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ABSTRACT

Purpose: To assess the survival of children diagnosed with cancer between 1982

and 1988 using population based data.

Objectives:

(1) to provide a baseline for one, three and five year survival rates for common
forms of childhood cancer

(2) to assess the effect of age at diagnosis and gender as prognostic factors for
selected childhood cancers

(3)  to assess changes in survival by year of diagnosis between 1982 and 1988

(4) to examine variations in survival by geographic region by comparing cancer

specific survival in one region to the remainder of the cohort

Design: Retrospective cohort study

Subjects:

4715 cancer patients diagnosed with cancer prior to age twenty, between 1982-1988,
as reported population based cancer registries. Data was not available from the
province of Onlario at the time the study was undertaken. Mortality status (up to
December 31, 1991) was ascertained by linking subjects to the Canadian mortality

database.



Main outconte measures:

Actuarial survival rates and assessment of the role of covariates (ie. gender, age at

diagnosis, year of diagnosis) on survival using the proportional hazards model.

Results:

The five year survival rate of children diagnosed with a primary malignancy between
1982 and 1988 was 69%. Among those cancers examined, age at diagnosis was a
significant prognostic factor for children diagnosed with leukaemia, neuroblastoma,
astrocytoma, ependymoma, and rhabdomyosarcoma (p < 0.05). Decreased survival was
also observed among older male children with Hodgkin's disease. Infants with
leukaemia had a substantially poorer prognosis when compared to children diagnosed
after age one. Conversely, those diagnosed with neuroblastoma prior to age one had
a considerably improved chance of survival.  After adjusting for age and year of
diagnosis, females were found to have a markedly higher survival for acute lymphocytic

leukaemia, and ependymomas (p<0.05).

Improved survival was observed for children diagnosed more recently with acute
lymphocytic leukaemia, acute non-lymphocytic leukaemia  and Non-Hodgkin’s
lymphoma (p<0.02).  There was evidence to suggest that survival also improved by
year of diagnosis among children with fibrosarcoma (p=0.05), Wilms’ tumour
(p=0.07) and ovarian germ cell malignancies (p=0.06). Decreased survival was

observed among infants diagnosed more recently with neuroblastoma, however, very
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few deaths occurred in this age group (n=6). No significant trends in survival were

observed for the other forms of childhood cancer examined.

Geographical variations in survival were assessed for children diagnosed with either
acute lymphocytic leukaemia, an astrocytoma or Hodgkin's disease. The survival rates
among children diagnosed with acute lymphocytic leukaemia or astrocytoma in British
Columbia between 1987 and 1988, were found lo be significantly higher when

compared to the remainder of the cohort (p<0.05).

Limitations of study:

It would be desirable to have information of incident cases from the province of
Ontario. Not only would sample size be increased, but more importantly, the analyses
would be more representative of the Canadian population. The analysis is also limited
due to the absence of other prognostic variables such as staging and treatment

information.



Recommendations and _conclusions:

Continued follow-up of this cohort should be maintained in order to assess the late
effects arising as a result of treatment.  The development of a database which includes

information on treatment and staging and other prognostic factors would be useful.

The field of pediatric cancer is evolving rapidly through higher incidence and better
treatment results. The present study hopes to become a baseline against which future

treatment can be compared.
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INTRODUCTION

1.1 Overview

The occurrence of cancer in children is relatively rare when compared to adults.
In Canada, between 1987 and 1990, approximately 1200 persons under the age of
twenty were diagnosed with cancer annually.! Over this same period, on average, 230
cancer deaths occurred each year in this age group. In 1991, children with cancer spent

approximately 53,000 days in Canadian hospitals.’

The incidence of cancer has risen among Canadian children between 1969 and
1991 (Figure 1). Over this period, the age standlardized cancer incidence rates of those
under age twenty have increased at an average annual rate of 1.2 per cenl.'
Conversely, cancer mortality rates, in this same age group, have declined on average
by 3.2 percent annually, over the same time period.' These diverging trends in cancer
mortality and incidence may be explained by improved diagnostic and/or treatment
procedures. Based on the 1991 Canadian mortality and cancer incidence rates,

approximately one out of 310 children will develop cancer before age twenty.
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Figure 1. Age standarc::ed* cancer incidence and mortality rates,
Canadians aged 0-19, 1969-1991
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The prognosis of children with cancer has improved dramatically over the past
twenty years. These improvements have been ascribed to better diagnostic procedures
and to the development of multimodal therapy.” This therapy may include various
combinations of surgery, radiation therapy and/or multidrug chemotherapy. The five
year survival of childhood cancer patients is currently over sixty percent in both the

United States and in Britain.,*?

The improvements in childhood cancer therapy have not come without a cost.
Childhood cancer survivors are susceptible to a number of long term physical and
psychosocial side effects. Due to the increasing number of cancer survivors, a greater
burden will be placed on the health care system to treat late effects arising from
treatment.  With reported incident cases of cancer and the subsequent estimation of
survival rates, the prevalence of cancer survivors, and thus to some extent, the burden

of late effects arising from cancer therapy could be assessed.

Published results of childhood survival using population based data are not
common. Population based survival rates have been calculated using data from the
national childhood cancer registry in Germany,* data collected from the Surveillance,
Epidemiology and End Results Program (SEER) in the United States® and data from the
Manchester tumour registry in Britain.” Although considerable data is available through

hospital data, such data is often a biased representation from particular referral patterns,

L9}



The purpose of this thesis is to examine the survival experience of a cohort of
Canadian children diagnosed with cancer. Specifically, variations of survival with
respect to gender, age al diagnosis, geographical region and year of diagnosis will be
examined. To date, no Canadian population based study has examined the survival of
children diagnosed with cancer using a recently developed classification system based

on tumour morphology.

1.2  Classification of childhood malignancies

Cancer in children differs significantly from adult cancers both in terms of site
of occurrence and in histological type. With the exception of haematopoietic
malignancies, studies typically classify cancers by the site of occurrence using the
International Classification for Diseases (ICD).* This scheme is unsuitable for
classifying childhood malignancies. ~ Some common childhood tumours (e.g.
neuroblastoma) can occur almost anywhere,  The International Classification of
Diseases for Oncology (ICD-0) allows for the coding of neoplasms by both

morphology and site of occurrence.

e



The classification system used for the purposes of this study was developed

originally for use by the Manchester Children’s Tumour Registry (MCTR) and modified

slightly for use in an international context." The classification scheme divides tumours

into twelve diagnostic groups as follows:

L.
11.
I1l.

IV.
V.
VI
VII,

VIIIL.

IX.
X.
XL
X1l

Leukaemia

Lymphomas and other reticuloendothelial neoplasms
Central nervous system and miscellaneous intracranial and intraspinal
neoplasms

Sympathetic and allied nervous system tumours
Retinoblastoma

Renal tumours

Hepatic tumours

Malignant bone tumours

Soft tissue sarcomas

Germ-cell, trophoblastic and other gonadal neoplasms
Carcinomas and other malignant epithelial neoplasms
Other and unspecified malignant neoplasms

In addition, the more common types of childhood cancer are individually

specified. A full description of the main groups and their sub-categories in terms of

ICD-O morphology and topography codes are provided in Appendix A.



1.3 Incidence, prognosis and treatment of childhood cancers

The childhood classification scheme developed by the MCTR divides
malignancies into a large number of categories, Indeed, some of these forms of cancer
are quite rare.  This section provides a brief overview of the pattern of incidence,

prognostic factors and treatment methods for the cancers examined in this study.

Leukaemia

Leukaemia is the most common form of childhood cancer. This malignancy is
a haematopoietic disease in which abnormal poorly differentiated cells replace normal
bone marrow elements. The cause for the leukaemic transformation is unknown

although genetic, environmental and infectious factors may be involved."

Between 1985 and 1992, leukaemia accounted for approximately twenty seven
percent of malignancies among Canadians under age twenty (Figure 2). Acute
lymphocytic leukaemia (ALL) accounts for almost three out of four cases of childhood

leukaemia, '

The second leading form of leukaemia, acute non-lymphocytic
leukaemia, accounted for almost thirteen percent of Canadian incident cancer cases
between 1985 and 1992, Chronic myeloid leukaemia and chronic lymphocytic

leukaemia are two other forms of leukaemia that are extremely rare in children.



Acute lymphocytic leukaenia (ALL)
ALL is the most common childhood neoplasm. The highest incidence of this
malignancy occurs among children in the 1-4 year age group." The presence of more

than 25% lymphoblast in bone marrow aspirate establishes the diagnosis.”® The male

female ratio is usually about 1.1:1 10 1.3:1."

The initial leukocyte count has been identified as the most important prognostic
factor,'™'"!"* Age at diagnosis has also been found to be a prognostic factor as patients
between the ages of two and ten have a better prognosis than teenagers and infants."
More than 70% of children diagnosed with ALL in Britain between 1983 and 1988
managed to survive at least five years,” The five year survival rate among U.S.

children has improvecd from approximately 25% in 1970 to an estimated 70% in 1989."

The following therapies have been identified as having improved the prognosis
of children with ALL:"

(1)  CNS prophylaxis for all patients to prevent CNS relapse

(2) Multiagent chemotherapy with high doses of drugs

(3)  Better supportive techniques involving blood products, transfusions,

antibiotics and prevention of infection,

Newer developments have included treating relapsed leukaemia with bone marrow

transplantation.?”



Figure 2. Percent distribution of selected cancers,
Canadian children, aged 0-19, 1985-1992
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Acute non Iymphocytic lenkaemia (ANLL)

ANLL (or acute myelogenous leukaemia) is a heterogeneous group of
malignancies caused by a clonal proliferation of primitive myeloid cells.?* Infiltration
of the bone marrow by these cells causes impairment of normal haematopoiesis and

results in anemia, granulocytopenia and thrombocytopenia.

The incidence of ANLL is fairly homogeneous prior to age ten and peaks in late
adolescence.?* Genelic abnormalities are present in almost all ANLL. ANLL is treated
with aggressive chemotherapy for a relatively short duration, 8-12 months."

Approximately 70-90% achieve remission and of these, 35-40% may be cured.”

Lymphomas

Lymphomas account for approximately seventeen percent of ail childhood
malignancies (Figure 2). Hodgkin's disease and Non-Hodgkin's lymphoma (NHL)

comprise the overwhelming majority of such tumours.

Hodgkin’s Disease

Hodgkin's disease is a malignant lymphoma which usually arises in a single
lymph node or anatomic group of lymph nodes.” This malignancy presents itself as
a painless enlargement and occurs primarily in the lower cervical lymph nodes.? An

infectious etiology has long been suspected but never confirmed."



Hodgkin's disease typically accounts for approximately 45% of all lymphomas

in children.? This malignancy is rare before age five and twice as common in males. "

The prognosis and choice of treatment is often influenced by the distribution and
size of the affected lymph nodes.'” Second malignancies, muscle wasting, sterility and
hypothyroidism are known late effects of treatment.” Radiotherapy is the primary
means of treatment in older children with localized disease, whereas for more extensive
forms of Hodgkin's disease chemotherapy is used.”? The prognosis of children
diagnosed with this malignancy is quite favourable. More than 90% of children

diagnosed with Hodgkin’s disease are now being cured.’

Non-Hodgkin’s lymphoma (NI1L)

These tumour cells originate from normal lymphocytes and display rapid cell
growth, NHL accounts for approximately ten percent of all cancers under age twenty,
is most common in the second decade of tife, and is unusual under age three.? It is
different from that found in adults as it is rarely nodular and the range of histology is

also much more limited.*

The five year survival rate among children who receive modern chemotherapy
is approximately 60%.*  The prognosis is dependent on stage. In most staging
system, children with NHL are categorized as having localized disease in favourable

sites or with disseminated disease in unfavourable sites. NHL is very similar to ALL

10



and is distinguished on the degree of infiltration of blood and bone marrow.*

Tumours of the central nervous system

These tumours are the third most common form of childhood cancer after
leukaemia and lymphomas. Overall, tumours of the central nervous system (CNS)
accounted for 17% of Canadian childhood malighancies between 1985-1992 (Figure 2).
The most common forms of CNS tumours are astrocylomas (30-350%),
medulloblastomas (15-20%) and ependymomas(5-15%)." The incidence of these
cancers is more common among males and peaks in the first decade of life. These

tumours are unique in that they usually remain confined to the CNS.*

Astrocytomas
Astrocytomas arise [rom glial cells. The most common sites of occurrence are
the cerebellum followed by the cerebral cortex and then the oplic tract.?® Astrocytomas

may also appear in the third ventricle as well as the spinal cord.

