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Abstract

Purpose—This study assessed the relationship between CNS treatment and psychologic mood
using the Profile of Moods State (POMS), a standardized measure of affect, among a large sample
of young adult survivors of childhood acute lymphoblastic leukemia (ALL; N = 555).

Patients and Methods—Survivors of childhood ALL (ages 18 to 33 years at study entry)
participated in a structured telephone interview eliciting demographic, health, and behavioral data
and the POMS. Treatment data included total dose of CNS irradiation (CRT) and intrathecal
methotrexate (MTX) obtained from medical records.

Results—Mood disturbance was reported by 24% of survivors. High-dose CRT and MTX predicted
disturbance rates modestly and primarily in combination with education variables. Interactions
between educational achievement, a history of attendance in special education classes, and sex were
better predictors than treatment type or dose. Non-white males, those younger than 12.5 years of age
at diagnosis, and those with negative perceptions of current health and cancer’s impact on
employment were also at greater risk for mood disturbance (P < .01 to .001).

Conclusion—Although most survivors are doing well psychologically, a subset of long-term
survivors show potentially serious mood disturbance. Mood disturbance seems to be a function of
interactions between preexisting individual difference variables (eg, sex, race/ethnicity), treatment
factors, and posttreatment educational experiences. Prevention strategies aimed at childhood cancer
survivors at greatest risk for mood disturbance may be improved by focus on posttreatment
psychosocial and educational supports.

RESEARCH ON survivors of childhood acute lymphoblastic leukemia (ALL) suggests that
as expected survival time after treatment for ALL increases, the risk of neuropsychologic and
psychosocial impairments in functioning may increase.1:2 Although many survivors of
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childhood ALL develop into well-adjusted adults, a subset of survivors experience difficulties
with mood, school or work adjustment, and cognitive functioning.3_8 CNS treatment for ALL
may serve as one risk factor that helps identify this subset of survivors who are at risk for long-
term adjustment difficulties.

Compared with other treatments, high-dose cranial radiation treatment (CRT) has been linked
to lower intelligence quotient levels,9 poor academic performamce,10 an increase in learning
problemsin school, 11 and a reduced likelihood of attending college as survivors become young
adults.12 Even low-dose CRT has been associated with mild delayed intelligence quotient
decline, increased learning disabilities, and academic failure.13-15 As concerns about the
excessive toxicity of CNS radiation emerged, treatment protocols were shifted to include
increasing doses of intrathecal (IT) methotrexate (MTX) chemotherapy and less CRT. These
less toxic treatment protocols have sometimes®19 but not always resulted in reduced negative
cognitive or psychologic outcomes.16-18 vzariation in dose of MTX and combinations of CNS
radiation with MTX may be important factors in the equivocal data across studies.

The relative benefit of MTX compared with CRT may also depend on demographic variables,
such as age and sex. Treatment with CNS radiation at a young age may place survivors at
greatest risk for neuropsychologic impairment.z’ '+ However, poorer psychologic
adjustment in patients who are older at diagnosis have also been reported.3’19 Sex effects are
also equivocal. Some studies suggest that female patients are at greater risk for cognitive
deficits after treatment than male patients,l’zo’21 but the reverse has also been shown.1®

The present study sought to use multivariate analyses to explore the relative role of CRT and
MTX dosage and demographic variables on mood state in a large sample of young adult
survivors of childhood ALL. High cumulative dose (CRT or MTX) was predicted to be
associated with greater disturbance in mood. Age at diagnosis and sex were hypothesized to
further impact psychologic outcomes.

