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Abstract

Purpose Cancer and cancer therapy-related neurocognitive
changes negatively affect quality of life, yet few studies have
examined neurocognitive changes in patients with head and
neck cancer. The purpose of this study was to evaluate
neurocognitive performance in patients with head and neck
cancer at baseline before starting treatment and 3 months after
treatment completion to assess treatment-associated changes
in performance.

Methods Patients with head and neck cancer who were to
receive primary or adjuvant chemoradiation (N=55)
underwent neuropsychological testing before and 3 months
posttreatment. Changes in neurocognitive performance were
assessed using a practice effect adjusted Reliable Change
Index.

Prior Presentation: Partial findings were presented at the 7" Annual
Oncology Congress in San Francisco, CA, in October 2011.
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Results At baseline, 38 % of patients exhibited global
neurocognitive impairment. Posttreatment, 21.8 % demon-
strated declines in neurocognitive performance in at least
one domain. Declines in domain-specific performance ranged
from 1.8 to 12.7 % with the greatest decline in language,
specifically verb retrieval. Domain-specific improvements
ranged from 0 to 7.3 %.

Conclusions Patients had a high prevalence of baseline
neurocognitive impairment. While neurocognitive perfor-
mance posttreatment remained unchanged in the majority,
almost 13 % suffered declines in language. Small
percentages of patients exhibited improvements in their
performance. Long-term effects and risk factors for
neurocognitive decline in this population should be studied
on a larger scale.

Keywords Cognitive function - Neurocognitive
performance - Head and neck cancer - Supportive care -
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Introduction

Patients with cancer experience neurocognitive deficits asso-
ciated with cancer and cancer treatment [1-3]. The
neurocognitive domains most commonly affected are atten-
tion, memory, and executive functioning. Deficits in these
domains may negatively affect patients’ abilities to understand
and follow complex treatment regimens. They may also ad-
versely impact patients’ activities of daily living, engagement
in social activities, and work productivity, thus diminishing
their quality of life [4—7].

Data on neurocognitive functioning in patients with head
and neck cancer (HNC) are primarily limited to eight small
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studies [8—15]. Six studies [8—13] evaluated the neurocognitive
effects of potential radiation-induced brain injury. The study
samples included only patients with either nasopharyngeal or
paranasal sinus tumors, in which treatment entailed incidental
radiation to normal brain tissue and thus the potential for direct
radiation damage. These samples do not reflect most HNC
patients who have oral cavity, oropharynx, hypopharynx, and
larynx tumors, where brain tissue is seldom included in the
radiation field. The studies also have other methodological lim-
itations. Five studies [8, 9, 11—13] used cross-sectional designs
with only posttreatment neurocognitive assessments with var-
ied control groups and inconsistent posttreatment assessment
time points ranging from 7 days to 30 years.

Today, combined modality therapy, including concurrent
chemoradiation (CCR), is commonly used to treat locally ad-
vanced HNC. Most of the aforementioned studies used radia-
tion as a single treatment modality and, therefore, fail to reflect
potential neurocognitive changes associated with combined
modality therapy. Treatment regimens using CCR may result
in increased neurocognitive dysfunction due to the neurotoxic
effects of chemotherapy and/or the enhancement of radiation-
induced toxicity.

Two recent studies [14, 15] included patients with non-
nasopharyngeal tumors treated with contemporary treatment
regimens. In a prospective cross-sectional study, Gan et al.
[14] examined neurocognitive function in 10 patients
20 months after treatment on average (range=9-41 months).
Five patients were treated with radiation as a single modality,
and five patients were treated with CCR. Change in
neurocognitive function was estimated based on comparison
to patients’ z-scores for 1Q. Nine patients demonstrated im-
pairment across multiple domains, with memory being most
affected. A trend suggested that patients receiving CCR had
increased neurocognitive dysfunction. Abdul Razak et al. [15]
reported that out of 24 HNC patients treated with radiation
with or without cisplatin or panitumumab, 25 % had a decline
in at least one neurocognitive domain and 12.5 % had a de-
cline in multiple domains. The most affected domains were
memory and attention. Twenty percent had improved
neurocognitive function in at least one domain. Of note,
46 % reported a decline in their perceived neurocognitive
function.

