurrent nasopharyngeal carcinoma showing MRI without co-registration with PET-CT. It was difficult to accurately define the tu-
mor on MRI without co-registration with PET-CT. PET-CT images obtained at other hospitals were not adjustable for co-registration on our hospital's workstation
computer. The ill-defined tumor was treated with a radiation dose of 18 Gy at the 50% isodose line. B : PET-CT showing tumor recurrence (arrow) 8 months after
Gamma Knife radiosurgery. C: The tumor was re-treated with a radiation dose of 20 Gy at the 50% isodose line. MRI : magnetic resonance imaging, PET-CT : posi-
tron emission tomography-computed tomography.
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fined based on serial MR or CT with increased contrast en-
hancement and radiographic progression. All patients received
a minimum of 6 months of follow-up (median, 18 months;
range, 6—76 months). Five patients (50%) underwent follow-

up for longer than 2 years.

Statistical analysis

We constructed Kaplan-Meier plots for overall survival and
local failure-free survival rates calculated from the date of
GKS until that of the last follow-up examinations. The follow-
ing variables were assessed : age, sex, clinical presentation, tu-
mor staging, lesion location and volume, duration until recur-
rence, margin dose, maximal dose, isodose line, number of
isocenters, conformity index and co-registration technique
with PET-CT. A probability value less than 0.05 was consid-
ered significant. Univariate analysis was performed using the
log-rank test for categorical data and Cox proportional haz-
ards model for continuous data. Variables were compared us-
ing Fisher's exact test and the Mann-Whitney test. The SPSS
software version 20.0 (IBM Corp, Armonk, NY, USA) was

used for all analyses.

RESULTS

Patients

Patient characteristics are summarized in Tables 1 and 2. All
patients (eight men and two women) had histologically
confirmed NPC; their median age was 56 years (range,
34-73 years). All patients had undergone CCRT on initial
NPCs diagnosis. None previously received brachytherapy. Cis-
platin-based chemotherapy was administered to all patients;
however, the regimen details differed among hospitals and phy-
sicians. The median duration between initial NPC diagnosis
and recurrence was 20 months (range, 5-161). The most com-
mon locations of recurrence were the nasopharyngeal region.
Seven NPCs (70%) were locally recurrent tumors at the same
original site, two (20%) were distant metastases on the cavern-
ous sinus and cerebellum, and one (10%) extended into the
frontal lobe. The patient with distant metastasis in the cerebel-
lum had undergone a craniotomy for a brain tumor that was
histologically confirmed as metastasis from NPC. Recurrence
was diagnosed during routine follow-up imaging in seven pa-
tients (four via PET-CT, two via MRI, and one via CT). Of the
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remaining three patients, two presented with a headache and
lhad facial pain at recurrence. According to the UICC staging
system, four patients (40%) had early-stage (I-II) disease and
six had late-stage (III-1V).

The median target volume was 8.2 cm? (range, 1.7-17.8), and
the median prescription dose delivered to the tumor margin
was 18 Gy (range, 12-30). The prescribed isodose line for all
patients was 50%, and the maximum radiation dose ranged
from 24 to 60 Gy (median, 36). One patient with a large tumor
underwent hypofractionated GKS (three fractions) and the re-

maining nine underwent single-session GKS.

Clinical outcomes
Five patients (50%) experienced local failure after GKS

Table 1. Summary of patient, recurrent nasopharyngeal carcinoma, and
radiosurgery characteristics

Variable Value
Age (years) 56 (34-73)
Gender (male : female) 8:2
Previous concurrent chemo-radiation 10 (100)
Finding at recurrence
Follow-up imaging study 7 (70)
PET-CT 4 (40)
MRI 2 (20)
) 1(10)
Headache 2 (20)
Facial pain 1(10)
Duration (months)
From initial diagnosis to recurrence 20 (5-161)
From radiosurgery to recurrence 8(6-12)
Stage (UICC staging system)

Early (I-11) 4
Late (IlI-1V) 6
Co-registration with PET-CT 6 (60)
Tumor volume, median (cm’) 8.2
Margin dose, median (Gy) 18
Maximal dose, median (Gy) 36
Isodose line, median (%) 50
Number of isocenters, median 9

