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Background and Purpose Interventions to reduce the risk for cerebrovascular events (CVE; stroke
and transient ischemic attack [TIA]) after radiotherapy (RT) for head and neck cancer (HNCA) are
needed. Among broad populations, statins reduce CVEs; however, whether statins reduce CVEs after
RT for HNCA is unclear. Therefore, we aimed to test whether incidental statin use at the time of RT
is associated with a lower rate of CVEs after RT for HNCA.

Methods From an institutional database we identified all consecutive subjects treated with neck RT
from 2002 to 2012 for HNCA. Data collection and event adjudication was performed by blinded
teams. The primary outcome was a composite of ischemic stroke and TIA. The secondary outcome
was ischemic stroke. The association between statin use and events was determined using Cox
proportional hazard models after adjustment for traditional and RT-specific risk factors.

Results The final cohort consisted of 1,011 patients (59+13 years, 30% female, 44% hypertension)
with 288 (28%) on statins. Over a median follow-up of 3.4 years (interquartile range, 0.1 to 14)
there were 102 CVEs (89 ischemic strokes and 13 TIAs) with 17 in statin users versus 85 in non-
statins users. In a multivariable model containing known predictors of CVE, statins were associated
with a reduction in the combination of stroke and TIA (hazard ratio [HR], 0.4; 95% confidence
interval [Cl], 0.2 to 0.8; P=0.01) and ischemic stroke alone (HR, 0.4; 95% Cl, 0.2 to 0.8; P=0.01).
Conclusions Incidental statin use at the time of RT for HNCA is associated with a lower risk of stroke or TIA.

[Ceywords Radiation; Radiotherapy; Hydroxymethylglutaryl-CoA reductase inhibitors; Cerebrovascular
events; Stroke; Ischemic attack, transient
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Introduction

Worldwide over 550,000 individuals are diagnosed with head
and neck cancer each year, making it the sixth leading type of
cancer.! Radiotherapy (RT) is a standard primary treatment for
most patients with head and neck cancer.”® With advance-
ments in diagnosis and care, the 5-year survival for head and
neck cancers has improved to over 65%.”® With improved sur-
vival there has been an increased focus on the adverse long-
term complications associated with successful cancer therapy.
Consistent data have established an association between can-
cer therapies and an increased risk of cardiovascular disease
and there is a 5- to 17-fold greater risk of cerebrovascular
events (CVEs; stroke or transient ischemic attack [TIA]) in pa-
tients with head and neck cancer who are treated with RT
compared to matched non-RT treated controls.®™"

The mechanisms for this increase in CVEs after RT that in-
volves the neck are not completely understood, but available
data suggest a role for direct injury to the carotid arteries
causing increased inflammation, vascular dysfunction and ac-
celerated atherosclerosis.'”'* Currently, no therapies have been
shown to reduce the risk of CVEs after RT that involves the
neck. In clinical trials among broad groups of patients with
traditional risk factors for stroke, statins, as compared to pla-
cebo, have been associated with a 27% reduction in CVEs."
The mechanisms behind the protective effect of statins against
CVEs are thought to be related to a reduction in inflammation
leading to stabilization or reversal in atherosclerotic plaque
burden.'®? Interestingly, these processes significantly overlap
with key elements in the pathogenesis of radiation-induced
carotid disease: inflammation and accelerated atherosclero-
sis."”* There is also scientific plausibility and preliminary clini-
cal data to support the hypothesis that statins may reduce the
risk for CVEs after RT that involves the neck. Specifically, in vi-
tro data examining the impact of pravastatin on radiation
treated endothelial cells showed a reduction in inflammation.”
In supportive clinical data, statins were associated a reduction
in re-stenosis after carotid stenting in patients who developed
symptomatic carotid stenosis after RT involving the neck.”?
However, despite plausibility and supportive in vitro data, there
are no clinical data testing the effects of statin therapy at the
time of RT on the risk of CVEs among this vulnerable cohor
Therefore, we sought to test whether incidental statin use

t 23,24

among head and neck cancer patients at the time of neck RT
was associated with a decreased risk of CVEs. We hypothesize
that statin use at the time of neck RT is associated with a de-
crease CVEs, even after accounting for expected reductions
based on traditional cardiovascular risk factors.
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Methods

