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Acute myeloid leukemia (AML) is an aggressive form of myeloid malignancy with high relapse and poor survival

rates. Despite recent advances in genomics-based risk classification, accurate prediction of patient outcomes

remains a challenge, posing the need for complementary molecular information to enable precise treatment

stratification. In the current study, we assessed the prognostic value of the recently developed 11-gene

Stem11 signature in a uniformly treated cohort of 107 de novo AML patients and showed that Stem11 classifi-

cation stratifies overall survival and response to allogeneic hematopoietic cell transplantation across the Euro-

pean LeukemiaNet risk groups. We further developed a NanoString-based Stem11 scoring system and

validate its high concordance with RNA-sequencing-based scoring and its retained prognostic power to iden-

tify the most refractory AML subgroup. With its rapid turnaround time and standardized built-in analysis pipe-

line, our NanoString-based Stem11 scoring panel represents a faster yet reliable alternative to RNA

sequencing, providing preclinical proof of concept for Stem11-based clinical decision support.

Acute myeloid leukemia (AML) is an aggressive hematological malignancy with a poor prognosis. Current

genetic risk stratification remains insufficient for accurately predicting patient outcomes, and additional

information that can refine and improve prospective risk prediction is urgently needed. Here, we developed

a NanoString-based diagnostic assay measuring the prognostic Stem11 score. Our assay provided highly

concordant Stem11 scores with RNA-sequencing-based quantification, thereby establishing a rapid and

reliable transcriptional prognostication system for time-sensitive clinical decision support for AML. © 2026

The Author(s). Published by Elsevier Inc. on behalf of International Society for Experimental Hematology.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

HIGHLIGHTS

� Stem11 predicts posttransplantation response and overall sur-

vival in acute myeloid leukemia (AML).

� NanoString-derived Stem11 scores show high concordance with

RNA sequencing (RNA-seq)-based scores.

� The NanoString Stem11 panel has the potential to enable rapid

prognostication for AML.

Acute myeloid leukemia (AML) is a heterogeneous hematologic

malignancy characterized by aberrant proliferation and differentia-

tion arrest of myeloid progenitor cells. Although genomics-based

classification has improved prospective survival prediction [1,2],

considerable heterogeneity in clinical outcomes persists even

within the established genetic risk groups [3], highlighting the

need for additional molecular markers to further refine patient

risk stratification.

Recent single-cell studies have revealed that heterogeneous myelo-

monocytic differentiation hierarchies, ranging from stem-cell-like to

mature monocyte-like blast populations, exist within individual

patients across genetic subtypes and influence treatment response

and survival [4,5]. Furthermore, activation of non-myeloid lineage

programs has been associated with high-risk genetics [6] and disease

relapse [7] in AML, suggesting prognostic relevance of capturing aber-

rant hematopoietic lineage programs expressed within individual

patients. In alignment with this, we have recently characterized the

mechanisms of differentiation perturbation in preleukemic mouse

models using single-cell RNA sequencing (RNA-seq) and developed

Stem11, a gene expression-based scoring system that complements

cytogenetics- and mutation-based risk classifications to identify the
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highest risk patients with AML with transcriptional lineage ambiguity

[8]. To enable rapid clinical decision support, in the current study, we

present the development of a clinically implementable Stem11 testing

platform using the NanoString nCounter system.

METHODS

Patient Samples

For RNA-seq analysis, gene expression data for 107 uniformly treated

de novo AML patients were downloaded from the European

Genome-Phenome Archive (EGAD00001008484) [9]. Out of the

107 patients, 39 patients were included for the NanoString assay

based on sample availability and quality (Supplementary Table E1).

Nanostring Custom Panel Design

As a rapid Stem11 scoring platform, a custom NanoString nCounter

panel was designed. Alongside the Stem11 genes [8], the previously

published LSC17 genes [10] were included as an established tran-

scriptional prognostic system for AML. For data normalization, seven

housekeeping genes were further included from a previous custom

NanoString nCounter panel [11]. The full list of the 35 genes in our

custom panel is provided in Supplementary Table E2.

Nanostring Assay and Analysis

The mean expression of six synthetic positive control single-strand

DNAs and seven housekeeping genes was used as a size factor for

data normalization. The normalized expression values were then log-

transformed for downstream analyses. The Stem11 score was calcu-

lated as the sum of the Z-scores of the Stem11 genes, and the Stem11-

high group was defined as the top 15th percentile of the cohort, as pre-

viously defined [8]. The LSC17 score was calculated based on the for-

mula defined in the original publication [10]. The LSC17-high group

was defined as patients with scores above the cohort median, consis-

tent with the original publication. Patient survival was estimated using

the Kaplan-Meier method, and the difference was tested using the log-

rank test using the R package survival. For multivariate analysis, a Cox

proportional hazards regression model was used.