Limited data support that some HNC patients exhibit post-
treatment neurocognitive deficits. The most commonly affect-
ed neurocognitive domains include visual and verbal memory,
executive function, attention/concentration, language, and vi-
suospatial ability. We conducted a prospective, longitudinal
study to assess neurocognitive functioning in a cohort of
HNC patients who were planned to receive primary or adju-
vant CCR. Assessments were conducted before treatment and
3 months posttreatment to evaluate changes in neurocognitive
performance. We previously reported on baseline
neurocognitive function in the enrolled sample (N=70) [16].

@ Springer

Almost half (47 %) of the patients exhibited neurocognitive
impairment based on a global deficit score. The
neurocognitive domain with the highest rate of baseline im-
pairment was verbal learning (35.7 %), followed by executive
function (31.8 %), verbal memory (30.3 %), processing speed
(27.1 %), language (24.3 %), and attention/concentration
(23.0 %). Here, we report changes in neurocognitive perfor-
mance between baseline and 3 months posttreatment in those
patients with complete baseline and posttreatment data
(N=59).

Methods
Sample and setting

The sample included adults (=21 years) with histologically
confirmed HNC who were to receive either primary or adju-
vant CCR or induction chemotherapy followed by CCR.
Other eligibility criteria included (1) ability to hear, under-
stand, and speak English, and (2) ability and willingness to
provide informed consent. Exclusion criteria included (1) pri-
or history of cancer except for basal cell or surgically treated
squamous cell skin cancer, (2) known brain metastasis, and (3)
planned prophylactic intracranial radiation.

Patients were recruited from the Vanderbilt-Ingram Cancer
Center (VICC) and the Nashville General Hospital at
Meharry. All eligible patients who provided written informed
consent were enrolled consecutively into the study. The study
was approved by the Institutional Review Boards at
Vanderbilt University and Meharry Medical College and by
the VICC Scientific Review Committee.

Procedures

Patients were assessed with a brief neuropsychological test
battery and with neurocognitive function, symptom distress,
and mood measures (Table 1). Baseline testing and other mea-
sures were completed before the initiation of induction che-
motherapy or CCR. Follow-up testing was scheduled 3 months
posttreatment. A delay was allowed if medical issues preclud-
ed a patient’s ability to complete testing. Neuropsychological
tests were administered and scored in a standardized manner
by trained research staff. For participant convenience, study
assessments were done during scheduled clinic visits.

Sociodemographic data, smoking history, alcohol misuse
based on the Alcohol Use Disorders Identification Test
(AUDIT) [26], and comorbid medical conditions were obtain-
ed at baseline by patient self-report. Disease characteristics,
treatment data, and other clinical data (e.g., prior psychiatric
diagnosis, current opioid prescription, and Eastern
Cooperative Oncology Group [ECOG] performance status)
were abstracted from patients’ medical records.
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Table 1  Neuropsychological tests and other measures by domain

Domain Test/measure Abbreviation

Attention/concentration Trail Making Test A [17] TMT-A

Executive function Trail Making Test B [17] TMT-B

Verbal learning Rey Auditory Verbal Learning Test [18] RAVLT total
(Total of Trials 1-5)

Verbal memory Rey Auditory Verbal Learning Test [18] RAVLT delayed recall
(delayed recall)

Language Action (Verb) Fluency [19] AVF

Processing speed Symbol Digit Modalities Test [20] SDMT

General neurocognitive function Mini-Mental State Examination [21] MMSE

Premorbid intelligence North American Adult Reading Test [22] NAART

Perceived neurocognitive function Alertness Behavior Subscale of the Sickness Impact Profile [23] ABS

Symptom distress Memorial Symptom Assessment Scale—Short Form [24] MSAS-SF

Mood Profile of Mood States—Short Form [25] POMS-SF

Methods for defining neurocognitive impairment

Raw scores on neuropsychological tests were converted to 7-
scores using published normative data adjusted for age, edu-
cation, gender, and race as appropriate. 7-score distributions
have a normative mean of 50 and a standard deviation of 10
with higher scores reflecting better performance. Heaton
et al.’s [27] performance classification system was used to
classify the level of impairment for each patient in each
neurocognitive domain; 7-scores >40 indicate normal perfor-
mance or no impairment, 35-39 mild impairment, 30-34 mild
to moderate impairment, 25-29 moderate impairment, 20-24
moderate to severe impairment, and <19 severe impairment.

