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Stereotactic Body Radiotherapy Treatment
for Recurrent, Previously Irradiated Head
and Neck Cancer
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Abstract
Purpose: Locally recurrent, previously irradiated primary head and neck tumors have historically been associated with poor
outcomes. Stereotactic body radiation therapy has emerged as a feasible and promising treatment option for tumor recurrence,
particularly in nonsurgical candidates. This study aimed to assess the associated outcomes of stereotactic body radiation therapy
used in this setting. Methods: Retrospective analysis of a prospectively collected database of 25 patients treated with CyberKnife
for unresectable, recurrent head and neck cancer in a previously irradiated field. The primary end points evaluated were rates of
survival, tumor control, and treatment-related toxicities. Results: Median survival of the study population was 7.5 months (range,
1.5-47.0 months). Median survival of the 20 (80%) patients who were treated with curative purpose was 8.3 months. One-year
overall survival rate for the entire population was 32%. The respective 1-year and 2-year survival rates for the curative subcohort
were 40% and 20%, respectively. Local and locoregional failure occurred in 8 (32%) and 7 (28%) patients, respectively. Low severe
acute (4%) and late (6%) treatment-related toxicity rates were observed. No grade 4 or 5 toxicities were observed. Conclusion:
Stereotactic body radiation therapy is a viable treatment option for patients with unresectable, recurrent head and neck cancer.
Significant tumor control rates are achievable with minimal severe toxicity. Although perhaps associated with patient selection
and a heterogeneous sample, overall survival of stereotactic body radiation therapy outcomes appears unfavorable.
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Introduction

Locally recurrent head and neck cancer (rHNC) in a previously

irradiated field remains a treatment dilemma associated with

poor outcomes. Although salvage surgery continues to be the

treatment modality of choice, various patient and tumor factors

such as disease progression, proximity to vital structures, and

comorbidities may render surgery infeasible.1,2 In the setting of

unresectable rHNC, radiation therapy is a treatment option.

However, there can be considerable apprehension to treat

recurrent tumors with traditional radiation techniques, since
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adverse effects may outweigh the benefits of tumor response.

Langer et al3 reported that nearly 85% of patients treated with

irradiation on a RTOG trial experienced grade 3 or worse toxi-

cities within the first 2 years of treatment, with 8% treatment-

related deaths.

The need to improve outcomes with previously irradiated,

unresectable rHNC has generated interest in the use of stereo-

tactic body radiation therapy (SBRT). In contrast to conventional

radiation, SBRT allows for more precise control of radiation

dose distribution and shorter treatment durations (typically 5

fractions). Additionally, SBRT uses accelerated fractionation

capable of delivering high doses of radiation per fraction.

Despite the lower overall dose delivered over the course of a

treatment, a beneficial biological equivalent dose delivered to

the target tissue is achievable. Several series have reported low

toxicity for SBRT in the treatment of rHNC.4-10 Stereotactic

body radiation therapy could potentially be an ideal treatment

for rHNC since it is logistically easier for patients to go through

this course of treatment, with lesser increase in toxicity com-

pared to traditional radiation techniques.

Methods and Materials

This report is a retrospective analysis of a prospectively main-

tained SBRT database. This report constitutes the subset of

patients treated for recurrent, previously radiated head and

neck cancer (HNC). Written informed consent was obtained

and subsequent analyses were performed according to Cooper

University Hospital institutional review board–approved pro-

tocol 10-094EX. Twenty-five patients met eligibility criteria

for this analysis.

The study population included 19 (76%) males and 6 (24%)

females with a median age of 64 years (range, 43-85 years). All

patients had received previous radiation therapy for the treat-

ment of primary HNC in combination with, or without, surgical

resection or chemotherapy. The median dose of previous radio-

therapy treatment was 70 Gy (range, 30-110 Gy). Note, only 1

patient in this study had previous radiation of less than 60 Gy.

Fourteen (56%) patients had previously undergone surgery, and

20 (80%) had completed prior chemotherapy regimens. Three

(12%) of the patients had undergone previous reirradiation for a

prior recurrence.

