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The aim is to prospectively assess early neurocognitive
outcome of children who developed cerebellar mutism
syndrome (CMS) following surgical resection of a pos-
terior fossa embryonal tumor, compared with carefully
matched control patients. Children who were enrolled
on an ongoing IRB-approved protocol for treatment of
embryonal tumors, were diagnosed with postoperative
CMS, and had completed prospectively planned neuro-
psychological evaluation at 12 months postdiagnosis
were considered eligible. The cognitive outcomes of
these patients were examined in comparison to patients
without CMS from the same treatment protocol and
matched with regard to primary diagnosis, age at diag-
nosis, and risk/corresponding treatment (n 5 22
pairs). Seventeen were also matched according to
gender, and 14 were also matched according to race.
High-risk patients received 36–39.6 Gy CSI and 3D
conformal boost to the primary site to 55.8–59.4 Gy.
Average-risk patients received 23.4 Gy CSI and 3D con-
formal boost to the primary site to 55.8 Gy. Significant
group differences were found on multiple cognitive out-
comes. While the matched control patients exhibited
performance in the average range, patients who devel-
oped CMS postsurgery were found to have significantly
lower performance in processing speed, attention,

working memory, executive processes, cognitive effi-
ciency, reading, spelling, and math. Patients treated for
medulloblastoma who experience postoperative CMS
show an increased risk for neurocognitive impairment,
evident as early as 12 months following diagnosis.
This study highlights the need for careful follow-up
with neuropsychological evaluation and for obtaining
critical support for patients and their families.
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T
reatment for pediatric embryonal tumors includes
surgery, craniospinal irradiation (CSI), and adju-
vant chemotherapy, resulting in an 85% 5-year

survival rate among those children with standard risk
disease and 70% among those considered high risk.1

These survivors are at high risk for developing adverse
posttreatment sequelae, with extensive and long-term
neurocognitive deficits being well documented in the
literature.2–12 Deficits have often been attributed to
the detrimental impact of radiation dose exposure to
healthy brain tissue. In order to reduce these lasting
treatment-related effects, modern treatment trials have
aimed to reduce the dosage of cranial radiation
therapy or, in the case of young children, to delay the
need for radiation therapy with chemotherapy. Surgery
remains the first phase of treatment for almost all
patients and concerns regarding surgery-related com-
plications exist.13,14 Following surgical resection, but
prior to treatment by other modalities, up to 29% of
patients develop cerebellar mutism syndrome (CMS), a
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postoperative clinical entity characterized by diminished
or absent speech, ataxia, hypotonia, and emotional labi-
lity.13,15,16 Additional symptoms, including
difficulties with verbal comprehension, apathy, lack of
initiative, and persistent eye closure, have also been
reported.17 Symptoms have been documented to arise
0–11 days (mean, 1.5 days) following surgery,18 and
are also highly variable with regard to severity
(ranging from mild to severe)19 and nature (transient
to unresolving).18,20–22

While neurocognitive late effects among pediatric
embryonal tumor survivors are well described, many of
the current reports that include such assessments either
exclude patients with CMS from analyses or group
these patients together with those who do not develop
CMS when describing outcomes. In addition, the devel-
opment of CMS makes it very difficult, if not impossible,
to conduct valid neuropsychological assessment until
symptoms subside. Of the few studies that do exist,
most have been retrospective in nature17,22,23 or have
concentrated on monitoring speech and language.22–24

Studies reporting formal neuropsychological testing of
patients with CMS are rare.25 In 2000, the neuropsycho-
logical function of a subgroup of six children diagnosed
with CMS following surgery was presented.25 However,
this report also emphasized speech and language and did
not include a comparison between patients with and
without CMS. In 2006, the Children’s Oncology Group
presented a broad examination of 450 children with
medulloblastoma, of which 24% developed CMS.
Unfortunately, the report of perceived cognitive deficits
included only average-risk patients and information was
derived from written notes on a follow-up form, provid-
ing an estimation of function by the attending physician,
rather than a direct formal evaluation. Judged impair-
ment was categorized as none, mild, moderate, or
severe with no reference to how these categorizations
were determined. As a result, a clear understanding of
the neuropsychological deficits faced specifically by
those with CMS following surgery remains elusive.

