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Abstract Key Points

. . . L Question Has mortality among
IMPORTANCE Acute lymphoblastic leukemia (ALL) constitutes 20% to 30% of all pediatric cancers. o ] .
. L . . o X pediatric patients with acute
The 5-year overall survival among pediatric patients with ALL in high-income countries such as . . .
. . . i lymphoblastic leukemia (ALL) in Sweden
Sweden is currently more than 90%, but long-term unselected nationwide mortality data and ) )
) . . . . improved compared with the general
mortality data in relation to the general population are lacking.

population?
OBJECTIVE To compare mortality between pediatric patients with ALL and the general population Findings In this cohort study of 2397
during a 30-year period in Sweden and to assess the incidence of ALL in Sweden. Swedish pediatric patients with ALL, the
— number of deaths from 1988 to 2017
DESIGN, SETTING, AND PARTICIPANTS This cohort study included pediatric patients (aged <18 was substantially higher than the
years) with a morphologically verified ALL diagnosis in the Swedish Cancer Register and/or at least 2 expected number in the general
ALL diagnoses in the Swedish National Patient Register between January 1, 1988, and December 31, population, resulting in an overall high
2017. Data were cross-linked to the Swedish Cause of Death Register. Data were analyzed from May standardized mortality ratio (SMR).
2019 to January 2022. Females had a higher SMR than males.

MAIN OUTCOMES AND MEASURES The main outcomes were mortality among patients with ALL
compared with that in the general population and mortality in different subgroups within the cohort.
Standardized mortality ratios (SMRs) were calculated using the general Swedish population as a
reference. Within-cohort survival analyses were performed.

Meaning In this study, survival in
Swedish pediatric patients with ALL
evolved to a similar extent as in the
young general population, leading to a
consistently high SMR during the

RESULTS A total of 2397 patients (1354 [56%] male; mean [SD] age at diagnosis, 6.1 [4.7] years)

were included in the study. The mean (SD) incidence of pediatric ALL during the study period was 4.11

(0.60) cases per 100 000 persons per year (females, 3.68 [0.65] cases per 100 000 persons per + supplemental content
year; males, 4.52 [0.81] cases per 100 000 persons per year; P < .001). The observed number of Author affiliations and article information are
deaths among pediatric patients with ALL was 409 vs the 9.5 deaths expected in the general listed at the end of this article.
population, resulting in an overall SMR of 43.1(95% Cl, 39.0-47.5); females had a higher SMR than

males (57.8 [95% Cl, 49.5-67.2] vs 34.5[95% Cl, 32.0-41.4]; P < .001). Analysis within the cohort

showed a continued decrease in survival throughout the 30-year follow-up. The association between

calendar year of ALL diagnosis, corresponding with different ALL treatment protocols, and mortality

showed the lowest survival for the 1988-1991 group and the highest for the 2008-2017 group

(x? = 20.3; P < .001).

CONCLUSIONS AND RELEVANCE In this cohort study, a consistently high SMR was seen among

pediatric patients with ALL. Within the ALL cohort, survival evolved to a similar extent as in the young

general population of Sweden. Furthermore, survival among patients with ALL decreased

throughout the whole follow-up period without any trend difference after the 5-year follow-up time

point. The changes in ALL treatment protocols were associated with overall improved absolute

survival over time.

study period.
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Introduction

Acute lymphoblastic leukemia (ALL) is the most common childhood cancer, accounting for
approximately 20% to 30% of pediatric cancers.! In Sweden, the respective figure is 24% for children
younger than 15 years at diagnosis.2 The prognosis of pediatric ALL has improved substantially over
the past 50 years in high-income countries such as Sweden, from 5-year overall survival of
approximately 5% in the 1970s to more than 90% today.>* Survival improvement started with the
introduction of prophylactic cranial irradiation.” Later, enhancements in risk stratification,
consequent treatment intensity adaptations, and treatment of acute adverse effects played a central
role in further survival improvement.3+®

However, the first step of increased survival was accompanied by irradiation-induced
neurocognitive and pituitary deficiencies.”® Consequently, irradiation was gradually replaced in most
cases by systemic high-dose methotrexate to prevent central nervous system (CNS) relapse.® In
Sweden, collaboration between pediatric clinics at university hospitals resulted in national ALL
treatment protocols from 1968 until 1988. Thereafter, Sweden joined the Nordic Organization of
Hematology and Oncology (NOPHO) ALL trials (NOPHO ALL1992,'© ALL2000," and ALL2008™),
thus delineating 4 major phases in the development of pediatric ALL treatment. The 1992 treatment
protocol was the first to avoid CNS irradiation except for individuals with very high-risk disease or
CNS involvement at diagnosis."

