
Encouraging patients to reduce or stop smoking
is an important aspect of care. Smoking habits were
recorded in 76% of patients, which compares well with
the 44% found in an audit in 12 Oxfordshire practices
in 1986.24 Weight was recorded in 61% of cases
compared with 31% in the Oxfordshire audit.24
Although heavy alcohol consumption may be as
important a risk factor for stroke as smoking, only 40%
of cases had a history of alcohol use recorded and only
44% ofheavy drinkers had recorded evidence of advice
on reducing consumption.
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Abstract
Objective-To assess the relative risk of develop-

ing a second malignant neoplasm in people with a
diagnosis ofcancer in childhood and adolescence.
Design-Register based follow up study.
Setting-Populations ofNordic countries.
Subjects-30 880 people under the age of 20 with a

first malignant neoplasm diagnosed during the
period 1943-87.
Main outcome measures-Relative and attributable

risks of second malignant neoplasms by type of first
cancer, age at first diagnosis, calendar period, sex,
and country. Expected figures were based on the
appropriate national incidence rates for cancer.
Results-247 cases ofsecond malignant neoplasms

were observed in 238 patients, yielding a relative risk
for cancer of 3-6 (95% confidence interval 3-1 to 4.1).
The risk changed significantly from 2*6 in people first
diagnosed during the 1940s and 1950s to 6-9 among
cohort members included in the late 1970s and
1980s. Increases were observed for most types of
cancer. Highest levels of the relative risk were seen
during the 10 years immediately after first malignant
diagnosis. The incidence of second malignant neo-
plasms attributable to the first cancer and associated
treatments, however, showed a consistent rise
throughout the 45 years offollow up.
Conclusion-The estimated risks for a second

malignant neoplasm were significantly lower than
those found in most large hospital based studies but
compatible with the results from a similar population
based study in the United Kingdom. Extent of risk

and cancer pattern were similar among the Nordic
countries and are believed to be representative for a
large part ofthe European population.

Introduction
Cancer occurs in children and adolescents aged

under 20 in the five Nordic countries (Denmark,
Finland, Iceland, Norway, and Sweden) at an annual
rate of 136 cases per 1 million. The rates have, in
general, been unchanged since the inception of the
nationwide cancer registries in all of the countries
during the 1940s and 1950s. Survival rates from
childhood cancer have improved substantially over the
past two to three decades, which implies that a growing
number of adults have been exposed to high doses
of cytostatic drugs or radiation, or both, during
childhood.
The risk for a second malignant neoplasm after

cancer in childhood or adolescence seems to be high
relative to that in the general population"O and also in
comparison to the relative risk for second tumours
observed after a first tumour diagnosed late in life."
Owing to the rarity of cancer in young people,
however, the risk estimates for a second malignant
neoplasm among such individuals generally have wide
confidence intervals.

In this collaborative study from the Nordic countries,
the incidence of second malignant neoplasm was
assessed in large, population based cohorts of survivors
of a first malignant neoplasm at the age of 0-19 years
and compared with the appropriate rates of cancer in
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the general population. The relation between the
occurrence of a second tumour and the treatments
associated with first malignant neoplasms is not
addressed.

Patients and methods
The cohort comprised indiviuals who had been

diagnosed before the age of 20 as having a malignant
neoplasm. These cases were reported to the cancer
registries of Deumark, Finland, Iceland, Norway, and
Sweden over a period of 30-45 years (see table I).
Each of the Nordic cancer registries is nationwide

and population based; together, they covered a
population of 22-5 million in the 1980s. The sources of
information on cancer patients were the same through-
out the study period.'2 Each registry receives reports of
malignant and related diseases from clinicians when a
cancer is diagnosed and when changes in the initial
diagnosis occur. In addition, notifications are received
from departments of pathology and forensic medicine
on diagnoses of cancer from necropsies in cancer
patients. Except in Sweden, cancer diagnoses based on
examination of death certificates alone are included in
the files of the registries. Benign tumours of the brain
and intracranial meninges and papillomas of the
urinary tract are covered by the registries. Basal cell
carcinomas of the skin are included only in the Danish
data. Tumours have been classified at all registries
according to the International Classification of Diseases,
Seventh Revision (ICD-7), although various modifi-
cations and additions to this classification have been
used in different periods.

All primary cancers reported are registered regard-
less of the number of cancers per individual. The
registries define multiple independent primary cancers
as tumours arising in different organs or as separate
tumours with different morphological characteristics
arising in the same organ. At the Danish Cancer
Registry before 1978, however, a distinction was made
only between carcinoma and sarcoma of the same
organ." At the Norwegian registry, no distinction was
made between morphological subtypes in the same
organ in the period 1953-69.'4

MORPHOLOGICAL GROUPING OF FIRST MALIGNANT
NEOPLASM

Patients were selected from the register files and
categorised according to the type of first malignant
neoplasm that occurred in childhood or adolescence,
with a classification scheme for childhood cancers
prepared by the Intemational Agency for Research on
Cancer (IARC)." The diagnostic groups in this scheme
are defined mainly in terms of morphology and are
based on the International Classification of Diseases for
Oncology (ICD-0)'6 (see table II).
Both ICD-O and ICD-7 have been used in Deumark

and Iceland for coding tumours diagnosed since 1977.
So that diagnoses agree with ICD-O we reviewed the
original diagnostic information on the first malignant