A large proportion (50-90%) of astrocytomas of the cercbellum and cerebral
hemispheres are totally resectable.” ™2 The ten year survival rate for these cases is
over 80%. Hypothalamic and optic chamatic astrocytomas commonly affect young
children. Radiation therapy in these children secures long term survival in 65-80% of

such patients.? The risk of side effects remains a major source of concern. Recently,

11



chemotherapy has been introduced in order to delay irradiation thus allowing for normal
maturation of the brain. Site of occurrence, age, histology, resectability and response

to radiotherapy have been identified as prognostic factors.

Medulloblastomas

Medulloblastomas arise from the cells of the external granular layer of the
cerebellum. Presenting symptoms are headaches, emesis and ataxia. A peak of
incidence was observed among Canadian children aged 1-4.* This tumour may spread

to the spinal cord via cerebrospinal fluid.

Prognostic factors for children with a medulloblastoma include: degree of

tumour resection, extent of tumour, and dose of radiation to posterior fossa.'®

Approximately one-half of patients who receive craniospinal irradiation are cured 33234
Chemotherapy is often administered to those at greater risk. Specifically, these are

children who at diagnosis, have locally extensive and often unresectable tumours in the

posterior fossa.”

Ependymomas

Ependymomas arise from the ependymal lining of the ventricular system or
central canal of the spinal cord and may occur throughout the entire neural axis.?
Approximately half of these tumours occur before the age of five and more than 90%

of these tumours are intracranial,™

12



Ependymonmas are first treated by surgery in order to establish a diagnosis and
to remove as much of the tumour as possible. Ependymomas have also been shown to
be responsive to radiation therapy and chemotherapy. Based on results from several
centres, between 40-70% of children with ependymomas are now being cured.*** The
survival rate is between 60-70% for low grade ependymomas and 10-30% for anaplastic
or high grade tumours.”™** Infants have a poorer prognosis, although age has not been

found to be a predictor of survival among children older than four,”**

Sympathetic nervous system tumours

Tumours of the sympathetic nervous system (SNS) account 5.5% of all
childhood malignancies among Canadians under age twenty (Figure 2). Neuroblastomas
are the most common malignancy of the SNS accounting for more than ninety five

percent of malignancies.*

Neuroblastomas originate in neural crest cells and they typically appear as an
abdominable mass among very young children (median age two years).*" In fact, this
is the most common form of cancer in infants under age one with an incidence rate

more than double that of ALL the second leading cancer in this age group.*

Neuroblastomas occur in several body sites. From a large population based

study, 23% occurred in the adrenal glands, 32% in the abdomen, 16% in the thoracic

13



cavity, 7% in the pelvic region and the remainder (22%) elsewhere.™ The majority of

these cancers have regional lymph involvement or metastases at more distance sites.”

Infants, those diagnosed before age one, have demonstrated improved
prognosis. Most of these patients do well with minimal therapy. Spontaneous

regression of this tumour has been observed in this age group.”?

Biologic features of tumour cells that are associated with an improved prognosis
include: hyperdiploidy in children under two, a normal N-myc copy number* and lower
serum levels of lactate dehydrogenase™ or ferritin.*? Treatment procedures include the
use of surgery, radiotherapy and chemotherapy. Approximately 90% of children with
localized but unresectable tumours can be cured.” Fewer than twenty percent of older

children with lymph node involvement or metastases experience long-term survival, ¥

Retinoblastoma

This form of cancer is the predominant cancer of the eye in children.
Approximately 80% of these cancers occur before age three.*” This tumour is of
particular interest to geneticists as well as epidemiologists. Retinoblastomas are
typically slow growing tumours and they may remain contained in the eye for months

or even years.

14



This form of cancer appears as both a hereditable and non-hereditable form.
The hereditable form, which accounts for 10-13% of cases, generally presents itself in
children under age one with bilateral involvement.?* Although the mortality rate of this
cancer is extremely low, a significant number of treatment related late effects arise.
One third of patients with heritable tumours will develop second malignancies, typically

osteogenic surcoma,”™

Enucleation is curative and it is used primarily in cases of advanced disease in
which there is little chance of preserving the child’s vision.  Administering
chemotherapy, radiation therapy, cryotherapy and laser therapy are used in other
instances. Prognosis is quite favourable as approximately 90% of patients survive and

are free of tumour 5 to 10 years after diagnosis,***

Renal tumour

Wilms’ tumour

Wilms' tumour (nephroblastoma, or renal embryoma) is the most common
intraabdominal neoplasm diagnosed during childhood. It generally presents itself as an
asymptomatic mass in children under the age of five,* These tumours account for
more than 90% of all kidney cancers. Hypertension is present in about one quarter of

cases.®® Wilms' tumour has been linked to changes in one or more of several genes.”

15



Treatment has been developed that combines surgery, radiation therapy and
chemotherapy and is determined by the stage of the disease. A staging system has been
devised by the National Wilms' Tumor Study Group.**  Histology, tumour specimen
weight (>250g), presence of tumour metastases and regional positive lymph nodes have
been identified as prognostic factors.”” The overall prognosis is quite favourable as the

long term survival is greater than 80%.%

Hepatic_{umours

These tumours account for between 0.5-2% of all pediatric malignancies.™
Hepatoblastoma is of interest in genetic and molecular biological studies and typically
occurs among children under age two, Hepatocellular carcinoma is the second leading
cancer of the liver among children. The median age of this carcinoma is ten years with
most of these cancers arising in adolescents.” For both of these hepatic tumours,
survival is dependent upon complete resection of the tumour.” Serious postoperative
complications arise and less than half of the patients with liver cancer survive five years

after diagnosis.”
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Malignant bone tumours

The occurrence of bone tumours is related to the rapid growth that accompanies
adolescence and these tumours are rare in the first decade of life, Bone tumours
account for 5.4% of childhood cancers (Figure 2). The two principal subtypes are

osteosarcoma and Ewing’s sarcoma which account for 60-63% and 27-30% of all bone

tumours respectively.”

Osteosarcomd

Osteosarcoma is thought to arise from bone producing mesenchymal cells. This
malignancy produces osleoid or immature bone. Approximately 90% of these tumours

arise in the long bones of the extremities.”

This malignancy typically oceurs during adolescence when growth is quick. The
incidence is therefore higher among females between the ages of 10 and 14 and greater
in boys thereafter. Persons with the hereditable form of retinoblastoma have an
increased risk of osteosarcoma which is unrelated to the use of chemotherapy or

jonizing radiation.®

Surgical removal of the primary tumour by amputation or local excision with
limb salvage is essential for disease free survival."’ This is preceded and followed with

the administration of chemotherapy to contro! metastases. Five year survival rates are
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between 50-60%.%7 The most important prognostic factors among patients with
osleosarcoma are tumour necrosis evident following preoperative chemotherapy and the

presence of lung metastases with a positive diagnosis.™

Ewing’s sarcoma

Ewing's sarcoma is probably derived from primitive neural or mesenchymal
tissue of the medullary cavity.®® This cancer is highly malignant and is typically found
in bony structures and occasionally in soft tissue. The most common sites of

occurrence are the femur, pelvis and the tibia."

The incidence of Ewing’s sarcoma is rare before five and after twenty.* There
is a striking geographical variation in incidence rates as the prevalence of this cancer

is quite rare in Chinese and Black poputations.”

Progress has been made in treating this malignancy which was once regarded
as fatal, Treatment involves the combined efforts of surgery, radiotherapy and
chemotherapy. These tumour cells can be mistaken for neuroblastoma, NHL or
rhabdomyosarcoma. Melastatic Ewing’s sarcoma or Ewing's sarcoma in the pelvic
region have poorer prognosis.” Between 50 and 74% of children with the
nonmetastatic form of Ewing’s sarcoma experience long term survival; less than 40%

of those with a metastatic form of the disease survive.*
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Soft tissue sarcomas (STS)

Soft tissue sarcomas account for 6.5% of all childhood malignancies among
Canadians under age twenty (Figure 2), Most childhood STS are rhabdomyosarcomas
(52-66%), while fibrosarcomas account for approximately 10%. Other forms of STS

include soft tissue Ewing's tumour and neurofibrosarcoma, The occurrence of STS

is slightly more common among males. "

Rhabdomyosarcomas

Rhabdomyosarcomas are thought 1o arise from progenitor cells for striated
muscle found throughout the body.*  This cancer has a high metastatic potential
through lymphatic or blood vessels.  As with Wilms' tumour and neuroblastomas,
these tumours can be present at birth. The highest incidence of this cancer occurs prior

to age five and there is a slight excess of cases in males."

Rhabdomyosarcomas are most commonly found in the head and neck area
(40%), genitourinary tract (20%), extremities (20%), trunk(5%) and retroperitoneum

(5 %). 50,51

Up to two thirds of patients survive with multimodal therapy of surgery,
chemotherapy and radiotherapy.® The primary site of occurrence and the clinical stage

are the two most important predictors of survival.”? The survival rate of children with
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stage I or II is approximately 80%." Only 25-30% of those with stage IV are cured.”

Other prognostic variables include: tumour size, age and tumour cell ploidy.**

Fibrosarcomas

Fibrosarcomas are spindle cell tumours that are mostly seen at distal
extremities.?! Fibrosarcomas are classified as congenital and postpubertal where the
tumour is much more likely to metastasize. The incidence rates of fibrosarcoma and
neurofibrosarcoma increase with age, Fibrosarcomas are also common as secondary

radiation induced neoplasms.

For the non-metastatic form of fibrosarcoma, age is a significant prognostic
factor of survival. The long term survival is 83-92% among children under age 5 and
60% for those above age five.” There is no prospective evaluation of patients available
to provide an estimate of 5-year survival for the metastatic form although it has been
regarded as being quile poor. The standard approach is aggressive surgery. The role

of chemotherapy is unclear and is presently under study.
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Germ cell tumours

Germ cell tumours are generally more frequent in gonadal sites.” Among
males, the peak incidence occurs prior to age five whereas in their female counterparts,
the occurrence of this form of malignancy is rare before age ten." These tumours
account for approximately 2% and 4% of ali childhood malignancies among males and

females respectively. ™ They occur in a variety of histological patterns.

For non-gonadal germ cell tumours, survival is poorer among children older
than eleven, in children where the tumour is in more than one organ or has not been
completely removed at time of surgery.” Children enrolled in a recent CCSG
experienced four year survival rates of 67% and 48% for ovarian and non-gonadal germ
cell tumours respectively.® Three year survival rates of greater than 95% have been

observed among British children diagnosed with testicular germ cell malignancies.”

Carcinoma_and other malignant epithelial neoplasms

Carcinomas are relatively uncommon in children. Extrinsic factors such as
smoking, are likely to be of greater importance for these neoplasms. The site of
appearance of childhood carcinoma differs greatly from those of adults. The most
common sites of carcinoma among adults are the lung, colon and breast. The more

prevalent forms among children are metanoma, thyroid and nasopharyngeal carcinoma.
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1.4 Late effects of treatment

Although not a focus of this thesis, it should be recognized that survivors of
childhood cancer are susceptible to a varicty of late effects as a result of treatment.
These effects include short stature, obesity, sterility, deformities, organ failure,
hormonal imbalance, psychosocial problems, mental impairments and secondary
malignant neoplasms,>** The anthracycline group of drugs are well recognized to be

cardiotoxic.®

Within twenty years of the first diagnosis, secondary cancers occur in 3-12%
of children cured for their primary cancer.2. When matched for age, this risk is 10-20
times higher than that of the general population. Many of these malignancies are bone
or soft tissue sarcomas arising within irradiated fields but secondary tumours are also
seen at places where radiation has not been administered.”  Secondary malignant
neoplasms (SMN) of a leukaemic nature occur typically 5-7 years after therapy while
the risk of solid tumours increases after a latency of ten years.” Secondary

malignancies respond very poorly to conventional therapy.
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1.5 National databases used in this study

The objectives of this research was facilitated with access to national data of
high quality. Two national databases were used in this study: the National Cancer

Incidence Reporting System (NCIRS) and the Canadian Mortality Database (CMDB).