Despite improved survival rates, cancer remains one of the most common causes of death in
children. To our knowledge, there have been no population-based studies of excess mortality from
ALL diagnosis in large numbers of pediatric patients. While many studies have specifically
investigated late mortality in large cohorts of 5-year survivors of pediatric ALL in the US,""® Britain,'®
and Nordic countries," to our knowledge, none have studied excess mortality from diagnosis. The
ability to interlink data between different Swedish health registries permits the study of nationwide
patient cohorts, avoiding selection bias over extensive periods. The aim of our study was to
investigate mortality among pediatric patients with ALL compared with that in the nationwide
Swedish population over an extensive 30-year period and to analyze the incidence of pediatric ALL
in Sweden over this period.

Methods

Study Design

The unique Swedish personal identification number identifies individuals across national registries,
creating unique conditions for register-based medical research.'® Our study was conducted as a
national registry-based cohort study of pediatric patients with ALL. Patients were identified in the
Swedish National Patient Register (Patient Register), which contains information on every patient
visit within the Swedish hospital system since 1987, or from the Swedish Cancer Register (Cancer
Register). The Cancer Register is a morphologic registry of very high quality, in which it has been
mandatory since 1958 for all health care practitioners to report newly detected malignant tumors,
including morphologic and laboratory data, as well as cases diagnosed at autopsy. It has very high
coverage (>96%) of the Swedish population.’2° Information available in the Cancer Register is of 3
different types: data on the patient, medical data, and follow-up data. The Swedish Cause of Death
Register has recorded the time and cause of all deaths in Sweden since 1952.%" In the current study,
the personal identification number was used to merge data from the 3 registers. The National Board
of Health and Welfare secures the high quality of the national health registries.?>2* The study was
approved by the Regional Ethical Review Board in Gothenburg, Sweden, and by the National Board of
Health and Welfare, Sweden. A waiver of informed consent was granted by the Regional Ethical
Review Board in Gothenburg, Sweden, and by the National Board of Health and Welfare, Sweden,
because the data were deidentified. The design and method of the study as well as the article
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followed, in all relevant parts, the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Study Population

The study population included all pediatric patients (<18 years of age at diagnosis) diagnosed with
ALL in Sweden between January 1, 1988, and December 31, 2017. To ensure high accuracy in the
patient inclusion process, a combination of 2 registers was used together with a washout period. All
patients with a morphologically verified ALL diagnosis in the Cancer Register were included in the
cohort. In addition, the cohort included all patients with at least 2 ALL diagnoses from inpatient visits
in the Patient Register. A washout period between January 1, 1987, and December 31, 1987, was used
to ensure that only newly diagnosed patients were included from the Patient Register. Specific
inclusion criteria used in the Cancer Register (including morphologic codes) and the Patient Register
are presented in eTable 1in the Supplement.

Data Retrieval for the Patient Cohort

The follow-up period, during which patients were studied regarding mortality, was from inclusion
into the study until death or the end of the study (December 31, 2017). Date of birth, sex, and year of
ALL diagnosis were collected from the Patient Register and the Cancer Register. Causes of death
were obtained from the Swedish Cause of Death Register and classified in accordance with the
International Statistical Classification of Diseases and Related Health Problems, Tenth Revision
(ICD-10) (or translated from the International Classification of Diseases, Ninth Revision [ICD-9]);
furthermore, cause-specific mortality was studied for all malignant tumors; malignant neoplasms of
the brain; malignant neoplasms of lymphoid, hematopoietic, and related tissues; ischemic heart
disease; and cerebrovascular disease (eTable 2 in the Supplement).