TABLE i-Populations and overall cancer incidence in the age group 0-19 years in the Nordic countries and
descriptive characteristics ofnational subcohorts ofcancerpatients

Population Cohort Follow up (years)

Size No offirst
Country (period) (millions)* Incidencet malignant neoplasms Person years Mean Maximum

Denmark (1943-87) 1-46 131-1 8 602 51 234 5 96 45
Finland (1953-87) 1-53 129-9 6 945 39 698 5 70 35
Iceland (1955-87) 0-08 133-5 363 1 909 5-26 33
Norway (1953-87) 1-20 134-4 5 646 30 609 5-42 35
Sweden (1958-87) 2-21 140-7 9 324 62 243 6-68 30

Nordic cohort 6-48 134-7 30 880 185 603 6-01 45

*Mean population (during the follow up period) in age group 0-19 years.
tAverage annual incidence per million children for cancer at all sites combined.

neoplasm included in the present study and diagnosed
during the periods 1943-77 (Denmark) and 1955-77
(Iceland). In Norway, the Manual of Tumour Nomen-
clature and Coding,'7 with modifications according to
the Systematized Nomenclature of Medicine," has been
used routinely for coding neoplasms by morphology
since 1970. This classification, which is closely related
to the ICD-O's morphology coding system, was applied
retrospectively to cancers diagnosed in patients under
the age of 20 and reported during 1953-69. Thus, the
first malignant neoplasms were sorted into the
diagnostic groups defined by IARC without difficulty
in the Danish, Icelandic, and Norwegian registers.

In Sweden, tumour morphology and tumour
behaviour are coded by use of the World Health
Organisation C24 code,'9 and in Finland tumour mor-
phology is registered according to a two digit code
based on the 1951 version of the Manual of Tumour
Nomenclature and Coding. For the present study, the
Swedish and Finnish cancer registries transcribed the
code for tumour site and morphology into the IARC
classification scheme for childhood cancer. Problems
were encountered only in classifying the subgroups of
non-Hodgkin's lymphoma, which were consequently
left as a single entity.

SECOND MALIGNANT NEOPLASMS AND ANALYSIS

Record linkages with the files of the national popu-
lation registers were carried out at the cancer registries
to trace patients through 1987, using the personal
identification numbers given to everyone residing in
any of the Nordic countries. The period of follow up
for second tumours was started from the date of
diagnosis of the first malignant neoplasm, and person
years at risk were accrued up to the date of death, the
date of emigration, or the closing date of 31 December
1987, whichever came first.
Cases of second malignant neoplasm were extracted

from the files of the cancer registries, irrespective of the
interval between first and subsequent tumours and the
number of second tumours. For nine patients who had
two primary neoplasms registered in the same month
and year of diagnosis, the tumours were numbered in
the order in which they had been reported to the cancer
registry. All second neoplasms were classified according
to ICD-7. National sets of incidences by sex and five
year age groups and calendar year periods for these
tumour categories, were applied to the person years
under observation for the national subcohorts to obtain
the number of cancers expected had the cohort
members experienced the same rate of second malig-
nant neoplasms as that of incident cancers observed in
the general population.
The statistical methods were chosen on the basis of

the assumption that the observed number of cancer
cases in any specific category follows a Poisson distri-
bution. Tests of significance and confidence intervals
for the standardised incidence ratio, taken as the ratio
of observed to expected cancers, were calculated, using
the Miettinen exact confidence limits when the ob-
served number of cases was small; otherwise, an
accurate asymptotic approximation was used.20
Separate analyses were performed for a number of
diagnostic subgroups of first malignant neoplasm to
evaluate the importance of tumour type as a deter-
minant in the development of a second neoplasm.
Finally, multiplicative Poisson models were fitted to
the data to describe the relative risk of developing a
second malignant neoplasm as a function of time since
diagnosis of the first malignant neoplasm, age at
diagnosis, period of diagnosis, and sex.2' Tests for
trend were performed as likelihood ratio tests in a
model in which the variable in question was
replaced by a scored version. Tests for the adequacy of
this scoring were also performed (test for linearity).
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TABLE iI-Crude annual incidence of cancer per million population aged 0-19 years, by main diagnostic group, for national subcohorts and whole
cohort

Denmark Finland Iceland Norway Sweden Nordic cohort
Diagnostic group* (n=8602) (n-6945) (n=363) (n=5646) (n=9324) (n=30 880)

ILeukaemias 39-1 37-8 38-2 37 8 35-3 37 2
IILymphomasandotherreticuloendothelialneoplasms 16-3 15-9 14 3 15-0 17-0 16 2

III Central nervous system neoplasms 28-4 27-7 29-0 22-5 33-4 28-8
IVSympatheticnervoussystemneoplasms 5 5 5-5 4-8 6-5 6-1 5-9
VRetinoblastomas 2-8 2-7 18 2-1 2-8 2-7
VI Renal tumours 6-5 6-1 7-4 6-0 6-3 6-2
VIIHepatictumours 1-0 0 9 0 7 1.9 1-2 1-2
VIII Malignant bone tumours 7-8 8-4 8-1 91 8-0 8-3
IXSofttissuesarcomas 7-3 8-2 10-3 13-1 8-1 8-9
X Germ cell, trophoblastic, and other gonadal neoplasms 6-3 4 9 7-4 7-8 7-4 6 6
XI Carcinomas and other malignant epithelial neoplasms 8-2 9-5 9-6 10-0 13-4 10-6
XII Other and unspecified malignant neoplasms 2-0 2-3 1-8 2-5 1-6 2-0

