
Abstract. Background: Mutations in splicing factor 3b
subunit 1 (SF3B1) have been reported to be associated with
a favorable prognosis, while the prognostic impact of tet
methylcytosine dioxygenase 2 (TET2) mutations is still
controversial. The clinical significance of combined SF3B1
and TET2 mutation is even more uncertain. In this study, the
clinical consequences of concurrent double SF3B1/TET2
mutation were compared with isolated SF3B1 or TET2
mutation. Materials and Methods: The demographics,
diagnosis, cytogenetic abnormalities, and overall survival
time of 130 patients with isolated SF3B1 (n=48) or TET2
mutation (n=54), or double SF3B1/TET2 mutation (n=28)
were compared by next-generation sequencing. Results:
Patients with double mutation were found to be significantly
older than patients with isolated TET2 mutation. Patients
with double mutation or isolated SF3B1 mutation were less
likely to be diagnosed with acute myeloid leukemia than
patients with isolated TET2 mutation. Patients with
myelodysplasia had a higher percentage of double or
isolated SF3B1 mutation, while patients with
myeloproliferative neoplasms had a higher percentage of
isolated TET2 mutation. Patients with double mutation more
frequently had increased ring sideroblasts similarly to
patients with isolated SF3B1 mutation. The percentage of
patients with normal cytogenetics or good cytogenetic
abnormalities was significantly higher in patients with
double mutation than those with isolated mutation. Finally,
in patients with myelodysplasia and normal cytogenetics, the
median survival time in those with double mutation was
significantly longer than in those with isolated SF3B1
mutation, even though the overall survival curve was not

statistically significant. Conclusion: TET2 mutation
appeared not to have additional effects when combined with
SF3B1, and patients with double mutation appeared to have
at least as, good as or even better prognosis than patients
with isolated mutation.

Myeloid neoplasms mostly include myelodysplastic syndrome
(MDS), myeloproliferative neoplasm (MPN), and acute
myeloid leukemia (AML). MDS and MPN are heterogeneous
groups of clonal stem cell disorders with an inherent tendency
to progress and transform into AML. Diagnosis of
MDS/MPN/AML was traditionally made using morphology
and cytogenetic studies on peripheral blood or bone marrow
biopsies. With progress of next-generation sequencing, gene
mutation profiling is playing a more and more important role
in the diagnosis, stratification, and identification of therapeutic
targets for patients with MDS/MPN/AML. 

Recurrent somatic mutations in genes involved in DNA
methylation [DNA methyltransferase 3 alpha (DNMT3A), tet
methylcytosine dioxygenase 2 (TET2), isocitrate
dehydrogenase 1/2 (IDH1/2)], post-translational chromatin
modification [enhancer of zeste 2 polycomb repressive
complex 2 subunit (EZH2), ASXL transcriptional regulator 1
(ASXL1)], RNA splicing [splicing factor 3b subunit 1 (SF3B1),
serine and arginine rich splicing factor 2 (SRSF2), U2 small
nuclear RNA auxiliary factor 1 (U2AF1), Zinc finger CCCH-
type, RNA binding motif and serine/arginine rich 2 (ZRSR2)],
DNA damage response [tumor protein P53 (TP53)],
transcriptional regulation [runt related transcription factor 1
(RUNX1), BCL6 corepressor (BCOR), ETS variant 6 (ETV6)],
signal transduction [Cbl proto-oncogene (CBL), NRAS proto-
oncogene, GTPase (NRAS), Janus kinase 2 (JAK2)], and
cohesin complex [stromal antigen 2 (STAG2)] have been
identified in myeloid neoplasms (1-5). Interpretation of
mutation profiles of patients with myeloid neoplasm is
becoming a daily practice and challenge for pathologists, as
well as for clinicians. It is essential to understand the clinical
significance of these gene mutations both when present alone
and in combination. SF3B1 and TET2 are two most commonly
mutated genes in myeloid neoplasms. It is therefore of great
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interest to understand the clinical significance of these two
genes when they are mutated alone or in combination.
SF3B1, encoding the subunit 1 of the splicing factor 3b

