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Impact of chemotherapy delay on short- and long-term survival in
younger and older AML patients: a Danish population-based
cohort study

Leukemia (2014) 28, 1926–1929; doi:10.1038/leu.2014.157

In recent decades, new strategies and molecularly targeted
approaches have been developed to improve treatment in acute
myeloid leukemia (AML) patients. To direct therapy, results of
conventional cytogenetic and molecular mutation analysis are
required.1 Results can be ready in 72 h, but are generally not
available until after 5 days. A relevant question is whether the
outcome is affected if intensive chemotherapy awaits results. Only
two studies exist on this topic. In an observational US study of 1317
AML patients, delaying treatment beyond 5 days resulted in inferior
complete remission (CR) rates and overall survival in younger
patients, but not in patients X60 years.2 As a consequence,
LeukemiaNet recommends treatment initiation before day 5 in
younger patients.3 In a French single-center study of 599 patients,
no association was found of treatment delays above 5 days
compared with patients with a time to treatment initiation (TTT)
below 5 days in terms of early death, CR rates and long-term
survival.4 The two studies have important limitations, and the
results may not be generalizable to other patients.5

We designed a national population-based cohort study to
investigate the effect of TTT on CR rates and overall survival
(30-day and 31-day–3-yearsurvival) in AML patients treated with
curative intent in Denmark during 2000–2012. We used the Danish
National Acute Leukemia Registry to identify all non-promyelocy-
tic AML patients. The registry covers all AML patients diagnosed in
Denmark, and it prospectively collects high-quality demographic,
clinical, treatment and outcome data.6 Information on comorbidity
was obtained through the Danish National Registry of Patients.7

Information on all-cause mortality was obtained from the Civil
Registration System.8

We defined date of diagnosis as the date of first diagnostic
bone marrow examination and TTT as the time from diagnosis
until the initiation of intensive chemotherapy. Curative treatment
intent was defined as allocation to a multiagent remission
induction chemotherapy. Information on exposure was grouped
into five categories. Patients treated on the day of diagnosis were
expected to differ from patients treated later and were kept in a
separate category. Factors associated with TTT X5 days and the
chance of achieving CR according to TTT were assessed using
logistic regression. Overall survival was calculated as the time
from diagnosis until death or end of follow-up (18 July 2013).
We used Cox proportional hazards regression analysis and
restricted cubic splines to assess the influence of TTT on survival.9

We analyzed data at the time of initiated chemotherapy in an
intention-to-treat manner and used the date of chemotherapy
as a time-dependent covariate.10 All survival analyses were
stratified by age (o60 years or X60 years), presence of AML
secondary to myelodysplastic syndrome or myeloproliferative
neoplasias (sAML) or treatment-related AML (tAML) and white
blood cells (WBC) (o30� 109/l and X30� 109/l). All estimates
were adjusted for potential prognostic factors, provided with
corresponding 95% confidence intervals (CIs) and with
TTT¼ 3–4 days as a reference (detailed in Supplementary
Methods).

The study population consisted of 1388 patients (74 patients
with TTT 428 days were excluded). Eleven patients (0.8%) died
before treatment initiation. The characteristics of the patients
included in the study by TTT and age are presented in
Supplementary Table S1. The median TTT was 3 days (interquartile
range (IQR) 1–7) and 90% were treated within 13 days. The
median TTT was shorter in young patients (3 days (IQR 1–6) vs 4
days (IQR 2–8) in patients X60 years). The median follow-up for all
patients was 500 days (range 0–4915). The median TTT did not
vary by calendar year or weekday, by inclusion into clinical trials or
allogeneic transplantation status, but varied from 2.5 to 5 days
between departments. Male gender, presence of comorbidity,
sAML/tAML and low WBC predicted longer TTT in younger
patients. In patients X60 years, a TTT 45 days was associated
with a low WBC and the presence of sAML/tAML (Supplementary
Table S2). In multivariate analysis, TTT 45 days was not adversely
related to CR (Supplementary Table S3).