A global deficit score (GDS) [28] was computed by
converting 7-scores on individual neuropsychological tests
to deficit scores and calculating an average. Using the levels
of impairment described above, T-scores for each measure
were assigned corresponding deficit scores ranging from 0
(no impairment) to 5 (severe impairment). Each patient’s def-
icit scores were summed and then divided by the total number
of measures to compute a GDS. A GDS >0.5 has been used as
a cut point for determining global neurocognitive impairment
[28-30]. A GDS >0.5 is approximately equivalent to averag-
ing mild impairment on 50 % of tests.

Method for defining neurocognitive change

To evaluate changes in neurocognitive performance from
baseline to posttreatment, we used a Reliable Change Index
(RCI) [31] adjusted for practice effects [32]. Using the equa-
tion of Chelune et al. [32], published data from normative
samples were used to calculate practice effect adjusted RCI
values. This involved calculating a predicted retest score as
the participant’s difference score (posttreatment score—

baseline score) minus the mean practice effect of the norma-
tive sample, the sum of which was then divided by the stan-
dard error of the difference for the test. The 90 % confidence
level or critical #-value of 1.674 was used to indicate that the
posttest score reflected more than simple fluctuations in the
imprecise measurements and test-retest phenomenon. Thus, if
an observed RCI value was >—1.674, then it was concluded
that a reliable decrease in performance had occurred; if the
RCI value was >+1.674, then improvement was indicated.

Statistical analysis

Frequency distributions were used to summarize the nominal
and ordinal demographic and clinical characteristics of the
patients. Means and standard deviations were used to present
summaries for age, estimated IQ, and MMSE score. Median,
minimum, and maximum values summarize number of co-
morbidities. Due to the skewed distributions of neuropsycho-
logical test scores, median values were used as indicators of
central tendency; the 25th and 75th inter-quartile range (IQR)
boundaries describe variability. Comparisons between base-
line characteristics and neuropsychological test scores for
those patients completing the posttreatment tests and those
who did not were conducted using the chi-square test of inde-
pendence (nominal, ordinal data), independent #-tests (age,
estimated 1Q, MMSE), and Mann—Whitney tests (baseline
neuropsychological test scores). Counts and percentages were
used to summarize neurocognitive impairment and changes in
neurocognitive performance. Tests of differences in changes
in the rates of impairment from baseline to posttreatment were
conducted using McNemar tests; tests of changes in neuropsy-
chological test scores used Wilcoxon signed-ranks tests.
Spearman’s rho correlations were performed to assess
the strength and direction of associations between
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sociodemographic, clinical, symptom distress, and mood
variables and the standardized neurocognitive perfor-
mance measures at each time point. The Kruskal-Wallis
test was used to evaluate associations of smoking history
with the neurocognitive performance measures. Because
of the large number of associations examined, an alpha
level of 0.01 was used to establish statistical significance.
All other tests used an alpha value of 0.05 for determina-
tion of statistical significance.

Results

Figure 1 shows a schematic of participant recruitment and
follow-up. Seventy of 99 (70 %) eligible patients who were
approached enrolled in the study and underwent
neurocognitive testing before treatment. Five patients died
during treatment or after treatment completion. Two patients
declined to complete the posttreatment assessment and two
were lost to follow-up. An additional two patients transferred
their care to another facility and did not return for follow-up.
Four patients did not have complete baseline or posttreatment
data and were excluded from the analysis. Thus, 55 patients
(78.6 % of those enrolled) had complete baseline and post-
treatment data on all neurocognitive performance measures
and were included in the final analysis. The interval between
the baseline and posttreatment assessments ranged from 4.4 to
10.8 months (median 6.9). Posttreatment assessments were
conducted a median of 3.4 months after treatment completion
(range=2.4-5.9 months).