Values are presented as median (range) or number (%) unless otherwise
indicated. PET-CT : positron emission tomography-computed
tomography, MRI : magnetic resonance imaging, UICC : Union for
International Cancer Control



while the remaining five (50%) had not experienced such fail-
ure as of their final follow-up visit. Of the five patients who
experienced local failure after GKS, three underwent addi-
tional GKS once, twice, and thrice, respectively; moreover, the
fourth underwent additional GKS and endoscopic surgery
while the fifth was treated with conservative therapy. Two of
the five patients with local failure underwent GKS using co-
registration with PET-CT while four of the five patients with-
out local failure underwent GKS using the co-registration
technique. Furthermore, two of five patients who experienced
local failure died eight and 6 months after GKS, respectively,
one of local failure while the other of an unspecified cause.
There were no symptomatic radiation-related complications
from salvage GKS. The overall survival rates post-GKS were
90% at 1 year and 77% at 3 years, while the local failure-free
survival rates post-GKS were 80%, 48%, and 32% at 6
months, 1 year, and 3 years, respectively (Fig. 3). The median
interval between GKS and tumor recurrence was 8 months
(range, 6-12). There were no significant differences in the lo-
cal failure rate according to age, sex, clinical presentation, tu-
mor staging, lesion location and volume, duration until recur-
rence, margin dose, maximal dose, number of isocenters, and
conformity index. On univariate analysis, patients who un-
derwent GKS using co-registration with PET-CT and MRI
had significantly better tumor control rates than those who
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underwent the procedure using conventional GKS planning
(p=0.027). Kaplan-Meier analysis showed that GKS using co-
registration with PET-CT was associated with better tumor

control in terms of NPC recurrence (Fig. 4).
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Fig. 3. Kaplan-Meier curve showing local failure-free survival of patients
with recurrent nasopharyngeal carcinoma after Gamma Knife
radiosurgery.

Table 2. Individual data of patients with recurrent nasopharyngeal carcinoma treated with GKS

. Treatment Symptoms Co- Tumor . Time to Treatment
Patient Age L ’ . . Margin recur
X Stage afterinitial Recurred site at registration volume after
No. (years) . . 3 dose (Gy) after GKS
operation recurrence  with PET (cm’) recurrence
(months)
1 F 49 Early CCRT Frontal lobe  Headache No 7.8 12 6 Conservative
2 M 73 Early CCRT Local Headache Yes 8.8 15 =
3 M 44 Late CCRT Cerebellum No No 17.8 30in -
3 fraction
4 F 39 Late CCRT Local No No 99 18 8 GKS+surgery
5 M 56 Early CCRT Local No Yes 13.2 20 -
6 M 60 Late CCRT Cavernous No Yes 55 16 =
sinus
7 M 66 Early CCRT Local No Yes 8.1 16 12 GKS
8 M 34 Late CCRT Local Facial pain No 17 18 6 GKS
9 M 66 Late CCRT Local No Yes 1.8 20 8 GKS
10 M 55 Late CCRT Local No Yes 83 20 -

GKS : Gamma Knife radiosurgery, PET : positron emission tomography, F : female, CCRT : concurrent chemoradiotherapy, M : male
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DISCUSSION

Opverall survival rates in patients with NPC are poor even
with the availability of modern advanced technologies; the
majority of the patients experience tumor recurrence that
leads to morbidity and mortality'. In this study, we reviewed
the clinical and radiological outcomes of patients who under-
went salvage GKS for recurrent NPC and analyzed the factors
that were associated with local failure post-GKS. We found

that GKS for recurrent NPC produced effective local control
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Fig. 4. Kaplan-Meier curves showing local failure-free survival of
patients with recurrent nasopharyngeal carcinoma after Gamma Knife
radiosurgery according to the use of co-registration with PET-CT and
MRI. The difference between the two groups was significant (p=0.027).
PET-CT : positron emission tomography-computed tomography, MRI :
magnetic resonance imaging.

with a low risk of radiation-induced complications. Further-
more, GKS using co-registration with PET-CT and MRI im-
proved local control in patients with recurrent NPC.
Recurrent NPCs are currently treated with FSRT, IMRT,
brachytherapy, SRS, and combinations thereof'”. FSRT is con-
sidered the first-line option for patients with recurrent NPC
with previous radiotherapy, but is often associated with radia-
tion-related complications. Although modern radiotherapy
techniques have advanced greatly, re-irradiation for recurrent
NPC is often difficult because exposing critical structures
such as cranial nerves, brain stem, and optic apparatus to ra-
diation can result in serious complications. Extensive resec-
tion or additional chemotherapy has not been shown to be as
effective against recurrent NPC as other methods. Because of
the radiosensitive nature of NPC, SRS has been recommended
for certain patients; high conformity and precision SRS with
Gamma Knife® (Elekta Inc) was shown to improve tumor

control and reduce radiation-related risks.