The aims of the current study are (i) to prospectively
assess the neurocognitive performance of those children
who developed CMS following surgical resection of a
posterior fossa embryonal tumor utilizing protocol-
driven formal testing methods, and (ii) to compare the
performance of those with CMS with that of disease,
treatment, and demographically matched controls.

Methods

Patients and Procedures

Study participants were recruited from an ongoing
multisite IRB-approved clinical trial for patients newly
diagnosed with an embryonal tumor. Written informed
consent was obtained for participation. At the time of
the study, 283 patients were enrolled on the protocol.
Of these, 49 (17.3%) had developed postsurgical
CMS. Thirty-seven of these 49 patients were at least
12 months postdiagnosis. At 12 months following

diagnosis, all patients were prospectively scheduled for
neuropsychological evaluation. However, 10 of the 37
patients did not complete evaluation due to language
barriers restricting neuropsychological assessment (n ¼
1), progressive disease and off study (n ¼ 1), expired
(n ¼ 1), parent refusal (n ¼ 1), not physically well
enough to be assessed (n ¼ 5), and missed appointment
(n ¼ 1). Although assessed, 2 additional patients were
excluded due to having received a cognitive intervention
aimed at improving performance as part of a separate
rehabilitation study.

Matching—Twenty-five patients who had developed
CMS were eligible to be matched with patients who
did not develop CMS but who were enrolled on the
same treatment protocol. Matching took place accord-
ing to 3 critical risk factors established in previous litera-
ture:2–12 (i) primary diagnosis, (ii) risk/corresponding
treatment (HR or AR), and (iii) age at diagnosis.
Unfortunately, based on these strict criteria, no match
existed for 3 CMS patients. Therefore, 22 pairs were
included in the study group; 22 CMS patients and 22
same-age control patients (Table 1). Seventeen pairs
were also matched according to gender, 14 according
to race, 17 according to primary tumor location, and
13 with regard to extent of resection.

Table 1. Patient demographics

CMS (n 5 22) Controls (n 5 22)

Age at diagnosis: mean (SD) 8.53 (3.1) 8.47 (3.1)

Risk (average:high) 16:6 16:6

Gender (male:female) 17:5 16:6

Race

White 17 16

Black 0 2

Asian 2 2

Other 3 2

Primary tumor location

4th ventricle 20 18

Left cerebellum 0 4

Cerebellar vermis 1 0

Cerebellar peduncle 1 0

Extent of resection

GTR 12 17

NTR 8 4

STR 2 1

Brainstem invasion (yes:no) 8:14 2:20

Parent demographics

Age: mean (SD) 37.1 (7.1) 37.7 (5.9)

Education: mean (SD) 13.3 (2.7) 14.2 (2.7)

Marital status

Married 18 17

Divorced 0 4

Separated 3 0

Single 1 0

GTR, gross total resection; NTR, near total resection; STR, subtotal
resection.

Palmer et al.: Neurocognitive outcome following CMS

1312 NEURO-ONCOLOGY † D E C E M B E R 2 0 1 0



Diagnosis and Treatment—Patients were diagnosed fol-
lowing pathologic review of resected tissue. All patients
included in the study received the primary diagnosis of
medulloblastoma and were treated with postsurgical
risk-adapted CSI followed by 4 cycles of high-dose che-
motherapy (cyclophosphamide, cisplatin, vincristine) with
stem cell support as described previously.1 High-risk
patients received CSI to 36–39.6 Gy and conformal boost
treatment of the primary site to 55.8–59.4 Gy.
Average-risk patients received CSI to 23.4 Gy, conformal
boost treatment to the primary site to 55.8 Gy.

Neurocognitive Assessment—Patients enrolled on pro-
tocol are prospectively scheduled for neuropsychological
evaluation at multiple time points, including Baseline, 1,
3, and 5 years thereafter. The large majority of those
who develop CMS following surgery are not able to
complete a valid assessment at Baseline. Therefore,
12 months postdiagnosis was chosen as the first com-
parison point for the current study.

