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Purpose: To investigate the safety and efficacy of CT-guided I125 radioactive seed
implantation (RSI) as a salvage therapy for recurrent head and neck squamous
carcinoma (rHNSC) after external beam radiotherapy (EBRT) or surgery.

Materials and Methods: This is a multicenter retrospective study of 113 patients (83
males; median age 57 years) with rHNSC who underwent CT-guided I125 RSI between
February 2003 and December 2017. Of the included patients, 107 patients previously
received EBRT and 65 patients received surgery and all were ineligible or rejected for
salvage surgery and/or repeat EBRT.

Results: During a median follow-up duration of 20 months (range, 3-152 months), 87
patients died. The 1-, 2-, 3-, and 5-year local control rate were 57.4%, 41.8%, 29.3%, and
15.2%, respectively. The median time to progression was 15 months [95% confidence
interval (CI), 6.1-23.9 months]. The median overall survival (OS) was 20 months (95% CI,
12.4-27.6 months). The 1-, 2-, 3-, and 5-year OS rate were 63.6%, 44.6%, 29.9%, and
21.7%, respectively. Univariate and multivariate analyses revealed that KPS score and
postoperative D90 were significantly associated with patients’OS. The complications were
mainly grade I/II skin and mucosal reactions: 18 cases (15.9%) of grade I/II and eight cases
(7.0%) of grade III radiation dermatitis, and 14 cases (12.4%) of grade I/II and three cases
(2.7%) grade III mucosal reactions. No grade IV or severer complications were found.
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Conclusion: CT-guided I125 RSI may be safe as a salvage therapy for rHNSC after EBRT/
surgery, yielding promising efficacy compared with historical data. KPS score and
postoperative D90 may be significantly associated with OS.
Keywords: recurrent head and neck cancer, brachytherapy, radioactive seed implantation, squamous
carcinoma, radiotherapy
INTRODUCTION

Head and neck squamous carcinoma (HNSC) is the sixth most
common cancer and accounts for over 600,000 new cancer cases
and 350,000 deaths worldwide each year (1, 2). Despite the high
local control rate of HNSC, recurrent HNSC (rHNSC) still
occurs in 20%-35% of the patients after surgery/chemo-
radiotherapy (3). Though long-term survival is becoming
more common in HNSC, the outcome for rHNSC is still
very poor (4). Salvage therapy for recurrent disease may
preferentially benefit this subset; unfortunately, treatment
options are limited (3).

Salvage surgery leads to a substantial improvement in
outcomes for rHNSC although it only can be used in highly
selected patients (5). In the context of radiation used for patients
with rHNSC, the ideal technique should be able to deliver
therapeutic doses to the targets with doses as low as possible to
the organs at risk to improve the prognosis of rHNSC (6). Re-
irradiation using external beam radiotherapy (EBRT) is
promising though still challenging for managing lesions raised
in previously irradiated fields. Therefore, EBRT can only be
considered in well-selected patients but at the high cost of
toxicity (3, 7).

Brachytherapy offers dosimetric advantages with very sharp
radiation dose gradients compared with conventional external-
beam techniques (8). Given the introduction of a brachytherapy-
treatment planning system (BT-TPS), optimal dose distribution
can be realized using radioactive seed implantation (RSI) for
various cancers. Notably, I125 radioactive seed implantation (RSI)
becomes an optimal tool for prostate carcinoma (9). Therefore, I125

RSI may be used as a salvage treatment for rHNSC due to its
focused irradiation on the tumor and rapid dose fall-off at distance
from the sources, limiting dose exposure to surrounding tissues (8).
Several single-institute retrospective studies were previously
published for patients with rHNSC (10–13). Here, the
multicenter retrospective study reported a long-term outcome of
CT-guided I125 RSI for patients with rHNSC.
MATERIALS AND METHODS

Patients Selection Criteria
This is a retrospective study of 113 patients [83 males; median
age 57 years (range, 26-83 years)] with rHNSC treated with CT-
guided I125 RSI in six centers in China between February 2003
and December 2017 (a major center contributes 84 patients and
the remaining centers contribute 1-20 cases each). Of the
included patients, 107 patients previously received EBRT and
2

