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Improved survival in adult patients with acute lymphoblastic
leukemia in the Netherlands: a population-based study on
treatment, trial participation and survival
AG Dinmohamed1,3, A Szabó1,3, M van der Mark2, O Visser2, P Sonneveld1, JJ Cornelissen1, M Jongen-Lavrencic1 and AW Rijneveld1

This nationwide population-based study assessed trends in treatment, trial participation and survival among 1833 adult patients
diagnosed with acute lymphoblastic leukemia (ALL) in the Netherlands between 1989 and 2012 reported to the Netherlands Cancer
Registry. Patients were categorized into four periods and five age groups (18–24, 25–39, 40–59, 60–69 and ⩾ 70 years). The
application of allogeneic stem cell transplantation (alloSCT), particularly reduced-intensity conditioning (RIC) alloSCT, increased over
time up to age 70 years. The inclusion rate in the trials was 67, 66, 55, 58 and 0% for the five age groups. Survival improved over
time for patients below 70 years. Five-year relative survival in the period 2007–2012 was 75, 57, 37, 22 and 5% for the five age
groups. In that same period, 5-year overall survival among patients aged 18–39 years was 68% for the chemotherapy-alone group
and 66% for the alloSCT group. For patients aged 40–69 years, the corresponding estimates were 24 and 41%. Pronounced survival
improvement observed among patients aged 18–39 years might mainly be explained by implementation of pediatric-based
regimens since 2005, whereas among patients aged 40–69 years, increased application of RIC-alloSCT has contributed significantly
to the observed improvement. Outcome of patients aged ⩾ 70 remains unsatisfactory, indicating a need for specific trials for
the elderly.
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INTRODUCTION
Acute lymphoblastic leukemia (ALL) is the most common child-
hood malignancy with an incidence of ~ 5 per 100 000, but ALL
also occurs in adults, albeit less frequently, with an incidence of
around 1 per 100 000.1 In children, 5-year overall survival (OS) has
improved from 70 to 80% in the 1990s to ~ 90% in the 2000s,2–6

whereas outcome in adults is less favorable, especially in patients
above age 40 years.1,7

Before 2000, the intensity of treatment varied markedly
between pediatric and adult treatment protocols.8 Major differ-
ences include the dose-intensity of non-myelotoxic therapy and
the strict timing of subsequent courses of chemotherapy, which
was more cautiously adhered to in pediatric patients. Therefore, to
improve outcome in adult patients, treatment strategies were
developed that incorporate consolidation and intensification
courses based on pediatric protocols.9–18 Results of that approach
in the context of clinical trials showed significantly improved
survival among adolescents and young adults compared with
similarly aged patients treated with former, less intensive
protocols. Furthermore, improved survival was also observed
upon incorporation of allogeneic stem cell transplantation
(alloSCT) in the consolidation phase of treatment in patients
having obtained a hematological remission following conven-
tional remission-induction therapy.19,20 Also, more recently, the
introduction of targeted therapy with tyrosine kinase inhibitors
markedly improved remission rates and disease-free survival
for patients with Philadelphia chromosome-positive ALL.21

Despite these improvements, adult patients still show worse
outcome as compared with pediatric patients.
In clinical trials, there is often a selection bias noted to include

healthier patients. Therefore, findings from clinical trials, although
clearly essential, may not be entirely representative for the general
patient population. Population-based studies can complement
clinical trials by assessing whether findings from clinical trials
translate into benefits for patients in routine practice.22 Currently,
large population-based studies with long-term data on treatment,
trial participation and survival in an unselected adult ALL
population are lacking.
We have conducted a nationwide population-based study to

assess trends in treatment, trial participation and survival among
all adult patients with newly diagnosed ALL in the Netherlands
between 1989 and 2012.

