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Abstract. Mutations in certain genes have been suggested 
to be associated with the pathogenesis of chronic lympho-
cytic leukemia (CLL), which is the most common leukemia 
in adults. In a case‑control study, 100 patients with CLL 
and 105 healthy individuals were investigated for Notch 
homolog 1, translocation‑associated (Drosophila) (NOTCH1) 
c.7544‑7545delCT, recombinant splicing factor 3B subunit 
1 (SF3B1) c.2098A>G, mouse double minute 2 homolog 
(MDM2) 40‑bp insertion/deletion and myeloid differen-
tiation primary response 88 (MYD88) L265P mutations by 
using allele specific‑polymerase chain reaction (AS‑PCR), 
a designed AS‑PCR, PCR and PCR‑restriction fragment 
length polymorphism methods, respectively. The presence of 
NOTCH1 and SF3B1 mutations were confirmed by genomic 
DNA sequencing. The NOTCH1 mutation was detected 
in 10% of patients and not detected in the control group. A 
higher frequency of NOTCH1 mutation was detected in 
patients with stage III CLL (62.5%) compared with stages 0‑II 
CLL (37.5%) (odds ratio, 4.69‑fold; 95% confidence interval, 
1.0‑21.9; P=0.049). The SF3B1 mutation was observed in 12% 
of the patients compared with 1.9% of the controls (P=0.012). 
The presence of MDM2 polymorphism was not associated 
with the risk or the stage of the disease. In addition, the 
MYD88 L265P mutation was not detected in the patients or 

the controls. The current study established the frequency of 
NOTCH1, SF3B1, MDM2 and MYD88 mutations in patients 
with CLL from the Kurdish population of Western Iran. In 
summary, a high frequency of NOTCH1 and SF3B1 mutations 
were identified in patients with CLL compared with healthy 
individuals, and the NOTCH1 mutation was associated with a 
high stage of the disease.

Introduction

Chronic lymphocytic leukemia (CLL) is the most common 
type of leukemia in adults and the median age of diagnosis is 
70 years (1). The clinical course and response to treatment for 
CLL is heterogeneous; a patient with an indolent form of CLL 
(stages 0‑II) may survive for years without treatment, while an 
aggressive form of CLL (stages III‑IV) may be fatal within a short 
time period (2). The indications for treatment initiation include 
disease‑associated symptoms, including fatigue, night sweats 
and fever without infection, in addition to threatened‑organ 
function, progressive bulky disease, progressive anemia and 
progressive thrombocytopenia  (3). Only progressive CLL 
requires treatment (4).Certain gene mutations, including Notch 
homolog 1, translocation‑associated (Drosophila) (NOTCH1) 
and splicing factor 3 subunit B1 (SF3B1) mutations are known 
biomarkers for CLL prognosis (4).

The first comprehensive analysis of CLL using 
whole‑genome sequencing revealed that NOTCH1 and 
myeloid differentiation primary response 88 (MYD88) 
somatic mutations potentially affect gene function (5). The 
NOTCH1 gene encodes a trans membrane protein that is 
involved in the growth, differentiation and self‑renewal of 
cells. In addition, NOTCH1 maintains stem cells and regu-
lates apoptosis in numerous tissues during normal embryonic 
and postnatal development  (4). The NOTCH receptors, 
including NOTCH1, NOTCH2, NOTCH3, NOTCH4, are a 
family of membrane proteins expressed by various tissue 
cells that serve as cell surface receptors and transcription 
regulators (6).

The NOTCH signaling pathway in CLL cells serves a role 
in survival and resistance to apoptosis (4). The most common 
mutation of NOTCH1 is C.7544‑7545delCT, which accounts 
for ~80% of all NOTCH1 mutations  (4). This mutation is 
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identified in ~10% of patients with CLL during diagnosis (7). 
This mutation frequently occurs in patients without immuno-
globulin heavy‑chain variable region (IGHV) mutations and 
with trisomy (8). The C.7544‑7545delCT NOTCH1 mutation 
is a 2‑bp frame shift deletion within exon 34 that produces 
a premature stop codon in the PEST domain, a peptide 
sequence rich in proline, glutamic acid, serine and threonine, 
which acts as a signal for protein degradation and typically 
limits the intensity and duration of NOTCH1 signaling (8). 
The presence of this mutation has been associated with an 
intermediate risk of CLL and transformation to high grade 
lymphoma (8).

