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Prognostic importance of NUP98-rearrangements in acute 

myeloid leukemia: A systematic review and meta-analysis 

 

Abstract  

Background: NUP98 gene fusions in acute myeloid leukemia (AML) have recently 

attracted much interest. Despite substantial research illuminating the roles of NUP98 

fusions in the course of AML, their impacts on the outcome of patients with AML should 

be explored in more detail. As a result, this meta-analysis was designed to provide 

further light on the prognostic implications of NUP98 fusions in AML.  

Methods: We completed an extensive search in PubMed, Scopus, and Web of Science 

to identify papers evaluating the prognostic effects of NUP98 rearrangements in patients 

with AML until August 22, 2022. In total, 15 publications with 6142 participants 

fulfilled the requirements for the current meta-analysis. All the qualified studies were 

examined for information regarding HRs and 95% confidence interval (95%CI) for 

overall survival (OS) and event-free survival (EFS). In addition, we utilized 

Comprehensive Meta-analysis software version 2 (CMA2) for calculating pooled HRs 

and 95% CI. 

Results: Our analyses for NUP98-NSD1 indicated that this fusion could significantly 

impact the outcome of patients with AML (pooled HR: 2.84; 95% CI: 2.49–3.24, 

P=0.000). Additionally, we observed a strong correlation between NUP98-KDM5A 

rearrangement and poor prognosis in AML (pooled HR: 2.65; 95% CI: 2.5-2.81; 

P=0.000). A subgroup analysis also showed that the NUP98-NSD1 and FLT3-ITD 

together confer a poor prognostic effect (pooled HR: 2.60, 95% CI: 1.61-4.18; P=0.000). 

Conclusions: NUP98 fusions could significantly impact the outcome of patients with 

AML. The use of these fusions as prognostic indicators in AML seems rational. 
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Acute myeloid leukemia (AML) is one of the several hematological cancers with 

uncontrollable proliferation in myeloid precursors in the bone marrow (BM) (1, 2). It is 

well known that various genetic abnormalities have essential roles in the clinical 

presentation of AML (3). Accordingly, fusions in the nucleoporin 98 (NUP98) gene 

have received considerable attention. Numerous studies have shown that NUP98 fusions 

participate in the development and advancement of AML (4). NUP98 is a part of the 

nuclear pore complex, transporting proteins between the cytoplasm and the nucleus. 

NUP98 also functions in the regulation of gene transcription by interacting with histone-

modifying enzymes CBP/p300 and HDAC1 (5). To date, over 30 genes that can fuse 

with NUP98 have been recognized. These partner genes encompass two main categories 

of homeobox (such as HOXA9) and non-homeobox genes (such as NSD1) (6). The 

NUP98-NSD1 fusion protein, produced by t (5;11) (q35; p15.5) translocation, is one of 

the fusion proteins that are more frequently seen in pediatric AML. It is noteworthy that 

adult patients also exhibit these fusions (7, 8). However, the rate of NUP98 

translocations in adult patients is much lower compared to the pediatric group. Previous 

research highlighted NUP98-NSD1 as an indicator of inferior outcome and invasiveness 

in pediatric AML (7, 8).   

https://caspjim.com/article-1-4000-en.html
https://caspjim.com/article-1-4000-en.html
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However, the rate of NUP98 translocations in adult 

patients is much lower compared to the pediatric group. 

Previous research highlighted NUP98-NSD1 as an indicator 

of inferior outcome and invasiveness in pediatric AML (7, 

8). However, adult patients with AML seldom show this 

fusion (9). Interestingly, the research on animals has 

demonstrated that NUP98-NSD1 overexpression is potent 

enough to initiate an AML-like condition in mice 

independently (10). The NUP98-NSD1 has also been 

suggested for routine screening, MRD monitoring, and 

assessing patients' responses to therapy in patients with 

AML. However, due to its cryptic nature, it cannot be 

recognized by conventional karyotyping, which necessitates 

employing other methods, such as RT-PCR and sequencing 

(11, 12).  