Statistical Analysis

Data were analyzed from May 2019 to January 2022. Continuous variables were presented as mean
(SD) and categorical variables as number (percentage). The Student t test was used for comparison
of age at diagnosis between sexes. A 1-sample binomial test was performed to study sex distribution.
Kaplan-Meier survival plots and log-rank tests were used to make internal comparisons of mortality
between nonoverlapping subgroups.

Person-years at risk were calculated from study inclusion (diagnosis) until death or the end of
the study and stratified according to sex, 5-year age groups, and 1-year calendar periods. The
expected number of cases for each stratum was calculated using the general Swedish population for
every calendar year and 5-year age group as reference. The observed number of deaths among
patients with ALL was compared with the expected number in the general population, and
standardized mortality ratios (SMRs) were calculated. The 95% Cls were calculated assuming a
Poisson distribution of the observed numbers. The SMRs for nonoverlapping subgroups were
compared.?® In the subanalysis in which the patients were grouped depending on calendar year of
diagnosis, all patients had 4 years of follow-up if they had not died during that time. A sensitivity
analysis (SMR) was performed regarding the year of ALL diagnosis. For each of the 4 subgroups, the
reference data started in 1988 instead of the year of diagnosis, thereby indirectly evaluating the
effect of increased life expectancy in the general population. All statistical analyses were carried out
using Stata, version 15 (StataCorp LLC), and IBM SPSS, version 25 (IBM Corp). Significance was set at
2-sided P < .05.
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Results

Patient Characteristics

A total of 2397 patients (1043 [44%] female; 1354 [56%] male) with pediatric ALL, with a mean (SD)
age at diagnosis of 6.1 (4.7) years, were included in the study (Table 1). Most of the patients (2084
[87%]) were included from the Cancer Register.

The mean (SD) incidence of pediatric ALL during the whole study period (1988-2017) was 4.1
(0.60) cases per 100 000 persons per year (Figure 1), with males having a higher incidence than
females (mean [SE], 4.52 [0.81] vs 3.68 [0.65] cases per 100 000 persons per year; P < .001). The
mean (SD) follow-up period was 12.4 (9.0) years (range, 0-30 years) (Table 1). Furthermore, patients
were divided into 4 groups depending on age at diagnosis (0-4, 5-10, 11-15, and 16-17 years), with the

Table 1. Baseline Demographic and Clinical Characteristics of the Cohort of Pediatric Patients With ALL

Characteristic Patients (N = 2397)? P value
Sex
Female 1043 (44)
Male 1354 (56) <001
Age at ALL diagnosis, mean (SD), y
All 6.1(4.7)
Female 5.8 (4.7) <.001
Male 6.4 (4.7)
Age group at ALL diagnosis, y
0-4 1182 (49)
5-10 621 (26)
11-15 409 (17) NA
16-17 185 (8)
Calendar year at ALL diagnosis
1988-1991 296 (12)
1992-1999 646 (27)
2000-2007 640 (27) NA
2008-2013 499 (21)
Follow-up duration, mean (SD), y 12.4 (9.0) NA Abbreviations: ALL, acute lymphoblastic leukemia; NA,
Inclusion from register not applicable.
Swedish Cancer Register and Swedish National Patient Register® 2055 (86) ? Data are presented as the number (percentage) of
Swedish Cancer Register alone 29 (1) NA patients unless otherwise indicated.
Swedish National Patient Register alone® 313 (13) b Two inpatient visits fulfilling the inclusion criteria
Beails 409 (17) T were needed to be included from the Swedish

Patient Register.

Figure 1. Incidence of Pediatric Acute Lymphoblastic Leukemia (ALL) in Sweden From 1988 to 2017
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youngest group being the largest (1182 [49%]). Patients were also assigned to 4 groups according to
different calendar periods depending on the date of ALL diagnosis to match the use of different
national treatment protocols (Table 1).