Neuropsychological evaluation included the following
measures: Woodcock–Johnson (WJ) Tests of Cognitive
Abilities and Tests of Achievement (third edition),26,27

Behavioral Rating Inventory of Executive Function,28

and the Child Behavior Checklist (CBCL).29 The WJ III
Tests of Cognitive Abilities27 is designed to assess a
wide spectrum of both broad and narrow cognitive
abilities. Each subtest provides a measure of a narrow
ability, which can be then combined with other subtest
scores to obtain a measure of a more broad ability, in
the form of a factor or clinical cluster score. Thirteen
subtests were administered providing clinical measures
of general intellectual ability, processing speed, attention,
working memory, executive processes, cognitive effi-
ciency, auditory processing, phonemic awareness, spatial
relations, and visual auditory learning. The WJ III Tests
of Achievement26 was developed to measure the major
aspects of academic achievement. Twenty-two subtests
were administered providing measures of oral language,
verbal comprehension, broad reading, reading compre-
hension, spelling, math calculation, and mathematical
reasoning. Standard scores are used on both the Tests
of Cognitive Abilities and Achievement and have a
population mean of 100 and a standard deviation of
15. Performance that derives standard scores between
120 and 111 is considered high average, 110 and 90
average, 89 and 80 low average, 79 and 70 low, and
,69 very low.

Information on parent gender, marital status, and
years of education was also collected. In addition,
parents were asked to complete two paper and pencil
instruments measuring aspects of their child’s behavior;
the Behavior Rating Inventory of Executive Function
(BRIEF),28 and the CBCL.29 The BRIEF is a question-
naire providing a measure of 8 areas of executive func-
tion including the ability to resist impulses (inhibition),
make transitions and tolerate change (shifting), appro-
priately express and regulate emotion (emotional
control), begin a task or activity without prompting
(initiation), hold and manipulate information (working
memory), decide on appropriate steps in order to reach

a goal (planning), maintain order in work, play or
storage space (organization), and being self-aware
(monitoring). The CBCL measures the parent’s perspec-
tive on their child’s activities, social relations, and school
competence (activities, social, and school), and specific
behavioral and emotional problems (internalizing, exter-
nalizing, aggressive behavior, anxious/depressed, atten-
tion problems, rule-breaking behavior, social problems,
somatic complaints, thought problems, and withdrawn/
depressed). Both measures result in t-scores with a popu-
lation mean of 50 and a standard deviation of 10.

Statistical Procedures

Descriptive statistics were obtained to examine each
group’s cognitive performance. Paired samples t-tests
were used to compare the cognitive outcomes of those
who developed CMS to their matched controls without
CMS. The procedure computes the differences between
values for each pair and tests whether the average
differs from 0 (indicating no difference between
groups). Both patients in each pair were required to
have complete data to be included in the analysis.
Therefore, the number of pairs for each outcome
varied. The P-value used to determine statistical signifi-
cance in group differences was reduced to ,.01 to
adjust for multiple comparisons.

Despite careful matching, the groups differed with
regard to extent of resection and brainstem invasion.
Therefore, analyses of covariance were completed for
each cognitive outcome, with extent of resection and
brainstem invasion as covariates.

An analysis of effect size for each of the broad measures
of cognitive ability and academic achievement, using the
Cohen’s d′ statistic, was also completed to ascertain
whether sufficient statistical power was available given
the specific number of patients in our present study.

Results

Neurocognitive Outcomes

Tests of cognitive abilities—Those patients who had
developed CMS exhibited lower performance compared
with those who had not on each of the cognitive ability
measures. Significant differences (P < .01) were found on
measures of general intellect, processing speed, broad
attention, working memory, executive processes, cogni-
tive efficiency, auditory processing, and spatial relations
(Table 2). A trend toward a significant difference was
evident on measures of phonemic awareness with the
CMS group performing in the average range and the
controls in the high average range. A trend toward a sig-
nificant difference was also evident on measures of visual
auditory learning with the CMS group performing in the
low average range and the controls in the average range.

Analyses of covariance, with extent of resection and
brainstem invasion as covariates, were also completed
for the cognitive outcomes. Neither covariate was
found to be a significant predictor for any outcome.
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After controlling for extent of resection and brainstem
invasion, CMS group differences remained significant
for processing speed (F3,34 ¼ 18.76, P , .001) broad
attention (F3,30 ¼ 10.49, P ¼ .003), working memory
(F3,35 ¼ 9.02, P ¼ .005), executive processes (F3,28 ¼

10.96, P ¼ .003), cognitive efficiency (F3,35 ¼ 12.93,
P ¼ .001), auditory processing (F3,33 ¼ 10.11, P ¼
.003), and spatial relations (F3,37 ¼ 7.637, P ¼ .009).

