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Abstract
Objective-To analyse the risk of second primary

cancers during long term foliow up of patients with
Hodgkin's disease.
Design-Cohort study.
Setting-The British National Lymphoma Inves-

tigation (a collaborative group of over 60 parti-
cipating centres in Britain treating lymphomas).
Patients-2846 patients first treated for Hodgkin's

disease during 1970-87, for whom follow up was
complete in 99-8%.
Main outcome measures-Second primary

cancers; uniform pathology reviews confirmed
the diagnosis of Hodgkin's disease and of second
primary non-Hodgkin's lymphomas.
Results-113 second primary cancers occurred.

Relative risk of cancer other than Hodgkin's disease
was 2*7 (95% confidence interval 2-3 to 3.3) com-
pared with the general population, with significant
risks ofleukaemia (16-0 (9-1 to 26.0)); non-Hodgkin's
lymphoma (16-8 (9-8 to 26.9)); and cancers of the
colon (3-2 (1-4 to 6.2)), lung (3.8 (2-6 to 5.4)), bone
(15-1 (1*8 to 54.7)), and thyroid (9.4 (1.1 to 33.9)).
Absolute excess risk associated with treatment was
greater for solid tumours than for leukaemia and
lymphomas. Relative risk of leukaemia increased
soon after treatment, reaching a peak after five to
nine years. It was increased substantially after
chemotherapy (27-9 (12-7 to 52.9)), combined treat-
ment with radiotherapy and chemotherapy (21-5 (7 9
to 46-8)), and relative to number of courses of
chemotherapy but was not significantly increased
after radiotherapy (2-5 (0 1 to 14.1)). Relative risk of
non-Hodgkin's lymphoma increased in the first five
years after treatment and remained high but showed
no clear relation with type or extent of treatment.
Relative risk of solid tumours was less raised initially
but increased throughout follow up and for lung
cancer 10 years or more after entry was 8-3 (4.0 to
15.3). The risk of solid tumours increased after
treatments including radiotherapy and after chemo-
therapy alone. The risk after chemotherapy
increased significantly with time since first treatment.
Conclusions-The risk of solid cancer, not of

leukaemia, is the major long term hazard of treat-
ment for Hodgkin's disease, and this seemed to apply
after chemotherapy as well as after radiotherapy.
These risks of second cancers are important in
choice of treatment and in follow up of patients, but
they are small compared with the great improve-
ments in survival which have been brought about by
modern therapeutic methods for Hodgkin's disease.

Introduction
The survival of patients with Hodgkin's disease has

improved dramatically over the past 25 years, and the

risk of late recurrence has become relatively low. I As a
result the long term complications of treatment have
become increasingly important. The risk of second
cancers after radiation therapy is well known from
studies of cancer patients treated by radiotherapy and
from investigations of other groups exposed to radia-
tion2': in essence, the risk of leukaemia is increased,
reaching a peak in the early years after exposure, and
that of various solid tumours increases later. The risk
of cancer after chemotherapy is less clear, however,
because the use of chemotherapy is more recent and
many different therapeutic agents have been used. The
relative risk of leukaemia is greatly increased in the
early years after treatment with alkylating agents,4 but
data on the risk of other tumours are limited. Recent
summaries concluded that no excess of solid tumours
has yet been shown,' but clarification of the risk is
needed to guide choice of treatment. Solid tumours
account for most malignancies attributable to long
term treatment with radiotherapy, and it is important
to determine whether the same is true for chemo-
therapy.

This study used data collected by the British
National Lymphoma Investigation on patients with
Hodgkin's disease in the United Kingdom to investi-
gate the risk of second primary cancers, with uniformly
reviewed pathological diagnoses of Hodgkin's disease
and of secdnd primary lymphomas, and with a parti-
cular effort to obtain complete follow up.

Patients and methods
The British National Lymphoma Investigation is a

collaborative group which has since 1970 collected
detailed diagnostic, therapeutic, and follow up data on
patients with lymphoma treated at over 60 partici-
pating centres in the United Kingdom. Most patients
were entered into randomised clinical trials and the
remainder were in other clinical studies, so the group
has collected detailed treatment and regular follow up
information for all patients.

This study was of patients aged 10 years and over
who were first treated for Hodgkin's disease between
February 1970, when the British National Lymphoma
Investigation was initiated, and the end of December
1987. The diagnosis of Hodgkin's disease had in all
cases been confirmed by the investigation's pathology
panel.

Data were extracted from the investigation's files on
all treatments, both at presentation and subsequently
after relapses, including treatments received outside
the investigation by patients who transferred to other
centres. Treatments had not been received by the
patients before entry as the investigation's protocols
accept only previously untreated patients. For chemo-
therapy data were extracted on the drug combinations
used in each course of treatment and the date each
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course was started. (A course described a fixed treat-
ment regimen, usually used for about six months, after
which the treatment was stopped.) For radiotherapy
data were recorded on the overall dose (in Gy) for each
course, the parts of the body irradiated, and the date of
starting the course. Treatments (and person years at
risk) after a second primary tumour had occurred were
excluded from the analyses.
To ensure as complete follow up as possible several

different methods were used. Firstly, consultants
within the investigation conducted clinical follow up of
their patients according to its protocols-that is, six
monthly for the first five years and then annually,
unless more frequent visits were needed for clinical
reasons. Data on treatments, second cancers, and
deaths were collected from forms sent at the above
intervals to the consultants within the investigation; to
other consultants, when applicable; and to general
practitioners for patients discharged from hospital
follow up and, if this failed, to the patients.
Some further cases were added to the files by the

British National Lymphoma Investigation's pathology
panel, who requests biopsy material from patients with
apparent relapses of Hodgkin's disease and occasion-
ally finds on review that these biopsies show second
primary cancers.