PATIENTS AND METHODS
The Netherlands Cancer Registry
Founded in 1989, the nationwide population-based Netherlands Cancer
Registry (NCR), which is maintained and hosted by the Netherlands
Comprehensive Cancer Organization, has a nationwide coverage of at least
95% of all malignancies in the Netherlands.23 All newly diagnosed
malignancies in the Netherlands are reported to the NCR by the
Nationwide Network of Histopathology and Cytopathology (PALGA) and
the National Hospital Discharge Registry (LMR). Information on dates of
birth and diagnosis, sex, hospital of diagnosis, disease topography and
morphology, and treatment is routinely collected from the medical records
by trained registrars of the NCR. Topography and morphology are coded
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using the International Classification of Diseases for Oncology. Information
on last known status for all patients (alive, death or emigration) is obtained
through linking the NCR to the nationwide population registries network.

Study population
We included all adult patients (aged 18 years or older) diagnosed with ALL
between 1 January 1989 and 31 December 2012 from the NCR using the
following International Classification of Diseases for Oncology third
edition24 morphology codes: 9836 for precursor B-cell lymphoblastic
leukemia, 9837 for precursor T-cell lymphoblastic leukemia and 9835 for
precursor cell lymphoblastic leukemia, not otherwise specified. Lympho-
blastic lymphoma was excluded. All patients were followed from the date
of diagnosis until death, emigration or last follow-up (1 February 2014),
whichever occurred first. Patients diagnosed at autopsy (n=3) were
excluded. Detailed clinical data such as comorbidities, prognostic factors
and remission rates were not available in the NCR.

Treatment
Treatment is registered in the NCR and defined as chemotherapy alone,
chemotherapy followed by an SCT and supportive care only. The NCR does
not contain information on the type of SCT (autologous or allogeneic),
donor and conditioning regimen. To obtain this information, anonymous
data were provided by the SCT Working Party of the Dutch-Belgian
Hemato-Oncology Cooperative Trial Group (HOVON), which receives
notification of all SCTs performed in the Netherlands, and subsequently
linked to the NCR using the dates of birth and ALL diagnoses, as well as
sex. In addition, information on the type of chemotherapy and the use of
tyrosine kinase inhibitors was not available in the NCR.

Trial participation
The NCR does not contain information on trial participation. To obtain this
information, anonymous data were provided by the HOVON and the
European Organization for Research and Treatment of Cancer (EORTC)
covering the accrual period between 1989 and 2007, and subsequently
linked to the NCR using the dates of birth and ALL diagnosis, as well as sex
(see Supplementary Table S1 for an overview of HOVON and EORTC ALL
trials in the Netherlands). Data from ongoing trials from 2008 onwards
were not available for this study.

Trial participation was analyzed for four age categories (18–24, 25–39,
40–59 and 60–70 years) and in periods when a trial was open for more
than 6 months in every calendar year. Consecutive HOVON and EORTC ALL
trials were available throughout the period 1989–2007 for patients up to
age 60 years, whereas patients aged 60–70 years could only be enrolled in
the HOVON 71 trial that was open from October 2005 to January 2008.
There were no trials available for patients above age 70 years.

Statistical analyses
Relative survival rates (RSRs) with 95% confidence intervals (CIs) were
calculated as a measure of disease-specific survival according to the cohort
methodology.25 RS is defined as the ratio between the observed survival in
the group of patients and the expected survival of a comparable group
from the general population with respect to age, sex and period. Expected
survival was calculated using the Ederer 2 method from the Dutch
population life tables according to age, sex and period.26 RSRs were
calculated up to 10 years from diagnosis for four calendar periods (1989–
1994, 1995–2000, 2001–2006 and 2007–2012), five age categories (18–24,
25–39, 40–59, 60–69 and ⩾ 70 years), sex and ALL subtype. The actuarial
(OS) survival was estimated using the Kaplan–Meier method for treatment
by age and calendar period.
To assess linear trends in RS over time, a generalized linear model was

used that assumed a Poisson distribution for the observed number of
deaths.27 We also used this model to estimate the relative excess risk of
mortality during the first 5 years after ALL diagnosis according to calendar
period, sex and age at diagnosis after controlling for all these covariates
simultaneously, along with years of follow-up. Estimates from this model
are interpreted as relative excess mortality ratios (EMRs). The EMR for the
reference category was set to 1; thus, an EMR of 1.50 implies 50% higher
excess mortality compared with the reference category. A P-value o0.05
was considered statistically significant. All statistical analyses were
performed with STATA version 13.1 (StataCorp, College Station, TX, USA).