*According to classification scheme for childhood cancer.'5

TABLE IlI-Standardised incidence ratios (SIR) and observed numbers (obs) of second malignant
neoplasms among 30880 cohort members with first cancer diagnosed before age 20

Subcohortst

Denmark Finland Norway Sweden
Site ofsecondary malignant
neoplasm (ICD-7 Class No)t SIR Obs SIR Obs SIR Obs SIR Obs

All sites (140-204) 3.0* 84 4-5* 51 4.3* 43 3.4* 64
Buccal cavity and pharynx (140-148) 3-5 2 14-0* 3 3-1 1
Digestiveorgans(150-159) 4.1* 11 2-7 3 4-8* 3 2 1 3
Respiratorysystem(160-164) 1-7 3 3 0 1
Breast (170) 1-5 6 3.8* 6 5-2* 5 1.9 4
Femalegenitalorgans(171-176) 05 2 1-0 1 07 1 0-8 2
Male genital organs (177-179) 4-5* 10 8-0* 7
Urinary system (180-181) 0 9 1
Skin (190-191)§ 4-1* 17 2-4 2 5-5* 7 1-6 3
Brain and nervous system (192-193) 8.1* 20 7-3* 13 3.1* 4 6-5* 18
Thyroid (194) 3-3 1 9.1* 6 6-7* 3 7-9* 6
Endocrine glands (195) 12-3 1 5-8* 4
Bone (196) 5-3 2 13-3* 5 7-7* 2 3-6 2
Connectivetissue(197) 7.0* 2 10-4* 3 16-1* 3 17-7* 8
Lymphatic and haematopoietic tissue

(200-204) 1-4 5 3 0 7 3.9* 7 3-4* 12
Secondary and unspecified (198-199) 4-7 2 7-5 1 4-6 1

*p<0-05.
tFive cases of second neoplasm were observed in the Icelandic subcohort, to give an overall SIR of 8-0.
tIncluding nine patients with two second neoplasms.
§Basal cell carcinomas included in the Danish material.

Results
A total of 30880 first malignant neoplasms were

diagnosed among children and adolescents in the
Nordic countries during the study period (table I).
Overall, the proportion of boys was 55-3%, ranging
from 54-3% in Sweden to 59-2% in Iceland. The
average annual incidence of cancer in the age group
0-19 years in each country is given in table I for
neoplasms at all sites combined and in table II for each
of the 12 main diagnostic groups considered. Except
for a relatively low incidence of central nervous system
neoplasms registered in Norway and a slightly higher
incidence of carcinomas and other malignant epithelial
neoplasms in Sweden than in the other Nordic
countries, the cancer pattern for this age group is
remarkably similar in the five Nordic countries. Over-
all, leukaemia was the most common first malignant
neoplasm (27-6%), followed by neoplasms of the
central nervous system (21-4%) and lymphomas
(12-0%).
Over the entire follow up period, 247 cases of second

malignant neoplasm were diagnosed in 238 individuals;
69-0 new primary neoplasms would have been expected
in the cohort, yielding a standardised incidence ratio
for second tumours of 3-6 (95% confidence interval 3-1
to 4-1) for the five participating countries combined
and ranging from 3 0 (2-4 to 3 7) in Denmark to 4-5
(3 3 to 5 9) in Finland (table III). Although they are
separately in excess of the expected figures, the five risk
estimates for all second tumours combined were
not significantly dissimilar across the countries. The
country specific relative risks for the main types of
second tumour, except for Iceland, are also shown.
The risk estimates based on the entire Nordic cohort

for a number of subsites of second malignant neoplasms
are given in table IV. High risks were seen for tumour
of the central nervous system, thyroid, and bone and
connective tissue, with a lower limit of the 95%
confidence interval of at least 4 0. Moderate to high
risks were observed for tumours of the buccal cavity
and pharynx; tumours of the liver, nasal cavity, and
testis; non-melanoma skin cancers; and non-Hodgkin's
lymphomas, with a lower confidence limit between 2-0
and 4 0. Further, significantly higher risks were seen
for cancers of the small and large intestine, pancreas,
endocrine glands, and female breast and for malignant
melanoma and leukaemia. Risk estimates close to unity
were seen for cancers of the larynx and lung, corpus
uteri, prostate, kidney, and bladder (table IV). A
significant deficit was observed for invasive cervical
cancer.
The figure shows the observed and expected sex-

specific incidences of second neoplasm for various
periods of follow up. Table V gives the sample size at
the beginning of each follow up period, as well as
the differences and ratios between the incidences.
Although the difference between the observed and the
expected incidence-that is, the attributable risk-
increased steadily throughout the follow up period
from 4 to 28 cases per 10 000 cohort members per year,
the relative risk was highest during the initial 10 years,
with a subsequent decrease. Thus, for women followed
up for 30-44 years, the relative risk of 1-3 was no longer