In addition to these routine methods, each con-
sultant was asked by letter to check that all second
cancers known to him or her had been reported, and
nine regional cancer registries in England and Wales
checked their records for second cancers and deaths in
the study patients. Some of the registries operate
follow up systems, and these notified us also of the date
of the last registry follow up. Finally, details for
patients in whom follow up data were still incomplete
were traced at the National Health Service central
register, which includes virtually all residents of
England and Wales and contains data on deaths,
emigrations, and other losses to follow up (for example,
entry to British military service overseas) and, since
1971, data on cancer registrations.
The pathological diagnoses of all second primary

non-Hodgkin's lymphomas were reviewed by the
pathology panel. The diagnosis by the referral centre's
pathologist was accepted for secondary leukaemias and
solid tumours, except in seven patients in whom a
diagnosis was available only from a death certificate or
clinical opinion. Site of cancer was coded to the ICD
(eighth revision6) for 1970-8 data and to ICD (ninth
revision7) for 1979 onwards. Tumours not classified as
malignant in the ICD (for example, cancer in situ of the
cervix) were excluded.

ANALYSIS OF DATA

For analysis of treatment, the patients were sepa-
rated into four groups according to treatments ever
received for Hodgkin's. disease: alkylating chemo-
therapy but never radiotherapy; ever alkylating
chemotherapy and also at some time radiotherapy;
extensive radiotherapy (that is, mantle or inverted Y or
total nodal irradiation) but never alkylating chemo-
therapy; and local radiotherapy but no alkylating
chemotherapy. Fifteen (0 5%) patients whose type of
chemotherapy was not fully recorded (14) or who had
had only surgery (1) were omitted from this analysis.

TABLE I -Characteristics ofpatients by treatment category

No of Mean age Male:female Person Mean follow
Treatment patients (years) ratio years at risk up (years)

Local radiotherapy 376 35-8 1-7:1 2309-8 6-1
Extended radiotherapy 559 34-1 1 5:1 4420-8 7-9
Alkylatingchemotherapy 987 38-8 1-8:1 4613-9 4-7
Alkylating chemotherapy plus radiotherapy 909 33-7 1-7:1 5911-1 6 5
Total* 2846 35 8 1-7:1 17328-6 6-1

*Including 15 patients whose exact chemotherapy was not recorded or who had surgery alone.

Many different chemotherapeutic agents had been
used at some time; for two agents, mustine and
chlorambucil, data on their use as the sole alkylating
agent were sufficient to allow separate analyses.
The risk of second cancers in the cohort was

analysed to 31 December 1987. Person years at risk by
age, sex, and calendar year were calculated to that date
or to death, loss to follow up, or incidence of a second
primary cancer, if earlier. For analyses of risk in
relation to time since first treatment, number of
courses of treatment, number of alkylating agents, and
combined treatment, person years at risk and second
cancers in a patient at different stages of follow up were
allocated to the stage of follow up at that time.
Observed cancers in the patients were compared with
expected cancers based on age specific, sex specific,
and year specific rates for England and Wales.8 National
cancer registration rates were not available in computer
readable form for 1970 or 1985-7, and therefore 1971
national data were used as the comparison for cancer
incidence in the cohort in 1970-1, and 1984 data as the
comparison for 1984-7. Significance of the observed to
expected ratios (relative risks) was based on the
Poisson distribution, with two sided p values. Tests for
trend were based on a likelihood ratio test statistic.9
Relative risks were adjusted for potential confounding
variables by Poisson regression techniques9 10; the
patients treated with local radiotherapy were taken as
the baseline group for these analyses. Unadjusted
analyses are presented in the tables and adjusted
analyses are described in the text because the un-
adjusted analyses give uniformity of presentation and
risks which relate directly to general population risks
and also because some of the adjusted risk estimates
would not converge (see below).

Absolute excess risks of second cancers by site
were calculated by subtracting the expected from the
observed numbers of cases and dividing by person
years at risk. The cumulative (actuarial) probability of
a second cancer occurring in a patient was calculated by
the method of Kaplan and Meier."

Results
During 1970-87, 2853 new patients aged 10 years or

older with Hodgkin's disease entered the British
National Lymphoma Investigation, comprising about
a tenth of all patients with the disease incident in the
United Kingdom during that time. Seven patients
were excluded from our study because they died on the
first day of treatment and therefore contributed no
person days at risk. Table I shows the characteristics of
the remaining 2846 patients by treatment group. Most
(63%) were male and most (73%) were aged under 45
years at their first treatment for Hodgkin's disease.
The mean duration of follow up was greatest for
patients receiving extended radiotherapy and least
for those receiving alkylating chemotherapy without
radiotherapy. During follow up 761 subjects died, 20
emigrated, and five were lost to follow up. A total of
17 329 person years of follow up was accumulated in
the cohort, mainly in the first five years (10 184) and
second five years (5172) after first treatment started.