65 patients received surgery. The patient’s characteristics were
listed in Table 1. The local control rate, time to progression,
overall survival (OS) rate, and complications were analyzed. The
evaluation of tumor response was based on the Response
Evaluation Criteria in Solid Tumors (RECIST) v1.1 (14). Local
control was defined as complete response, partial response, and
stable disease. Time to progression was defined as the time from
the RSI procedure until tumor progression. Overall survival was
defined as the time from the RSI procedure until the time of
death from any cause or last follow-up. Complications were
determined by the Common Terminology Criteria for Adverse
Events (CTCAE) v4.0 (CTCA) (15).

The indication for I125 RSI in this study was all follows:
(1) Aged 18-85 year-old with KPS≥70; (2) Pathological/
radiological recurrent tumor in patients with pathological
diagnosed HNSC after prior EBRT/surgery, with the lesion
diameter less than 7cm; (3) CT revealed a possible needles
pathway capable for RSI; (4) Patients without metastasis or
with stable metastasis (less than 3 lesions); (5) Expected
survival time more than 3 months; and (6) Ineligibility or
rejection of salvage surgery and/or repeat EBRT (Ineligibility
commonly referred to uncertain R0 resection or tumor invasion
of large blood vessels or poor conditions after discussion by a
Multidisciplinary Team minimum consisting of a surgeon,
oncologist, and radiologist). All patients had signed an
informed consent form for RSI, which stated the advantages
and disadvantages of RSI. Contraindication was one of the
following: (1) Severe organ dysfunction, (2) Coagulation
dysfunction, (3) Active infection, (4) Mental illness, or (5)
Extensive necrosis/ulcer formation/skin rupture. The study was
approved by the ethics committee of each center and the
requirement to obtain written informed consent to the
participant of the study was waived.

Pre-Operative Preparation and Pre-Plan
All patients received a blood routine test, coagulation function,
and biochemistry examination before RSI to rule out
contraindication. The patients were immobilized on a CT
simulator couch with a custom vacuum lock bag in the supine
or lateral position. Both plain and contrast CT scans were
performed with 5mm thickness before 1-2 days of RSI. The
image data were transmitted into BT-TPS (Beijing University of
Aeronautics and Astronautics and Beijing Astro Technology Co.,
Ltd) for pre-plan according to planning system source data
originated from the official recommendation of the American
Association of Physicists in Medicine (AAPM) (16, 17). The
clinical tumor volume (CTV) was formed by expanding 5-6 mm
with three dimensions from gross tumor volume (GTV). The
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doses received by 90% of GTV (GTVD90) were supposed to be as
close to the prescription dose as possible whereas the doses
received by OARs were kept as low as possible. The median
prescription dose was 120Gy (range, 110-160 Gy) and the
activity of I125 seed (size 4.5mm×0.8mm and half-life time 59.4
days; Beijing Atom high Tech Pharmaceutical Company Inc.,
China) was 0.22-0.83 mCi (median 0.65mCi).

CT-Guided I125 RSI
The RSI protocol was as follows: (1) patients were set up on the
CT-simulator and immobilized with a vacuum pad. Local
anesthesia was carried out and 2-3 reference needles were
inserted 2-3 cm into the patient’s body per pre-plan; (2) CT
scan was performed to determine the accurate position of the
reference needles; (3) When the reference needles’ position was
mismatched with pre-plan, the adjustment in real-time was
made until the deviation less than 2 mm; (4) The seed needles
were all inserted into the targets; (5) CT scan was performed
again to confirm the position of all needle tips, similarly, if the
deviation was more than 2 mm, an adjustment would be made;
(6) 125I seed was delivered with applicator (Mick 200-TPV
Applicator, Mick Radio-Nuclear Inc., US) in a receding
manner; and (7) CT scan was performed again to confirm the
distribution of I125 seeds in the targets. The CT images were
transferred into the BT-TPS for post-plan doses’ evaluation.
Patients would be discharged 1-2 days after RSI. All
procedures followed the recommendations by the International
Commission on Radiological Protection (18). The dosimetric
parameters, e.g. D90, were recognized.
Frontiers in Oncology | www.frontiersin.org 3
Follow-Up
Patients were routinely followed with CT/MRI in 3-month intervals
for the first 2 years, 6-month intervals from 3 to 5 years, and then
followed up annually after RSI. The evaluation of tumor response
was based on the images obtained at 3 months after RSI.

