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Abstract

This case—control study investigates etiologically important factors for juvenile osteosarcomas and possible reasons for the relative
scarcity of their incidence in the population. Information on a variety of risk factors, psychosocial factors, and factors possibly occurring
in early childhood was obtained by interviewing 88 patients (ages 8-25 years) with osteosarcoma, Ewing’s sarcomas and other bone
tumors, and three age- and sex-matched control groups (hospital, neighbour and family controls), and their mothers. For both sexes,
children’s diseases in their history, which increased the risk were measles-(RB6, not significant) and mumps (RR 1.81, 95%

Cl = 1.05-3.13), whereas clinically apparent chickenpox was associated with a significant decrease for bone turao8s4&RR5%

Cl = 0.26-0.8). Dermal and respiratory allergies (without hay fever) were also inversely associated with bone tumors. Breast feeding for
longer than 2 months was associated with low risk for bone tumors for boys, whereas for girls, paternal age was a risk factor; remaining
stable in a multivariate model (RR= 2.36, 95% Cl= 0.90-6.21). A change in the presence of an emotionally significant person or
changes of residence were risk factors both in univariate and multivariate analyses. The strongest and most persistent risk factor was
difficulties in school, indicative of emotional disturbances (RR.58, 95% Cl= 1.39-4.78). Considering such host factors as possibly
important modifiers of risk in addition to exogenous carcinogenic agents, these factors were consistent and statistically significant for both
sexes and despite the small numbers recruited for this study, thus predicting susceptibility. The factors may become relevant for preventive
psychotherapy applied to susceptible persons for improvement of prognosis after surgical therapy in preventing recurrences.

© 2004 International Society for Preventive Oncology. Published by Elsevier Ltd. All rights reserved.
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1. Introduction The study was designed to test the hypothesis of whether
patients are different from control subjects in factors in-
Research into the causes of bone tumors in children andfluencing self-regulation, in particular extended inhibition
adolescents has focussed primarily on radiation and accel-or suppression of regulatory competence by long-lasting
erated skeletal growth, although it remains unclear why few difficulties in coping with negative events.
exposed individuals develop the mostly fatal diseases os- The project was part of an interdisciplinary effort of cen-
teosarcoma and Ewing’s sarcoma considering the ubiquitoustral European clinicians and epidemiologists that focused
occurrence of risk factord]. on an integrated investigation of bone tumor pathology and
The present study included questions on such factorsetiology and was inspired by Lent Johnddih The interna-
that could produce particularly strong effects on the lim- tional group’s activities included a concept for etiologic re-
bic system of children and young adults to add evidence search, which to that point had not been conducted. Because
to the unexplained cause of rare tumors in young patients.of the existence of a population-based bone tumor registra-
tion scheme established between 1973 and 1980 in Germany
* Corresponding author. Fax:49-421-218-7616. [2], the case-reference approach was one of the objectives
E-mail address: beyme@uni-bremen.de (R. Frentzel-Beyme). of the international activityf3,4]. A biological model and
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the concept of this analysis is given in more detail in a pre- interval from becoming eligible until the interview & 3),
ceding publicatiori5]. and parents’ refusal to participate £ 1).

2.2. Controls
2. Subjects and methods
Three control groups were matched for age and sex for
For demonstration of a purposeful use of registry data as aassessment of expected prevalences. Neighborhood controls
tool for epidemiologic research to investigate the distribution either were selected randomly based on the proximity to the
of risk factors responsible for the clinical manifestation of |ast residence of the case or indicated by the cases’ moth-
several types of juvenile bone tumors, registries were estab-ers. Family controls were either siblings or cousins. During
lished to study the increased incidence of rare bone neopla-the interviews, the mothers provided the name of a relative
sia in Germany and Austria and for systematic surveillance of the same sex and similar age to the patient, who would
of incidences. Northern and Eastern Austria (including Vi- agree to be interviewed as a healthy volunteer. Hospital con-
enna) had been fully covered in the registry, therefore, this trols, selected from the same wards as the study patients,
data formed the main basis of this incidence-based study. were hospitalized for orthopedic ailments and diseases such
as fractures, malformations for surgical correction, or os-
2.1. Cases teomyelitis. The control patients were chosen by the chief
physicians of the respective wards and were interviewed at
Incidences were obtained from independent sources (sur-about the same time the index patients were interviewed. In
veys of the Pathological Institutes in the Northern Region cases in which a patient's mother had died, the next of kin
and of the Vienna Bone Tumor Registry) were compared Was asked to fill in; however, controls were not eligible if
with mortality statistics for Austria from the Central Office their mothers had died.
of Statistics, Vienna, and showed a fairly representative and A complete matched set of 87 controls (50 male
unbiased case collection. case/hospital control patients and 38 and 37 female case
The study included all incident and prevalent cases from and hospital controls) was consecutively interviewed. Only
1978 onward. The peak age of cancer development in boys69 of the neighborhood controls (36 males and 33 females)
was 15 years and 13-14 years in girls (combined average,and 53 family controls (24 males and 28 females) agreed
14 years). All 88 patients in the age group between 8 andto the interviews. The distribution of the 208 controls by
25 years between the years 1978 and 1988 were includeddroup and mean age is shownTable 1
in the study. One pathologist at the diagnostic center (AK)  Because three different control groups were used to facil-
reviewed all diagnoses (M.S.-K.); she had either establisheditate the study of associations during several comparisons,
the diagnoses herself or re-evaluated each case’s histologyhe possible heterogeneity between the groups was analyzed.
for identical criteria and complete histology. This allowed Risk estimates as derived from a comparison of the case with
unequivocal classification for comparisons of the main his- the control groups were considered valid only if the differ-
tologic groups. ent groups were representative of the general population and
The three types of bone tumors were osteosarcomas ( reflect prevalences of factors in unaffected populations.
61, 35 males, 26 females), Ewing's sarcomas= 14, 4
females, 10 males), and 13 othef&alfle 3. During the 2.3. Questionnaire-based interviews
study, a decline in the occurrence of osteosarcomas led to
the study being halted in 1988. The reasons for exclusion of The questionnaire was designed based on knowledge on
cases were foreign nationality & 3), death within the time  the major risk factors for bone tumors during the preparation

