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Abstract

Background—This study compared the risk of fatal cerebrovascular accidents (CVA) in patients

with early stage glottic larynx cancer receiving surgery or external beam radiation therapy

(EBRT).

Methods and Materials—Using a competing risks survival analysis, we compared the risk of

death due to CVA among patients with early stage glottic larynx cancer receiving surgery or

EBRT in the SEER database.

Results—The cumulative incidence of fatal CVA at 15 years was higher in patients receiving

EBRT (2.8 %; 95% CI 2.3%–3.4%) compared to surgery (1.5 %; 95% CI 0.8 %–2.3%, p= 0.024).

In multivariable competing risks regression models, EBRT remained associated with an increased

risk of fatal CVA compared to surgery (adjusted HR 1.75; 95% CI 1.04–2.96, p= 0.037).

Conclusion—Treatment of early stage glottic larynx cancer with EBRT was associated with a

small increase in the risk of late fatal CVA events relative to surgery.
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INTRODUCTION

Optimal treatment of early stage glottic larynx cancer provides high rates of tumor control,

larynx preservation, and minimal morbidity. Standard treatment with radiotherapy, transoral

laser microsurgery, or open partial laryngectomy is associated with excellent local control

rates of 85–95%.1–3 External Beam Radiation Therapy (EBRT) is acutely well tolerated in

most patients, and reports of severe treatment related complications are uncommon.1,4

However, the highly curable nature of this disease underscores the importance of studying

long-term treatment related morbidity and mortality.

A growing body of evidence has suggested that receipt of head and neck EBRT may be

associated with increased risk of vascular stenosis and subsequent CVA.5–7 However,

previous studies have not explored long term cerebrovascular outcomes in the early stage

patient population or have been limited by small sample size. Early stage glottic larynx

cancer is unique among head and neck cancers in that definitive radiation therapy does not

include elective treatment of the cervical lymph nodes, resulting in more limited radiation

exposure to the carotid artery. Conventional EBRT consists of opposed lateral fields and

does not typically consider or address radiation dose to the carotid arteries. While alternative

treatment techniques such as the use of angled treatment fields or intensity modulated

radiation therapy (IMRT) allow for reduction of carotid dose when compared to

conventional treatment techniques, their role in routine clinical care remains controversial

because of concerns that more conformal treatment may compromise excellent local control

rates.8–10

CVA related outcomes in early stage glottic larynx cancer patients receiving EBRT are of

particular interest due to excellent disease prognosis, and existing alternatives to

conventional EBRT (i.e. surgery, or carotid sparing radiation techniques). Therefore we

conducted a retrospective observational cohort study to compare the incidence of fatal CVA

in patients with early stage glottic larynx cancer who received either surgery or EBRT.

METHODS AND MATERIALS

Data Source

This study used registry data from the Surveillance, Epidemiology, and End Results (SEER)

database. The SEER program is a national cancer registry that collects information regarding

incident cancer cases in registries which comprise approximately 26% of the US

population.11 The SEER program includes data regarding cancer patients of all ages, in

contrast to the linked SEER-Medicare database which is largely limited to older adult

patients ≥ 65 years of age.12 This study was approved by the institutional review board of

the University of Pennsylvania.
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Study Cohort

Eligible patients included individuals diagnosed with pathologically confirmed squamous

cell carcinoma of the glottic larynx diagnosed between January 1, 1983 and December 31,

2008. Appendix Figure 1 illustrates definition of the study cohort and the reasons for

exclusion. We limited our study population to patients with stage I disease. We identified

7,237 patients undergoing EBRT, and 1,484 patients undergoing surgery as initial

management. Patients receiving both surgery and EBRT were excluded.

Definition of Variables

The primary end point of this study was death from CVA. Cause of death is recorded for

each individual followed longitudinally in the SEER database from death certificates, and is

specified based upon International Classification of Diseases coding (ICD versions 8–10).