1.5.1 The National Cancer Incidence Reporting Systemn (NCIRS)

Canada is one of the few countries in the world with a cancer reporting system
covering the whole population. This coverage is maintained by autonomous
provincial/territorial registries which have provided data to the NCIRS since 1969.
With the inclusion of Quebec in 1970, Canada's entire population was covered by
cancer registration.™ The NCIRS is maintained by the Canadian Centre for Health

Information at Statistics Canada,

Each provincial/territorial cancer registry annually reports 1o the NCIRS new
primary sites of cancer occurring among its' residents. Cancer registries obtain
incidence data from seven main sources (Appendix B). Most registries have direct
access to treatment records of cancer patients, death certificates and pathology reports.
Registries also receive information from hospital separation records, aulopsy reports

and medical files.
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In 1969, fewer than five per cent of cancers were unknown primaries (ICD 195-
199).%  Currently, eighty-five percent of incidence cancers are microscopically
confirmed and two percent are identified by death certificate only. From 1979,

morphology was classificd in accordance with ICD-O. Manitoba changed to ICD-O in

1982.

As many sources are consulted in maintaining the NCIRS and because of the
complex computer systems developed in the reporting provinces, considerable delays
occur in the provision of data to Statistics Canada. Since 1981, data have been
published approximately five years afler time of diagnosis. Improvements in timeliness
are occurring and it is hoped that in the future that a lag time of only two or three years

will exist.

1.5.2 The Canadian Mortality Database (CMDB)

The CMDB contains information on all recorded deaths from 1950 onwards.*
The file contains personal identifying information as well as the date, place and coded
underlying cause of death. The database is maintained at Statistics Canada, and is
regularly updated with death registrations supplied by each province/territory in
Canada.  Previous analyses have revealed high detection and specificity rates.*®
The CMDB is maintained on microfiche and computer tape with source records stored

on microfilm at Statistics Canada.
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1.6 Record linkage

Record linkage can be defined as the comparison of records on two distinct files
in order to determine whether they represent the same individual. In the case of this
study, the two files used were (i) the incident cases identified by the NCIRS and (ii)

deaths as contained in the CMDB.

The first work involving record linkage was carried out in the 1950°’s.® In the
1970's record linkage became an effective tool in the tield of epidemiology where it
was used to examine environmental risk factors. With the increasing popularity of
record linkage came the development of the Generalized Iterative Record Linkage
System at Statistics Canada.™ Since that time, methodologic improvements have been

made to make better use of the discriminating power of the data.”

In order to achieve efficient record linkage, three major difficulties must be
overcome. The first difficulty, is the inadequacy of personal identifying information.
This may make it impossible to match records (individuals). Some personal identifying
information is of greater value. For example, knowledge of an individual birth date is

usually more helpful in evaluating a possible link than the individual's marital status.
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A second dilficulty that must be overcome is coding errors. Mistakes often
occur in the reporting of personal identifiers.  Where discrepancies exist, other
variables obtained in the linkage procedure should be examined. The third difficulty
is a result of the large number of records involved in record linkage. Theoretically,
each record in one file must be compared with each record in the second file. In
praclice, it is not really necessary, nor efficient, to compare all personal identifiers.
To reduce processing and thus related computer costs, linkage rules are not applied to
all record pairs. Some records will be rejected as possible links after only some of the

rules have been executed.

Algorithms have been developed in an attempt to quantify the probability of a
true link. Agreements of initials, birth dates and other personal identifiers will be more
common in genuinely linked pairs than in records brought together and rejected as a
positive link. Weighting algorithms have been developed which take into account
missing values, reversal of initials, and partial matches of two records. Refinements
can be made 10 the weighting process in order to maximize the discriminating power
of the identitying information. Some of the methodologic issues in calculating weights

have been previously detailed.™**
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1.7  Objectives and rationale of study

The impact of cancer on the health of Canadian children has already been
discussed. To date, no study has assessed (he survival experience of Canadian children

with cancer using population based data and the classification scheme developed by the

Manchester tumour registry.

The results obtained from this study will be useful for several reasons.
Although the period of the stucly is relatively short, the results may provide some
insight as to whether progress has been achieved in treating various pediatric cancers.
Second, the results will permit comparisons to be made with population based data from

other countries.

Finally, the results achieved in this analysis will be useful in carrying out
further research. Cancers with a poor prognosis could be identified for future clinically
oriented research. The survival rates estimated from this study could also be used to

forecast the prevalence of childhood cancer survivors.
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MATERIALS AND METHODS

2.1  Creation of the working file

2.1.1. Steps performed in the record linkage procedure

GRLS, a software package developed Statistics Canada, was used to perform
the record linkage in this study."™ Permission was obtained from the Canadian Centre
for Health Information of Statistics Canada and all provincial cancer registries, with the
exception of Ontario, to release the data for the purposes of this study. The following

subsection describes the steps involved in carrying out the procedure,

Records of childhood cancer incident cases obtained from the NCIRS were
internally tinked in order to determine which individuals went on to develop secondary
malignancies or which cancers were duplicate reportings. Information that was
obtained from the NCIRS for each individual, was then linked to the CMDB. Personal
identifying information used to assess the link included name, gender, birth date,

marital status and province of residence.
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A weighted value was calculated for each possible link. The weight is an
estimate of the odds that the two records under consideration refer to the same
individual. A listing file, which ordered the comparisons by sample weight, was then
produced. Statistics Canada provided this listing file which was I then examined in

order to determine whether each comparison was an actual link, a non-link or a possible

link.

For questionable links, death certificales were also assessed in order to
determine whether coding errors were present in the CMDB data. A decision on the
status of the link for each comparison was then supplied to Statistics Canada. Finally,
a working file was provided by Statistics Canada which was stripped of all non-essential
personal identitying information. This included such variables as surname, social

insurance number, and death registration number.

The working file included the variables *date of death’, 'underlying cause of
death’ and 'date of birth® which were retrieved from the Canadian Mortality database.
The underlying cause of death was coded using the International Classification System
for Diseases, ninth revision (ICD-9).* The date of diagnosis, reporting province,
tumour morphology and topography, ICD code, as well birth and death dates were
retrieved from the cancer incidence file. Morphology and topography were coded
according to the International Classification of Diseases for Oncology (ICD-0).° Where

the linked record differed in terms of recorded birth dates or death dates, death
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certificates were examined in order to validate the recorded data. If a discrepancy
remained, the date obtained from the mortality database was used as death certificates

are typically signed by a relative of the decedent and were therefore considered more

accurate.

2.1.2 Ontaric cancer incidence data

As previously detailed, incident cases were not obtained for the province of
Ontario. At the time of this study, the Ontario Cancer Registry was in the process of
improving the quality of its data on childhood cancer due to concerns of overreporting.
In addition, several malignancies with unknown morphology were being reassessed.
The Ontario Cancer Registry would not endorse the release of its’ data until such
modifications could take place. It is hoped that future analysis would include these
children. It is estimated that Ontario would account for approximately 38% of all

Canadian childhood cancer incident cases.'



2.2 Creation of analysis file

From the working file, age at diagnosis was calculated for each record. Patients
were also grouped into the age intervals 0-1, 1-4, 5-9, 10-14 and 15-19. Where
possible, each incident case was classified using the Manchester classification scheme.

In cases where topography codes were missing, the corresponding 1ICD code was

substituted where appropriate.

The recording of morphology was incomplete prior to 1982. As a result,

survival analysis was restricted among incident cases diagnosed between 1982 and

1988.

Neoplasms that were either benign, a borderline malignancy or in-situ were
excluded from the analysis. This behaviour information was available from the fifth
digit of the ICD-O code.  Further, due to ditferences in reporting of skin cancers

(ICD-9 173) by provinces, these cases were excluded from analysis.

Those children who died of external causes unrelated to cancer were censored
at time of death, For example, those who died as a result of a traffic accident would
be lost to follow-up at the time of death. Among non-deceased members of the cohort,

subjects were censored at the last date of mortality follow-up, December 31, 1991. The



following variables were output for survival analysis by BMDP * sex, type of cancer,
age, vital status (1=cancer related death, O=alive or non-cancer related death), year

of diagnosis, province of diagnosis and date censored.

2.3 Statistical methods of survival analysis

Survival analysis may be defined as the use of statistical methods to analyze
waiting times, which are times from an initial event to a final event. In this study, the
initial event is defined as the date of cancer diagnosis as reported by the NCIRS. The
final event is date of death as reported by the CMDB or in some instances the NCIRS.
Where no death was observed, the waiting time is said to be censored at the last known

point of follow-up, here December 31, 1991.

Three techniques were used to assess the survival experience of childhood cancer
subjects. The actuarial life table method was used to produce one, three and five year
survival rates. The product limit life table and the proportional hazards model were
used to assess the role of covariables on survival for selected cancers. A description

of the three methods follows.

* BMDP:commercial slatistical software package
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2.3.1 The actuarial life table

With an actuarial life table, follow-up of vital status is divided into fixed time
interval widths, For this study, these time intervals were specified as three months.
It is assumed that loss to follow-up occurs randomly during each interval. For each
time interval, the actuarial lifetable provides the investigator with the following
information:

e the number of subjects alive at the beginning of the time interval

¢ the number of subjects that die during the time interval

¢ the number that are lost to follow-up in each time interval

e the proportion of subjects that manage to survive the interval

e the estimated probability that the subject will not die before or during the time

interval

A description of the notation used in the actuarial life table formulas follows.

The number of persons at risk at the beginning of the ith interval is calculated by :

where n,=number of subjects at the beginning of the interval
c;=number of subjects withdrawn or lost to follow-up in the interval

The probability of death during the interval is:
qi=di*r;

where d;=number of observed deaths during the interval

-
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The probability of surviving the interval, conditional on being alive at the beginning of
the interval is thus:
Pi=1-q;

The cumulative proportion surviving to the end of the ith interval is estimated by P,
defined as:
Pivi=pi® where P;=1

The standard error associated with the survivor function (ie. the cumulative proportion

surviving) is obtained from Greenwood’s formula:®

There are two important assumptions that must be met when using lifetables.
The experience of the subjects with respect 10 the outcome of interest must not change
over the study period. Secondly, life tables assume that the survival experience of
patients who are censored is the same as those for whom exact waiting times are

known.

2.3.2 The product limit life table

The product limit life table, or Kaplan Meier estimate, is also used to
characterize survival. It differs from the actuarial life table in that the estimates of
survival are not based on fixed interval widths. The plot of a Kaplan Meier estimate
of survival is a stepwise function with decreases occurring at each point in time that a

death occurs. The role of the product limit life table in assessing survival is virtually
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identical to that of the actuarial life table. The product limit life table does however
have the advantage that tests for group differences are not dependent on the selection
of time intervals. For this reason, it is the preferred method when there is a small

number of cases.

The formula for the cumulative propertion surviving up until time 7', using the
product life table method is expressed mathematically as:

N“i"'l"ﬁj

PLE) =H N-1i+1

£,8t

0 if t; represents a censored observation
where §;, =
| if t; represents a death

and i=1,2...N

The standard error associated with this survival probability is: ®

8
s.e. (P(C)J“J > RIS,

£t

In order to lest for group dilferences with the product limit estimates of
survival, the Mantel-Cox test statistic (or log rank test) is commonly used. This test
statistic gives equal weight to all observations (ie. is independent of the length of the
follow-up). The Mantel-Cox test statistic can aiso be used to assess group differences
with the actuarial life table. A detailed description of the mathematical formulae of the

Mantel-Cox test statistic is found in Appendix C.
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2.3.3 The proportional hazards model

The proportional hazards model is used to determine whether survival is related
to one or more continuous or discrete variables. It enables the comparison of survival
of two or more groups with varying survival times, some of which may be censored.
To be precise, the proportional hazards model evaluates the relationship between the
variables of interest and the hazard function. The hazard function is defined as the
instantaneous probability of death.  The proportional hazards model is sometimes

referred to as the Cox model.

The proportional hazards model differs from ordinary regression as the
dependent variable modelled is the hazard rate and not survival time, If exact waiting
times were known, linear regression could be applied to describe relationship of the
covariables on survival time. With censored obscrvations, ordinary regression cannot

be used.

Mathematically, the proportional hazards mode! is expressed as:

AEix, %, - X)) = () exp (byx +hyXy Xyt . . L +bX,)

where Mo (t) represents the baseline hazard function.
%), %2, - - X, i 4 set of covariables of interest
b,, by, ...b, are estimated from the data



As illustrated by the preceeding mathematical formulae, survival between groups can
be compared without knowledge about the functional form of the hazard functions

A(t;X,,X5,...X,) OF Ag(L), as long as the two are proportional.

The relationship between the hazard rate and the survivor function can be expressed as:

.1 d
Ait)= _S(t)'dtS(t)

A variable is related to the hazard function if its corresponding parameter
estimate is significant. If the parameter estimate obtained from fitting the proportional
hazards mocel is non-positive (ie. b, <0), the chance of survival increases as the value
of the variable increases. Conversely, when the parameter estimate is positive, the

prognosis of the subject decreases as the value of the covariable increases.

