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Purpose/Objectives: To establish the feasibility and safety of intraoperative placement of
cesium-131 (Cs-131) seeds for re-irradiation in recurrent head and neck cancer (HNC).

Methods: Patients with resectable recurrent HNC who were deemed to have a high risk
of second recurrence were eligible. Immediately after tumor extirpation, seeds were
implanted in the surgical bed based on the preoperative treatment plan with intraoperative
adjustment. The surgical bed and the seeds were covered with a regional flap or
microvascular free flap. A CT of the neck was obtained on postoperative day 1 for
evaluation of the postoperative dose distribution. Patients were followed 1 and 3 months
after surgery, then every 3 months in the first 2 years.

Results: From November 2016 to September 2018, 15 patients were recruited and 12
patients received treatment per protocol. For the patients who had implants, the sites of
initial recurrence included 10 neck alone, 1 neck and larynx, and 1 neck/peristomal. The
median follow-up was 21.4 months. After surgery, patients remained hospitalized for a
median of 6 days. There were no high-grade toxicities except two patients with wound
complications requiring wound care. Eight patients had recurrences, three locoregional
alone, three distant alone, and two with both locoregional and distant recurrences. Only
one patient had an in-field failure. Five patients died, with 1- and 2-year overall survival of
75 and 58%.

Conclusions: Cs-131 implant after surgical resection in recurrent HNC is feasible and safe.
There were no unexpected severe toxicities. Most failures were out-of-field or distant.

Clinical Trial Registration: ClinicalTrials.gov, identifier NCT02794675.
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INTRODUCTION

Head and neck cancers (HNC) represented an estimated 53,260
new diagnoses of malignancy in the United States in 2020, with
10,750 estimated deaths (1). Most patients present with loco-
regionally advanced disease. Radiation is a principal treatment
modality in HNC, either as definitive therapy or after surgery,
and often administered with concurrent platinum-based
chemotherapy. With modern multimodality therapy, overall
survival for these patients continues to improve and typically
exceeds 40-70% in modern series (2-4). Locoregional recurrence
rates remain high and are the common mode of failure, with
tumors of oropharyngeal origin and HPV-related having a
relatively better prognosis (2, 5).

Locoregional recurrence in HNC can be particularly morbid,
and survival rates at 1 and 2 years following recurrence are poor
(5). The primary treatment for recurrence of HNC is surgical
resection if possible, often followed by adjuvant radiotherapy to the
resection bed, especially for patients with high-risk features (3, 4).
Both of these treatments can be complicated by prior radiotherapy.
Adjuvant radiotherapy after resection for recurrence can be
challenging, as many organs at risk (OAR) near the primary site
received significant dose from the primary course of radiation.
Severe late toxicity is not uncommon even with the use of intensity-
modulated radiation therapy (IMRT) (6). Depending on the site of
recurrence, these toxicities may be prohibitive to re-irradiation
with external beam radiotherapy (EBRT) techniques, particularly
when considered in conjunction with the increased risk of surgical
complications such as wound dehiscence, tissue necrosis, or carotid
blowout (6-8). In a meta-analysis of re-irradiation for recurrent or
second primary HNG, 28% of over 3,700 patients across 39 studies
underwent postoperative re-irradiation. Their rates of grade 3+
acute and late toxicities were 32 and 29% respectively, with
radionecrosis, dysphagia, and trismus among the most common
grade 3-4 late toxicities (7).

Several recently reported attempts to explore newer modes of
re-irradiation have focused on highly conformal external beam
treatments, including stereotactic body radiation therapy (SBRT)
and proton therapy, with some SBRT series showing local control
and toxicity comparable to IMRT and other conventional
conformal techniques (9). However, brachytherapy is a
particularly intriguing modality for this purpose as it attempts
to theoretically deliver maximal dose conformality to spare
unwanted dose to nearby normal tissues, and allows a
sufficiently high re-irradiation dose to the post-operative bed for
control of microscopic disease. Brachytherapy can be performed at
the time of surgery following primary resection, which eliminates
treatment delay for the patient.

The use of Cesium-131 (Cs-131) implants is shown to be
feasible in the postoperative setting for recurrent HNC in several
small series (8, 9). The relative dosimetric properties of Cs-131

Abbreviations: HNC, head and neck cancer; EBRT, external beam radiation
therapy; Cs, cesium; IMRT , intensity-modulated radiation therapy; SBRT,
stereotactic body radiation therapy; OAR, organ at risk; CT, computed
tomography; PET, positron emission tomography; HDR, high dose-rate; LDR,
low dose-rate; NRC, Nuclear Regulatory Commission; IRB, institutional
review board.

compared to iridium-192 or Iodine-125 isotopes, which include a
lower mean energy and short half-life at 9.7 days, have made it an
excellent candidate for treatment not only in recurrent HNC, but
in the treatment of recurrent brain tumors, inoperable non-small
cell lung cancer, and recurrent pelvic malignancies (10-13). Due
to the favorable properties of both brachytherapy and Cs-131, we
sought to explore the feasibility of Cs-131 implants in recurrent
HNC after surgery at our institution. We report our preliminary
experience using Cs-131 seed implantation as adjuvant treatment
for patients with recurrence of their HNC who undergo
salvage surgery.