SRS for recurrent NPC

NPC carries a poor prognosis and exhibits high recurrence
rates that range from 17% to 23% depending on the initial tu-
mor status; the 5-year overall survival rate post-salvage treat-
ment for recurrent NPC is 9-30%?. Conventional radiothera-
py is of limited use given the desire to avoid normal organ-at-
risk. Boost radiation has become a standard salvage treatment
option for residual NPC, while FSRT and SRS are effective
salvage treatment modalities as well. Several studies of FSRT
and SRS after primary radiotherapy for residual NPC have
been performed>>**™. FSRT is a modification of SRS that en-
ables fractionated irradiation while preserving the accuracy

and dose conformity of SRS. Liu et al.” reported excellent lo-

Table 3. Summary of previous reports of recurrent nasopharyngeal carcinoma treated with stereotactic radiosurgery

Study N(?. of Treatment Median margin Local fi.xilure-free Overall survival Toxicity Follow-up
Patients dose (Gy) survival rate rate related SRS (months)
Le etal” (2003) 45 LINAC 12 3-year, 71% 3-year, 75% 0 35
Chua et al.” (2006) 48 LINAC 12.5 5-year, 47.2% 5-year, 46.9% 27% 54
Chua et al.” (2007) 37 LINAC 12.5 3-year, 68.3% 3-year, 77.5% 21.6% 42
0'Donnell et al.” (2008) 2 GKS 14 2-year, 100% 2-year, 100% 0 24
Diaz-Martinez et al.” (2018) 9 GKS 13 70% Died, 1 patient 11% 13
Present series 10 GKS 18 3-year, 32% 3-year, 77% 0 37

SRS : stereotactic radiosurgery, LINAC : linear accelerator, GKS : Gamma Knife radiosurgery
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cal control for 136 patients treated with FSRT for residual
NPCs after primary radiotherapy; their 5-year disease-free
and overall survival rates were 73.6% and 76.2%, respectively
with no severe acute toxicities secondary to FSRT. Xiao et al.”¥
reported that eight of their 50 patients died of fatal nasopha-
ryngeal hemorrhage after FSRT for recurrent or residual
NPCs, whereupon they reduced the fractionated dose; their
tindings suggested that a high cumulative dose of FSRT and
EBRT, previous nasopharyngeal brachytherapy, and nasopha-
ryngeal necrosis elevated the risk of fatal hemorrhage.

SRS was recently introduced as an important additional or
alternative salvage treatment option for selected patients with
recurrent NPCs. In particular, NPCs that tend to continue re-
curring require repetitive treatments. GKS can deliver a high
dose of radiation while better sparing the normal tissue owing
its rapid dose fall-off and is therefore recommended for repeti-
tive salvage therapy. In study of 48 residual NPCs treated by
SRS using linear accelerator, Chua et al.”’ reported 5-year local
failure-free survival and overall survival rates of 47.2% and
46.9%, respectively (Table 3). It was also proposed that pa-
tients with good prognostic scores should be treated with SRS
given its excellent results®. In our study, the 3-year local fail-
ure-free and overall survival rates post-GKS were 32% and
77%, respectively. Although the number of patients in our
study was small and the follow-up period was short, our re-
sults are consistent with previous FSR or SRS studies.