The survival of two groups can be compared by the relative hazard (the ratio of
two hazard functions). The ratio of two hazards is analogous to the ratio of two
mortality rates (or relative risk) except that the hazard rates are instantaneous measures
of survival. In our analyses, the relative hazard is used to assess the annual change in
risk of mortality among children diagnosed over the period 1982 to 1988. It is also

used to assess whether gender or age at diagnosis is associated with survival.



An advantage of the proportional hazards model is that the contributions of
variables can be assessed in the presence of other variables. The best model can be
identified sequentially by adding or deleting the one variable that has the greatest impact
on the residual sum squares. For the stepwise regression performed in this analysis,

the level of significance to enter the model was set at 0.10 and the level to remove was

set at 0,13,

The proportional hazards model requires the same assumptions to be satisfied

as the actuarial and produect limit life table. Three additional assumptions are needed:®

(i) All of the waiting times must be independent

(i)  All subjects that have the same values for the variables in the regression
equation must have the same hazard function

(i)  Subjects with different values for the variables in the regression equation

must have proportional hazard functions.

Verifying the assumption of proportionality

There are several different ways to assess whether the assumption of
proportionality is met.  The easiest way to begin to assess this assumption is to
examine plots of the survival curves. Survival curves that cross may indicate instances

where the assumption of proportionality is violated.



The assumption of proportionality can formally be tested by introducing a
variable which is dependent on time into the Cox model. For example, if we wanted
to examine whether gender was a proportional covariate we would fit the following

model;

A(0)=Ag(Nexp(B 2, + Baz()

where z, is an indicator variable denoting gender and z,(1)= z,(In(time)-constant). If

the ratio of the two hazards is proportional for any value of survival time, then 8,=0.

When the proportionality assumption is violated, two alternative means exist for
comparing survival functions. One way to proceed with the analysis, is to stratify such
that cases within each strala conform to the proportional hazards model.*  The
accelerated time failure model is another manner in which the effect of covariates on
survival can be assessed. The acceleration time failure model does require the
specification of the underlying hazard function. The reader is referred to Kalbfleisch®

for a detailed overview of the accelerated time failure model.
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2.34 Assessing the survival of the study cohort

The number of incident cases for each type of cancer was tabulated. One,
three and five year survival rates were estimated using the actuarial life table. Survival
rates were calculated for all diagnostic groups of the Manchester classification scheme

as well as the more common types of childhood cancer.
Dilferences in survival by gender, age at diagnosis and year of diagnaosis

The effect of gender, year and age at diagnosis was assessed for the more
common forms of childhood cancer. The effect of these covariables was not assessed
for the main diagnostic groups due to the heterogeneity of survival of cancers within
groups. Geographical variations in survival were of secondary interest and examined

at a later time.

Survival curves were plotted by age group and gender for each cancer using
either the acluarfal life table or Kaplan Meier estimates of survival. The Kaplan Meier
estimate of survival was used for those cancers with smaller sample sizes. These plots
enabled a visual assessment of proportionality. Under the assumption of
proportionality, the survival curves would not be expected to cross and the logarithm
of the survival curves would be parallel. In some instances, an indicator variable was

entered to denote a cancer diagnosed in an infant (< year). The creation of this
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indicator variable was based on inspection of survival curves by age group as well as
results from previous research. In these instances, it was necessary to stratify using
this indicator variable to ensure that the assumption of proportionality was satisfied.

The assumption of proportionality was formally tested with a time dependent variable

as described in the previous section.

Stepwise regression with the proportional hazards model was used in an
exploratory manner. The stepwise regression procedure revealed which factors were
the most influential predictors of survival. A description of the variables included in

the stepwise regression is provided in Appendix D.

Survival curves, by age, were plotted for those cancers where age at diagnosis
was associated with prognosis. These curves were plotted using estimates derived from
the proportional hazards model. The effect of gender was handled in the same manner.
Where both age and gender where significant prognostic variables, survival curves, by

age, were plotted for both males and females.

Three year actuarial survival rates were estimated for individual cancers among
those diagnosed in 1982/83 and 1987/88. The significance of changes in survival by
year of diagnosis, over the period 1982-1988 was tested using both the Mantel-Cox test
statistic and the proportional hazards model. The Mantel-Cox statistic tested the

survival differences for those diagnosed in the two aforementioned time periods. For
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the proportional hazards model, year and month of diagnosis were entered into the
model as a continuous variate. The test of significance using the proportional hazards
model was adjusted for age and gender and included all diagnosed cases between 1982

and 1988.

Geographical variations in survival

The analysis of geograplical variations in survival was performed on children
diagnosed in the latter part of the study period (1987-1988). At this time, most
Canadian treatmenl centres were members of one of two collaborative groups: the
Pediatric Oncology Group (POG) or the Children's Cancer Study Group (CCSG).
Provinces were grouped into four regions (Atlantic, Quebec, Prairies and British
Columbia) in order to achieve groups with sufficient sample size to proceed with
analysis. It was decided to examine only those cancers in which there was a minimum
of fifleen cases per region. This was done as it was recognized that the dataset does
not contain all the necessary prognostic factors. As a result, geographical variations

in survival were only examined for ALL, Hodgkin's disease and astrocytomas.

Three year survival rales, by region, were calculated for each of these three
cancers using the actuarial life table. The survival rates observed in each region were
then compared to the remainder of the cohort. This was done using (i) the Mantel-Cox

test statistic and (ii) examining the significance of an indicator variable in the
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proportional hazards model which denoted the region in which the cancer was “eported.
The test of significance using the proportional hazards model differed from the Mantel-
Cox test statistic in that it was adjusted for the effects of year of diagnosis, age at

diagnosis and gender.



RESULTS

All cancers combined

Survival analysis was performed on 4715 incident cases of cancer diagnosed
among children under twenty years of age, between 1982 and 1988 (Table 1). A
further breakdown of these incident cancer cases by gender can be found in Appendix

E.

The actuarial five year survival rate of this cohort was 69% (Table 2). For all
cancers combined, a significantly improved survival rate was observed for children
diagnosed more recently. The five year survival rate among children with cancer was
67% and 73% for those diagnosed in 1982-85 and 1986-88 respectively (Figure 3).
These differences in survival were statistically significant (p<0.01) as measured by the

Mantel-Cox test statistic,
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Table 1,
Frequency distribution of incident cases of cancer’, by age group,
childhood cohort, 1982-1988

Type of Cancer Ape Grouwp “
<\ l.<s | 5-<10 | 10-<1§ | 15-<20 Total 'l-l
Leukaemin 63 an 36 187 130 1318
Acule lymphoeytic leuknemia a7 478 264 1y 112 1000
Acute non lymphueytic leuknemin 17 16 6 43 43 178
Other leuknemia 19 4% 26 25 28 143
Lymphumas 14 65 113 219 340 91
Hodgkin's disease 0 7 43 116 U7 453
Non-Hodgkin lymphoma 2 it} 43 55 LY 185
Cuntrnl Nervous System a5 206 k] 163 150 THE
Epemlymomn 5 27 16 1 l 62
Aslrocytoma 15 70 105 L3 93 kY] |
Medulloblastanm E 46 50 27 18 149
Sympathetic Nervous System 17 120 3 12 9 249
Neurohlastoma mw! gnuglioneurohlistoma 14 115 kL 8 4 230
Retinohlnstomn 2 56 2 t | §2
Renal Tumres 43 108 48 n 4 215
Wilms' tumour k] R 45 9 3 193
Hepatic s 13 6 9 k] 6 47
Maligmut bone tumoures o 9 35 9 1 248
Oslensareoma 0 1 1) 47 64 130
Ewing's snreviia 0 4 14 17 3 6
Soft tissue snreons 20 0 9 10 £5 314
Rhuhdamyasarcama 10 hX] 42 29 34 168
Fibrosareonn 3 L] 7 18 26 62
Gomadul widl gesm el 27 3 » 55 135 273
Nuon gonadal zerm eell 12 19 12 15 2 10
Germ cell 11 12 7 35 9 164
Careinou nnd ather aalignant epithelial [ I 33 ht 231 334
neaplasims
Qther 9 8§ 4 9 11 ]|
All Cancers 39 1282 1 900 Ryl 1307 4715
_ I

tExcludes coses with pon-positive survival time, secondary molignancies, und 1ICD-9 173.
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Table 2.
One, three and five year actuarial survival rates, for selected cancers,
childhood cohort, 1982-1988

5 Yr. Survival Rate
{Standard Error)

Cancer | Yr. Survival Rate 3 ¥r. Survival Rale
(Sunulard Errar) (Standard Error)

Levkaemin
Acute lymphaoeytic leukiemian

Acute noat-lymphoeytic leukaemis

Other leukacnia

Lymphoumns
Hodgkin's disease
Nan-Hadgkin's lymplona

Centeal nervous system nsoplasms

Epcndymoma
Astroeyloni
Medulloblastima

Sympathetic nervous system
Neurablastomi

Retinoblastoma

Renal tumoeurs
Wilms® tumour

Hepalie tumours

Bone tamours
Osteosaremni
Ewing's sarcomi

Soft tissue sarconis
Rlzbduomyasareanti
Fihrosareoma

Joundal and germ eell
Nan gonadal
Gonadal

Testicular
Ovariun

Carcinomn and other epithelial

Other and unspecitied

0.858 (0.010)
0.913 (0.009)
0.638 (0.036)
0.741 (0.037)

0.901 {0.011)
0.978 {0.007)
0.843 (0.027)

0.794 (0.014)
0.823 (0.049)
0.860 (0.018)
0.800 (0.033)

0.783 (0.026)
0.787 (0.027)

1.0 {0.00)

0.944 (0.016)
0.948 (0.016)

0.553 10.073)
0.871 (0.021)
0.839 (0.032)
0.907 (0.021)
0.863 (0.01N
0.839 {0.028)
0.903 (0.038)

0.934 (0.015)
0.863 (0.039)

0.980 (0.014)
0.952 (0.027

0.932 (0.014)

0.803 (0.048)

0.673 (0.013)
0.754 (0.014)
0.356 (0.030)
0.500 (0.042)

0.836 (0.013})
0.934 (0.012)
0,703 (0.024)

0.682 (0.017)
0.677 (0.059)
0.757 (0.022
0.G38 (0.03%)

0.627 (0.030)
0.630 (0.032)

0.976 (0.017)

0.874 (0.023)
0.885 (0.023})

0.426 (0.072)
0.641 (0.031)
0.607 (0.043)
0.663 {0.051)
0.698 (0.026)
0.643 (0.037)
0.823 (0.049)

0.843 (0.022
0.700 (0.051)

0.911 (0.028)
0,921 (0.034)

0.861 {(0.019)

0.784 (0.058)

0.609 (0.014)
0.688 (0.015)
0.302 (0.036)
0.433 (0.042)

0.794 (0.015)
0.902 {0.014)
0.621 (0,036}

0.642 (0.017)
0.540 (0.064)
0.729 (0.023)
0.578 (0.041)

0.594 (0.031)
0.596 (0.033)

0.976 (0.017)

0.859 {0.024)
0.869 (0,024}

0.404 (0.072)
0.597 (0.032)
0.589 {0.043)
0.570 (0.055)
0.656 (0.027)
0.596 (0.038)
0.804 (0.051)

0.818 (0.024)
0.645 (0.054)

0.891 (0.031)
0.921 (0.034)

0.842 (0.020)

0.784 (0.058)

ALL CANCERS

0.865 (0.005)

0.736 (0.006)

0.694 (0.007
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Figure 3. Actuarial survival curves* for all cancers, childhood
cohort, by period of diagnosis
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* Survival curves estimated using the product limit life table. The Mantel Cox test
statistic for group differences was 16.7 (p=0.00)
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Leukaemia

The one, three and five year survival rates for children with leukaemia were
86%, 67% and 61% respectively (Table 2).  Among children diagnosed with ALL,
69% survived (ive years after initial diagnosis. The prognosis was much less
favourable for those diagnosed with ANLL. Only 30% of children diagnosed with this

malignancy survived more than five years.