Table 1
Age distribution of cases by histological type and controls (1979-1989)
Sex Cases Controls
Osteo-sarcoma Ewing-Sarcoma Other Hospital Neighbour Family
Male
N 35 10 5 50 36 24
Age? 16.5 15.4 17.4 17.1 15.9 16.8
S.EP 0.6 11 1.0 0.6 0.6 0.8
Female
N 26 4 8 37 33 28
Age? 15.8 13.3 14.4 15.5 15.6 16.0
S.EP 0.6 17 2.0 0.5 0.7 0.9
aMean.

bS.E.: standard error.
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of the pilot study. It included all factors that were relevant  Difficulties in school were most frequently reported by
for the increased risk of tumors of the bony and soft tissue hospital (23%) compared with family (15.4%) and neigh-
[6,7]. borhood controls (8.7%). In addition, the number of daugh-
The question concerning difficulties at school was in- ters as offspring of parents differed from 69% of mothers
cluded because of evidence from prospective epidemiologicwith more than one daughter (hospital controls) to 76.8% in
research that chronic emotional stress and understimulationneighborhood and 82.7% in family controls.
causing masked depression could result in a higher risk for
manifest cancer compared with well-regulated, unstressed3.1. Number of residences
groups[8].
All interviews of patients and controls were carried out More cases of both sexes (31.6%) reported a higher num-
by one trained senior female interviewer who appointed the ber of former residences than the three control groups, thus

family and neighborhood controls. frequent change of residence was a risk factor (RR.76
o _ for boys and 2.43 for girls), but only statistically significant
2.4. Satistical analysis for both sexes combined (RR 2.41; 95% confidence in-

terval (Cl) = 1.06-5.49).

The evaluation was carried out using univariate analy-
sis and multivariate conditional logistic regression models. 3.2. Paternal occupation
According to statistical practice, 95% confidence intervals
are presented without adjustment for multiple comparisons  The fathers were engaged in blue collar occupations in
indicating the observational nature of a case—control study 68.0 and 68.2%, respectively, at birth of male cases and con-
[9]. trols. At the time of the interview, however, 74.0 and 59%,

For 49 cases (55.7%) three controls were matched, miss-respectively, of the fathers of the patients and the controls
ing were for three patients the neighborhood, for 20 patients were blue collar workers; 71.0% of the fathers of the female
the family, and for 15 patients the neighborhood and the patients were blue collar workers both at birth and currently;
family controls. For categorical variables, a chi-square test for the controls the percentages were 76.5 and 73.5%, re-

for homogeneity in contingency tables was used. We primar- spectively. The distribution did not show a particular effect
ily used the simple conditional logistic regression model for in the analyses.

the relative risk (RR) approximated by the odds ratio (OR)

estimation in which the three control groups were merged. 3.3, Neonatal period and parental factors

For a few variables when large differences within control

groups were found an appropriate logistic regression model  Male patients had been nursed about half a month less

was used that accounted for those differenfi. This  than controls in general, with an even greater difference for

model requires a priori propositions about the preferred con- neighborhood controlsTable 2.

trol group for certain variables. The low RR of 0.11 (95% Cl= 0.02-0.6) for males
The representativeness of different control groups for \ho had been breastfed for more than 2 months’ indicates

subsequen_t relative risk (RR) estimation was analyzed for 4 quasi-protective effect of breast-feeding (age-adjusted,

homogeneity between control groups because of the con-gtatistically confirmedP < 0.05). No difference was dis-

sequences of any associatiofsr all variables, the results  cernible in girls.

of the appropriate tests were arranged according to the The ages of the mothers at birth of the proband did not

P values _ _ differ (average, 25 years in all compared groufshle 9.
Results based on a model that included one variable are

described as univariate analysis in the tables. In all analyses e -

the individual matching was kept. Mean and standard error (in parentheses) of duration of breastfeeding and
For multivariate analyses, relevant risk factors were in- age of parents at birth of proband

cluded in the order of improvement of fit as obtained by the

. . o ” . Cases Controls
reduction of the deviance/deviation (goodness of fit statis- _ _ _
tics). Hospital Neighbour Family
Finally, analyses were carried out separately for the dif- Duration of breastfeeding (months)
ferent morphologic types of osteosarcoma and other bone Males 1.8 (0.2) 2.3 (0.3) 2.5 (0.5) 2.1 (0.5)
Females 2.3 (0.3) 2.3 (0.5) 2.3 (0.3) 2.1 (0.4)

neoplasms as a subgroufable 9.
Age of father at birth of proband

Males 28.4 (0.9)  27.3(0.9) 28.8 (1.1) 28.0 (1.3)