1000 -
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Observed annual incidence of second malignant neoplasm per 100 000
cohort members by sex and period of follow up and expected rates
derived from cancer of appropriate national populations specific for
age, sex, and calendar time
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significantly different from unity (95% confidence
interval 0-6 to 2 5). The calculated rates of second
tumours in individuals followed up for more than 20-
30 years were, however, based on a sample consisting
of less than a tenth of the total cohort (table V). It is
important to recognise that the composition of this
subgroup of long term survivors in terms of diagnosis
of the first tumour was appreciably different from that

TABLE IV-Observed and expected numbers
neoplasms in Nordic cohort by site and subsite

and standardised incidence ratios of second malignant

Subsite of second malignant neoplasm Standardised incidence ratio
(ICD-7 class No) Observed Expected (95O/% confidence interval)

All sites (140-204) 247 69-0 326 (3-1 to 4-1)
Buccalcavityandpharynx (140-148) 6 1-2 4-8 (2-0to 10-1)
Lip (140) 1 022 425 (02to22-21)
Tongue(141) 2 022 1227(2-1 to42-1)
Salivarygland (142) 2 0-3 6-0 (IlO02to 19-9)
Mouth (143) 0-2
Pharynx (145) 1 0-3 2-9 (Ol11to 14 4)

Digestive organs (150-159)* 20 529 324 (2-1 to 5-2)
Oesophagus (150) 0-1
Stomach(151) 2 1.1 1-8 (0-3to60)
Small intestine (152) 2 022 1222 (2O0to40-2)
Colon/rectum (153-154) 8 323 224 (1 21to 486)
Liver(155) 4 024 10-4 (3-3to25 0)
Biliary tract (155-1) 0-2
Pancreas (157) 3 025 6-2 (1-63to 17-0)

Respiratorysystem (I160-164) 4 2-7 1-5 (0-5to3-6)
Nasal cavity (160) 2 021 1528(2-6to 52-1)
Larynx (161) 03
Lung (162) 2 221 1-0 (0-2 to3 2)

Breast(170) 21 827 2-4 (1-5to3 7)
Female genital organs (171-176)* 6 826 067 (0 3 to 1 4)

Cervixuteri (171) 1 428 0-2 (0O0to 140)
Corpus uteri and uterus unspecified (173-174) 0-8
Ovary 4 226 1.5 (0-5 to 3-7)

Male genital organs (177-179) 17 426 317 (2-2 to 6-0)
Prostate (177) 0-1
Testis (178) 17 424 319 (2-3 to 6-3)

Urinarysysteem (I80-181) 1 2-4 0-4 (00 to 2.0)
Kidney(180) 1 1-3 0-8 (0Oe1o 3-7)
Bladder (181) 1.1

Skin(190-191) 29 821 326 (2-4to 5-1)
Melanoma (190) 15 522 229 (1-6to4-8)
Otherskin (I191) 14 3-0 4-7 (2-7to 7-8)

Brain and nervous system (193)t 56 824 657 (500 to 8-7)
Thhyroid (I194) 16 2-2 7-2 (4-1to 11-7)
Endocrineglands (I195) 5 0 9 5-3 (1-9to 11-8)
Bone (196) 12 126 725 (4l1tol1218)
Connective tissue (197) 17 122 1318 (8-1 to 22-2)
Blood and lymph nodes (200-205) 33 1124 239 (20 to 4-1)
Non-Hodgkin's lymphoma (200, 202) 12 2-6 416 (2-5 to 7-8)
Hodgkin's disease (201) 6 323 1 38(077 to 3 8)
Leukaemia(204) 15 523 228 (1-6to 4-7)

Secondary andunspecified sites 4 029 424 (1-4 to 1046)

*Includes one case not otherwise specified. tEye included (one case observed v 0 5 expected).

of the total cohort-for example, less than 5% of
patients had leukaemia. The cumulative risk for a
second malignant neoplasm after 20 years of follow up
was 2-6% (SE 0-2%) compared with 0-6% expected;
after 45 years, the risk was 12-8% (1 9%) compared
with 5.9% (table V).
The relative risk for breast cancer as a second

neoplasm seemed to be highest 10-14 years after
diagnosis of the first neoplasm (table VI), and relative
risks for thyroid cancer and bone and soft tissue cancer
seemed to reach a plateau 5-10 years after first
diagnosis. The highest risk for leukaemia and malig-
nant lymphoma occurred only 1-4 years after the first
neoplasm, and no trend was discernible for brain
tumours.
The overall relative risk for a second primary

neoplasm was significantly influenced by the calendar
period of diagnosis of the first neoplasm. Thus, the
relative risk derived from the regression model for a
second tumour among the 66 cohort members with a
diagnosis of a first malignant neoplasm before 1960 (in
the era before chemotherapy) was 2-6 whereas that of
the 70 subjects included in the study in 1975 or later
was 6-9 (p<0 05) (table VII). This effect was due
mainly to trends for increasing risk of breast cancer,
thyroid cancer, sarcoma, non-Hodgkin's lymphoma,
and leukaemia, although the differences in time of
diagnosis between early and late cases may also affect
the comparisons. No trend was seen for brain tumours
(table VII).

