Topics of this talk
•! statistics about childhood cancer
•! cognitive late-effects of treatment

What do we know about the
learning of the child with
cancer?
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Population 22 mill
Children 4.5 mill
21 centers

general issues
after brain tumor (different types)
after leukemia
after non-CNS tumors

•! results of own national studies on scholastic
achievements
•! results of own ”Turku study”
•! general conclusion
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Childhood Cancer Survival 1950-2005

Surviving Childhood Cancer
into Adult Life: how much of an issue ?

100 %

5 year Survival (%)

80 %

Estimates suggest:

60 %

!!1 : 900 adults age < 35 years and
1:250 adults aged <45 years have
had cancer
!!Approximately 850 additional
adult survivors of childhood
cancer each year in UK

40 %

20 %

0%

The childhood cancer (success) story

•! One third of young adult cancer
survivors experience moderate to
severe long-term effects of
treatments. Oeffinger KC et al. Cancer 2000, Vol 88.
•! Among the clinically well acknowledged
late-effects of cancer therapy are:
growth retardation, neurocognitive
effects, endocrinological effects,
cardiac toxicity, pulmonary effects and
second cancers

COGNITIVE ISSUES
AND SCHOOL LIFE

Nervous system

General problems
•! Interruptions in school attendance (due to: inand out-patient visits, infections, fatigue)
•! Changes in appearance or gait (loss of hair,
weight gain, scars, clumsiness, amputation)
Bullying (in 32%, our study)
•! Interruptions in relations to friends/ age-mates
Lähteenmäki PM, Huostila J, Hinkka S, Salmi TT. Childhood cancer
patients at school. Eur J Cancer. 2002 Jun;38(9):1227-40.

•! Neuropathy of peripheral nerves (vincaalcaloids)
•! Hearing impairment (cisplatin)
•! Cataract (>2Gy lens dose )
•! 41% of ALL-patients had some (usually
mild) abnormalities in their neurlogical
status
•! Brain tumor < age 7, upto 27 point
decline in IQ during 4 years post
radiotherapy (whole brain irradiation
worst).

Neuropsychological changes
supratentorial
area

(mainly due to CNS-directed treatment)

•! decline in IQ

(CNS radiation before 5 yr. of age)

•! attention deficits
•! impairment of short-term (”working”)
memory (both visual and auditory)
tentorium
cerebellum

•! slowing down of psychomotor tempo
•! impairment of mathematic skills
•! diffic. of working in stressful situations
Cousens P, et al. J Child Psychol Psychiatry 1988; 29(6):839-852

THE LATENCIES OF ERP P300

(BY INDIVIDUALS)

Lähteenmäki PM et al. Med Ped Oncol 2001;36:442-50.

Learning
Waber DP et al. J Clin Oncol. 2007;25:4914-21
Reeves CB et al. J Ped Psychol 2007;32:1050-4

•! Most of the patients have only ”high
level” memory problems
•! These, on the other hand, are favourable
for remediation and should, thus, be
recognized

Learning (2)
•! IQ-changes may appear with longer
interval in ALL-patients
•! Solid tumor patients may recover and
catch up their age-mates during follow-up
•! After 7 years follow-up, the cognitive
difficulties of leukemia patients stopped
to progress – but did not recover

Learning (3)
•! Memory problems may mostly/basically
be caused by the underlying attention
deficit
•! Many researchers stress that these
children learn normally but slower than
their age-mates

Special education needs (vs. siblings)
(Mitby PA et al. Cancer 2003;97:1115-1126)

•!
•!
•!
•!
•!
•!
•!
•!
•!

CCSS 12430 survivors, 3410 siblings
diagnosed below age 6
Brain tumor patients OR 18.8
Leukemia patients OR 4.4
Hodgkin lymphoma OR 4.4
it-MTX treatment OR 1.3
CRT OR 7.2
combined OR 2.6
higher irradiation dose

Brain tumor in cerebellum
(Cantelmi D, et al. Lancet Oncol 2008;9:569-75)

Mere operation may cause cognitive
problems:
1)! Auditive memory and verbal processing
(right hemisphere),
2)! Spatial recognition and visual memory
(left hemisphere),
3)! Mutism, agrammatism, behavioral
problems (cerebellar vermis)

•! Graduation from high school less
probable than for siblings:
leukemia OR 1.6
CNS OR 2.7
NHL OR 1.8
neuroblastoma OR 1.7

Other brain tumors

Packer RJ, et al. Long-term neurologic and

neurosensory sequelae in adult survivors of a childhood brain tumor: childhood cancer survivor study. J
Clin Oncol 2003;21:3255-61.

