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To the Editor,
Core-binding factor (CBF) acute myeloid leukemia (AML) with

the RUNX1::RUNX1T1 fusion oncogene resulting from the recurrent
balanced translocation t(8;21)(q22;q22.1) was among the first
acute leukemias to be defined based on cytogenetics [1]. It has
been estimated to account for 7% of all AML cases [2, 3] and is
associated with a favorable prognosis [4]. The addition of
gemtuzumab ozagamicin (GO) to intensive chemotherapy was
initially reported to improve both relapse-free survival (RFS) and
overall survival (OS) in patients with favorable cytogenetic profiles
[5–7]. However, multiple randomized clinical trials failed to
demonstrate an OS benefit upon final analysis [8–12]. Additionally,
relapse rates of up to 40% have been reported, significantly
reducing survival [13, 14]. Data regarding the precise risk of
relapse and long-term outcomes for patients with RUNX1::-
RUNX1T1 CBF-AML remains warranted at a population level. We
conducted a population-based characterization of clinical- and
molecular features and analyzed long-term outcomes for RUNX1::-
RUNX1T1 CBF-AML patients.
A total of 99 patients diagnosed with RUNX1::RUNX1T1 CBF-AML

from 2000 – 2022 were included in the cohort (Table 1;
Supplementary Fig. S1), with a median follow-up of 7.6 years
(IQR 1.6–13.2)(Supplementary Fig. S2). Patients with RUNX1::-
RUNX1T1 CBF-AML comprised 2.3% (95% CI 1.9% – 2.8%) of all
AML patients diagnosed within the study period. Intensively
treated patients accounted for 87.9% (N= 87), and 11 patients
(11.2%) were allocated for an allogeneic hematopoietic stem cell
transplantation (HSCT) of which 2 (18.2%) were transplanted in the
first complete remission (CR1) and 9 (81.8%) in CR2, respectively
(Table 1; Supplementary Fig. S2).
Most patients were treated using DA-based induction therapy

(88.3%) relative to FLAG-based (9.4%) and other (2.3%) regimens.
Intensive treatment resulted in a CR proportion of 97.7% (N= 85).
The estimated 5-year OS was 74.3% (95% CI 63.4–82.3%)(Fig. 1;
Supplemental Table S1). Notably, there was no detectable
improvement in crude OS observed during the study period
(Supplementary Fig. S3). In a proportional hazards model,
independent risk factors for death were increasing age with a
52% increase in risk of death per increasing decade of life (HR 1.52
(95% CI 1.13–2.07)) and chromosome 17 aberrations (HR 8.00 (95%
CI 1.91–33.5); Supplementary Figs. S4 and S5).
Of patients achieving CR1, 21 were subsequently diagnosed

with relapse, with an estimated 3-year cumulative incidence of
relapse (CIR) of 23.6% (95% CI 15.2–33.0%)(Fig. 1). Among relapsed
cases, 95% (N= 20) occurred within 2.6 years of follow-up.

Relapses were diagnosed as: (i) molecular in 7 patients (33.3%);
(ii) morphological in 11 patients (52.4%); and (iii) extramedullary in
3 patients (14.3%). The majority were salvaged with FLAG- or DA-
based regimens accounting for 35% (N= 7) and 40% (N= 8),
respectively (Supplementary Fig. S6). For relapsed patients, the
3-year OS dropped to an estimated 38.1% (95% CI 18.3–57.8%)
(Supplementary Fig. S6).
We then interrogated the effect of intensive treatment with or

without GO in patients with available data (N= 75). Patients
treated with (N= 48) and without (N= 27) GO had similar baseline
characteristics (Supplemental Table S2). No difference in crude
5-year OS was observed between the GO-treated (75.0% (95% CI
60.1–85.0%)) and non-GO-treated (70.4% (95% CI 49.4–83.9%))
patients (Fig. 1). Restricting the analysis to patients with minimum
5 years of follow-up suggested an OS benefit for the GO-treated
(p= 0.049). Patients who received GO had a better 5-year RFS at
68.5% (95% CI 54.2–80.2%) as compared to 60.0% for non-GO-
treated patients (95% CI 38.4–76.1%) (Fig. 1). In addition, the
3-year CIR of GO-treated patients (18.4% (95% CI 9.1–30.2%)) was
lower than for the non-GO-treated patients (36.0% (95% CI
18.2–54.2%)) (Fig. 1) with a non-significant trend towards a
decreased risk of relapse (sHR 0.42 (95% CI 0.16–1.07)).
Targeted NGS data from time of diagnosis were available for