Age at diagnosis and gender were found to be significant predictors of survival
for children with ALL (Tables 3,4). The eftects of age on outcome were similar in
both sexes. Survival was poorest among infants (ie. diagnosed prior to age one) where
less than one out of four survived five years. After age one, survival decreased with
increasing age with the most favourable results occurring among those diagnosed prior
to age five (Figure 4,5). When adjusted for age, the hazard rate of females was 0.75

times that of males and significant at the two percent level (Table 3).
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Table 3.
Results of proportional hazards regression analysis in mensuring
the effect of gender, for selected cancers, adjusted for age and year of
diagnosis’, childhood cohort, 1982-1988

Cancer site Gender Covariate

Parameter esline Standard Relntive | p

of gender covariae | error Tz
Acute lymphoeytic leukaenyin -0.2% 0.12 0,75 0.02
Acute mn-lymphoeytic leukoemi 015 0.18 0.46 0.41
Huodgkin's disense -0.47 03 0.62 G113
Noay-Howlgkin Tymphoma 0,08 0.27 0.95 0.86
Epentdymoma -1.05 0.40 0.35 0.0
Astrocylama (.28 (h20 0.76 .16
Medulloblastoma 039 0.26 0.6% 0.13
Neurahinstoma 0,08 0,21 1.0% 081
Wilms" tmour 0.06 .40 1.06 088
Osteosureani -0.32 0,28 0.73 0.25
Ewing's sarcama 0.22 0.34 .24 0.52
Rhalidomyssureonia .16 0.25 0.85 0.52
Fibrosnpeonm W72 .56 .06 0,20
Nuon-gonadal germe-eell 6.21 0.42 1.24 0.60

fpender wos entered in the proportingal hazards model as o hinaey voriahte (1 = male,2= manle)
Yp-value whtained using Bikeliom! ratio lests the render is relerred 1o section 4.1.5 for u discussion of mulliple testing
e refutive hazand is a ratio of the femate hazand rte W that of a male adjusted For differcices in year and age ol dingnosis
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Table 4.
Results of proportional hazards regression analysis in measuring
the effect of age of dingnosis, for selected cancers, adjusted for gender
and year of dingnosis, childhood cohort, 1982-1988

Type of Cancer Parmmeter Sinndurd Ervor Relative pvalue?
estimate wl nge | of estimate hazurd?
covarinte

Acute Iymphocytic lrukaemia

Infanix 2.4 0,25 g.351 0.00

Dingnoses nller age one

Munles 0.08 0,01 1.0% 0.00
Females (A1) .02 1.10 0.00

Acute pon-Iymphneytic Jeukaemin

Infantx 0.94 .32 2,700 0.00

Diagnoses nfler upe one .01 0.02 0.99 0.55
Hudpekin's disease

Males .21 0.07 1.23 0.00

Femnlex 0,03 .09 0.97 0.72
Non-Tadgkin lymphoma 0.02 0.02 1.03 0.30
Ependymenn

Males L 10 0.06 0.91 0.07

Fetnalex LIS .08 .86 0.04
Astrocyteni 0,04 0,02 1.04 0.04
Mudutloblastoma 0.0 0.03 0.99 0.59
Nenrablastoma

Infants 08 0,44 ol 0.00

Dingnoses aller age vine 0.01 0.03 1.01 0.75
Wilms® timour 003 0.07 0,97 0.64
Ostessnreomi (.00 .04 1.00 0.91
Ewing's surcom: 0n.02 0.04 1.02 0.56
Rlzibdemayoszremna 0,05 (102 1.06 0.01
Filicosarcams 0.(0 {1.08 L9 0.07
Nov-gowudal gerin coll 0.04 0.3 1.04 0.20
Gonaelal germ-cell

Testicular 012 0.09 1.13 0.07

Ovarian 0.05 0.13 1.05 0.68

the relative hazaed mtie is the eatio of (o hoazard rates in which 1he age av dingoosis JilTers by one year. The
denominator represents e hizand of the older child.

in this instanes, the relative hazand is o wtiv of the hozard mie of an infam (fe. dingaosed prior to age one) refative
W the haznnd rate of a child whe is Wl deast one year old when dingnosed,

the reader is relerned W section 41,5 for o discussion ol nultiple westing
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Table 5,
Results of proportional hazards vegression analysis in measuring
the effect of year of dingnosis, lor selected cancers, adjusted
for gender and age at diagnosis, childhood cohort, 1982-1988

Type of Cancer

3 yeur survival
rate' 198283
(stamled error)

F-yvur survival
rate’ 1987.88
{strnlard error)

# s.e. (@)

Relative
lwzard!

Acute lymphiaeytiv Tenkavmin

Infants

Diagnoses alter age one
Males
Females

Acute non-lymphocytic lenkaviia

Infanis
Dingnoses afler age e

Hadgkin's disease

Non-Hodgkin lymphosma
Ependymom;

Males

Females
Astrocytmun
Medullohlastona
Neurablistoni

Infonts

Dingnoses afler age one
Wilms* tumour
Ostensareomi
Ewing’s sarcoma
Rhihdumyosarcem
Filirosarconsa
Not-ganadal geru cell
Gonndal germ-cell

Ovarian
Testicutnr

0

(LOK (0.04)

0,64 (0.0

0.25 (0.2
.26 (0.07

0.91 (0.0

(.72 {0.00)

044 @01
078 (1)
0.79 (0.0

0,59 (0.07)

1.0 {0)

0.42 (0.07)

0.8% (0.0%)

0,57 (0.0%)

0.75 (0.0%

Q.60 (0,07

0.61 (0.11)

0.56 (0.12)

0.86 (0.07)
0.43 (0.0%)

0.43 (0.1
0.8 (0.00)

.84 (.03

-

.45 (0.0

092 (0LON)
0.78 ((1L.06)
0.50 (0. 1%)"
1.0 {0y
0.75 (0.04)
0.60 (0.08)
0.R7 (0.07)
0,47 (0.OK)
0.96 ((LO2)
0.74 (0.07)
0.68 (0.10)
0.72 (1.07)
0.95 {0.05)
0,75 (L1}

L.00 ()
0.6 (0,08)

-0.09 0.12
.13 0.04
-0.23 0.05
0.19 0.1s

EtA L) 0.08
002 008
016 0.07
A,05 0.1
0.02 (L20
0.0 008
0,03 0.06
(.68 0.32
-0.06 .06
-0.19 a.11
0. 0.07
0.08 0.0v
(.06 0.0%
-0.27 0.14
109 on

.51 0.33
0.1y 0.56

0.91

0.83
0.8%0

098

0.86

0.95

1.02

1.01

.03

1.94

0.94

0.43

0.9

1.0%

0.95

0.76

.91

0.60
[.2t

0.20
0.04

0.77
0.01

0.65
0.9
0.63
0.68
0.01
0.29
0,07
0.10
0.34
0.38
0.05
0.41

0.06
0.22

_j

tunevival cales . oculoted using the actunrial life wble

33 wag cstimated using the proportional hazasds moded and is the coellicient estimnte of the year al dingnesis,

ayyevival estimates based an fewer than len coses

fihe relative hnzand is 0 ratio of two hazard mles in which the yenr of dingnosis differs by one. Note the denominalor represents

the eastier dute of dingnosis

Yhe reader is referned to seetion 4,1.5 Tor o discussion of muliple testing
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Figure 4. Survival curves* of male children diagnosed with acute
lymphocytic leukaemia between 1982 and 1988, by age

Proportion still alive

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Years since diagnosis
Age at diagnosis (years) :
J
e

+<1 %3 45 &10 #1

FErme

*Estimated using the proportional hazards model
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Proportion still alive

Figure 5. Survival curves* of female children diagnosed with acute
lymphocytic leukaemia between 1982 and 1988, by age
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For children with ANLL, age was also a significant prognostic factor. As with
ALL, survival was poorest among infants. The presentation of ANLL in this age group
was invariably fatal as less than five percent of such cases survived five years after
diagnosis (Figure 6).  After age one, there were no statistically significant age related
differences in survival as the relative hazard was 0.99 (p=0.55) (Table 4). Gender

was not found to be associated with prognosis (p=0.41) (Table 3).

Improved survival was observed among children more recently diagnosed with
either ALL or ANLL (Table 5).  The five year survival rates among male children
diagnosed after age one, improved from 68% in 1982-83 10 82% in 1987-1988. Similar
improvements in survival were observed among females were survival increased from
64% 10 88% over the same period. For ANLL, the hazard decreased by 10%
annually among children diagnosed after age one over the period 1982-1988 (p=0.04)
(Table 5). Among infants diagnosed with either ALL or ANLL, no statistically

significant changes by year of diagnosis were observed,
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Proportion still alive

Figure 6. Survival curves* of children diagnosed with acute
non-lymphocytic leukaemia between 1982 and 1988, by age
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Lymphomas

Among children diagnosed with lymphomas, nearly 80% survived five years
after diagnosis (Table 2). Only ten percent of those diagnosed with Hodgkin’s disease
failed to survive five years.  Sixty-two percent of children diagnosed with NHL

survived five years after diagnosis.

For males diagnosed with Hodgkin's disease decreased survival was observed
with increasing age (Figure 7). The effect of age on predicting survival was not

statistically significant among temales (p=0.72).

Neither age nor gender were found to be significant predictors of survival for
NHL. Unlike Hodgkin's disease, year at diagnosis was found to be a statistically
significant predictor of survival in the proportional hazards model. As presented in
Table 5, the hazard rate among children diagnosed with NHL improved on average by

14% annually over the period 1982-1988 (p=0.01).



Proportion still alive

Figure 7. Survival curves* of male children diagnosed with
Hodgkin's disease between 1982 and 1988, by age
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Tumours of the central nervous system

The five year survival rate for children diagnosed with a tumour of the CNS
between 1982 and 1988 was 64% (Table 2). The prognosis was similar among those
diagnosed with an ependymoma or a medutloblastoma where 54 % and 58% respectively
managed to survive five years after diagnosis. The survival among children with

astrocytomas was more favourable as 73% survived five years.

For «hildren with medulloblastoma, neither age of diagnosis or gender was a
significant predictor of survival. Among children with astrocytoma, decreased survival
was observed among older children (Figure 8). No changes in survival by year of

diagnosis were observed for any of the CNS tumours examined.

As shown in Table 3, when adjusted for year and age at diagnosis, females
diagnosed with ependymomas had a more favourable prognosis than their male
counterparts (p=0.01).  The hazard rate of females was 0.35 times that of males
(Table 3).  Survival improved among both males and females with increased age

(Figures 9,10).
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Proportion still alive

Figure 8. Survival curves of children diagnosed with an astrocytoma
between 1982 and 1988, by age
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Proportion still alive

Figure 9. Survival curves* of male children diagnosed with
an ependymoma between 1982 and 1988, by age
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Proportion still alive

Figure 10. Survival curves of female children diagnosed with an
ependymoma between 1982 and 1988, by age
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Sympathetic nervous system fumours

The five year survival rate for neuroblastomas was 60%. The effect of gender
was not found to have a significant impact on survival (Table 3). Infants had 2
substantially higher survival rate. The hazard rate of these cases was one-ninth of those
diagnosed after the age of one (p<0.001). The five year survival rate of infants was
approximately 90% while (he corresponding rate of those diagnosed after age one was
46% (Figure 11). Afler age one, age at diagnosis was not found to be associated with
prognosis (Table 4). The prognosis was poorer among infants diagnosed more recently

(Table 5).

Retinoblastoma

This diagnostic group had the highest survival rate. Only 2 out of 82 cases died
during follow-up. The resulting five year survival rate was almost 98% (Table 2).
For this reason, no meaningful analysis of differences in survival for the available

covariables could be assessed.

Hepatic tumours

The prognosis among children diagnosed with hepatic malignancies was bleak.
Only 56% managed to survive one year after initial diagnosis and less than one-third
of these patients survived five years post diagnosis (Table 2). Fortunately this cancer

was rare with only 47 children diagnosed between 1982 and 1988 (Table 1).
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Proportion still alive

Figure 11. Survival curves* of children diagnosed with a
neuroblastoma between 1982 and 1988, by age
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Malignant bone tumours

The five year survival rate of children with bone tumours was 60%. The five
year survival rate for ostcosarcoma and Ewing's sarcoma was 59% and 57%
respectively. Among children with osteosarcoma age at diagnosis was not a significant
prognostic factor (p=0.91) nor was gender (p=0.25) (Tables 3,4). Similar findings
were observed for those diagnosed with Ewing’s sarcoma. Year of diagnosis was not

associated with prognosis (Table 5).

Soft tissne sarcomas

Approximately two out of three children diagnosed with a soft tissue sarcoma
survived five years of follow-up (Table 2). For those diagnosed a rhabdomyosarcoma
the five year survival rate was 60% (Table 2). Children with fibrosarcoma had a

more favourable prognosis as the five year survival rate of this cancer was 80%.