MATERIALS AND METHODS

This is a prospective clinical trial approved by our institutional
Internal Review Board (IRB) and is partly supported by IsoRay" "
(Richland, WA). The aims of this study were to assess the
feasibility and safety associated with Cs-131 brachytherapy in
patients with recurrent head and neck cancer undergoing salvage
surgery to ensure that any morbidity does not overshadow any
measurable oncologic cure.

Eligibility Criteria and Patient Selection
Eligible patients were age 18-90 years with Karnofsky
performance status >60, with resectable, recurrent HNC
after previous radiotherapy. All patients were reviewed in
multidisciplinary tumor board and deemed to be at high-risk
for second failure due to recurrent disease adjacent to critical
structures such as the carotid artery, skull base, deep cervical
musculature, or other areas that would limit the possibility of en-
bloc resection, and were thus deemed candidates for post-
operative radiotherapy regardless of primary site. Patients with
active pharyngocutaneous fistula, exposed carotid artery
preoperatively requiring sacrifice or bypass intra-operatively, or
distant metastasis (except for a single lung nodule/2™® lung
primary) or HIV-positivity were not eligible. All patients
signed IRB-approved informed consent.

Seed Description and Pre-Planning
Procedures

Cs-131 seeds were provided by IsoRay = (Richland, WA). Seeds
were supplied in a mesh or strand configuration. The seeds are
encased in a 0.05 mm titanium shell, and contain radioactive Cs-
131 isotope surrounding a 4 mm gold marker. The strength and
number of the Cs-131 seeds were estimated based on a
preoperative treatment plan using diagnostic computed
tomography (CT) images, as well as positron emission
tomography (PET) imaging. The geometry and size of the
resection cavity was estimated by the radiation oncologist and
head and neck surgeon, and a target volume was delineated on the
CT images (Figure 1A). Using MIM Symphony LDR™ treatment
planning software, version 6.5 (Cleveland, OH, USA), the seeds
were placed in a single, optimal plane with 1 cm seed-to-seed
spacing to cover the estimated resection cavity. The seed air kerma
strength was iteratively adjusted in the planning software, such
that a dose of 60-70 Gy was delivered to a prescription point
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Visualization at Position: 12.4 cm

Visualization at Position: 13.2 cm

on diagnostic CT, pre-operative tumor contour in purple.

Visualization at Position: 12.6 cm

Visualization at Position: 13.4 cm

FIGURE 1 | (A) Pre-operative plan showing Cs-131 strand implant location along predicted tumor bed. (B) Post-operative plan showing implanted Cs-131 seeds

located 5 mm perpendicular to the center of the implant plane.
The treatment plan was reviewed by the medical physicist,
radiation oncologist, and head and neck surgeon. The
prescription dose was adjusted based on the previous radiation
dose received and the dose to the spinal cord. The composite dose
(dose previously received plus the implant dose) was kept < 140
Gy. Therefore, for patients with recurrence after definitive

radiation, the implant dose was between 60 and 65 Gy. For
patients recurred after postoperative radiation, the implant dose
was between 65 and 70 Gy. The composite dose to the spinal cord
was limited to < 50 Gy. A custom mesh and/or set of strands with
pre-specified seed spacing was then ordered. In most cases,
especially those with larger uncertainty in the size or geometry
of the estimated resection cavity, an extra strand of seeds was
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ordered and used as needed. An identical set of dummy seed
mesh/strands was ordered for facilitation of intraoperative
adjustment to avoid unnecessary radiation exposure.

In cases where the seeds would be in proximity to critical
vascular structures or the mucosal/cutaneous surface a
vascularized pedicle flap, free tissue transfer was planned. A
thin adipofacial anterolateral thigh free flap (2-3mm thick) was
used most frequently for vascular coverage and additional fat/
muscle could be harvested and contoured to prevent seed
extrusion through mucosal or cutaneous interfaces. Additional
soft tissue overlying the seeds lowered radiation exposure and

helped to achieve a dose rate limit that was acceptable (< 6 mR/h
at 1 meter distance) for patient discharge.

Intraoperative Planning and Postoperative

Dose Verification

Immediately after tumor extirpation, the seeds were implanted in
the surgical bed based on the preoperative treatment plan with
intraoperative adjustment. The mesh containing seeds was
secured by suture. The surgical bed and seeds were covered
with a regional flap or microvascular free flap (Figure 2).
Radiation exposure was measured immediately post-surgery,

FIGURE 2 | (A) Cs-131 strands being removed from sterile packaging for implant. Each strand contained a custom number of seeds spaced at 1 cm apart.
(B) Exposed resection cavity with several Cs-131 strands implanted per the pre-operative plan.
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on day 1 post-surgery, and on 5-8 days post-surgery. A CT scan
of the neck was obtained on postoperative day 1 for
postoperative treatment planning to confirm the dose
distribution of the implant (Figure 1B).

