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Abstract

Background—To examine swallowing-related lower cranial nerve palsy (LCNP) in 

oropharyngeal cancer (OPC) survivors after intensity modulated radiotherapy (IMRT).

Methods—Patients treated with definitive IMRT (66–72 Gy) were pooled from trial databases. 

Prospective analyses on parent trials included videofluoroscopy, clinical LCNP examination, and 

questionnaires pre- and 6-, 12-, and 24-months post-IMRT. Time-to-event and incidence of LCNP 

was estimated with competing risk methods. Literature review (1977–2015) summarized published 

LCNP outcomes.

Results—Three of 59 OPC survivors with a minimum 2-year follow-up developed hypoglossal 

palsy ipsilateral to the index tumor (median latency: 6.7 years, range: 4.6–7.6). At a median of 5.7 

years, cumulative incidence of LCNP was 5%. LCNP preceded progressive dysphagia in all cases. 

Published studies found median incidence of radiation-associated LCNP was 10.5% after NPC, 

but no OPC-specific estimate.

Conclusions—While uncommon, the potential for late LCNP preceding swallowing 

deterioration highlights the importance of long-term functional surveillance in OPC survivorship.
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INTRODUCTION

The epidemiology of oropharyngeal cancer (OPC) has changed dramatically in recent 

decades as the incidence of human papillomavirus (HPV)-associated disease has increased 

and tobacco-associated disease has decreased.1,2 In this same time, survival rates of OPC 

steadily improved and organ preservation regimens of radiation and chemoradiation replaced 

radical surgical methods as the primary modality for treating OPC. Projections suggest that 

the number of OPC survivors will continually rise over the next 2 decades,2 and the majority 

of these survivors will have received curative doses of radiotherapy in excess of 65-Gy. 

Consequently, an ever growing number of patients with HPV-associated OPC have the 

potential for long-term cure surviving decades after their index cancer, mandating an 

unprecedented focus on late effects of therapy for OPC.

Radiation-associated cranial neuropathy is a rare but functionally devastating late effect of 

head and neck radiotherapy. Cranial nerves are widely regarded as relatively radio-resistant 

structures. However, over the decades, small cohort studies have examined lower cranial 

nerve palsy (LCNP) among head and neck cancer survivors,3–6 principally among patients 

with nasopharyngeal cancers, suggesting a long latency, the potential for progressing 

polyneuropathies, and implicating various central and peripheral mechanisms of 

denervation. The potential for radiation associated LCNP in non-NPC head and neck cancer 

survivors has rarely been examined in published reports. Yet, with exceptional numbers of 

OPC survivors achieving long-term disease control, recent case reports highlight the 

potential for de novo LCNP as a previously unexpected late effect of even modern conformal 

IMRT for OPC.7,8 In this report, we examine incidence, latency, and patterns of delayed 

LCNP after oropharyngeal IMRT with particular interest in implications on long-term 

swallowing function.

MATERIALS AND METHODS

Study Design and Eligibility

A pooled dataset was analyzed from 2 institutional single-arm organ preservation trials for 

locoregionally advanced stage head and neck cancer. Trial databases were sampled to 

include patients treated with definitive IMRT and systemic therapy for stage III-IV 

squamous cell carcinoma of the oropharynx with minimum 1-year disease free survival after 

enrollment. Among 64 oropharyngeal cancer patients enrolled, we excluded patients treated 

with 3D conformal technique (n=2), less than 1 year disease-free follow-up (n=2), and also 

excluded a single patient who discontinued radiotherapy against medical advice after 41 Gy 

in 19 fractions. Protocols were approved by the local Institutional Review Board and all 

patients provided informed consent for trial participation.

Treatment

All included patients received definitive IMRT with systemic therapy. Fifty five patients 

(93%) were treated with a split field technique (IMRT delivered to primary tumor and upper 

neck, while levels III and IV were treated with an anterior portal and lower larynx 

shielding). Thirty six patients were treated on an induction chemotherapy PCC trial,9,10 and 
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the remaining 23 on a trial of adaptive-IMRT.11 Trial details and clinical reports have been 

published elsewhere, and are briefly reviewed below.