Study patients

From an institutional database, we retrospectively identified all
consecutive patients with head and neck cancer that underwent
RT over an 11-year period from January 2002 to December
2012. Data collection, including cardiovascular and cancer-spe-
cific variables, and event adjudication was performed manually
by two teams of independent investigators. Covariates of inter-
est included age, gender, body mass index, baseline stroke pre-
vention medications, history of hypertension, dyslipidemia, dia-
betes mellitus, chronic kidney disease, smoking, prior cerebro-
vascular disease (stroke or TIA), coronary artery disease (CAD),
congestive heart failure and atrial fibrillation as well as serum
mean low density lipoprotein (LDL) level at the time of RT, as
previously defined.?*?® Cancer specific variables including cancer
stage, surgical treatment, specified RT dose, chemotherapy use,
and type of head and neck cancer were obtained from the elec-
tronic medical record. Cancer stage was categorized into local-
ized/regional (stage I-Ill) and advanced/distant (stage IV) to ac-
count for the influence of median cancer-associated life-expec-
tancy on the treatment decision and subsequent RT-associated
events. Variables collected represented data available at the
time of initiation of RT and were derived from the electronic
medical record. The date of initial RT treatment was considered
the study entry date. Specifically, statin use was defined based
on the electronic medical record as documented at the time of
initiation of RT. Continued statin use was assessed by review of
the electronic records at 12 months post-RT initiation of 20
randomly selected baseline statin and non-statin users, respec-
tively. We excluded patients who received neck RT prior to 2002
due to inconsistent data availability. We also excluded those
with head and cancers who did not receive "neck” RT and those
patients with incomplete RT records. The Human Subjects Re-
search Review Committee of the Massachusetts General Hospi-
tal/Partners HealthCare approved the study protocol (Institu-
tional Review Board #2014P001394); given the retrospective
nature of the study, informed consent was required.

Outcomes

The primary outcome of interest was the occurrence of a CVE
following RT. This was defined as a composite of ischemic
stroke and TIA. The primary outcome was chosen due to con-
sistent data showing an increase in the combination of stroke
and TIA post-RT for head and neck cancer."*”-*° The secondary
outcome was ischemic stroke alone. Events were ascertained
via electronic medical record review and adjudicated by board
certified investigators (blinded to statin use) using recom-
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mended standardized definitions for stroke and TIA from pub-
lished consensus stroke definitions.”’*? Specifically, ischemic
stroke was defined as an episode of neurological dysfunction
caused by focal cerebral, spinal, or retinal infarction. Available
computed tomography and magnetic resonance imaging re-
ports were also reviewed for additional confirmation. TIA was
defined as transient (<24 hours) stroke symptoms and the ab-
sence of objective cerebral, spinal, or retinal infarction as seen
with pathology or imaging.

Statistical analysis

Continuous data are presented as mean+standard deviation.
Comparisons between groups (statin vs. non-statin users) were
performed with the use of an independent sample t-test for
continuous variables, Fisher exact test for categorical variables,
and the Wilcox rank-sum test for ordinal variables. Hazard ra-
tios (HR) for the association of statin use with events were es-
timated using Cox proportional hazard models with follow-up
time used as the time scale. The assumption of proportionality
was examined using Schoenfeld residuals and the interaction
terms with time for each exposure variable and covariate. No
substantial deviations from proportionality were observed.
There were no missing covariates. Important covariates for
CVEs were selected based on prior knowledge and were adjust-
ed in multivariable analyses. These variables included known
general and cancer-specific predictors of cerebrovascular dis-
ease, including age, gender, history of hypertension, dyslipid-
emia, diabetes mellitus, smoking, prior cerebrovascular disease
(stroke or TIA), and CAD as well as RT dose.>*'3? Event curves
for both CVEs and ischemic stroke were determined according
to the Kaplan-Meier method and comparisons were performed
by the log-rank test. Cox proportional hazards model HR func-
tion curves comparing the statin group with the non-statin
group were also constructed, accounting for significant covari-
ables and competing risk. Censoring criteria included death
from any cause (including cancer) or last documented visit for
those without events or death. Additional exploratory analyses
stratified in subgroups (median RT dose, individual stroke pre-
vention medications, and those without distant/advanced dis-
ease) were also performed. We did not specifically focus on
neck dissection as has not been clearly shown to correlate with
stroke outcome following neck RT.** In addition, number-need-
ed-to-treat (NNT) calculations were performed to better assess
the clinical impacts of statin use in this population, by calcula-
tion of the inverse of the absolute risk reduction(s). For all
analyses a two-tailed P-value of <0.05 was considered signifi-
cant. Statistical tests were performed using SAS version 9.4
(SAS institute, Cary, NC, USA).
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Results