PATIENTS AND METHODS

Childhood ALL survivors were recruited from 23 institutions participating in the Children’s
Cancer Group (CCG) project. Of 731 survivors, 593 completed the study interview and met
all eligibility criteria: a diagnosis of ALL between 1970 and 1986, treatment on a CCG protocol
before the age of 20 years, age at least 18 years at interview, survival for at least 2 years after
diagnosis, in remission, and not receiving antileukemia treatment at study entry. Missing data
resulted in 555 survivors available for the current analyses. A sibling control group was also
assessed, and data on that cohort are provided elsewhere.22

Each participant was mailed a consent form approved by each institution’s Human Subjects
Protection Committee. After receipt of signed consents, a telephone interview was arranged
with each patient. The interview followed a structured format and was conducted by trained
interviewers. Questions were asked about education, marital status, employment status, health,
fertility, offspring, and risk behaviors. There were two questions on the interview that asked
about survivors’ perceptions of the impact of treatment on their employment (ability to get a
job) and their education. These responses were analyzed to determine the effects of survivors’
own perceptions of the impact of their leukemia treatment on current emotional state. At the
end of the interview, the Profile of Mood States (POMS) and a self-esteem measure were
administered by telephone. Patients’ age at the time of the interview was also noted. The age
at which subjects were diagnosed with ALL, the type and amount of treatment received (CRT,
MTX, other), and other pertinent medical data were obtained from survivors’ medical records.
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The POMS23 iis a 65-item self-report questionnaire designed to measure six identifiable mood
states (tension/anxiety, depression, anger, confusion, vigor, fatigue) with demonstrated
reliability and validity. High scores on the vigor subscale indicate persons with high energy,
whereas high scores on the fatigue subscale suggest persons with low energy. Patients were
asked to describe the extent to which the adjectives describe the way they had been feeling
during the past week, on a scale ranging from 0 (not at all) to 4 (extremely). A total score is
derived by summing each of the six subscales, with vigor weighted negatively. The possible
range of scores is —40 through 192. Higher scores indicate greater mood disturbance. Although
the POMS is a self-report measure of affect at one point in time (ie, state v trait), it has been
shown to be useful for assessing psychiatric outpatients and for documenting patient responses
to psychotherapy.23 The POMS has also been used among a variety of cancer patient samples
and their families.«™

Defining Treatment Groups

Analyses

Survivors were grouped by the type of treatment received. Treatment type/dose followed CCG
protocols in place at the time of diagnosis. Evaluation of the IT chemotherapy received by the
survivors demonstrated that the majority of survivors had received MTX (n = 490; 85%). Only
50 survivors received IT cytarabine. Only 50 survivors received intravenous MTX. Thus MTX
was defined as the unit of analysis for CNS chemotherapy effects on outcome. We defined
Low MTX as a total cumulative dose of less than 83 mg (based on a median split) and High
MTX as a total cumulative dose of > 83 mg. This same median split categorization was used
ina pre\iious analysis of impact of treatment on educational outcomes in the same survivor
sample.

Total CNS irradiation dose ranged from 2 to 40 Gy. However, the doses were not evenly
distributed, because the CCG ALL treatment protocols included either a relatively low dose
(18 Gy) or a high dose (24 Gy) or no irradiation. To maximize statistical power by collapsing
groups and thereby increase the number of patients in each group, survivors who received less
than 21 Gy were categorized as receiving Low CNS irradiation, whereas those who received
> 21 Gy were categorized as receiving High CNS irradiation. Although the dosage range
seemed wide, most patients who received CNS irradiation did receive at or close to 18 or 24
Gy. Those who received no CNS irradiation were categorized as No (none).

Because there was an inverse relationship between total dose of CNS irradiation and total dose
of MTX, treatment groups were next categorized in relation to both variables to examine the
effects of different combinations of treatment. For the final analyses, survivors were
categorized into four treatment groups: (1) No or Low MTX (< 83 mg) and CRT (< 21 Gy),
(2) High MTX (> 83 mg) and No or Low CRT, (3) High CRT (> 21 Gy) and No or Low MTX,
and (4) High CRT and MTX.

As recommended,23 a total mood disturbance score was used in analyses to reflect overall
affective state. Unreported analyses showed similar results across all subscales. Previous
analyse522 indicated no difficulties with skewness, outliers, and influential observations, and
the total POMS score is well described by a normal distribution.

A subset of survivors at risk for mood disturbance was identified based on a review of
distributions in previous cancer studies using the POMS and suggestions by Van’t Spijker et
al.26 The survivor sample was splitatatotal POMS score of 33. Those above 33 (approximately
24% of the total sample) were labeled as mood-disturbed and those below were labeled as
healthy. This score is nearly two times higher than the mean of the total POMS score reported
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for other cancer survivors.2425 Scores above 33 are therefore out of the normal range for
cancer survivors and likely to be clinically significant.