complex, is an essential component of the U2 snRNP that
recognizes the 3’ splice site at intron–exon junctions. SF3B1
is the most commonly mutated gene in MDS. SF3B1
mutation are seen in 57-75% of patients with refractory
anemia with ring sideroblasts and 6-18% of patients with
other subtypes of MDS (6, 7). Most mutations in SF3B1 are
missense mutations that affect invariant positions of this
gene, predominantly at residues K700, K666, R625, and
H662, but the specific effect of these mutations on protein
function remains unknown. The presence of mutational hot
spots and the absence of frame shift or nonsense changes
suggest that the large majority of mutations are gain-of-
function or change-of-function mutations (8). The close
association between SF3B1 mutation and the ring
sideroblastic phenotype is consistent with a causal link.
SF3B1 is the first gene to be strongly associated with a
specific feature of MDS. Mutation of SF3B1 confers a
favorable prognosis in MDS and MDS/MPN cases and is
associated with lower risk of progression to AML compared
with patients with wild-type SF3B1 (6, 9).

The TET family of enzymes (TET1, TET2, TET3), mapping
to chromosome 4q24, modulate hydroxymethylation by
catalyzing the conversion of 5-methylcytosine to 
5-hydroxymethylcytosine, which is an intermediate of DNA
methylation that blocks the building of silencing proteins to
methylated DNA. TET2 mutations identified in MDS are
thought to result in a loss of catalytic activity. Loss or
mutation of TET2 impairs its catalytic activity leading to
accumulation of 5-methylcytosine. There are conflicting
reports on whether TET2 mutation results in DNA
hypermethylation (10). TET2 mutations are found in 20-25%
of patients with MDS but occur at 30-60% in those with
chronic myelomonocytic leukemia (11, 12). The prognostic
impact of TET2 mutation on survival in patients with MDS
is controversial. Large cohort studies showed that the TET2
mutation did not appear to impact on overall survival (OS)
(13-15). However, alterations of the TET2 gene were reported
to negatively affect outcome of patients with chronic
myelomonocytic leukemia (16). In one study, TET2 mutations
were reported as predictors of inferior survival in post-
transplant patients (17), while another study reported that
TET2 mutation was an independent favorable prognostic
factor in MDS (18).

There have been few studies reporting the clinical
significance when SF3B1 and TET2 are mutated together,
which occurs in some patients. It is still unknown if double
SF3B1/TET2 mutation confer better or worse prognosis than
these mutations in isolation. In addition, most of the studies
to date have investigated the mutation of SF3B1 or TET2 in
the background of other mutated genes, which could be

confounding factors. Therefore, in this study, we compared
patients with isolated SF3B1 mutation, isolated TET2
mutation, and double SF3B1/TET2 mutation in order to
better understand the clinical significance of combined
SF3B1/TET2 mutation. 

Materials and Methods

Selection of patients. The Institutional Review Board (IRB) of the
Institute approved this study (MCC17964). All patients with
suspected myeloid neoplasms were submitted to next-generation
sequencing. All patients with next-generation data from February
2014 to July 2017 (around 3,000 patients) were retrieved per IRB
protocols. Patients with isolated SF3B1 mutation, isolated TET2
mutation, or double SF3B1/TET2 mutation only were selected for
this study. The pathology reports and pathology slides were
reviewed by two Board-certified hematopathologists to confirm the
diagnosis. Diagnoses were rendered following the WHO 2008
classification for hematopoietic malignancies (19). The cytogenetic
results of all these patients, including karyotyping and fluorescence
in situ hybridization (FISH) study results [mostly FISH for MDS
panel, including del(5q), del(7q), del(17p), del(20), and trisomy 8]
were also retrieved from the electronic database and analyzed. 