Patients in the CMS group were found to demonstrate
variable cognitive performance ranging from within
average to more than 2.0 SD below population mean
(Table 2). While general intellectual ability was found
to be low average, working memory, phonemic aware-
ness, and spatial relations were considered average.
CMS patients demonstrated low average performance
for auditory processing and visual auditory learning.
Low performance was seen on broad attention skills,
executive processes, and cognitive efficiency while pro-
cessing speed showed the largest deficits and is con-
sidered very low performance.

Patients in the matched control group demonstrated
consistently average performance on all outcomes with
one exception (Table 2). Phonemic awareness was
found to be in the high average range.

Tests of achievement—Those patients who had devel-
oped CMS exhibited lower performance than those
who had not on each measure of academic achievement.
Significant matched group differences (P < .01) were

found on measures of oral language, verbal comprehen-
sion, broad reading, math calculation, and mathematical
reasoning (Table 3). Reading comprehension skills were
not found to be significantly different between matched
groups. A trend toward significant differences was found
on verbal comprehension.

Analysis of covariance models, controlling for extent
of resection and brainstem invasion, was also completed.
Neither extent of resection nor brainstem invasion was
found to be a significant predictor for any of the out-
comes. CMS group differences remained significant for
oral language (F3,37 ¼ 11.23, P ¼ .002) and math
reasoning (F3,35 ¼ 7.76, P ¼ .009), but failed to be sig-
nificant for verbal comprehension, broad reading,
reading comprehension, spelling, and math calculation.

Both CMS and matched control group patients per-
formed within the average range on measures of verbal
and reading comprehension (Table 3). The matched con-
trols also performed in the average range for the remain-
ing academic measures. Those who had developed CMS
performed in the low average range for oral language,
broad reading, spelling, math calculation, and math-
ematical reasoning.

Effect size—Large effect sizes (d′ ≥ 0.80) were evident
for general intellect (0.98), processing speed (1.28),
broad attention (1.38), executive processes (1.17), cog-
nitive efficiency (1.08), auditory processing (0.93), oral
language (0.96), broad reading (0.85), and math

Table 2. Group differences in cognitive outcome with paired sample t-tests on standard scores (norm M ¼ 100, SD ¼ 10)

Cognitive outcome Pairs CMS patients Control patients Paired comparison

n M SD M SD t P-value

General intellectual ability 14 85.3 9.8 105.1 16.1 3.68 .003

Processing speed 16 63.5 18.6 92.0 15.0 5.11 ,.001

Broad attention 15 73.6 19.6 103.4 17.8 5.36 ,.001

Working memory 18 89.9 16. 107.7 18.3 3.02 .008

Executive processes 12 78.1 14.7 100.5 18.5 4.03 .002

Cognitive efficiency 18 70.6 21.5 98.0 18.1 4.59 ,.001

Auditory processing 16 84.4 18.6 104.2 14.3 3.72 .002

Phonemic awareness III 13 96.9 14.8 112.6 19.5 2.64 .021

Spatial relations 19 90.2 15.6 108.0 17.5 4.03 .001

Visual auditory learning 18 82.0 23.1 101.1 13.5 2.49 .023

Table 3. Group differences in academic achievement with paired sample t-tests on standard scores (Norm M ¼ 100, SD ¼ 10)

Achievement outcome Pairs CMS patients Control patients Paired comparison

n M SD M SD t P-value

Oral language 19 87.3 15.7 106.8 13.3 4.18 .001

Verbal comprehension 21 93.0 19.6 107.6 15.5 2.71 .013

Broad reading 14 83.8 14.0 101.4 13.0 3.18 .007

Reading comprehension 10 91.7 13.8 102.2 13.2 1.91 .087

Spelling 20 85.7 24.1 106.1 11.5 3.63 .002

Math calculation skills 15 83.3 16.1 95.4 13.3 3.06 .008

Math reasoning 18 83.8 16.5 101.5 10.6 4.07 .001

Palmer et al.: Neurocognitive outcome following CMS

1314 NEURO-ONCOLOGY † D E C E M B E R 2 0 1 0



reasoning (0.96). Medium effect sizes (d′ ≥ 0.50–0.79)
were evident for working memory (0.71), phonemic
awareness (0.73), reading comprehension (0.61), and
math calculation (0.79). On the basis of these obtained
effect sizes and the number of pairs available for each
outcome, statistical power was calculated. Owing to
the lack of the required observations, insufficient
power to detect a difference between groups was found
for phonemic awareness, broad reading, reading com-
prehension, and math calculation. All other outcomes
had elevated and sufficient power (0.85–0.99).