RESULTS
Demographic characteristics
A total of 1833 adult patients with ALL (median age, 49 years; 54%
males) were diagnosed in the Netherlands between 1989 and
2012 (Table 1). The average age-standardized incidence of ALL

Table 1. Demographic characteristics of patients diagnosed with ALL in the Netherlands

Characteristics Calendar period of diagnosis Total

1989–1994 1995–2000 2001–2006 2007–2012

No. % ASRa No. % ASR No. % ASR No. % ASR No. % ASR

No. of patients 453 0.62 444 0.60 462 0.59 474 0.56 1833 0.59

ALL subtypes
T-ALL 26 6 0.04 26 6 0.04 70 15 0.09 95 20 0.12 217 12 0.07
B-ALL 20 4 0.02 56 13 0.08 279 60 0.37 347 73 0.41 702 38 0.23
ALL NOS 407 90 0.56 362 82 0.48 113 24 0.14 32 7 0.03 914 50 0.29

Sex
Male 265 58 0.74 227 51 0.62 252 55 0.67 248 52 0.61 992 54 0.65
Female 188 42 0.50 217 49 0.55 210 45 0.52 226 48 0.52 841 46 0.53

Age (years)
Median 49 — — 43 — — 50 — — 51 — — 49 — —

18–24 84 19 — 82 18 — 75 16 — 76 16 — 317 17 —

25–39 87 19 — 118 27 — 93 20 — 76 16 — 374 20 —

40–59 122 27 — 108 24 — 134 29 — 125 26 — 489 27 —

60–69 63 14 — 57 13 — 62 13 — 98 21 — 280 15 —

⩾ 70 97 21 — 79 18 — 98 21 — 99 21 — 373 20 —

Abbreviations: ALL, acute lymphoblastic leukemia; ASR, age-standardized incidence rate; B-ALL, B-cell lymphoblastic leukemia; NOS, not otherwise specified;
T-ALL, T-cell lymphoblastic leukemia. aAge-standardized according to the European standard population and presented per 100 000 person-years.
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remained stable over time (0.6 per 100 000; Table 1). The age-
specific incidence rate slightly increased with age (Supplementary
Figure S1). In the last calendar period, 7% of all cases were
classified as ALL, not otherwise specified, whereas B- and T-cell
lymphoblastic leukemia constituted 73% and 20% of the cases,
respectively (Table 1 and Supplementary Figure S2). Sixty-four
percent of patients were diagnosed and/or treated in university
hospitals (data not shown).

Treatment
Information on treatment according to age and calendar period of
diagnosis is shown in Figure 1. The application of autologous SCTs
(autoSCTs) has become very uncommon in the most recent
calendar period as compared with more earlier calendar periods.
The application of alloSCT increased over time among patients up
to age 70 years and was most prominent among age 25–39 and
40–59 years (63% and 54% in the most recent calendar period,
respectively). The use of unrelated donors increased over time to
up to 50% in the most recent calendar period for all age
categories up to age 70 years (Supplementary Figure S3a).
Recipients of an alloSCT age 40–69 years more frequently received
reduced-intensity conditioning as compared with myeloablative
conditioning (Supplementary Figure S3b). The use of chemotherapy
alone among patients aged 18–70 years decreased with each
calendar period, following the wider application of alloSCT over
time. Treatment for patients aged 70 years or older remained
essentially unchanged over time and mainly consisted of
supportive care only.