Ape at diagnosis was associated with the prognosis of children with
fibrosarcoma. Decreased survival was observed with increasing age (Figure 12). The
hazard rate increased by a factor of 1.09 as age of diagnosis increased by one year
(Table 4). As presented in Table 5, the effect of year at diagnosis among children with
fibrosarcoma was marginally significant (p=0.05). The three year survival rate

improved from 61% in 1982-83 to 95% in 1987-88.
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Proportion still alive

Figure 12. Survival curves* of children diagnosed with
a fibrosarcoma between 1982 and 1988, by age
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For children with rhabdomyosarcoma, age at diagnosis was a significant
predictor of survival (Table 4). As with fibrosarcoma, decreased survival was observed
with increased age of diagnosis. Less than sixty percent of those diagnosed after age

ten managed to survive five years (Figure 13).

Germ cell tumours

The five year survival raie for germ cell, trophoblastic and other gonadal
malignancies was approximately 82% (Table 2). For non gonadal germ cell tumours
the five year survival rate was 65%. The five year survival rate for gonadal germ cell
malignancies was 89%. Among females, approximately 92% managed to survive germ

cell malignancies of the ovary,

Age at diagnosis was a marginally significant prognostic factor for male children
diagnosed with testicular germ cell malignancies (Table 4). Decreased survival was
observed with increasing age (Figure 14). Thoge diagnosed prior to age fifteen were

estimated to have a survival rate greater than 90%.
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Cumulative propartion surviving at beginning of interval

Figure 13. Survival curves* of children diagnosed with
a rhabdomyosarcoma between 1882-1988, by age
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Proportion still alive

Figure 14. Survival curves* of children diagnosed with testicular germ
cell malignancies between 1982 and 1988, by age
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Regional variations in survival

Regional differences in survival were examined for children diagnosed with
ALL, Hodgkin’s discase and astrocytomas between 1987 and 1988,  After adjusting
for differences in age at diagnosis, gender and calendar year, British Columbia was
found to have significantly higher survival rates for children diagnosed with ALL and
astrocytomas. The three year survival rate for children diagnosed with ALL in B.C.
between 1987 and 1988 was 92% (Table 6). This was statistically significant when

compared 10 the survival ol remainder of the cohort over the same period (p=0.04).

The prognosis of children diagnosed with Hodgkin's disease was favourable in
all regions (Table 7). The three year survival rates ranged from a minimum of 88%

in the Maritime region 1o 96% among children diagnosed in British Columbia.

The regional survival rates varied substantially among children diagnosed with
an astrocytoma (Table 8). The three year survival rale among cases reported in B.C.
was 95% compared 10 76% for the remainder of the cohort. These differences in

survival were statistically significant at the one percent significance level.
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Table 6.
Three year actuarial survival rates of children diagnosed with
acute lymphocytic leukaemia between 1987 and 1988, by region

Reyion Cases 3 year survival ratet | p-value! p-value¥
(standaurd error)

Atluntic 30 0.77 (0.08) 0.44 0.36

Quehec 113 0.83 (0.04) 0.92 0.95

Prairies 79 0.82 (0.04) 0.18 0.42

B.C. 53 0.92 (0.04) 0.06 0.04

Canadut 276 0.84 (0.02) - -

Survival rate estimited using actuarial life tuble

p-vilue generated from Mantel-Cox test statistic which assessed the difference in survival
hetween the specific region versus the remainder of the cohort

p-value generated using proportional hazards model adjusted for age at diagnosis, gender,
and yeur of dingnosis;region was entered s u binary varinble in the proportional hazards

mode] (0=specified region, 1=remainder of the cohort),

excludes coses from Ontario und includes an additiona! incident case from the territories
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Table 7.

Three year actuarial survival rates of children diagnosed with

Hodgkin’s disease hetween 1987 and 1988, by region

Repgion Cuses 3 year survival catet | pvalue? p-valuet
(standard error)

Atlantic (7 0.88 (0.08) 0.32 0.42 X

Quebec 63 0.92 (0.03) 0.95 0.51

Prairies 214 0.90 {0.06) 0.56 0.66

B.C. 25 0.96 (0.04) 0.20 0.13

Canudu’ 129 0.92 (0.03) - -

Survival rate estimated using actuarial life tuble

p-vulue generated From Muntel-Cox test statistic which assessed the difference in survival
hetween the specific region versus the renuinder of the cohort

p-value generated using proportionn] hazieds model adjusted Tor age at diagnosis, gender,
and year of dingonosisiregion was entered as a binary variable in the proportional hazards
model (0=specitied region, {=remainder of the cohort),

excludes eases trom Onturio and includes an additiona] 3 incident cuses from the territories
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Table 8.
Three year actuarial survival rates of children diagnosed with
an astrocytoma between 1987 and 1988, by region

Region Cuses 3 yeur survival ratet | p-value’ p-value?
(standurd error)

Atlantic 16 .75 (0.11) 0.93 0.88

Quehee 38 0.68 (0.08) 0.27 0.27

Prairivs 28 0.71 (0.09) 0.20 0.21

B.C. 22 0.95 (0.04) 0.02 0.01

Cunada! 105 0.75 (0.04) -- -

Survival rate estimuted using actuarial fife table

p-value generated from Mantel-Cox test statistic which assessed the difterence in survival
hetween the specific region versus the remainder of the cohort

p-vatlue generated using proportional hazards mode! adjusted for age al diagnosis, gender,
and year of dingnosisiregion was entered us @ binary variuble in the proportional hazards

model (0=specified region, 1 =remainder of the cohort).

excludes cases from Ontario and includes an additional 3 incident cases from the territories
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DISCUSSION

The goal of this thesis is to assess the survival of children diagnosed with cancer
between 1982 and 1988 using population based data. As previously detailed, the
objectives of this study include assessing the role of gender, age at diagnosis and year
of diagnosis on the prognosis of children with cancer. Further, geographical variations

in survival were examined for selected cancers.

The first section of this chapter explores the methodological issues that might
limit the interpretation of the findings. The second section compares the results of this
study to those obtained from other series of population based incident cancer cases.
Trends in survival as well as variations in survival by age at diagnosis, gender and
geographic region are also discussed in this section. Finally, possible future trends in

the management of pediatric cancers are examined.

4.1  Methodological issues

4,1,1 Quality of the record linkage

Details of the data quality and completeness of the NCIRS is available from
Statistics Canada. In particular, itlem by item tables of availability have been
prepared™ while a thorough examination of major quality indicators has also been

performed.” Steps have been taken in this thesis to correct for the inconsistent reporting
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of some cancers by the provinces. Specifically, benign tumours and skin cancers were
excluded from analyses. Provincial cancer registries coordinate their activities in order

to provide consistency in their case ascertainment procedures.

The CMDB contains personal identifying information from each death
registration in Canada as well as coded underlying cause of death. The linked file
provided a clue as to the quality of the coding of the personal identifying information.
Birth dates of the NCIRS and CMDB matched on over 97% of the records. Further,
there were only ten instances were a death was coded in the NCIRS and no death
certificate could be found by the CMDB. Manual examination of the death certificates
was performed in order 1o verify differences in the coding of personal identifying

information that were identified by record linkage.

The quality and the completeness of the NCIRS and CMDB has already been
discussed. In some instances, the birth dates as recorded by the NCIRS differed from
that of the CMDB. For these cases, death certificates could be examined to determine
whether the date of birth was incorrectly coded by the NCIRS. The birth dates for
those who had not died could not be verified in this manner and it is therefore possible
that some cases may in fact be adult cancers. As adults with cancer have a poorer
prognosis, the inclusion of these cases may underestimate the survival of children with
cancer. The number of these cases should be quite small and the bias should be quite

minimal,
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It is possible that some death linkages may have been missed and as a result the
presented survival rates may be slightly overestimated. A previous study examined the
ability of Statistics Canada to detect deaths among a cohort of refinery workers using
the CMDB. It found that Statistics Canada was able lo detect 93.1% of deaths
occurring between 1974 and 1983. Deaths that occurred outside of the country were

more likely to be missed as only 30% were detected. ™

[t is probable that the detection rates are higher for this cohort. This can be
attributed to detailed collection of personal identifiers by the provincial cancer registries
which facilitates the record linkage process. In addition, most cancer registries follow
the vital status of recorded incident cases and even fewer deaths would be missed with
this additional information. Other reasons which might yield higher detection rates
among this cohort when compared to the occupational cohort include: record linkage
over a more recent period (ie. 1982 to 1988) and adults are much more mobile than
children and consequently, it is likely that a greater proportion of adults die outside of
the country. Finally, Statistics Canada has further developed its' expertise in the record

linkage process as it has now performed record linkage on numerous studies in recent

years.



4.1,2 Diagnostic methods

Among this cohort, the most common methods of diagnosis were histological
(71%), cytological (10%), radiological (7%} and clinical (4.1%). Approximately one
percent of cases were diagnosed by means of an autopsy and the diagnosis method was
unknown in six percent of the cases. Those patients with a non-positive survival time
were excluded. The resulting effect of these excluding these malignancies
overestimates the true survival of the cohort. As there were only 72 such cases

observed in this cohort (1.5% of all cases), this bias is very small.

The diagnostic procedures used were fairly consistent by region. With the
exception of Quebec, Manitoba and New Brunswick, each province diagnosed more
than 90% of childhood cancers by histology or cytology. In Quebec and Manitoba,
58% and 72% of childhood malignancies respectively, were diagnosed in this manner.
However, unlike the other provinces who report the most confirmed method used to
establish a diagnosis, Quebec and Manitoba report the first method of diagnosis. In
New Brunswick, a substantially higher proportion, almost 20% of the cases, were

diagnosed clinically.
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4.1.3 Absence of data of potential interest

Preferably, information on other cancer specific prognostic factors would have
been collected by the NCIRS. Some of these factors have already been identified in
earlier in this report (Section 1.3). Unfortunately, these factors were not available for
this cohort and the potential effects of these factors could not be controlled for. The
results given in this report should be interpreted cautiously as they presuppose that the
manifestation of these prognostic variables is homogeneous across the age, gender and
year of diagnosis strata, These factors are seldom available for analysis in population

based data and are only typically studied in smaller study groups.

Information of treatment procedures would be useful in identifying the therapy
which would maximize the chances of survival. We would also be able to tease out
whether improvements in survival that were observed for some cancers were a result
of refined treatment pracedures, earlier diagnosis or simply an artefact of the data.

It is widely acknowledged that treatment procedures have changed greatly over the last

decade.

Finally, at the time this study was undertaken, data was not available from the
province of Onlario. Since that time, a linked file was made available which contains
information of childhood cancer cases diagnosed in Ontario between 1985 and 1991,

Preliminary analyses of this dataset provide estimates of survival that are similar to
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those obtained from the cohort used in this study. We are still awaiting clearance from

the province to publish these results.

4,1.4 Appropriateness of the proportional hazards model

The proportional hazards model assumes that chiidren diagnosed with the same
form of cancer and who are identical with respect 1o gender, age and year of diagnosis
will have the same underlying hazard function. As discussed earlier, there are other
prognostic factors that are missing.  The use of the proportional hazards model will
be more robust where sample size is larger.  The use of the proportional hazards
model is preferred over lifetables as the effect of several variables can be assessed

simultaneously and it also allows for the use of continuous variables.

The other alternative would have been to use an accelerated time failure model.
The disadvantage of these models is that assumptions have to be made regarding the

distribution of the unde:lying baseline hazard function,

4.1.5 Multiple testing

Some researchers have voiced concern about how p-values are interpreted when
multiple comparisons are made. When many comparisons are made, false positive

associations are possible simply by chance. For example, when 1000 comparisons are
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performed at a five percent level of significance, one would expect 50 positive
associations to arise simply by chance. An approach to handling this problem is to
make the test of significance more stringent either by changing the significance level
or by inflating the P-values by some factors which is dependent on the number of
comparisons made. However, this approach has been rejected by Rothman'® as
creating more problems than it might possibly solve and was not used in the present

study.

4.2  Interpretation of findings

4.2.1 Comparison to other population based results

The survival of this cohort is similar to results observed in other population
based series from Britain, the United States and West Germany (Table 9). The survival
rates from the United States are based on SEER data which represents about ten percent
of the U.S. population found in {1 population based registries distributed throughout
the United States.*  Published rates for children in Britain include children who lived
in England, Scotland, or Wales and who were under age 15 at the time of diagnosis.
These children were identified by national cancer registration schemes, from entries into
the Medical Research Council leukaemia trials and from the register of patients treated

by the United Kingdom Children’s Cancer Study Group.”
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Most Canadian pacdiatric cancer treatment centres belong to one of two
cooperative study groups based in the United States. These two groups, the Paediatric
Oncology Group (POG) and the Children’s Cancer Study Group (CCSG) represent %0%
of all pacdiatric oncologists in the U.S. As a result of this coliaboration, one would
expect that the future survival rates of Canadian children would be similar to those of

American children,

Survival rates for neuroblastoma are also available from Japan and Finland. The
five year survival rates are 57% and 67% for Finnish™ and Japanese™ children
respectively. The improved prognosis among Japanese children is due to their mass

screening program which is aimed at detecting neuroblastoma among infants.
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Table 9.