38.3% (N= 38) of the cohort. An estimated 89.5% (95% CI
75.2–97.0%) harbored pathogenic variants at the time of
diagnosis, of which 78.9% harbored variants in signaling pathways
(Supplementary Fig. S7). Neither variants related to signaling
pathways, myelodysplasia, nor the combination of signaling and
cohesin complex variants conferred an impact on crude OS
(Supplementary Fig. S8). In seven patients with paired data from
the time of diagnosis and the time of relapse, 85.7% (N= 6) had
longitudinally persisting clones (Supplementary Fig. S9).
In this nationwide population-based cohort study, our findings

reveal that the main risk factor for mortality in patients eligible for
intensive treatment is patient age at the time of diagnosis. We
were unable to demonstrate a significant improvement in OS and
CIR with the addition of GO to standard treatment. Furthermore, 1
in 4 patients who achieve a CR subsequently relapse, leading to a
worsening of the survival probability.
We found that RUNX1::RUNX1T1 CBF-AML accounts for less than

3% of patients diagnosed with AML, which is less than half of the
commonly cited 7–10%. Given the high coverage of the Danish
National Leukemia Registry, we believe our findings provide an
accurate estimate of the true incidence of RUNX1::RUNX1T1 CBF-
AML. Most patients harbored pathogenic variants in addition to
the fusion oncogene. We could not demonstrate any effect on OS
from interrogating the most commonly affected pathways,
including the high-risk combination of variants in kinase signaling
and the cohesin complex as identified by Duployez N et al. [15].
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In Denmark, DA-based regimens have for decades been the
recommended standard induction, and our data demonstrate that
these are highly effective and associated with long-term OS and
RFS comparable to that of the FLAG-based regimens for which
Borthakur G. et al. [12] reported a 5-year OS of 72% and 5-year RFS

of 63%. Thus, the high remission-inducing potential of FLAG-
based regimens must be weighed against the inherent toxicity, as
DA-based treatment represents a highly efficient alternative.
Despite the effective treatment, relapse constituted the main

cause of mortality for patients in accordance with data from
Hospital MA. et al. [13]. Interestingly, we found that 95% of
relapses occurred within 3 years of the initial diagnosis. These data
align with the results of the AML19 trial data reported by Russell
NH. et al. [7] who present a plateau in the event-free survival at
≈24 months from randomization. As such, the 3-year post-
diagnosis timepoint could be considered a relevant milestone
during the follow-up of patients.
We furthermore analyzed the real-world effect of GO in

RUNX1::RUNX1T1 CBF-AML by comparing patients treated before
and after GO was approved and incorporated into Danish AML
treatment guidelines. We did not detect an improvement in OS
from the addition of GO to intensive regimens, with OS of the
non-GO-treated (70.4%) being comparable to that of the GO-
treated patients in the landmark publication by Hills R. et al. [6].
The data did indicate improvements in RFS and CIR, favoring the
GO-treated. While these observed improvements did not reach
statistical significance, they are in accordance with the results of
the randomized clinical trials ALFA-0701 [9] and MRC AML-15 [5]. It
is plausible that the lack of an OS benefit from the addition of GO
may be attributed to highly effective salvage regimens which
negate the RFS and CIR benefits observed, rendering them
undetectable when analyzing OS. Additionally, the cohort with
available data regarding treatment with GO may have been
underpowered to detect an improvement in OS with statistical
significance.
The population-based design of this study allowed for robust