Trial participation
The inclusion rate when a clinical ALL trial was open in the
Netherlands was 67%, 66%, 55% and 58% for patients aged 18–24,
25–39, 40–59 and 60–70, respectively (Figure 2). Remarkably, 94%,
90%, 78% and 71% of patients in the above-mentioned four age
groups who did not participate in a clinical trial still received
intensive therapy, respectively (chemotherapy ± auto- or alloSCT;
Figure 2). There were no trials available for patients above age
70 years.
Information on comorbidity, performance status and leukemia

risk is lacking in the NCR. Therefore, we cannot perform a robust
comparative analysis to assess the outcome between the trial and

non-trial population, as an analysis without correcting for the
above-mentioned factors may yield biased outcomes.

Survival
RS increased over time for the entire cohort (Supplementary
Figure 4). RS according to age and calendar period of diagnosis
is shown in Figure 3. One- and 5-year RSRs increased
significantly for all age groups, although this increase was
marginal for patients age 70 years or older. The improvement in
1-year RS was most pronounced in patients aged 40–69 years,
whereas 5-year RS improved most prominently among
patients up to age 40 years, especially in the last calendar
period (2007–2012). Ten-year RSRs were similar to 5-year RSRs.
Sex did not influence RSRs (data not shown). The overall 5-year

Figure 1. Treatment of adult patients with ALL in the Netherlands according to calendar period of diagnosis and age at diagnosis. The table
presents the proportion of patients receiving a particular treatment within a specific calendar period and age group. The absolute number of
patients within a specific calendar period and age group is shown in Table 1. In the overall series, 323 (18%) patients received supportive care
only, 874 (48%) chemotherapy alone, 178 (10%) autoSCT and 458 (25%) alloSCT.

Figure 2. Trial participation of patients with ALL in the Netherlands
according to age at diagnosis. The pie chart depicts the proportion
of trial participation among patients aged (a) 18–24, (b) 25–39,
(c) 40–59 and (d) 60–70 years. The bar-plot depicts the treatment
given to patients who did not entered into a clinical trial. *Intensive
therapy includes chemotherapy alone, auto- and alloSCT.
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RSRs (95% CI) was 38% (32–44%) for B-cell lymphoblastic
leukemia and 46% (35–57%) for T-cell lymphoblastic leukemia in
the last calendar period.
To evaluate possible contributions for the marked survival

improvement among patients aged 18–39 years (Figures 3a and b
and 4a), we estimated the OS for these patients according to
treatment and calendar period. Five-year OS (95% CI) in the first
and last calendar periods was 25% (17–34%) and 68% (55–79%)
for patients who received chemotherapy alone (Figure 4b) and
46% (31–59%) and 66% (54–76%) for recipients of an alloSCT

(Figure 4c), respectively. The improved outcome over time with
chemotherapy alone was less pronounced in patients aged 40–69
years (Figure 4e) compared with patients aged 18–39 years
(Figure 4b).
The adjusted EMRs in the 5 years after ALL diagnosis are shown

in Table 2. Patients diagnosed in the calendar period 2007–2012
had a 56% lower excess mortality compared with patients
diagnosed in the calendar period 1989–1994 (Po0.001). EMRs
increased progressively with older age. There was no difference in
EMRs between sexes (P= 0.469).

Figure 3. RSRs of patients with ALL in the Netherlands according to calendar period of diagnosis and age at diagnosis. RSRs are shown
according to the following age categories: (a) 18–24 years, (b) 25–39 years, (c) 40–59 years, (d) 60–69 years and (e) ⩾70 years. The table
presents the projected 1- and 5-year RSRs with 95% CIs according to calendar period of diagnosis. *P-value for linear trend from the calendar
period 1989–1994 to the calendar period 2007–2012.