RISKS OF SECOND PRIMARY CANCERS

In all, 113 second primary cancers (other than
Hodgkin's disease) occurred during follow up. One
patient had a third primary cancer, of the lung, which
was not included in the analysis. The overall relative
risk of second primary cancer in the cohort was 2-7
(95% confidence interval 2-3 to 3 3) compared with
that expected for the general population, and the
attributable risk was 41-4 per 10000 person years
(table II). The relative risks were significantly
increased for leukaemia (16-0; 9 1 to 26 0), non-

BMJ VOLUME 304 2 MAY 19921138

 on 28 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.304.6835.1137 on 2 M
ay 1992. D

ow
nloaded from

 

http://www.bmj.com/


Hodgkin's lymphoma (16 8; 9-8 to 26 9), colon cancer
(3-2; 1F4 to 6-2), lung cancer (3-8; 2-6 to 5-4), bone
cancer (15 1; 1-8 to 54 7), and thyroid cancer (9 4; 1 I
to 33-9). Fourteen of the 16 cases of leukaemia were
acute myelocytic, one was acute lymphocytic, and one
was myelodysplasia. Although the greatest relative
risks were for lymphatic and haematopoietic malig-
nancies, their absolute risks were still low, and their
life table probability of occurrence at each year of
follow up was less than that for solid tumours (figure).
The 15 year actuarial risk of second cancer overall was
11-5%, of solid tumours was 8-5%, of leukaemia was
1-4%, and of non-Hodgkin's lymphoma was 1-5%.

14 --* All cancers
o_-O O All solid tumours

12- r * Leukaemia

.> 10 n-o Non-Hodgkin's lymphoma

X 6-/2--=

2
0 -

0 2 4 6 8 10 12 14 16 18
Time since first treatment (years)

Cumulative (life table) probability of leukaemia, non-Hodgkin's
lymphoma, and solid tumours in the patients

TABLE iI-Risks ofsecond primary cancers ofselected sites or types

Observed/ Attributable risk
expected Relative risk per 10 000

Site or type cancers (95% confidence interval) person years

Mouth and pharynx 2/0-5 4-4 (0-5 to 15-7) 0-9
Oesophagus 2/0-8 2-5 (0-3 to 9-0) 0-7
Stomach 3/2-2 1-3 (0-3 to 3-9) 0-4
Colon 8/2-5 3-2(14to6-2)** 3-2
Rectum 2/1-8 1- (0-1to3-9) 0-1
Larynx 1/0-5 2-0 (0-05 to 10-9) 0-3
Lung 32/8-4 3-8 (2-6 to 5-4)*** 13-6
Bone 2/0-13 15-2 (1-8 to 54 7)* 1 1
Breast 6/3-8 1-6(0-6to3-4) 1-2
Cervix 2/1-1 1-9(0-2 to6-8) 1-5
Prostate 1/1-6 0-6 (0-02 to 3-6)
Bladder 3/2-0 1-5 (0-3 to 4-5) 0-6
Thyroid 2/0 2 9-4(1-1 to33-9)* 1-0
Non-Hodgkin's lymphoma 17/1-0 16-8 (9-8 to26-9)*** 9-2
Leukaemia 16/1-0 16-0(9-1 to26 0)*** 8-7
All cancers except Hodgkin's disease 113/41-3 2-7 (2-3 to 3 3)*** 41-4

*p<0-05, **p<O-Ol, ***p<O-OOl.

RISK BY TIME SINCE FIRST TREATMENT

The relative risk of leukaemia was over 10 0 in the
first five years after initial treatment (table III) and
reached a peak in the subsequent five years, before
declining. The relative risk of non-Hodgkin's
lymphoma was also greatly increased soon after treat-
ment but without a subsequent decline during follow
up. In contrast, the relative risk of lung cancer and of
all other solid tumours (there being insufficient to
analyse by site) increased steadily with duration of
follow up. The increasing trend was significant for lung
cancer and for second cancers overall. Consequently,
from 10 years after first treatment the absolute excess
risk of solid tumours associated with treatment
(71*5/10000/year) was three times that for leukaemia
and non-Hodgkin's lymphoma (23 *8/10 000/year).

RISK BY TYPE OF TREATMENT

The relative risk of leukaemia was far greater for
patients treated with alkylating chemotherapy than
with radiotherapy alone (27-9 (95% confidence interval
12-7 to 52 9) v 2 5 (0 1 to 14 1)) but was not greater
with combined treatment (alkylating agents plus radio-
therapy) than with alkylating agents alone (215 (7 9 to
46 8) v 27-9 (12-7 to 52 9)) (table IV). Relative risks for
non-Hodgkin's lymphoma were fairly similar after
chemotherapy treatment, combined treatment, and
radiotherapy overall (18-5 (6-8 to 40 3), 17-6 (5*7 to
41-1), and 15-0 (5-5 to 32 6) respectively-), as were
those for other solid tumours (1-5 (0-8 to 2 4), 1 8 (1-0
to 3-0), and 1-5 (0-9 to 2 4) respectively) and lung
cancer (4-2 (2-2 to 7 3), 4-0 (1-8 to 7 6), and 3-3 (1F7 to
6-0) respectively). Patients receiving combined treat-
ment received on average almost as many cycles of
chemotherapy as those treated solely with chemo-
therapy (6-6 v 6-9) and also the same usual radio-
therapy protocol (dose 35 Gy by mantle or inverted Y
or total nodel irradiation, plus a further 5 Gy to the
radiation field) as patients receiving radiotherapy.
When patients receiving extensive or local radio-

therapy were considered separately a highly significant
excess ofnon-Hodgkin's lymphoma was observed after
local radiotherapy (33-8 (11F0 to 78-8)) but not after
extensive radiotherapy (3 9 (0 1 to 22-0)) (table IV).
The only significant risks of particular solid tumours in
relation to specific treatments were those for lung
cancer shown in table IV; a relative risk of 52 6 (IF3 to