The final cohort included 1,011 patients with a median follow-
up time from neck RT of 3.4 years (interquartile range, 1.4 to
6.0) (Figure 1). The mean age of the entire cohort at the time
or RT was 59+13 years (range, 10 to 89) and 30% were women
(Table 1). Oropharyngeal carcinoma was the most common
cancer type (Table 1). At the time of diagnosis, 21% of patients
had advanced or distant disease. From the cohort, 7% were
treated with RT alone, 82% treated with chemotherapy plus
RT, and 41% co-managed with surgery in addition to RT. Mean
neck RT dose was 66.6+21.1 Gy (median 70.0; range, 4.0 to
196.0). The entire cohort was stratified according to the use of
statins (Table 1); statin users were more likely to be older, hy-
pertensive and have diabetes. There was no difference in can-
cer management strategies between statin users and non-us-
ers. Among statin users >800% remained on therapy at 1 year.
Among the entire cohort, there were 102 CVEs over the me-
dian follow-up period of 3.4 years (range, 0.1 to 14). Over medi-
an follow-up periods of 3.2 and 3.5 years, respectively, there
were 17 CVEs (16 strokes and one TIA) among incidental statin
users compared to 85 events in the non-statin users (73 strokes
and 12 TIAs), respectively. The median time to CVE was 3.0 years
among statin users and 3.3 years among non-statin users. Fig-
ure 2 shows Kaplan-Meier CVE-free survival curves following RT
therapy, stratified by statin use. Separation in the event curves
became apparent after approximately 2.5 years and persisted
through the duration of follow-up. In a multi-variable model,
that included the traditional and RT-specific risk factors for
CVEs, statin use at the time of RT was associated with a nearly
60% relative risk reduction in the risk of subsequent CVEs (ad-
justed Cox proportional HR of 0.41; 95% confidence interval
[CI], 0.21 to 0.79: P=0.007) (Table 2 and Figure 3). The resulting
NNT to prevent any CVE during the median follow-up was 18.

1,472 Head & neck cancer patients
from a single institution who received neck RT

Excluded

163 RT before 2002
174 Incomplete RT records
124 No clear record of carotids within RT field

| 1,011 Study population |

l
! !

| 288 Statin-users (28%) | | 723 Non-statin users (72%)

The study cohort. RT, radiotherapy.
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Baseline characteristics by statin use

Variable Overall cohort Statin use Non-statin use p
(n=1,011) (n=288) (n=723)
Demographic
Age (yr) 59.4+13.4 65.4+10.1 57.0+13.8 <0.001
Female sex 304 (30.1) 66 (22.9) 238(32.9) 0.002
BMI (kg/m?) 27.5+5.7 28.9+5.7 26.5+5.6 0.010
Traditional CVD risk factors
Hypertension 447 (44.2) 198 (68.7) 249 (34.4) <0.001
Diabetes 120 (11.9) 74 (25.7) 46 (6.4) <0.001
Dyslipidemia 278 (27.5) 211 (73.3) 67 (9.3) <0.001
Mean LDL 103.1+34.9 95.7+33.2 106.1+35.1 <0.001
Total cholesterol 157.2+40.9 153.2+36.7 158.8+42.4 0.057
Smoking history* 665 (65.8) 206 (71.5) 459 (63.5) 0.019
Active smoking 214 (21.2) 53 (18.4) 161 (22.3) 0.201
Carotid artery disease 24 (2.4) 9 (6.6) 5(0.7) <0.001
Coronary artery disease 98 (9.7) 69 (24. ) 29 (4.0) 0.008
Prior CVE 70 (6.9) 40 (139 30(4.2) <0.001
Prior CHF 41 (4.1) 24 (8. ) 17 (2.4) <0.001
Chronic kidney disease 25 (2.5) 6 (5.6) 9(1.2) <0.001
Atrial fibrillation 42 (4.2) 17 (5.9) 25(3.5) 0.083
Mean ASCVD 10-year risk (%) 10.1£11.5 14.4+12.2 8.9+11.0 <0.001
Radiation characteristics
Mean radiation dose (mSv) 66.6+21.1 66.4+18.2 66.7+22.1 0.130
Proton RT 69 (6.8) 15(5.2) 54 (7.5) 0.216
Cancer management
Chemotherapy 810 (80.1) 223 (77.4) 587 (81.2) 0.190
Neck surgery 561 (55.5) 169 (58.7) 392 (54.2) 0.207
Neck dissection 419 (41.4) 129 (44.8) 290 (40.1) 0.179
RT alone 73(7.2) 23 (8.0) 50 (6.9) 0.591
Type of head & neck cancer
Nasopharyngeal 79 (7.8) 12 (4.2) 67 (9.3) 0.006
Oropharyngeal 470 (46.5) 131 (45.5) 339 (47.0) 0.676
Hypopharyngeal 63 (6.2) 26 (9.0) 37 (5.1) 0.020
Laryngeal 110 (10.9) 42 (14.6) 68 (9.4) 0.025
Other 331 (32.8) 89 (30.9) 242 (33.5) 0.061
Metastatic disease at presentation 214 (21.2) 52 (18.1) 162 (22.4) 0.147
Medications
Aspirin 248 (24.6) 140 (48.6) 108 (15.0) <0.001
Clopidogrel 8(1.8) 14 (4.9) 4(0.6) <0.001
Warfarin 42 (4.2) 18 (6.2) 25(3.5) 0.060
ACEi 203 (20.1) 107 (37.2) 96 (13.3) <0.001