The sites of primary cancer were largely heterogeneous, with

the most common being the base of tongue (36%), followed by

the nasopharynx (12%) and parotid glands (12%). Local in-field

recurrence was determined using a multiple modality diagnostic

approach that included radiology imaging (computed tomogra-

phy [CT] or magnetic resonance imaging [MRI] scan), meta-

bolic imaging with positron emission tomography (PET) scan,

and in nearly all cases, histopathologic confirmation with biopsy

was performed. The most common site of recurrence was the

primary tumor bed (88%), predominantly including tumors of

the oropharynx (36%), oral cavity (12%), and nasopharynx

(8%). The median gross tumor volume (GTV) was 31.75 cm3

(range, 5.5-121.8 cm3). Five of the patients had known meta-

static disease prior to reirradiation SBRT (Table 1).

Goals for SBRT reirradiation treatment included curative

intent (20 patients, 80%) or palliative purposes (5 patients,

20%). Seven (28%) of the patients were dependent on pretreat-

ment PEG tube usage. All cases were reviewed by an institu-

tional multidisciplinary tumor board prior to reirradiation along

with determination of nonresectability based on evaluation by a

head and neck oncologic surgeon. Patients treated with SBRT

as a planned boost for primary tumor radiotherapy were

excluded from the study population.

All SBRT reirradiation treatments were completed using the

CyberKnife system (Accuray, Sunnyvale, California) at MD

Table 1. Summary of Patient, Tumor, and Treatment Characteristics.

Characteristic N ¼ 25, Value (%)

Sex

Male 19 (76)

Female 6 (24)

Age (years), median (range) 64 (43-85)

Primary radiotherapy

Dose (Gy), median (range) 70 (30-110)

25th, 75th percentiles (Gy) 66, 70

Interval (months), median (range) 14 (3-72)

25th, 75th percentiles (months) 10, 50

Prior surgery 14 (56)

Prior chemotherapy 20 (80)

Previous reirradiation 3 (12)

Primary site

Tongue 9 (36)

Nasopharynx 3 (12)

Parotid 3 (12)

Hypopharynx 2 (8)

Oropharynx 2 (8)

Tonsil 2 (8)

Epiglottis 1 (4)

Lacrimal gland 1 (4)

Larynx 1 (4)

Maxillary sinus 1 (4)

Primary tumor and lymph node stages

T1-T2 6 (24)

T3-T4 14 (56)

Unknown 5 (20)

N0 8 (32)

N1-N2 11 (44)

N3 1 (4)

Unknown 5 (20)

Known metastatic disease 5 (20)

SBRT target site

Primary 22 (88)

þ Regional lymph nodes 6 (24)

Concurrent chemotherapy 11 (44)

GTV (cm3), median (range) 31.75 (5.5-121.8)

25th, 75th percentiles (cm3) 16.9, 51.6

SBRT dose (Gy), median (range) 40 (24-44)

25th, 75th percentiles (Gy) 40, 40.5

Isodose line (%), median (range) 78 (57-92)

25th, 75th percentiles (%) 68, 83

Fraction size (Gy), median (range) 8 (5-8.8)

Duration (days), median (range) 12 (5-24)

Abbreviations: GTV, gross tumor volume; SBRT, stereotactic body

radiotherapy.
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Anderson at Cooper from 2011 to 2016. A 2-phase treatment

