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Acute myeloid leukemia (AML) with t (9;11) (p22; q23) presents as a varied hematological malignancy. 
The t (9;11) (p22; q23) translocation is the most common among 11q23/KMT2A rearrangements 
in AML. This research aimed to develop a nomogram for precise prediction of overall survival (OS) 
and cancer-specific survival (CSS) in AML with the t (9;11) (p22; q23) translocation. We utilized the 
Surveillance, Epidemiology, and End Results (SEER) database to identify patients diagnosed with t 
(9;11) (p22; q23) AML from 2000 to 2021. Prognostic factors for this AML subtype were determined 
using least absolute shrinkage and selection operator (LASSO) regression, which guided the creation 
of prognostic nomograms. To evaluate the model’s discrimination, accuracy, and effectiveness, we 
employed the concordance index (C-index), calibration charts, receiver operating characteristic curves 
(ROC), area under the curve (AUC), and decision-curve analysis (DCA). The research was meticulously 
planned, executed, and documented in full adherence to the TRIPOD guidelines. The nomogram 
was developed using key variables including age, race, first primary tumor, and chemotherapy. The 
concordance indices (C-indices) were 0.704 for OS and for 0.686 for CSS. Patients were classified into 
high-risk and low-risk groups based on nomogram scores, with significant differences in OS and CSS 
between these groups (P < 0.001). This study developed innovative nomograms that combine clinical 
and treatment factors to predict 1-, 3-, and 5-year survival rates for patients with t (9;11) (p22; q23) 
AML.
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Acute myeloid leukemia (AML) with t(9;11)(p22;q23) accounts for 9–12% of pediatric cases and 2% of adult 
cases, typically presenting with monocytic features1–5. Translocations involving chromosome 11q23 are 
commonly observed in pediatric AML and are linked to a poor prognosis. These translocations usually involve 
the MLL gene, with over 50 identified partners. The most common is the t(9;11)(p22;q23) translocation, which 
fuses KMT2A with the MLLT3 gene (formerly AF9)1. This translocation defines a distinct disease category in 
the 2016 revision of the World Health Organization (WHO) classification of myeloid neoplasms and acute 
leukemia6. In patients under 60 years with t (9;11) (p22; q23) /KMT2A-MLLT3, classified as intermediate risk 
by the 2017 European Leukemia Net guidelines, outcomes are generally better compared to intermediate-risk 
patients without this translocation5. However, older patients with t(9;11) and those with other 11q23/KMT2A 
rearrangements experience worse outcome1.

Prior research has highlighted diverse clinical characteristics and prognostic factors, including age, sex, race, 
marital status, and chemotherapy utilization, which impact the prognosis of individuals with t (9;11) (p22; q23) 
AML7,8. Given the limitations of relying on single prognostic factors, a predictive model is needed to forecast the 
occurrence of the outcome.

The predictive models improve accuracy and efficiency in forecasting patient outcomes, crucial in clinical 
decision-making. The nomogram, a key tool for visualizing Cox proportional hazards models, helps interpret 
variable risks and identify key predictors. Widely used in oncology and medical science, nomograms serve as 
valuable diagnostic and prognostic tools9. Utilizing the Surveillance, Epidemiology, and End Results (SEER) 
database, which covers about 30% of the US (United States of America) population10, we included individuals 
diagnosed with t(9;11) (p22;q23) AML between 2000 and 2021 in our study. AML can be classified into de 
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novo AML and secondary AML based on the presence or absence of a prior medical history11–13. Our research 
aims to explore the clinical and prognostic characteristics of t (9;11) (p22; q23) AML, and develop prognostic 
nomograms specific to t (9;11) (p22; q23) AML.