Next-generation sequencing analysis. Next-generation sequencing
for the following most commonly mutated genes were analyzed
since February 2014 by commercial or in-house at labs with College
of American Pathologists/Clinical Laboratory Improvement
Amendments (CAP/CLIA) certification: ASXL1, CBL, DNMT3A,
ETV6, EZH2, IDH1, IDH2, JAK2, KIT, MPL proto-oncogene,
thrombopoietin receptor (MPL), nucleophosmin 1 (NPM1), NRAS
proto-oncogene, GTPase (NRAS), PHD finger protein 6 (PHF6),
RUNX1, SET binding protein 1 (SETBP1), SF3B1, SRSF2, TET2,
TP53, U2AF1, ZRSR2. The in-house next-generation sequencing
platform was validated against the results of the same outside
laboratory for quality control at the validation stage, and confirmed
that the results were comparable. In-house targeted next-generation
sequencing was performed using Illumina MiSeq or NexSeq500
instruments (Illumina, San Diego, CA, USA). DNA was isolated
from bone marrow aspirates or peripheral blood with QiaAmp DNA
extraction kit and the QiaCube robot (Qiagen, Germantown, MD,
USA) and quantitated by Nanodrop spectrophotometry (Agilent,
Santa Clara, CA, USA). Library construction was performed with
250 ng of genomic DNA using amplicon-based capture for the
targeted genes. FastQ files were aligned using Novalign, and various
bioinformatics tools (Samtools, Varscan, and Freebayes) in Clinical
Genomicist Workspace (PierianDX™, St Louis, MO, USA) were
used to make variant calls. The outside laboratory isolated DNA
from bone marrow aspirates or peripheral blood and then the coding
regions of 21 genes were amplified by polymerase chain reaction,
and interrogated by next-generation sequencing technology.

All tests reported variants with an allelic frequency of 5% or
more. For patients with next-generation sequencing testing on more
than one instance, a gene mutated in any of the tests was considered
to be mutated for that patient. A gene that was found to be mutated
in multiple samples from the same patient was counted only once
when enumerating the number of patients that were positive for the
mutation of that gene. Known benign single nucleotide
polymorphisms were excluded. Variants with more than 1% minor
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allelic frequency in dbSNP or NHLBI Exome Sequencing Project
(ESP) database (Seattle, WA, USA) were also considered non-
pathogenic mutations and excluded. 

Statistical analysis. Two-way Fisher’s exact test was used to
calculate the p-values when comparing the percentages of patients
with AML, >15% ring sideroblasts, different cytogenetic categories,
and female/male ratio. Kaplan–Meier survival analysis was used to
compare the overall survival levels. Two-way Mann–Whitney U-test
was used when comparing the medians of the ages, OS time,
hemoglobin levels, white blood cell counts, platelet counts, blast
counts, and bone marrow cellularity (i.e. the percentage of cells in
the total bone marrow space). A p-value of less than 0.05 was
defined as statistically significant. 

Results
Patient characteristics. A total of 130 patients were identified,
including 48 with only SF3B1 mutation, 54 with only TET2
mutation, and 28 patients with only double mutation (Table I).
The median age was lowest in patients with isolated TET2
mutation and highest in patients with double mutations
(p=0.01552). The female-to-male ratio was higher in patients
with double mutations or TET2 mutation than in those with
SF3B1 mutation, but not statistically significantly so. Double
mutations appeared to be equally distributed in female and
male patients, while isolated SF3B1 mutations were more
prevalent in male patients. K700E was the most common
mutation of SF3B1 in patients with isolated SF3B1 mutation
or double mutation (data not shown). 

Comparison of diagnostic categories. The diagnostic
categories of the patients included in this study are listed in
Table II. Most of the patients in this study had MDS (n=74).
We calculated the percentage of patients with AML in each
mutation group. The percentage of AML in patients with
isolated SF3B1 mutation was significantly lower than that of
those with isolated TET2 mutation (p=0.0046). The
percentage of AML in patients with double mutation was
similarly lower than in patients with isolated TET2 mutation,
with a borderline p-value of 0.0507, probably due to fewer
patient samples. In patients with MDS, SF3B1 and double
mutations were significantly more frequent than TET2
mutations (p=0.0001). In patients with MPN, TET2
mutations were significantly more frequent than double
SF3B1/TET2 mutations (p=0.0245), and also more frequent
than isolated SF3B1 mutations but not statistically
significantly so (p>0.5). 

