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Patient knowledge of late effects
of acute lymphoblastic leukaemia

Summary

Background. Over 80 % of children with
acute lymphoblastic leukaemia (ALL)
survive, but many develop late effects
after the therapy. The aim of the study
was to reveal how much Norwegian
adults treated for ALL before the age of
16 know about the risk of late effects.

Material and method. The participants
(n =139) were recruited from a cross-
sectional study (ALLBARN) of adults
treated for acute lymphoblastic leuka-
emia before the age of 16 in the period
1970-2002. Their knowledge of diagno-
sis, treatment and long-term effects
was investigated in a semi-structured
interview.

Results. A median number of 23 years
after treatment for acute lymphoblastic
leukaemia, 85 (61 %) of the participants
were unable to give examples of pos-
sible late effects of cancer therapy.
Reduced fertility was known to 35 parti-
cipants (25 %), while few were aware

of the risk of heart failure (n = 3) or
secondary malignancy (n = 5). Those
who were aware of late effects usually
had personal experience of the pro-
blem. However, the participants had a
sound knowledge of their own diagnosis
and the therapy they had submitted to.

Interpretation. Long-term survivors
of acute lymphoblastic leukaemia

in childhood and adolescence know
little about the risk of late effects. The
dissemination of information about the
potential consequences of the therapy
should be improved.

Appendix at www.tidskriftet.no/
ruudsengappendiks
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Cancer in children is rare, and accounts for
only 1 % of all cancer incidences in Norway
(1). Care for children with cancer is special
because the patient is growing and develop-
ing, and most have the prospect of a long life
after curative cancer treatment. The progno-
sis for children with cancer is normally good
(5-year survival > 80 %) (2, 3) and the num-
ber of children who survive cancer is rising
steadily (4). We now assume that one in 640
adults in the age group 20—39 is a long-term
survivor of childhood cancer (4).

There has been a significant increase in
recent years in the attention surrounding
children who survive cancer treatment, and
in 2006 Oeffinger et al. presented a major,
ground-breaking American study in which
they found that 62.3 % of 10 337 survivors of
childhood cancer had at least one chronic
sequela an average of 17.5 years after treat-
ment (5). The condition of 27.5% of the
whole study population was defined as ser-
ious or life-threatening. A recent Swedish
study has shown that impaired work capabi-
lity and a greater need for public support also
apply to Nordic survivors of childhood can-
cer (6). Long-term survivors of brain tumour
are the most severely affected. The most ser-
ious late effects of childhood cancer treat-
ment are neurological sequelae, cardiologi-
cal disease, secondary malignancy, hormo-

nal imbalance and cognitive impairment (7).
One study has shown that secondary malig-
nancy after treatment for childhood cancer
occurs in 9.7 % of cases an average of 17.8
years after the primary cancer diagnosis
(spread 5—35.2 years) (8). It is maintained
that long-term survivors of childhood cancer
have 11 times as high a mortality rate as the
general population (9). Higher mortality due
to other types of cancer and cardiovascular
disease persists more than 25 years after the
start of treatment. This underscores the need
for evidence-based follow-up after treatment
of children and adolescents with cancer (10).

Many survivors of childhood cancer do not
receive targeted long-term follow-up, and
few are aware of the risk of late effects of the
disease (11, 12). A recent Norwegian study of
long-term survivors of malignant lymphoma
in childhood and/or adolescence confirmed
that the patients lacked knowledge of the pos-
sible late effects of their treatment (13).

Our study concentrates on long-term sur-
vivors of acute lymphoblastic leukaemia
(ALL), who comprise a third of the cases of
childhood cancer (14, 15). The clinical view
has long been that this group only suffers
limited late effects, particularly since pro-
phylactic radiation of the central nervous
system (CNS) has been dropped from first-
line treatment (16). However, recent studies
show that there is also an increased inci-
dence of morbidity and mortality among
long-term survivors of ALL. Subjects who
have received radiotherapy are the biggest
risk group, but treatment of ALL without
radiation also increases the risk of treat-
ment-related late effects (17, 18). The hypo-
thesis for our study was that adults who had
been treated for ALL as children or adole-
scents knew little about the possible late
effects of the disease.