The splicing of mRNA is catalyzed by the spliceo-
some, which includes a set of small ribonucleoproteins, 
including U1, U2, U4, U5 and U6, in addition to multiple 
splicing factors  (9). The SF3B1, a central component of 
the U2 spliceosome, serves an important role in the exci-
sion of pre‑mRNA introns and the production of mature 
mRNA. Mutations that inactivate the SF3B1gene result in 
defective splicing of various mRNAs and defective protein 
synthesis (4). Mutations of SF3B1 have been identified in 
10‑14% of patients with CLL, particularly in patients without 
IGHV mutation. The presence of SF3B1 mutations in CLL is 
associated with lower overall survival rates (8). Furthermore, 
higher rates of SF3B1 mutation have been revealed in patients 
with chemo‑refractory CLL (8).

Murine double minute 2 (MDM2) protein is a negative 
regulator of the tumor suppressor gene p53, by binding to it 
and inhibiting its transactivation (10). The human MDM2gene 
is located on chromosome 12q14.3‑q15.1. This gene has two 
promoters; P1, a constitutive promoter, and P2, an alternative 
promoter  (11). The polymorphism of del1518 (rs3730485), 
which is a 40‑bp insertion/deletion (Ins/Del) in the MDM2 
promoter P1 region, affects promoter activity (11).

Myeloid differentiation primary response 88 (MYD88) is 
a critical adaptor molecule of toll‑like receptors and interleu-
kine‑1 receptors. This adaptor molecule induces the secretion 
of 5‑ to 150‑fold higher levels of interleukin‑1 receptor antago-
nist, interleukin‑6 and chemokine (C‑C motif) ligands 2, 3 and 
4, which has been observed in 3‑8% of patients with CLL (5,8). 
The MYD88 c.794T>C gene mutation leads to the replace-
ment of leucine by proline (L265P) (12). In CLL, this mutation 
results in constitutive MYD88‑interleukin‑1 receptor associ-
ated kinase signaling even in the absence of ligand‑receptor 
binding and leads to constitutive nuclear factor‑κB activity. 
The MYD88 L265P mutation has been exclusively identified 
in CLL with mutated IGHV, which supports the hypothesis 
that the gene is a novel proto‑oncogene (5).

The aim of the present study was to detect the frequency 
ofNOTCH1 (c.7544_7545 del CT), SF3B1 (c.2098A>G), 
MDM2 (40‑bp Ins/Del) and MYD88 (L265P) mutations in 
patients with CLL from a population of Western Iran compared 
with healthy individuals. In addition, the current study aimed 
to identify the association of these mutations with the disease 
stage.

Materials and methods

Sample collection. This case‑control study involved 
100  patients with CLL (67 males and 33 females) with 

a mean age of 61.6±11.1  years and 105 healthy controls 
(75 males and 30 females) with a mean age of 56.6±7.5 years, 
who were enrolled at Kermanshah University of Medical 
Sciences (Kermanshah, Iran). Samples were collected from 
February 2017 to July 2017. The inclusion criteria included 
the availability of biological samples and patients of Kurdish 
ethnicity. The demographic, hematologic, clinical and histo-
pathological parameters of the patients were collected from 
their medical records. The ethnic background of all patients 
and controls was Kurdish.

All individuals agreed to participate in the study and 
informed written consent was obtained from each individual 
for use of their blood specimens, in accordance with the 
principles of the Helsinki II declaration. All methods and the 
examination of blood samples were carried out in accordance 
with the approved guidelines.

Genotyping. Genomic DNA was extracted from EDTA‑treated 
whole blood by using the phenol‑chloroform method, as 
described previously (13).

NOTCH1 genotyping. The detection of the 2‑bp deletion in 
NOTCH1 (c.7544_7545delCT) was performed using an allele 
specific‑polymerase chain reaction (AS‑PCR) method. Using 
two external primers as the internal PCR control, a fragment 
with 341‑bp was amplified for both wild and mutant alleles. 
The PCR reaction was performed with a total volume of 25 µl 
containing 100 ng of genomic DNA, 1X PCR buffer, 200 nM 
of each dNTP, 1.75 nM MgCl2, 1unit of Taq DNA polymerase 
(SinaClon Bioscience Co., Karaj, Iran), and 200 nM each of 
the forward, reverse and deletion detection primers (Table I). 
The PCR thermocycling conditions were as follows: Initial 
denaturation at 94˚C for 5 min; 35 cycles of 94˚C for 30 sec, 
60˚C for 30 sec, 72˚C for 30 sec; and a final elongation at 72˚C 
for 7 min. The PCR products were visualized by electropho-
resis on a 2.5% agarose gel with the GelRed stain (Kawsar 
Biotech Co., Tehran, Iran). A third primer was specific for 
detecting a 2‑bp deletion and only amplified the mutant allele 
with 197‑bp  (7). The internal primers amplified a 341‑bp 
fragment from both mutant and wild‑type alleles, while the 
deletion detection primer produced a 197‑bpfragment only in 
cases with mutated allele. The presence of NOTCH1 mutation 
was confirmed by genomic DNA sequencing (Fig. 1).