Values are presented as mean+SD or number (%).

BMI, body mass index; CVD, cerebrovascular disease; LDL, low density lipoprotein; CVE, cerebrovascular event; CHF, congestive heart failure; ASCVD, athero-
sclerotic cardiovascular disease; RT, radiation; ACEi, angiotensin-converting enzyme inhibitor.

*Smoking history: active or prior smoking.
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Multivariable cox regression analysis for post-radiotherapy cerebrovascular event

Variable HR (95% Cl) Chi-square P

Statin use 0.41 (0.21-0.80) 6.97 0.008
Age 1.04 (1.02-1.06) 22.84 <0.001
Male sex 0.92 (0.59-1.42) 0.15 0.701
Hypertension 1.39 (0.91-2.13) 2.33 0.127
Diabetes 1.09 (0.57-2.08) 0.08 0.782
Prior CAD 1.07 (0.50-2.26) 0.03 0.868
Prior CVE 1.60 (0.72-3.55) 1.32 0.251
Dyslipidemia 0.73 (0.39-1.37) 0.96 0.326
Smoking* 1.19 (0.90-1.58) 1.47 0.226
Radiation dose 0(1.0) 0.50 0.477

HR, hazard ratio; Cl, confidence interval; CAD, coronary artery disease; CVE, cerebrovascular event.

*Smoking: active or prior smoking.

Composite of ischemic stroke and TIA
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Post-neck radiotherapy cerebrovascular event-free survival (A) and post-neck radiotherapy ischemic stroke event-free survival (B), by incidental

statin use. TIA, transient ischemic attack.

The secondary end-point was ischemic stroke. Over follow-
up there were 89 ischemic strokes in the entire cohort, with 16
ischemic strokes among the statin-treated group and 73 in the
non-statin group. Figure 2 also shows the Kaplan-Meier stroke-
free survival curves following neck RT, stratified by statin use.
Separation in stroke-free survival curves became apparent
within approximately 3 years and persisted through the dura-
tion of follow-up. In a similar multi-variable model, statin use
was associated with a >50% relative risk reduction in the de-
velopment of post-RT ischemic stroke (adjusted HR, 0.42; 95%
Cl, 0.21 to 0.83; P=0.01) (Table 3). The resulting NNT to prevent
a single ischemic stroke was 22.