Backward elimination logistic regression techniques were used to identify the survivor
characteristics associated with greater likelihood of mood disturbance (total POMS score >
33). The following predictors were tested: treatment group, age at diagnosis, age at interview,
evidence of relapse (yes/no), sex, race/ethnicity, marital status, education level, employment
status, perceptions of current health (excellent/good/poor), and the yes/no response to two
questions about whether the cancer experience had impacted abilities at school or at work.
Exploratory classification tree analysis methods2 were used to select a sample split cutoff for
age at diagnosis. Analyses revealed the greatest predictive value for 12.5 years of age at
diagnosis (young = < 12.5 years; older = > 12.5 years). All two-way interactions were tested
during the step-wise variable selection. For the final multivariate model, nonsignificant
variables were dropped except those retained as covariates: mother’s highest education (a proxy
for socioeconomic status), relapse history (a proxy for disease severity), and age at interview
(a potential predictor and proxy for historical changes in treatment over time).

Historical Changes in Treatment

Review of CCG studies conducted during the 16-year time span indicated that the major change
was a shift from higher total doses of CNS irradiation (24 Gy) during the earlier years toward
lower total doses (18 Gy or none), with the addition of higher doses of MTX (> 83 mg) during
the later years. Timing of treatment was considered early if it took place during the first 8 years
(1970 to 1977; n = 322), whereas later treatment took place from 1978 to 1986 (n = 213; Table
1). These data reflect the overall changes in treatment to less or no CNS irradiation and, to
compensate, higher amounts of MTX.

Univariate Analyses

Treatment variables.—Descriptive statistics for the POMS total score for each treatment
group (examined across groups using analysis of variance) indicate groups were not
significantly different. When percentage of mood disturbed was examined across all treatment
groups using y2 methods, there were also no significant effects. Nonetheless, a two-group
comparison provided evidence of a greater percentage of mood disturbance among survivors
given High CRT (28.5%) compared with High MTX (20.3%; x2[366] = 3.32; P = .05; Table
2).

There was a significantly greater proportion of mood-disturbed survivors diagnosed when
younger than 12.5 years of age (29.5%) than those diagnosed at an older age (15.7%; P <.
001). Only 25 patients (4.4%) had evidence in medical records of prior relapse at the time of
the interview, and this variable was not associated with mood disturbance.

Demographic predictors.—Racial and ethnic minorities showed more mood disturbance
(34.3%) than white patients (22.5%; P < .03). Those with a history of special education were
more likely to be mood disturbed (42.9%) than those without such a history (22.1%; P <.001).

Subjective perceptions.—Only 16.8% of survivors reporting excellent health were mood
disturbed, compared with 25.4% of those reporting good health and 51.1% reporting fair or

poor health (P < .001). Also, disturbance rates were 40.4% among survivors who said cancer
limited their ability to work, compared with 20.6% among those who said it had not (P <.001).
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Multivariate Analyses

Model Fit

Variables in the final model are listed in Table 3. Nonsignificant main effect terms accompanied
by a significant interaction (eg, sex) were retained in the model but are not shown in Table 4
for simplicity of viewing.

Treatment variables.—Treatment alone was not a significant predictor of adult mood
disturbance, but interacted with highest education to increase risk. As shown in Figure 1,
college-educated survivors who had received High CRT were at less risk for mood disturbance
(13.2%) than those treated with No-Low doses (28.9%; P = .02). Similarly, dropouts treated
with either High MTX (risk estimate, 8.5%) or High CRT (risk estimate, 15.7%) were protected
from risk of mood disturbance (P = .03 and P = .07, respectively) as compared with survivors
treated with No-Low (risk estimate, 67%) or High Both (MTX and CRT; 89.3%). Among
survivors with only a high school education, treatment effects were not significant.

Being a preadolescent at diagnosis increased odds of adult mood disturbance by 3.7 compared
with postadolescence, even after controlling for other predictors and covariates in the final
model (P < .001).