The KDM5A is another well-known fusion partner for 

NUP98, frequently found in pediatric patients with acute 

megakaryoblastic leukemia (AMKL). The KDM5 

subfamily comprises four members (KDM5A-D) involved 

in recognizing and regulating histone methylation (13-15). 

Overexpression of NUP98-KDM5A has been suggested in 

maturation arrest and elevated proliferation rate in 

hematopoietic stem cells or progenitors (16). Also, KDM5A 

has been identified as one of the retinoblastoma-binding 

protein-2 (RBP2) involved in cell cycle regulation. 

According to earlier research, KDM5A may impact the 

expansion of various malignancies, including AML (17, 

18). Moreover, the N-terminal fusions of the NUP98 with 

PBX heterodimerization domains of HOXA9 generate the 

translocation t (7;11) (p15, p15). NUP98-HOXA9 (NHA9) 

fusion has been suggested as a rare cytogenetic abnormality 

in AML and MDS (Myelodysplastic syndromes). This 

translocation can lead to epigenetic disruptions in myeloid 

progenitor cells. HOXA9 also contributes to 

leukemogenesis by inducing proliferation and inhibiting the 

differentiation of hematopoietic stem cells (11, 19-21). As 

the prognostic value of NUP98 translocations seems helpful 

in managing AML patients with these translocations, the 

present meta-analysis focuses on assessing the relationship 

between common NUP98 fusions with outcomes in patients 

with AML. 

 

 

Methods 

2.1. Search Strategy: In the current study, we searched 

thoroughly in PubMed, Scopus, and Web of Science 

repositories to discover original articles investigating the 

influence of NUP98 fusions on the prognosis of patients 

with AML until August 22, 2022. For this, we utilized the 

following keywords: "Acute Myeloid Leukemia" OR 

"Acute Myelocytic Leukemia," OR "Acute Myeloblastic 

Leukemia" OR "AML" AND "Nucleoporin98" OR 

"NUP98" OR "nuclear pore complex protein 98". 

2.2. Inclusion and exclusion criteria: The present meta-

analysis used all available original articles in the English 

language with enough data about the effects of NUP98 

translocations on the prognosis of patients with AML, 

including hazard ratios (HR) and 95% confidence intervals 

(CI) or any other data by which estimating HR and 95% CI 

was possible. We eliminated studies with inadequate data 

for HR with 95% CI, review articles, case reports, letters, 

conference articles, in-vitro studies, animal research, and 

articles in any language except English. 

2.3. Data Extraction and Quality Assessment: Two 

investigators (MR and ZKH) removed duplicate studies and 

elicited all the necessary information from the eligible 

studies. These data encompass the name of the first author, 

the publication year, the name of the journal, the country, 

the number of patients in each study, criteria for the 

classification of AML, patients' demographic, and clinical 

data (e.g., age, sex, median WBC count), rate of NUP98 

fusions in each study, and HR with their 95% CI for overall 

survival (OS) and event-free survival (EFS). The 

Newcastle-Ottawa (NOS) tool presents a form with pre-

defined criteria to determine the quality of each study. Two 

researchers (ZKH and MSH) scored all the selected articles 

by filling out the standard form. A third reviewer was 

consulted in case of any discrepancy in the article selection 

or quality assessment process. Noteworthy, the NOS score 

for each study is depicted in table 1.  

2.4 Data Synthesis and Analysis: Those NUP98 fusions 

evaluated in at least two or more studies were used for 

statistical analysis employing the Comprehensive Meta-

analysis software (Version 2). The effects of NUP98 

translocations on the OS or EFS of patients with AML were 

assessed using HRs and 95% CI. In our meta-analysis, 

HR>1 and P-value<0.05 was interpreted as unfavorable 

prognosis. In addition, the I2 statistics was used to determine 

the heterogeneity. We used the random-effects model for 

significant heterogeneity (I2 > 50%). Moreover, table 2 

represents a summary of all statistical data in our study.  