Main points

m Patients with acute lymphoblastic
leukaemia (ALL) may develop long-
term effects after treatment

m Almost half of the long-term survivors
of acute lymphoblastic leukaemia in
childhood and adolescence are not
aware of the risk of late effects

m Appropriate systems for long-term fol-
low-up after childhood and adolescent
cancer should be developed in Norway
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Material and method

Study population

From June 2009 to July 2011, adults who
had been treated as children or adolescents
for ALL were invited to take part in the
study ALLBARN at Oslo University Hospi-
tal.. The study, including subsidiary studies,
was approved by the Regional Committee
for Medical and Health Research Ethics
(REK) and by the Data Protection Officer at
Oslo University Hospital.

The Cancer Registry identified relevant
participants on the basis of the following
criteria:

» Acute lymphoblastic leukaemia diagno-

sed in the period 1970—2002
» Age < 16 years at the time of diagnosis
» Age at the time of the survey > 18 years
+ At least five years since termination of

cancer treatment
» Treated at Oslo University Hospital,

Rikshospitalet or Ullevél

A total of 210 persons were alive and satis-
fied the selection criteria. The study inclu-
ded 160 participants after informed consent
had been obtained, and 140 came for a clin-
ical examination (Fig. 1).

The self-reported case history study

In connection with a clinical examination,
all participants in the ALLBARN study
were interviewed by a doctor who kept
records about their diagnosis, treatment and
the risk of late effects after treatment of
ALL. This part of the study was titled the
Self-reported case history study (Egen-
anamnesestudien). The interview guide is
available as an appendix to this article, see
www.tidsskriftet.no/ruudsengappendiks. It
is based on similar studies carried out previ-
ously (11-13). Patient data on cancer dia-
gnosis, treatment details, identified late ef-
fects of treatment and further follow-up
were obtained from the patient records at
Oslo University Hospital, Ullevél or Riks-
hospitalet, and used as a basis for compari-
son with the participants’ responses in the
interview.

Data were processed in the statistical
dataprocessing and analysis tool PASW
Statistics 18.0, and the results are presented
descriptively.

Results

Demography

139 adults were included in this substudy.
Table 1 shows demographic data on age and
follow-up. Most participants were treated at
Oslo University Hospital, Rikshospitalet
(n=110). The remaining 29 had had treat-
ment at the Department of Paediatric Medi-
cine at Oslo University Hospital, Ulleval.

Previous treatment

All those included had had chemotherapy,
either as their only treatment (n = 120) or in
combination with radiotherapy, surgery
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Table 1 Demographic/clinical data for 139 adults treated for acute lymphoblastic leukaemia as

children. Number (%) unless otherwise specified

Median age on diagnosis (range)
Median age on examination (range)
Median observation time (range)

Gender
women
men

Education
> Tertiary
< Tertiary

Treatment
prophylactic radiation of CNS
treatment for recurrence
anthracyclines

Received summary of treatment

Continuous follow-up for long-term effects

Long-term effects detected before inclusion in the study

(testicular ablation) or stem cell transplanta-
tion. Fourteen patients had a high cumula-
tive dose of anthracyclines (> 300 mg/m2),
20 had had prophylactic radiation of the cen-
tral nervous system, three had undergone
allogenic haematopoietic stem cell trans-
plantation (bone marrow transplantation)
and 20 had experienced ALL recurrence.

Knowledge of previous treatment

All patients knew that they had had leuka-
emia and how old (+/- 1 year) they had been
at the time of diagnosis. Two participants did
not remember that they had had chemother-
apy, and some of them mistakenly believed
that they had had radiotherapy (n = 5) or
stem cell transplantation (n = 5). All those
who had received stem cell transplants were
aware of it, while three patients did not
know they had had radiotherapy.