Receipt of surgical or radiation treatment was assigned based on treatment coding in SEER,

which records the first course of cancer directed therapy initiated within one year of

diagnosis. Surgical techniques are further specified in SEER and include local excision,

laser surgery, and partial or total laryngectomy.

Patient characteristics included age at diagnosis, gender, race, ethnicity, and marital status.

We staged patients according to the American Joint Commission on Cancer Staging Manual

7th edition from disease extent variables in SEER.13 Demographic characteristics included

diagnosis year, SEER registry, and county or metropolitan area population. We used county

level median household income as a proxy for individual socioeconomic status, because

individual-level socioeconomic data are not available in SEER.

Statistical Analysis

We compared patient characteristics by treatment using chi-square statistics for categorical

variables and t-tests for continuous variables. We analyzed survival and cumulative

incidence of fatal CVA by treatment using a competing risks approach to account for the

potential influence of death from other causes on the incidence of fatal CVA. Competing

risks data analysis may be used to estimate the cumulative incidence of a specific event of

interest when there are multiple potential dependent events of interest or competing

outcomes. Under these conditions, a Kaplan-Meier approach may overestimate cumulative

incidence because it censors competing risk events and assumes that all events are

independent of one another. 14–16 Therefore we considered non-CVA related deaths to be

competing risk events when estimating cumulative incidence functions of fatal CVA by

treatment.

We compared cumulative incidence functions using k-sample test statistics, as described by

Gray.17 In order to adjust for potential confounders, we used multivariable competing risks

regression models to compare the risk of death due to CVA after treatment with surgery or

EBRT.18 Covariates were selected based on clinical significance in prior studies or

significance in univariate analysis. These included: age, gender, race, marital status, county

or metropolitan area population, and median household income. We performed tests of
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interaction to examine potential effect modification of age, and year of diagnosis on the

association of treatment with fatal CVA.

We determined number needed to harm from the inverse of attributable risk and report

confidence intervals based on the Wilson score method.19 The number needed to harm may

be interpreted as the average number of individuals receiving EBRT that will result in one

excess fatal CVA compared to surgery at 15 years. As multivariable adjustment did not

substantially attenuate the unadjusted estimate of the effect of radiotherapy on fatal CVA,

we calculated the attributable risk of CVA associated with EBRT by subtracting the 15 year

cumulative incidence of fatal CVA among patients receiving surgery from those receiving

EBRT.20

We undertook a sensitivity analysis to further investigate patients’ baseline risk of vascular

disease in which we compared the risk of death due to heart disease among the two

treatment groups in a multivariable competing risks regression framework. Since EBRT in

this setting does not result in radiation exposure to the heart, we expected no association

between receipt of EBRT and death due to heart disease. Because baseline risk factors for

heart disease and CVA are similar, this analysis served to further examine baseline risk of

vascular disease in the two treatment groups.

Statistical analysis was performed using Stata version 12 (College Station, TX), and R

version 2.7.2 (Vienna, Austria). Statistical significance was set at 0.05, and all tests were 2-

tailed.

RESULTS

Patient Characteristics

The median follow-up time for the study population was 5.3 years (interquartile range 2.4–

9.4 years). Characteristics of patients receiving surgery (n= 1,484) and EBRT (n= 7,237) are

described in Table 1. The two treatment groups were similar with respect to patient and

demographic characteristics. There was a statistically significant difference between the

treatment groups in mean age (EBRT: 65.3 yrs, Surgery: 64.5 yrs; p= 0.01) and race.