approach was employed, which included imaging, planning,

and simulation and subsequent delivery of the radiation. During

the simulation phase, patients were fitted and immobilized

using personalized thermoplastic masks. Computed tomogra-

phy, MRI, or positron emission tomography–computed tomo-

graphy (PET-CT) imaging was obtained in 1.25-mm-thick

slices. Gross tumor volume and nearby vital structures were

contoured. At the discretion of the treating physician, a planned

tumor volume (PTV) was added to the GTV depending on

proximity to surrounding structures, tumor geometry, and prior

treatment outcomes. In 13 (52%) cases, a PTV was calculated

using 1 to 3 mm expansions from the measured GTV. Critical

organs including brain and spinal cord were restricted to a

maximum dose of 8 Gy. Additional planning and treatment

characteristics including calculation of biologically effective

doses, conformational index, and quality control were per-

formed as reported previously.5

The median prescribed SBRT dose was 40 Gy (range, 24-44

Gy) delivered in a median of 5 fractions (range, 3-5) to a

median isodose line of 78% (range, 57%-92%). All but one

of the treatments were scheduled as 5 fractions on alternating

days over a period of 10 to 14 days. The single exception to this

regimen was a lower SBRT dose (24 Gy), delivered as 3 frac-

tions on alternating days over 5 days. The median duration of

treatment was 12 days (range, 5-24 days). Due to an unforeseen

limitation in access to care, 1 patient received 5 fractions

elapsed over 24 days. All other patients completed the treat-

ment course without interruption.

Eleven (44%) of the patients received concurrent cetuximab

chemotherapy treatments during the course of reirradiation.

This consisted of 3 doses of cetuximab given 1 week before

SBRT and then the next 2 weeks concurrent with SBRT. Con-

current chemotherapy was included in treatment depending on

multiple tumor characteristics, patient factors, and at the dis-

cretion of the medical oncologist.

Follow-up patient interviews and physical examinations

were conducted 1 month after completion of treatment. Posi-

tron emission tomography–computed tomography, CT, or MRI

scans were conducted 1 to 3 months after treatment, then every

subsequent 3 months if initial imaging results were unremark-

able. If an area of concern was identified on posttreatment

imaging, or a significant decline in patient health was indicated

during physical examination, additional scans were ordered on

an as-needed basis.

SPSS software was used to perform all statistical analysis

(IBM SPSS Statistics Software version 23.0). Overall survival

(OS) was defined as the interval from the start of SBRT reirra-

diation to the date of death from any cause or the last follow-up

examination. Local failures were classified as recurrences

within the targeted treatment field. Locoregional failures were

defined as recurrences outside of the previously treated field

within the head and neck region, while new metastasis outside

of the head and neck were considered distant failures. All sur-

vival functions were estimated using the Kaplan-Meier

method, with comparisons between groups made using log-

rank tests. P < .05 using 95% confidence intervals was consid-

ered statistically significant. Patients lost to follow-up were

censored accordingly during statistical analysis.

Acute toxicities were defined as adverse effects resulting

from SBRT reirradiation arising within 90 days from the start

of treatment. Likewise, late toxicities were defined as sequelae

arising after 90 days from the start of treatment. Toxicity

grades were prospectively recorded and retrospectively

reviewed by the authors of this study based upon physician

follow-up notes and medical records. Toxicity grades were

based upon various versions of the Common Terminology Cri-

teria for Adverse Events (CTCAE).

Results and Analysis

Survival Analysis

The 1-year and 2-year OS for patients treated for curative pur-

pose (n ¼ 20) was 40% and 20%, respectively. The 1-year and

2-year OS for all patients was 32% and 16%, respectively. The

median survival for the entire population was 7.5 months

(range, 1.5-47.0 months). The median survival for patients with

and without metastatic disease was 8.3 and 2.0 months, respec-

tively (P ¼ .042; Figure 1). Zero patients treated for palliative

purpose (n ¼ 5) survived longer than 6 months.

Multiple factors (interval time to disease recurrence from

initial treatment, Karnofsky Performance Scale [KPS], pres-

ence of metastatic disease, volume of disease, use of PTV, use

of concurrent chemotherapy with SBRT, SBRT dose, isodose

line) were examined to determine any relation with OS rate.

The only factor that appeared to correlate with the OS was the

presence of distant metastatic disease at the time of reirradia-

tion SBRT. The OS was significantly greater for patients with-

out distant disease (Mdn ¼ 8.3 months, 39% 1-year OS) than

for those with known metastatic disease (Mdn¼ 2.0 months, 1-

year OS 0%; Mann-Whitney U ¼ 20, P ¼ .042).

Zero patients experienced distant metastatic progression

outside of the head and neck region during the posttreatment

follow-up period. Local failure occurred in 8 (32%) patients,

Figure 1. Overall survival correlated with the presence of distant

metastatic disease prior to stereotactic body radiation therapy (SBRT).
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and median time to local failure was 5.8 months (range,

0.9-27.1 months). Locoregional failure occurred in 7 (28%)

patients, and median time to failure was 8.5 months (range,

0.6-35.3 months). The same factors as the OS analysis (KPS,

volume of disease, concurrent chemotherapy, etc) were exam-

ined to identify any relationship with rates of local and locor-

egional failures. No factors predicted for worse local or

locoregional control.