•! Whole brain irradiation (40-56 Gy), IQ
<90 for 2/3 of patients.
•! After 10 years from CRT (35-50 Gy), only
15% of medulloblastoma patients had IQ
>80
•! Role of tumor/ role of CRT =?
•! Mathematical difficulties > reading
•! Attention and memory
•! Younger (dg <6) more affected
•! Supratentorial > infratentorial

Brain tumor patients
Significant predictors of lower cognitive
functions Reimers TS et al. Med Pediatr Oncol 2003;40:26-34.:
•!
•!
•!
•!

younger age at diagnosis (< 3/3-9/>9),
tumor site in cerebral hemisphere
hydrocephalus treated with shunt
treatment with cranial irradiation (CRT)

•! Children that receive CRT, frequently
experience a progressive cognitive decline.
Spiegler BJ, et al: J Clin Oncol 2004;22:706-713.

•! Observations from late 1960’s have shown
the high risk of severe cognitive decline
associated with the use of CRT for
children younger than two years. Bloom HJG, et al. Am
J Roentgenol 1969;105:43-62.

•! The development of cortical gray matter
peaks at approximately age 4 years, but
cortical white matter volume continues to
rise until about the age of 20 years.! Pfefferbaum
A,et al. Arch Neurol 1994;51:874-887.

Radiation injury (white matter necrosis
or vasculopathy), but
many patients exhibit severe learning
and memory deficits
with no overt pathologic changes.
(Especially true when the radiation field
involves the temporal lobes).

•! Progressive learning and memory deficits
following irradiation may be caused by the
accumulating hippocampal dysfunction. Monje ML,
Palmer T: Curr Opin Neurol 2003;16:129-134.

•! Also the reduced volumes of normal-appearing
white matter have been associated with lower
IQ scores. Mulhern RK, et al. J Clin Oncol 2001;19:472-479.

Leukemia
•! Prophylactic CRT (24 Gy, 18 Gy) – now
omitted in new ALL2008 protocol

•!
•!
•!
•!

Methotrexate (iv-high dose, it)
Cytarabin
Younger (no CRT< 5yrs or TBI < 3yrs)
Girls more vulnerable Waber DP et al. J Clin Oncol.
2007;25:4914-21; Harila-Saari A et al. J Clin Oncol 2007;25:3518-24.

•! Same problems – less pronounced,
appear with long delay Waber DP et al. J Clin Oncol.
2007;25:4914-21; Reeves CB et al. J Ped Psychol 2007;32:1050-4

Non-CNS tumor patients

•! Mere chemotherapy: discrepancy with
findings (problems/ no problems)
•! In Nordic countries, iv-MTX doses are
higher than in USA/UK (effects not
tested systematically)
•! Some data on dexamethason being
more harmful than prednisolon (better
penetrance to CNS, thus, more
effective…)

Results of our own nationwide
registrystudies
•! Harila-Saari AH, Lähteenmäki PM, Pukkala E, Kyyrönen P, Lanning M,
Sankila R.. Scholastic achievements of childhood leukemia

patients: a nationwide, register-based study. J Clin
Oncol. 2007 Aug 10;25(23):3518-24.

•! Lähteenmäki PM, Harila-Saari A, Pukkala EI, Kyyrönen P, Salmi TT, Sankila
R. Scholastic achievements of children with brain

tumors at the end of comprehensive education: a
nationwide, register-based study. Neurology. 2007 Jul
17;69(3):296-305.

•! Lähteenmäki PM, Pukkala EI, Kyyrönen P, Sankila R, Harila-Saari A,.

Scholastic achievements of children with lymphoma or
Wilms tumor at the end of comprehensive education: a
nationwide, register-based study. Int J Cancer (in
press)

•! Some previous studies have found no impairment
in academic achievements Kelaghan J, et al. Med Pediatr Oncol 1988;
16(5):320-326;

Koch SV, et a. Br J Cancer 2004; 91(5):923-928.

•! while others have reported significant
educational deficits Mulhern RK, et al. Pediatrics 1989; 83(1):18-25. Mitby PA,
et al. Cancer 2003; 97(4):1115-1126. Langeveld NE, et al. Psychooncology 2003; 12(3):213-225.