Competing Risks Analysis of Death from CVA by Treatment

Accounting for competing risks, the unadjusted cumulative incidence of fatal CVA at 5, 10,

and 15 years was 1.0 % (95% CI 0.8%–1.3%), 2.0 % (95% CI 1.6%–2.4%), and 2.8 % (95%

CI 2.3%–3.4%) in the EBRT group and 0.6 % (95% CI 0.2%–1.0%), 1.4% (95% CI 0.7%–

2.1%), and 1.5 % (95% CI 0.8%–2.3%) in the surgery group (Table 2, Fig 1; p= 0.02). The

unadjusted 15 year cumulative incidence of death from non-CVA related causes was 60.7%

(95% CI 58.9%– 62.5%) in patients receiving EBRT(p=0.49; Fig 1) and 60.4% (95% CI

56.7%– 64.2%) in patients receiving surgery. In unadjusted competing risks regression

models, EBRT was associated with a significantly increased risk of fatal CVA compared to

surgery [Hazard Ratio (HR) 1.72; 95% CI 1.02–2.89, p=0.04]. In multivariable competing

risks regression models adjusted for patient and demographic characteristics, EBRT

remained associated with an increased risk of fatal CVA compared to surgery (adjusted HR
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1.75; 95% CI 1.04–2.96, p= 0.04; Table 3). Older age was also associated with an increased

risk of CVA (year-on-year adjusted HR 1.07; 95% CI 1.06–1.09, p< 0.0001).

We also tested for interactions between age and treatment, as well as year of diagnosis and

treatment on the occurrence of fatal CVA. Neither interaction term was statistically

significant (p= 0.85 and p = 0.48, respectively).

Number Needed to Harm

The attributable risk of fatal CVA associated with exposure to EBRT was 1.3 % at 15 years,

resulting in a number needed to harm of 77 (95% CI 50–100). In other words, on average the

treatment of 77 early stage larynx cancer patients with EBRT would result in one excess

fatal CVA compared to surgery at 15 years.

Competing Risks Analysis of Death from Heart Disease by Treatment

As a sensitivity analysis, we also compared the risk of death due to heart disease by

treatment. Accounting for competing risks, the unadjusted 15 year cumulative incidence of

death due to heart disease was 14.8 % (95% CI 12.4%–17.3%) in patients receiving surgery

and 14.3 % (95% CI 13.2%–15.5%) in patients receiving EBRT (p=0.45, Fig 2). In

multivariable competing risks regression models, EBRT was not associated with an

increased risk of death due to heart disease (adjusted HR 0.912; 95% CI 0.77–1.09, p=0.3;

Table 3).

Overall Survival

There was no significant difference in overall survival between the treatment groups in

either unadjusted analyses (data not shown) or in multivariable Cox proportional hazards

models (Hazard Ratio (HR) 1.03; 95% CI 0.95–1.13; Table 3).

DISCUSSION

We undertook this study to compare the risk of fatal CVA in patients with early stage glottic

larynx cancer who received either surgery or EBRT. Among patients in the SEER database,

we found that treatment with EBRT was associated with a small increase in the risk of late

fatal CVA events when compared to surgery.

Our results are consistent with and extend previously published studies reporting the

association of head and neck EBRT with subsequent risk of CVA. A prior analysis of older

head and neck cancer patients using SEER-Medicare data noted an increased risk of CVA

events associated with receipt of EBRT compared to surgery (HR 1.50, 95% CI 1.18–1.90,

p=0.0009). 5 However, the study did not report outcomes for patients diagnosed with

primary laryngeal cancers and was limited to patients > 65 years of age. Another

retrospective cohort study from the Netherlands estimated the risk of CVA from a sample of

patients receiving EBRT alone for laryngeal and parotid malignancies.6 The authors

compared the observed incidence of CVA in the study cohort with an expected CVA

incidence rate from a geographically distant stroke registry, and reported an increased

relative risk of CVA (RR 5.6, 95% CI 3.1–9.4) among patients receiving EBRT in the study.
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In contrast, our study made use of a large sample of patients treated for early stage glottic

larynx cancer with and without exposure to EBRT, in order to examine the association of

EBRT with the long term risk of subsequent fatal CVA.

Stroke related outcomes in patients with early stage glottic larynx cancer are of interest for

several reasons. First, standard EBRT techniques for early stage glottic larynx cancer target

the primary tumor and omit elective treatment of the neck because of the very low risk of

lymph node involvement. Consequently a much shorter segment of the carotid artery

receives radiation dose during EBRT when compared to other head and neck cancer patients

requiring elective nodal treatment. In non-radiated individuals, vascular atherosclerosis most

commonly occurs within 2 cm of the common carotid artery bifurcation which lies

immediately adjacent to the glottic larynx.21 Our study findings suggest that even quite

limited radiation exposure of the carotid arteries in this region significantly increases the

subsequent risk of death due to CVA.