Patient characteristics

Summaries of the sociodemographic and clinical characteris-
tics of patients who completed both pretreatment and post-
treatment assessments (7=55) and those who did not com-
plete the posttreatment assessment (n=15) are shown in
Table 2. Patients who completed both assessments were most-
ly male (78.2 %), Caucasian (90.0 %), married or partnered
(80.0 %), and had a least a high school education (89.1 %).
Average age was 55.1 years (range 33—70). The majority had
oropharyngeal tumors (54.5 %) and Stage IV disease
(78.2 %). At baseline, patients were prescribed the following
classes of medications with potential psychoactive effects:
opioids (n=23), anxiolytics (n=10), antidepressants (n=38),
and sedative/hypnotics (n=1). At the time of the posttreat-
ment assessment, patients were prescribed the following: opi-
oids (n=34), anxiolytics (n=10), antidepressants (n=14),
and sedative/hypnotics (n=15).

Compared to patients who completed the posttreatment
assessment, a statistically significant higher proportion of pa-
tients who did not complete the assessments had AUDIT
scores indicating problematic alcohol use (scores>8; 5/15 or
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Fig. 1 Study enrollment and follow-up

33.3 % vs 5/55 or 9.1 %; p=0.031). Patients who did not
complete the posttreatment assessment also had statistically
significant lower baseline scores on the MMSE (mean 26.9
vs 28.3, p=0.002), verbal learning (RAVLT-total) (median
39.1 vs 46.9, p=0.002), attention/concentration (TMT-A)
(median 40.5 vs 48.0, p=0.022), executive function (TMT-
B) (median 36.0 vs 47.0, p=0.041), and processing speed
(SDMT) (median 37.9 vs 48.1, p=0.002).

Neurocognitive performance at baseline

Summaries of neuropsychological test scores and rates of im-
paired performance in specific neurocognitive domains at
baseline and posttreatment are presented in Table 3. At base-
line, deficits were noted in all domains; the prevalence of
deficits ranged from 18.2 to 30.9 %. The highest rate of im-
pairment was noted in verbal learning. The prevalence of
moderate to severe impairment ranged from 1.8 to 9.1 % with
the highest rate of moderate to severe impairment noted in
verbal memory. Sixteen patients (29.1 %) showed at least mild
impairment in one domain, 12 (21.8 %) in two domains, 4
(7.3 %) in three domains, 4 (7.3 %) in four domains, and 2
(3.6 %) in five domains. Based on the GDS, 38.2 % of patients
demonstrated global neurocognitive impairment at baseline.
Very few sociodemographic, clinical, symptom dis-
tress, or mood variables were correlated with standardized
neurocognitive performance scores at baseline. Smoking
history was statistically significantly associated with
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Table 2  Baseline demographic and clinical characteristics of patients

Characteristics Completed (n=55) Not completed (n=15) p level

Age (mean; range) 55.1 (33-70) 56.6 (43-67) 575

Gender 181
Male 43 (78.2) 14 (93.3)

Female 12 (21.8) 1 6.7)

Race .867
Caucasian 50 (90.9) 14 (93.3)
African-American 4 (7.3) 1 6.7)

Latino/Hispanic 1 (1.8) 0 (0.0)

Marital status 544

Single, never married 3 (5.5) 2 (13.3)
Married 44 (80.0) 9 (60.0)
Separated 1 (1.8) 1 6.7)
Divorced 5 9.1) 2 (13.3)

Widowed 2 (3.6) 1 6.7)

Level of education 627
Less than high school 6 (10.9) 3 (20.0)

High School/GED 16 (29.1) 3 (20.0)
Some college 15 (27.3) 6 (40.0)
4-year degree 9 (16.4) 1 6.7)
Graduate degree 9 (16.4) 2 (13.3)