3. Results Females 28.8 (0.8) 31.1 (1.7) 29.1 (1.0) 28.4 (1.2)

Age of mother at birth of proband

The multivariate analysis in a model of factors found rel- Males 251 (0.9) 241 (0.7) 25.8 (0.9) 25.9 (1.2)
. : Lo Females  25.2(0.8) 26.8 (1.0) 258 (1.1) 24.3 (1.0)
evant follows their presentation as univariate results.
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Table 3

3.4. Children’s diseases
Familial factors (%)

Cases  Controls The children’s past medical experiences were analyzed in
; ; , hr ries: previ ical childh illn ical
Hospial  Neighbour  Family t ee cf':\tego es: pre oustyp'ca child _ood esses, typ.ca
immunizations against the childhood diseases, and previous
clinical diseases, such as asthma and bronchitis, trauma, and

No. of spouses of mother

Males 1 90.0 92.0 94.4 %8 pone injuries
2+ 100 8.0 5.6 4.2 ' . . .
The prevalence of medical episodes and childhood and
Females 1 94.7 91.9 97.0 9.4 other diseases among patients and controls are shown in
2+ 53 8.1 3.0 36

Tables 4 and 5

No. of spouses of father For boys, there was a strong negative relation between

Males ! 88.0 86.0 9L.7 9.7 clinically apparent chickenpox and bone tumdralfle 4;
2+ 120 14.0 8.3 8.3 . .
and because of the strong influence of male patients, the RR
Females 1 974 784 93.9 9.4 of 0.46 was statistically confirmed for both girls and boys.
2+ 2.6 21.6 6.0 36

Measles and mumps showed increased RR, although the

Stepparents or change of emotionally important person RR of 1.81 was statistically significant only for mumps; the

Males No 88.0 94.0 91.7 95.8

RR of 3.70 for having a history of mumps was statistically
Yes 120 6.0 8.3 42 ; )
confirmed for females. Most RR estimates, however, were
Females YNO 1%955 %lig 18060 18%0 not significant, and the above mentioned extreme findings
es : : : : must be interpreted in the light of the high number of esti-
mates.

For girls, the fathers’ age was an average 30 years. How- Trauma and accident carried an increased risk of border-

ever, an estimated RR of 2.1 (univariate) became 4.55 (95%line significance with a RR of 1.97 (95% & 0.94-4.14)

Cl = 1.17-17.68) for paternal age above 30 and remained for boys (RR= 0.82 for girls), whereas bone injury and

after age-adjustment in the multivariate model, in that an es- trauma had a RR of 1.61 for boys (95% €l0.85-3.02)

timated RR for both sexes combined by paternal age aboveand a decreased risk for girls (RR0.62).

30 of 2.11 (95% CE 1.14-3.90) was foundTable 9. For diseases such as hay fever and allergic reactions with-
The number of spouses of parents was found to be higherout dermal allergy the RR was 1.49, but not statistically

among male cases in that 10% of patients’ mothers had asignificant. Dermal allergy and allergy without hay fever

second husband compared against 8.0, 5.6, and 4.2% amongere inversely associated with bone tumors (RR.76 and

the controls Table 3. Stepparents and a change of emo- 0.63).

tionally important persons, respectively, were found twice  The univariate analysis of vaccinations and repeated

as frequently in males and female cases, if all controls were immunizations is shown infable 5 Although there are

considered togetheiTéble 3. some elevated RRs (e.g., for tetanus and polio vaccination
Table 4
Univariate analysis (estimates of relative risk for diseases)
Disease Males Females Total

RR2 95% CP Rr 95% CP RR2 95% CP
Chickenpox 0.32 0.15-0.71 0.72 0.30-1.73 046 0.26-0.80
Measles 1.81 0.61-5.33 1.30 0.40-4.18 1.56 0.71-3.44
Mumps 1.18 0.59-2.34 3.70 1.37-10.01 1.81 1.05-3.13
Rubella 0.85 0.42-1.70 1.27 0.61-2.65 1.02 0.62-1.70
Skin allergy 0.69 0.26-1.88 0.84 0.31-2.31 0.76 0.37-1.55
Asthma/Bronchitis 0.43 0.16-1.16 1.06 0.34-3.24 0.61 0.29-1.28
Hay fever 1.66 0.64-4.34 1.07 0.19-6.02 1.49 0.65-3.43
Hay fever/skin allergy 0.97 0.43-2.17 0.89 0.35-2.28 0.94 0.51-1.73
Hay fever but no skin allergy 1.54 0.52-4.56 1.30 0.12-14.51 1.49 0.55-4.02
Skin allergy but no hay fever 0.45 0.12-1.64 0.83 0.27-2.53 0.63 0.27-1.44
Intestinal diseases 0.87 0.31-2.45 0.54 0.16-1.77 0.70 0.32-1.52
Hepatitis 1.62 0.31-8.41 - — 0.92 0.22-3.81
Kidney diseases 0.78 0.14-4.43 0.90 0.09-8.68 0.82 0.20-3.27
Bone diseases 0.45 0.09-2.17 0.45 0.09-2.17 0.45 0.15-1.37
Ever had an injury or accident 1.97 0.94-4.14 0.82 0.38-1.77 1.30 0.78-2.17
Ever had a bone injury 1.61 0.85-3.02 0.62 0.24-1.61 1.18 0.71-1.97