Toxicity and Quality of Life Assessment

Eleven (44%) of the 25 patients experienced acute treatment-

related toxicities; 10 (40%) of which were either grade 1 or

grade 2 according to CTCAE. The most common acute grade 1

and grade 2 toxicities included mucositis and dysphagia (32%),

as well as dermatitis (12%). Six (55%, n ¼ 11) of the acute

toxicity patients received SBRT treatments targeted to the base

of the tongue or oropharynx, with resultant local mucositis and

dysphagia. Three (12%, n ¼ 25) patients developed a grade 1

skin rash that was thought to be attributed to the concurrent

cetuximab treatments. Limited sample size restricted signifi-

cance of univariate analysis assessing factors (SBRT target,

concurrent chemo, etc) related to toxicity specifics. Only 1

(4%) patient, who received palliative SBRT targeting the

supraglottis, developed an acute grade 3 toxicity: mucositis,

transient dysphagia, and dysphasia which required hospitaliza-

tion for treatment and speech therapy. In the subset of popula-

tions that experienced acute toxicities, the median interval

between primary radiation exposure and reirradiation was 13

months. Comparatively, the median interval for the patients

who did not develop any treatment-related sequelae was 17

months. This subanalysis did not reach statistical significance

(P ¼ .34).

Seven (28%) patients died or were lost to follow-up less than

3 months upon completion of treatment. Thus, these patients

were excluded from the statistical analysis of late toxicities. Of

the remaining 18 patients, only 1 (6%) developed a late toxi-

city: grade 3 radiation necrosis with associated pain and mal-

odor that required surgical debridement for relief. After

surgical debridement and several months of conservative man-

agement, this toxicity is resolved and the patient is currently

disease- and toxicity-free. None of the patients in this study

experienced grade 4 or grade 5 toxicities (Table 2).

The KPS scores were recorded pretreatment and posttreat-

ment for available patients. The KPS was available on

22 (88%) patients. The median KPS for both pre- and posttreat-

ment was 80. The KPS score remained the same for 15 patients,

decreased in 3 patients, and improved in 2 patients.

Discussion

We found SBRT to be a safe and viable treatment option

for unresectable, previously irradiated rHNC. There were

no treatment-related deaths, and outcomes revealed low

severe toxicity profiles. The rate of grade 3 toxicities in

our study (8%) was similar to that of previously reported

studies, with median SBRT reirradiation doses >35 Gy.9-11

No patients experienced carotid blowout syndrome, an

infrequent but well-documented late complication of reirra-

diation for HNCs.12

The rates of grade 1 and grade 2 toxicities are often under-

reported in published SBRT series, due to an increased focus on

severe toxicities. Although the rate of grade 1 and grade 2 acute

toxicity was significant within our study population (40%), this

rate is comparable to that in the radiation oncology litera-

ture.4,5,10,11 We found a trend toward less acute toxicity based

on interval from initial radiation: patients with acute toxicity

completed the initial radiation a median of 13 months from

SBRT, while patients without acute toxicity completed a med-

ian of 17 months. Although the small sample size prevented

statistically significant univariate and multivariate analysis

results, our team hypothesizes that the interval between radia-

tion exposures may have an influence on reirradiation-related

toxicity. Although it has been proposed that the time interval

between previous radiation and reirradiation is a significant

predictor of tumor control rates and survival,11,13,14 no previous

study has identified the reirradiation interval with the incidence

of treatment-related toxicities. Although this concept makes

sense—more time between radiation exposures allows for

fuller recovery from the initial treatment—the importance of

further analysis is vastly significant. Such quantitative data

may influence both patients’ and physicians’ decisions regard-

ing options of care.