Statistical Analysis
A Chi-square test was used for the analysis of tumor response.
Survival was estimated using the Kaplan-Meier method and
univariate analysis was conducted using the log-rank test, and
multifactor analysis was conducted using Cox regression. P<0.05
was considered significant.
RESULTS

Of the 113 patients included, 87 patients died and 26 survived
(20 patients were lost to follow-up since August 2019 and were
counted as truncated numbers) during a median follow-up
duration of 20 months (range, 3-152 months).

Tumor Response
There were 20 cases of complete response, 74 cases of partial
response, 13 cases of stable disease, and six cases of progressive
disease, Figure 1. The 1-, 2-, 3-, and 5-year local control rate
were 57.4%, 41.8%, 29.3%, and 15.2%, respectively. The median
time to progression was 15 months [95% confidence interval
(CI), 6.1-23.9 months], Table 2. Univariate analysis showed that
age, sex, previous surgery, radiotherapy, chemotherapy, and site
of recurrence were not associated with local control (p = 0.311,
0.079, 0.582, 0.511, 0.697, and 0.738, respectively). The local
control of patients with D90 > 90Gy was significantly better than
that of patients with D90 ≤ 90Gy (p=0.000). The local control
rate of the group with good performance (KPS score ≥ 80) was
better than that of the group with poor performance (KPS
score < 80) (p = 0.003), Table 3 and Figure 2.

Survival
The median OS was 20 months (95% CI, 12.4-27.6 months). The
1-, 2-, 3-, and 5-year OS rate were 63.6%, 44.6%, 29.9%, and
21.7%, respectively, Table 2. Univariate analysis showed that age,
sex, previous surgery/radiotherapy/chemotherapy, and site of
recurrence were not associated with OS (p = 0.422, 0.793,
0.994, 0.328, 0.614, and 0.708, respectively). The OS of patients
with D90 > 90Gy was significantly better than that of patients
with D90 ≤ 90Gy (p<0.001) and the OS of patients with good
performance (KPS score ≥80) was also better than that of
patients with poor performance (KPS score < 80) (p<0.001).
Multivariate analyses also revealed that only KPS score and
postoperative D90 were significantly associated with patients’
OS (both p<0.001), Table 4 and Figure 3.

Complications
Local pain at the implantation site was found in five cases (6.0%)
during RSI. During follow-up, the complications were mainly
grade I/II skin and mucosal reactions: 18 cases (15.9%) of grade
TABLE 1 | Clinical characteristics of the 113 patients.

n %

Gender
Male 83 73.5
Female 30 26.5

Median age (years) 57 (26-83)
Median KPS 80 (60-90)
Primary tumor
Nasopharyngeal carcinoma 31 27.4
Oral carcinoma 27 23.9
Hypopharyngeal carcinoma 16 14.2
Laryngeal carcinoma 15 13.3
Nasal/pararnasal sinuses carcinoma 10 8.8
Lymph-node metastasis of unknown 7 6.2
Skin carcinoma 3 2.7
salivary carcinoma 2 1.8
Oropharyngeal carcinoma 1 0.9
Thyroid cancer 1 0.9

Pathology
Squamous cell carcinoma 111 98.2
Adenosquamous carcinoma 2 1.8

Previous surgery 65 57.5
Once 50
Twice and/or more 15

Previous radiotherapy 103 91.2
Once 86
Twice and/or more 17

Previous chemotherapy ± target therapy 62 54.8
Median previous cumulative dose (Gy) 66 (30-160)
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I/II and eight cases (7.0%) of grade III radiation dermatitis, and
14 cases (12.4%) of grade I/II and three cases (2.7%) of grade III
mucosal reactions. No grade IV or severer complication were
found, Table 2.
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DISCUSSION

The multicenter retrospective study reported a favorable long-
term result of CT-guided I125 RSI as a salvage therapy for
rHNSC. During a median follow-up duration of 20 months,
patients experienced a relatively high rate of local control rate
and OS rate. KPS score and postoperative D90 were significantly
associated with local control and patients’OS. The complications
were mainly minor skin and mucosal reactions.