2RR relative risk.
bCl, confidence interval.
* P < 0.05.
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Table 5
Univariate analysis (estimates of relative risk for vaccinations)
vaccination Males Females Total

RR? 95% CP RR? 95% CP RR? 95%CPR

BCG 0.75 0.24-2.35 0.64 0.19-2.13 0.70 0.30-1.59
BCG repeated 0.59 0.19-1.89 0.74 0.22-2.49 0.66 0.28-1.52
Chickenpox 1.79 0.36-8.86 0.68 0.18-2.55 1.04 0.39-2.77
Chickenpox repeated 0.62 0.28-1.39 1.02 0.42-2.46 0.77 0.43-1.41
Polio 0.55 0.11-2.83 0.48 0.06-3.60 0.52 0.15-1.86
Polio repeated 1.45 0.37-5.61 3.40 0.69-16.8 2.16 0.77-6.06
Tetanus 0.55 0.11-2.83 0.41 0.08-2.04 0.47 0.15-1.49
Tetanus repeated 1.09 0.35-3.38 1.75 0.47-6.56 1.35 0.58-3.15
Diphtheria 0.45 0.11-1.79 0.41 0.10-1.64 0.43 0.16-1.15
Diphtheria repeated 0.56 0.21-1.53 1.49 0.47-4.71 0.88 0.43-1.82
Pertussis 1.78 0.71-4.47 0.56 0.21-1.54 1.07 0.56-2.04
Pertussis repeated 1.16 0.53-2.56 0.33 0.11-0.93 0.70 0.39-1.27
Reaction after vaccination 0.93 0.26-3.35 1.43 0.38-5.34 1.14 0.45-2.86

2RR relative risk.
bClI: confidence interval.
* P < 0.05.

consistently in both sexes) the results were never statistically(144.9 cm); in the 11-13 age group, the 11 patients were
confirmed, and often showed different results for both sexes.taller (159.0 cm) than the 19 controls (153.5cm), and in the
The height at the time of the interview was used for de- 14-16 age group, the 11 patients were on average 168.5cm
scriptive comparisons, no difference was found between thetall, compared with 164.4 cm in the 30 controls. In boys, the
cases and controlgdble §. biggest growth spurt occurred from age 14 onwards.
When all data were compared together, the cases were
on average 0.6 cm higher than the contrdlalfe §. The 3.5. Psychosacial variables
subgroup with osteosarcoma alone had a 0.9 cm difference.
In girls, the differences were 1.1cm for all and 2.9cm in A strong effect was found with difficulties in school ver-
the osteosarcoma group (as shownTable §. A growth sus faring well in school, because the univariate analysis
spurt was seen in the girls aged 10-14 years. Although theshowed that school problems occurred were more frequently
data do not stem from a cohort, the cases between ages Tn patients and contentment at school was found more fre-
and 10 were smaller (139.3 cm) compared with the controls quently in controls Table 7.

Table 6
Average height of cases and controls at time of interview, all cases included
Age group Male Female
Cases Controls Cases Controls
n cm n cm n cm n cm
7-10 3 137.7 6 134.0 3 139.3 9 144.9
11-13 6 148.3 23 156.8 11 159.0 19 153.5
14-16 19 173.2 27 174.1 11 168.5 30 164.4
17-18 8 177.8 20 176.1 5 162.2 20 166.7
19+ 14 179.0 34 177.6 8 166.6 20 166.2
Total 50 110 38 98
Mean height 170.3 169.7 162.5 161.4
Min 129.0 130.0 135.0 130.0
Max 188.0 193.0 180.0 181.0
S.E. 2.1 1.4 1.7 1.0
Average height of ostesarcoma patients and matched controls
Mean height 33 170.4 81 169.5 26 165.5 66 162.6
Min 129.0 130.0 149.0 141.0
Max 188.0 190.0 180.0 178.0

S.E. 2.5 1.6 15 11
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Table 7 and for girls a RR of 2.92, both statistically confirmed. For
Difficulties or contentment at school (%): the subgroup osteosarcomas, the RR for boys was 5.29 and
Cases Controls for girls 7.19. This result is consistent for both sexes and

supports the theory that psychosocial factors may show an

unconfounded effect.

Difficulties at school Paternal age over 30 years at the birth of the proband
Males ves 380 28.0 13.9 292 became statistically confirmed in the multivariate approach,

Hospital Neighbour Family

No 62.0 72.0 86.1 70.8 ) X X ) F
if four other risk factors were included. The variable “change
Females  Yes  26.4 16.2 3.0 36 of an emotionally important person” was not sufficiently
No 73.7 83.8 97.0 96.4 i . )
strong to be confirmed by itself, but slightly enhanced the
Col\rA“eI”‘mem a‘YSChOO' 6.0 6.0 017 o, ©ffectof other variables.
ales es . . . . . .
No 180 120 6.3 208 For_ the case-group osteosarcomas, most risk estimates
remained or were enhanced (e.g., school problems, breast
Females N\(()es 3‘;7 1232'8 éael..g 1008'0 feeding in boys), and for girls the paternal age at birth be-