Crude estimates of overall survival according to TTT are shown
in Supplementary Figure S1. Table 1 presents crude and adjusted
0–30-day and 31-day-to-3-year mortality rates (MRs), overall,
stratified by age and sAML/tAML. In younger patients and patients
X60 years, the adjusted 0–30-day MR did not increase with longer
TTT. The association between TTT as a continuous variable and
31-day-to-3-year mortality is described in Figure 1. The adjusted
31-day-to-3-year MR for all patients combined and for patients
X60 years showed an almost U-shaped relation with the lowest
MR found in patients with TTT¼ 3–4 days. In younger patients,
only a TTT X10 days was associated with an increased MR
(1.57, 95% CI (1.05–2.35)). In patients X60 years, we found a clear
association between longer TTT and inferior survival beyond
5 days (adjusted MRs were 1.50, 95% CI (1.07–2.12) and 2.03, 95%
CI (1.41–2.92) for TTT¼ 5–9 days and X9 days, respectively).
In de novo patients, TTT X10 days was associated with a worse
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Table 1. Association between TTT and survival in 1388 AML patients, overall results, and stratified by age and type of leukemia

0–30-Day mortality 31-Day–3-year mortality

MR, crude estimate (95% CI) Adjusteda (95% CI) MR, crude estimate (95% CI) Adjustedb (95% CI)

All patients (n¼ 1388)
Day of diagnosis 2.19 (1.07, 4.67) 1.89 (0.91, 3.91) 1.02 (0.78, 1.33) 1.28 (0.95, 1.75)
1–2 days 1.34 (0.69, 2.61) 1.19 (0.61, 2.33) 1.11 (0.89, 1.37) 1.30 (1.02, 1.64)
3–4 days 1.0 1.0 1.0 1.0
5–9 days 1.33 (0.64, 2.73) 1.56 (0.75, 3.24) 1.30 (1.04, 1.61) 1.33 (1.04, 1.69)
X10 days 0.59 (0.19, 1.86) 0.57 (0.16, 2.04) 1.95 (1.55, 2.45) 1.78 (1.37, 2.33)

de Novo AML (n¼ 1163)
Day of diagnosis 1.75 (0.83, 3.70) 1.40 (0.64, 3.02) 0.90 (0.65, 1.24) 1.07 (0.75, 1.54)
1–2 days 1.23 (0.63, 2.41) 1.08 (0.54, 2.13) 1.11 (0.87, 1.41) 1.21 (0.93, 1.59)
3–4 days 1.0 1.0 1.0 1.0
5–9 days 1.17 (0.55, 2.48) 1.38 (0.65, 2.96) 1.14 (0.88, 1.47) 1.12 (0.85, 1.49)
X10 days 0.60 (0.17, 2.16) 0.69 (0.19, 2.50) 1.73 (1.30, 2.39) 1.60 (1.16, 2.17)

tAML/sAML (n¼ 225)
Day of diagnosis N/A N/A 1.76 (0.86, 3.60) 4.26 (1.77, 10.25)
1–2 days N/A N/A 1.14 (0.61, 2.11) 1.40 (0.70, 2.82)
3–4 days 1.0 1.0 1.0 1.0
5–9 days N/A N/A 1.54 (0.88, 2.71) 2.21 (1.14, 4.29)
X10 days N/A N/A 1.60 (0.93, 2.78) 3.39 (1.72, 6.66)

Ageo60 years, (n¼ 721)
All patients

Day of diagnosis 1.57 (0.59, 4.15) 0.93 (0.33, 2.60) 1.00 (0.70, 1.43) 1.08 (0.72, 1.63)
1–2 days 0.80 (0.31, 2.04) 0.65 (0.25, 1.70) 1.06 (0.79, 1.42) 1.10 (0.80, 1.53)
3–4 days 1.0 1.0 1.0 1.0
5–9 days 0.53 (0.15, 1.82) 0.70 (0.19, 2.56) 1.14 (0.83, 1.57) 1.15 (0.80, 1.63)
X10 days 0.33 (0.04, 2.68) N/A 1.88 (1.32, 2.66) 1.57 (1.05, 2.35)

de Novo AML (n¼ 514)
Day of diagnosis 1.20 (0.43, 3.39) 0.64 (0.21, 1.93) 0.97 (0.63, 1.49) 1.06 (0.66, 1.70)
1–2 days 0.74 (0.28, 1.92) 0.64 (0.24, 1.69) 1.05 (0.74, 1.47) 1.05 (0.72, 1.52)
3–4 days 1.0 1.0 1.0 1.0
5–9 days 0.42 (0.10, 1.64) 0.58 (0.14, 2.36) 0.97 (0.66, 1.43) 1.02 (0.66, 1.57)
X10 days N/A N/A 1.79 (1.15, 2.78) 1.91 (1.17, 3.12)

tAML/sAML (n¼ 103)
Day of diagnosis N/A N/A 1.96 (0.68, 5.60) 3.47 (0.87, 13.81)
1–2 days N/A N/A 1.37 (0.57, 3.31) 1.51 (0.48, 4.68)
3–4 days 1.0 1.0 1.0 1.0
5–9 days N/A N/A 1.48 (0.62, 3.53) 1.36 (0.46, 4.06)
X10 days N/A N/A 1.51 (0.64, 3.54) 2.58 (0.81, 8.21)