Induction trial—After a loading dose of cetuximab 400 mg/m2 intravenously, patients 

received 6 weekly cycles of cetuximab 250 mg/m2 and paclitaxel 135 mg/m2 followed by 

carboplatin area under the curve 2 followed by risk based local therapy. Definitive 

radiotherapy commenced 2 to 3 weeks after induction therapy. Target volumes and local 

therapy assignments were based on initial staging (not response to induction): radiation as a 

single modality for T1-T2 and concurrent chemoradiation for T3-T4 stage OPC. Gross 

disease and margin were administered a dose of 66 Gy in 30 fractions for T1 disease and 72 

Gy in 40 to 42 fractions with a concomitant boost fractionation schedule for patients with 

T2–4 tumors. All radiation schedules were planned for 6 weeks of therapy. Neck dissection 

was recommended for residual adenopathy after completion of chemoradiotherapy. Among 

47 included in the initial clinical report, complete and partial response to induction was 19% 

and 77% respectively. The 1 and 3 -year locoregional control was 94% and 87%, 

respectively.9

Adaptive IMRT trial—An image guided radiotherapy and adaptive re-planning paradigm 

was used for IMRT delivery among patients enrolled on this trial. Baseline IMRT planning 

was conducted according to institutional standards as detailed previously. Adaptive 

replanning was performed for all patients on trial at least once based on daily CT-on-rails 

images. Systemic therapy was delivered in all patients, most commonly single agent weekly 

cisplatin. Among 22 patients included in the initial clinical report, 2-year locoregional 

control was 95%.11

Functional assessments

Prospective functional assessment methods were identical on each trial and included a 

modified barium swallow (MBS) study, swallow specific clinical cranial nerve examination, 

and swallow-specific questionnaires at baseline, and 6-, 12-, and 24-months after end of 

radiotherapy. Modified barium swallow studies were conducted according to a standard 

protocol (2 trials each of: 5-mL, 10-mL, 20-mL, cup sips Varibar thin liquid, Varibar 

pudding, and barium coated cracker) at 30 frames per second. MBS results were scored 

according to the validated DIGEST tool that assigns a CTCAE compatible severity grade to 

pharyngeal stage dysphagia (1=mild, 2=moderate, 3=severe, 4=life threatening).12 

Questionnaires included the patient-reported MD Anderson Dysphagia Inventory 

(MDADI)13 and the clinician administered Performance Status Scale of Head and Neck 

Cancer (PSSHN).14 MDADI is a validated, widely used 20-item PRO measure of 

swallowing-related quality of life (20=worst score, 100=best score). PSSHN Normalcy of 

Diet subscale is a validated semi-structured interview measure of oral intake (0=NPO, 

100=Full, unrestricted oral diet). LCNP were assessed by clinical cranial nerve examination 

at swallowing studies and head and neck cancer surveillance visits. Given our a priori focus 

on denervation as a driver of late dysphagia, nerves IX, X, and XII were selected for this 

report for their particular importance in pharyngeal swallow function. Motor functions for 

swallowing were considered (IX: pharyngeal shortening/constriction, X: glottic closure, 

velar elevation, pharyngeal constriction, XII: tongue mobility). EMG and neurology 

Hutcheson et al. Page 3

Head Neck. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



consultations were not standard. All included patients had normal pre-therapy and post-

radiation clinical cranial nerve examination. All patients presenting with delayed LCNP 

were referred for late functional assessment with comparable swallowing evaluation 

methods to the earlier functional assessments on trial (MBS and swallow-related 

questionnaires).

Statistical methods

Descriptive statistics were calculated and graphically plotted. Chi-square test or Fisher exact 

test were used to test differences of categorical variables and Wilcoxon rank-sum test or 

Kruskal-Wallis were used to assess between group differences for continuous variables. 

Survival outcomes were estimated by the Kaplan-Meier method with log-rank tests to 

examine between group differences. Times were censored at the last event-free contact. 

Cumulative incidence rates of late LCNP events were calculated with death or new disease 

(locoregional recurrence, distant metastasis, or second primary malignancy) as a competing 

risk. Effects of T-classification and tumor site on cumulative incidence of late events were 

evaluated in the univariate setting using Gray's test. SAS version 9.2 and S-Plus version 8.04 

were used for analyses.