Follow-Up and Statistical Analysis

Patients were seen for follow-up at 1 and 3 months after surgery,
then every 3 months in the first 2 years and every 6 months
thereafter. Toxicities and disease status were recorded
prospectively at every follow-up. A CT of the neck was
obtained 1-2 months after surgery and a PET/CT was
obtained about 3 months after surgery.

Survival estimates were performed using the Kaplan-Meier
method. Overall survival was determined from the date of
brachytherapy implant to patient death or last follow-up.
Progression-free survival was determined from the date of
brachytherapy to any progression of disease (either by imaging
or pathologic diagnosis) or death. Locoregional failure-free survival
was determined from the date of brachytherapy to any progression
of disease at the primary site or regional lymphatics. An in-field
recurrence was defined as recurrent gross tumor in contact with
regions receiving 100% or greater of the implant prescription dose.
Distant metastatic failure-free survival was determined from the
date of brachytherapy to any occurrence of metastatic disease.

RESULTS

Patient Characteristics and Treatment
From November 2016 to September 2018, 15 patients were
recruited, and 12 patients received seed implantation. Of the
patients who did not receive protocol treatment, one had disease
progression before surgery and went to hospice, and two were
determined to be low-risk intraoperatively after tumor resection.
Patient characteristics and treatment parameters for the
12 patients who had seed implants are summarized in
Table 1. There were 11 male and 1 female, with a median

TABLE 1 | Patient characteristics and treatment.

Median age (years) 75 (52-86)
Gender

Male 11

Female 1
Site of initial diagnosis

Oropharynx 5

Larynx 3

Skin 3

Oral cavity 1
Site of recurrence

Neck alone 10

Neck and larynx 1

Neck/peristoma 1
Time from RT To recurrence (months) 21.9 (3.7-103.8)
Time from RT To implant (months) 22.7 (4.2-105.1)
Previous RT dose (Gy) 70 (60-74)
Dose implanted (Gy) 65 (60-70)
Total cumulative dose (Gy) 130 (120-140)
Total seed implanted 35 (11-68)

Total seed activity (mCi) 101.2 (38.8-182.2)

age of 75 (52-86) years. Primary sites at initial diagnosis
included five oropharynx, three larynx, three skin, and one
oral cavity. Recurrent sites of disease included 10 neck alone,
1 both neck and larynx, and 1 neck/peristomal. The interval
between recurrence and previous radiation ranged from 3.7
to 103.8 months, with a median of 21.9 months. The interval
between previous radiation and Cesium implantation was
4.2-105.1 months, with a median of 22.7 months.

The median radiation dose from the initial course of radiation
treatment was 70 Gy (range 50-74 Gy). Cs-131 implant dose
ranged from 60 to 70 Gy (median 65 Gy) depending on the
previous dose the patient had received and the dose to the critical
structures, mainly the spinal cord. The median total cumulative
dose was 130.1 Gy (range 120-140 Gy). Total implanted seeds
ranged from 11 to 68 (median 35). The median seed activity was
2.8 mCi (range 2.5-3.5 mCi) and total seed activity ranged from
38.8-182.2 mCi (median 101.2 mCi).

Radiation Safety

Radiation exposure rate was measured using a Victoreen 451B
Fluke ion chamber survey meter at 1 meter from the implanted site
immediately post-procedure, on day 1 post-procedure, and on 5-8
days post-procedure before patient discharge. Forty two
measurements were taken from 12 patients ranging from 2.0 to
6.6 mR/h immediately post-procedure, 1.1-4.7 mR/h on post-
operative day 1, and 0.7-2.7 mR/h on post-operative day 5-8. Per
NRC regulations using an occupancy factor of 0.25, the calculated
dose rate limit for patient release was < 6.0 mR/hr. All patients were
below this threshold on 1 day post-procedure and the exposure rate
for all patient was < 2mR/h at discharge from hospital.

Post-Implant Quality Assurance

In order to examine the post-implant movement of the seeds and
effect on the dose distribution, CT images obtained at follow-up
visits, including the CT as part of the PET/CT, were rigidly
registered to the postoperative day 1 CT for the initial seven
patients using MIM treatment planning software. The DICOM
coordinates of each seed were obtained to determine their
movement. The average observed seed movement was found to
consistently increase with every subsequent CT acquired. By 60
days after implantation when the implanted Cs-131 seeds
deposited 99% of the prescribed dose, the average deviation was
4.3 mm and mean bulk displacement of the entire mesh implant
was 2.5 mm. Kaplan-Meier plots obtained for the probability of a
seed not having been observed to move a given distance revealed
that after 60 days, 98.8% of the studied seeds had moved <10 mm,
65.8% by <5 mm, and 21.7% by <2.5 mm. The maximum resulting
change in volume of the prescription isodose line was <3%.