With the development of modern radiation techniques, such as
3-dimensional conformal radiotherapy (3D-CRT) or intensify
modulated radiotherapy (IMRT), reirradiation is applied for
rHNSC after EBRT. Reirradiation using EBRT with or without
chemotherapy improved the local control rates in half of the
patients and long-term survival in selected patients (19, 20). EBRT
as a salvage option is promising for rHNSC in the previously
irradiated area although it still poses a great challenge as it is hard
to deliver sufficient doses to the targets while sparing the normal
tissues, especially for tumors previously treated with full doses.
The treatment-related toxicity was as high as 20-30% (20, 21). I125

RSI may have the following advantages: (1) Radioactive seeds once
implanted were continuously irradiating the tumors without
interval compared with EBRT; (2) The radiation dose of the
target boosted high enough to achieve an ablative effect while
sparing the normal tissue; and (3) The therapy was minimally
invasive and resulted in a short hospital stay for the patients.
However, a direct comparison was not available.

In the largest multi-institutional phase II trial of Radiation
Therapy Oncology Group for unresectable rHNSC managed
with repeat EBRT (reirradiation) and chemotherapy (RTOG-
9610) (22), the 2-year and 5-year OS were only 15.2% and 3.8%.
The worst acute toxicity was grade 4 in 17.7% and grade 5 in
7.6%. Grade 3 and 4 late toxicities were found in 19.4% and 3.0%,
respectively. In a randomized phase III trial (GORTEC 98-03)
TABLE 2 | Clinical outcomes of the 113 patients.

n %

Tumor response
CR 20 17.7
PR 74 65.5
SD 13 11.5
PD 6 5.3

Local control rate
1-year - 57.4%
2-year - 41.8%
3-year - 29.3%
5-year - 15.2%

Time to progression Median 15 months -
Overall survival Median 20 months -
Overall survival rate
1-year - 63.6%
2-year - 44.6%
3-year - 29.9%
5-year - 21.7%

Complications
Skin

Grade I, II 18 15.9
Grade ≥III 8 7.0

Mucosal
Grade I, II 14 12.4
Grade ≥III 3 2.7

Others
Grade I, II 0 -
Grade ≥III 0 -
CR, complete response; PR, partial response; PD, progression disease; SD,
stable disease.
FIGURE 1 | A case of recurrent maxillary sinus squamous carcinoma following surgery and adjuvant radiotherapy. (A) CT-guided I125 seeds were implanted as a
salvage treatment; (B): Three months after the seed implantation, partial response was observed.
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A

C

B

FIGURE 2 | Kaplan-Meier plots of time to progression; (A) Analysis of all patients; (B) Subgroup analysis of KPS (KPS < 80 and KPS ≥ 80); (C) Subgroup analysis
of D90 (D90 ≤ 90Gy, 90Gy < D90 ≤ 130Gy, and D90 > 130Gy).
TABLE 3 | Subgroup analysis of tumor response.

Factors Group n Local control rate (%) p

1-y 2-y 3-y 5-y

Age (years old) <60 66 53.7 38.5 24.9 11.3 0.311
≥60 47 62.4 46.3 35.6 20.8

KPS <80 23 41.6 20.8 – – 0.003
≥80 90 61.4 47.9 33.5 17.4

Implantation site Primary tumor 69 55.3 40.9 30.1 12.5 0.738
Lymph nodes 44 60.8 43.6 27.7 15.8

D90 (Gy) ≤90 16 17.2 – – – 0.000
>90, ≤130 44 61.5 35.3 13.3 –

>130 53 64.8 54.6 46.8 26.0
Previous surgery Yes 65 65.1 48.2 30.7 13.1 0.582

No 48 46.9 32.8 24.6 15.4
Previous radiotherapy Yes 103 56.6 43.7 30.6 15.9 0.511