 

 

Results 

3.1. Study Selection and Characteristics of included 

Studies: Figure 1 depicts the flow diagram of the study 

selection for NUP98 fusions. In our preliminary search, we 

found 1020 articles, of which 282, 306, and 432 studies 

were acquired from PubMed, Scopus, and Web of Science 

repositories. Following initial screening and eliminating 



 

Caspian Journal of Internal Medicine 2024 (Autumn); 15(4): 579-588 

NUP98-rearrangements in acute myeloid leukemia                                                      581 

duplicated articles, 480 articles remained. We eliminated 

434 out of 480 articles after screening the abstracts because 

they had at least one of the exclusion criteria—finally, 46 

articles were retrieved in full text. Of those, 15 papers with 

6142 cases showed eligibility for the current meta-analysis. 

One study that reported the prognostic effect of 

NUP98/JARID1A in patients with AML was not analyzed 

because the availability of at least two original articles is 

required for a single fusion to perform a meta-analysis. A 

comprehensive list of all included studies' characteristics, 

such as region of study, AML diagnostic criteria, and the 

number of participants, is shown in table 1.

Table 1. Main characteristics of all selected studies 
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(year) * 
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1 
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 I 
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) 

2011 
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1101 AML 
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%65.2 

/ 

34.8% 

%52.0/ 
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2 
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(Japan) 
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de 
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NSD1+ 
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RT-qPCR 

sequencing 
7 

3 
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3
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NSD1+ 
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- - - RT-PCR 5 

4 
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4
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de 
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NUP98-
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WHO 
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44 
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FAB & 
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NSD1+/Flt3+ 
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NUP98-
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(n:14) 
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* 70/83 
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Pos: 14.03 

 

RT-PCR 
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6 

11. 
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* <3 *68/ 64 * 30.5 
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6 
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- - - RT-PCR 6 
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) 
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NUP98-

KDM5A+ 

(n:34) 

2.8 - 17/17 - 11.3 - 

sequencing 8  

NUP98-

NSD1+ 

(n: 110) 
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15. 
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(3
4
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2017 

(Japan) 
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FAB 

NUP98-

KDM5A+ 

(n:4) 

* 1 * 21/23 * 22.0 
RT-PCR 

sequencing 
6 

No, Number; M, Male; F, Female; FAB, French-American-British; WHO, Word Health Organization; Ref, references; AML, Acute Megakaryoblastic Leukemia; 

non-DS-AMKL, acute megakaryoblastic leukemia with non-Down syndrome; qPCR, Quantitative Polymerase Chain Reaction 

* Data in all patients are reported, Pos: Data is reported for patients with NUP-98 Rearrangement only. 

 

Table 2. Summary of meta-analysis statistical data for prognostic implications of NUP98 fusions 

Parameters 
No. 

studies 
No. patients 

Heterogeneity 

Model 

Meta-analysis 

I2 P T-au2 T-au 
HR 

（95%CI） 
Z P 

OS 

Multivariable (NUP98-NSD1) 4 4010 96.65 0.018 0.69 0.83 Random 
2.84  

(2.49-3.24) 
15.632 0.000 

Univariable (NUP98-NSD1) 2 581 0.00 0.322 0.000 0.000 Fixed 
3.67 

(2.80-4.82) 
9.418 0.000 

Multivariable (NUP98-

KDM5A) 
6 2835 0.00 0.553 0.000 0.000 Fixed 

2.63  

2.50-2.81) 
32.89 0.000 

NUP98-NSD1+FLT3-ITD1 + 3 543 60.71 0.078 0.467 0.684 Random 
2.6  

(1.61-4.18) 
3.95 0.000 

EFS 

Multivariable (NUP98-NSD1) 2 1486 0.00 0.335 0.00 0.00 Fixed 
2.79 

(1.87-4.16) 
5.03 0.000 

Multivariable (NUP98-

KDM5A) 
4 422 39.86 0.173 0.146 0.382 Fixed 

2.35 

(1.59-3.47) 
4.28 0.000 

NUP98-NSD1+FLT3-ITD1 + 3 543 29.42 0.242 0.089 0.299 Fixed 
2.82 

 (1.86-4.26) 
4.93 0.000 
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Figure 1. Flowchart representing the selection strategy for identifying qualified studies 