came importantTable 9. Numbers became too small for a
_ ) meaningful analysis of the other tumor types, and could only
For cases, the emotionally important persons had changedye carried out for a few variables in girls. Although paternal
more frequently than for the controf$gble 3. age emerged strongly (RR 2.86), none of the associations
was statistically confirmed.
3.6. Selected factors and their interaction Changes in behavior were observed in connection with
puberty (as an explanation of the mother) in several cases
Multivariate analysis was used to search for interaction (32%), among them there were, however, several cases with
of individual risk factors.Table 8contrasts univariate re- a pronounced observation of openly expressed difficulties
sults for all types of tumors and both sexes with findings after the birth of a younger sibling (6%) and observable de-
in a multivariate model including those results simultane- pression (4%), whereas others expressed pronounced dis-
ously, combining all cases. Including changes of residence,agreement with “psychological reasons.”
breast feeding, and paternal age in the analysis, a negative Shocking events reported were death of a close persons
experience in school was consistently associated with an in-because of cancer (2%), disappointment of a parent after

creased risk for bone tumors in boys (RR3.07) (Table §, divorce (4%), or overly sensitive interpretation of shocking
Table 8
Relative risk estimates for selected variables (univariate and multivariate analysis) for all tumors
Variable Males Females Total
RR? 95% CLP RR2 95% CP RR? 95% CP
Univariate analysis
No. of residences >1 1.93 0.89-4.21 1.52 0.66-3.52 1.73 0.98-3.06
Difficulties at school 2.35 1.07-5.12 3.00* 1.10-8.17 258 1.39-4.78
Single child 1.19 0.44-3.18 1.23 0.42-3.66 1.21 0.58-2.51
Proband has been breastfed >2 months 0.37 0.15-0.90 1.65 0.68-4.01 0.74 0.40-1.34
Age of father at birth of proband >30 1.52 0.73-3.14 1.99 0.83-4.78 1.69 0.97-2.96
Change in emotionally important person 2.03 0.59-7.03 3.28 0.72-15.01 2.47 0.94-6.47
Multivariate model ¢
No. of residences >1 2.40 0.96-5.99 1.53 0.60-3.91 1.83 0.98-3.44
Difficulties at school 3.07 1.24-7.63 2.92 1.03-8.30 2.79 1.44-5.40
Single child 0.88 0.26-2.98 1.80 0.51-6.34 1.29 0.56-2.98
Proband has been breastfed >2 months 0.28 0.10-0.77 1.48 0.57-3.82 0.65 0.34-1.23
Age of father at birth of proband >30 1.61 0.72-3.63 2.42 0.92-6.36 *2.02 1.10-3.72
Multivariate model If
No. of residences >1 2.34 0.92-5.93 1.69 0.63-4.54 1.87 0.98-3.55
Difficulties at school 2.86 1.15-7.14 2.74 0.93-8.13 2165 1.36-5.18
Single child 1.15 0.34-3.93 2.14 0.60-7.65 1.52 0.66-3.48
Proband has been breastfed >2 months 0.31 0.11-0.85 1.83 0.67-5.01 0.71 0.38-1.36
Age of father at birth of proband >30 1.71 0.75-3.88 2.36 0.90-6.21 *2.11 1.14-3.90
Change in emotionally important person 1.59 0.32-7.77 4.23 0.68-26.22 2.38 0.78-7.31

2RR: relative risk.

b Cl: confidence interval.

¢ Additionally adjusted for age.
* P < 0.05.
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Table 9
Relative risk estimates for selected variables (univariate and multivariate analysis) for osteosarcomas
Variable Males Females Total
RR? 95% CP RR? 95% CP RR2 95% CP
Univariate analysis
No. of residences >1 2.08 0.86-5.04 2.17 0.78-6.05 *2.12 1.08A.14
Difficulties at school 3.06 1.22-7.69 6.10 1.59-23.40 3.89 1.82-8.34
Single child 0.89 0.28-2.83 3.14 0.76-13.00 1.48 0.63-3.52
Proband has been breastfed >2 months 0.23 0.06-0.82 1.36 0.48-3.87 0.59 0.27-1.25
Age of father at birth of proband >30 1.25 0.53-2.96 2.10 0.76-5.75 1.56 0.81-2.99
Change in emotionally important person 2.22 0.56-8.81 3.28 0.72-15.01 2.65 0.95-7.37
Multivariate model ¢
No. of residences >1 2.80 0.91-8.59 2.34 0.60-9.08 *2.26 1.01-5.06
Difficulties at school 5.27 1.67-16.67 7.19 1.47-35.29 4.11 1.80-9.42
Single child 0.46 0.09-2.41 9.27 1.41-60.97 1.83 0.64-5.25
Proband has been breastfed >a months *0.10 0.02-0.53 1.35 0.36-5.02 042 0.18-0.99
Age of father at birth of proband >30 1.16 0.42-3.16 4,55 1.17-17.68 1.96 0.93-4.13
Multivariate model If
No. of residences >1 2.76 0.89-8.55 2.84 0.63-12.79 *2.41 1.06-5.49
Difficulties at school 4.88 1.47-16.24 7.10 1.27-39.61 3.80 1.64-8.77
Single child 0.79 0.16-3.88 14.88 1.85-119.81 2.26 0.79-6.51
Proband has been breastfed >2 months 0.11 0.02-0.60 1.86 0.45-7.76 0.47 0.20-1.11
Age of father at birth of proband >30 1.25 0.45-3.47 4.75 1.18-19.12 2.10 0.99-4.47
Change in emotionally important person 1.03 0.14-7.37 474 0.48-47.07 2.03 0.57-7.17

2RR: relative risk.

bCl: confidence interval.