Overall Mortality Compared With the General Population

The observed number of deaths among pediatric patients with ALL was 409 vs the 9.5 expected in
the general population, resulting in an overall SMR of 43.1(95% Cl, 39.0-47.5) (Table 2). Females had
a higher SMR than males (57.8 [95% Cl, 49.5-67.2] vs 34.5 [95% Cl, 32.0-41.4]; P < .001). Pediatric
patients diagnosed between O and 4 years of age had lower mortality (SMR, 35.0; 95% Cl, 29.7-41.0)
compared with patients diagnosed at an older age (5-10 years: SMR, 46.9; 95% Cl, 37.9-57.4; P = .03;
11-15 years: SMR, 52.3; 95% Cl, 42.8-63.4; P = .002; and 16-17 years: SMR, 52.2; 95% Cl, 39.4-67.7;

P = .01) (Table 2). The SMR was similar for the different subgroups depending on the calendar year of
diagnosis (Table 2). On the contrary, the sensitivity analysis using historical reference data showed
decreasing SMRs with time. The SMR for 5-year survivors (baseline: 5 years after diagnosis) was 12.3
(95% Cl, 9.8-15.3) (observed deaths, 81; expected, 6.6) in the whole group (n = 1683) and 9.0 (95%
Cl, 6.5-12.1) and 21.3 (95% Cl, 15.1-29.2) for males and females, respectively.

Table 2. Standardized Mortality Ratios for Pediatric ALL in Sweden

Deaths among
pediatric patients Expected deaths in the  Standardized mortality

Characteristic with ALL, No. general population, No. ratio (95% CI)
Overall mortality
All 409 9.5 43.1(39.0-47.5)
Females 171 3.0 57.8 (49.5-67.2)
Males 238 6.5 34.5(32.0-41.4)
Age at ALL diagnosis, y
0-4 154 4.4 35.0(29.7-41.0)
5-10 94 2.0 46.9 (37.9-57.4)
11-15 105 2.0 52.3(42.8-63.4)
16-17 56 1.1 52.2(39.4-67.7)
Date at ALL diagnosis?®
1988-1991 56 0.5 114.8 (86.7-149.1)
1992-1999 91 0.8 111.8(90.0-137.3)
2000-2007 90 0.7 132.6 (106.6-163.0)
2008-2013 71 0.7 109.3 (85.3-137.8)
Cause-specific mortality, ICD-10 chapter®
1 2 0.1 15.0 (1.8-54.2)
2
All 382 1.2 327.6(295.5-362.1)
Females 161 0.5 334.7 (285.0-390.6)
Males 221 0.7 322.5(281.4-368.0) Abbreviations: ALL, acute lymphoblastic leukemia;
3 3 0.1 55.4(11.4-161.8) ICD-10, International Statistical Classification of
9 2 0.5 4.4 (0.5-16.0) Diseases and Related Health Problems, Tenth Revision.
10 3 0.2 19.3 (4.0-56.3) 2 All patients had 4 years of follow-up except those
17 3 0.8 4.0(0.8-11.6) who died during the study period.
18 7 0.5 13.4 (5.4-27.7) 5 |CD-10 chapters: 1, certain infectious and parasitic
20 5 45 1.1(0.4-2.6) diseases; 2, neoplasms; 3, diseases of the blood and

blood-forming organs and certain disorders involving
the immune mechanism; 9, diseases of the
circulatory system; 10, diseases of the digestive

Specific cause of mortality

Hematologic malignant tumors

All 356 0.2 1551.1(1394.1-1720.9) system; 17, congenital malformations, deformations,
Females 150 0.1 1878.4 (1589.9-2204.3) and chromosomal abnormalities; 18, symptoms,
Males 206 0.2 1376.4 (1198.5-1577.8) signs, and abnormal clinical and laboratory findings,
= not elsewhere classified; and 20, external causes of
Brain tumors 4 1.1 15.4 (4.2-39.3) L
morbidity.
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Overall, 5-, 10-, and 15-year survival rates for the entire cohort were 85.5%, 82.6%, and 81.7%,
respectively. Corresponding 5-, 10-, and 15-year survival rates were 84.7%, 82.0%, and 81.0%,
respectively, among males, and 86.5%, 83.3%, and 82.5%, respectively, among females. When
analyzing the outcomes among the 5-year survivors, their long-term survival rates were 96.4% and
94.6% at 5- and 10-year follow-up, respectively; corresponding survival rates were 96.5% and 94.9%
among males and 96.2% and 94.2% among females at 5- and 10-year follow-up, respectively.