Adverse Events

There were no severe acute radiation-related toxicities, with the
exception of two patients who developed wound breakdown
requiring local wound care. Of these two patients, one had
delayed wound healing and developed contralateral neck and
distant recurrence and died of disease afterward; the other
developed cellulitis on the implanted neck 11 months after
implantation and required surgical drainage. The second patient
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remained free from disease at last follow up, approximately
2 years after Cs-131 implant. Overall grade 1-2 acute
toxicities attributable to radiotherapy were observed in 4 (33%)
patients. Grade 3 acute toxicities were observed in 2 (16.7%)
patients. The most common acute toxicities attributable to
radiotherapy were wound infection and laryngeal edema.
After surgery, patients remained hospitalized for a median of 6
(3-9) days.

Disease Recurrence and Survival Outcomes
The median follow-up was 21.4 (6.1-40.8) months after
implantation for all patients and 29.3 (19.8-40.8) months for
patients who remain alive. The 1- and 2-year overall survival was
75 and 58%, respectively. Progression-free survival was 33%, local
failure-free survival 44%, and distant failure-free survival 42% at
both one and 2 years (Figure 3). At last follow up, eight (67%)
patients had recurrences; three (25%) patients recurred local-
regionally alone, three (25%) distant alone, and two (17%) with
both -loco-regional and distant recurrences. Of the 5 (42%) with
loco-regional recurrences, only 1 (8%) patient failed in-field. One

patient failed at the field edge, one in the contralateral neck, one in
the ipsilateral neck distant from the implant, and 1 patient who
had implant in the neck for nodal recurrence of oropharyngeal
cancer had a new primary laryngeal cancer. Five patients (42%)
died. Four died with recurrence of their disease, and one died of
other causes with no evidence of recurrence prior to death.

DISCUSSION

A growing body of evidence suggests that adjuvant re-irradiation
in recurrent HNC improves local control, and may improve
survival in selected cases (14-17). However, re-irradiation is
often complicated by prior full dose irradiation, during which
adjacent critical structures may receive their maximum tolerable
dose with chronic alterations to their function. Several studies
have reported rates of acute grade 3 and 4 toxicity after IMRT-
based re-irradiation as high as 20-50% (8, 15, 17, 18). Rates of
carotid blowout and mucocutaneous fistula, among the most
serious complications, were reported between 2 and 5% in large

075

Overall Survival Probability
£
@
=

025

000

12 18 24
Time From Implant (Months)

2
o
@

Local Failure-Free Survival Probability
i=] o
»N o
w« o

0.00

o
@
®©
[
B

Time From Implant (Months)

free survival.

B
1.00

Zo7s

3

2

2

S

o

®

&

%o.so

8

w

g

3

H

2025
0.00

0 [ 12 18 24

D Time From Implant (Months)
1.00

£

3

L]

£0.75

o

®

z

&

A

» 050

o

%

[

3

w

w

=025

g

@

o
0.00

0 6 12 18 24

Time From Implant (Months)

FIGURE 3 | Kaplan-Meier survival curves following Cs-131 implantation. (A) Overall survival. (B) Disease-free survival. (C) Local failure free survival. (D) Distant failure

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 639480


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Kharouta et al.

Cesium Brachytherapy for HNC Re-Irradiation

series using IMRT (9). The use of more highly conformal
techniques are attractive for re-irradiation in recurrent HNC in
order to deliver sufficient high dose radiation while spare
previously irradiated normal tissues.

Brachytherapy provides the possibility of optimal dose
conformity, with sharp dose fall-off and no entrance/exit dose
or low-dose bath to nearby normal tissues, leading to fewer side
effects compared to EBRT (19). Brachytherapy performed at the
time of surgery is convenient for patients, who would otherwise
require 4-6 weeks of wound healing and 6-7 weeks of daily
treatment with EBRT. Reported brachytherapy approaches largely
utilize catheter-based high-dose rate (HDR) brachytherapy with
an iridium-192 (Ir-192) isotope, as well as permanent implant
low-dose rate (LDR) with iodine-125 and Cs-131 seeds. Several
retrospective and prospective studies have reported feasibility of
brachytherapy in postoperative re-irradiation in recurrent HNC
(20-26), with comparable rates of survival and radiation-induced
toxicity to our experience reported here.

HDR catheter-based brachytherapy allows for the precise
tailoring of the dose distribution during pre-planning, with
optimization of dwell times and positions, and image-guided
catheter placement for each fraction. While these features allow
for a theoretically superior dose-distribution compared to LDR
brachytherapy, placement of the catheters can be challenging,
especially in the surgically manipulated tissue. HDR techniques
often require multi-fraction treatments which can be difficult for
patients to endure. Despite these challenges, multiple reports on
the use of HDR brachytherapy in the post-operative setting
and as definitive therapy for unresectable recurrent HNC
have been published, with local control rates at 2 years at
approximately 60-70%, and rates of severe (grade 3 or higher)
acute toxicities widely variable at approximately 10-50% (20-27).
Irradiation of the flap and surgically manipulated tissues were
generally well tolerated, with rates of grade 3 or higher wound
complications typically 10% or less in reported series.