Disease site 243
Oropharynx 30 (54.5) 9 (60.0)

Nasopharynx 5 9.1) 0 (0.0)
Hypopharynx 1 (1.8) 0 (0.0)
Larynx 5 9.1) 3 (20.0)
Paranasal sinus/nasal cavity 6 (10.9) 0 (0.0)
Oral cavity 0 (0.0) 1 6.7)
Salivary gland 1 (1.8) 1 6.7)
Unknown primary 4 (7.3) 0 (0.0)
Other 3 (5.5) 1 6.7)

Overall disease stage .666
I 2 (3.6) 0 (0.0)

I 10 (18.2) 2 (13.3)
v 43 (78.2) 13 (86.7)

ECOG performance status 304
0 15 (27.3) 2 (13.3)

1 37 (67.3) 13 (86.7)
2 3 (5.5) 0 (0.0)

Radiation-based treatment .039
Primary or adjuvant chemoradiation 16 (29.1) 1 6.7)

Induction chemotherapy/chemoradiation 39 (70.9) 13 (86.7)
Unknown 0 (0.0) 1 6.7)

Primary surgical treatment” 13 (23.6) 1 (7.1) 171

No of comorbidities (median; range) 3(0-9) 5(0-17) 453

Smoking history 119
Current smoker 14 (25.5) 8 (53.3)

Past smoker 23 (41.8) 4 (26.7)
Never smoked 18 (32.7) 3 (20.0)

AUDIT score .017
<8 50 (90.9) 10 (66.7)
>8 5 9.1) 5 (33.3)

Prior psychiatric diagnosis 16 (29.6) 4 (28.6) 938

Prescribed opioids 210
Yes 23 (41.8) 9 (60.0)

No 32 (58.2) 6 (40.0)
Estimated TQ (NAART) (mean; range) 104.7 (81.8-121.6) 101.2 (83.3-112.2) 182
Mini-Mental State Exam (mean; range) 28.3 (25-30) 26.93 (24-30) .002

4 N=69 (not completed, n=14)
° N=68 (completed, n=54; not completed, n=14)

processing speed (Xz(df:2)=15.01, p=0.001) and the
GDS (Xz(df-:2)=9.44, p=0.009). An inverse association
was noted between processing speed and physical symp-
tom distress (r,=-—0.38, p=0.004) as well as with scores
on the POMS-SF Confusion Subscale (r,=-0.38,
p=0.004). There were no statistically significant associa-
tions between any of the other variables and standardized
neurocognitive performance scores at baseline.

Posttreatment neurocognitive performance

Posttreatment deficits were noted in all domains; the preva-
lence of deficits ranged from 7.3 to 30.9 % (Table 3). The
highest rate of impairment was in language. The prevalence
of moderate to severe impairment ranged from 0 to 5.5 %. At
the posttreatment assessment, 11 patients (20.0 %) demon-
strated at least mild impairment in one domain, 9 (16.4 %)
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in two domains, 4 (7.3 %) in three domains, 3 (5.5 %) in four
domains, and 2 (3.6 %) in five domains. Posttreatment, 25.5 %
exhibited global neurocognitive impairment according to the
GDS (McNemar binomial, p=0.118).

Smoking history was statistically significantly associated
with posttreatment neurocognitive performance in processing
speed (Xz(df-zz) =10.00, p=0.007), verbal learning
(X@r=2=10.16, p=0.006), and the GDS (X°4—2,=10.47,
p=0.005). Perceived cognitive function was significantly as-
sociated with executive function (r,=-0.40, p=0.002) and
the GDS (r,=0.40, p=0.003). There were no statistically sig-
nificant associations between posttreatment neurocognitive
performance scores and any of the other sociodemographic,
clinical, symptom distress, or mood variables (e.g., fatigue,
depression, and anxiety).