¢ Additionally adjusted for age.
* P < 0.05.

statements of important persons (2 boys made this observaprevalence and density of recognized risk factors such as
tion), of diseases of close persons (4%), quarrels at homeradiation exposure and exogenous toxic exposures but very
(2%), or of traumatic events (burns, falls, 4%). Because thererare incident disease. Studying risk factors also requires that
are no comparable data from the control groups, assessmenthe variables considered responsible for the promotion of
of these variables was difficult. progressive, overt clinical manifestations of tumors in a ju-
In conclusion, stable associations which were not ex- venile population are assumed identical even if the initiating
plained by chance have been found for all tumors with agent may vary for the specific histologic type of tumor at a
difficulties in school, age of the father > 30 years for both given site. This consideration was a major focus of the data
boys and girls (statistically significant), number of resi- analysis. If multiple events and the individual susceptibility
dence > 1 and change of an emotionally important person may have to coincide, which seems to be a likely explana-
(borderline significant) as well as being a single child (not tion, this is corroborated by some findings of this study.
significant). For boys, breast-feeding was strongly protec- These findings are preliminary because replication is
tive (statistically significant). needed to validate the most prominent associations relating
Increased risks for osteosarcoma were associated with thao psychosocial effects and related disturbed self-regulation.
same factors, whereas only for girls the status single child A comparatively strong effect of “soft” risk factors such
showed a very high risk for osteosarcoma in the multivari- as psychosocial indicators of stress and coping ability be-
ate models, again accompanied by the increased risk of theing identified, several sources of biases are to be controlled.
father being above 30 years of age at birth of the probands,If the individual risk is related to disturbing inhibition of
which implies an early loss of the father as emotionally im- central nervous processes involved in self-regulation, the in-
portant person. creasing exposure of young populations to neurotoxic and
brainstem-damaging agents becomes important as a risk fac-
tor in the future. A possible recall bias in the present study
4. Discussion may not be entirely excluded but is not seen as a major
source of misclassification, because it would have to occur
The findings in this study, may contribute to the awareness in both sexes at equal frequency to be accountable for an
for some inherent indicators that may explain the low inci- influence, whereas the pertinent associations based on hard
dence of bone tumors, taking into account the large popula-data were stable for both sexes. The number of questions
tions of children worldwide, at the same time often abundant and the often more intimate nature of the personal interview
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caused the duration of one interview to last between 60 and The number of residences and problems in school (in
90 min. There were no differences between cases and conimales) and the paternal age over 30 at birth were consis-
trols except for the additional questions asked of patients tently important for both boys and girls, and they require
about their own interpretation of the reason for the diseaseclose consideration. In addition, in the multivariate models
onset. (Tables 8 and pthe practical value of the separate analyses

Significant differences ¥ < 0.05) between the control by histologic type of bone cancer is shown, and it became
groups accounted for the observed heterogeneity. For exam-evident that effects are stronger and statistically confirmed
ple, the variable “contact with farm animals” was expected (despite smaller numbers) for the subgroup of patients with
to have a lower prevalence in hospital than in rural controls. osteosarcoma. This may indicate the justification of a spe-
Because of the large number of variables considered in thiscific rate-related approach in cancer epidemiology concern-
study, a model was used first that included only one variable ing biologic entities as well as biologic models of specific
at a time. We concluded that the hospital controls must be etiologic relevance.
considered as not entirely representative for most variables. Cancer incidence being related to toxic and carcinogenic
One explanation is a different urban/rural distribution. exposure$13,14] these factors are obviously not sufficient

The small number of cases of each sex restricted the anal-as sole causes, since cancer in the older age groups increas-
yses to relatively simple models using only major risk fac- ingly becomes related to promoting factors such as social
tors and confounders, emphasizing control of all risk esti- distress, chronic depression, and hopelessness associated
mates for age and sex by design. Each significant result waswith higher relative risks than “classic” carcinogens. It is a
checked for consistency to determine if it prevailed to the truism that carcinogenesis is a multivariate and multicausal
same degree when using data from one control group only.process, but progression of neoplasia to clinically manifest
The age limit was chosen to assure that juvenile develop-disease in particular has been linked to deficient selfregu-
ment and associated hormonal influences on growth afterlation due to depressiveness and hopelessness, occurring in
puberty would be different from adults. Around this age, the children more often than documented.
thyroid gland stops growing. In the sarcoma entity of such neoplasias, however, which

Medical history revealed the biggest contrasts in reported occur at an early age and only rarely, usual concepts would
frequencies of apparent childhood diseases (in contrast tonot apply[15]. Therefore, research is needed on further rea-
inapparent courses) in both chickenpox and mumps, in thatsons why cancer becomes clinical and fatal in childhood, be-
more control mothers or relatives reported clinically appar- cause regarding higher leukemia rates around nuclear power
ent chickenpox than cases throughout all control groups in plants, the nevertheless inconsistent results need study of
males and among neighborhood and family controls controls factors clearly unrelated to monocausal dose-response prin-
in girls. Mumps, however, was more frequent in its observ- ciples.
able form in female patients, in boys only if compared with  In 1952, Johnson reported on the growing suspicion that
hospital controls Table 4, which makes the finding less pregnancy may enhance the activity of some bone tumors
robust. Recall bias, though, presumably would be equally as might be expected from the additive effects of growth
distributed in both mothers of patients and controls, be- hormone, estrogens, and androgens on osteoblastic activ-
cause no information on the importance of this associationity [1]. When the study was designed, however, research
has been published so far and thus the answering to thisinto neuroimmunology and personality as important mod-
guestion was blind. This issue was investigated further in ifiers of outcome showed the strongest evidence of the
a separate small study in the Heidelberg pediatric hospi- influence of concomitant “social” factors was contributed
tal, in which correspondence of the antibody titers against by depressed mood and inhibited self-regulafidh This
childhood diseases with reported observation of parentswas recently supported by results from a prospective study
of the same probands was found to be almost nonexistenton the synergistic effect of persistent depressed mood
[11]. with a considerably higher risk of lung cancer in smokers