No 10 58.0 – – –

Previous chemotherapy/target therapy Yes 62 55.7 43.1 30.4 15.2 0.697
No 51 58.9 40.6 28.1 15.6
Frontiers in Oncology | www.frontiersin.org
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comparing repeat EBRT (reirradiation) plus chemotherapy
versus methotrexate in 57 patients with rHNSC (23), 1-year OS
was only 23% versus 22%. Sixteen patients (28%) experienced
clinical grade ≧̸3 late toxicities. This was a retrospective study of
327 patients with recurrent and metastatic (RM) HNSC (24). All
patients received at least one line of active treatment (eg, surgery,
concurrent chemoradiotherapy, or radiotherapy/chemotherapy
alone/with surgery) and those receiving only the best supportive
Frontiers in Oncology | www.frontiersin.org 6
care were excluded. The median OS was only 14 months with a
favorable group (46%) and 10 months with an unfavorable group
(54%), which seems inferior to that reported here (i.e. 20
months). Compared with these historical data of irradiation,
the current study reveals CT-guided I125 RSI may be promising
as a salvage therapy for rHNSC after EBRT/surgery.

Previous evidence of RSI for rHNSC were all single-institute
retrospective studies. The largest study by Ji et al. (10) reported
A

C

B

FIGURE 3 | Kaplan-Meier plots of overall survival curves; (A) Analysis of all patients; (B) Subgroup analysis of KPS (KPS < 80 and KPS ≥ 80); (C) Subgroup analysis
of D90 (D90 ≤ 90Gy, 90Gy < D90 ≤ 130Gy, and D90 > 130Gy).
TABLE 4 | Subgroup analysis of overall survival.

Factor Group n Survival rate (%) p

1-y 2-y 3-y 5-y

KPS <80 23 35.5 9.5 – – 0.000
≥80 90 70.3 51.8 35.7 26.0

D90 (Gy) ≤90 16 16.8 8.4 – – 0.000
>90, ≤130 44 64.7 40.1 16.7 –

>130 53 76.1 58.5 47.8 42.5
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101 patients treated with CT-guided I125 RSI for recurrent head
and neck cancer (rHNC) after EBRT. The median previous
cumulative external radiation dose was 66 Gy, and the median
D90 after RSI was 117 Gy. The 5-year local control rate was
26.6%, the median survival time was 15 months, and the 5-year
OS rate was 15.5%. The 5- year local control rate was 11.5% (2-
year) when D90 < 120 Gy and was 44.2% when D90 = 120 Gy
(p=0.001). There were 26 (25.7%) cases of skin/mucosa
ulceration among them; 15.8% were grade I to II, 7.9% were
grade III, and only 2% were grade IV. Fourteen cases suffered
from pain (13.9%) and two cases with dry mouth (2%). The
report was the only published study for I125 RSI with over 100
cases and the outcomes were similar to the present study. This
was a study by Jiang et al. (13). involving 64 patients, with 81
rHNC in total, treated with permanent I125 RSI under ultrasound
guidance. The median follow-up period was 14 months. The total
response rate was 80% (27% complete response and 53% partial
remission), which is similar to that of our study. The 1-, 3-, and
5-year tumor control rates were 75.2%, 73.0%, and 69.1%,
respectively, which is better than that reported here; this may
be attributed to the difference of pathological pattern and
recurrent sites between the two studies. This is because the
results for cervical lymph node recurrence were better than
those for primary rHNC reported in her study, with 5-year
local control rates of 72.7% and 39.9%, respectively. The 1-, 3-,
and 5-year overall survival rates were 57.4%, 31%, and 26.6%,
respectively, with a median survival of 20 months. D90 was also
found to be an independent prognostic factor of the efficacy.
Grade I/II skin reactions were seen in 11 patients (17%) who had
received external beam radiotherapy before. Other severe
complications were absent. These survival and complication
outcomes were all similar to the present study, while Grade IV
skin ulceration was seen in two patients in their study. In the
present study, the rate and severity of toxicity were relatively low
and minor. The potential reasons may include: (1) RSI was
conducted with a 0.5-1 cm safety margin away from the organ at
risk under CT-guidance; (2) The activity of I125 seed was kept
as 0.4-0.5 mCI when the tumor invaded the organ at risk;
(3) Patients with tumor-infiltrated skin or mucosa were excluded,
so skin or mucosa ulceration may be avoided; and (4) The
indication for I125 RSI was strict with an appropriate diameter of
the tumor or needle pathway. Within the above screening criteria,
CT-guided RSI may be a feasible and safe treatment for patients
with rHNSC after EBRT; further study is warranted.