Demographic predictors.—Highest education, although not a significant predictor of
mood disturbance alone, interacted with treatment and with a history of special education, as
seen in Table 3 and illustrated in Fig 2. Whereas special education history increased risk among
dropouts (risk estimate with [83.6%] v without special education [9.6%]; P < .001]), there was
atrend for special education history to reduce risk of mood disturbance among college attendees
(P =.11). Among survivors with only a high school education, a special education history did
not influence risk of mood disturbance. The impact of special education history was also
modulated by sex. Among males, having attended special education classes did not increase
mood disturbance rates compared with males without that history. In contrast, females with a
history of special education were six times more likely to be mood disturbed than females
without such a history (P =.003).

Sex also interacted with race and ethnicity. Female mood disturbance rates were not influenced
by race/ethnicity; both white and nonwhite female patients showed greater risk than male
patients. In contrast, male minorities had an almost fourfold increase in risk compared with
white male patients (P =.004). Age at interview, relapse (yes or no), and mother’s highest level
of education were not significantly predictive in the multivariate model but were retained as
covariates. Marital and employment status were not significantly associated with mood
disturbance and were dropped.

Subjective perceptions.—Survivors who reported fair or poor health remained at greater
risk for mood disturbance in the multivariate model compared with those reporting good or
excellent health (P = .04 and P < .001, respectively). Also, survivors who said cancer had
impacted their ability to work were at increased risk for mood disturbance compared with those
who said cancer had not influenced work (P < .001).

The model accounts for modest variance in mood disturbance rates (R? = 24.2%), but correctly
classifies 71% of mood-disturbed and 71% of healthy patients in the sample and fits the data
well (mean deviance of 1 and a Hosmer and Lemeshow Goodness of Fit P value > .30). Cross-
validation of randomly split halves shows the model has generalizability; outcomes remain
similar for independent samples of data. Results were unaffected by the order of regressor
elimination.
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DISCUSSION

This, the largest study of adult survivors of childhood ALL, found that nearly one quarter of
patients (24%) reported high levels of mood disturbance (a POMS score of nearly twice the
mean of POMS scores from other cancer survivor studies). Survivors treated with High CRT
had a greater percentage of mood disturbance than survivors treated with High MTX, No-Low
MTX, or No-Low CRT. However, multivariate analyses indicated treatment group was not a
direct mediator of adult mood status. Instead, treatment acted to increase or decrease risk rates
depending on the survivor’s educational achievement. In contrast, being a preadolescent at
diagnosis was a strong, direct predictor of mood disturbance. Female patients, minority (non-
white) male patients, female patients with a special education history, and high-school dropouts
with a special education history were also at significantly greater risk.

Being a preadolescent at diagnosis increased risk for adult mood disturbance almost four-fold,
and this effect was not modulated by educational achievement or treatment dose. These data
arein keepingwnh studies indicating that a young age at diagnosis is predictive of lower school
achievement® and more negative life outlook28 but stand in contrast to others showing no
effect of age at diagnosis on coping and social functioning 529 ora reverse effect (general
psychologic functioning worse for survivors who were older at dlagn05|s) Equwocal
findings may be due to the cross-study variations in survivor age at assessment. The impact of
age at diagnosis on psychologic problems may change as survivors move from late adolescence
to adulthood and face new life challenges. Developmental issues are further implicated by the
mood disturbance rate here (24%), which replicates the extent of psi/chologic problems found
in recent studies of young adult survivors of childhood cancer? but stand in contrast to
those combining teens and young adults.8:28,32

Survivors with past attendance in special education classes were more than twice as likely to
show mood disturbance, and this risk increased six-fold among female patients. Assuming
special education history is a proxy for neurocognitive deficits, these data suggest that female
Batients are not only at greater risk for cognitive deficits after pediatric cancer treatment,9;

21 put such deficits may also increase their risk for mood disturbance. Dropouts with a
special education history were also at high risk for mood disturbance.