Age X60 years, (n¼ 667)
All patients

Day of diagnosis 3.49 (1.21, 10.10) 3.25 (1.11, 9.52) 1.25 (0.83, 1.88) 1.71 (1.07, 2.72)
1–2 days 2.23 (0.84, 5.98) 1.80 (0.66, 4.86) 1.27 (0.93, 1.74) 1.52 (1.07, 2.17)
3–4 days 1.0 1.0 1.0 1.0
5–9 days 2.11 (0.77, 5.83) 2.58 (0.93, 7.14) 1.30 (0.96, 1.76) 1.50 (1.07, 2.12)
X10 days 0.81 (0.19, 3.45) 1.16 (0.27, 4.99) 1.73 (1.26, 2.38) 2.03 (1.41, 2.92)

de Novo AML (n¼ 649)
Day of diagnosis 2.96 (0.98, 8.87) 2.44 (0.80, 7.51) 0.96 (0.58, 1.58) 1.12 (0.63, 1.98)
1–2 days 2.03 (0.75, 5.47) 1.63 (0.60, 4.44) 1.29 (0.91, 1.82) 1.45 (0.98, 2.14)
3–4 days 1.0 1.0 1.0 1.0
5–9 days 1.93 (0.68, 5.47) 2.33 (0.82, 6.62) 1.13 (0.80, 1.60) 1.21 (0.82, 1.78)
X10 days 1.10 (0.26, 4.67) 1.38 (0.32, 5.98) 1.40 (0.96, 2.06) 1.52 (0.99, 2.34)

tAML/sAML (n¼ 123)
Day of diagnosis N/A N/A 1.60 (0.59, 4.30) 5.21 (1.52, 17.94)
1–2 days N/A N/A 0.89 (0.36, 2.18) 1.23 (0.40, 3.73)
3–4 days 1.0 1.0 1.0 1.0
5–9 days N/A N/A 1.52 (0.72, 3.21) 3.44 (1.35, 8.80)
X10 days N/A N/A 1.64 (0.79, 3.40) 4.93 (1.83, 13.30)

Abbreviations: AML, acute myeloid leukemia; CI, confidence interval; MR, mortality rate; N/A, not applicable; sAML/tAML, AML secondary to myelodysplastic
syndrome or myeloproliferative neoplasias (sAML)/treatment-related AML (tAML); TTT, time to treatment. Sensitivity analyses (for example, adjustment for
department, exclusion of patients with WBC450� 109/l, inclusion of TTT up to 90 days and use of day 1 as a reference) did not change the overall interpretation
of results. aAdjusted for age, gender, WHO performance status, comorbidity (mCCI), white blood count (log), secondary AML and treatment-related AML.
bAdjusted for age, gender, WHO performance status, comorbidity (mCCI), white blood count (log), secondary AML, treatment-related AML and cytogenetics.
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prognosis. In older sAML/tAML patients, a strong association was
seen for TTT beyond 5 days (adjusted MR 3.44, 95% CI (1.35–8.80)
for TTT¼ 5–9 days and 4.93, 95% CI (1.83–13.30) for TTT X10
days), whereas in younger sAML/tAML patients the MR was only
substantially increased beyond day 10 (adjusted MR 2.58, 95% CI
(0.81–8.21)). We tested the robustness of the study conclusions
through sensitivity analyses (see Supplementary Results). These
analyses did not change the interpretation of results.

The null association between TTT and the CR rate in our study is
consistent with results from the French study,4 whereas the US
study2 found a negative association between longer TTT and CR
rates. In line with the US study, we found an association between
longer TTT and increased mortality in younger patients. However,
in contrast to the US study, our results only showed increased
mortality for those who initiated treatment X10 days. Also
contrary to their results, we found an increased mortality in older
patients from TTT X5 days. The definition of TTT may partly
explain the different results for younger patients compared with
the US study. The median TTT in our study was only 3 days
compared with 4 days in the US study and 8 days in the French
study. The US study used a different definition from our study and
the French study; the authors defined the date of diagnosis as the
date of confirmed diagnosis at the treating institution, which, per
definition, will give a shorter TTT.