Our survival outcomes (OS: 8.3 months for patients treated

with curative intent) were similar to other reports. University of

Pittsburgh phase I7 (dose escalation study) found a median OS

of 6 months and a phase II9 (single arm, SBRT plus cetuximab)

study reported a median OS of 10 months. Siddiqui et al15

report SBRT outcomes for patients with recurrent disease

showing a median OS of 6.7 months, with 14% 2-year OS rate.

Additional studies with similar patient populations have

reported median OS of 11.8, 13.6, and 16.2 months.10,16-19 Our

overall 1-year survival rate (32%) is only marginally inferior to

the reported rates in these studies; however, our 1-year and

2-year OS rate for the subpopulation treated for curative intent

is comparable to the aforementioned reports (39% and 21%,

respectively). Reports from Georgetown University Hospital20,21

have demonstrated median OS of 12 to 17.3 months with

associated 2-year survival rates 24% and 40%. However, the

patients in this series were not excluded on the basis of surgical

Table 2. Summary of Acute and Late Treatment-Related Toxicities.

Toxicity Grade Acute Latea

Grade I 6 (24%) –

Grade II 4 (16%) –

Grade III 1 (4%) 1 (6%)

Total 11 (44%) 1 (6%)

aLate toxicity cohort (n ¼ 18) excluded patients dead or lost to follow-up <3

months after treatment.
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candidacy, with 30% undergoing surgical treatment prior to

reirradiation.

Local, locoregional, and distant tumor control rates in our

study were similar to the other SBRT series. In a previous

study, Wang et al22 demonstrated that 61% of failures follow-

ing salvage SBRT in this setting occurred within overlap/mar-

ginal regions of the GTV (overlap: 20%-75% of recurrence

within GTV; marginal: 20% or less of recurrence within GTV

and within 1 cm of GTV). In their study, margins were not

utilized (GTV ¼ PTV). Thus, the authors concluded that addi-

tion of 5 mm margins around the GTV may effectively reduce

failures, albeit at the risk of increasing toxicities. Their study

also showed that PET-CT treatment planning was associated

with better tumor control rates following salvage reirradiation.

Of interest, 52% of the treatment plans in our study utilized

PTVs. Our analysis did not reveal any influence on local and

locoregional tumor failures with the use of PTVs. However,

inconsistent use of PET-CT planning and a small sample size

may have prevented such associations from presenting as sta-

tistically significant. If a correlation exists between the area

subjected to reirradiation and the incidence of local failures,

significance is placed on the role of PET-CT planning prior to

SBRT reirradiation.

After establishing SBRT as a viable treatment option,

research focus must shift to compare safety and efficacy with

other modern conventional radiation techniques. Although

older reirradiation reports found significant toxicity along with

marginal effectiveness,3 modern studies have been conducted

using IMRT. Multiple institutions have reported strong out-

comes using IMRT for rHNC. MD Anderson reported on 78

recurrent, previously irradiated patients with HNC (27% of

whom had salvage surgery) treated with IMRT and demon-

strated a median OS of 27.6 months.23 In a similar study design,

Zwicker et al24 reported a median OS of 17 months. Lee et al25

reported a 2-year OS rate of 42%. In a multi-institution analy-

sis, Ward et al14 demonstrated that concurrent surgery, pre-

treatment feeding tube use, or tracheostomy usage has

significant influence on resultant OS. Kong et al26 reported a

median OS and progression-free survival of 37 and 20.5

months, respectively, following salvage IMRT for recurrent

nasopharyngeal cancer treated with definite IMRT as the sole

primary treatment. However, 65% of these patients experi-

enced grade 3 to 5 late toxicities, including a 35% cohort mor-

tality from treatment-induced adverse effects. Although these

IMRT studies have demonstrated improved 1- and 2-year OS

rates, this technique has limitations within the context of

rHNC. The reported severe toxicities in the IMRT reirradiation

series,2,23,24,27 ranging from 20% to 65%, are higher than that

seen in SBRT studies. Furthermore, reirradiation with IMRT

usually entails smaller fraction sizes (1-2 Gy/d) delivered over

an extended course (6-8 weeks). Such logistics of treatment

may not be feasible for all patients.