Changes in neurocognitive performance from baseline
to 3 months posttreatment

The majority (54.5 %) of patients did not demonstrate any
significant change between their baseline and posttreat-
ment performance in any of the six neurocognitive do-
mains. Twelve patients (21.8 %) had a decline in at least
one domain. Fourteen (25.4 %) patients exhibited an im-
provement in at least one domain. One patient demon-
strated a decline in one domain and improvement in an-
other. Comparing median scores from baseline to post-
treatment (Table 3), statistically significant improvements
were noted in the following domains: attention/
concentration (z=2.16, p=0.031), executive function
(z=2.46, p=0.014), and verbal learning (z=3.29,
p=0.001).

Figure 2 shows the frequency of changes in performance
based on the practice effect adjusted RCI for each
neurocognitive domain. Declines in domain-specific

performance were noted in a small percentage of patients
ranging from 1.8 to 12.7 %, with the greatest frequency of
decline in language. Ten patients declined in one domain.
One patient declined in two domains and another declined in
three domains. Similarly, a small percentage of patients dem-
onstrated improvement in their domain-specific performance
from baseline. Domains showing the greatest frequency of
improvement included attention/concentration (7.3 %), lan-
guage (7.3 %), and verbal memory (7.3 %). Thirteen patients
improved in one domain and one patient showed improve-
ment in three domains.

Five patients who exhibited declines in neurocognitive
performance from baseline to posttreatment had posttreat-
ment scores that remained within the normal range (7-
score>40). An example would be a patient who had a
baseline AVF score of 73 and a posttreatment score of
56. This patient demonstrated a decline in performance
on the action (verb) fluency test from baseline to post-
treatment, but the posttreatment score did not indicate
impairment in this neurocognitive domain. One of the five
patients had posttreatment declines in three domains;
however, the posttreatment test scores for two domains,
verbal learning and processing speed, remained in the
normal range.

Discussion

In this study, we assessed neurocognitive performance in
HNC patients before treatment and at 3 months posttreatment
to evaluate treatment-associated changes. As we previously
reported [16], a high prevalence of neurocognitive impairment
was noted in patients at baseline. The majority of patients
demonstrated little change in their neurocognitive perfor-
mance between baseline and 3 months posttreatment. Small

Table 3  Neuropsychological test scores and rates of neurocognitive impairment by domain at baseline and posttreatment

Domain (test) Median IQR Mild-moderate Moderate-severe Total impaired, n
impairment®, n (%) impairment®, 1 (%) (%)
Pre Post Pre Post Pre Post Pre Post Pre Post
Attention/concentration (TMT-A) 48.0 49.0 42.0-54.0 45.0-55.0 9 (16.4) 4(7.3) 1(1.8) 0(0) 10 (18.2) 4(7.3)
Executive function (TMT-B) 47.0 48.0 41.0-54.0 43.0-55.0 8(14.5) 9(16.4) 50.1) 1(1.8) 13(23.6) 10(18.2)
Language (AVF) 474 45.1 382-52.0 38.2-50.9 11 (20.0) 14 (254) 3(5.5) 3(5.5) 14 (25.5) 17(30.9)
Verbal learning (RAVLT total) 469 49.3 39.1-56.7 41.8-60.1 15(27.3) 9(16.4) 2 (3.6) 1(1.8) 17 (30.9) 10(18.2)
Verbal memory (RAVLT delayed recall) 47.2 47.3 38.9-54.0 40.9-59.7 9 (16.4) 8 (14.5) 5(9.1) 2 (3.6) 14 (25.5) 10(18.2)
Processing speed (SDMT) 48.1 49.5 42.6-56.5 41.4-56.5 7(12.7) 10 (18.2)  3(5.5) 2 (3.6) 10 (18.2) 12 (21.8)

All reported as T-scores
IOR interquartile range
# T'score 30-39

® Tscore <29
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Fig. 2 Frequency of changes in
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Attention/Concentration

percentages of patients showed improvements or declines in
their performance. Larger studies with longer term follow-up
and comparison groups are needed to more fully investigate
patterns of change in neurocognitive performance in HNC
patients and to identify factors associated with neurocognitive
decline.