estimates of clinically relevant outcomes; however, it was not
without limitations. While we identified aberrations related to
chromosome 17 to be associated with a high risk of death, this
association was based on outcomes of 3 patients; thus, the finding
may only be considered hypothesis-generating. The cohort
consisted of 87 intensively treated RUNX1::RUNX1T1 CBF-AML
patients, and while this represents a sizeable cohort as compared
to the available literature, subtle differences in the investigated
outcomes may be missed in the statistical analysis. As treatment
with GO was analyzed as a categorical variable, the impact of the
various dosing regimens that have been utilized during the study
period could not be evaluated. Furthermore, patients treated with
intensive regimens prior to the introduction of GO served as a
comparator. We believe this control group to be a relevant and
robust comparator as the treatment of AML has been consistent
and uniform in the study period across the AML-treating centers in
Denmark, reflecting the highly centralized AML-treatment. Never-
theless, it is plausible to expect that advancements in supportive
care and overall management of AML may have influenced
outcomes during the study period, such as the observed benefit of
GO with regard to survival beyond 5 years of follow-up. Here, the
improved treatment of co-morbidities during the study period,
e.g., cardiac diseases, has likely contributed to the observed
improvement in OS.
In conclusion, we provide population-based data on RUNX1::-

RUNX1T1 CBF-AML showing that, despite the upfront favorable
prognosis, relapse is an important driver of mortality for these
patients. Furthermore, we report that GO may reduce the risk of
relapse; however, the clinical benefit did not reach statistical
significance in this study. Collectively, our data highlight an unmet
need for improved care for patients with AML with RUNX1::RUNX1T1,
emphasizing the need for novel agents for the treatment of this
patient population, particularly for those who relapse.

Table 1. Cohort characteristics.

Total
cohort
(N= 99)

Intensively
treated
(N= 87)

Non-intensively
treated (N= 12)

Age, y

Median 53.0 51.0 75.5

IQR 40.0–67.0 37.0–64.0 60.0–78.5

Range 19–80 19–79 43–80

Sex, n (%)

Male 61 (61.6%) 54 (62.8%) 6 (50%)

Female 38 (38.4%) 32 (37.2%) 6 (50%)

WHO Performance Score, n (%)

0-1 92 (93.8%) 84 (96.7%) 8 (66.7%)

2-4 6 (6.1%) 2 (2.0%) 4 (33.3%)

nd 1 (1%) 1 (1.0%) 0 (0%)

Prior cytotoxic treatment, n (%)

Yes 11 (11.1%) 9 (10.3%) 2 (16.7%)

No 88 (88.9%) 78 (89.7%) 10 (83.3%)

Extramedullary disease, n (%)

Yes 3 (3.0%) 3 (3.4%) 0 (0%)

No 96 (97.0%) 84 (96.6%) 12 (100%)

Hemoglobin, mmol/L

Mean 5.5 5.5 6.0

IQR 4.9–6.5 4.8–6.3 4.9–7.5

Platelets, 109/L

Median 33.0 32.0 35.5

IQR 17.5–69.0 17.5–59.5 14.0–96.5

Leukocytes, 109/L

Median 9.1 9.9 3.5

IQR 3.7–18.8 4.4–19.7 1.9–15.2

LDH at diagnosis, U/I

Median 501 539 408

IQR 314 – 998 330–1028 213–871

Peripheral blood blasts, %

Mean 36.3 38.3 23.9

IQR 11.5 – 56.0 18.5–56.5 4.8–34.5

Bone marrow blasts, %

Mean 50.0 49.5 53.3

IQR 32.0 – 69.0 35.0–67.0 30.0–77.0

Allogeneic stem cell transplantation, n (%)

Yes 11 (11.2%) 11 (12.8%) 0 (0%)

CR1 2 (18.2%) 2 (18.2%) 0 (0%)

CR2 9 (81.8%) 9 (81.8%) 0 (0%)

No 87 (88.8%) 75 (87.2%) 12 (100%)

Values given for time of diagnosis. CI confidence interval, CR complete
remission, IQR inter quartile range, nd no data, y years.
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Fig. 1 Outcomes for patients with AML with RUNX1::RUNX1T1 treated with curative intent. A–C The total cohort. D–F Patients stratified by
treatment with gemtuzumab ozagamicin (GO). Hashed marks denote censoring. Filled area denote 95% confidence intervals.
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