LDR brachytherapy following surgery in recurrent HNC has
been used successfully for several decades. Permanent seed implant
can be performed at the time of surgery and provides convenience
and ease of use compared to HDR brachytherapy. Seeds typically
come in strands, mesh, or can be individually placed, and can be
customized to a particular patient’s surgical bed and at risk tissues,
which may be distorted from their normal planes after surgical
manipulation. Cs-131 is a relatively newer isotope with a
higher energy at 30.4 KkEV and shorter half-life at 9.7 days
compared to iodine-125 and paladium-103 seeds, allowing
for a higher biological effective dose (BED) and minimizing
changes in the dose distribution due to seed migration or
changes in the surrounding tissue. These features may
increase the safety and quality of dose delivery and may also
reduce toxicity.

Our institutional experience is consistent with previous
reports using similar techniques. Pham et al. reported 18
patients with recurrent HNC treated with surgery and
intraoperative placement of Cs-131 plaque to treat the tumor
bed with an additional 5 mm margin to 80 Gy (28). Rates of
grade 3 toxicity were similar to our experience regarding wound

complication, with no grade 4 or 5 toxicities reported. There
were no other severe acute or late radiation-related toxicities.
They reported overall and progression-free survival at 18 months
were 45 and 37% respectively, similar to our report at 58 and
33% respectively at 24 months. Bar-ad et al. reported 15
patients treated with Cs-131 brachytherapy for re-irradiation
after surgical resection (29). The mean implant dose was
56.1 Gy, with similar treatment implementation to our
approach, though no toxicity or tumor control endpoints
were reported.

The overall local recurrence rate of 44% in our cohort is
comparable to other series utilizing post-operative LDR
brachytherapy with other isotopes (24, 30). The overall survival
and recurrence free survival in our cohort is also comparable to a
recently reported multi-institutional trial by Awan et al. of re-
irradiation using IMRT to 60-66 Gy and concurrent cisplatin
and cetuximab (14). They reported that the 1 year overall
survival and recurrence free survival were 60.4 and 34.1%,
respectively. However, there were significantly higher rates of
grade 3 and 4 toxicity as would be expected with the use of
concurrent systemic therapy. Of note, our patient population was
high-risk, with a high median age of 74.5 years, medical
comorbidities, and intensive prior therapy, all being strong
competing risks for overall survival. Brachytherapy with Cs-
131 did not prolong the hospital stay and the whole treatment
period, which is an important consideration given the poor
prognosis of this group of patients.

There are some limitations to consider for our study. Our
cohort size is small with only 15 patients recruited from a single
institution, and our study design is non-randomized, making
generalizable conclusions difficult to formulate from our data
alone. A larger study is needed to fully assess the toxicity and
efficacy associated with brachytherapy in this setting. Our
patients had considerable heterogeneity in the site of their
primary cancer, with sites including the base of tongue, larynx,
oral tongue, oropharynx, and skin, which carries some
implications regarding tumor biology and risks from the initial
therapy that cannot be fully known. The strengths of our study
include the prospective collection of toxicity data, the
consistency of implantation technique and evaluation, and
concordance with other reported series employing similar
techniques with regard to radiation safety parameters, toxicity,
and outcomes.

Out of twelve patients in our study, only one had an in-field
recurrence in the high dose region of the implant, indicating the
feasibility of brachytherapy in achieving local control in the
tumor bed in a presumably radioresistant recurrence. The
majority of failures in our series occurred outside the treatment
field; five patients recurred at distant sites, and two of three
patients with local recurrences alone had out-of-field
recurrences. This indicates the need for systemic treatment in
combination with brachytherapy that not only addresses
radioresistance in recurrent tumors, but the propensity for
distant metastasis. Immunotherapy has been shown to have
significant activity in the metastatic and recurrent HNC. The
KEYNOTE-048 trial showed significantly improved overall and
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progression-free survival in patients with metastatic and
recurrent HNC with either single agent pembrolizumab or
combination of pembrolizumab and chemotherapy (31). The
tolerability and efficacy of pembrolizumab in this setting make it
an attractive candidate for therapeutic escalation in combination
with brachytherapy. A new multi-center phase 1b/II trial
combining PD1 inhibition using pembrolizumab and cesium-
131 brachytherapy with salvage surgery to enhance
immunogenicity and improve local control in head and neck
cancer (ClinicalTrials.gov Identifier: NCT04340258) has been
developed and will be activated with the hope of improving both
local and distant disease control in recurrent head and
neck cancer.