Comprehensive population-based assessments in adult ALL
AG Dinmohamed et al

313

© 2016 Macmillan Publishers Limited Leukemia (2016) 310 – 317



DISCUSSION
In this large, comprehensive population-based study, we show
that survival over the past two decades has improved markedly
among adult patients with ALL up to age 70 years, which
improvement was most pronounced among patients up to age
40 years.
Survival improved by ~ 25% among patients up to age 40 years,

which may be explained by the implementation of more
intensified, pediatric-based chemotherapy, which was introduced

in the Netherlands as from 2005.17 The Dutch protocol, which was
evaluated in the phase II HOVON 70 study among patients up to
age 40 years,17 was based on the French FRALLE pediatric ALL
protocol.9 Results of the HOVON 70 and other clinical studies
exploring an intensified pediatric regimen showed a significant
improvement of survival compared with results of conventional
adult chemotherapeutic strategies.14–17 In the HOVON 70 study,
2-year OS was 72%,17 which was strikingly similar to that observed
in our population-based series. Following the results of the

Figure 4. OS of patients up to age 70 years with ALL according to treatment and calendar period of diagnosis. Kaplan–Meier estimates of OS
according to (a) the total cohort, (b) chemotherapy alone and (c) alloSCT for patients aged 18–39 years and Kaplan–Meier estimates of OS
according to (d) the total cohort, (e) chemotherapy alone and (f) alloSCT for patients aged 40–69 years.
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HOVON 70 study, national guidelines set by HOVON recommend
that a pediatric-based protocol should be applied to all patients
up to the age of 40 years. Our results can only suggest that the
marked improvement of OS is mainly explained by the introduc-
tion of pediatric-based chemotherapy in patients up to the age of
40 years.
Also, a significant survival improvement was observed among

patients aged 40–69 years, although that improvement was not as
pronounced as compared with patients up to the age of 40 years.
Several possible explanations can be brought forward. First,
although the current regimen in patients above age 40 years is
less intensive as in young adult patients, a gradual intensification
was also apparent in adult patients, but treatment-related toxicity
and mortality were considerable and may have prevented a
significant improvement on overall outcome.18,28 Second,
advanced age itself is a poor prognostic factor in ALL.29 Poor-
risk molecular and cytogenetic aberrations are more abundantly
observed in leukemic cells from older patients with ALL (e.g.,
Philadelphia chromosome positivity or complex aberrations30). In
addition, older patients more often exhibit comorbidities,31 which
predispose for non-leukemic toxicity and mortality.
Apart from intensified chemotherapy, other factors might be

associated with better outcome among patients up to the age of
70 years, particularly the wider application of alloSCT. In the
Netherlands, alloSCT is the consolidation therapy of choice in all
adult ALL patients in first complete remission, whenever eligible.
Although HLA-compatible sibling donors are available for only
~ 35% of patients,20 the wider use of alternative donors, including
well-matched unrelated donors, has greatly contributed to a wider
application of alloSCT. Moreover, poor-risk patients (defined as
specific cytogenetic abnormalities, no complete remission after
induction chemotherapy or high white blood cell count at
diagnosis) may also benefit from an alternative donor, including
cord blood or incompletely HLA-matched unrelated donors.32

Importantly, because of the introduction of received reduced-
intensity conditioning alloSCT as from the early 2000s, treatment-
related mortality associated with alloSCT has decreased, which has
resulted in increased accessibility and a higher number of elderly
patients proceeding to an allograft. Therefore, the increased
application of alloSCT over time, as shown in this study, may have
contributed considerably to the observed survival improvement.