Relative risks for second neoplasms at all sites of first
malignant neoplasm combined were higher, but not
significantly so, in patients whose first neoplasm was
diagnosed before the age of 5, than in older children
and adolescents (table VII). This result was due
particularly to significant downward trends in the risks
for thyroid cancer and bone tumours by increasing age
at diagnosis of the first tumour. Rising trends were
seen in the risks for cancers of the breast and testis,
while no significant change was discernible for brain
tumours or for leukaemia. In general, the relative risk
for a second malignant neoplasm was greater in men
than women.
Both the incidence of and cumulative risks for a

second malignant neoplasm depended on the type of
first tumour (table VIII). Particularly high rates were

TABLE v-Observed annual incidence of second malignant neoplasm per 10 000 cohort members by period offollow up and associated estimates
ofthe attibutable risk (No ofexcess cases per 10000 personyears), relative risk, and cumulative risk

Second malignant neoplasm

Sample Relative risk
size Observed annual Attributable risk* (95% confidence interval) Cumulative

Follow up at start of incidence risk
(years) follow up period No (both sexes)* Both sexes Men/women Both sexes Men/women (both sexes)

0 30 880 12 5 4 4/4 3-5 (2-0 to 6-2) 3-5/3 6 0.1
1-2 18 520 27 9 8 8/6 5-7 (3-9 to 8 3) 6 0/5-3 0-2
3-4 12 672 21 10 9 9/8 6-1 (6-1 to 9 2) 6 3/5 8 0 4
5-9 10 335 48 12 9 12/7 5 4 (4-1 to 7 2) 6 6/4 3 1.0
10-14 6 867 41 14 1 1 10/11 4-2 (3O0 to 57) 4 6/3 8 1-7
15-19 4 662 33 18 12 10/15 3-2 (2-3 to 4 5) 3-3/3-1 2-6
20-29 3 025 45 26 15 15/15 2-4 (1-8 to 3 2) 3-1/2-0 5 0
30-44 733 20 57 28 45/9 2-0 (1*3 to 3-0) 3-1/1*3 12-8

*Per 10000 cohort members per year.

TABLE vI-Relative risk ofselected types ofsecond malignant neoplasm byfollow up period

Relative risk (95% confidence interval) of second malignant neoplasm

Follow up Breast Thyroid Bone and soft tissue Leukaemia and lymphoma Brain Melanoma
(years) (n-21) (n-16) (n=29) (n-33) (n-56)* (n-15)

0 3-3 (0-2 to 16-1) 4-3 (1-4 to 10-5) 32-4 (8-2 to 88-1)
1-2 2-4 (0 1 to 12-0) 5-5 (2-7 to 10- 1) 7-8 (3-8 to 14-2) 5-1 (0 3 to 25 2)
3-4 3-1 (0-2 to 15-5) 5 9 (2-6 to 11-6) 7-4 (30 to 15-4)
5-9 4-1 (0-2 to 20 2) 7-6 (1 9 to 20 6) 14-3 (7-0 to 26 2) 3-2 (1-4 to 6 3) 8-7 (4-8 to 14-5) 1-5 (0-1 to 7 2)
10-14 8-2 (3 3 to 17-0) 8-8 (2-8 to 21-2) 14-9 (6-5 to 29 6) 4-3 (1 9 to 8-5) 5-1 (2-1 to 10-7) 2-2 (0 4 to 7-4)
15-19 3-3 (1-2 to 7-4) 4-6 (0-8 to 15-2) 9-3 (2-4 to 25 4) 0-8 (00 to 3-9) 9 0 (4 4 to 16-5) 2-0 (0 3 to 6-5)

>20 15 (07 to27) 113 (49to223) 191 (8-3to 378) 10 (0-2to 33) 49 (2-4to90) 2-9 (12to 60)

*Includes eye.
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seen among patients with an initial tumour diagnosis of
retinoblastoma or malignant lymphoma. Accordingly,
the largest relative risks for second tumours (table IX)
were seen in individuals with retinoblastoma (stan-
dardised incidence ratio, 7-4) or malignant lymphoma
(5-1) and in patients with leukaemia (5-5) or renal
tumours (5-5); however, excess risks for a second
malignant neoplasm were seen in all of the main
diagnostic groups of first malignancies (table IX), and
several subtypes of second tumour had particularly
strong associations. Cumulative risks over 20 years
were in general higher in children diagnosed after the
introduction of chemotherapeutic treatments during
the 1960s than for children diagnosed before that time
(table VII[).
For all diagnostic subgroups except Hodgkin's

disease (n= 1639) and perhaps bone tumours, men
were at higher risk of a second neoplasm than women.
The standardised incidence ratio for second tumours
among female patients who had survived Hodgkin's
disease in childhood or adolescence was 8-6 on the basis
of 22 cases, whereas that in male patients was 4-6 on the
basis of 12 cases (not shown in tables). The difference

in risk between the sexes was due largely to seven cases
of female breast cancer, in which the range of ages of
patients at first diagnosis was 12-19 years, and two
cases of ovarian cancer, with standardised incidence
ratios of 14 and 11I respectively.