SF3B1 genotyping. The SF3B1c.2098A>G polymorphism 
was recognized using a designed AS‑PCR method. Five 
primers were designed; two primers were used as the internal 
PCR control that amplified a 94‑bpproduct and three primers, 
including Rcommon, Ft (for detection of the ‘T’ allele) and Fc 
(for detection of the ‘C’ allele), amplified the 199‑bp product 
(Fig.  2). The primer sequences are presented in Table  I. 
PCR reaction was carried out with a total volume of 25 µl 
containing 100 ng of genomic DNA, 1X PCR buffer, 200 nM 
of each dNTPs, 1.75 nM MgCl2, 1 unit of Taq DNA poly-
merase (SinaClon Bioscience Co.), 200 nM of each of the 
internal forward and reverse primers, and 400 nM of Rcommon, 
Ft or Fc primers. The PCR cycling conditions were as follows: 
initial denaturation at 94˚C for 5 min; 35 cycles of 94˚C for 
30 sec, 58˚C for 30 sec, 72˚C for 30 sec; and a final elonga-
tion at 72˚C for 7 min. The PCR products were visualized by 
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electrophoresis on a 2% agarose gel with the GelRed stain 
(Kawsar Biotech Co.).

Validation of AS‑PCR products of NOTCH1 and SF3B1 genes 
by Sanger sequencing. To verify the obtained genotypes, 
Sanger sequencing was employed as a reference method. 
For this purpose, certain samples from each genotype were 
amplified as aforementioned and subjected to sequencing. The 
results of Sanger sequencing were detected using Chromas 
software 2.1 (Technelysium Pty. Ltd, Helensvale, Queensland, 
Australia).

MDM2 genotyping. The MDM2 40‑bp Ins/Del was ampli-
fied using Taq DNA polymerase (SinaClon Bioscience Co.) 
and detected with the following primers: MDM2 forward, 
5'‑GTG​CGC​AGC​CTA​TCA​CTT​ATC‑3' and reverse, 5'‑ACT​
CAC​CTA​CTT​TCC​CAC​AGA‑3'. The thermocycling condi-
tions were as follows: Initial denaturation at 94˚C for 5 min; 
35 cycles of 94˚C for 30 sec, 58˚C for 30 sec, 72˚C for 30 sec; 
and a final elongation at 72˚C for 10 min. The PCR products 
were visualized by electrophoresis on a 2.5% agarose gel 

with GelRed stain (Kawsar Biotech Co.). The PCR product 
of the insertion allele was a 481‑bp fragment, while in the 
presence of the deletion allele, the PCR product was a 441‑bp 
fragment (Fig. 3).

MYD88 genotyping. The MYD88 L265P mutation was ampli-
fied using Taq DNA polymerase (SinaClon Bioscience Co.) 
and detected with the following primers: MYD88 forward, 
5'‑CTG​GCA​AGA​GAA​TGA​GGG​AAT​GT‑3' and reverse, 
5'‑AGG​AGG​CAG​GGC​A‑3'. The thermocycling conditions 
were the same those used for MDM2 detection, except the 
annealing temperature was 56˚C for 30 sec. The PCR products 
were visualized by electrophoresis on a 2% agarose gel with 
GelRed stain (Kawsar Biotech Co.). The 489‑bp fragment 
PCR product was digested with the restriction enzyme BsiEI. 
In the presence of wild type allele, the PCR product remained 
intact, while the mutated allele was digested into 200‑bp and 
289‑bp fragments (14).

Statistical analysis. The allelic frequencies were calculated 
using the chromosome counting method (15). The frequencies 

Figure 1. NOTCH1 sequencing. (A) Agarose gel electrophoresis of NOTCH1sequencing products. Lane I, mutant genotype; lane II, 50‑bp molecular weight 
marker; and lane III, wild‑type genotype. (B and C) Electropherogram of Sanger sequencing of NOTCH1polymerase chain reaction products. NOTCH1, Notch 
homolog 1, translocation‑associated (Drosophila).