TABLE III-Relative risks ofsecond primary cancers byyears sincefirst treatment

All malignancies except
Lung cancer All other solid tumours Leukaemia Non-Hodgkin's lymphoma Hodgkin's disease

Duration of Relative risk Relative risk Relative risk Relative risk Relative risk
follow up Observed/ (95% confidence Observed/ (95% confidence Observed/ (95% confidence Observed/ (95% confidence Observed/ (95% confidence
(years) expected interval) expected interval) expected interval) expected interval) expected interval)

0-4 11/4-7 2-4(1-2to4-2)** 19/16-3 1-2(0-7tol-8) 7/0-6 12-6(5-1to260)*** 7/0-5 13-2(5-3to27-2)*** 44/223 2-0(1-4to2-6)***
5-9 11/2-5 4-3(22to78)*** 19/94 20(12to3-1)** 7/0-3 232(93to47-7)*** 7/0-3 21-9(8-8to45-1)*** 44/12-7 3-5(2-5to4-6)***
l10 10/1-2 8-3 (4O0 to 15-3)*** 10/4-7 2-1 ( 1O0 to 3-9)* 2/0-1 14-1 (1*7 to 50 9)* 3/0 2 18-6 (3-8 to 54-4)*** 25/6-2 4-0 (2-6 to 59)***

All 32/8-4 3-8 (2-6 to 54)*** 48/30 5 1-6 (1-2 to 2-1)** 16/1-0 16-0 (9-1 to 26 0)*** 17/1-0 16-8 (9-8 to 26-9)*** 113/41-3 2-7 (2-3 to 3-3)***
X2 linear trend (df= 1) 8 8** 3-4 0-3 0-5 10-2**

*p<0.05, **p<O.Ol, ***p<O-OOl.

TABLE Iv--Relative risks of second primary cancers by type oftreatment

All malignancies except
Lung cancer All other solid tumours Leukaemia Non-Hodgkin's lymphoma Hodgkin's disease

Relative risk Relative risk Relative risk Relative risk Relative risk
Observed/ (95% confidence Obsenred/ (95% confidence Observed/ (95% confidence Observed/ (95% confidence Observed/ (95% confidence

Treatment expected interval) expected interval) expected interval) expected interval) expected interval)

Alkylating
chemotherapy 12/2-9 4-2(2-2to7 3)*** 15/10-2 1-5(0-8to2-4) 9/0-3 27-9(12 7to52-9)*** 6/0-3 18 5(6-8to40 3)*** 42/13-8 3-0(2-2to4-1)***

Alkylating
chemotherapy
plus
radiotherapy 9/2-2 4-0(18to7-6)*** 15/8-3 1 8(1 0to3 0)* 6/0-3 21-5(7-9to46-8)*** 5/0-3 17.6(5.7to41 1)*** 35/11-2 3-1 (2-2to4-4)***

Radiotherapy 11/3-3 3-3(17to60)*** 18/12-0 1-5(0-9to2-4) 1/0-4 2-5(0-1to14-1) 6/0-4 150(55to326)*** 36/16-2 2-2(1-6to3-1)***
Extensive 8/2-0 3-9(1-7to7-8)** 14/7-5 19(1 0to3 1)* 0/0-2 1/0-2 3-9(0-1 to22-0) 23/10-1 2-3(1-4to3-4)***
Local 3/1-3 2-3(0-5to6-9) 4/4-5 0-9(0-2to2-3) 1/0-1 6-8(0-2to37-9) 5/0-1 338(11-0to78-8)*** 13/6-1 2-1(1-1to3-6)*

*p<005, **p<O-Ol, ***p<O-OOl.
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293-3) for bone cancer after local radiotherapy, based
on only one case; and a relative risk of 4 0 (1 1 to 10 2)
for breast cancer after extensive radiotherapy. The
relative risk of colon cancer was increased in each
treatment group, but not significantly. Of the 53 solid
tumours in patients who had received any radiotherapy,
28 occurred within the radiation fields and 14 outside;
for 11 tumours this could not be determined exactly.
All five breast cancers in patients with any radio-
therapy treatment occurred within the radiation fields,
and all seven colorectal cancers in such patients
occurred outside the fields.
For 15 of the 32 patients with lung cancer, informa-

tion on smoking was available from the case notes:
two were stated to be non-smokers and 13 smokers
(including for patients for whom smoking status was
known, all six patients receiving radiotherapy, two of
the three receiving combined treatment, and five of the
six receiving chemotherapy alone).