Late effects

According to the patients’ own information
in the interview and/or patient records from
prior to inclusion in the ALLBARN study,
107 of the participants (77 %) had no recog-
nised sequelae due to the treatment. None
were diagnosed as having secondary can-
cers. The most common problems according
to the records or the patient’s own reporting
were reduced fertility (n=10), impaired
cognitive function (n = 6), reduced growth
(n = 6) and skeletal necrosis (n = 5).

The distribution of level of knowledge of
late effects is illustrated in Fig. 2. Knowledge
of the risk of late effects varied considerably
within the group. 60 participants (43 %) did
not know that treatment of ALL in children
could result in treatment-related sequelae.
Twenty five participants (18 %) knew that
treatment of childhood cancer could have
effects in the longer term, but did not know
of any examples of such effects. The remain-

Selection

5(0-15)
28 (18-46)
23 (7-40)

68 (49)
71 (51)

62 (45)
77 (55)

20 (14)
20 (14)
106 (76)
12 (9)
26 (19)
32 (23)

der were able to give one or more examples
of potential late effects. Reduced fertility
was the best known sequela, and Fig. 3 illus-
trates the number of study participants who
reported different types of late effects.

Follow-up

Twelve patients (9 %) remembered that they
had received a written summary of their own
treatment (Table 1). Twenty-six patients
(19 %) reported that they had been followed
up on account of a health problem after the
termination of scheduled follow-up (10 years
post end of treatment) by the department
responsible for their treatment, while 113
(81 %) found that they were neither in nor
had been in a structured follow-up system
after the completion of standard outpatient
follow-up at the regional hospitals (median
12 years of standard follow-up).

Discussion

In this cross-sectional study of adults who
had received treatment for ALL during their
childhood or adolescence, we found that
knowledge of the risk of late effects after
cancer treatment was limited. Whereas over
half of the participants (61 %) were unable
to cite examples of late effects of the treat-
ment, they were well updated on their dia-
gnosis and treatment.

Strengths and weaknesses

Oslo University Hospital, Rikshospitalet
and Ulleval, has been and is responsible for
the treatment of 50 % of all Norwegian chil-
dren with cancer. We therefore assume that
about half of all Norwegian survivors of
ALL in their childhood or adolescent years
who were treated in the period 1970-2002
were invited to take part in the ALLBARN
study. The self-reported case history study
included 66 % of these, i.e. about one third
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Figure 2 Knowledge of late effects on adults treated for acute lymphoblastic leukaemia as children (n = 139).
The figure shows the number of late effects that the individual participant was able to name. The column marked
0 shows the number of participants who did not know that late effects could arise, while the column marked 0*
shows the number of participants who knew about late effects, but could not give any examples
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Figure 3 Types of late effects the participants could describe [each participant could name several types)

of all relevant subjects in Norway. Although
this is a limited selection, we believe that the
results can provide an indication of the gen-
eral level of knowledge of late effects, but of
course the group that did not take part in the
study could have affected the outcome.
However, no detailed non-response analyses
were carried out on the patient material.
Another limitation is the quality of the
medical records obtained from the period
prior to inclusion in the ALLBARN study.
These records were often deficient and diffi-
cult to find. A prospective system for report-
ing late effects, for example a public register
of late effects, would have picked up more
valid background information, but no such
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register is established in Norway. This may
be one of the reasons why there were fewer
patients with recognised late effects in the
group we studied than have been reported by
others (5). The fact that the participants were
not systematically examined for late effects
at the time of the self-reported case history
study, and that ALL does not result in late
effects that are as visible as in many other
childhood cancers, are other possible rea-
sons for the low prevalence of late effects in
the material.