 

 

3.2. Prognostic importance of NUP98-NSD1 in patients 

with AML: Six studies explored the impacts of NUP98-

NSD1 translocation on OS of patients with AML, including 

two with 581 patients reporting univariate HRs and four 

with 4010 participants reporting multivariate HRs. In 

addition, two studies with a total of 1486 cases investigated 

the effects of NUP98-NSD1 on the EFS of patients with 

AML by reporting multivariable HRs.  

A meta-analysis of studies with univariate HRs for OS 

showed that the NUP98-NSD1 rearrangement confers a 

poor prognosis in patients with AML (pooled HR: 3.67; 

95% CI: 2.80–4.82, P=0.000), with no heterogeneity 

(I2=00%, P=0.322) (figure 2, A). Similarly, the results of a 

meta-analysis of studies with multivariate HRs for OS 

showed a poor outcome (pooled HR: 2.84; 95% CI: 2.49–

3.24, P=0.000) with high heterogeneity (I2=96.65%, 

P=0.018) (figure 2, B). Moreover, NUP98-NSD1 was 

associated with a shorter EFS (pooled HR: 2.79; 95% CI: 

1.87-4.16; P=0.000), with no sign of heterogeneity (I2=00%, 

P=0.335) (figure 2, C).  

3.3. Prognostic importance of NUP98-NSD1 in the 

presence of FLT3-ITD: Three studies evaluated the impact 

of NUDP98-NSD1 and FLT3-ITD co-occurrence on the 

prognosis of patients with AML. A meta-analysis of these 

studies showed that the simultaneous presence of both 

NUP98-NSD1 and FLT3-ITD was correlated with a poor 

OS in AML (pooled HR: 2.60, 95% CI: 1.61-4.18; 

P=0.000), with high heterogeneity (I2=60.71%, P=0.078) 

(figure 2, D). Similarly, the co-occurrence was associated 

with a shorter EFS (pooled HR: 2.82; 95% CI: 1.86-4.26; 

P=0.000), with a moderate heterogeneity (I2=29.42%, 

P=0.242) (figure 3, A).
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Figure 2. Forest plot of the HRs and 95% CI for OS and EFS in AML patients with NUP98-NSD1 in AML fusion. (A) 

OS univariable analysis, (B) OS multivariable analysis, (C) EFS multivariable analysis. (D) Forest plot of the HRs and 

95% CI for OS in AML patients with NSD1+/FLT3-ITD1 + OS. 

 

 

3.4. Prognostic importance of NUP98-KDM5A in 

patients with AML: Six studies consisting of 2835 patients 

investigated the relationship between the NUP98-KDM5A 

fusion and OS in AML patients. All these studies 

demonstrated multivariate HRs.  

According to our meta-analysis, NUP98-KDM5A was 

significantly associated with a lower OS in patients with 

AML (pooled HR: 2.65; 95% CI: 2.5-2.81; P=0.000), 

without heterogeneity (I2=00%, P=0.553) (figure 3, B). 

Correspondingly, a meta-analysis of four studies 

demonstrated a significant relationship between NUP98-

KDM5A and shorter EFS (pooled HR: 2.35; 95% CI: 1.59-

3.47; P=0.000), with moderate heterogeneity (I2=39.86%, 

P=0.173) (figure 3, C). 

3.5. Publication bias assessment: Begg's and Egger's tests 

and funnel plots were employed to assess the possible 

sources of bias. As shown in table 3, no significant 

publication bias exists for studies evaluating OS in patients 

with AML and NUP98 fusions. However, Egger's test 

revealed some evidence of bias for studies assessing EFS in 

patients with NUP98-KDM5 fusion. In addition, funnel plots for 

OS in AML Patients with NUP98-NSD1 fusion and patients 

with NUP98-KDM5A fusion, and EFS in AML Patients with 

NUP98-KDM5A fusion were sent in supplementary file.