Comparison of the cytogenetic abnormalities. To better
understand the impact of double SF3B1/TET2 mutations on
prognosis, we also analyzed the results of cytogenetic
studies, either by FISH studies or karyotyping. Most of the
patients in this study had cytogenetic test results by
karyotyping, FISH or both, except for a few patients in each

group. Given the lack of cytogenetics data for these few
patients, the percentages of patients in each category were
calculated by dividing the number of patients in that category
by the total number of patients tested cytogenetically (Table
III). Three cytogenetic risk categories (good, intermediate,
or poor), as defined by the International Prognostic Scoring
System (20), were used in this study due to limited number
of the patients. These were defined as follows: Good:
Normal cytogenetics, -Y, del(5q) alone, or del(20q) alone;
Poor: chromosome 7 anomalies or three or more
abnormalities; Intermediate: other abnormalities. We also
performed subgroup comparison focusing on patients with
normal cytogenetics (which belong to the good cytogenetics
category). Patients with good-risk cytogenetics usually have
better prognosis than patients with poor- or intermediate-risk
cytogenetic abnormalities. All 27 patients (100%) with
double mutations had normal cytogenetics. 

Of patients with good cytogenetics, the percentage with
double mutations (100%) was significantly higher than that
of patients with isolated SF3B1 (p=0.0005) or isolated TET2
(p=0.0001) mutations. Accordingly, patients with
intermediate cytogenetics had isolated SF3B1 or TET2
mutations more frequently than double SF3B1/TET2
mutations. Finally, patients with poor cytogenetics had TET2
mutations more frequently than isolated SF3B1 (p=0.0158)
or double mutations (p=0.0222).

Comparison of frequency of patients with ring sideroblasts.
SF3B1 mutations are associated with the presence of
increased ring sideroblasts. Therefore, we compared the
percentages of patients with ring sideroblasts in these three
groups of patients (Table III). Not all the patients were
evaluated for ring sideroblasts at the time of bone marrow
biopsies; thus, the percentages of patients with more than
15% ring sideroblasts were calculated only for those tested.
As expected, patients with isolated SF3B1 mutations more
frequently had an increased level of ring sideroblasts than
patients with isolated TET2 mutation (p=0.0001). Patients
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Table I. Demographics of patients in this study according to mutation
status.

                                                                    Mutation

                                     SF3B1 only          TET2 only           SF3B1/TET2

Total number                       48                         54                          28
Median age, years              72.5                       69                         75a
Female/male ratio       16/32 (0.50)         24/30 (0.80)          14/14 (1.00)

SF3B1: Splicing factor 3B subunit 1; TET2: tet methylcytosine
dioxygenase 2. aSignificantly different at p=0.01552 vs. TET2 mutation.



with double mutations also more frequently had more than
15% ring sideroblasts, at a rate significantly higher than
those with isolated TET2 mutations (p=0.0001).

Comparison of OS. In this study, we tried to compare the
clinical outcomes of patients with double mutation versus
single SF3B1 or TET2 mutations. Most of the patients in this
study were diagnosed with MDS, which was therefore
selected for this comparison. Cytogenetic abnormalities are
known to affect prognosis in myeloid neoplasms. Therefore,
to avoid the confounding effects of cytogenetic
abnormalities, we only compared OS of patients with MDS
with normal cytogenetics. Of these patients, there were 21
with isolated SF3B1 mutation, 22 with double mutation, and
six with isolated TET2 mutation. The patients with TET2
mutations were too few for a meaningful analysis. Therefore,
OS for patients with double mutation was compared with
that of those with isolated SF3B1 mutation. The median OS

of patients with double mutations (73 months) was
significantly longer than that of patients with isolated SF3B1
mutation (20 months) (p=0.02144). However, Kaplan–Meier
survival analysis as shown in Figure 1 was not statistically
significant (p=0.6076), which might be due to inadequate
patients collected for this study or no actual difference in
their OS.

Comparison of hematological characteristics. Finally, we
compared the median peripheral blood counts, hemoglobin
levels, as well as the bone marrow blast percentages and the
bone marrow cellularity in patients (Table IV). The median
hemoglobin level of patients with double mutation was
significantly lower than that of patients with isolated SF3B1
mutations, which was significantly lower than that of the
patients with isolated TET2 mutations. The platelet count in
patients with isolated SF3B1 mutation or double mutation
was found to be significantly higher than that of patients
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Table II. Diagnosis of patients in this study according to mutation status.