RISK BY TIME SINCE FIRST TREATMENT AND TREATMENT
TYPE

Adjusting the relative risks in each treatment group
in table IV for period since first treatment to control for
its potentially confounding effect did not materially
alter the findings. The adjustment slightly increased or
left unchanged the relative risks in the chemotherapy
and combined treatment groups and slightly decreased
the risks in the patients receiving extended radio-
therapy in comparison to those receiving local radio-
therapy.

Examination of risks in each treatment group by
time since first treatment was limited by small numbers
in many of the subcategories. For leukaemia the
patterns of relative risk over time after chemotherapy
and combined treatment were similar to the pattern
for the cohort overall; after radiotherapy there were
insufficient data for analysis. Relative risks by time
since radiotherapy and combined treatment for non-
Hodgkin's lymphoma were inconsistent, based on
small numbers. Relative risks for solid tumours
decreased non-significantly with time after entry for
local radiotherapy, increased non-significantly with
time after extended radiotherapy, and increased sig-
nificantly with time after chemotherapy and after
combined treatment (table V).

RISK BY COURSES OF TREATMENT

Relative risks of second cancer overall and of
leukaemia were significantly greater in patients who
had received multiple courses rather than one course of
treatment (table VI). A similar but not significant
tendency was observed for lung cancer and non-
Hodgkin's lymphoma. Adjustment for time since first
treatment left these risks virtually unchanged. Similar
analyses by type oftreatment (table VI) were limited by
small numbers of person years for patients receiving
multiple courses of treatment, and we therefore aggre-
gated some tumour groups for this analysis. In patients
who had received radiotherapy but no chemotherapy
the relative risks of solid tumours, non-Hodgkin's
lymphoma, and all tumours were greater, but not
significantly so, after multiple courses rather than
a single course of treatment (data on leukaemia
were insufficient for comment). In patients who
had received only chemotherapy the relative risk
of leukaemia was significantly greater for multiple
courses than a single course of treatment; relative risks
of non-Hodgkin's lymphoma and of all tumours were
non-significantly greater after multiple courses than a
single course of treatment and risk of solid tumours
non-significantly greater after a single rather than
multiple courses. Adjustment of these risks for time
since first treatment made little difference.

RISK BY USE OF ALKYLATING AGENTS

Table VII shows the relative risks in relation to
certain alkylating agents. There was greater risk of
secondary primary cancers overall and of site grouping
except "other solid tumours" after treatment with
mustine than chlorambucil. The greatest relative risk
of second primary cancers, however, was in patients
who had received more than one alkylating agent, as a
consequence of a very high risk of haematopoietic
tumours but not solid tumours after treatment with
multiple alkylating agents. There were insufficient
subjects to analyse risk separately for particular
combinations of alkylating agents, but the high overall
risk after treatment with multiple agents did not seem
to depend solely on combinations which included
mustine. Adjustment of these analyses for duration
since first treatment and number of courses of treat-
ment increased the risk of second primary cancers after

TABLE v-Relative risks ofsolid second primary cancers by type oftreatment and time since first treatment

Years since first treatment

0-4 5-9 - 1I0

Relative risk Relative risk Relative risk
Observed/ (95% confidence Observed/ (95% confidence Observed/ (95% confidence W(2 linear trend

Treatment expected interval) expected interval) expected interval) (df= 1)

Alkylatingchemotherapy 10/8-2 12 (06 to 22) 11/3-4 3-2 (1-6 to 58)*** 6/1-4 4-2(1-5 to91)** 8-0**
Alkylating chemotherapy

plus radiotherapy 8/5-6 1-4 (0-6 to 2-8) 9/3 4 2-6 (12 to 4-9)* 7/1-5 4-8 (1-9 to 9-8)** 5.7*
Extensive radiotherapy 8/4-3 1-9 (0-8 to 3'7) 8/3-3 2-4 (1-0 to 4 8)* 6/2-0 3-1 (1-1 to6f7)* 0-9
Local radiotherapy 4/2-9 1-4(0-4to3-5) 2/1-8 1-1 (0-1 to 3-9) 1/1-0 1-0(0-02 to 5'4) 0-1

*p<0.05, **p<O0Ol.

TABLE vI-Relative risks ofsecond primary cancers by number ofcourses oftreatment

All malignancies except
Lung cancer All other solid tumours Leukaemia Non-Hodgkin's lymphoma Hodgkin's disease

No of Observed/ Relative risk Observed/ Relative risk Observed/ Relative risk Observed/ Relative risk Observed/ Relative risk
courses expected (95% confidence interval) expected (95% confidence interval) expected (95% confidence interval) expected (95% confidence interval) expected (95% confidence intenral)
All treatments:

1 21/5-9 3-5 (2 2 to5S4)*** 33/21-0 16(I 1 to 2-2)* 5/0-7 7.3 (2.4to17 1)*** 8/0-7 117 (5-0 to23 0)*** 67/28-6 2-3 (18 to 3-0)***
¢2 11/2-5 4-4 (2 2 to 7 9)*** 15/9-4 1-6 (0-9 to 2-6) 11/0-3f 34-7 (17.3 to 62- 1)*** 9/0-3 27-5 (12.6 to 52.2)*** 46/12 7t 3.6 (2.7 to 4.8)***

Radiotherapy but no chemotherapy%:
1 25/13-8 18 (12 to 2.7)** 1/0-4 2-8 (0-1 to 15-6) 4/0-4 110 (3-0 to 28.0)*** 30/14-7 2.0 (1*4 to2.9)***
¢2 4/1-1 3-7 (1 0 to 9.5)* 0/0-02 2/0-03 76.9 (9-3 to 277.8)*** 6/1-1 5-3 (1-9 to l1l5)**