We tested the effect of statin use on both the primary and
secondary endpoints stratified by median RT dose and the use
of concurrent stroke prevention medications (Supplementary

https://doi.org/10.5853/j0s.2017.01802

Tables 1-4). There were 498 subjects with 54 CVEs in the lower
median radiation dose group (<70 Gy) and 513 subjects with
47 CVEs in the higher median radiation group. Following ad-
justment, statin use was associated with a HR of 0.36 (P=0.02)
among the <70 Gy RT group and a HR of 0.55 (P=0.23) among
those with higher dose of RT. We also tested the effect of con-
current antiplatelet (Aspirin and/or Plavix) and anti-thrombotic
(Coumadin) use to the model. Following this, statin use re-
mained associated with a decrease in events (adjusted HR,
0.41; 95% Cl, 0.21 to 0.79; P=0.01). In addition, we performed
a subgroup analysis among those without distant or advanced
disease testing the effect of statins in those with longer life-
expectancies. Among those without advanced disease, statin
use was still associated with a decrease in events (adjusted HR,
0.40; 95% Cl, 0.20 to 0.79; P=0.008). Over the duration of fol-
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Multivariable Cox regression analysis for post-radiotherapy ischemic stroke

Variable HR (95% Cl) Chi-square P

Statin use 0.42 (0.21-0.83) 6.18 0.010
Age 1.04 (1.03-1.06) 22.36 <0.001
Male sex 0.94 (0.59-1.50) 0.06 0.805
Hypertension 1.34 (0.86-2.11) 1.65 0.199
Diabetes 0.98 (0.48-2.00) <0.01 0.962
Prior CAD 1.23 (0.57-2.63) 0.27 0.602
Prior CVE 1.76 (0.78-3.94) 1.86 0.173
Dyslipidemia 0.79 (0.41-1.53) 0.48 0.487
Smoking* 1.28 (0.95-1.74) 2.60 0.107
Radiation dose 1.0 (1.0) 0.02 0.875

HR, hazard ratio; Cl, confidence interval; CAD, coronary artery disease; CVE, cerebrovascular event.

*Smoking: active or prior smoking.

low-up (median, 3.4 years), there were 317 deaths (41%). There
was no difference in all-cause mortality according to statin
status (92 [400%] vs. 225 [41%)], P=0.75).

Discussion

We performed a retrospective study testing the effect of inci-
dental statin use on the risk of stroke and TIA after RT that in-
volved the neck. In this study of over 1,000 patients with head
and neck cancer treated with RT, incidental statin use at the
time of RT was associated with a reduction in the risk for sub-
sequent CVEs. Of the patients treated with statin therapy at
the time of their RT, those on statins saw a nearly 60% reduc-
tion in the combined primary endpoint of ischemic stroke and
TIA and a >50% relative risk reduction in the development of
ischemic stroke. These reductions remained, even after adjust-
ment for stroke risk factors, radiation dose, and exclusion of
persons with advanced cancer disease, despite the higher tra-
ditional atherosclerotic cardiovascular disease risk profile noted
among statin users in this cohort. During of the study follow-
up period (median, 3.4 years), the NNT to prevent any CVE was
18, and the NNT to prevent one ischemic stroke was 22. By
comparison, the estimated NNT with statins for the primary
prevention of stroke among persons >65 years was estimated
at 142 and 196 in the overall general adult population, sug-
gesting enhanced effect following RT3** To our knowledge,
these are the first data demonstrating an associated reduction
in ischemic stroke and TIA with statin therapy among a broad
population of RT-treated patients.

The effect of statin therapy on the risk of CVEs not related to
RT was evaluated by the Stroke Prevention by Aggressive Re-
duction in Cholesterol Levels (SPARCL) Investigators.®® In a co-
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hort of over 4,700 patients, the use of high-dose atorvastatin
was associated with significant reductions in stroke and TIA
(23%). At the time of publication, the investigators suggested
that the primary reason for the reduction was the decrease in
LDL levels. However, the authors also considered the potential
role of non-lipid lower effects, such as a reduction in inflam-
mation, of statins on the long-term risk of stroke. These “plei-
tropic" effects of statins are supported by the findings of the
primary stroke prevention trial, Anglo-Scandinavian Cardiac
Outcomes Trial- Lipid Lowering Arm (ASCOT-LLA)." In this trial,
moderate intensity statin therapy provided a nearly 30% re-
duction in the risk of stroke, an affect that appears dispropor-
tionate to the reduction in LDL. This in concert with other
available prevention data helped lead to the incorporation of
statins into the stroke prevention algorithm in those at elevat-
ed stroke-risk, irrespective of baseline LDL>"*® However, there
are no data testing rationale interventions to reduce CVEs in
patients after RT to the neck. In study, the observed CVE reduc-
tions were well over 50%, a number in far excess to the mag-
nitude of reduction seen in traditional non-irradiated popula-
tions. While retrospective, this is the first analysis examining
the clinical impact of statins on the risk of CVEs following neck
RT and the first to define a potential rational intervention for
this population, particularly given the disproportionate magni-
tude of CVE reduction observed beyond that expected based on
traditional risk factors alone.®®