CONCLUSIONS

It appears that Cs-131 implant after surgical resection in
recurrent HNC is feasible and safe. There were no unexpected
severe acute or late toxicities following the procedure. Most
failures were out-of-field or distant failures; only one patient
recurred in-field. Exploration of combination of immunotherapy
and Cs-131 implant is warranted.

REFERENCES

1. Key Statistics for Oral Cavity and Oropharyngeal Cancers. Available at:
https://www.cancer.org/cancer/oral-cavity-and-oropharyngeal-cancer/about/
key-statistics.html (Accessed June 3, 2020).

2. Nguyen-Tan PF, Zhang Q, Ang KK, Weber RS, Rosenthal DI, Soulieres D,
et al. Randomized Phase III Trial to Test Accelerated Versus Standard
Fractionation in Combination With Concurrent Cisplatin for Head and
Neck Carcinomas in the Radiation Therapy Oncology Group 0129 Trial:
Long-Term Report of Efficacy and Toxicity. J Clin Oncol (2014) 32(34):3858-
67. doi: 10.1200/JC0O.2014.55.3925

3. Kasperts N, Slotman B, Leemans CR, Langendijk JA. A review on re-
irradiation for recurrent and second primary head and neck cancer. Oral
Oncol (2005) 41(3):225-43. doi: 10.1016/j.oraloncology.2004.07.006

4. Jayaram SC, Muzaffar SJ, Ahmed I, Dhanda J, Paleri V, Mehanna H. Efficacy,
outcomes, and complication rates of different surgical and nonsurgical treatment
modalities for recurrent/residual oropharyngeal carcinoma: A systematic review
and meta-analysis. Head Neck (2016) 38(12):1855-61. doi: 10.1002/hed.24531

5. Cancer of the Oral Cavity and Pharynx - Cancer Stat Facts. SEER. Available at:
https://seer.cancer.gov/statfacts/html/oralcav.html (Accessed September 29, 2019).

6. Caudell JJ, Ward MC, Riaz N, Zakem SJ, Awan MJ, Dunlap NE, et al. Volume,
Dose, and Fractionation Considerations for IMRT-based Reirradiation in
Head and Neck Cancer: A Multi-institution Analysis. Int ] Radiat Oncol Biol
Phys (2018) 100(3):606-17. doi: 10.1016/j.ijrobp.2017.11.036

7. Dionisi F, Fiorica F, D’Angelo E, Maddalo M, Giacomelli I, Tornari E, et al.
Organs at risk’s tolerance and dose limits for head and neck cancer re-
irradiation: A literature review. Oral Oncol (2019) 98:35-47. doi: 10.1016/
j.oraloncology.2019.08.017

8. McDonald MW, Moore MG, Johnstone PAS. Risk of Carotid Blowout After
Reirradiation of the Head and Neck: A Systematic Review. Int ] Radiat Oncol
Biol Phys (2012) 82(3):1083-9. doi: 10.1016/j.ijrobp.2010.08.029

9. Ling DC, Vargo JA, Ferris RL, Ohr J, Clump DA, Yau WW, et al. Risk of Severe
Toxicity According to Site of Recurrence in Patients Treated With Stereotactic
Body Radiation Therapy for Recurrent Head and Neck Cancer. Int | Radiat Oncol
Biol Phys (2016) 95(3):973-80. doi: 10.1016/j.ijrobp.2016.02.049

10. Savard C, Epps G, Ad VB, Curry J, Evans JJ, Farrell CJ, et al. Cesium-131
Interstitial Brachytherapy for Recurrent Malignancies of Skull Base. J Neurol
Surg Rep (2019) 80(2):e23-6. doi: 10.1055/s-0039-1687848

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors upon request.

ETHICS STATEMENT

This study involved human subjects and was reviewed and
approved by the University Hospitals Institutional Review Board.

AUTHOR CONTRIBUTIONS

All authors discussed and conceived of the study design. MK, TP,
77X, and MY performed data collection, analysis, and
interpretation. MK performed the statistical analysis.
All authors contributed to the article and approved the
submitted version.

FUNDING

The study was partly funded by IsoRayTM (Richland, WA).

11. Wernicke AG, Smith AW, Taube S, Yondorf MZ, Parashar B, Trichter S, et al.
Cesium-131 brachytherapy for recurrent brain metastases: durable salvage
treatment for previously irradiated metastatic disease. ] Neurosurg (2017) 126
(4):1212-9. doi: 10.3171/2016.3.JNS152836

12. Feddock J, Cheek D, Steber C, Edwards J, Slone S, Luo W, et al. Reirradiation
Using Permanent Interstitial Brachytherapy: A Potentially Durable Technique
for Salvaging Recurrent Pelvic Malignancies. Int ] Radiat Oncol Biol Phys
(2017) 99(5):1225-33. doi: 10.1016/j.ijrobp.2017.08.027

13. Yan W, Trichter S, Sabbas A, Wernicke AG, Nori D, Chao KSC, et al. Cesium-
131 Brachytherapy for Lung Cancer: Dosimetric, Safety Considerations and
Initial Experience. Int J Radiat Oncol Biol Phys (2010) 78(3):S540-1.
doi: 10.1016/j.ijrobp.2010.07.1262