There are several limitations to this study. Firstly, as a
multicenter study, the majority (74%, 84/113) of the patients
were included from a major center, which may result in potential
bias. Secondly, the study is a retrospective study with a single arm
Frontiers in Oncology | www.frontiersin.org 7
and 20 patients were lost to follow-up since August 2019, which
may also lead to a certain bias. Thirdly, RSI is used as salvage
therapy for the patients, so there was no control group with the
current standard treatment of salvage surgery or repeat EBRT.
However, the study was the first multicenter study with over 100
cases investigating the long-term safety and efficacy of RSI for
rHNSC obtaining favorable outcomes, therefore, prospective
studies with a control group are needed in the future.
CONCLUSION

CT-guided I125 RSI may be safe as a salvage therapy for rHNSC
after EBRT/surgery, yielding promising efficacy compared with
historical data. KPS score and postoperative D90 may be
significantly associated with patients’ outcomes.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Peking university Third Hospital Medical Science
Rearch Ethics Committee. The ethics committee waived the
requirement of written informed consent for participation.
AUTHOR CONTRIBUTIONS

YJ, PZ, and JW conceived and designed the study. YJ, PZ, JD, YL,
SL, JX, YW, ST, YC, ZJ, FG, BQ, HS, JF, and JW performed the
study and data collection. YJ is responsible for statistical analysis.
YJ, BQ, and JW wrote the paper. JW reviewed and edited the
manuscript. All authors contributed to the article and approved
the submitted version.
FUNDING

National Key Research and Development Plan of China (Grant
No. 2019YFB1311300) to JW supports the implementation (e.g.,
labor cost and data collection) and publication of the project.
REFERENCES

1. Santuray RT, Johnson DE, Grandis JR. New Therapies in Head and Neck
Cancer. Trends Cancer (2018) 4(5):385–96. doi: 10.1016/j.trecan.2018.03.006

2. Global Burden of Disease Cancer C, Fitzmaurice C, Abate D, Abbasi N,
Abbastabar H, Abd-Allah F, et al. Global, Regional, and National Cancer
Incidence, Mortality, Years of Life Lost, Years Lived With Disability, and
Disability-Adjusted Life-Years for 29 Cancer Groups, 1990 to 2017: A
Systematic Analysis for the Global Burden of Disease Study. JAMA Oncol
(2019) 5(12):1749–68. doi: 10.1001/jamaoncol.2019.2996

3. Baliga S, Kabarriti R, Ohri N, Haynes-Lewis H, Yaparpalvi R, Kalnicki S, et al.
Stereotactic Body Radiotherapy for Recurrent Head and Neck Cancer: A
Critical Review. Head Neck (2017) 39(3):595–601. doi: 10.1002/hed.24633

4. Cohen EE, LaMonte SJ, Erb NL, Beckman KL, Sadeghi N, Hutcheson KA,
et al. American Cancer Society Head, and Neck Cancer Survivorship Care
Guideline. CA Cancer J Clin (2016) 66(3):203–39. doi: 10.3322/caac.21343
July 2021 | Volume 11 | Article 645077

https://doi.org/10.1016/j.trecan.2018.03.006
https://doi.org/10.1001/jamaoncol.2019.2996
https://doi.org/10.1002/hed.24633
https://doi.org/10.3322/caac.21343
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Jiang et al. Seed Implantation for Recurrent Carcinoma
5. Patil VM, Noronha V, Thiagarajan S, Joshi A, Chandrasekharan A, Talreja V,
et al. Salvage Surgery in Head and Neck Cancer: Does It Improve Outcomes?
Eur J Surg Oncol (2020) 46(6):1052–8. doi: 10.1016/j.ejso.2020.01.019