Chemotherapy but no radiotherapy5:
1 26/11-3 2.3 (15 to 3.4)*** 4/0-3 14.6 (4-0 to 37.4)*** 3/0-3 11 0 (2.3 to 32. 1)** 33/12-0 2.8 (1-9 to 3.9)***
32 1/I-S 0-7 (0-02 to 3-8) 5/0-041tt 121-9 (39-6 to 284.6)*** 3/0-04 69-8 (14-4 to 203.9)*** 9/1-6 5-7 (2-6 to 10-9)***

*p<0.05, **p<O-Ol, ***p<O-OOl.
Difference between group receiving one course of treatment and group receiving two or more courses of treatments: tp<0-05, ttp<0-01, tttp<O-OOl
SLung cancer and all other solid tumours combined.
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TABLE ViI-Relative risks ofsecond primaty cancers by specific alkylating treatments

All malignancies except
Lung cancer Other solid tumours Leukaemia Non-Hodgkin's lymphoma Hodgkin's disease

Relative risk Relative risk Relative risk Relative risk Relative risk
Observed/ (95% confidence Observed/ (95% confidence Observed/ (95% confidence Observed/ (95% confidence Observed/ (95% confidence

Treatment expected interval) expected interval) expected interval) expected interval) expected interval)

Mustine alone
(n=424) 10/2-0 5 0 (2 4 to 9-1)** 10/7-0 14 (0-7 to 2-6) 5/0 2 22 9 (7-4 to 53 5)*** 3/0 2 14 2 (2-9 to 41-5)** 28/9 5 2-9 (1-9 to 4 2)***

Chlorambucil
alone(n=402) 1/0 5 1-9(0-05 to 10-6) 3/2-0 15 (0-3 to 4 4) 0/0-06 0/0 07 4/2 7 11 5 (0 4to3 8)

3Alkylating agent
(n=302) 3/0 6 5 5 (1-1 to 16.0)* 3/2 0 1 5 (0 31o 4-4) 6/0-07 82-2 (30 2 to178 9)*** 4/0-07 53-3 (14 5to136 5)*** 16/2-7 5.9 (3.4 to 9.6)***

*p<005, **p<001, ***p< OO1I.

treatment with chlorambucil compared with mustine
(from 05 (O-2 to I 5) to 0-8 (03 to 24)) and after
treatment with multiple alkylating agents compared
with mustine (from 1-9 (1-0 to 3 6) to 5 8 (0 7 to 44 7));
the latter increase seems large, but is from a significant
to a non-significant raised risk, reflecting instability of
the adjusted risk estimate. For most of the site specific
risks adjusted relative risk estimates could not be
calculated by the method used (the estimates would not
converge).

Discussion
The study showed different patterns of risk of

leukaemia, non-Hodgkin's lymphoma, and solid
tumours after treatment. The much increased relative
risk of leukaemia after alkylating chemotherapy for
Hodgkin's disease has been known since early in its
use'2 and has been shown repeatedly in epidemiological
studies of patients with Hodgkin's disease,4 13-16 in

14 ipatients treated for other cancers, and in a case-
control study of some aspects of leukaemia risk in
patients in the British National Lymphoma Investiga-
tion.'7 The increased risk has been shown specifically
for acute non-lymphocytic leukaemias; we calculated
risks for leukaemias overall because not all leukaemias
in the comparison (national) data set were classified by
acuteness and histological subtype. As 14 of the 16
cases of leukaemia observed in our follow up were
of acute non-lymphocytic leukaemia, however, the
relative risks for this category would clearly be much
higher than those presented.

Notably, as in previous studies of patients with
Hodgkin's disease,'3 141618-20 the relative risk of
leukaemia was not appreciably increased in patients
treated with radiotherapy alone whereas some other
exposed groups (for example, early radiologists21 and
radium dial workers22) were at a much increased risk of
leukaemia. Similar findings to ours were noted after
radiation treatment of other patient groups and were
attributed to cell killing by high dose radiation.2324

Early concern that combined treatment might be
particularly leukaemogenic12 was not confirmed by our
data: the relative risk of leukaemia was no greater after
combined treatment than after chemotherapy alone,
confirming other findings.435620 Our data add to
evidence that chlorambucil is no more leukaemogenic
than mustine,23 which is important given the lesser
acute toxicity and favourable efficacy of chloram-
bucil.2526 We also did not find. a greater risk of
solid tumours after treatment with chlorambucil
than mustine. Given the short follow up for most
chlorambucil patients, however, interpretation must
be tentative.
The pattern of relative risk of leukaemia with time

after chemotherapy was similar to that after radiation
exposures3-a peak occurred five to nine years after
treatment, with risk declining but not entirely sub-
siding thereafter. It has been claimed that the increased
risk of leukaemia in patients with Hodgkin's disease
ceases beyond 10 years,27 but we found, as did van
Leeuwen et al'6 and Kaldor et al4 that the risk was
substantially increased at 10 years and beyond.

The time course of the increased risk of leukaemia
after Hodgkin's disease, the difference in risk between
treatments, the dose-response relation for chemo-
therapy, and the results of animal experiments28 29 all
suggest that the excess risk relates to treatment rather
than to Hodgkin's disease itself.