It is noteworthy that in another case—control study mumps [16].
was found in a monovariate analysis to be associated with  The concept that chronic emotional stress and understim-
an increased risk for Ewing’s sarcoma (RR3.0), whereas ulation due to masked depression could result in a higher
after vaccination for mumps the RR was 0.23 (both statis- risk for manifest cancer compared with well-regulated, un-
tically confirmed)[12]. After adjustment for other impor-  stressed grougd 7] was supported by findings on deficient
tant risk factors in a multiple logistic model, however, the DNA repair in lymphocytes after a radiation dose chal-
RR for mumps decreased (RR0.74, confidence intervals lenge in a highly distressed group when compared with a
0.2-2.5). low-distress groupl8].

Those variables that indicated stable risk estimates in the Susceptibility, then, seems to depend on the functional
univariate analysis were included in a multivariate model, differences of the organism that are summarized as host
by which the individual risk estimates not only remained factors, including self-regulation and behavioral autonomy,
equally important in general, but also some became en-topics of psychosocial research in childhood cancer, and in-
hanced. creased acquired susceptibiliy9]. Enhanced susceptibility
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to exogenous etiologic agents is best described with effectsing (OR = 7.8), managerial and administrative work (OR
of radiation exposure, for example. = 2.3), and product fabricating, assembling and repairing
The important concept of radiation as a cause of cancer(OR = 2.0).
is the one-hit effect theory together with the principle that  The common experience is that mothers and fathers with
the sensitivity of cells depends on their rate of mitotic ac- intellectual occupations often work longer, are more fre-
tivity, i.e. their proliferation activity. Hormonally induced quently absent from home, and are more absent-minded
increments of this rate increase the probability of somatic when at home, which may be shocking for single children
mutations occurring20]. who have no one to communicate. If these children are
The observation within the case-group, was that the per-forced to leave their environment, friends, or relatives be-
sonality with a rational/antiemotional type of reaction to cause the parents have to change residences to get to a new
shocking events was over-represented, and—according tgob, the loneliness and communication gap increase. There-
interview results—showed expression of strong disapproval fore, the findings of Hum et a[13] are plausible with re-
of psychologic issues by the young patients, indicating de- spect to these findings presented here. As mentioned above
nial and a tendency to rationalize (behaving in a controlled already in 1985, the influence of irreversibly stressful behav-
manner, instead of expressing sadness or complaint). Thisioral traits were found to be associated with disturbed repair
behaviour became evident in that the young patients eitherafter a radiation challenge by findings on deficient DNA re-
reacted rationally even after undergoing surgical interven- pair in lymphocytes in a highly distressed group when com-
tions such as hemipelvectomy, by denying depression, or ap-pared with a low-distress groyp8]. Also, after longlasting
peared inhibited about expressing sadness, agrees with thexposure to neurotoxic solvents, similar effects have been
tendency to conform and adapt to expected behavior, such asdentifiable[23]. Stabler and Underwod@4] reviewed the
self-control, which was found to be more prevalent in cancer pertinent literature linking disorders of mood and behavior,
candidates in prospective stud{@4]. Only by the prospec-  social inhibition and learning disability as results of af-
tive approach, though, stable traits are assessed already bdlicted cognitive and affective functions besides the somatic
fore the proband develops the incumbent diseases. Howevergrowth in children with growth hormone deficiency (“short”
if the finding had been accompanied by questions about thechildren). Young adults with impaired growth hormones are
effects of the event, that is, the degree of stress that the evenfrequently found to have diminished quality of life, poor
produced in the affected individual, the results may have social relationships, and failed vocational pursuits, whereas
been more pronounced. This has been shown in a series ofjrowth hormone therapy can lead to improvements of the
recently published studies on depressiveness and cancer riskaffective state, too. The authors hold that psychoeducational
and even in a study using molecular genetic mettp8p If aspects should be adopted rather than to focusing mechan-
intact self-regulation (low distress) versus stress without ap- ically on stature alone as a risk factor, since “although
propriate self-regulation (high distress) had been included, aall need not receive growth hormone”, a therapy could be
modulating effect could be detected by Kiecolt-Glaser et al. suitable and needed by all patients with delayed growth.
[18] who showed that challenging human lymphocytes with  Consequently height as a risk factor for juvenile osteosar-
a radiation dose (100 rad) and measurement of chromoso-coma was not identified in large case—control studies per-
mal repair resulted in delayed or damaged DNA repair only formed (Pendergrass, Pritchard and Robison, 1988, personal
in persons classified as “highly distressed” compared with a communication). In the context of proliferation, height at any
“low-distress” reference group. age reflects the sum of all previous growth, and, therefore,
In this study, the mergence as a risk factor of such “hard” data on stature alone are insufficient to assess the importance
data as frequent changes of residence—an objective infor-of skeletal growth and especially the influence of its increase
mation unaffected by information bias—implies that loss of or change on the pathogenesis of childhood bone cancer.
friends and close persons may become a sufficient reasoriThe adequate study of a putative association by prospective
for depressiveness in children. follow-up is precluded by the low incidences of bone can-
Regarding the importance of duration of breast feeding cer, whereas the alternative approach by case—control study
for male infants, a Danish cohort study of juvenile diabetes lacks valid data on height at earlier ages to appreciate growth
demonstrated that breast feeding exerts a protective effectspurts with desirable accuracy.
without explaining the complex psychology of this variable = Compared with these drawbacks, personality was found
[22]. In this context, results of another case—control study to be a stable variable, and personality-related coping with
showed considerable risk increments with specific parental adverse life events was described as having a stronger in-
occupations, which the authors found not entirely plausible fluence on the regulation of the psychoneuroendocrinology
from the point of view exogenous exposures, neither sub- (regulation of the autonomous nervous system, the limbic
stantial nor measurabl@3]. The only paternal occupation system and hormonal homeostasis) than hitherto recognized
“social sciences” was associated with an odds ratio (OR) [25]. Regulation of growth hormone by biogenic amines for
of 2.5 for osteosarcoma and an OR of 6.2 for Ewing’s sar- release (dopamine) and inhibition (catecholamine-depletion)
coma, and one maternal occupation with an OR of 3.1 wasand chlorpromazine together with metabolic, endocrino-
teaching, whereas high risks were associated with farm-logic, and behavioral aspects of beginning sexuality are of
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particular importance during and after puberty, when vital living on or near a farm were also associated with increased
functions may become inhibited for reasons originating in risk but less important. Poison or a medication overdose was
the social environment, which in rare cases leads to reg-a risk factor (RR= 3.4), which remained also after adjust-
ulatory consequences such as masked or overt depressioment (RR= 4.4).