Cause-Specific Mortality

When analyzing mortality from causes within specific ICD-10 chapters, there were no obvious
increases except for causes in ICD-10 chapter 2, which includes the codes for hematologic malignant
tumors (Table 2). Within the subgroup of deaths due to hematologic malignant tumors (356 events),
88% (313 events) and 10% (35 events) had specific ALL and acute myeloblastic leukemia ICD-10 or
ICD-9 codes as their cause of death, respectively. However, when investigating cause-specific
mortality, the SMR for brain tumors was increased (4 events; SMR, 15.4; 95% Cl, 4.2-39.3). These 4
patients died from (/CD-10 or ICD-9 code) malignant neoplasm of frontal lobe (C71.1) (n = 1),
malignant neoplasm of cerebellum (C71.6) (n = 1), and malignant neoplasms of brain, unspecified
location (C71.9 and C191.9) (n = 2).

Internal Analysis of Overall Mortality

The Kaplan-Meier survival curve showed that the largest decrease in survival was seen within the first
5 years after the ALL diagnosis, although survival continued to decrease throughout the whole
30-year follow-up period (Figure 2A). Furthermore, there was no significant difference in overall
survival between males and females with ALL (log-rank test, x> = 0.85; P = .36) (Figure 2A). Survival
was lower with older age at ALL diagnosis when analyzing the 4 different age groups at diagnosis
(log-rank test, x? = 56.5; P < .001) (Figure 2B). When analyzing the association between the calendar
year of ALL diagnosis (which corresponded with different ALL treatment protocols) and survival, the
lowest survival was seen for the 1988-1991 group and the highest for the 2008-2017 group (log-
rank test, x? = 20.3; P < .001) (Figure 2C). In addition, patients diagnosed during 1992 or later had
better survival than patients diagnosed before 1992 (log-rank test, x2 = 9.99; P = .002). No
significant difference in survival was found between patients diagnosed from 1992 to 1999 and those
diagnosed from 2000 to 2007 (log-rank test, x> = 0.23; P = .63). However, significantly better
survival was found in the latest group, diagnosed between 2008 and 2017, compared with patients
diagnosed between 2000 and 2007 (log-rank test, x? = 8.65; P = .003).

Discussion

To our knowledge, this is the first large population-based study to investigate all-cause mortality
among pediatric patients with ALL (<18 years of age at diagnosis) with that in the general population
as reference and with an extensive follow-up duration. The large number of patients included in the
study and the up to 30-year follow-up period enabled a comparison of outcomes for the different
treatment protocols used over time. The main findings are that survival continued to decrease
throughout the whole follow-up period beyond the first 5 years after diagnosis and that
improvement was seen with updated treatment protocols. Of interest, females had a higher SMR
than males, and excess mortality was associated with age group at diagnosis.

The SMRs for the 4 different treatment protocol periods overlapped, showing no relative
survival improvement during the study period. However, when performing the internal comparison
in the study cohort between the different protocol periods, we observed an increase in absolute
survival with more recent treatment protocol periods. For example, the current study results support
earlier findings that prophylactic cranial irradiation (performed in patients diagnosed before 1992)
can be safely omitted and replaced by high-dose methotrexate in the treatment of childhood ALL if
an effective risk-adjusted chemotherapy is used (performed in patients diagnosed after 1992).™26
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Figure 2. Kaplan-Meier Survival Curves for Pediatric Acute Lymphoblastic Leukemia (ALL) in Sweden
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Also, in the NOPHO ALL2008 protocol, treatment was intensified in high-risk patients, and the use
of asparaginase and high-dose methotrexate with coadministration of mercaptopurine was
increased in all risk groups; both of these protocol changes contributed to a tolerable and effective
protocol. Internal analysis in our current study also showed better survival among patients
diagnosed in 2008 or later compared with those with an earlier diagnosis. This discrepancy between
the external comparison with the general population and the internal comparison may be explained
by the improved overall survival in the Swedish pediatric population. The mortality rate among
Swedish children younger than 18 years decreased from 31to 23 deaths per 100 000 children per
year from 2000 to 2014, which represents an overall decrease of 26%.?” Furthermore, the mortality
rate among Swedish children younger than 5 years is among the lowest in the world.?® This may in
part explain why pediatric cancer has been the most common cause of death among Swedish
children and adolescents since 2006 despite the historically high survival rates among patients with
pediatric cancer, including ALL, in Sweden. Even though survival among patients with ALL has
improved significantly over time, resulting in decreased mortality, the same level of improved
survival has occurred in the general population, resulting in an unchanged SMR across the ALL
protocols.® This interpretation was further strengthened by a sensitivity analysis performed with
historical reference data. Similar improvements to those in Sweden have also been demonstrated in
European children with all types of leukemia, with an annual reduction of 4% in mortality.?®