Discussion
Our follow up of 30880 children and adolescents

with cancer for a maximum of 45 years showed an
overall standardised incidence ratio for a second
malignant neoplasm of 3-6, on the basis of 247 cases in
238 patients. The risk changed significantly with
calendar period of treatment for the first neoplasm.
The largest increases in standardised incidence ratio
were seen for tumour types that occur relatively
infrequently in adulthood-bone, connective tissue,
and thyroid cancers and non-Hodgkin's lymphoma;
moderate or no increases were seen for tumour types
that are more common in the general population-
cancers of the respiratory system, genital organs,
female breast, and urinary tract.
Most of the second malignant neoplasms in the

TABLE vsi-Relative risk *for second malignant neoplasm by sex and by, period and age at diagnosis offirst malignant neoplasm

Relative risk* (observed No of cases of second malignant neoplasm)
First malignant
neoplasm All sites Breast Testis Braint Thyroid Bone Soft tissue Non-Hodgkin's lymphoma Leukaemia

Period of diagnosis:
1943-59 2-6(66) 1-7(6) 9-3(7) 6-1(13) 3-4(4) 3-5(2) 8-4(4) 1-6(2) 1-2(1)
1960-74 3-5(111) 3-3(14) 0-8(2) 6-4(27) 5-3(9) 6-2(7) 11-2(8) 1-7(2) 1-8(5)
1975-87 6-9(70) 6-1(1) 3-9(8) 7-7(16) 21-7(3) 13-3(3) 26-1 (5) 16-4(8) 6-0(9)
pValue (testfor trend) <0.001 0-20 0-40 0-39 0-14 0-20 0-22 <0-01 0-03

Age at diagnosis (years):
0-4 5-6(64) 1-7(1) 5-1(13) 20-8(5) 21-5(9) 23-2(6) 5-9(4) 2-2(5)
5-12 3-2(45) 1-1(1) 1-4(1) 7-8(16) 6-2(3) 4-7(2) 6-2(2) 6-0(4) 3-7(5)
13-19 3-2(138) 2-2(20) 5-4(15) 6-9(27) 5-5(8) 2-2(1) 13-5(9) 3-4(4) 2-9(5)
pValue (testfortrend) 0-18 0-18 0-12 0-47 0-06 <0.01 0-48 0-42 0-47

Sex:
Male 4-1 (129) 3-9(17) 7-2(33) 8-7(4) 7-7(8) 14-1 (9) 5-0(9) 2-3(7)
Female 3-2(118) 2-4(21) 5-9(23) 6-9(12) 7-1(4) 13-5(8) 3-7(3) 3-6(8)

p Value (test for effect) 0-05 0-42 0-31 0-11 0-07 0-35 0-37

*Each variable was adjusted for the effect of the two others and for time since diagnosis.
tIncludes eye.

TABLE vtsi-Observed annual incidence of second malignant neoplasm per 10000 cohort members by type of first malignant neoplasm and period of follow up, and associated
cumulative risk

No of Incidence of second malignant neoplassm/1I000 years of Cumulative risk of second malignant neoplasm (%/) years of
First malignant neoplasm second follow up followup

malignant
Diagnostic group No* Year of diagnosis neoplasm 0-9 10-19 20-29 0-9 0-19 0-29

ILeukaemias Total period 18 8-0 21-2 0 0-8 2-9 2-9
(n-8612) 1943-59 0 0

1960-87 18 3-1
HlLymphomas Totalperiod 45 9-5 29-4 51-8 1.0 3-8 8-7

(n-3711) 1943-59 8 1.9
1960-87 37 4-2

IlIICentralnervous Totalperiod 50 8-1 8-7 17-0 0-8 1-7 3-3
system neoplasms 1943-59 20 1.0
(n-6580) 1960-87 30 1.9

IVSympatheticnervous Totalperiod 5 6-9 5-1 16-6 0-7 1-2 2-8
system neoplasms 1943-59 1 0
(n-1346) 1960-87 4 1-4

VRetinoblastoma Totalperiod 15 12-9 10-6 47-1 1-3 2-3 6-8
(n-612) 1943-59 4 0

1960-87 1 1 3-2
VI Renaltumours Totalperiod 10 3-4 23-7 0 0-3 2-7 2-7

(n- 1439) 1943-59 2 0
1960-87 8 3-2

VHIlMalignanthbonetumours Totalperiod 16 13-6 15-1 18-0 1-4 2-8 4-6
(n- 1898) 1943-59 2 1-4

1960-87 14 3-1
IXSoft tissuesarcomas Totalperiod 21 9-8 6-5 27-4 1.0 1-6 4.3

(n-2036) 1943-59 9 0-5
1960-87 12 2-1

XGermncell, trophoblastic, Totalperiod 20 13-4 15-5 26-7 1-3 2-9 5.4
and other gonadal 1943-59 5 1-2
neoplasms 1960-87 15 3.3
(n- 1514)

XIlCarcinomas Totalperiod 45 11-1 21-5 27-5 1.1 3-2 5-8
(n-2380) 1943-59 15 2-6

1960-87 30 3.3

*Accordig to classification scheme for childhood cancers." The main diagnostic groups of hepatic tumours (group VIII) and other and unspecified tumours (group XII) were excluded from
tabulation as only to 0 and 2 second neoplasms respectively, were observed.
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TABLE Ix-Observed and expected numbers of second malignant neoplasm, and standardised incidence
ratios by type offirst malignant neoplasm