Studies of treating NPCs with GKS are rare®'”. Diaz-Mar-
tinez et al.” found that planned GKS after IMRT in nine pa-
tients with NPCs provided excellent local control without
acute radiation related toxicity and that good local control
rates were achieved in all patients. O'Donnell et al.' reported
that two patients with early diagnosed, locally recurrent NPCs
were successfully treated with GKS. The patients remained
well without evidence of recurrence or complications 2 years
after GKS. Sultanem et al.' found that IMRT showed im-
proved tumor target coverage over conventional radiotherapy
with significantly better sparing of the nearby normal struc-
tures. The incidences of severe and life-threatening toxicity
due to conventional CCRT were 21-55% in an intergroup trial
for NPC™. IMRT achieved better local control with decreased
toxicity; however, studies of IMRT for treating recurrent
NPCs are scarce. In a preliminary study, Chua et al.¥ reported
l-year locoregional progression-free and overall survival rates
of 56% and 63%, respectively, after re-irradiation with IMRT
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for locally recurrent NPCs. Late toxicities were common, al-
though the incidences of severe toxicities were relatively low.
In our study, there were no symptomatic radiation-related
complications caused by salvage GKS. Le et al.¥ reported that
the incidence of late toxicity due to SRS boost after EBRT was
low with acceptable levels of severity. Brachytherapy spares the
critical organs, increases the radiation dose to the tumor, and
improves tumor control in early-state NPC; however, it can-
not be used for irradiating the intracranial area or deep para-
pharyngeal space’. Teo et al.”” reported that brachytherapy
was associated with significantly worse local control and sur-
vival, although a higher radiation dose via external radiother-

apy improved such outcomes.

GKS using co-registration with PET-CT and MRI

To achieve better tumor control with GKS, it is important
to accurately delineate the tumor volume. However, post-irra-
diation changes on MRI such as edema, fibrosis or loss of tis-
sue plans can be confused with recurrent disease?. To prevent
this, innovative GKS-related techniques such as co-registra-
tion with PET-CT and MRI ought to be considered. In our
study, no patient or tumor-related factors, including tumor
stage and volume, were significantly associated with the NPC
local failure rate of NPC post-GKS. However, outcomes sig-
nificantly improved using co-registration with PET-CT and
MRI when planning GKS. PET-CT is an important modality
for radiotherapy planning as well as defining the tumor vol-
ume to achieve better tumor control”. On GKS planning, we
found that co-registered PET-CT more precisely identifies
NPC with deep soft tissue. Moreover, when we compared
PET-CT with MRI-based planning, we found that the MRI-
based target was often not included in the area delineated by
the PET-CT-based target. Insufficient coverage of the gross
tumor volume results in tumor control failure, especially in
NPCs with highly recurrent and infiltrative natures. Irradia-
tion of potential subclinical areas as detected by PET-CT is
important for achieving better tumor control. We found that
GKS using co-registration with PET-CT and MRI had better
tumor control than GKS with conventional MRI-based plan-
ning. Hence, we recommend using a PET-CT/MRI fusion im-
age when planning GKS for patients with NPC.

There are several advantages associated with this co-regis-
tration technique. One advantage is that co-registered PET-

CT images provide clear tumor margins than MRI or CT
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alone. MRI is necessary for delineating tumor margin in GKS
planning, and is superior to CT; however, MRI contrast en-
hancement often complicates distinguishing between a tumor,
inflammation, and radiation-induced fibrosis. Second, the
treatment plan can be adjusted so that the maximum radia-
tion dose is applied to the “hot spot” identified on the PET-
CT scan. Third, PET-CT for treatment plan is useful for deci-
sion making, when the same modality will be used for follow-
up, especially in terms of identifying tumor recurrence and
distinguishing between malignant tissue and radiation necro-
sis. On the other hand, the majority of PET imaging centers is
not equipped to acquire frame-based stereotactic PET-CT;
therefore, we used co-registration with PET-CT and MRI for
GKS instead of frame-based stereotactic PET-CT. However,
additional efforts are needed to reduce inaccuracies in co-reg-
istered images. Furthermore, PET-CT is often too expensive
to utilize solely for use in GKS planning, and may be more ex-
pensive than the GKS itself. However, in the majority of pa-
tients with NPC, PET-CT is already performed for tumor
staging and determining the extent of invasion before treat-
ment, hence PET-CT images acquired at recurrence can be

used for co-registration.

Study limitations

This study is one of very few to date to investigate salvage
GKS for recurrent NPC. However, our analyses were limited
by the small amount of data as well as the retrospective, sin-
gle-center nature of the study. A multicenter study should be
performed to acquire sufficient data on GKS for recurrent
NPCs to better assess the efficacy of GKS. Further investiga-
tions of new techniques are also acquired to improve salvage

GKS treatment outcomes.

CONCLUSION

GKS is an acceptable salvage treatment option for patients
with recurrent NPC who were previously treated with radia-
tion therapy. Our results suggest that GKS using co-registra-
tion with PET-CT and MRI for dose planning may be helpful
for improving NPC local control despite this disease's poor

prognosis.
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