In the largest comparison to date, Vargo et al28 demon-

strated superior OS with IMRT versus SBRT reirradiation

among a particular subset of patients: those with unresected

tumors who received initial treatment >2 years prior or those

who received initial treatment <2 years prior without the cur-

rent use of a tracheostomy or feeding tube (2-year OS rate

39.1% for IMRT vs 18.6% for SBRT). However, smaller

tumors (<25 cm3) or pretreatment dependence of a feeding tube

or tracheostomy nullified this superiority. Moreover, SBRT

was associated with lesser rates of severe toxicities compared

to IMRT. Interestingly, 80% of our study cohort would not

meet the criteria for the IMRT superiority group, due to small

tumor size, pretreatment PEG tube use, or interval time from

initial surgery. These data, in conjunction with our report, fur-

ther signify the importance of pretreatment patient selection. In

agreeance with the authors of the study, CyberKnife may con-

fer potential logistical and radiobiological advantages for

patients of poorer prognosis and performance status.

Stereotactic body radiation therapy should also be compared

to chemotherapy treatment alone. The EXTREME29 study

enrolled patients with recurrent and metastatic HNC and found

a median OS of 10.1 months for the combination of cetuximab,

platinum, and 5-fluorouracil. Around 80% of the study popu-

lation experienced severe treatment-related adverse toxicities.

Additionally, patients enrolled in this study were not limited to

just those who had previous radiation exposure.

Future comparison of SBRT with emerging immunotherapy

should be made, given the recent interest of pembrolizumab

(anti-programmed death receptor 1 antibody) for the treatment

of rHNC. The KEYNOTE-012 trial, and its expanded cohort,30-

32 yielded encouraging results with promising tumor control

rates. These initial studies have demonstrated comparable toxi-

city profiles with the published SBRT series. As this body of

literature continues to grow, the use of SBRT reirradiation in

conjunction with pembrolizumab should be investigated.

Stereotactic body radiation therapy likely has a role in pal-

liation of recurrent HNC. Our study found that KPS remained

stable or improved in the majority of patients following SBRT.

It must be acknowledged that KPS is not a robust measure of

quality of life (QOL). However, other reports using patient-

competed QOL surveys have shown that SBRT can maintain

or improve QOL.9,33 Another recent publication has reported

the palliative benefit of 25 Gy in 5 fractions in HNC.34 The

authors note that this fractionation scheme was so well toler-

ated that higher doses may be used. Stereotactic body radiation

therapy would certainly allow for safe dose escalation in the

palliative setting.

Conclusion

It remains unclear how effective SBRT is as a definite, curative

treatment option in the recurrent setting. Available data do not

demonstrate improved survival rates compared to other treat-

ment options (chemotherapy alone, IMRT). There are many

inherent difficulties in comparing tumor response and survival,

among nonsurgical salvage treatments for rHNC. For example,

conventional reirradiation is very toxic and it is possible that

patients offered such treatments are very robust; many of the

patients reported in SBRT series may not have been offered

reirradiation IMRT. In contrast, patients selected for SBRT

Stanisce et al 5



treatment may have favorable biases such as small tumor sizes.

The only way to provide level 1 evidence regarding treatment

options for previously irradiated, rHNC would be a randomized

study (SBRT vs IMRT, or a 3-arm study using a chemotherapy-

only arm).

This study certainly has biases similar to many of the other

studies investigating recurrent HNC. This was a single-arm

study, and there are selection biases involved as to which

patients receive treatment compared to those who are not

offered SBRT (and thus not available for analysis). We feel

that this single-institution report is important in providing

additional data regarding SBRT as a treatment option for

recurrent HNC.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

ORCID iD

Gregory J. Kubicek, MD http://orcid.org/0000-0001-9700-1760

References

1. Jayaram SC, Muzaffar SJ, Ahmed I, Dhanda J, Paleri V, Mehanna

H. Efficacy, outcomes, and complication rates of different surgi-

cal and nonsurgical treatment modalities for recurrent/residual

oropharyngeal carcinoma: a systematic review and meta-analysis.

Head Neck. 2016;38(12):1855-1861.

2. Wong SJ, Heron DE, Stenson K, Ling DC, Vargo JA. Locoregio-

nal recurrent or second primary head and neck cancer: manage-

ment strategies and challenges. Am Soc Clin Oncol Educ Book.