Materials and methods
Patient selection and data collection
Our study utilized data extracted from the SEER database (SEER*Stat v8.4.3). Patient selection and clinical data 
collection for t (9;11) (p22; q23) AML were conducted within the SEER research dataset spanning 17 registries 
from 2000 to 2021. As shown in Fig. 1, inclusion criteria for t (9;11) (p22; q23) AML patients required histology 
code 9897/3 as per ICD-O-3, along with confirmed favorable cytology or histology. Exclusion criteria included 
ambiguous or unknown diagnoses and unknown survival times. Key clinical features extracted included age, 
gender, race, year of diagnosis, marital status at diagnosis, median household income, primary malignancy 
status, treatment, survival status, survival time, and cause of death. Given the SEER database’s anonymized 
nature and open accessibility, ethical approval from an ethics committee was deemed unnecessary.

Development, validation, and assessment of nomograms
The development and validation of nomograms for predicting both overall survival (OS) and cancer-specific 
survival (CSS) in t (9;11) (p22; q23) AML involved several key steps. Initially, least absolute shrinkage and 
selection operator (LASSO) regression was utilized to select potential prognostic factors, with nine variables 
(age, sex, race, marital status, median household income, first primary tumor, chemotherapy, radiation, and 
year of diagnosis) included in the analysis. The selected potential prognostic factors were then integrated into 
the model, and a nomogram was constructed to visually represent it. Discrimination and calibration of the 
model were evaluated using receiver operating characteristic (ROC) analysis, concordance index (C-index), and 
calibration curves. Additionally, 1000 bootstrap samples were used to correct the ROC, C-index, and calibration 
curves. Decision curve analysis (DCA) assessed clinical utility by assigning cumulative points to predict survival 
rates, where higher scores indicated lower survival probabilities. Both in the training set and the validation 
set, patients were categorized into high- and low-risk groups based on the median risk score derived from the 
predictive model. Those with a risk score equal to or greater than the median were assigned to the high-risk 
group, while patients with a score below the median were placed in the low-risk group. Differences in OS and 
CSS between these categories were statistically assessed using log-rank tests and Kaplan–Meier survival analysis.

Statistical examination
We used the Mann–Whitney U-test to compare continuous variables across different groups, while categorical 
variables were assessed using either the chi-squared test or Fisher’s exact test. OS and CSS were analyzed using the 
Kaplan–Meier method and compared using the log-rank test. All analyses were conducted using the R Statistical 
Software (Version 4.2.2) and the Free Statistics Analysis Platform (Version 1.9, Beijing, China; ​h​t​t​p​:​/​/​w​w​w​.​c​l​i​n​i​c​
a​l​s​c​i​e​n​t​i​s​t​s​.​c​n​/​f​r​e​e​s​t​a​t​i​s​t​i​c​s​​​​​)​. The SEER database data were divided into a training cohort and a validation cohort 
at a ratio of 7:3 via the “caret” package. LASSO regression was performed using R statistical packages, including 
“glmnet”, “rms”, “survival”, “timeROC”, “foreign”, “Hmisc”, and “ggDCA”. The timeROC package was employed to 
generate receiver operating characteristic (ROC) curves for both the training and validation cohorts, assessing 
the model’s discriminatory power. A higher area under the curve (AUC) indicates better predictive accuracy. 
Calibration curves were created using bootstrapping with 1000 repetitions of resampling. To evaluate the clinical 

Fig. 1.  The flow chart of the study.
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utility of the model, decision curve analysis was conducted using the ggDCA packages. The glmnet function 
was applied for LASSO regression, where family = “Gaussian” indicates a linear regression model, and alpha = 1 
specifies the use of pure LASSO (no ridge regularization). To optimize the regularization parameter lambda, the 
cv.glmnet function was employed through cross-validation. The plot function was used to visualize the LASSO 
path and cross-validation performance. Finally, the coef function allowed extraction of the model coefficients at 
a given lambda value. A two-tailed P-value less than 0.05 was considered statistically significant.