Of note, autoSCTs were virtually not applied in the most recent
calendar period, mainly because of reports stating that there is no
survival benefit of consolidation by autoSCT compared with
chemotherapy alone.19,20,33 The use of tyrosine kinase inhibitors
since the early 2000s has significantly improved complete
remission rates and outcome in patients with Philadelphia
chromosome-positive ALL, a subgroup previously known to be
less susceptible to standard chemotherapy.34–36 However, con-
solidation in Philadelphia chromosome-positive patients by
alloSCT is still recommended, as cure without allogeneic
immunotherapy is unlikely.35 Collectively, improved survival
among patients up to the age of 70 years may be attributed to
more intensive chemotherapy, and also to increased application of
alloSCT, the introduction of tyrosine kinase inhibitors, as well as
improved supportive care.
Survival among patients aged 70 years or older shows marginal,

if any, improvement over the past two decades. This is in line with
results of several cooperative study groups, which showed that
older patients fared poorly, partly because of disease biology and
treatment-related morbidity and mortality.7,28,37–39 Currently,
there is no evidence-based standard treatment regimen for older
patients with ALL as most of them are unsuitable for current
clinical trials either because of eligibility criteria or comorbidity.
Information on trial participation in adult ALL at a nationwide

level are lacking. In our population-based study, 60% of patients
up to the age of 70 years entered a clinical ALL trial if a trial was
open for inclusion. This rate is similar with those from smaller
series in France (2007–2009).40 It is remarkable that the majority of
patients not included in a trial still receive intensive therapy, which
suggests that inclusion criteria in current clinical trials might be
too stringent.
Earlier population-based cancer registry studies in adult ALL

were reported,1,29,41–48 but most of these studies lacked informa-
tion on treatment for individual patients.1,41,44–48 The strength of
our population-based study includes the use of a nationwide
population-based cancer registry with comprehensive data avail-
able (i.e., incidence, trial participation, treatment and survival) for
individual patients over a 24-year period, which has enabled us to
assess trends over time. In the Netherlands, all residents have
equal access to health care as they are legally obliged to have a
health-care insurance policy.49 In this regard, the NCR is a useful
instrument to assess whether new therapeutic strategies translate
into benefits for patients at the population level. Our study also
has some limitations, including lack of detailed information on
clinical (e.g., comorbidity), prognostic (e.g., cytogenetics, molecu-
lar analysis and minimal residual disease) and treatment
characteristics (e.g., remission and relapse rates). Despite these
limitations, cancer registries remain the gold standard for cancer
surveillance in the general population.22

In conclusion, we show that survival of adult patients with ALL
up to the age of 70 years has improved over the past two decades.
Since the implementation of pediatric-guided chemotherapeutic
regimens in 2005, survival for patients aged 18–39 years improved
markedly. Despite improvements observed among patients aged
40 years or older, they still fare worse as compared with younger
patients. Prevention of treatment-related toxicity and mortality, as
well delineation of the intensification possibilities, remains
important. In addition, using less toxic treatment approaches
harboring specific mechanisms of action, such as monoclonal and
bi-specific antibodies or engineered CAR T-cell therapy, are
promising new developments. Last, participation of older patients
in clinical trials should be encouraged to establish evidence-based
treatment recommendations and also to offer older patients the
newest therapeutic possibilities.
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Table 2. EMR during the first 5 years after ALL diagnosis according to
calendar period of diagnosis, sex and age at diagnosis

Covariate EMRa 95% CI P-valueb

Period of diagnosis
1989–1994 1.00 Reference
1995–2000 0.71 0.61–0.83 o0.001
2001–2006 0.53 0.45–0.62 o0.001
2007–2012 0.44 0.37–0.51 o0.001

Sex
Male 1.00 Reference
Female 0.96 0.86–1.07 0.469

Age at diagnosis (years)
18–24 1.00 Reference
25–39 1.31 1.06–1.62 0.011
40–59 2.11 1.74–2.55 o0.001
60–69 3.60 2.92–4.43 o0.001
⩾ 70 7.67 6.30–9.33 o0.001

Abbreviations: ALL, acute lymphoblastic leukemia; EMR, excess
mortality ratio. aEach covariate is simultaneously adjusted for all other
covariates in the table, along with years of follow-up. bP-values are
compared with the reference category.
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