Literature review methods

A supporting literature review was conducted to examine the body of published work on 

radiation-associated LCNP. The primary search for the literature review was conducted 

using the electronic MEDLINE database (data source: OVID) between June 2013 and July 

2013. A second search was conducted through September 2015. The search was limited to 

human subject research in peer-reviewed journal articles. Medical subject heading (MeSH) 

terms were used to identify papers for common to 3 groups of terms: 1) radiotherapy, 2) 

pharyngeal neoplasms or oropharyngeal neoplasms or nasopharyngeal neoplasms or 

hypopharyngeal neoplasms or laryngeal neoplasms or head and neck neoplasms, and 3) 

cranial nerve diseases or vagus nerve diseases or glossopharyngeal nerve diseases or 

hypoglossal nerve diseases. Abstracts were screened according to the following exclusion 

criteria: 1) neuropathies of non-radiotherapy source (e.g., tumor-associated, surgery-induced, 

or unclear source), 2) review articles, 3) non-English language, or 4) animal studies. The 

full-text of 27 articles published between 1977 and 2015 reporting LCNP as a result of 

definitive radiotherapy or chemoradiotherapy for head and neck cancers (any site) was 

reviewed with standard elements extracted on a study-specific form. Results were 

summarized in descriptive format.

RESULTS

Patient characteristics

Fifty-nine oropharyngeal cancer patients treated with definitive IMRT and systemic therapy 

were included. The median age at trial enrollment was 53, and 81% were male. All had stage 

III/IV disease. TNM classification, tumor site, and therapeutic combinations are detailed in 

Table 1. Median overall survival was not yet reached; 5- and 10-year overall survival rates 

were 98.2% and 87.3%, respectively (Figure 1).
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Cranial neuropathies

Three patients developed delayed hypoglossal palsy ipsilateral to the index oropharyngeal 

tumor with a median latency of 6.7 years (range: 4.6 – 7.6, Table 2). At a median follow up 

of 10 years, 5% of patients enrolled had developed lower cranial neuropathy. Cumulative 

incidence of cranial neuropathy is illustrated in Figure 2. LCNP cumulative incidence rates 

estimated from competing risk analysis were 6-year: 2.1% (95% CI: 0.2–10%), 7-year: 6.1% 

(95% CI: 0.9%–19%), and 8-year: 11% (95%: 2.4%–28%). LCNP preceded swallow 

deterioration in all patients relative to post-RT recovery, both by patient-report (per MDADI) 

and clinician-rating (per MBS) as illustrated in Figure 3.

Literature review

27 papers reporting on 2,775 patients were included in the literature review. Study designs of 

the 27 papers included 12 case reports, 6 case series, and 9 retrospective cohorts. No 

prospective studies were identified. Subjects included 97.1 % (2,694/2,775) with NPC, 

2.3 % (63/2,775) with OPC, 0.2% (5/2,775) with hypopharynx cancer, 0.1% (5/2,775) with 

laryngeal cancer, 0.1% (3/2,775) with oral cavity cancer, and 0.2% (5/2,775) with other sites 

head and neck cancer. Radiation delivery varied among the patients examined in this 

literature review, with the majority of patients receiving a total dose around 70 Gy, often 

with a parapharyngeal boost,5,7,15–18 and chemoradiotherapy.7,15–17,19–21 Incidence rates of 

radiation-associated LCNP were reported in nine retrospective cohorts comprising 2,565 

patients with NPC and 12 patients with non-NPC sites of HNC. The median incidence rate 

reported of patients with any radiation-associated LCNP was 10.5% with a range from 3.7 to 

25.6% as shown in Figure 4.16,22 Hypoglossal nerve palsy was the most frequently reported 

radiation-associated LCNP. The median latency of onset measures for any LCNP ranged 

from 2.9 to 7.9 years.4,23 The upper limit was reported at 34 years,24 and the lower limit at 1 

year.25 Case reports and case series examining radiation-associated LCNP are summarized 

in supplementary tables. Incidence reports from cohort studies and latency data are 

summarized in Table 3 and supplementary tables, respectively.

DISCUSSION

Radiation-associated LCNP is commonly recognized as rare late effect of radiotherapy for 

NPC, but infrequently reported in non-NPC survivors. With ever growing numbers of OPC 

survivors, case reports are emerging that suggest that clinicians now increasingly encounter 

LCNP in long-term survivorship after curative radiotherapy or chemoradiotherapy for 

OPC.1,7,8 Results of this cohort analysis suggest that LCNP is indeed a potential late effect 

of oropharyngeal IMRT, detected in 3 of 59 survivors in this study. LCNP appears to be 

associated with both clinician- and patient-detected deterioration in swallowing function and 

associated decrements in QOL in long-term survivorship.