Results
Clinical features of patients
Between 2000 and 2021, the SEER database identified 319 individuals diagnosed with t (9;11) (p22; q23) AML. 
Table 1 succinctly outlines their demographic and clinical characteristics. The median age of these patients was 
50.0 years, ranging from 0 to 85 years. A vast majority were white race (81.5%), female (53.0%) and with most 
diagnoses occurring between 2010 and 2021 (58%). Moreover, a substantial number (77.1%) of these individuals 
were initially diagnosed with t (9;11) (p22; q23) AML as their primary tumor. Most patients (85.6%) opted for 
chemotherapy, while a minority (11.6%) chose radiotherapy for treatment.

Characteristic Total (n = 319) Training cohort (n = 224) Validation cohort (n = 95) P Value

Age at diagnosis (year), Median (IQR) 50.0 (27.0, 68.0) 49.5 (25.8, 67.2) 51.0 (28.5, 68.5) 0.75

Sex, n (%) 0.252

Male 150 (47.0) 110 (49.1) 40 (42.1)

Female 169 (53.0) 114 (50.9) 55 (57.9)

Race, n (%) 0.705

White 260 (81.5) 180 (80.4) 80 (84.2)

Black 25 (7.8) 19 (8.5) 6 (6.3)

Other 34 (10.7) 25 (11.2) 9 (9.5)

Marital status, n (%) 0.621

Married 137 (42.9) 96 (42.9) 41 (43.2)

Unmarried 111 (34.8) 81 (36.2) 30 (31.6)

Other 71 (22.3) 47 (21) 24 (25.3)

Median household income, (A thousand dollars) 0.061

 < 50 14 (4.4) 7 (3.1) 7 (7.4)

50–75 127 (39.8) 84 (37.5) 43 (45.3)

 > 75 178 (55.8) 133 (59.4) 45 (47.4)

1st primary tumor, n (%) 0.167

No 73 (22.9) 56 (25) 17 (17.9)

Yes 246 (77.1) 168 (75) 78 (82.1)

Radiation, n (%) 0.708

No/Unknown 282 (88.4) 199 (88.8) 83 (87.4)

Yes 37 (11.6) 25 (11.2) 12 (12.6)

Chemotherapy, n (%) 0.65

No/Unknown 46 (14.4) 31 (13.8) 15 (15.8)

Yes 273 (85.6) 193 (86.2) 80 (84.2)

Status, n (%) 0.401

Alive 91 (28.5) 67 (29.9) 24 (25.3)

Dead 228 (71.5) 157 (70.1) 71 (74.7)

Cancer-specific survival, n (%) 0.712

Alive or dead of other cause 126 (39.5) 87 (38.8) 39 (41.1)

Dead (attributable to this cancer) 193 (60.5) 137 (61.2) 56 (58.9)

Survival time (months), Median (IQR) 14.0 (6.0, 43.5) 14.0 (6.0, 40.5) 13.0 (6.0, 68.0) 0.701

Age, n (%) 0.847

 ≤ 19 62 (19.4) 45 (20.1) 17 (17.9)

20–39 58 (18.2) 42 (18.8) 16 (16.8)

40–59 84 (26.3) 56 (25) 28 (29.5)

60–85 115 (36.1) 81 (36.2) 34 (35.8)

Year of diagnosis, n (%) 0.31

2000–2010 134 (42.0) 90 (40.2) 44 (46.3)

2011–2021 185 (58.0) 134 (59.8) 51 (53.7)

Table 1.  Baseline characteristics of patients diagnosed with t (9;11) (p22; q23) AML from the SEER database.
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Survival analysis
Among the 319 patients with t (9;11) (p22; q23) AML in the research, 71.5% (228/319) experienced mortality, 
with 84.6% (193/228) specifically succumbing to AML. Employing the log-rank test and Kaplan–Meier survival 
analysis, we quantified and depicted OS and CSS, stratifying individuals according to age. As illustrated in Fig. 2, 
t (9;11) (p22; q23) AML patients exhibited a median OS time of 14.0 months, along with a 3-year OS rate of 
32.3%. Simultaneously, the median CSS time was 39.7 months, accompanied by a 37% 3-year CSS rate. When 
categorized by age groups (≤ 19, 20–39, 40–59, 60–85 years), both OS and CSS show a declining trend with 
increasing age, with all p-values being less than 0.0001, as illustrated in Fig. 2.