Actuarial survival rates for childhood ciancers in Canada, Britain,
the United States and West Germany

Cuncer Five yeur survival
Cunada® Uniled States’  Britain’ W.Germany!

Acute lymphoblustic leukaemin 69 p 70 76
Acute non-lymphoeytic leukaemia 31 30 34 38
Hodgkin's diseuse 90 88 91 93
Non Hodgkin's [ymphama 62 69 7l 73
Centrad Nervous system tumours 65 59 57 49
Retinoblastoma o8 - - 93
Wilms tumour 88 87 81 84
Bone tumours 59 56 51 -
Ostensureoma 59 - . 65
Ewing's surcomi 58 - - 44
Rhubdomyosuriomi 59 - - 50
Malignant germ cell LY - - 71
Neuroblustoms 60 55 40 48

Toancer cases dimgnosed Delween 1982 and 1988;excludes cases reported by the province of Ontario
t cuncer cases dingnosed between 1983 und 1988
fenncer coses dingnosed hetween 1980 und 1982

Source: see reference (7)
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4.2.2 Trends in survival

Attempts are continually being made in an effort to reduce the heaith impact of
childhood cancer. These include efforts to improve diagnosis, treat and identify risk

factors for the incidence childhood cancer.

Survival among children with cancer improved dramatically with the introduction
of radiotherapy as well as chemotherapy. A few decades ago, only 20% of children
with cancer were being cured." Since that time, treatments have been refined and new
drugs have been evaluated through the resulls oblained from successive series of clinical
trials. The population based survival rates presented in this thesis, reflect some of the

progress that has been made from these trials.

Children with cancer are treated by paediatric medical centres which have
developed specialized programs of treatment and research on childhood cancers. The
Canadian centres participate in trials conducted by the POG and CCSG which have
resulted in improved survival for its patients. At the Ste-Justine treatment centre in
Montreal, recent improvements in survival have been observed after collaborative

efforts with a paediatric centre in Boston.™
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Survival among children with ALL improved over the study period. For children
with ALL, much of the improved survival can be explained by ability to administer
more intensive chemotherapy.®  Ongoing research in bone marrow transplant may
have also contributed to some of the increase in survival, Bone marrow transplantation
has been shown to improve survival among children in their second or subsequent

remission.'™

The improved survival among children with ANLL is not entirely surprising as
many of the best methods of treatment of ANLL are investigational.** Treatment oi
very young children difters from older children. Children over age three tolerate drugs
better than adults and the dose of chemotherapy is calculated by body surface area
whereas in younger children it is calculated using body weight. Improvements in the
diagnosis of ANLL have occurred because of recent knowledge gained in using
monoclonal antibodies to determine cell surface antigens of ANLL cells.”  The
prognosis of children with ANLL remains quite poor. POG is currently undertaking
a study which is examining autologous bone marrow transplant in the first remission

to intensive chemotherapy.”

In recent years, many advances towards understanding Non-Hodgkin lymphoma
have been made on an immunological, cytologic and molecular level.® Recent gains
have been made in the survival of children with 7 or B cell derived NHL."” Improved

survival in children diagnosed with NHL was observed among U.S children between



1980 and 1990.” Among these children, survival improved from approximately 60%
in 1980 to an estimated 75% in 1990. These findings support the results obtained in
this study where the survival of those diagnosed with NHL between 1982 and 1988 was
found to have improved significantly.  Studies are ongoing in an attempt to reduce

toxicity from treatment as weH as determining optimal drug combinations for those with

advanced forms of NHL.

Survival of children with Wilms' tumour has also improved in British and
American children diagnosed over the last decade.  The effectiveness of various
treatments have been studied with clinical trials undertaken by the National Wilms’
Study Group (NWSG) in the United States. Currently, the NWSG is conducting a

study in order to further refine the chemotherapy for different prognostic groups to

reduce the late effects of treatment.®

There were several cancers in which no improvements in survival by year of
diagnosis were observed. This may be a result of the short period of the study. In
addition, for those cancers with a more favourable prognosis, any marginal

improvements in survival would be difficult to ascertain given the sample size and

absence of other variables of interest.
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For sume cancers, the focus of new treatment is to reduce the risk of possible
late effects. [Even though survival rates might not have improved, successful
improvements in treatment may have occurred. For example, surgical and treatment
advances have permitted a greater proportion of limbs to be salvaged among children
with bone tumours.* Treatment of children with Hodgkin’s disease is now being
designed with the goal of reducing long-term morbidity in good-prognosis patients and

intensifying treatment in poor prognosis patients.*®

Poorer survival was observed among infants diagnosed more recently with
neuroblastoma.  This result should be interpreted cautiously as only six deaths were
observed in this age group of children with neuroblastoma. The significance of year
of diagnosis may be attributed to not being able to control for other known risk factors.
These include histopathology, serum markers, tumour cell ploidy and N-myc oncogene

amplification.?

The ratio of mortality rates to incidence rates (MIR) can serve as a crude
indicator of disease prognosis. The fact that a significant improvement in survival was
observed in such a short time window (1982-1988) is encouraging. The MIR as
presented in Appendix F support these findings. Between 1982 and 1988, the MIR

declined from 0.31 to 0.25.
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4.2.3 Variations in survival by gender and age at diagnosis

The findings on the elfect of age at diagnosis as a proghostic factor are
consistent with previous studies. These cancers include ALL, ANLL, neuroblastoma,
Hodgkin disease, astrocytoma, ependymoma and rhabdomyosarcoma. In some cases,

age is correlated with another prognostic variable such as staging in Hodgkin's disease.

Gender is not typically a recognized as a predominant prognostic factor for
childhood malignancies. The results of these analyses support this. Where gender
related differences in survival did exist, females fared better. The result showing a
gender related difference for children diagnosed with an ependymoma is surprising.
The hazard rate of females was 0.35 times that of males after adjusting for age and
period of diagnosis. Positive prognostic factors that have previously been identified
include: successful tumour resection, older age, caucasian race and higher radiation
dose.™™ One stucy found that females had a poorer prognosis.” Unfortunately, our
analysis is unable to control for all prognostic variables although the power of the

gender effect warrants further investigation.

For children with ALL, survival has been found to be befter among females in
previous studies when adjusting for other prognostic factors. '3 Perhaps parents may be
more likely to bring female child with symptoms of leukaemia (ie. fever, irritability)

to a physician at an earlier date a male child.
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4.2.4 Geographical variations in survival

In British Columbia, higher survival rates were observed among reported
incident cases of Hodgkin's disease, ALL, and astrocytomas.  Unfortunately, no
information on treatment procedures used on these children was available. It is possible
that the more favourable prognosis associated with B.C. children may be due to the
early participation of B.C. treaiment centres in the CCSG. B.C. treatment centres
joined the CCSG in 1969 and are likely to have benefitted from expertise on the
diagnosis, staging, treatment and support of the child with cancer, as well as expertise

in clinical trials methodology.

The MIR presented in Appendix G support the findings on geographical
variations.  The MIR was lower for British Columbia children for all cancers
combined and leukaemia, The MIR suggests that the prognosis for Ontario children

diagnosed with cancer is better than most other regions,

4.2.5 Future trends

In the past decade several advances in biology have occurred. Insights have
been pained on recombinant DNA technology, monoclonal antibodies, molecular
genetics and cytokines and cellular drug resistance. The application of these findings

in the design of future clinical trials may lead to further improvements in survival,
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Although efforts have been directed at improving the prognosis of children with
ANLL and older children with neuroblastoma the resuits so far have been
disappointing.  Overall, most children with cancer are now being cured and many
advances will undoubtedly be in minimizing the late effects of treatment and in reducing

costs of treatment,

Health Canada is currently developing a database intended to provide a focus for
more detailed studies of risk factors, treatment and outcomes. This initiative, the
Canadian Childhood Cancer Control Program will also establish a tumour bank in order

to provide a resource for researchers studying the molecular biology of childhood

cancer,

Improvements in survival of adults with cancer have not been as dramatic as
those observed among children. The success of clinical trials in treating paediatric
cancer shoulgl serve as a lesson in the management of adult cancer. In the U.S,,
approximately 60% of children with cancer are recruited for clinical trials compared
to 3% of adults.  Given the prevalence of cancer in the adult population, even subtle

improvements in survival will have a dramatic effect.
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5.1

SUMMARY OF RESULTS AND RECOMMENDATIONS

Summary of results

The following are the key findings derived from this study:

1

The five year survival rate for childhood malignancies diagnosed between

1982 and 1988 among the assembled cohort of children was 69%.

Females had a markedly improved survival rate for acute lymphocytic

leukaemia, and ependymomas after adjusting for age and year of diagnosis.

Age at diagnosis was a significant prognostic factor for leukaemia,

neuroblastoma, rhabdomyosarcoma and fibrosarcoma.

When adjusted for differences in age and gender, significant improvements
in survival were observed among children diagnosed with leukaemia, non

Hodgkin's lymphoma, and fibrosarcoma (p <0.05).

Children diagnosed with either acute lymphocytic leukaemia or astrocytoma

in 1987-88 in British Columbia had a significantly improved prognosis

compared to the remainder of the cohort.
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5.2 Recommendations

This cohort of children should continue to be followed in order to examine long-
term survival rates (ie. > 10 years). The addiiion of Ontario data would allow for
nationally representative survival rates to be calculated. Finally, if feasible, future
survival rates should control for information on staging, treatment procedures used as
well as other important prognostic lactors that vary by type of cancer. The Childhood
Cancer Control Program that has been initiated by Health Canada should produce such
data. It is probable that more changes in survival have occurred already among
children diagnosed after 1988. Survival rates of these children should be calculated

and compared against the survival experience of this cohort.
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APPENDIX A

CLASSIFICATION SCHEME FOR CHILDHOOD CANCER

Dinpnostic Group ICD-0 M-vode 1CD-0 M-codes 1CD-0
First 4 digits Sth dligits T-cade
L. Leukacmias
1) Acute lymphoeytie leukaenin 9821,9824 3
b) Other lymphuoid leukaemia 9820,9822,9823,9825,9850 K}
¢} Acute pon-lympliocytic Jeuknemia 0840,9841 ,9861.,9364,9866, | 3
9891,9894
d) Chronic myeloid leukacmia 9863 3
) Other und unspecified leukaemin 9800.9804,9810,9830,9842, 3
9860,9862,9865,9870-9890,
0892,9893,9900-9940
. Lymphomas and other reticuloend-
thelinl neoplusms
1) Hodgkin's discase 9650-9662 3.6,9
b) Non-Hodgkin's lymphoma 9591,9062-90642,9590-9701 369
9750 3,69
¢) Burkilt's lymphoma 9590,9600,9601 3.69
d) Unspecified lymphomas 9722 3,6,9
¢) Histineytosis X {also SNOMED murphalogy
cades 77860,77910,77920)
9710-9721,9730-9741 369
N Other reticuloenduthelial neoplasms
1. Central nervous system and
miscellaneous intenevanial and
intraspinnl neoplams
1) Ependymama 9383,9390-9394 0.,§.3,6.%
b) Astrocyloma 9380 3,69 192.0
9381,9400-9441 3,69
¢) Medulloblastoma 9470-9480 3,69
d) Other glioma 9380 3,69 191.0-191.9,
192.1-192.9
9382,9384,0442.9460,9481 1,3,6,9
¢) Miscellancous inteaeranial and 8270-8281,8300,9350- 0,1,3,69
intraspinal neoplisms 9362,9505,9530-9529
9060-9102 0.1 191.0-192.9,
194,3,194.4
800-8004 3.6,9 [91.0-192.9,
194.3,194.4
9990 0,1,3,69 191.0-192.9