These results are supported by other mechanistic data. Semi-
nal animal studies from nearly five decades ago described a link
between dyslipidemia and the development of radiation-in-
duced carotid artery stenosis.***' Subsequent human studies
have since validated these associations.” Statins are known to
modulate the risk of vascular events in patients with underlying
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Probability of CVE for statin group

0 0.2 0.4 0.6 0.8 1

Probability of CVE for non-statin group

Relationship between probabilities of a cerebrovascular event
(CVE) for statin and non-statin users under the Cox regression model. Sur-
vival functions of study subjects to waiting times for a CVE event between
the two groups are related as S1(t) =[SO(t)]c (statin yes=1; no=0), where t,
is time of follow-up and c, is the estimated hazard ratio (0.41 for the statin
use for events). 1-SO(t) represents the horizontal axis and corresponding
1-S1(t) the vertical axis. The dashed lines indicate that if the probability of
observing at least 1 event by time t (e.x., 0.30 for the no statin group, the
corresponding probability for the statin group is 0.14).

dyslipidemia. Yet, statins also attenuate this risk in populations
without markedly elevated lipid levels, but with otherwise ele-
vated risk and vascular dysfunction like diabetics.* Moreover,
Paraskevas et al.”® postulated that irradiated carotid arteries
may be more susceptible to elevations in cholesterol irrespective
of baseline LDL. RT itself has been observed to alter the vascula-
ture by the induction of endothelial dysfunction, increased in-
flammation, oxidative stress, and progressive capillary luminal
fibrin and platelet-mediated destruction leading to potential
downstream events. However, Gaugler et al.' demonstrated a
downregulation of vascular endothelial dysfunction (transcrip-
tion factor activator protein 1, monocyte chemoattractant pro-
tein 1, interleukin 6 [IL-6], and IL-8), inflammation (activator
protein 1) and thrombosis (decreased leukocyte and platelet ad-
hesion) through statin treatment following RT exposure. In ad-
dition, statins have also been associated with reductions in oxi-
dative stress.** Since RT acts to modulate vascular architecture
and accelerate atherosclerosis using pathways affected by
statin therapy, it may be reasonable to postulate that statins
themselves may serve to attenuate the vascular disruptions in-
duced by RT, allowing for enhanced reductions in observed clini-
cal events beyond rates seen in non-irradiated populations and
estimated based on traditional factors alone.’?"** However,
further studies are needed.

Our study has several limitations. Given that the subjects
studied were enrolled at a tertiary care center where patients
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received treatment, but not necessarily long-term follow-up, it
was difficult to ascertain the duration of statin therapy. Statin
use was recorded at the time of RT and the duration of use (or
non-use) was up to the primary team. Yet, among those sam-
pled statin use or non-use remained high, even at 1 year fol-
low-up. Additionally, due to practice variations across the du-
ration of the study, we did not focus on statin intensity or class
of agent used. Yet, considering the significance of the reduc-
tion observed, even after adjusting for LDL, it is reasonable to
suspect that the benefits of statin therapy in this population
extend well beyond the reductions in LDL and therefore are less
likely to be limited to statin class or intensity. Misclassification
of stroke was highly unlikely because the clinical symptoms
were correlated with neuroimaging. This cross-referencing of
events also helped to minimize recall bias. However, TIAs may
have been misclassified as seizures or migraines, and therefore
undercounted, despite physician adjudication. This is an un-
avoidable problem when using TIA as an outcome, and the
separate analysis evaluating only stroke was performed to ob-
viate this possible bias. We considered the use of propensity-
matching to adjust for potential confounders. However, in view
of an adequately-powered event rate relative to the number of
cofounders, conventional regression was used for the analyses.
Finally, we did not note any major hemorrhagic strokes in our
cohort, a finding that may at least in-part be explained by the
relative paucity of aggressive anti-platelet and potent antico-
agulant regimens noted in this population.

Conclusions

Survivors of head and neck cancer treated with neck RT are at
high-risk for future CVEs, including ischemic stroke and TIA.
Statin use at the time of RT appears to be associated with a
reduction of that risk, even after accounting for expected re-
ductions based on more traditional risk factors. Future pro-
spective studies examining the role of statins in head and neck
cancer patients who receive RT, without traditional indications
for statins are needed.