The selection of prognostic factors and the development of nomograms
Patients with t (9;11) (p22; q23) AML were randomly assigned to training (n = 224) and validation cohorts 
(n = 95). There were no statistically significant differences observed between the training and validation cohorts 
across variables, as shown in Table 1. LASSO regression analysis was performed to identify the potential 
prognostic factors, with nine variables (age, sex, race, marital status, median household income, first primary 
tumor, chemotherapy, radiation, and year of diagnosis) included in the analysis. To determine the optimal λ 
(lambda), we analyzed the curves of the regression coefficients and partial likelihood deviation against log(λ). 
Using λ.1se as the optimal value, we selected four independent prognostic factors related to OS and CSS: age, race, 

Fig. 2.  Kaplan–Meier analysis of overall survival (OS) and cancer-specific survival (CSS) in t (9;11) (p22; q23) 
AML. Kaplan–Meier survival curves of OS for all patients (A), CSS for all patients (B). Kaplan–Meier survival 
curves of OS for patients stratified by age (C), CSS for patients stratified by age (D).
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first primary tumor, and chemotherapy (Fig. 3).The LASSO regression analysis results led to the identification 
of age group (≤ 19, 20–39, 40–59, 60–85 years), first primary tumor (yes, no), race (white, black, other), and 
chemotherapy (yes, no/unknown) as vital prognostic elements for constructing OS and CSS nomograms (as 
presented in Fig. 3). In the training group, the C-index values for the OS and CSS nomograms were 0.704 (95% 
CI 0.663–0.746) and 0.686 (95% CI 0.639–0.733), respectively. In the validation cohort, these C-index values 
were 0.645 (95% CI 0.573–0.717) for the OS nomogram and 0.633 (95% CI 0.556–0.710) for the CSS nomogram 
(Fig. 4).

Nomogram validation and evaluation
We assessed the discrimination and calibration abilities of the OS and CSS nomograms by plotting calibration 
and ROC curves (Fig. 5). Analysis of the ROC curves revealed AUC values of 0.762, 0.748, and 0.738 for 1-, 3-, 
and 5-year OS in the training group, and 0.747, 0.721, and 0.716 for 1-, 3-, and 5-year CSS. In the validation 
cohort, corresponding AUC values were 0.671, 0.679, and 0.726 for OS, and 0.670, 0.676, and 0.711 for CSS 
across the same time intervals. Moreover, calibration curves demonstrated excellent concordance between 
observed and nomogram-predicted survival rates at 1, 3, and 5 years in both validation and training cohorts. The 
clinical utility of the nomograms was further evaluated using DCA, which indicated significant net benefits for 
both OS and CSS nomograms. These findings underscore the robust clinical applicability and effective predictive 
accuracy in estimating survival outcomes over different time intervals, as depicted in Fig. 6.

Fig. 3.  LASSO regression plot for OS and CSS. A Plot of partial likelihood deviance for OS; B plot of LASSO 
coefficient profiles for OS; C Plot of partial likelihood deviance for CSS; D plot of LASSO coefficient profiles 
for CSS. Each curve illustrates the LASSO coefficient profile of a feature across the log (lambda) sequence.
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Risk stratification based on the nomogram points
To aid in prognostic stratification, patients with t (9;11) (p22; q23) AML were categorized into two risk groups 
based on nomogram points: low-risk (lower points) and high-risk (higher points). In the training set, patients 
were categorized into high- and low-risk groups based on the median risk score derived from the predictive 
model. Those with a risk score equal to or greater than the median were assigned to the high-risk group, while 
patients with a score below the median were placed in the low-risk group. In the validation set, the same cutoff 