The source of injury in radiation-associated LCNP is debated. In our review of the literature, 

authors speculated as to various sources of injury in patients who develop radiation-

associated LCNP but the underlying mechanisms are not well studied. When survivors 

present with de novo LCNP, it is first necessary to rule out tumor invasion before radiation 

can be attributed as the source of nerve palsy. A retrospective study investigating 
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hypoglossal nerve palsy in NPC survivors found that recurrent tumor accounted for only 

11.8% (2/17) of patients first seen with XII CNP after RT, and radiation was the cause of 

denervation in the majority of patients.5 Others have suggested that upper cranial nerve 

palsy is more often a result of tumor invasion, whereas LCNP is typically a result of 

radiation-injury.23 The debate of peripheral or central pathology causing radiation-associated 

damage can be considered only once tumor recurrence is excluded as the source of LCNP, as 

was the case in all patients examined in this cohort analysis.

In published literature, radiation-associated LCNP was most often hypothesized to be a 

result of compressive fibrosis and/or direct ischemic nerve damage.25 For instance, necropsy 

in a single LCNP case revealed notable peripheral fibrosis surround the affected nerve with 

myelin loss and atrophy, but comparably no micro- or macroscopic fibrosis in a control 

patient without LCNP.4 The authors concluded that the probable location of source injury 

was peripheral due to fibrotic tissue pressure, vascular interference, and morphology of 

neural vascular vessels.4 Another NPC case series supporting this notion of compressive 

fibrosis on the nerve tracts based this on the observation of “marked neck fibrosis” in 63% 

(12/19) of LCNP cases evaluated.6 While some suggest permanent depletion of Schwann 

cells or nerve ischemia may contribute to functional injury,26 many suggest that soft tissue 

fibrosis may be a substantive and more prevalent factor leading to radiation-associated 

LCNP than other sources. It is, however, also possible that radiation-associated LCNP could 

be caused by central injury to the brainstem nuclei as a result of the higher dose the bulbar 

region receives in some conformal methods such as IMRT that spread low dose bath 

circumferentially leading to higher brainstem dose relative to older parallel beam methods.27

In NPC, the most common organ-at-risk for nerve injury is typically considered the carotid 

sheath in the lower nasopharyngeal region.5 A retrospective cohort analyzing the potential 

risk factors of developing radiation-associated LCNP suggested that the possible exposure of 

70 Gy or above to the carotid space as a potential source location of injury due cranial 

nerves’ passage along the vessel, and we have similarly found a candidate dose-threshold of 

mean 62-Gy to the superior pharyngeal constrictor region discriminating OPC survivors with 

LCNP from non-LCNP controls.17,28 Several other studies also attributed fibrosis of the 

neurovascular bundle in the parapharyngeal region as the source location for radiation-

associated LCNP.18,22 Historically, Berger & Bataini (1977) suggested that the location of 

injury can be determined by the number of nerves affected, suggesting that an isolated XII 

nerve palsy is presumably related to submandibular damage, isolated X nerve is related to 

carotid sheath damage, and any combination of X, XI, and XII nerves reflects skull base 

pathology.

Treatment-related factors predisposing to LCNP reviewed in the extant (predominantly 

NPC) literature are not easily transferable to our OPC cohort. Nonetheless, predisposing 

factors were discussed in more than a dozen studies, dominated by speculations regarding 

therapeutic radiation dose, radiation field, radiation boost, and individual susceptibility and 

radio-sensitivity. Total radiation dose was the most commonly reported predisposing factor 

of LCNP. Dose thresholds around 70 Gy were commonly conjectured,23,29 alongside 

suggestions of greater risk of nerve damage with RT boost techniques. It was also suggested 

that the interval between radiotherapy and appearance of palsy may be inversely related to 
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total dose.3 Radiation field is obviously an additional factor that predisposes patients to 

LCNP, but rarely discussed in published work to date outside of, again, occasional mention 

of higher risk in those who require therapeutic doses along the carotid sheath, 

parapharyngeal space, or treatment of large subdigastric lymph nodes or retropharyngeal 

nodes.5 Effects of concomitant or adjuvant chemotoxicity on LCNP were conflicting with 

some authors reporting no demonstrable impact17 and others reporting multiple (4 of 63) 

patients developing a CNP within a few days after administration of cisplatin.30 With a rare 

late event such as LCNP, appropriately powered risk studies are exceedingly challenging to 

conduct and have not been examined to date. At this time, predisposing factors (treatment or 

patient related) and source(s) of injury are quite poorly understood, providing little rational 

basis for risk reduction strategies in current clinical practice.