6. Chargari C, Magne N, Guy JB, Rancoule C, Levy A, Goodman KA, et al.
Optimize and Refine Therapeutic Index in Radiation Therapy: Overview of a
Century. Cancer Treat Rev (2016) 45:58–67. doi: 10.1016/j.ctrv.2016.03.001

7. Awan MJ, Nedzi L, Wang D, Tumati V, Sumer B, Xie XJ, 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

8. Chargari C, Deutsch E, Blanchard P, Gouy S, Martelli H, Guerin F, et al.
Brachytherapy: An Overview for Clinicians. CA Cancer J Clin (2019) 69
(5):386–401. doi: 10.3322/caac.21578

9. Ragde H, Grado GL, Nadir B, Elgamal AA. Modern Prostate Brachytherapy.
CA Cancer J Clin (2000) 50(6):380–93. doi: 10.3322/canjclin.50.6.380

10. Ji Z, Jiang Y, Tian S, Guo F, Peng R, Xu F, et al. The Effectiveness and
Prognostic Factors of CT-Guided Radioactive I-125 Seed Implantation for the
Treatment of Recurrent Head and Neck Cancer After External Beam
Radiation Therapy. Int J Radiat Oncol Biol Phys (2019) 103(3):638–45. doi:
10.1016/j.ijrobp.2018.10.034

11. Jiang Y, Ji Z, Guo F, Peng R, Sun H, Fan J, et al. Side Effects of CT-Guided
Implantation of (125)I Seeds for Recurrent Malignant Tumors of the Head
and Neck Assisted by 3D Printing non Co-Planar Template. Radiat Oncol
(2018) 13(1):18. doi: 10.1186/s13014-018-0959-4

12. Chen Y, Jiang Y, Ji Z, Jiang P, Xu F, Zhang Y, et al. Efficacy and Safety of CT-
Guided (125)I Seed Implantation as a Salvage Treatment for Locally Recurrent
Head and Neck Soft Tissue Sarcoma After Surgery and External Beam
Radiotherapy: A 12-Year Study at a Single Institution. Brachytherapy (2020)
19(1):81–9. doi: 10.1016/j.brachy.2019.09.006

13. Jiang P, Wang J, Ran W, Jiang Y, Tian S, Sun H. Five-Year Outcome of
Ultrasound-Guided Interstitial Permanent (125)I Seeds Implantation for
Local Head and Neck Recurrent Tumors: A Single Center Retrospective
Study. J Contemp Brachyther (2019) 11(1):28–34. doi: 10.5114/jcb.2019.83336

14. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al.
New Response Evaluation Criteria in Solid Tumours: Revised RECIST Guideline
(Version 1.1). Eur J Cancer (2009) 45(2):228–47. doi: 10.1016/j.ejca.2008.10.026

15. Chen AP, Setser A, Anadkat MJ, Cotliar J, Olsen EA, Garden BC, et al.
Grading Dermatologic Adverse Events of Cancer Treatments: The Common
Terminology Criteria for Adverse Events Version 4.0. J Am Acad Dermatol
(2012) 67(5):1025–39. doi: 10.1016/j.jaad.2012.02.010

16. Fraass B, Doppke K, Hunt M, Kutcher G, Starkschall G, Stern R, et al.
American Association of Physicists in Medicine Radiation Therapy
Committee Task Group 53: Quality Assurance for Clinical Radiotherapy
Treatment Planning.Med Phys (1998) 25(10):1773–829. doi: 10.1118/1.598373
Frontiers in Oncology | www.frontiersin.org 8
17. Nath R, Anderson LL, Meli JA, Olch AJ, Stitt JA, Williamson JF. Code of
Practice for Brachytherapy Physics: Report of the AAPM Radiation Therapy
Committee Task Group No. 56. Am Assoc Phys Med Med Phys (1997) 24
(10):1557–98. doi: 10.1118/1.597966

18. Optimization and Decision-Making in Radiological Protection. A Report of a
Task Group of Committee 4 of the International Commission on Radiological
Protection. Ann ICRP (1989) 20(1):1–60.