Supplementary materials

Supplementary materials related to this article can be found
online at https://doi.org/10.5853/j0s.2017.01802.
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Supplementary Tahle 1. Risk of cerebrovascular events following neck radiotherapy using a multivariable Cox regression model for those treated with <70 Gy

Variable HR (95% Cl) Chi-square P

Statin use 0.39 (0.15-1.02) 3.66 0.056
Age 1.05 (1.03-1.08) 16.21 <0.001
Male sex 1.06 (0.54-2.08) 0.03 0.855
Hypertension 0.99 (0.52-1.92) <0.01 0.987
Diabetes 0.91(0.31-2.65) 0.03 0.862
Prior CAD 1.13 (0.34-3.73) 0.04 0.839
Prior CVE 1.55 (0.51-4.73) 0.60 0.438
Dyslipidemia 0.66 (0.26-1.69) 0.74 0.389
Smoking* 1.33 (0.86-2.07) 1.67 0.196

HR, hazard ratio; Cl, confidence interval; CAD, coronary artery disease; CVE, cerebrovascular event.
*Smoking: active or prior smoking.
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Supplementary Tahle 2. Risk of cerebrovascular events following neck radiotherapy using a multivariable Cox regression model for those treated with >70 Gy

Variable HR (95% Cl) Chi-square P

Statin use 0.44 (0.19-1.03) 3.55 0.059
Age 1.03 (1.01-1.06) 6.18 0.013
Male sex 0.86 (0.47-1.56) 0.25 0.620
Hypertension 1.82 (1.03-3.22) 4.29 0.038
Diabetes 0.65 (0.25-1.67) 0.80 0371
Prior CAD 0.90 (0.34-2.38) 0.05 0.828
Prior CVE 1.17 (0.36-3.86) 0.07 0.792
Dyslipidemia 0.80 (0.36-1.79) 0.28 0.803
Smoking* 1.12 (0.77-1.64) 0.37 1.124

HR, hazard ratio; Cl, confidence interval; CAD, coronary artery disease; CVE, cerebrovascular event.
*Smoking: active or prior smoking.
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Risk of cerebrovascular events following neck radiotherapy using a multivariable Cox regression model including other stroke reduc-
tion medications

Variable HR (95% CI) Chi-square P

Statin use 0.41(0.21-0.79) 6.99 0.008
Age 1.04 (1.02-1.06) 22.84 <0.001
Male sex 0.90 (0.58-1.39) 0.24 0.627
Hypertension 1.38 (0.90-2.11) 2.25 0.133
Diabetes 1.09 (0.57-2.08) 0.07 0.793
Prior CAD 1.07 (0.50-2.23) 0.02 0.891
Prior CVE 1.60 (0.72-3.57) 1.35 0.246
Dyslipidemia 0.73 (0.39-1.37) 0.95 0.329
Smoking* 1.17 (0.88-1.55) 1.21 0.270
Radiation dose 1.0 (1.0) 1.03 0310
Anti-platelet & Anti-thrombotic meds* 0.90 (0.36-2.28) 0.05 0.832

HR, hazard ratio; Cl, confidence interval; CAD, coronary artery disease; CVE, cerebrovascular event.
*Smoking: active or prior smoking; *Anti-ischemic meds: Aspirin and/or Plavix and/or Coumadin.
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Supplementary Table 4. Risk of cerebrovascular event following neck radiotherapy using a multivariable Cox regression model for those without advanced
disease™

Variable HR (95% CI) Chi-square P

Statin use 0.40 (0.20-0.79) 6.93 0.008
Age 1.05 (1.03-1.07) 25.46 <0.001
Male sex 1.09 (0.69-1.74) 0.14 0.707
Hypertension 1.26 (0.79-1.99) 0.96 0.328
Diabetes 1.01 (0.51-2.01) <0.01 0.981
Prior CAD 1.26 (0.59-2.71) 0.35 0.555
Prior CVE 1.78 (0.80-3.94) 1.99 0.158
Dyslipidemia 0.76 (0.40-1.45) 0.69 0.405
Smoking* 1.32 (0.98-1.80) 3.26 0.071

HR, hazard ratio; Cl, confidence interval; CAD, coronary artery disease; CVE, cerebrovascular event.
*Advanced disease: stage IV cancer; 'Smoking: active or prior smoking.
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