100

BT —  — ————————

194.3,194.4

———— ——————



Diagnostic Group ICD-0 M-code 1CD-0 M-codes ICD-¢
First 3 digits Sth digits Twode
1V, Sympathelic ourvoos system
tunmours
1) Nevroblastsema and ganglio- 9490,9500 3,6,9
neurublaston
by Other 9680,8693-8710,9501- 3,69
9504,9520-9523
Y. Retinobhistoma 6510-9512 3.6.9
V1. Renal (umours
1) Wilms® lumour 8970 3,6,9
b} Renal carcinomn 8010-8041,8043, 3,69 155.0,155.1
8140,8330,8231.
8260
8160-818¢ 3.6,9
¢) Other and unspeeifivd malignant £000-8004,9990 3.6,9 155.0,155.1
renil ramnors
VIL. Hepatie tumours
1) Hepatublistoma 8970 3,69
b} Hepatie carcinoma 8010-1041,8043,8104, 36,9 155.0,155.1
8230,8231,
8260
8160-8180 369
¢} Other and unspevified malignam $000-8004,9990 369 155.0,155.1
heputic tumours
VI, Mdignant bone tumours
u) Osleosareomit 9180-9190 3,69
1) Chondrosareema 9220-9230 369 170.0-
‘ 9240 3,69 170.9,199.9
¢} Ewing's sarcoma 9260 3,69
d) Other and unspecificd malignam 8812,9250,9261-9330, 3,69 170.0-
bone Wwnours 9370 170.9,199.9
8000-8004,8800,880!,
8803,9990
170.0-170.9
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Dingnostic Group 1CD-0 M-code 1CD-0 Mecades ICD-0
Viest 4 digits Sth digits T-code
1X. Solt-tissue sarconus
1) Rhabdomyosarcoma, embryonal $900-8920,8991 3,69
sarcoma and sofllissoe Ewing's
wnwir 9260 3.09 140.0-169.9
171.0-195.8
1) Fibrosareoma, ncurolibro- 8510,8811.8813-8832,9540, | 3.0,9
sarcoma, and other filyronmatous 9560
neaplusms
¢) Other sofl-lissue sareoma 8840-8895,8990,9040-9044, | 3.6,9
9120-9170,9251 9581
9240 3.69 140,0-169.9,
171.0-195.8
8500-8804 3,69 140.0-169.9
X. Genmnecell, trophoblastic and
other
pondal neoplasing
9060-9102 309 140.0-182.8
u} Non-gonadal germ-cell and tropho- 183.2-185.9
blastie neoplasms 187.1-199.9
9060-9102 36,9 183.0,186.0,
) Gonada) germ-cell and trophio- 186.9
blastic neoplasms 8010-8041,8043,8140, 3,6,9 183.0,186.0,
¢) Gonadatl eareinoma 8230.8231,8260,8310,8440, 186.9
8480,8481
8181,8441-8471 3,69
8600-8650,9000 3,6,9 183.0,186.0,
d) Other amd unspecilied malizanm 186.9
gonodal lumours 8000-8004,9990
XH, Other and unspeeilivd malignant
neoplasts
£930,8950,8951, 3,69
8990,8991,9020,
9050-9053,9110,
Y580
$000-8004,9990 3.69 140.0-154.8,
156.0-169.9,
171.0-182.8,
183.2-185.9,
187.1-188.9,
189.1-190.9,
193.9-194.1
194,5-199.9

Source: adapted [rom reference (14)
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APPENDIX B

Information sources used by the provincial
agencies that supply information to the NCIRS

Province or territory / Province ou territoire

SOURCE 0000000000 6O
Cancer agencies

Organismes du cancer e © 9 9P 2 » & & o @
Pathology laboratories

Laboratoires da pathologie e P © 2 e © 8 & @
Hematology laboratories

l.aboratoires d'hématalogie e ® D 9 ® a2

Death certificates / Certificatdedécks @ © 9 9 e @ & 9 *
Hospitals / HOpitaux e 2 2 9 e ® ° ®
Autopsy / Autopsie e ® » W s & o 2

Madicara / Assurance-maladie D ©

@ British Columbia/ Colombie-Britannique © FPrince Edward 1sland

@ Alberta Tle-du-Prince-Edouard

@ Saskatchewan © Nova Scotia / Nouvelle-Ecosse
© Manitoba @ Newfoundland / Terre-Neuve
@ Ontario @ Northwast Territories

@ Quebec/Québec Territoires du Nord-Ouest

@ New Brunswick / Nouveau-Brunswick @ Yukon

Source: see reference 57.
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APPENDIX C
The Mantel-Cox (log-rank) test statistic

This is a methad for an overall comparison of life tables. This test statistic is
calculated from small intervals of analysis (such as single days or period in which
one death occurs). The Mantel-Cox test statistics is suitable for analyzing data in
more common longer intervals providing that the proportion dying within any
interval is small (less than 10%)."

Let

O,, number at risk for the period beginning at time x in group m
0O,, number at risk for the period beginning at time x in group n

Then the expected number of deaths in group m for the period beginning at time x
is:

Bl = (d,, +d,)

xm Oxm N O.rn i
Similarly,
O.m
E(d.m) - 'bm (d.rm ¥ dxn)

Under the null hypothesis of no group differences, the square of the difference
between total observed deaths and total expected deaths divided by the total expected
deaths summed for two groups is approximately N’ with one degree of freedom.

For groups m and n this can be expressed mathematically as
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[2 d.rm_z E (d.rm)]z [E d,m "E(d_m)]z

A= +

L Y Ed,) Y d,

In general, if k life tables are being compared to see if they differ by more than
chance we can compute

k 2
AE: —eeee
> &P

i=l

where i represents the ith life table OBS; is the oberved umber of deaths and EXP;
is the expected number of deaths.

105



APPENDIX D

Description of the covariables used in the proportional hazards model

In our analysis the following variables representing the covariates were entered into
the regression equation:

AGE: continuous variable denoting age at diagnosis

INF: indicator variable which was set to one if age at diagnosis occurred
prior to age one, zero otherwise

SEX: was coded one for males and two for females

YR: year of diagnosis coded as a continuous real variable between 2 and 9

(1982-1988); note:month of diagnosis was used to gain further
precision
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APPENDIX E

Frequency distribution of incident cases of cancer', by age group, childhood
cohort, females, 1982-1988

1
Type of Cancer Age Group
0-<1 1-<5 | 5-<10 | t0-<i5 | 15-<20 Total
Lexkuemins 31 261 123 85 64 564
Acute lymphocytic leuknemia 12 214 100 50 37 413
Acute non lymphoeytic teukaemin 9 18 13 20 20 80
Other leuknensin 10 29 10 15 7 !
Lyniploamias ] 15 26 76 182 o7
Hodgkin's disense 0 0 7 45 152 204
Non-Hodgkin Iyvmphoniu | 3 13 13 16 48
Centenl Nervous Systent 12 85 108 76 142 307
Ependymomn 1 ) 7 7 2 28
Astroeytoma 5 36 L} 40 36 170
Meduflahlustemn 4 13 ] 12 5 56
Sympathetic Nervons System K} 50 14 ) 5 106
Neuroblnsioma and ganglivneurablastoma 1) 7 12 4 1 92
Retinohlastomn 13 27 I 1 0 42
Renl Twinonrs 25 59 25 7 5 121
Wilms® nsmour 2 57 23 5 1 109
Hepatic tummirs 4 5 3 | k| 16
Maligonast hone tusnnues 0 J 21 41 42 107
Oxtensarcomu 0 0 9 7 24 60
Ewing's sareonin 0 2 10 10 13 35
Soft lissue surconis 7 31 el 3 3 132
Rhabduomyasareonm 4 25 I8 13 11 n
Fibrosarcoma { 1 4 5 13 24
Gonndal aml gerni-cell 10 1y 16 n 40 122
Non gonadal germecell {i] 13 7 3 7 40
Germ cell-Ovarinn 0 3 7 29 3 63
Carcinova und epithelial 4 4 14 27 156 205
Olber
6 6 2 4 ] 23
All cnneers
151 565 352 393 S8% 2079
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Frequency distribution of incident cases of cancer', by age group, childhood
cohort, males, 1982-1988

= =
Type of Canwer Ape Group
0-<1 1-<8 ] S-<10 | 10-<I5 | 15-<20 | Tutal
S B
Leukaenins k! 31 193 102 116 54
Acute Jymphoeytic leukiemia 15 264 104 64 75 587
Acute non lymphoeytic levkaeimin H] 2 13 i 23 95
Other leukaemia 9 1y 16 10 14 72
Lymiphciuas 6 S0 87 143 198 484
Huodgkin's disense 0 7 Jo N 135 249
Non-Hodgkin lymphamn 1 23 3o 42 4] 137
Central Nervous System ek 121 126 87 97 454
Ependymomn + 16 9 4 I kT
Astrocytoma 0 h] 52 48 57 0
Medullohlnstoma 4 kK] el 15 13 9
Sywmpathetic Neevius System 46 0 1?7 6 4 143
Neuroblastona and gimglioneurollustoma 46 GR 17 4 3 138
Retinohlaston 9 ] I 0 | 40
Remad Tumours % L1 13 4 5 94
Wilms® winour 15 41 22 4 2 44
Hepatic tumnurs 9 I 6 2 3 3
Maligiaet hone hanuies V] 6 14 43 52 182
Crxleosarenni 0 | 9 20 40 70
Ewing's snreoma 0 2 4 27 I8 51
Soft tissue sarcomns
Rhabdomyosareonn 6 2K 24 16 ) 97
Fibrosarcoma 2 1 3 13 13 k|
Gonadal wud germ-cell 17 15 ] h 95 151
Non gonudal geemecell 2 b 5 12 15 40
Germ eell-Testiculur 11 4 0 6 75 101
Curcinoma and epithelind 2 ? 19 kY| 75 134
Other 3 12 2 5 6 i
All cancers 178 " 54 49% 719 2636
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APPENDIX F

Annual age standardized cancer incidence and mortality rates,

Canadians aged 0-19, 1982-1988

Year Mortality Rate Incidence Rate M/1
1982 4.66 15.21 0.31
1983 4.62 15.79 0.29
1984 4,28 16.04 0.27
1985 4,30 15.79 0.27
1986 4,16 16.95 0.25
1987 4,53 16.02 0.28
1988 4,02 16.19 0.25
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APPENDIX G

Age standardized cancer incidence’ and mortality rates,
by region, Canadians aged 0-19, 1982-1988

Type of Cancer

Region All enncers Holgkin's disease Leukuemin
Mortality Liwidence M/? Morality Ineidence M/ Morality Tneidence M/
Cannda 437 15.98 .27 0.09 1.61 0.06 1.62 413 039
Quehcee 5.15 16.31 0.32 0.1 §.68 0.07 2.10 4.78 0.4
Cnlario 4.16 17.36 0.24 0.07 1.69 0.04 1.41 4.23 0.29
B.C. 3.6) 15.72 0.23 0.1t 1.86 (.06 1.26 380 032
Allantic J.82 12.21 0mn 0.12 .42 .08 1.30 31.07 042
Prairiex 4.42 1545 0.29 0.0% 1.3 0.07 170 182 045

4+ rotex aee per 100,000 persons, standandized w1981 Conadinn census pupulation

* eato af the morality sad incidence mies which provides o comle indieation of disense progaosis

Source: Persomnl communication. Labormory Centre for Disease Contrul. Heulth Canadn
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APPENDIX 11

Results of stepwise regression in measuring the effects of gender, age and year
of diagnosis on survival, for sclected cancers, childhood cohort, 1982-1988

Type of Cancer Variublesg Parameter Standard exp(B p
Estimates Error
Acute Lymphoeytic Lukaemia age 0.09 0.0l 1.09 0.00
inf 2.24 0.25 9.35 0.00
dingy -0.15 0.03 0.86 0.00
5eX -0.28 0.12 0.75 0.02
Acute non-tymphoeytiv leukaenia inl 113 0.27 3.08 0.00
Hodgkin's discase age 0.11 0.05 1.12 0.02
Non Hodgkin's lymphoma diagy -0.15 0.07 0.86 0.02
Ependymuonit age -0.12 0.05 0.88 0.01
sex -1.06 0.35 0.42 0.01
Aslrocylon e 0.04 0.02 1.04 0.03
Medullohlistoma NS - - -
Netrablastoma ) -2.2) 0.42 0.11 0.00
Wilin's tumour diagy -0.19 0.41 0.83 0.07
Ostensirenntt dingy 0.1 0.00 0.90 0.08
Ewing's surcon N§ - - -
Rhabdmmyasreoni age 0.06 0.02 1.06 0.0}
Fibrosarewmi dingy -0.26 0.14 0.77 0.06
e 0.09 0.06 1.1¢ 0.04
Non-ganadal geew eell NS$ - - -

Gonadal gerny eelt
Ovarian dingy -0.54 0.33 0.58 0.05
Testicular npe 0.10 0.08 1.0l 0.10

u deseription of the variables is given in Appendix D.
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