19. Orlandi E, Bonomo P, Ferella L, D’Angelo E, Maddalo M, Alterio D, et al.
Long-Term Outcome of Re-Irradiation for Recurrent or Second Primary
Head and Neck Cancer: A Multi-Institutional Study of AIRO-Head and Neck
Working Group. Head Neck (2019) 41(10):3684–92. doi: 10.1002/hed.25890

20. Bots WTC, van den Bosch S, Zwijnenburg EM, Dijkema T, van den Broek GB,
Weijs WLJ, et al. Reirradiation of Head and Neck Cancer: Long-Term Disease
Control and Toxicity. Head Neck (2017) 39(6):1122–30. doi: 10.1002/
hed.24733

21. Choi SH, Chang JS, Choi J, Park SH, Keum KC, Park KR, et al. Re-Irradiation
Using Intensity-Modulated Radiotherapy for Recurrent and Second Primary
Head and Neck Cancer. Anticancer Res (2018) 38(5):3165–73. doi: 10.21873/
anticanres.12580

22. Spencer SA, Harris J, Wheeler RH, Machtay M, Schultz C, Spanos W, et al.
Final Report of RTOG 9610, a Multi-Institutional Trial of Reirradiation and
Chemotherapy for Unresectable Recurrent Squamous Cell Carcinoma of the
Head and Neck. Head Neck (2008) 30(3):281–8. doi: 10.1002/hed.20697

23. Tortochaux J, Tao Y, Tournay E, Lapeyre M, Lesaunier F, Bardet E, et al.
Randomized Phase III Trial (GORTEC 98-03) Comparing Re-Irradiation Plus
Chemotherapy Versus Methotrexate in Patients With Recurrent or a Second
Primary Head and Neck Squamous Cell Carcinoma, Treated With a Palliative
Intent. Radiother Oncol (2011) 100(1):70–5. doi: 10.1016/j.radonc.2011.06.025

24. Mirabile A, Miceli R, Calderone RG, Locati L, Bossi P, Bergamini C, et al.
Prognostic Factors in Recurrent or Metastatic Squamous Cell Carcinoma of
the Head and Neck. Head Neck (2019) 41(6):1895–902. doi: 10.1002/
hed.25636
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 Jiang, Zhen, Dai, Li, Liu, Xu, Wang, Tian, Cui, Ji, Guo, Qiu, Sun,
Fan and Wang. 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.
July 2021 | Volume 11 | Article 645077

https://doi.org/10.1016/j.ejso.2020.01.019
https://doi.org/10.1016/j.ctrv.2016.03.001
https://doi.org/10.1093/annonc/mdy018
https://doi.org/10.3322/caac.21578
https://doi.org/10.3322/canjclin.50.6.380
https://doi.org/10.1016/j.ijrobp.2018.10.034
https://doi.org/10.1186/s13014-018-0959-4
https://doi.org/10.1016/j.brachy.2019.09.006
https://doi.org/10.5114/jcb.2019.83336
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.jaad.2012.02.010
https://doi.org/10.1118/1.598373
https://doi.org/10.1118/1.597966
https://doi.org/10.1002/hed.25890
https://doi.org/10.1002/hed.24733
https://doi.org/10.1002/hed.24733
https://doi.org/10.21873/anticanres.12580
https://doi.org/10.21873/anticanres.12580
https://doi.org/10.1002/hed.20697
https://doi.org/10.1016/j.radonc.2011.06.025
https://doi.org/10.1002/hed.25636
https://doi.org/10.1002/hed.25636
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Long-Term Safety and Efficacy of CT-Guided I125 Radioactive Seed Implantation as a Salvage Therapy for Recurrent Head and Neck Squamous Carcinoma: A Multicenter Retrospective Study
	Introduction
	Materials and Methods
	Patients Selection Criteria
	Pre-Operative Preparation and Pre-Plan
	CT-Guided I125 RSI
	Follow-Up
	Statistical Analysis

	Results
	Tumor Response
	Survival
	Complications

	Discussion
	Conclusion
	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