Survival among patients with ALL in Sweden has, as in most countries, increased during the past
decades. However, in comparison with the general population, mortality among pediatric patients
with ALL has been high. In our study, we demonstrated 40 times higher mortality among pediatric
patients with ALL than in the general population (SMR, 43.1). The mortality rate was highest during
the first 5 years after diagnosis. This might partly be explained by the risk for death from treatment-
related toxic effects and relapse. However, the deaths caused by toxic effects during ALL treatment
cannot be separated from those caused by leukemia in the registries. The causes of death in this
study were mainly due to hematologic diseases, which is in line with a Nordic study in which the
relapse incidence was 19% from 1992 to 2011.3° It is also notable that survival continued to decrease
in the period after the 5-year follow-up, hence showing the importance of supporting survivors over
a considerable period.

The incidence of ALL has been previously reported to be higher among males than among
females,>"3?
childhood ALL have a higher survival rate than males.>'3 This was also seen in earlier Nordic

which was also found in this study. It has also been reported that females treated for

analyses.>*3> However, we found no significant difference in overall mortality between males and
females (internal analysis) in our study. Similar mortality between the sexes was also reported in the
NOPHO ALL2000 trial." On the contrary, when comparing female patients who have ALL with the
general female population and male patients who have ALL with the general male population, we
found a considerably higher SMR for females than for males, which might partly be explained by the
relatively lower mortality among females in the general population. In addition, in the NOPHO
ALL1992 and ALL200O0 trials, females were twice as likely to experience treatment-related mortality
than were males." In a report from the Children’s Oncology Group,3® it was stated that high-risk
female patients with ALL experienced significantly more treatment-related deaths than did males.
Furthermore, a study from the UK showed that females had significantly more infection-related
deaths during ALL induction therapy.>” On the contrary, in a Nordic study, a higher risk for death due
to relapse was seen in boys compared with girls, but the study did not find any difference in
treatment-related causes of death between sexes.?®38 The underlying biological mechanisms for
these sex differences are still poorly understood and warrant further investigation.

The internal analysis of overall mortality in our study also showed that survival was lower with
older age at ALL diagnosis when analyzing the 4 different age groups at diagnosis. This finding of a
higher mortality rate among adolescent patients with ALL has been previously described.>"3° A
higher mortality rate was shown to be associated with a higher frequency of T-cell ALL and higher
postinduction minimal residual disease leading to the need for high-risk therapy, which is associated
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with a more frequent need for stem cell transplants.' Also, using other age bands (1-4, 5-9, 10-14, and
15-19 years) showed similar mortality trends.>' That study, however, also specifically analyzed survival
among children younger than 1year, who had the highest mortality.>' In our study, instead, we
selected to use 4 age bands (0-4, 5-10, 11-15, and 16-17 years), hence the slightly different results.

Strengths and Limitations

A strength of our study is the use of reliable national population-based registries in Sweden spanning
an extensive 30-year period. By interlinking data from several Swedish health registries, we were
able to compare both early and late mortality rates among pediatric patients with ALL with those in
the general population in an unbiased manner over a long period.

This study also has limitations. One weakness is that the registries used in this study did not
provide any detailed information about patients, conditions such as Down syndrome,
immunophenotype, unfavorable cytogenetics, treatment, or relapse, which prevented us from
conducting any further analyses of our findings.

Conclusions

In this cohort study, a consistently high SMR was seen among pediatric patients with ALL in Sweden.
Within the ALL cohort, survival evolved to a similar extent as in the young general population of
Sweden. Of interest, survival among patients with ALL decreased throughout the whole follow-up
period. The changes in ALL treatment protocols over time were associated with overall improved
absolute survival. We hope that new treatment strategies for pediatric patients with ALL will result in
a reduction of mortality compared with the general population.
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