A heightened risk for mood disturbance among No or Low-dose treatment groups led to
surprising protective effects of high-dose treatment in interaction with education variables. For
example, high-dose treatment and a special education history among college attendees
significantly reduced risk relative to No-Low doses. Also, survivors who attended college or
who were high school dropouts were less likely to have mood disturbance if treated with High
CRT than if treated with No-Low doses. High MTX likewise reduced risk for mood disturbance
among high school dropouts compared with No-Low doses. This protective effect of high-dose
treatment did not occur among high school graduates; both High CRT and High MTX were
risk factors for mood disturbance compared with No-Low doses. These surprising findings
may be data anomalies related to small sample size in subgroups. Or, perhaps survivors who
overcome the disadvantage of high-dose treatment or learning problems and go to college
despite these handicaps may be particularly resilient psychologically. In support, survivor
scores on a measure of self-esteem were highly correlated with total POMS scores (r = —0.54;

=.01) and were hlgher among survivors who attended college than for those who did not
attend college (P = 01)

Although being female or nonwhite increased risk for mood disturbance, nonwhite male
patients were at comparatively greatest risk. This sex by race or ethnicity effect is unique to
the present study because of the statistical power achieved here by the large sample. The
associations between mood disturbance and negative perceptions of current health and cancer’s

J Clin Oncol. Author manuscript; available in PMC 2006 May 11.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Glover et al.

Appendix

Page 7

impact on ability to work are in keeping with previous evidence that subjective perceptions of
the cancer experience and its impact play a significant role in psychologic late effects.828,

0 However, without prospective data, it is not possible to determine whether such perceptions
are underlying mediators of treatment and education interactions, direct causal factors in mood
disturbance, or a consequence of current mood state.

The present study has numerous advantages over previous research. The sample is
homogeneous for cancer type (ALL) and developmental stage (young adults), representative
of many communities (multisite), and of sufficient sample size to stratify/statistically control
for multiple variables. Given these strengths, the conclusion about the relative value of
treatment severity in predicting mood disturbance is unequivocal. Objective measures of
treatment severity offer some prognostic value for identifying at-risk groups but are
overshadowed by other person and situation variables. Just as trauma severity is limited in
predicting those at risk for posttraumatic stress disorder,30:34-37 treatment severity is limited
as a predictor of mood disturbance.

Other conclusions are less definitive as a result of several methodologic limitations. First,
POMS elevations are not synonymous with the presence of a mental disorder. Also, the cutoff
score used here was chosen to represent a level of mood disturbance that is likely to be
functionally significant, but further research on the validity of the POMS for predicting
functional health is needed. Second, establishing that a relationship exists between long-term
mood disturbance and treatment, demographic, and perceptual variables does not elucidate the
mechanisms of such associations. For example, increased mood disturbance in those younger
at diagnosis may simply reflect longer exposure to parental anxiety generated by the cancer;
high rates of posttraumatic stress disorder have been found among mothers of children who
have survived cancer.34:31,38 Third, recent studies of coping, social relationships, and self-
image&z&zg!32 confirm that there are multiple aspects to psychologic health after cancer.
Future studies of psychologic well-being in pediatric cancer survivors may be greatly enhanced
by data reflecting multiple time points, informants (eg, parents, spouses/partners, doctors,
teachers, and friends), and levels of analyses (eg, psychophysiologic and behavioral).

In summary, one quarter of this large sample of young adult survivors of childhood ALL
reported mood disturbance, but CRT and MTX dose were not direct risk factors alone. With
the exception of nonwhite male ethnicity/sex and preadolescent age at diagnosis, treatment and
demographic risk factors occurred only in conjunction with postdiagnosis educational
experiences that are potentially amenable to intervention. These findings hold out hope that
greater educational support provided during and after pediatric cancer treatment may offset the
potentially negative sequelae of high-dose regimens.

Refer to Web version on PubMed Central for supplementary material.
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Fig 1.
Risk of mood disturbance as a function of treatment and highest education achieved. MTX,
methotrexate; CRT, cranial radiation treatment; hs, high school, grad, graduate.
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Fig 2.