Parent measures—Information from the parents of 22
CMS patients and 21 control patients was obtained.
No significant differences were found between parents
of patients who developed CMS and those who did not
on years of education, age, or marital status (Table 1).

No significant differences were found between those
who had developed CMS and those who did not on any
measure derived from the BRIEF. Both patient groups
were rated by their parents as in the average range on inhi-
bition, shifting, emotional control, initiation, working
memory, planning, organization, and monitoring.

Similarly, no significant differences were found on
parent ratings of their children’s behavior on the
CBCL. However, trends toward significance were seen
for those who had developed CMS to have lower
school competence (P ¼ 0.03) and an increase in social
problems (P ¼ 0.05) when compared with those who
had not developed CMS.

Discussion

The current study utilizes prospectively planned psycho-
logical testing to evaluate the neurocognitive impact of
developing CMS following surgery for embryonal
tumors. Results reveal that at 12 months postdiagnosis,
patients who develop CMS demonstrated multiple cog-
nitive and achievement discrepancies compared with
their matched control patients who did not develop
CMS. Patients with CMS exhibited lower performance
than their matched controls on each cognitive outcome
assessed, with particular vulnerability in the areas of
processing speed, attention, working memory, executive
processes, cognitive efficiency, and auditory processing.
This study is unique not only because of the careful
matching process for purposes of comparison but also
in the application of individual comprehensive assess-
ment of multiple neurocognitive functions.

The current results clearly demonstrate that the devel-
opment of postoperative CMS places the patient at
increased risk for neurocognitive deficits quantifiable
as early as 12 months postdiagnosis. Of the outcomes
currently assessed, patients in both groups received
their lowest score on processing speed. While those in
the matched control group demonstrated average per-
formance on processing speed, those in the CMS group
showed critical slowing in the area of processing speed
with a mean performance (M ¼ 63.5) more than 2 SD
below the norm (population mean ¼ 100, SD ¼ 15).

The pathways by which processing speed and intelli-
gence are related have been studied within a large
healthy group of 214 children and adolescents.30,31

Results support a developmental cascade model with
age-related improvements in intelligence found to be
related to improvements in processing speed.
Additional analyses found that 97% of age-related
improvement in working memory was accounted for
by processing speed, and together working memory
ability and processing speed accounted for 80% of
age-related improvements in intelligence.31 These
results express the importance of processing speed on
future and corresponding development of critical core
cognitive abilities and general intellect. Slowed infor-
mation processing speed may be the first deficit to
emerge following treatment,2,32 and based on the
current results, those who develop CMS may be at
higher risk for consequent deficits. Cognitive interven-
tion development that focuses on improving, and/or
accommodating for, slowed processing speed may well
serve this population.

Parent questionnaires and surveys provide important
insight into the family and caregiver experience and are
often used in studies involving children. Interestingly,
the current study found no significant differences in the
parent ratings of child executive function and behavior.
In 2005, a study of caregiver and patient self-report on
perceived cognitive abilities was described.33 Rather
than relying solely on caregiver and self-report within
clinical and research assessment, results demonstrated
the importance of also including direct assessment.
Both the survivors and their caregivers overestimated
the survivor’s neurocognitive abilities. Actual test
scores were significantly lower on measures of overall
cognitive ability, attention, memory, and problem
solving. While it stands to reason that direct assessment
methods provide a greater degree of measurement sensi-
tivity, caregiver perspective remains a key source of
information. The finding that parents of the patients
with CMS underestimate the degree of deficit their
child is experiencing is important and may be partially
related to how mutism is described to the family and
the lack of understanding, at least early in the illness,
of how devastating this syndrome may be. Through
parent report, the current results did showed a trend
toward lowered school competence and difficulties
with social skills for those with CMS when compared
with those who did not develop CMS. Therefore, it is
important to include measurement of these issues in risk-
based assessment of this population.