Fig. 4.  Nomograms for predicting the 1-, 3- and 5-year OS rates (A) and CSS rates (B) for t (9;11) (p22; q23) 
AML patients.
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Fig. 5.  Receiver operating characteristic (ROC) and calibration curves of the nomogram for OS and CSS. In 
the training cohort, the nomogram achieved AUC values of 0.762, 0.748, and 0.738 for predicting 1-, 3-, and 
5-year OS (A), and 0.747, 0.721, and 0.716 for predicting 1-, 3-, and 5-year CSS (E). In the validation cohort, 
corresponding AUC values were 0.671, 0.679, and 0.726 for OS (C), and 0.670, 0.676, and 0.711 for CSS (G) 
across the same time intervals. Calibration curves for predicting 1-, 3-, and 5-year OS and CSS using the 
nomogram were generated for both the training cohort (B, F) and the validation cohort (D, H). The x-axis 
represents the predicted survival rate by the model, while the y-axis shows the actual survival rate. The ideal 
alignment is along the 45-degree line, where predicted and actual survival rates match perfectly. In the plots, 
red, blue, and orange lines correspond to the model’s predictions and actual outcomes for 1-year, 3-year, and 
5-year OS, respectively.
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point (the median score from the training set) was applied to divide patients into high- and low-risk groups. In 
the training group, optimal cut-off values for OS (risk score: 0.05) and CSS (risk score: −0.04) nomogram scores 
were determined. Similarly, in the testing group, cut-off values for OS (risk score:0.03) and CSS (risk score:0.07) 
nomogram scores were identified (Figs. S1-4). Kaplan–Meier survival analysis clearly stratified patients, 
revealing a distinct division between those with a more favorable prognosis in the low-risk group and those with 
a less favorable prognosis in the high-risk group. Significant differences in both OS and CSS were evident, as 

Figure 5.  (continued)

Fig. 6.  Decision Curve Analysis (DCA) results evaluating a nomogram’s predictive accuracy for 1-, 3-, and 
5-year OS rates (A–C) and CSS rates (D-F) in t (9;11) (p22; q23) AML patients. The x-axis shows threshold 
probabilities, while the y-axis indicates the net benefit. The horizontal line on the x-axis shows no deaths 
predicted, while the diagonal dashed line indicates all patients predicted to have died. All = assuming all 
patients survive. None = assuming no patients survive.
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depicted in Fig. 7(A–C and B–D). In summary, Kaplan–Meier analysis effectively classified t (9;11) (p22; q23) 
AML patients into low- and high-risk groups, highlighting significant disparities in both OS and CSS outcomes.

Discussion
Nomograms are well-regarded for their accuracy and ease of use in prognostic estimation across various 
cancers9,14. In this study, a detailed analysis was performed on 319 patients with t (9;11) (p22; q23) AML 
using data from the SEER database. LASSO regression identified age group, race, first primary tumor, and 
chemotherapy use as independent prognostic factors for OS and CSS in these patients. This research represents 
the first attempt to develop and validate a nomogram for predicting OS and CSS in t (9;11) (p22; q23) AML 
patients based on SEER data.

Fig. 7.  Kaplan–Meier analysis of OS and CSS in t (9;11) (p22; q23) AML patients for risk stratification. 
Kaplan–Meier survival curves of OS and CSS in t (9;11) (p22; q23) AML patients stratified by the total points 
in the training cohort (A, B) and validation cohort (C, D).
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Age has consistently been identified as a significant predictor of tumor prognosis in multiple studies14–17.
The t(9;11)(p22;q23) translocation results in the MLL-AF9 fusion protein, present in up to 25% of de novo 
AML cases in children2. In our study, age group emerged as the strongest predictor for t (9;11) (p22; q23) AML 
prognosis. Compared to patients aged 19 or younger, those in the 20–39, 40–59, and over 60 age brackets showed 
progressively poorer OS and CSS outcomes, with the over-60 group experiencing the worst survival rates. 
This trend indicates a significant decline in survival with increasing age at diagnosis, consistent with previous 
research17.