Herein, we report the latency and incidence of radiation-associated LCNP among a small 

cohort of 59 long-term OPC survivors treated with similar IMRT methods and systemic 

therapy. Our initial interest in LCNP in OPC was spawned from a line of work in late 

radiation-associated dysphagia (“late-RAD”) in which we noticed a preponderance of 

clinically detectable LCNP as the presenting symptom in late-RAD cases who suffer from 

progressive, treatment refractory dysphagia in long-term survivorship. For this reason, our 

report focused on swallowing related LCNP including IX, X, and XII. Extensions of this 

work may need to consider XI as we have clinically seen a tendency for brachial plexus 

dysfunction co-existing in survivors who present with late-RAD. We acknowledge the 

limitations of a retrospective analysis of prospective trial data, foremost among these the 

lack of electromyographic data, neurography, or DTI to better characterize the cranial nerve 

dysfunction. There is also the potential that we have under-reported the incidence of late 

effects because late cranial nerve testing and swallowing evaluations (after 2 years’ 

survivorship) were only conducted by symptomatic referral. Nonetheless, these data 

highlight the potential for a rare, but functionally critical late effect in a growing, young 

survivorship pool of HNC survivors. Future work must seek to examine risk in larger cohorts 

for more precise risk estimates, and better characterization of actionable risk factors.

CONCLUSIONS

Radiation-associated LCNP is known as a rare, but potentially severe late effect in NPC 

survivors. This report represents the first cohort analysis examining radiation-associated 

LCNP in OPC survivorship among patients treated with definitive IMRT with systemic 

therapy. At a median follow-up of 5.7 years, cumulative incidence of delayed lower cranial 

neuropathy was 5% and delayed LCNP preceded progressive dysphagia in all cases. While 

rare, the potential for late onset cranial neuropathies precipitating swallowing deterioration 

highlights the importance of long-term functional surveillance in OPC survivorship.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. Kaplan-Meier curve of overall survival
Median overall survival was not yet reached; 5- and 10-year overall survivor rates were 

98.2% and 87.3% in this pooled cohort.
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FIGURE 2. Cumulative incidence of LCNP
At a median follow-up of 5.7 years, cumulative incidence of delayed lower cranial 

neuropathy was 5%; 5- and 7-year LCNP rates were 2.1% and 6.1%, respectively.
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FIGURE 3. LCNP case trajectories
Measures of swallowing function longitudinally plotted for each LCNP case using modified 

barium swallow (MBS) outcomes (Dynamic Imaging Grade of Swallowing Toxicity, 

DIGEST), perceived dysphagia per MD Anderson Dysphagia Inventory (MDADI) 

questionnaire, and standardized diet rating per Performance Status Scale of Head and Neck 

Cancer (PSSHN). Delayed LCNP preceded progressive late dysphagia (per fluoroscopy, 

diet, and self-report) in all 3 cases.
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FIGURE 4. LCNP literature review
Incidence rates of LCNP after head and neck radiotherapy in published cohort studies are 

summarized by Forest Plot method. Median incidence rate of LCNP was 10.5% in long-term 

survivorship of NPC. While most cohorts observed incidence rates under 12%, two cohorts 

with long follow-up of survivors (minimum of 3.8 years) found more than 20% incidence of 

LCNP at median of 11.4Y follow-up. No OPC-specific incidence studies were identified in 

published data.
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Table 1

Patient Characteristics

No. (%)
pfs

Sex

 Male 43 (81%)

 Female 11(19%)

Age

 Median (range) 53 (35–78)

Smoking status

 Current 12 (20%)

 Former 22 (37%)

 Never 25 (42%)

T classification

 X/1 17 (29%)

 2 22 (37%)

 3 15 (25%)

 4 5 (9%)

N classification

 0 3 (5%)

 1 2 (3%)

 2 48 (81%)

 3 6 (10%)

Tumor subsite

 Base of tongue 37 (63%)

 Tonsil 22 (37%)

Chemotherapy

 Neoadjuvant/adjuvant 22 (38%)

 Concurrent 22 (38%)

 Induction + concurrent 15 (25%)

Neck dissection

 No 40 (68%)

 Yes 19 (32%)
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Table 2

LCNP Cases (n = 3)

Age, Sex, Smoke Site, Stage Chemo Latency (yrs) LCNP

68, M, former T4N2b Tonsil Induction + concurrent 7.6 XII (ipsi)

43, M, former T2N3 Tonsil Induction + concurrent 6.7 XII (ipsi)

51, M, former T2N2b EOT Concurrent 4.6 XII (ipsi)

LCNP, lower cranial nerve palsy. Three patients developed delayed hypoglossal palsy ipsilateral to the index oropharyngeal tumor with a median 
latency of 6.7 years (range : 4.6–7.6 years).
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