(considered to be directly related to dopamine suppression). These findings in a case—control study with a relatively
Such cases are rare and occur in the fraction of the popu-small number of cases indicates an important influence of
lation that is unable to cope with adverse life events. Most substances acting as toxicants on the central nervous system.
studies reporting small or no effects related to shocking life Daigle et al.[14,30] confirmed these findings with another
events have suffered from an in-built defect because whereasstudy including 204 cases of Ewing’s sarcoma interviewed
life events are presumably occurring randomly to everyone, all over the United States, aged 11 years on average (range,
the reactions in response to the particular events (coping)8—21). The occupation of fathers in agriculture or farming
differ by different personalities, leading to disappointment, showed a RR of 9.0 (statistically confirmed), but also smok-
help- and hopelessness in one fraction of the population, ing of both parents during pregnancy (RR2.17) and post-

the so-called cancer candidates, with depression more oftematal irradiation (RR= 2.05).

than in the fraction presenting with a fighting spirit, with The degree of increase associated with maternal smoking

anger and aggression as typical reactif®3,24] In this during pregnancy was especially of concern and published
study, however, typing of personality was not included since in detail,[14] and interestingly the risks were lower and not
validated instruments for children were not available. significant in analyses using the region-matched controls.

Somatomedin and significantly elevated growth hormone Patients more frequently had mothers who used tranquilizers
were measured by Goodman et[@6] and called a “para-  during their pregnancy (RR 7.0, statistically confirmed).
neoplastic syndrome”, i.e. the increased levels were thought The phenomenon that the incidence of bone tumors is
to be related and due to secondary effects of the tumor. much higher among whites than blacks in the United States
Measurements of height in a case—control study carried out[14] has not been clarified, and for that reason the behavioral
ten years earlier by Fraumef#7] only 1 month after di- and emotional family interactions must be included in future
agnosis of bone tumors cannot exclude the possibility of research, taking into account the social structures of single
a paraneoplastic syndrome, although these assessed meahild families and shocking events such as emotionally im-
surements comparatively close in time to disease manifes-portant losses, but also the inhibiting effects by endocrine
tation are an unlikely cause. Evain-Brion et[28] showed disruption of neurotoxic compounds.
in 10 tall prepubertal children that growth hormone and  Studies investigating the efficacy of behavioral strategies
somatomedin were elevated, suggesting a disorder of theor combinations of strategies to reduce side effects of med-
hypothalamo-pituitary regulation, but unfortunately the chil- ical procedures such as invasive chemotherapy in children
dren were not followed. with cancer seem to have yielded promising results. Carpen-

A marked pubertal rise of the levels of somatomedin was ter [19] stressed the expansion of this concept to etiologic
shown with peaks 2 years earlier in girls than in boys, di- research and primary prevention in a systemic scientific ap-
rectly related to the earlier spurt of height in gif9]. If proach.
increased hormone levels which are responsible for normal Prevention has to include avoidance of neurotoxic ex-
growth occur in children who later develop bone cancer, posures of all types as long as indices of susceptibility in
especially in taller-for-age individuals with an accelerated children are not available, since a promoting effect of such
growth rate, as suggested by Poledn#&k,the reasons for  exposures cannot be excluded in those having been ex-

such increases may be worth investigating. posed to carcinogenic initiation during pregnancy and early
These may include stimuli that induce brainstem activ- childhood, and suitable psychotherapy has not been validly
ity, as well as inhibit its normal function. Holly et gl12] introduced to prevent critical inhibition of self-regulation

studied reasons for hormonal unbalance before such clini-or progression of disease even after diagnosis.

cal developments by interviewing 43 patients with Ewing’s

sarcoma and 193 control persons to identify paternal occu-
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