Table I. Primer sequences used for genotyping of NOTCH1 and SF3B1 genes.

Mutation	 Gene	 Primer sequence (5'‑3')	 Product size, bp	 Detection method

c.7544_7545delCT	 NOTCH1	 Forward primer: CACACTATTCTGCCCCAGGA	 341	 AS‑PCR
		  Reverse primer: AAAGGAAGCCGGGGTCTC	 197
		  Deletion detection primer: ACTGGTCAGGGGA	
		  CTCGG
rs559063155	 SF3B1	 Finternal: GATGTGTTGAACTGCACCCTT	   92	 AS‑PCR
		  Rinternal: CAGGCCCATACTAACTGTCC 
		  Ft: AGCACTGATGGTCCGAACTGT
		  Fc: AGCACTGATGGTCCGAACTGC
		  Rcommon: GACAGGCTATGGTTCATGTT	 199

NOTCH1, Notch homolog 1, translocation‑associated (Drosophila); SF3B1, splicing factor 3B subunit 1.
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of genotypes and alleles in patients were compared with 
controls using a chi‑square test. Odds ratio (OR) values 
were calculated as estimates of relative risk for disease and 
95% confidence intervals (CIs) were obtained. All statistical 
analysis was performed using SPSS 22.0 software (IBM 
Corp., Armonk, NY, USA). P<0.05 was considered to indicate 
a statistically significant difference.

Results

Characteristics of patients. Table  II presents the hema-
tological and clinicopathological characteristics of the 
patients with CLL. The disease stages of 86 patients were 
available and according to the Rai classification (16) these 
stages were as follows: 25 patients (29.1%) with stage 0; 

Figure 2. SF3B1 sequencing. (A) Agarose gel electrophoresis of SF3B1 allele specific‑PCR products. Person 1 exhibited a heterozygote genotype of AG. 
Persons 2 and 3 exhibited a homozygote wild genotype of AA. A 50‑bp molecular weight marker was included as a reference. (B) Electropherogram of 
Sanger sequencing for PCR products obtained from the SF3B1 wild‑type allele (upper chromatogram) and SF3B1 mutant allele (lower chromatogram). PCR, 
polymerase chain reaction; SF3B1, splicing factor 3B subunit 1.

Figure 3. Agarose gel electrophoresis pattern of MDM2 40‑bp Ins/Del polymerase chain reaction products. Lane 1 demonstrates a 40‑bp Ins/Del. Lanes 2, 4, 6 
and 7 demonstrate a 40‑bp Ins. Lanes 3 and 5 demonstrate a 40‑bp Del. Lane 8 contains a 50‑bp DNA ladder. MDM2, murine double minute 2; Ins, insertion; 
Del, deletion.
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15 patients (17.4%) with stage  I; 8 patients with stage  II 
(9.3%); 21 patients (24.4%) with stage III; and 17 patients 
(19.8%) with stage IV.

NOTCH1 mutation. Table III presents the frequencies of the 
NOTCH1, SF3B1, MDM2 and MYD88 mutations among the 
patients with CLL and the healthy individuals. As indicated 
in Table  III, the NOTCH1 mutation was detected in 10% 
of patients (8 males and 2 females). However, this mutation 
was not identified in healthy controls. Table IV presents the 
distribution of the NOTCH1 mutation according to the disease 
stage. A significantly higher percentage of NOTCH1 muta-
tion was identified in patients with stage III CLL (high risk; 
62.5%) compared with stages 0‑II (very low to moderate risk; 
37.5%), with a 4.69‑fold increase (95% CI, 1.0‑21.9; P=0.049; 
Table IV). The disease stage of two patients with NOTCH1 
mutation was not available from the patient's records.

SF3B1 mutation. The SF3B1 mutation was observed in 
12 patients (12%; 9 males and 3 females) and in 2 controls 
(1.9%; both male), which indicates a significant difference 
(P=0.012; Table III). No significant difference was identified 
in the frequency of SF3B1 mutation according to the disease 
stage.

A total of 3 patients with stage II or III CLL were identified 
to exhibit both the NOTCH1 and SF3B1 mutations. In these 
patients, the wild‑type genotype of MDM2 insertion/insertion 
(II) was observed.