Second malignant neoplasmt

No No Relative risk
First malignant neoplasm* Site observed expected (95% confidence interval)

I Leukaemias All sites
(n- 8612) Non-Hodgkin's lymphoma

Brain and nervous system
Other sites

II Lymphomas All sites
(n-3711) Thyroid

Breast
Leukaemia
Other sites

mI Central nervous All sites
system neoplasms Brain and nervous system
(n-6580) Connective tissue

Skin
Other sites

IV Sympathetic nervous All sites
system neoplasms Leukaemia
(n- 1346) Other sites

V Retinoblastoma All sites
(n=612) Bone

Connective tissue
Other sites

VI Renal tumours All sites
(n= 1439) Other skin

Other sites
VII Hepatic tumours All sites

(n-279)
III Bone tumours All sites

(n- 1898) Non-Hodgkin's lymphoma
Brain and nervous system
Breast

Other sites
IX Soft tissue sarcomas All sites

(n-2036) Brain and nervous system
Non-Hodgkin's lymphoma
Testis
Melanoma
Other sites

X Germ cell, All sites
trophoblastic, and Testis
other gonadal Skin
neoplasm Other sites
(n- 1514)

XI Carcinomas All sites
(n-2380) Small intestine

Pancreas
Melanoma
Testis
Leukaemia
Ovary
Breast
Other sites

XII Other and All sites
unspecified
(n-473)

18 3-3 5-5(3-2to87)
0-2
0-8
2-3

8 8
03
0-8
0-6
7-1

16-8
2-1
0 3
2-0
12-4

1-4
03
1-1

2-0
0-1
0.0
1-9

1-8
0.0
1-8

0-1

4
4
10

45
11
10
5
19

50
27
4
5
14

5
2
3

15
6
2
7

10
2
8

0

2

4

3

7

7

2

2

2

8

8

4

8

2

6

3

2

2

6

23

20-4 (6-5 to 49)
4-8 (1-5 to 1-7)
4-4 (2-3 to 7-9)
5-1 (3-7 to 6-8)
370 (19-4 to 64)
12-5 (6-3 to 22)
8-1 (3 0 to 18-0)
2-7 (1-6 to 4 2)
3 0 (2-2 to 3 9)
13-2 (8-7 to 19)
13-1 (4-2 to 32)
2-5 (0 9 to 5 4)
1 1 (0-6 to 1-8)
3-5 (1-3 to 7 9)
7-8 (1-3 to 26)
2-7 (0 7 to 7 2)
7-4 (4-2 to 12-3)

87-9 (36 to 183)
43-9 (4-9 to 97)
3-7 (1-6 to 7 3)
5-5 (2-8 to 98)

47-7 (80 to 158)
4-5 (2-1 to 8-5)

16 4-5 3-6 (2-0 to 5-8)
0-2 1 1 9 (2-0 to 39)
0 5 8-3 (2-6 to 20)
0-6 5-2 (1-3 to 14-2)
3-3 2-1 (0-9to4 2)

21 7-4 2-8 (1-7 to 4 3)
0-8 8-8 (3-9 to 17)
0-3 7-6 (1-3 to 25)
0-5 43 (07 to 141)
0-5 3-7 (0-6 to 12-2)
5-4 1-5(07to28)

20 6-0 3-3 (2-0 to 5-2)
0 4 21-9 (10-2 to 42)
0 7 5-7 (1-8 to 13-7)
4.9 1-6 (0-8 to 3-1)

45 15-8 2-9 (2-1 to 3 8)
0-0 51-1 (8-6 to 169)
0.1 7-8 (04to38)
1-3 4-6 (1-9 to 9.6)
0-6 4-6 (1-2 to 12-6)
0-6 3-1 (0 5 to 10-3)
0-8 26 (04to 85)
2-8 2-1 (0-9to4-4)
9.4 2-4(1-5to37)

2 1 1 1 9(03to63)

*Classification scheme for childhood cancers.'5 tIntemational Classification of Diseases, 7th Revision.

breast and testis occurred in patients who had been
diagnosed with their first malignancy at the age of
12-19, implying that those organs are particularly
vulnerable to carcinogenesis during the physiological
changes of puberty. The decreased risk for cancer of
the uterine cervix may reflect changed sexual behaviour
among the survivors.
This study was conducted in an area of northern

Europe with about 22'5 million inhabitants which has
been covered since the 1940s and 1950s by the national
cancer registries of Denmark, Finland, Iceland,
Norway, and Sweden. The validity of the registration
is underlined by the striking similarities in the cancer
patterns and in overall cancer incidence in this age
group in the five Nordic countries, the similarity of
incidence overall to that in other countries or areas with
high quality cancer registration,22 and the stability of
the rates over the entire registration period.23 The main
determinants of the quality of the data are the avail-
ability of personal identification numbers in all
the Nordic countries and the multiple sources of
information used by each registry. 12