 

 

Table 3. Summary of statistical data for the Egger’s and the Begg’s test  

Group 
OS 

NUP98-KDM+ 

multivariable 

OS 

NUP98-NSD1+ 

multivariable 

OS 

NUP98-NSD1+ 

FLT3-ITD1 + 

EFS 

NUP98-KDM5A+ 

multivariable 

EFS 

NUP98-NSD1+ 

FLT3-ITD1 + 

Begg’s test 

(P-value) 
0.259 0.734 0.296 0.734 0.296 

Egger’s test 

(P-value) 
0.108 0.962 0.223 0.035 0.097 
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Figure 3. (A) Forest plot of the HRs and 95% CI for and EFS in AML patients with NUP98 NSD1+/FLT3-ITD1 + in 

AML fusion. (A) and (C) Forest plot of the HRs and 95% CI for OS and EFS in AML patients with NUP98-KDM5A in 

AML fusion, respectively.  

 

Discussion 

There have been reports of NUP98 fusion in numerous 

hematological cancers, including acute myeloid leukemia, 

infrequent occurrences of myelodysplastic syndromes, 

and some cases with acute biphenotypic leukemia (11, 35-

37). A plethora of previous studies highlighted the distinct 

roles of NUP98 fusions in initiating and developing acute 

myeloid leukemia (8, 35). A meaningful link was found 

between NUP98 fusions and the prognosis of individuals 

with AML (6). The findings of the current meta-analysis 

also demonstrated that patients with AML and NUP98-

NSD1 or NUP98-KDM5A fusions showed significantly 

lower OS and EFS than patients without these fusions. 

Our study results parallel several previous original 

research articles. 

According to a study by Hollink et al. (11), NUP98-

NSD1 was significantly correlated with gloomy prognosis 

in both pediatric and adult cases with cytogenetically 

normal (CN)-AML. They also found that NUP98-NSD1 

was considerably more prevalent in the younger age group 

and was significantly correlated with higher WBC counts. 

In parallel with this study, our meta-analyses also showed 

poor outcomes for AML cases with NUP-NSD1. Based on 

our review of the studies, most included articles focused 

on the pediatric group with an average age of 9.1 ± 4.25 

years for patients included. Therefore, the prognostic 

effect of NUP98-NSD1 fusion is more relevant to the 

pediatric group. However, we couldn't conduct a separate 

analysis of children versus adults due to a lack of access 

to detailed information. Additionally, we were unable to 

perform subgroup meta-analyses to evaluate the effects of 

other variables, such as the WBC count and FAB subtype, 

on the prognosis of NUP98-NSD1, and this was mainly 

due to a need for more comprehensive data in the 

literature. In addition, the study of Hollink et al. showed 

the presence of additional genetic lesions, such as WT1, 

in a substantial number of patients with positive NUP98-

NSD1 and suggested that mutant NPM1 is related to a 

more favorable outcome than wild-type NPM1 in 

childhood cases of AML harboring both FLT3-ITD and 

NUP98-NSD1.  

On the contrary, we could not conduct subgroup meta-

analyses of the independent effects WT1 and NPM1 on 

the prognosis of NUP98 fusions in AML. A growing body 

of literature demonstrates that FLT3-ITD mutations 

frequently occur in individuals with NUP98-NSD1 
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fusions (38). It has been demonstrated that FLT3-ITD 

alone is insufficient for leukemia initiation (39), but rather 

it must be accompanied by other mutations, such as 

mutant NPM1(40), fusions of SMMHC-CBF, or deletions 

of TET2 (41). According to a study by Ostronoff  F et al. 

(12), while the coexistence of both NUP98-NSD1 and 

FLT3-ITD could result in an elevated rate of therapy 

failure, a higher MRD following induction regimen and 

shorter survival in AML, NUP98-NSD1 alone does not 

necessarily induce a poor outcome when FLT3-ITD is 

absent. Based on this study, a cooperative relationship 

between these two genetic aberrations appears necessary 

for chemotherapy resistance in leukemic clones. 