The cause of CMS is of yet largely unknown and con-
tinues to be a heavily debated topic. The postoperative
period when the patient exhibits normal speech and
behavior, prior to the onset of CMS symptoms, contrib-
utes to the hypothesis that CMS is not a direct result
of the tumor itself.23 Development of postsurgical
edema, ischemia, alterations in neurotransmitters, and
degeneration of synaptic structures have been suggested
as possible mechanisms to explain the delayed onset
of CMS symptoms.17,23 Recent studies, including
those utilizing neuroimaging, have implicated the

Palmer et al.: Neurocognitive outcome following CMS

NEURO-ONCOLOGY † D E C E M B E R 2 0 1 0 1315



dentatothalamocortical tracts, which stem from the
dentate nuclei within the cerebellum and cross the mid-
brain tegmentum to reach the thalamus.19,34–37 From
the thalamus, connections are also made to the parietal
cortex, prefrontal cortex, and superior temporal
sulcus.35,36 Rather than a discrete or localized injury at
the site of the lesion, interruption to communication
along these efferent cerebellar pathways may contribute
to the onset of CMS symptoms and, consequently, to
deficits in cognitive performance.37

While the current study is the first to report detailed
neuropsychological outcomes among CMS patients, it
is important to note the potential for bias within our
patient groups. Of the 37 CMS patients who were at
least 12 months following diagnosis, 10 did not receive
the scheduled cognitive evaluation and were therefore
excluded. Of these 10, 7 did not complete evaluation
due to medical reasons (expired, n ¼ 1; progressive
disease, n ¼ 1; and not feeling physically well enough
to be assessed, n ¼ 5). It may be that these 7 patients
experienced the greatest severity of CMS symptoms fol-
lowing surgery. However, without prospective data on
symptom type and severity, as well as patterns of recov-
ery, it is impossible to ascertain the influence these vari-
ables may or may not have on neurocognitive outcome.
Therefore, the lack of such data is considered a limit-
ation of the study. It is imperative that careful collection
of this information be included in future protocols.

A potential source of bias also stems from the matching
process. Patients were matched with regard to critical cog-
nitive risk factors; age at diagnosis, disease, and risk.
Therefore, each pair received the same radiation treat-
mentand chemotherapy regimen. Significant groupdiffer-
ences due to radiation dose exposure and/or the impact of
chemotherapy are therefore unlikely. However, it was
impossible to match the pairs according to all variables
resulting in some key differences between the CMS and
Control groups. For example, 8 of the 14 patients in the
CMS group were found to have brainstem involvement
while only 2 of the 20 Control patients were found to
have the same. Brainstem involvement may be an impor-
tant factor and one to consider in future studies.

The current study implemented a cross-sectional
approach. The poor medical status of those who
develop CMS makes it difficult, if not impossible, for
valid neuropsychological assessment to be completed
at baseline. Therefore, studies of this population must
wait until symptoms resolve to ensure the neuropsycho-
logical evaluation is a valid indication of the patient’s
ability. In order to extend our understanding of CMS
late effects, longitudinal follow-up is also necessary to
determine the relationship and timing of arising

cognitive deficits. Both groups may continue a similar
pattern of change in performance over time, with CMS
patients remaining at a disadvantage. Alternatively,
change over time may show a variable pattern of both
gain and decline, and these patterns may be dependent
on patient-related factors or the particular area of
ability being studied.

In summary, this study highlights the importance of
detailed risk-based neurocognitive assessment for patients
who develop CMS following surgery. In addition to direct
assessment, test batteries should also include parent
report, especially with regard to their child’s social and
school competency. Rather than excluding CMS patients
from subject cohorts, inclusion of detailed CMS recovery
data from these patients would allow future research to
examine how temporal patterns of recovery relate to neu-
rocognitive outcome. Through ongoing research with
enhanced methodology, these at-risk patients will gain
accurate expectations regarding quality of survivorship.
Continued monitoring and careful assessment will also
provide the families with the required basis for obtaining
efficacious support services, ultimately improving the
quality of their survivorship.
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