MDM2 insertion/deletion mutation. The MDM2 inser-
tion/deletion (ID) genotype was detected in 39.4% of patients 
and 34.3% of controls (P=0.70). The MDM2 deletion/deletion 
(DD) genotype was identified in 8.1% of patients and 14.1% of 

controls (P=0.22; Table III). The various genotypes of MDM2 
were not associated with the disease stage. Four patients who 
possessed the NOTCH1 mutation and MDM2 II or MDM2 
ID had stage III CLL, and two patients with the NOTCH1 
mutation and MDM2 II or MDM2 ID had stage 0 CLL. In 
addition, 6 patients were identified to exhibit the SF3B1 muta-
tion and MDM2 ID, however these patients had various stages 
of CLL. This suggests the concomitant presence of NOTCH1 
and MDM2 mutations or the combined presence of SF3B1 and 
MDM2 mutations does not have an influence on the disease 
stage. The MYD88 L265P mutation was not detected in the 
patients or the controls.

Discussion

Associations have been reported between the presence of 
NOTCH1mutations and poor survival, resistance to treat-
ment and disease progression in aggressive clinical phases 
of CLL (4). The predominant NOTCH1 mutation, a frame 
shift mutation, results in enhanced stability of NOTCH1 
protein and the accumulation of an active isoform of 
NOTCH1 (4). The NOTCH1 C.7544‑7545delCT is the most 
common mutation that occurs in ~80% of CLL cases (4).The 
present study detected the NOTCH1 C.7544‑7545 delCT 
mutation in 10% of patients with CLL, which is in agree-
ment with a previous study that also reported the presence of 
this mutation in ~10% of patients with CLL (7). In addition, 
Fabbri et al (17) have reported the presence of this mutation 
in 8.3% of patients with CLL. Furthermore, in the current 
study, the presence of this mutation was associated with a 
4.39‑fold risk of stage III CLL. The presence of NOTCH1 
mutation has previously been reported in patients with CLL 
with intermediate‑risk (8).

The NOTCH1 C.7544‑7545 delCT mutation results in the 
removal of the C‑terminal PEST domain which is associated 
with an accumulation of constitutively active NOTCH1 protein 
and the constitutive activation of NOTCH1 signaling, which 
contributes to apoptosis resistance and increased survival 
of CLL cells (5,18). This suggests that the NOTCH1 delCT 
mutation and the activation of NOTCH signaling is associ-
ated with the pathogenesis of the severe clinical form of CLL, 
however this needs to be confirmed by further studies. Among 
patients with CLL, a significantly shorter survival time has 
been revealed in patients with the NOTCH1 delCT mutation 
compared with patients without this mutation (7,19). All the 
patients involved in our study were alive at the end of the study 
but due to the low number of individuals and the low median 
duration of the disease (55.8 months), a comparison between 
the survival of patients with and without NOTCH1 mutation 
was not possible.

The current study detected the SF3B1 mutation in 
12% of patients and 1.9% of controls. An association was 
not identified between this mutation and the stage of CLL. 
Mutations that inactivate the SF3B1 gene result in defective 
splicing of various mRNAs and subsequent defective protein 
synthesis  (4). In a cohort of patients with CLL from the 
phase 3 United Kingdom Leukaemia Research Fund Chronic 
Lymphocytic Leukemia 4 trial, NOTCH1 and SF3B1 
mutations were revealed in 10 and 17% of patients, respec-
tively (20). In this trial, NOTCH1 mutations were associated 

Table II. Characteristics of patients with CLL.

	 Mean ± standard
Characteristics	 deviation (range)	 n (%)

Sex
  Male		  67 (67.0)
  Female		  33 (33.0)
Age, years	 61.6±11.1 (31‑84)
Duration of CLL, months	 55.8±34.8 (1‑144)
WBC, count/mm3	 43.8±42.5 (2‑236)
Platelet, count/mm3	 173.5±69.9 (60‑477)
Hb, g/dl	 12.5±2.1 (7‑17)
LDH, IU/l	 383.3±152.9 (50‑980)
Stage
  0		  25 (29.1)
  I		  15 (17.4)
  II		  8 (9.3)
  III		  21 (24.4)
  IV		  17 (19.8) 

CLL, chronic lymphocytic leukemia; WBC, white blood cells; Hb, 
hemoglobin; LDH, lactate dehydrogenase.
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with reduced overall and progression‑free survival time. 
In addition, SF3B1mutations were associated with reduced 
overall survival time. Two initial studies that reported the 
association of CLL with mutated SF3B were conducted 
using case cohorts. Wang et al (21) and Queseda et al (22) 
revealed that the SF3B1 mutation was associated with poor 
clinical outcome. Both studies reported that the SF3B1 
mutation provided prognostic information independent 
from other known CLL prognostic markers. Additionally, 
Te  Raa  et  al  (23) proposed an explanation for the poor 
prognosis associated with SF3B1 mutations. The current 
study identified that 3 out of the 10 patients (30%) with both 
NOTCH1 and SF3B1 mutations had stage  II or  III CLL. 
However, a study by Sutton et al demonstrated that only 1 
patient out of 106 possessed both mutations (24).