                                                                                                                  Mutation, n (%)                                      

                                                                 SF3B1 only                                   TET2 only                                SF3B1/TET2                                   p-Value

AML                                                         1 (2.08%)a                                  11 (20.37%)                                1 (3.57%)b                                    0.0046a
                                                                                                                                                                                                                                0.0507b
MDS                                                       40 (83.33%)a                                12 (22.22%)                              22 (78.57%)b                                  0.0001ab
MPN                                                          2 (4.17%)                                    9 (16.67%)                                    0 (0%)a                                       0.0245a
MDS/MPN                                               5 (10.42%)                                    5 (9.26%)                                  5 (17.86%)                                      >0.05
Other                                                                 0                                                  17                                                0                                                        
Total                                                                 48                                                 54                                               28                                                      

SF3B1: Splicing factor 3B subunit 1; TET2: tet methylcytosine dioxygenase 2. AML: acute myeloid leukemia; MDS: myelodysplastic syndrome;
MPN: myeloproliferative neoplasm. Other: One patient with therapy-related myeloid neoplasm, four with aplastic anemia, and 12 with bone marrow
with no obvious morphological abnormalities. abSignificantly different from TET2.

Table III. Frequency of increased (>15%) ring sideroblasts and cytogenetics (karyotyping/fluorescence in situ hybridization studies) according to
mutation status. 

                                                                                                                  Mutation, n (%)                                      

Cytogenetics                                            SF3B1 only                                   TET2 only                                SF3B1/TET2                                   p-Value

Ring sideroblasts >15%                      29/37(78.38%)a                            2/19 (10.53%)                          23/26 (88.46%)b                                0.0001ab
Normal                                                  26/45 (57.78%)                           28/48 (58.33%)                         27/27 (100%)bc                                0.0001b
                                                                                                                                                                                                                                0.0001c
Good                                                     30/45 (66.67%)                           30/48 (62.50%)                       27/27 (100.00%)bc                              0.0001b
                                                                                                                                                                                                                                0.0005c
Intermediate                                         14/45 (31.11%)                            9/48 (18.75%)                           0/27 (0.00%)bc                                 0.0222b
                                                                                                                                                                                                                                0.0006c
Poor                                                        1/45 (2.22%)a                              9/48 (18.75%)                            0/27 (0.00%)b                                  0.0158a
                                                                                                                                                                                                                                0.0222b

SF3B1: Splicing factor 3B subunit 1; TET2: tet methylcytosine dioxygenase 2. Significantly different vs. abTET2, and cSF3B1.



with isolated TET2 mutations (p=0.0041 and p=0.04036
respectively). Finally, the median bone marrow cellularity of
patients with double mutation was significantly higher than
that of patients with isolated SF3B1 (p=0.0251) and those
with isolated TET2 (p=0.00362) mutations. However, our
Institute is a tertiary referral hospital and most patients had
been treated with transfusion etc. before next-generation
sequencing testing. Therefore, these values may not be
representative and the comparisons may not be meaningful.

Discussion

The progression of myeloid neoplasms and their
transformation to AML involves genetic and epigenetic
aberrations (4). Risk stratification of myeloid neoplasms
based on a prognostic scoring system determines the
therapeutic approach. The treatment of low-risk patients is
conservative, while the treatment of high-risk MDS involves
the use of hypomethylating agents and allogeneic
hematopoietic stem cell transplantation in younger patients
(21). However, gene mutations are playing increasingly more
important roles in risk stratification and therapeutic decision
making in myeloid neoplasms. 
SF3B1 and TET2 are two of the most commonly mutated

genes in myeloid neoplasms. SF3B1 mutations have been
reported to be prevalent in MDS, especially in the presence of
ring sideroblasts, and were associated with better overall and
leukemia-free survival (6, 7, 22). In one study, unsupervised
statistical analysis of somatic mutations and morphological
diagnosis showed that MDS associated with SF3B1 mutations
was a distinct entity from MDS with ring sideroblasts with non-
mutated SF3B1 gene (23). Based on data from these studies,
patients with MDS and SF3B1 mutation can be classified as
having either refractory anemia with ring-sideroblasts or
refractory cytopenia with multilineage dysplasia and ring
sideroblasts based on the mere presence of ring sideroblasts

regardless of their percentage (24). SF3B1 mutations in patients
with MDS were associated with thrombocytosis, increased ring
sideroblasts, and lower blasts percentage, and a favorable
prognosis and prolonged survival (24). 