Second, several studies have investigated the use of advanced EBRT treatment techniques

for patients with early stage glottic larynx cancer to allow for carotid artery dose

reduction.8,9 Such techniques remain controversial because of concerns that more conformal

EBRT may increase disease recurrence rates secondary to organ motion and contouring

errors.9,10 Furthermore, there is no data currently available to inform estimates of dose

response and a probable dose threshold for carotid injury. The results from our study

underscore the potential importance of careful RT treatment planning and consideration of

carotid dose reduction with the goal of reducing long term treatment related morbidity and

mortality. Future studies should continue to investigate the use of conformal radiotherapy

techniques in this setting to evaluate its safety and the potential reduction of treatment

related toxicity such as CVA.

Third, advances in minimally invasive surgery such as the development of endoscopic laser

microsurgery have allowed for high rates of local control as well as preservation of voice

quality comparable to EBRT in patients with well-defined glottic carcinomas.2,22,23 Such

techniques may allow for reduced treatment related morbidity in selected patients. Future

evaluations of treatment related morbidity remain critical to answer questions of

comparative effectiveness.

Finally, consensus guidelines recommend screening for asymptomatic carotid artery stenosis

in patients with a carotid bruit, known atherosclerosis, or at least two of the following risk

factors for CVA: hypertension, hyperlipidemia, tobacco use, and family history of CVA.24

EBRT is associated with a similar risk of CVA events compared to other established CVA

risk factors (Relative Risk range 1.4–3.2); however, EBRT is not currently addressed in

published screening recommendations.25 Furthermore, while there is growing evidence that

head and neck EBRT is associated with an elevated risk of carotid stenosis, effective

management strategies are not well established.26,27 Medical management of CVA risk

factors may include the use of anti-platelet, anti-coagulation, anti-hypertensive, or lipid-

lowering agents. However, additional studies are needed to evaluate the efficacy of such

agents in preventing radiation-associated vascular disease. While small studies suggest that

carotid endarterectomy (CEA) and carotid angioplasty with stenting (CAS) are feasible in
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previously radiated patients, further investigation is needed to evaluate the efficacy of these

procedures in such patients compared to medical management alone.28–32

Our study has several limitations. First, as with any observational study, residual bias may

remain even after adjusting for measured confounders.33 For example, our study lacks

information regarding diabetes, tobacco use or other diagnosed comorbidities that are

associated with the risk of CVA. To address this we conducted multivariable competing

risks survival analyses, and also compared the risk of non-CVA related mortality by

treatment. We found no significant differences observed between the treatment groups with

respect to overall survival or death due to other causes. We also examined fatal heart disease

because the underlying risk factors for CVA and heart disease are similar. We found no

association between treatment and death due to heart disease, which suggests that

unmeasured differences in baseline risk of vascular disease between the two patient groups

would not explain our primary finding of an association of EBRT with CVA.

Second, prior studies have compared the reliability of death certificates relative to secondary

expert review of medical records and report positive predictive values of 59–96% in

suspected cases of CVA.34–36 While measurement error is a concern when using

administrative data sets, these errors are likely to be non-differential between the treatment

groups. Non-differential errors in sensitivity or specificity would bias observed study results

toward the null hypothesis.35 Therefore, our estimates of fatal CVA in this study are

conservative.

Third, SEER only records fatal CVA, rather than other non-fatal CVA events.

Approximately 20% of all CVA events are acutely fatal; therefore, our study likely

underestimates the total CVA-related disease burden in this study population.37 Fourth, our

study cannot compare or adjust for local control rates between the treatment groups as this

data is not available in SEER. However, expected local control rates would be high in both

treatment groups. Finally, the data available in SEER do not specify radiation therapy details

with respect to technique or dose delivered. However, radiation treatment techniques for

early stage glottic larynx cancer have changed only minimally during the past few decades,

with the exception of the very recent interest in the use of IMRT.