Nearly 13 % of patients exhibited declines in language,
specifically action (verb) fluency or verb retrieval. Small num-
bers of patients had declines in processing speed, verbal mem-
ory, verbal learning, executive function, and attention/concen-
tration. Declines in these domains, particularly verb retrieval
and generation, are indicative of frontal-subcortical patholo-
gies [33-35]. Studies of neurocognitive function in other can-
cer populations also indicate a frontal-subcortical toxicity
profile, with neurocognitive dysfunction within domains of
information processing speed, attention, memory retrieval,
and executive function [36]. Impairments in these domains
may affect patients’ abilities to learn new information, reason,
plan, organize, focus, and concentrate.

With the greatest decline occurring in language, the effects
of HNC treatment on speech must be considered as a potential
confounding factor. None of the participants in our study ex-
hibited noticeable speech impairment or dysarthria requiring
speech therapy consultation. However, the effects of other
treatment-related issues such as pain and xerostomia on
speech production and the ability to speak fluently cannot be
ruled out. Consistent with our findings, Hsiao et al. [10] noted
significant declines in language abilities and list-generating
fluency in a sample of patients with nasopharyngeal cancer
after intensity-modulated radiation therapy.

Tobacco smoking is a well-established risk factor for both
HNC [37] and impaired neurocognitive function [38—40]. In

(TMT-B)
(AVF)
(SDMT)

Language

Executive Function
Verbal Learning
(RAVLT Total)

Verbal Memory

(RAVLT DelayedRecall)
ProcessingSpeed

the current study, smoking history was associated with global
neurocognitive performance and domain-specific perfor-
mance at baseline and posttreatment. At baseline, compared
to those who never smoked, current smokers exhibited more
global neurocognitive impairment and greater impairment in
processing speed. Similar posttreatment associations were
noted. Compared to those who never smoked, current smokers
demonstrated more global neurocognitive impairment and
greater impairments in processing speed and in verbal learn-
ing. HNC patients with a smoking history may be at increased
risk for impaired neurocognitive function before and after
treatment.

Unlike other published studies, this study evaluated chang-
es in neurocognitive performance during the early posttreat-
ment period. Studies of neurocognitive function in HNC pa-
tients [8—15, 41, 42] have demonstrated that problematic
neurocognitive changes are common during treatment and in
the late posttreatment period. In most posttreatment studies,
assessments were conducted at least 1 year after treatment.
Findings from these studies have shown evidence of impaired
performance in multiple neurocognitive domains. Thus, HNC
patients may be at increased risk for acute changes in
neurocognitive function during treatment and for detrimental
neurocognitive effects months after treatment. Late-onset
neurocognitive decline has been reported in other cancer pop-
ulations. For example, in a sample of breast cancer patients,
Wefel et al. [43] found that 61 % of patients exhibited long-
term neurocognitive decline posttreatment. While 71 % of
these patients had persistent impairment following treatment,
29 % exhibited a delayed onset decline.

Reporting on individuals with below normal perfor-
mance does not take into account patients with a
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significant decline within the normal range of
neurocognitive performance. Individuals scoring in the
average or low normal range posttreatment who previous-
ly scored in the high normal range may perceive a con-
siderable loss in abilities. Clinically, we have observed
that patients with high levels of neurocognitive perfor-
mance pretreatment are distressed by perceived
neurocognitive impairment posttreatment; however, upon
testing, no deficits are identified. Our results suggest that
a small cohort of patients demonstrated a decline in
neurocognitive performance posttreatment but remained
within the normal range for performance. These previous-
ly high functioning individuals may experience profound
distress associated with declines in their neurocognitive
performance. At the posttreatment assessment, perceived
cognitive function was positively associated the GDS, in-
dicating a relationship between perceived cognitive func-
tion and neurocognitive performance. Neurocognitive per-
formance is typically evaluated after treatment in patients
with neurocognitive complaints. This subset of patients
would not demonstrate neurocognitive impairment based
on their posttreatment scores.