For the last three decades, intensive acute myeloid leukaemia (AML) therapy includes induction with the 7 + 3 
regimen (cytarabine and an anthracycline), followed by consolidation to reduce residual disease. Consolidation 
options include high-dose cytarabine, allogeneic stem cell transplantation, and maintenance therapy, with the 
European Leukemia Net recommending specific regimens based on age and risk13,18. Chemotherapy remains 
crucial for managing many AML patients, offering the best chance for long-term remission, particularly when 
combined with transplantation19–24. Some studies suggest that the t (9;11) (p22; q23) subgroup has a better 
prognosis, possibly due to increased sensitivity to various drugs, as shown in this subgroup25–28. In our study, 
the absence of chemotherapy was found to be a risk factor for survival, consistent with previous results; whereas 
radiotherapy was not identified as an independent prognostic factor.

AML can be classified as de novo (dn-AML) or secondary (s-AML)11–13Secondary AML(s-AML) can develop 
from an antecedent hematologic disorder, such as myelodysplastic syndrome (MDS) or myeloproliferative 
neoplasm (MPN), or result from prior cytotoxic chemotherapy or radiation therapy (therapy-related AML, 
t-AML)13. Secondary and therapy-related AML present distinct clinical and biological features compared to 
dn-AML. Secondary AML(s-AML) is linked to a notably worse prognosis, with consistently lower response 
rates, event-free survival, and OS compared to dn-AML. Due to frequent poor-risk cytogenetics and high-risk 
molecular features like TP53 mutations, these leukemic clones are often inherently resistant to chemotherapy29,30. 
Additionally, patients are often older with complex medical histories, which restricts treatment options31. In 
our study, according to the results of the prognostic nomogram models, a history of non-primary tumors was 
identified as a risk factor for survival, consistent with previous studies.

Consistent with prior studies, our observations align with the indication that race serves as predictors of 
outcomes in AML patients32,33. However, compared to age group and chemotherapy, the weightage assigned to 
race in the nomogram was lower, indicating a relatively weaker predictive ability for these factors.

By incorporating four prognostic factors (age, race, first primary tumor, and chemotherapy), our study 
developed nomograms to estimate 1-, 3-, and 5-year OS and CSS for patients with t (9;11) (p22; q23) AML. To our 
knowledge, no specialized risk assessment model for t (9;11) (p22; q23) AML currently exists. Our nomograms 
demonstrated enhanced discrimination and calibration, and their potential clinical utility was confirmed in 
both validation and training cohorts. Additionally, categorizing patients into two distinct risk groups based 
on nomogram points allowed for precise identification of varying survival outcomes. Our nomograms offer 
clinicians a straightforward and effective tool for prognostic prediction in t (9;11) (p22; q23) AML.

This study has several limitations. First, the SEER database includes data from selected U.S. cancer registries, 
which may not fully represent the entire population. Additionally, socio-economic factors like access to care may 
introduce biases, and SEER does not capture all relevant variables, leading to potential residual confounding. 
Being retrospective, the study is prone to inherent biases, and missing clinicopathological and biological data 
may limit the inclusion of new prognostic factors. Furthermore, the SEER database lacks detailed information 
on relapses, time to relapse, and chemotherapy types, which may affect the analysis. These limitations should be 
considered when interpreting the findings. The findings of this study are based on a single cohort from the SEER 
database, which represents only 20–30% of the U.S. population, limiting generalizability. Further validation 
in independent cohorts, especially from diverse settings and countries with universal healthcare, is needed to 
confirm the external validity of these results.

Conclusion
In summary, we have pioneered the development and validation of novel nomograms for t (9;11) (p22; q23) 
AML patients, being the first to use the SEER database for this purpose. These nomograms offer clinicians a 
dependable and accurate tool for survival prediction in t (9;11) (p22; q23) AML. Future prospective studies are 
needed to investigate new prognostic models that include emerging markers.

Data availability
Publicly available datasets were analyzed in this study. These data are available at www.seer.cancer.gov./.
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