RISK OF NON-HODGKIN S LYMPHOMA

The raised risk of non-Hodgkin's lymphoma after
Hodgkin's disease is more difficult to interpret. We
found no appreciable variation in relative risk with
time since treatment and no significant increase with
number of courses of treatment. Relative risk was also
similar for the different treatments, except for particu-
larly high risk after local radiotherapy and after
multiple alkylating agents. Previous data showed no
consistent pattern on these issues (except that, as in our
data, risk increased early after treatment and through-
out follow up).5 15 16 29 30 Part of this inconsistency might
reflect diagnostic misclassification in some studies (that
is, recurrences of Hodgkin's disease might have been
misdiagnosed as non-Hodgkin's lymphoma or the
initial primary tumour might have been misdiagnosed
as Hodgkin's disease when it was non-Hodgkin's
lymphoma or a composite lymphoma). This should not
have occurred with our data as all diagnoses of primary
Hodgkin's disease and of second non-Hodgkin's
lymphoma3l were reviewed (by MHB, KAMcL) before
inclusion. Inconsistency between studies might also be
due to some extent to pathologists' differing diagnostic
criteria for Hodgkin's disease and non-Hodgkin's
lymphoma and for distinguishing between them.
Non-Hodgkin's lymphoma might be a consequence

of treatment of Hodgkin's disease, but if so, the risk
does not seem to differ clearly by type of treatment
currently available and therefore is not an important
consideration in choice of treatment. Alternatively, the
risk may be a rare part of the natural course of
Hodgkin's disease or an effect of Hodgkin's disease
itself. For instance, it might result from the immuno-
suppression that is present at diagnosis of Hodgkin's
disease and persists after treatment32: greatly increased
risk of non-Hodgkin's lymphoma is a particular
feature of several groups of immunosuppressed
subjects.33 Finally, the inconsistencies in the risk of
non-Hodgkin's lymphoma between studies and sub-
groups suggest that more than one of the above
mechanisms may be active, with different overall
balances of effect in different groups.

RISKS OF SITE SPECIFIC SOLID CANCERS

The increased risks of site specific solid cancers we
found generally accord with those seen previously in
patients with Hodgkin's disease. A significant relative
risk of lung cancer was seen previously.'5 162029 The
relative risk of colon cancer, which was significantly
increased in our study, showed a non-significant
increase previously'3 29 and that of breast cancer,
although not significant in our data, was similar in
magnitude to that seen previously.'529 In our cohort
there were no cases of salivary gland cancer, soft tissue
cancer, or melanoma, which have shown striking
excess risks in some previous studies of patients with
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Hodgkin's disease.5 152029 These are uncommon
tumours, however, for which expected numbers were
low (0 -10, 0 24, and 0 66 respectively), and hence the
results were compatible with sizable risks.
The sites at which the risk of solid second cancers

was increased are ones for which radiation carcino-
genesis is well established.3 The significant relative
risks for lung cancer and other solid tumours after
radiotherapy in this cohort are therefore as expected.
The increased risk of solid tumours after chemo-
therapy is of much greater interest, however, as risks
were not found to be increased in certain previous
studies despite experimental data in animals indicating
a wide range of solid tumours resulting from use of
cytotoxic drugs29 and concern that in humans the effect
of alkylating agents may resemble that of radiation for
solid malignancies, as it does for leukaemia.
The risk of bladder cancer is increased in humans

after cyclophosphamide28 and chlornaphazine3 treat-
ments and so is that of some solid tumours after
azathioprine,28 but whether chemotherapy otherwise
causes solid malignancies is not clear.2' A meta-analysis
of treatment for Hodgkin's disease in 1988 found that
the risk of solid tumours was not increased overall
or significantly for any specific site after alkylating
chemotherapy.5 A recent review concluded that the
incidence of solid tumours had not been found to
be increased after chemotherapy alone.' Our data,
however, showed a substantial and significantly
increased risk of solid tumours after chemotherapy.
This occurred several years after first treatment, and
therefore the extent of follow up available in the study
was important in its demonstration. The pattern of
relative risk of solid tumours by time after chemo-
therapy was similar to that in major cohorts exposed to
radiation in that it increased less rapidly than that for
leukaemia and continued to increase after the risk of
leukaemia had ceased to do so.6124 The risk of solid
tumours was not greater after multiple than a single
course of chemotherapy, but person years for multiple
courses were few and the confidence limits corre-
spondingly wide. If the risk of solid tumours after
alkylating chemotherapy continues with longer follow
up to resemble that for radiation induced solid tumours
then, particularly with the increasing survival ofyoung
patients with Hodgkin's disease, the future absolute
risks ofthese tumours may be very large and constitute a
major hazard ofalkylating chemotherapy.
The interactions of the carcinogenic effect of a

treatment with the effects of other risk factors are
of practical as well as theoretical importance. One
potential interaction is between different treatments.
Use of more than one alkylating agent seemed to
increase the risk of a second cancer. Surprisingly,
however, radiotherapy and chemotherapy combined
did not show a greater risk than either alone despite
exposure to about the same dose ofeach in combination
as when used singly. Cell killing by high dose radio-
therapy might explain the lack of greater risk of
leukaemia after combined treatment than after chemo-
therapy but would not obviously explain the behaviour
of solid tumours, for which radiotherapy alone
produced a substantially increased risk in our (and
previous) data. Nevertheless, the data suggested the
possibility that some inhibition of carcinogenesis
might occur through use of both agents. We will
analyse elsewhere whether the order of treatment
affects risk. Splenectomy may also affect the risk,4 16
and this will be analysed elsewhere.
A second potentially important interaction is

between smoking and treatment. As in previous
studies'5 1619 we had insufficient data on smoking to
calculate the risk of lung cancer in relation to both
agents. In other contexts radiation and smoking seem
to have at least an additive effect on the risk of lung

cancer35 so a particular effort to dissuade patients with
Hodgkin's disease from smoking would seem prudent
until satisfactory data are available.