Noteworthy, they observed a high concurrent occurrence 

of WT1 in AML patients with both FLT3-ITD and 

NUP98-NSD1, which may be another potential factor for 

poor response to therapy.  

Similarly, we also performed a meta-analysis on the 

prognostic effects of NUP98-NSD1 and FLT3-ITD co-

occurrence in patients with AML. Based on our findings, 

their co-occurrence could result in significantly shorter 

OS and EFS. However, we could not carry out a meta-

analysis on AML cases carrying NUP98-NSD1 without 

FLT3-ITD because we did not find enough studies in the 

literature. In our search, we found only one study (12) that 

evaluated the prognostic effects of NUP98-NSD1 in AML 

patients without FLT3-ITD. Interestingly, the results of 

this study showed that NUP98-NSD1 has a better 

prognostic effect in patients without FLT3-ITD than those 

harboring this mutation (HR,0.34, CI: 0.048-2.4). In this 

regard, we strongly recommend more studies evaluating 

the prognostic effects of NUP98-NSD1 in AML patients 

without FLT3-ITD to shed more light on this issue.  

Several studies found a distinctive gene expression 

pattern in patients with NUP98-NSD1 fusions. 

Overexpression of HOX genes, PRDM 16, Meis 1, mir-

196b, and mir-10a, has been reported in these patients (10, 

11, 42, 43). Further studies focusing on gene expression 

patterns of patients with AML and NUP98-NSD1 can 

result in promising insights into the leukemogenic 

mechanisms of this fusion in AML, which can lead to the 

development of novel therapies (11). Considering the poor 

outcomes of NUP98-NSD1, some researchers previously 

highlighted shifting to more efficient therapies for these 

patients as first- or second-line treatment (27, 33). 

Furthermore, occurrences of NUP98-KDM5A have 

been demonstrated in nearly 10-15% of pediatric cases 

with non-Down syndrome acute megakaryoblastic 

leukemia and approximately 20% of pediatric acute 

erythroleukemia. According to Miller J et al., NUP98-

KDM5A could substantially affect the proliferation and 

differentiation of human hematopoietic stem and 

progenitor cells in-vitro. Also, this fusion was associated 

with significant splenomegaly in grafted mice (44). In 

separate studies by Hara Y et al. (34) and Noort S et al. 

(18), NUP98-KDM5A was associated with poor OS and 

EFS in AML. Similarly, our meta-analysis indicated a 

poor prognostic effect for NUP98-KDM5A in patients 

with AML. Despite these findings, the small number of 

patients with NUP98-KDM5A caused some previous 

original studies to fail to reach statistical significance for 

the prognostic effects of NUP98-KDM5A. Therefore, 

studies with larger sample sizes are suggested to broaden 

our horizon on its exact prognostic effects.  Overall, 

despite our best endeavors to conduct a thorough meta-

analysis, the current research should be viewed with 

caution due to some shortcomings, including:  

1. The simultaneous coexistence of multiple other genetic 

lesions, such as FLT3-ITD, NPM1, and WT1, in 

individuals carrying NUP98-NSD1 could lead to 

heterogeneity in our findings.  

2. Patients' therapy protocols and their clinical and 

demographic factors, such as age, gender, and 

hematological parameters, could also affect their 

prognosis, which is not considered in the current meta-

analysis. 

3. There needed to be more data regarding the prognostic 

effects of other NUP 98 fusions, such as NUP98-Hoxa9. 

To sum up, our findings showed that two of the most 

frequent NUP98 fusion, including NUP98-NSD1 and 

NUP98-KDM5A, were correlated with worse OS and EFS 

in patients with AML. Our results highlight these fusions 

as possible biomarkers for prognosis in AML. Despite 

these results, further large cohorts in various ethnicities 

are warranted to clarify the exact prognostic roles of 

NUP98 fusions in AML. 
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