Risk of mood disturbance as a function of special education history and highest education

achieved. HS, high school; spec ed, special education.
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Changes in Treatment Over Time

Table 1

Page 12

% of Patients

1970-1977 (n = 322)

1978-1986 (n = 213)

CNS irradiation
None
18 Gy
24 Gy
IT-MTX
None
<83 mg
>83mg

6.0
18.8
75.2

275
50
22.5

12.6
82.7
4.7

0.0
29.4
70.6

NOTE. The percentage of survivors receiving high-dose CNS irradiation decreased, whereas the percentage receiving high-dose methotrexate increased.

Abbreviation: IT-MTX, intrathecal methotrexate.
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Logistic Regression Model for Prediction of Mood Disturbance

Table 3

Page 14

Raw Proportion

Treatment Variable No. of Patients % Model Risk (%0) Model Relative Odds 95% ClI P
Age at diagnosis, years
Older than 12.5 35/223 15.7 18.3 1.0
Younger than 12.5 98/332 29.5 45.2 3.7 2.0t0 6.6 <.
001
Treatment
No-low 32/131 24.1 36.3 1.0
High MTX 38/187 20.3 19.6 0.4 0.2t01.2 A1
High CRT 51/179 285 20.1 0.4 0.2t01.2 .10
High both 12/58 20.7 494 1.7 0.4106.8 45
Treatment X, highest education
Some college
No-low 22/73 30.1 28.9 1.0
High MTX 21/105 20.0 20.7 0.6 03t01.4 .26
High CRT 14/70 20.0 13.2 0.4 0.2t00.9 .02
High both 6/28 214 211 0.7 0.2t02.0 46
High school graduate
No-low 7/50 14.0 18.4 1.0
High MTX 15/68 22.0 37.3 2.6 09t07.9 .09
High CRT 34/98 34.7 35.7 2.5 0.9t06.5 .07
High both 5/28 17.9 29.2 1.8 05t07.2 .39
Dropout
No-low 3/8 375 67.0 1.0
High MTX 2/14 14.3 8.5 0.1 0.0t00.8 .03
High CRT 3/11 27.3 15.7 0.1 0.0t0 1.3 .07
High both 1/2 50.0 89.3 4.1 0.1to 171 47
Demographics
Highest education
Some college 63/276 22.8 20.4 1.0
61/244 25.0 29.5 1.63 0.6t04.8 .37
High school graduate
Dropout 9/35 25.7 42.4 2.87 0.6t013.1 A7
Ethnicity
White 110/448 24.6 24.8 1.00
Minority 23/67 34.3 35.8 1.7 0.1t03.2 .01
Sex X, ethnicity
White
Male 45/244 18.4 15.9 1.00
Female 65/244 26.6 36.7 31 141t06.8 .006
Nonwhite
Male 13/34 38.2 41.6 38 1.6t09.2 .004
Female 10/33 30.3 30.3 2.3 0.7t07.2 15
Sex X, special education
Male
51/253 20.2 26.3 1.00
No special education
7125 28.0 274 11 0.3t04.1 .94
Yes special education
Female
61/253 241 17.0 1.00
No special education
14/24 58.3 55.2 6.0 1.81t020.0 .003
Yes special education
Special education X, highest education
Some college
61/266 229 35.8 1.0
No special education
2/10 20.0 10.5 0.2 0.0to 1.4 11
Yes special education
High school graduate
48/216 22.2 25.1 1.00
No special education
13/28 46.4 344 1.6 0.6 t0 4.0 .35
Yes special education
Dropout
3/24 125 9.6 1.00
No special education
6/11 54.5 83.6 48.2 5.1to 457 <.
Yes special education 001

Perceptions
Has cancer limited your ability to work?
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Raw Proportion

Treatment Variable No. of Patients % Model Risk (%) Model Relative Odds 95% ClI P

No 96/466 20.6 19.2 1.0

Yes 37/89 40.4 43.6 33 1.8t05.8 <.
001

Self-reported health

Excellent 38/226 16.8 17.7 1.00

Good 72/284 25.4 26.4 171 Oto2.7 .04

Poor 23/45 51.1 50.6 47 2.21t010.5 <.
001

NOTE. Model retains nonsignificant covariates: age at interview, relapse (yes or no), and mother’s highest level of education.

Abbreviations: MTX, methotrexate; CRT, CNS irradiation.
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