RESULTS AND DISCUSSION

In our previous study, we validated the prognostic value of the

Stem11 scoring system using RNA-seq data from multiple indepen-

dent AML cohorts, including both adult and pediatric patients [12

−14]. To further associate the Stem11-based classification with spe-

cific clinical decision support, we first analyzed a published RNA-seq

dataset from de novo AML patients who all received uniform inten-

sive chemotherapy with or without allogeneic hematopoietic cell

transplantation (HCT) at a single university hospital in Germany [9].

In this cohort of 107 patients, we identified 16 patients with high

Stem11 scores (hereafter, Stem11-high patients), including one favor-

able, six intermediate, and nine adverse-risk patients according to the

European LeukemiaNet-2017 (ELN) classification [15]. Because HCT

is considered for patients with ELN adverse-risk and intermediate-risk

AML [15], we focused on survival differences by Stem11 classification

and HCT status in these subgroups. Overall, Stem11-low patients

benefited from HCT with a 5-year overall survival of 64.0% in con-

trast to 22.7% in Stem11-low patients treated without HCT (Figure 1).

Although Stem11-high patients treated with HCT showed improved

survival (median survival of 33 months with HCT vs. 3.5 months

without HCT; Figure 1), post-transplant outcomes remained poor,

with 5-year overall survival of 30.0%. The same trends were observed

within the ELN adverse and intermediate-risk groups (Supplementary

Figure E1A, B), and consistently, the Stem11 classification showed an

independent prognostic value in a multivariate survival analysis

including HCT status (Supplementary Figure E1C). This suboptimal

HCT response highlights the need for novel therapeutic approaches

for these highly refractory Stem11-high patients. Considering the

immature transcriptional state captured using the Stem11 signature

[8], the potential therapy may include venetoclax, which has shown

efficacy in targeting primitive leukemic cells [16]. Collectively, these

results demonstrate that the Stem11 classification can predict treat-

ment response and identify patient subgroups most likely to benefit

from HCT.

Although RNA-seq analysis comprehensively validated the prog-

nostic value of the Stem11 scoring system across multiple patient

cohorts, its routine diagnostic application is currently impractical due

to the substantial time and cost requirements for library preparation

and complex data analysis. Therefore, to facilitate potential clinical

Figure 1 Prognostic significance of Stem11 in different treatment groups. Survival analysis comparing ELN-intermediate and

adverse-risk patients stratified by Stem11 classification and HCT treatment. The p value is from the log-rank test.
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implementation of the Stem11-based risk stratification, we developed

a custom NanoString nCounter panel targeting the Stem11 genes,

alongside the previously published LSC17 genes [10] for comparison

(Supplementary Table E2). The NanoString nCounter system directly

quantifies target messenger RNA (mRNA) molecules using color-

coded probes without the need for amplification or reverse transcrip-

tion, enabling sensitive and reproducible gene expression measure-

ments from as little as 100 ng of total RNA [17]. The platform offers a

standardized workflow with short hands-on time and a built-in analy-

sis pipeline, which could enable results to be returned to clinicians

within 48−72 hours [11,17]. To evaluate the performance of this

assay, we analyzed 39 de novo AML patients from the same cohort

analyzed using RNA-seq in Figure 1. Stem11 scores derived from our

NanoString assay showed a strong positive correlation with scores

calculated from the RNA-seq data performed on the same samples in

the original study [9] (Pearson’s R = 0.92, p < 2.2 £ 10�16;

Figure 2A), demonstrating the robustness of our NanoString-based

Stem11 scoring platform developed in this study. Stem11 and LSC17

classifications were then assigned to each patient, identifying three

patient subgroups: Stem11-high LSC17-high, Stem11-low LSC17-

high, and Stem11-low LSC17-low (Figure 2B and Supplementary

Figure E2A). In our cohort of 39 patients, neither Stem11 nor LSC17

alone achieved significant survival prediction (p = 0.066 for Stem11

and 0.072 for LSC17; Supplementary Figure E2B, C), although both

showed trends toward poorer survival in high-score patients. Of note,

however, their combination revealed significantly poorer outcomes

for Stem11-high LSC17-high patients compared with Stem11-low

LSC17-low patients (Figure 2C). This survival trend is consistent with

Figure 2 NanoString-based Stem11 classification of AML. (A) A scatter plot comparing NanoString-based and RNA sequencing-

based Stem11 scores. The Pearson correlation p-value is indicated. (B) A heatmap showing the normalized expression of Stem11

and LSC17 genes measured using the NanoString custom nCounter panel. Each column represents an individual patient, and rows

represent individual genes. (C) Survival analysis based on the combined Stem11- and LSC17-based stratification. The p values are

from the log-rank test.
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