Knowledge about late effects
It has long been known that prophylactic
radiation of the central nervous system in

cases of ALL can result in long-term cogni-
tive and endocrinological effects (17, 19),
and in most international treatment proto-
cols the use of prophylactic radiation for
ALL is avoided (20). Other long-term ef-
fects following treatment of ALL with
chemotherapy alone are regarded as modest,
however, and the general view of many
paediatric oncologists has been that the
sequelae are negligible. The health service
has not been sufficiently aware that the treat-
ment of ALL in children without the use of
radiotherapy may also be associated with
late cardiological effects (21), secondary
malignancy (17, 22), increased risk of novel
neoplasms (8, 23, 24), cognitive functional
impairment (25), reduced fertility (26), fati-
gue (27) and obesity (28). The result is life-
long higher mortality for the patient group
compared with the general population (29).

This is relatively recently acquired know-
ledge, and there are still many late effects
that have not been sufficiently explored.
Many maintain that patients with ALL are
less affected by their earlier cancer therapy
than patients with many other types of
malignancies (e.g. brain tumour), and this
claim may be correct. However, it does not
alter the fact that children and adolescents
who have been treated for ALL are also sub-
ject to late effects.

Comparison with a similar Norwegian study
Our findings are consistent with the results of
Hess et al., who carried out a similar Nor-
wegian study among adults treated for lym-
phoma during childhood and adolescence
(13). The authors found a significant diffe-
rence in the knowledge of late effects, depen-
ding on the decade in which the patient had
been treated, with growing knowledge
among the youngest subjects who had been
treated in the last decade. This difference was
not as distinct in our study (data not shown).

Fertility, cardiovascular disease and cancer
Reduced fertility was the most common late
effect the study participants knew of. This is
surprising, because no studies have demon-
strated a clear connection between treatment
of ALL based on chemotherapy alone and
seriously reduced fertility (26, 30). How-
ever, more intensive treatment with stem
cell transplants, surgical removal of the
testis (testicular ablation) or radiotherapy of
the testis/prophylactic radiation of the cen-
tral nervous system increase the risk of in-
fertility. But this supplementary treatment
would only have been relevant for a minor-
ity of the patients with ALL (n=21). Very
few knew of the increased risk of developing
subsequent neoplasms (n=135) and cardio-
vascular disease (n = 3), and we think these
are alarming findings. Knowledge of these
serious late effects is important in order for
long-term survivors to follow appropriate
advice for maintaining a healthy lifestyle
and medical awareness.
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Portioning out information of this kind so
that it benefits the patients is a challenging
medical balancing act. Information about
possible late effects has to be balanced so
that it does not turn patients into invalids,
but represents useful information that incre-
ases the ability of long-term survivors to
nurture their own health. There should be
greater focus in research on developing
satisfactory methods of communication,
because late effects of cancer therapy will be
a growing problem as the numbers of long-
term survivors of cancer increase.

Follow-up
It is important to determine which system is
most suitable for following up Norwegian
children with cancer. There are various mo-
dels, based on centralised follow-up at spe-
cial clinics, decentralised follow-up by the
primary doctor, or a combined solution of
primary doctor and specialised clinics (31,
32). Many maintain that there should be a
multi-level system that covers late effects of
different degrees of severity, with the gen-
eral practitioner as coordinator. Earmarked
funding is required under any circumstances
to build up a smoothly functioning system.
The implementation of national follow-up
plans and recommendations is a prerequisite
for success in this important work (33, 34).
We must look at what other countries
have established — and learn from it. A num-
ber of countries have developed national fol-
low-up plans based on an evaluation by a pa-
nel of experts of available literature on risk
factors. There is ongoing international har-
monisation of guidelines which Norwegian
survivors of childhood cancer can benefit
from.

Conclusion

Many adults treated for ALL in childhood
and adolescence know little of the risk of
late effects. There are various models for
long-term follow-up, and we believe that
steps should be taken to develop appropriate
strategies in Norway.
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