Importantly, baseline neurocognitive impairment in HNC
patients may be associated with increased risk for poor treat-
ment outcomes. While we did not correlate neurocognitive
impairment with oncological or other clinical outcomes, we
observed that patients who failed to complete the posttreat-
ment assessment had lower levels of neurocognitive perfor-
mance at baseline. The reason for this is unclear. Two potential
explanations may be proposed: (1) Poor neurocognitive func-
tion may correlate with poor overall health and higher rates of
co-morbidities which place patients at increased risk for com-
plications of therapy, including death, or (2) decreased
neurocognitive function may impair the patient’s ability to
understand and comply with complicated multi-modality ther-
apy. It is not feasible or clinically appropriate to conduct ex-
tensive neurocognitive testing on all HNC patients before ini-
tiating treatment; however, clinicians should be aware that
some patients may have baseline impairment. These patients
may require more intensive follow-up and support during
treatment. Clinicians should evaluate patients’ understanding
of their treatments, supportive care requirements, and the ad-
equacy of caregiver support. Future studies of neurocognitive
functioning in patients with HNC should examine the effects
of baseline neurocognitive function on treatment and other
clinical outcomes such as radiation and chemotherapy dose
intensity, symptom burden, health services utilization, and
caregiving needs.

Limitations

To our knowledge, this is the largest reported prospective
study examining changes in neurocognitive performance in
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HNC patients; however, it has a number of limitations that
must be considered. First, the sample is heterogeneous. The
patients underwent treatment regimens with different chemo-
therapeutic agents and schedules. The sample included pa-
tients with nasopharyngeal and paranasal sinus tumors who
are at risk for receiving incidental brain irradiation during
treatment. Patients with psychiatric illnesses were not exclud-
ed. At the time of the assessments, some patients were pre-
scribed opioids and other medications with potential psycho-
active effects. Following treatment, some patients had persis-
tent disease. We examined associations between multiple
sociodemographic, clinical, symptom distress, and mood var-
iables and neurocognitive performance, and few significant
associations were noted. Although reflective of the changing
demographic of HNC patients, the sample is relatively young
and may not be representative of the classic HNC population
which is older [44]. Neurocognitive function in older and
younger HNC patients may differ. We did not examine differ-
ences in neurocognitive performance in patients with HPV-
positive and HPV-negative tumors. In future studies, it would
be important to evaluate whether neurocognitive functioning
differs in these populations. We used a brief neuropsycholog-
ical test battery to evaluate neurocognitive performance in six
domains. The neuropsychological tests were chosen for their
sensitivity, ease of administration, brevity, and appropriate-
ness for use in an ill population. To minimize participant bur-
den, we only used one test for each neurocognitive domain.
We also did not use alternate test forms with repeated admin-
istration. There was no control or comparison group.
Published normative data from healthy controls were used to
determine practice effects in calculating the RCI. There may
be concerns about the lack of similarities between samples,
differences in the timing between measurements, and variabil-
ity in test administration. There was also variable timing of
posttreatment assessments ranging from 2.4 to 5.9 months
after treatment completion. Because of this wide timeframe
for posttreatment assessments, neurocognitive performance
could have been affected by variability in functional recovery
after treatment. Finally, compared to those who completed the
posttreatment assessment, patients who failed to complete the
posttreatment assessment had poorer neurocognitive perfor-
mance at baseline. Therefore, the results reported here are
biased by attrition.

Conclusion

We examined changes in neurocognitive performance in HNC
patients from before treatment to 3 months posttreatment. A
large percentage of patients exhibited impaired neurocognitive
performance before starting treatment. The majority of patients
did not exhibit changes in neurocognitive performance. Small
percentages of patients demonstrated either improvements or
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declines in specific neurocognitive domains. Declines occurred
most frequently in language, processing speed, verbal learning,
and verbal memory. Larger prospective longitudinal studies
that include baseline assessments, serial acute and long-term
posttreatment assessments, and control groups for comparison
are needed to determine the extent of treatment-associated
neurocognitive impairment in HNC survivors, identify modifi-
able risk factors, and develop interventions to mitigate
neurocognitive disabilities in this understudied and vulnerable
population.
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