Previous studies have evaluated
•! the level of education Kelaghan J, et al. Med Pediatr Oncol 1988; 16(5):

320-326. Koch SV, et a. Br J Cancer 2004; 91(5):923-928. Lansky SB, et al. Am J Pediatr Hematol
Oncol 1984; 6(2):183-190.

•! utilization of special education services Mitby PA, et al.
Cancer 2003; 97(4):1115-1126.

•! only one controlled study of leukemia patients
has included any information of the school
grades. Haupt R, et al. JAMA 1994; 272(18):1427-1432.

Methods
•! 1401 patients with cancer diagnosis below the
age of 16 in 1974 to 1986
•! alive at their 16th birthday
•! identified from the FCR
•! matched controls (5) for each patient from the
Population Register Center of Finland.
•! Information on the 9th grade school report
obtained from Statistics Finland.
•! The overall average and grades for mother
tongue, first foreign language, mathematics and
physical education were compared between the
patients and their controls.

Harila-Saari A, Lähteenmäki PM et al. J Clin Oncol 2007;25:3518-24.

Harila-Saari AH, Lähteenmäki PM, Pukkala E,
Kyyrönen P, Lanning M, Sankila R.. Scholastic
achievements of childhood leukemia patients:
a nationwide, register-based study.
J Clin Oncol. 2007 Aug 10;25(23):3518-24.

Harila-Saari A, Lähteenmäki PM et al. J Clin Oncol 2007;25:3518-24.

•! The patients whose treatment included
cranial irradiation had a lower overall mark
average (mean difference, 0.24; 95% CI, 0.33 to 0.15)
and lower marks for all assessed school
subjects
•! Chemotherapy alone: only the females with
leukemia diagnosed < 7 yers had lower
school marks than their controls.
•! The biggest difference was observed in
the marks for foreign language among the
irradiated females diagnosed at a young
age (mean difference, 1.0; 95% CI, 1.25 to 0.74).

Conclusion
•! Leukemia treatment that includes
cranial irradiation impairs scholastic
achievement.
•! It is noteworthy that treatment of
leukemia with chemotherapy alone
impairs school performance only in
females diagnosed before school age.

Lähteenmäki PM, Harila-Saari A,
Pukkala EI, Kyyrönen P, Salmi TT,
Sankila R. Scholastic achievements of
children with brain tumors at the end
of comprehensive education: a
nationwide, register-based study.
Neurology. 2007 Jul 17;69(3):296-305.
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•! In mathematics, patients diagnosed before
school-age had greatest difference to their
controls.
•! In mother tongue, patients differed less from
their controls.
Conclusions:
•! Few brain tumor patients missed the 9th grade
certificate at the age of 16.
•! The grades in foreign language (representing
verbal performance) were most affected.
However, the patients fared poorer than
controls in each subject.
•! The difference was most pronounced among
girls.
•! Girls were more sensitive to the adverse
effects of irradiation.

•! 6% of patients did not finish their
comprehensive school at the usual age.
•! Patients had lower overall averages than their
controls (95%CI for the difference -0.30,-0.16).
•! Girls differed from their controls
independently of the age at diagnosis or CRT.
•! Boys treated with CRT at school-age, but not
before school-age, had poorer results than
their controls (95%CI -0.65, -0.18).
•! The grades of patients were significantly lower
in each school subject, and differed most in
foreign language.
•! Young girls with CRT had greatest differences
to their controls (95%CI -1.73, -0.86) in this
subject.

Lähteenmäki PM, Pukkala EI, Kyyrönen
P, Sankila R, Harila-Saari A,. Scholastic
achievements of children with
lymphoma or Wilms tumor at the end of
comprehensive education: a nationwide,
register-based study.
Int J Cancer (in press)

•! Almost all the patients (>98%) had finished
their comprehensive school.
•! NHL patients had lower overall averages than
their controls (difference -0.27 grade units;
95%CI -0.39,-0.15).
•! Irradiation or age at diagnosis did not explain
this difference in NHL patients.
•! The grades of NHL patients were significantly
lower than those of their controls in each
academic school subject, especially in
mathematics (-0.45; 95%CI -0.63,-0.27).
•! In mother tongue, girls with irradiation had
greatest difference (-0.66, 95% CI
-0.99,-0.34) to their controls.

Some more results
•! Lähteenmäki PM, Huostila J, Hinkka
S, Salmi TT. Childhood cancer
patients at school. Eur J Cancer.
2002 Jun;38(9):1227-40.