POTENTIAL BIAS

The large relative risks of second cancers found in
the study are not plausibly explained by bias, artefact,
or chance, but potential biases may have had some
effect. The patients were under close medical surveil-
lance and therefore cancers might have been found
earlier than in the general population and some cancers,
particularly those of a relatively benign nature, might
have been detected which otherwise might not have
been diagnosed. Only five of the second cancers,
however, were found in the first six months after entry
to risk (when any accumulation of undetected tumours
from before presentation of Hodgkin's disease might
have been detected), suggesting that this effect, if any,
was small. The apparent risks of second primary
cancer might also be slightly inflated because of the
effort made to ascertain from multiple sources all such
tumours diagnosed in the study patients whereas the
expected numbers of cancers came from routine cancer
registration data, which are inevitably somewhat in-
complete. Such effects might explain a small increase
in apparent risk in the cohort but not the several-
fold risks found. Estimated risks might have been
diminished by including in the analyses the follow
up period immediately after first treatment, before
completion of the minimum induction period (were
it known) of carcinogenesis by treatment. As the
induction period is not known we chose not to omit an
arbitrary early period from the analyses, but the effect
ofomitting, say, the first year, as in some other studies,
would have been small.

Another potential artefact might be confounding of
the results by aetiological host or environmental factors
for both Hodgkin's disease and the second cancer. For
instance, because patients with Hodgkin's disease are
on average of high social class they might be expected
to have slightly atypical risks for many cancers (for
example, increased risk of breast cancer, decreased
risk of stomach cancer) because of social class related
behaviours. Also the presence of Hodgkin's disease
may alter behaviours affecting risk of cancer-for
instance, delaying or excluding childbearing-which
itself would increase risk of breast cancer. However,
such effects, at least for known risk factors, would be
modest compared with the large risks we showed.

Despite the risks found in the study, the issue of
treatment induced second primary cancers remains
relatively small compared with the dramatic increase
which has occurred in survival in Hodgkin's disease.
The results suggest, however, that with longer survival
the late risks of solid cancers may become substantial
and that patients with Hodgkin's disease need con-
tinued follow up to detect second cancers rapidly. The
sizable lung cancer risk suggests that they particularly
should be persuaded not to smoke. Further compari-
sons of the risk of second cancers, particularly of solid
tumours, between different treatments are needed
to guide development of treatment protocols which
minimise these effects.
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Abstract
Objectives-To determine the pattern ofdrowning

and near drowning of children in Britain and identify
means of prevention.
Design-Study of drowned and nearly drowned

children under 15 years old.
Setting-United Kingdom, 1988 and 1989.
Subjects- Children under 15 years either drowning

or admitted to hospital after a submersion incident.
Main outcome measures-Number of nearly

drowned children, obtained from consultant
paediatricians returning monthly notification cards
through the British Paediatric Surveillance Unit.
Number ofdrowned children notified by the Office of
Population Censuses and Surveys and other national
epidemiological offices; information from coroners.
Results-306 children had confirmed submersion

incidents: 149 died and 157 survived after near
drowning. The annual incidence in England and
Wales was 1-5/100000, and mortality 0-7/100000.
Mortality was lowest in public pools 6% (2/32) and
highest in rivers, canals, and lakes (78%, 56/73).
Most ofthe children (263, 83%) were unsupervised at
the time of the accident. 208 (68%) children were
under 5 years old.
Conclusions-Drowning and near drowning of

children are problems in the British Isles. Appro-
priate supervision and safety barriers seem important
for preventing such accidents. Improving infor-

mation on dangers of drowning given to parents
through the child surveillance programmes, en-
couraging fencing or draining of garden ponds and
domestic swimming pools, and increasing super-
vision of swimming in lakes, rivers, and beaches
should reduce the number of accidents.

Introduction
Drowning is the third commonest cause ofaccidental

death in children in Britain after road traffic accidents
and burns.' Drowning has been responsible for an
average of 72 childhood deaths annually for the past 10
years in the United Kingdom.2 The subject has been
well researched in the water oriented societies of
Australia,3 the United States,4'5 and Canada6 but not in
Britain. A study in Wales suggested that all United
Kingdom data would be required before useful con-
clusions could be drawn.7 Not only is there high
mortality after submersion incidents but some children
sustain severe neurological deficit: we identified a 5 3%
incidence of such problems in children admitted to
hospital.8
We present an integrated study of drowning and

near drowning of children in the United Kingdom for
the years 1988-9. We outline the extent of the problem,
the details and sites of the accidents, and the children
affected. We identify particular hazards and areas
where preventive measures might be taken.
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