2016;35:e284-292.

3. Langer CJ, Harris J, Horwitz EM, et al. Phase II study of low-dose

paclitaxel and cisplatin in combination with split-course conco-

mitant twice-daily reirradiation in recurrent squamous cell carci-

noma of the head and neck: results of Radiation Therapy

Oncology Group Protocol 9911. J Clin Oncol. 2007;25(30):

4800-4805.

4. Quan K, Xu KM, Zhang Y, et al. Toxicities following stereotactic

ablative radiotherapy treatment of locally-recurrent and previ-

ously irradiated head and neck squamous cell carcinoma. Semin

Radiat Oncol. 2016;26(2):112-119.

5. Rwigema JC, Heron DE, Ferris RL, et al. Fractionated stereotactic

body radiation therapy in the treatment of previously-irradiated

recurrent head and neck carcinoma: updated report of the univer-

sity of pittsburgh experience. Am J Clin Oncol. 2010;33(3):

286-293.

6. Ling DC, Vargo JA, Heron DE. Stereotactic body radiation ther-

apy for recurrent head and neck cancer. Cancer J. 2016;22(4):

302-306.

7. Heron DE, Ferris RL, Karamouzis M, et al. Stereotactic body

radiotherapy for recurrent squamous cell carcinoma of the head

and neck: results of a phase I dose-escalation trial. Int J Radiat

Oncol Biol Phys. 2009;75(5):1493-1500.

8. Ling DC, Vargo JA, Ferris RL, 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 J

Radiat Oncol Biol Phys. 2016;95(3):973-980.

9. Vargo JA, Ferris RL, Ohr J, et al. A prospective phase 2 trial of

reirradiation with stereotactic body radiation therapy plus cetux-

imab in patients with previously irradiated recurrent squamous

cell carcinoma of the head and neck. Int J Radiat Oncol Biol

Phys. 2015;91(3):480-488.

10. Comet B, Kramar A, Faivre-Pierret M, et al. Salvage stereotactic

reirradiation with or without cetuximab for locally recurrent head-

and-neck cancer: a feasibility study. Int J Radiat Oncol Biol Phys.

2012;84(1):203-209.

11. Vargo JA, Kubicek GJ, Ferris RL, et al. Adjuvant stereotactic

body radiotherapyþ/-cetuximab following salvage surgery in pre-

viously irradiated head and neck cancer. Laryngoscope. 2014;

124(7):1579-1584.

12. McDonald MW, Moore MG, Johnstone PA. Risk of carotid blow-

out after reirradiation of the head and neck: a systematic review.

Int J Radiat Oncol Biol Phys. 2012;82(3):1083-1089.

13. Tanvetyanon T, Padhya T, McCaffrey J, et al. Prognostic factors

for survival after salvage reirradiation of head and neck cancer.

J Clin Oncol. 2009;27(12):1983-1991.

14. Ward MC, Riaz N, Caudell JJ, et al. Refining patient selection for

reirradiation of head and neck squamous carcinoma in the imrt

era: a multi-institution cohort study by the miri collaborative. Int J

Radiat Oncol Biol Phys. 2018;100(3):586-594.

15. Siddiqui F, Patel M, Khan M, et al. Stereotactic body radiation

therapy for primary, recurrent, and metastatic tumors in the head-

and-neck region. Int J Radiat Oncol Biol Phys. 2009;74(4):

1047-1053.

16. Cengiz M, Ozyigit G, Yazici G, et al. Salvage reirradiaton with

stereotactic body radiotherapy for locally recurrent head-and-

neck tumors. Int J Radiat Oncol Biol Phys. 2011;81(1):104-109.

17. Strom T, Wishka C, Caudell JJ. Stereotactic body radiotherapy for

recurrent unresectable head and neck cancers. Cancer Control.

2016;23(1):6-11.

18. Lartigau EF, Tresch E, Thariat J, et al. Multi institutional phase II

study of concomitant stereotactic reirradiation and cetuximab for

recurrent head and neck cancer. Radiother Oncol. 2013;109(2):

281-285.