In conclusion, we found that treatment of early stage glottic larynx cancer with EBRT was

associated with a small increase in the risk of late fatal CVA events relative to surgery.

These results suggest the need for attention to carotid dose reduction through advanced

conformal radiation treatment techniques, for further evaluation of modern surgical

techniques, and for consideration of CVA prevention recommendations in patients receiving

EBRT.
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Figure 1.
Cumulative Incidence of Fatal CVA and Death from Other Causes by Treatment

* Data suppressed because of SEER confidentiality restrictions (cell sizes < 11)
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Figure 2.
Cumulative Incidence of Fatal Heart Disease and Death from other Causes by Treatment

* Data suppressed because of SEER confidentiality restrictions (cell sizes < 11)
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Appendix Figure 1.
Definition of Study Cohort (Online only)
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Table 1

Patient Characteristics by Treatment Group

Characteristic Surgery EBRT p-value

Treatment Received 1,484 (17.0) 7,237 (83.0)

Patient Characteristics

Age at Diagnosis (years)

 Mean (SD) 64.5 (12.3) 65.3 (11.3) 0.01

 IQR 16 (57–73) 15 (58–73)

Gender

 Male 1,285 (86.6) 6,286 (86.9)

 Female 199 (13.4) 951 (13.1) 0.78

Race

 White 1,285 (86.6) 6,171 (85.3)

 Black 129 (8.7) 723 (10.0)

 Other 52 (3.5) 318 (4.4)

 Unknown 15 (1.0) 20 (0.3) < 0.001

Hispanic Ethnicity

 Hispanic 104 (7.0) 416 (5.8)

 Non-Hispanic 1,380 (93.0) 6,821 (94.2) 0.06

Marital Status

 Married 990 (66.7) 4,841 (66.9)

 Not Married 421 (28.4) 2,126 (29.4)

 Unknown 73 (4.9) 270 (3.7) 0.09

Demographic Characteristics

Median Household Income ($, Thousands)

 Mean (SD) 46.8 (1.1) 47.4 (1.1) 0.03

Population of county of residence

 > 1,000,000 855 (57.6) 4,457 (61.6)

 250,000 to 1,000,000 299 (20.2) 1,347 (18.6)

 0 to 249,999 330 (22.2) 1,429 (19.8)

 Unknown * * 0.03

Year of Diagnosis

 1983–1989 278 (18.7) 1,010 (14.0)

 1990–1999 443 (29.9) 2,162 (29.9)

 2000–2008 763 (51.4) 4,065 (56.2) < 0.001

Data are presented as number of patients(%).

Abbreviation: EBRT=External Beam Radiation Therapy, SD= Standard Deviation, IQR= Interquartile Range.

*
Number suppressed because of SEER confidentiality restrictions (cell size < 11).
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Table 3

Adjusted Risk of Fatal CVA and Heart Disease by Treatment Group

HR 95% CI P

Risk of Fatal CVA (EBRT vs. Surgery)

Multivariable Competing Risks Regression Model 1.75 1.04–2.96 0.0437

Univariate Unadjusted Competing Risks Regression Model 1.72 1.02–2.89 0.043

Risk of Fatal Heart Disease (EBRT vs. Surgery)

Multivariable Competing Risks Regression Model 0.912 0.77–1.09 0.30

Overall Survival (EBRT vs. Surgery)

Cox Proportional Hazards Model 1.03 0.905–1.13 0.48

Competing Risks Regression Model Adjusted for: Age at diagnosis, Gender, Median Houshold Income, Race, Ethnicity, Marital Status, Year of
Diagnosis, and Population of County of Residence.

Abbreviations: EBRT= External Beam Radiation Therapy, CVA= Cerebrovascular accidents, HR= Hazard Ratio, CI= Confidence Interval
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