Our study population differed from the US study, in which
the median age was higher, more patients had an
adverse cytogenetic risk profile and 45% of all patients had
sAML/tAML. This may reflect referral bias. We found that longer
TTT was associated with a worse outcome within the sAML/tAML
group than within de novo AML patients. Although the authors of

the US study adjusted for sAML, residual confounding may explain
their findings. Also, the sex distribution was not described or
controlled for. We found that men had a significantly longer TTT,
which could have acted as a confounder. Both prior studies
excluded patients who died before the initiation of chemotherapy,
which could lead to a spurious survival advantage for patients
with longer TTT.11,12 Older patients had a significantly longer TTT,
and immortal person-time bias could explain the finding of no
association in the French study and in older patients in the US
study. Our results of the 31-day-to-3-year MRs are in sharp
contrast to the findings of the French study. Their conclusion of no
association was based on TTT as a dichotomous variable (p5 days
and 45 days). Our study demonstrated an almost U-shaped
association of TTT and mortality, and their inclusion of patients
with TTT up to 90 days, WBC 450 and TTT¼ 0 probably amplified
the immortal person-time bias for patients with the longest
TTTs. This could explain the decrease in MR for patients with
TTT 420 days.

In our study, the truly population-based design with virtually
complete follow-up reduced selection bias. The coverage of the
registry is almost 100% and the positive predictive values (PPVs) of
variables that define TTT are high (‘date of diagnosis’ PPV¼ 90%
and ‘date of chemotherapy initiation’ PPV¼ 100%).6 The study
population was large, treatment strategies homogeneous and
results were adjusted for possible confounders and stratified by
age, WBC and sAML/tAML to minimize confounding by indication.
The proportion of patients being treated with curative intent and
the CR rates are comparable to those of other population-based
studies.13,14 Also, the study was designed and analyzed to
avoid immortal person-time bias. Our study also has limitations.

Figure 1. Estimated 30-day-to-3-year MRs according to time from diagnosis to treatment (TTT). (a) Crude and (b) adjusted MR for younger
patients, and (c) crude and (d) adjusted MR for patients X60 years. To obtain a graphical picture of the shape of the relation between TTT as a
continuous covariate and overall survival, we used restricted cubic splines to smoothen the TTT mortality with linear restrictions imposed on
both tails. It shows MRs (crude and adjusted 31-day-to-3-year MRs) stratified by age with 95% CI bands according to TTT as a continuous
exposure. The four knots are placed at the 20th, 40th, 60th and 80th percentiles. The adjusted 30-day-to-3-year MRs reflect the results of Table
X and show an almost U-shaped relation with the lowest MRs found in patients with TTT¼ 3–4 days in both age groups. In patientsX60 years,
delaying chemotherapy had a significant impact on mortality for shorter TTTs than in younger patients (o60 years) (data not split at the day
of initiated chemotherapy).
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As in the US study, we did not obtain information on the reasons
for delaying treatment. Although the data were adjusted for most
factors known to affect the outcome, we could not fully control for
early complications such as infections, bleeding and organ failure,
which could have delayed treatment initiation.

In conclusion, we found that TTT affects the prognosis in both
younger and older AML patients. Our results corroborate that
intensive chemotherapy should be initiated as early as possible.
In patients older than 60 years and especially in patients with
sAML/tAML, delaying intensive treatment beyond day 5 seemed
to have an adverse impact on survival. In these patients,
cytogenetic analyses should be accelerated. In younger patients
and older de novo patients, treatment can probably be delayed for
up to 10 days without affecting the prognosis.
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APOBEC3 signature mutations in chronic lymphocytic leukemia

Leukemia (2014) 28, 1929–1932; doi:10.1038/leu.2014.160

Cytidine deaminases of the APOBEC family (ApoB mRNA editing
catalytic subunit) generate targeted damage in nucleic acids by
deaminating cytosins to uracils. The catalytically active family
members are APOBEC1, APOBEC3 proteins (which comprise
APOBEC3A, APOBEC3B, APOBEC3C, APOBEC3D, APOBEC3F,
APOBEC3G, APOBEC3H) and activation-induced deaminase (AID)
(reviewed in Conticello1,2). APOBEC1 deaminates the mRNA for
Apolipoprotein B thereby generating ApoB48, which mediates the
absorption of dietary lipid from the intestine.3 Whereas APOBEC3

proteins are implicated in the natural defense against retroviruses
and mobile elements by mutating and thereby inactivating
retroviral single stranded DNA intermediates, AID mediates
somatic hypermutation and class switch recombination of
immunoglobulin genes in B cells.4 As it was shown that AID can
cause substantial off-target DNA damage, AID has been implicated
in B-cell lymphomagenesis by mutating oncogenes and by
mediating chromosomal translocations as side product of
aberrant class switch recombination.5 In chronic lymphocytic
leukemia (CLL), previous reports have described the presence of
AID transcripts in a subset of CLL patients where AID-expressing
CLL patients exhibited a significantly decreased time to treatment
and overall survival.6 Paradoxically, AID levels were higher in CLL
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