•! Patients with HL and Wilms tumor performed
similarly or even better than their controls in
all academic subjects.
•! Grades for physical education were impaired
in Wilms tumor patients (-0.20; 95% CI
-0.33,-0.06).
Conclusion:
•! Impairment of school report grades was
observed in patients with NHL.
•! The difference to controls was greatest in
mathematics.
•! The patients with HL and Wilms tumor, who
had not received any central nervous system
directed therapy, achieved equally good
grades as their controls in all academic
subjects.

•! Because of the homogeneity of the
educational system in Finland, we
believe that our country is a suitable
surrounding for measuring the level
of school-related problems.
•! Thus, our findings on the issues of
academic functioning and
psychological climate in school may be
of international interest.

Diagnoses

Subjects
•! All cancer patients (no CNS) of
comprehensive school age in the area
of TUCH during one school term.
•! 43 of 67 eligible patients
participated (64%, 18 female, 25
male)
•! 28 siblings (16 female, 11 male)
•! 20 teachers
•! 101 healthy controls (48 female,53 male)

Methods
•! Questionnaire (sent twice):
scholastic achievement (recent marks,
perceived learning problems, need for extra
tutoring or special education)

school community (friends, bullying,

problems with teachers)

problems or delays in school
attendance due to illness
•! Siblings, controls, teachers

•! Group 1 (N=24): 21 acute leukemia
3 NHL
•! Group 2 (N=19): 3 HL
6 Wilms
4 neuroblastoma
2 osteosarcoma
3 soft tissue sarcoma
1 germ cell tumor

•!
•!
•!
•!

Results

7% started school later (p=0.01)
9% had to repeat a grade (p=0.18)
None in special education
31% needed extra tutoring (16% of controls
p=0.04, 4% of siblings p=0.02)

•! teachers´opinion: 1/3 needed extra tut.
•! 10% of patients not satisfied
•! Diagnosis, age at dg, or gender had no
stat. connection with these parameters

•! No statistical difference in the
number of hours of absenteeism
•! Perceived need for private tutoring at
home: 39% (group 1) - 50% (group 2).

Tutoring arranged for 30% (group 1) - 11% (group 2)

•! Perceived need for tutoring at hospital:
73% (group 1) - 68% (group 2).
Arranged for 27% (group 1) - 22% (group 2).

•! 53% of patients knew for sure that
their classmates were told about
their illness (usually by teachers).
•! Only 15% of the patients thought
that the information should be given
by their parents or themselves.
•! The others preferred teachers or
representatives of hospital

•! Marks in mathematics (p=0.05) and in
foreign language (p=0.06) tended to be
worse than those of controls (not
siblings).
•! Gender, diagnosis, or age at dg had no
clear connection with school marks,
except…
•! the grades in physical education were
lower in group 1 (p=0.03)

•! Bullying was reported by 32% of
patients, 11% of controls (p=0.001), and 8%
of siblings (p=0.05)
•! Teachers´opinion: 29%/ students´ opinion 48%

•! Reasons for bullying: connected to the
illness or patient´s appearance in 77% of
reported cases.
•! Diagnosis, age at dg, or gender had no
statistical effect on this parameter,
though those fallen ill at school age tended to be
bullied less than the others ( 26% vs 35%)

Comments
•! Special education is rarely needed,
but more resources for extra
tutoring at school (and at home) are
requested .
•! The possibility of using hospital
school should be more actively
introduced and suggested to the
families - even though the in-patient
periods were short

•! Teachers should be encouraged to
”join the hospital team” (correct and
up-to-date information).

•! Contacts from hospital team to
patient´s school should be organized
even though the cancer treatments
were finished before the patient
starts school (may ,e.g., diminish bullying).

•! Our findings concerning scholastic
achievement were parallel to previous
reports (mathematics, foreign languages).
•! Clumsiness caused by high amounts of
vinca-alcaloids might explain the
lower marks of physical education in
group 1 patients.
Impaired physical capacity of
children with cancer is a notable fact when
considering their need for transportation
to school.

1.! New information material to school personnel
(SYLVA in Finland)
2.! Individual educational plans (”home school” +
hospital school participate)
3.! Social worker from hospital visits ”home
school” beforehand
4.! Continuous practice of communication between
school and hospital team
SCHOOL IS A PLACE WHERE CHILDREN
WITH CANCER LOOK FORWARD BEING AS
NORMAL MEMBERS OF THEIR CLASS, NOT
ANY SPECIAL CASES.

THANK YOU!