14. Awan M]J, Nedzi L, Wang D, Tumati V, Sumer B, Xie X]J, et al. Final results of a
multi-institutional phase II trial of reirradiation with concurrent weekly cisplatin
and cetuximab for recurrent or second primary squamous cell carcinoma of the
head and neck. Ann Oncol (2018) 29(4):998-1003. doi: 10.1093/annonc/mdy018

15. Vargo JA, Ward MC, Caudell JJ, Riaz N, Dunlap NE, Isrow D, et al. A Multi-
institutional Comparison of SBRT and IMRT for Definitive Reirradiation of
Recurrent or Second Primary Head and Neck Cancer. Int J Radiat Oncol
(2018) 100(3):595-605. doi: 10.1016/j.ijrobp.2017.04.017

16. Langer CJ, Harris J, Horwitz EM, Nicolaou N, Kies M, Curran W, et al. Phase
II Study of Low-Dose Paclitaxel and Cisplatin in Combination With Split-
Course Concomitant Twice-Daily Reirradiation in Recurrent Squamous Cell
Carcinoma of the Head and Neck: Results of Radiation Therapy Oncology
Group Protocol 9911. J Clin Oncol (2007) 25(30):4800-5. doi: 10.1200/
JCO.2006.07.9194

17. Lee N, Chan K, Bekelman JE, Zhung J, Mechalakos J, Narayana A, et al.
Salvage Re-Irradiation for Recurrent Head and Neck Cancer. Int | Radiat
Oncol Biol Phys (2007) 68(3):731-40. doi: 10.1016/j.ijrobp.2006.12.055

18. Takiar V, Garden AS, Ma D, Morrison WH, Edson M, Zafereo ME, et al.
Reirradiation of Head and Neck Cancers With Intensity Modulated Radiation
Therapy: Outcomes and Analyses. Int ] Radiat Oncol Biol Phys (2016) 95
(4):1117-31. doi: 10.1016/j.ijrobp.2016.03.015

19. Grimard L, Esche B, Lamothe A, Cygler ], Spaans J. Interstitial low-dose-rate
brachytherapy in the treatment of recurrent head and neck malignancies.
Head Neck (2006) 28(10):888-95. doi: 10.1002/hed.20422

20. Schiefke F, Hildebrandt G, Pohlmann S, Heinicke F, Hemprich A, Frerich B.
Combination of surgical resection and HDR-brachytherapy in patients with

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 639480


https://www.cancer.org/cancer/oral-cavity-and-oropharyngeal-cancer/about/key-statistics.html
https://www.cancer.org/cancer/oral-cavity-and-oropharyngeal-cancer/about/key-statistics.html
https://doi.org/10.1200/JCO.2014.55.3925
https://doi.org/10.1016/j.oraloncology.2004.07.006
https://doi.org/10.1002/hed.24531
https://seer.cancer.gov/statfacts/html/oralcav.html
https://doi.org/10.1016/j.ijrobp.2017.11.036
https://doi.org/10.1016/j.oraloncology.2019.08.017
https://doi.org/10.1016/j.oraloncology.2019.08.017
https://doi.org/10.1016/j.ijrobp.2010.08.029
https://doi.org/10.1016/j.ijrobp.2016.02.049
https://doi.org/10.1055/s-0039-1687848
https://doi.org/10.3171/2016.3.JNS152836
https://doi.org/10.1016/j.ijrobp.2017.08.027
https://doi.org/10.1016/j.ijrobp.2010.07.1262
https://doi.org/10.1093/annonc/mdy018
https://doi.org/10.1016/j.ijrobp.2017.04.017
https://doi.org/10.1200/JCO.2006.07.9194
https://doi.org/10.1200/JCO.2006.07.9194
https://doi.org/10.1016/j.ijrobp.2006.12.055
https://doi.org/10.1016/j.ijrobp.2016.03.015
https://doi.org/10.1002/hed.20422
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Kharouta et al.

Cesium Brachytherapy for HNC Re-Irradiation

21.

22.

23.

24.

25.

26.