19. Roh KW, Jang JS, Kim MS, et al. Fractionated stereotactic radio-

therapy as reirradiation for locally recurrent head and neck can-

cer. Int J Radiat Oncol Biol Phys. 2009;74(5):1348-1355.

20. Kress MA, Sen N, Unger KR, et al. Safety and efficacy of hypo-

fractionated stereotactic body reirradiation in head and neck can-

cer: long-term follow-up of a large series. Head Neck. 2015;

37(10):1403-1409.

21. Unger KR, Lominska CE, Deeken JF, et al. Fractionated stereo-

tactic radiosurgery for reirradiation of head-and-neck cancer. Int J

Radiat Oncol Biol Phys. 2010;77(5):1411-1419.

22. Wang K, Heron DE, Flickinger JC, et al. A retrospective, deform-

able registration analysis of the impact of PET-CT planning on

6 Technology in Cancer Research & Treatment

http://orcid.org/0000-0001-9700-1760
http://orcid.org/0000-0001-9700-1760
http://orcid.org/0000-0001-9700-1760


patterns of failure in stereotactic body radiation therapy for recur-

rent head and neck cancer. Head Neck Oncol. 2012;4:12.

23. Sulman EP, Schwartz DL, Le TT, et al. IMRT reirradiation of

head and neck cancer-disease control and morbidity outcomes. Int

J Radiat Oncol Biol Phys. 2009;73(2):399-409.

24. Zwicker F, Roeder F, Hauswald H, et al. Reirradiation with

intensity-modulated radiotherapy in recurrent head and neck can-

cer. Head Neck. 2011;33(12):1695-1702.

25. Lee N, Chan K, Bekelman JE, et al. Salvage re-irradiation for

recurrent head and neck cancer. Int J Radiat Oncol Biol Phys.

2007;68(3):731-740.

26. Kong L, Wang L, Shen C, Hu C, Wang L, Lu JJ. Salvage

intensity-modulated radiation therapy (IMRT) for locally recur-

rent nasopharyngeal cancer after definitive IMRT: a novel sce-

nario of the modern era. Sci Rep. 2016;6:32883.

27. Strojan P, Corry J, Eisbruch A, et al. Recurrent and second pri-

mary squamous cell carcinoma of the head and neck: when and

how to reirradiate. Head Neck. 2015;37(1):134-150.

28. Vargo JA, Ward MC, Caudell JJ, et al. A multi-institutional com-

parison of SBRT and IMRT for definitive reirradiation of recur-

rent or second primary head and neck cancer. Int J Radiat Oncol

Biol Phys. 2018;100(3):595-605.

29. Vermorken JB, Mesia R, Rivera F, et al. Platinum-based che-

motherapy plus cetuximab in head and neck cancer. N Engl J

Med. 2008;359(11):1116-1127.

30. Chow LQM, Haddad R, Gupta S, et al. Antitumor activity of

pembrolizumab in biomarker-unselected patients with recurrent

and/or metastatic head and neck squamous cell carcinoma: results

from the phase Ib KEYNOTE-012 expansion cohort. J Clin

Oncol. 2016;34(32):3838-3845.

31. Seiwert TY, Burtness B, Mehra R, et al. Safety and clinical activ-

ity of pembrolizumab for treatment of recurrent or metastatic

squamous cell carcinoma of the head and neck (KEYNOTE-

012): an open-label, multicentre, phase 1b trial. Lancet Oncol.

2016;17(7):956-965.

32. Starr P. Encouraging results for pembrolizumab in head and neck

cancer. Am Health Drug Benefits. 2015;8(spec issue):16.

33. Vargo JA, Heron DE, Ferris RL, et al. Prospective evaluation of

patient-reported quality-of-life outcomes following SBRT þ/-

cetuximab for locally-recurrent, previously-irradiated head and

neck cancer. Radiother Oncol. 2012;104(1):91-95.

34. Fortin B, Khaouam N, Filion E, Nguyen-Tan PF, Bujold A, Lam-

bert L. Palliative radiation therapy for advanced head and neck

carcinomas: a phase 2 study. Int J Radiat Oncol Biol Phys. 2016;

95(2):647-653.

Stanisce et al 7



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