In the present study, the polymorphism of MDM2 40‑bp 
Ins/Del was not associated with CLL risk and disease stage. 
In a study among an Iranian population, the MDM2 40‑bp 
Del mutation was identified to increase the risk of breast 
cancer (25). However, a recent meta‑analysis did not reveal 

a significant association between the MDM2 40‑bp Ins/Del 
polymorphism and overall cancer risk (11).

In the current study, the MYD88 L265P mutation was not 
detected in all studied individuals. The MYD88 L265P mutation 
has been demonstrated to be strongly associated with lympho-
blastic lymphoma (26). However, this mutation was identified in 
only 2% of patients with CLL in a study based in Mexico (26). 
In another study, the absence of MYD88 mutation was detected 
in a large cohort of patients with CLL (24). It has been indicated 
that the MYD88 mutation occurs exclusively in mutated IGHV 
genes, but not in unmutated IGHV genes (5,24,27‑29). Therefore, 
it may be that the patients in the current study predominantly 
possessed unmutated IGHV genes. The high frequency of 
patients with NOTCH1 mutation in the present study supports 
this hypothesis, as the NOTCH1 mutation is mostly detected in 
patients with unmutated IGHV genes (5).

In summary, the current study established the frequency 
of NOTCH1, SF3B1, MDM2 and MYD88 mutations in 
patients from Western Iran with CLL. A high frequency of 
NOTCH1 delCT and SF3B1 mutations among patients with 

Table IV. Distribution of NOTCH1 mutation according to the disease stage.

	 NOTCH1
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Stage	 Wild‑type, n (%)	 Mutant, n (%)	 χ2 (P‑value)	 OR (95% CI), P‑value

Very low to moderate risk (stages 0‑II)	 45 (57.7)	 3 (37.5)
High risk (stage III)	 16 (20.5)	 5 (62.5)	 4.39 (0.036)	 4.69 (1.0‑21.9), 0.049
Very high risk (stage IV)	 17 (21.8)	 0 (0.0)	 1.11 (0.29)

NOTCH1, Notch homolog 1, translocation‑associated (Drosophila); OR, odds ratio; CI, confidence interval.

Table III. Frequency of NOTCH1, SF3B1, MDM2 and MYD88 mutations in patients with CLL and controls.

Mutation	 Patients with CLL, n (%)	 Controls, n (%)	 χ2 (P‑value)	 OR (95%CI), P‑value

NOTCH1				  
  Wild‑type	 90 (90.0)	 100 (100.0)		
  Mutant	 10 (10.0)	 0 (0.0)	 11.04 (0.001)	
SF3B1				  
  Wild‑type	 88 (88.0)	 103 (98.1)	 8.2 (0.004)	 7.02 (1.53‑32.23), 0.012
  Mutant	 12 (12.0)	   2 (1.9)		
MDM2 mutation				  
  Ins/Ins	 52 (52.5)	 51 (51.5)		
  Ins/Del	 39 (39.4)	 34 (34.3)	 0.15 (0.70)	
  Del/Del	 8 (8.1)	 14 (14.1)	 1.45 (0.22)	
MYD88				  
  TT (wild‑type)	 100 (100.0)	 105 (100.0)		
  TC	 0 (0.0)	 0 (0.0)		
  CC	 0 (0.0)	 0 (0.0)

CLL, chronic lymphocytic leukemia; NOTCH1, Notch homolog 1, translocation‑associated (Drosophila); SF3B1, splicing factor 3B subunit 1; 
MDM2, murine double minute 2; MYD88, myeloid differentiation primary response 88; OR, odds ratio; CI, confidence interval; Ins, insertion; 
Del, deletion.
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CLL were reported. In addition, the present study identified 
an association between NOTCH1 mutation and aggressive 
clinical stages of CLL. However, the low sample size is a 
limitation of the study that may affect the association between 
the combined presence of two or three mutations and CLL 
stage. Detection of the NOTCH1 mutation as a biomarker 
for the incidence and severity of CLL may improve patient 
management and treatment.
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