27.

recurrent or advanced head and neck carcinomas. J Cranio Maxillofac Surg
(2008) 36(5):285-92. doi: 10.1016/j.jcms.2007.08.009

Perry DJ, Chan K, Wolden S, Zelefsky MJ, Chiu J, Cohen G, et al. High-Dose-
Rate Intraoperative Radiation Therapy for Recurrent Head-and-Neck Cancer.
Int ] Radiat Oncol Biol Phys (2010) 76(4):1140-6. doi: 10.1016/
j.ijrobp.2009.03.025

Scala LM, Hu K, Urken ML, Jacobson AS, Persky MS, Tran TN, et al
Intraoperative high-dose-rate radiotherapy in the management of
locoregionally recurrent head and neck cancer. Head Neck (2013) 35
(4):485-92. doi: 10.1002/hed.23007

Teckie S, Scala LM, Ho F, Wolden S, Chiu ], Cohen GN, et al. High-dose-rate
intraoperative brachytherapy and radical surgical resection in the
management of recurrent head-and-neck cancer. Brachytherapy (2013) 12
(3):228-34. doi: 10.1016/j.brachy.2013.01.165

Henderson PW, Kutler DI, Parashar B, Otterburn DM, Cohen MA, Spector
JA. Neither high-dose nor low-dose brachytherapy increases flap morbidity in
salvage treatment of recurrent head and neck cancer. ] Contemp
Brachytherapy (2016) 8(4):308-12. doi: 10.5114/jcb.2016.61976
Martinez-Fernandez MI, Alcalde ], Cambeiro M, Peydro GV, Martinez-
Monge R. Perioperative high dose rate brachytherapy (PHDRB) in
previously irradiated head and neck cancer: Results of a phase I/IT
reirradiation study. Radiother Oncol (2017) 122(2):255-9. doi: 10.1016/
j.radonc.2016.08.023

Pellizzon ACA, dos Santos Novaes PER, Conte Maia MA, Ferrigno R,
Fogarolli R, Salvajoli JV, et al. Interstitial high-dose-rate brachytherapy
combined with cervical dissection on head and neck cancer. Head Neck
(2005) 27(12):1035-41. doi: 10.1002/hed.20278

Janot F, de Raucourt D, Benhamou E, Ferron C, Dolivet G, Bensadoun R, et al.
Randomized Trial of Postoperative Reirradiation Combined With Chemotherapy
After Salvage Surgery Compared With Salvage Surgery Alone in Head and Neck
Carcinoma. J Clin Oncol (2016). doi: 10.1200/JC0O.2007.15.0102

28.

29.

30.

31.

Pham A, Arora S, Wernicke AG, Kutler DI, Cohen M, Kuhel W, et al. Cesium-131
brachytherapy in high risk and recurrent head and neck cancers: first report of
long-term outcomes. ] Contemp Brachytherapy (2015) 7(6):445-52. doi: 10.5114/
jcb.2015.56764

Bar-Ad V, Hubley E, Luginbuhl A, Cognetti D, Curry J, Harrison AS, et al.
Single institution implementation of permanent 131Cs interstitial
brachytherapy for previously irradiated patients with resectable recurrent
head and neck carcinoma. J Contemp Brachytherapy (2019) 11(3):227-34.
doi: 10.5114/jcb.2019.85778

Park RI, Liberman FZ, Lee D-J, Goldsmith MM, Price JC. Iodine-125 Seed
Implantation as an Adjunct to Surgery in Advanced Recurrent Squamous Cell
Cancer of the Head and Neck. Laryngoscope (1991) 101(4):405-10.
doi: 10.1002/lary.1991.101.4.405

Burtness B, Harrington KJ, Greil R, Soulieres D, Tahara M, de Castro G Jr,
et al. Pembrolizumab alone or with chemotherapy versus cetuximab with
chemotherapy for recurrent or metastatic squamous cell carcinoma of the
head and neck (KEYNOTE-048): a randomised, open-label, phase 3 study.
Lancet (2019) 394(10212):1915-28. doi: 10.1016/S0140-6736(19)32591-7

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Kharouta, Zender, Podder, Rezaee, Lavertu, Fowler, Thuener, Li,
Clancy, Xu and Yao. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 639480


https://doi.org/10.1016/j.jcms.2007.08.009
https://doi.org/10.1016/j.ijrobp.2009.03.025
https://doi.org/10.1016/j.ijrobp.2009.03.025
https://doi.org/10.1002/hed.23007
https://doi.org/10.1016/j.brachy.2013.01.165
https://doi.org/10.5114/jcb.2016.61976
https://doi.org/10.1016/j.radonc.2016.08.023
https://doi.org/10.1016/j.radonc.2016.08.023
https://doi.org/10.1002/hed.20278
https://doi.org/10.1200/JCO.2007.15.0102
https://doi.org/10.5114/jcb.2015.56764
https://doi.org/10.5114/jcb.2015.56764
https://doi.org/10.5114/jcb.2019.85778
https://doi.org/10.1002/lary.1991.101.4.405
https://doi.org/10.1016/S0140-6736(19)32591-7
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Permanent Interstitial Cesium-131 Brachytherapy in Treating High-Risk Recurrent Head and Neck Cancer: A Prospective Pilot Study
	Introduction
	Materials and Methods
	Eligibility Criteria and Patient Selection
	Seed Description and Pre-Planning Procedures
	Intraoperative Planning and Postoperative Dose Verification
	Follow-Up and Statistical Analysis

	Results
	Patient Characteristics and Treatment
	Radiation Safety
	Post-Implant Quality Assurance
	Adverse Events
	Disease Recurrence and Survival Outcomes

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