MAGNITUDE OF THE INCREASE

Although the increased risk for a second malignant
neoplasm in this Nordic collaborative study was highly

significant, the magnitude of the increase was much
smaller than that found in most other large studies of
second primary cancers occurring in childhood. Thus
in an international, hospital based study reported by
the Late Effects Study Group of 14 610 children with a
neoplasm diagnosed in one of 10 centres during
1950-70, the relative risk for a second malignant
neoplasm was increased sevenfold during 0-4 years of
follow up and 10-fold during 5-15 years of follow up,
on the basis of a total of 1 13 second neoplasms.2 A later
follow up of two year survivors in these and three
additional institutions found an overall relative risk for
a second neoplasm of 15 (95% confidence interval,
13-17).3 In hospital based, multicentre studies from
Japan (1962-84) and Italy (1981-83) of 2609 and 1467
survivors of childhood cancer the overall relative risks
were increased 10-fold, but on the basis of only
nine and 11 observed cases, respectively, of second
tumours.46 In a recently published study of 9720
children in the United States and Canada who had been
selected previously for inclusion in any of the clinical
trials for acute lymphoblastic leukaemia (1972-88), a
total of 43 second malignancies were seen, which gave
a relative risk of 6-9 (4 9 to 9.3).1s In the only
population based study reported so far, of relative risk
of a second neoplasm in a cohort of 10 106 three
year survivors of childhood cancer notified under the
national cancer registration scheme of the United
Kingdom (1962-81), an overall relative risk of 5-8 (4-6
to 7 2) was seen on the basis of 76 cases.7 Although still
in excess of the overall relative risk of 3 6 seen in our
study, the risk estimate found in the British study is
compatible with the fivefold increase in risk seen in our
study in the subgroup of patients diagnosed with a first
malignant neoplasm during the equivalent period
(1960-87). The cumulative probability of a second
neoplasm within 25 years of three year follow up was
estimated as 3-7% (SE 0-6%) in the British study,
compared with the 3-5% attained in our study.
To evaluate the potential problem of underreporting

of second malignant neoplasm to the national cancer
registries, all patients in the Finnish and Danish
subcohorts who were still alive at the end of 1979 and
1976 (7211 patients, a quarter of the entire cohort)
were linked to the national hospital discharge registers
in each country. These register files provide complete
coverage of all discharge diagnoses from hospitals and
other inpatient clinics in the countries. In Finland the
second tumours that were found were already known
to the Finnish Cancer Registry, but the review of
Danish discharge diagnoses revealed the existence of
two additional but unconfirmed cases of second neo-
plasm. When those cases were included in the analysis
the standardised incidence ratio for second neoplasm
in the Danish subcohort changed from 3-0 to 3-1.
Similar validation was carried out in the British study
by writing to the general practitioners of 2000 of the
surviving patients and asking specifically about other
primary tumours. No additional neoplasms were
identified.7

CAUSES OF THE INCIDENCE

As was the case in previous studies of second
malignant neoplasm, radiation therapy is most likely
the principal aetiological factor for the second primaries
observed in the Nordic study population. However,
the increase in risk already observed in the subgroup of
patients whose first tumour was diagnosed in the early,
prechemotherapeutic era (1943-59) followed an in-
creasing trend during the intermediate period (1960-
74) to reach a highest level in children diagnosed in the
most recent period (1975-87), which is characterised
by a widespread use of intensive multiple agent
chemotherapy for treating cancer. Although the pro-
portion of children with cancer being exposed to
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ionising radiation has been relatively unchanged, over
the two later periods at least, advances in treatment
technology, including the replacement of orthovoltage
by megavoltage radiation, may have lowered the risk
for second tumours associated with this treatment
modality. These trends suggest, in agreement with the
the findings of some earlier reports,2425 that chemo-
therapeutic agents have an independent role as risk
factors for second malignancies. The true nature of
these relationships will be evaluated in a nested case-
control design.
The finding in our study of a much higher female to

male sex ratio for second tumours in patients treated
for Hodgkin's disease is in agreement with that of a
recent American study,26 although the estimated
relative risks in that study were four to five times
greater than those seen in our study. The difference in
risk between the sexes observed in the present study
was due largely to the incidence offemale breast cancer
and ovarian cancer; female breast cancer also seems to
account for the findings in the American study.

Variations in the intensity of treatment can probably
explain some of the differences in the levels of risk for
second neoplasm between the present population
based study and several of the earlier hospital based
studies, in particular that of the Late Effects Study
Group, which were based mainly on treatment centres
in the United States.2 3 2427 Also, in our study we
continued follow up for a maximum of 45 years, with
an age limit of 64. The incidence of cancers in adults
that are unrelated to radiation and chemotherapy
increases with age, resulting in a progressive reduction
in the overall measured relative risks associated with
treatment given in childhood. Bias due to potentially
better ascertainment of patients with a second neo-
plasm compared with those with only one tumour may
also have resulted in an overestimate of relative risks in
the hospital based studies, particularly in those that
included large numbers of children with a first neo-
plasm diagnosed in the 1950s or 1960s.

CONCLUSION

In our international, population based study we
observed increased risks for almost all types of second
malignant neoplasm after cancer in childhood and
adolescence, except for cancers of the lung, female
genital organs, and urinary system. All of the individual
risk estimates in this study are significantly lower than
those in most of the hospital based studies. The extent
of the risk, the relatively consistent pattern of second
tumours across country borders, and the completeness
of cancer registration in the Nordic countries convinces
us, however, that the described risk pattern for second
tumours in individuals who have experienced a cancer
in early life is valid for our part of the world and for a
large part ofEurope.
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