Approximately 20% of patients with MDS have TET2
mutation, and this gene is also frequently mutated in chronic
myelomonocytic leukemia and AML (15, 25). In addition,
TET2 mutations are relatively frequent in patients with
myeloproliferative neoplasms, in whom dysplastic features are
very infrequently present (26). The clinical significance of
TET2 mutations in myeloid neoplasms is still unclear, with
most literature reporting no impact (27-28), some reporting
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Table IV. Comparison of peripheral blood counts, bone marrow blast percentage, and bone marrow cellularity according to mutation status. 

                                                                                                                  Mutation, n (%)                                      

Measure (median)                                   SF3B1 only                                   TET2 only                                SF3B1/TET2                                   p-Value

Hemoglobin level (g/dl)                                9.90a                                           10.80                                          8.75bc                                      0.03486a
                                                                                                                                                                                                                              0.00001b
                                                                                                                                                                                                                              0.00906c
White blood cells (×103/μl)                          4.84                                              4.57                                          4.64                                             >0.05
Platelet count (×103/μl)                                  246a                                              149                                           232b                                          0.0041a
                                                                                                                                                                                                                                                                                 0.04036b
Blast percentage (%)                                       1.5                                                2.7                                            2.0                                             >0.05
Cellularity (%)                                                  62                                                 50                                             75ac                                       0.00362a
                                                                                                                                                                                                                                                                                    0.0251c

SF3B1: Splicing factor 3B subunit 1; TET2: tet methylcytosine dioxygenase 2. Significantly different vs. abTET2, and cSF3B1.

Figure 1. Comparison of the overall survival times (months) for patients
with myelodysplastic syndrome with normal cytogenetics according to
the presence of double vs. isolated mutations of splicing factor 3B
subunit 1 (SF3B1) and tet methylcytosine dioxygenase 2 (TET2). The
overall survival time for patients with double mutations was not
significantly different from that of those with isolated SF3B1 mutations
(p=0.6076).



poor prognosis (29-33), and a few reporting good prognosis
(18, 34, 35). However, TET2 mutations have been shown to
predict response to DNMT inhibitor in MDS (36, 37). 

So far, very few studies have studied the consequence of
combined mutations of SF3B1 and TET2. Somatic recurrent
TET2 mutations have been found in normal elderly
individuals with clonal hematopoiesis (38). SF3B1 mutations
have also been found in normal blood samples from 2728
patients with cancer but without hematopoietic neoplasm,
suggesting that these mutations may represent pre-malignant
events that cause clonal hematopoietic expansion (39). The
presence of SF3B1 or TET2 mutations in normal elderly
individuals indicates that accumulation of isolated somatic
mutations may not cause direct disease development.
However, cooperation with other genes that are frequently
mutated in myeloid and other hematopoietic cancer might
result in clonal expansion (40). In one study, TET2 loss acts
with SF3B1(K700E) to cause a more severe erythroid and
long-term hematopoietic stem cell phenotype (41). 

Most previous reports studied the significance of SF3B1
or TET2 mutations in the background of other mutated
genes, which could be confounding factors and biased the
results or conclusions. In this study, we only included
patients with isolated SF3B1, isolated TET2, or isolated
SF3B1/TET2 mutations, therefore reducing the influences of
other co-mutated genes, even though coexisting mutations in
other not-tested genes cannot be ruled out. 

In our study and consistent with previous knowledge,
SF3B1 was mutated most often in patients with MDS and
TET2 in patients with MPN. Double SF3B1/TET2 mutations
were also found to be most common in patients with MDS.
Patients with isolated TET2 mutations were more likely to
be diagnosed with AML than patients with isolated SF3B1
mutations, indicating better prognosis for those with isolated
SF3B1 mutations. Interestingly, the rate of AML in patients
with double mutations was similarly low as for those with
isolated SF3B1 mutation, suggesting that the effect of
additional TET2 mutations on top of SF3B1 mutations is
weak or non-existent. 

SF3B1 mutations are associated with increased ring
sideroblasts, while TET2 mutations are not. In our study,
similarly high percentages of patients with double
SF3B1/TET2 mutation had increased ring sideroblasts as
patients with isolated SF3B1 mutations, also indicating
minimal effect of additional TET2 mutations.

Cytogenetic abnormalities play an important role in the
stratification of patients with myeloid neoplasms, and poor
cytogenetic abnormalities are associated with poor prognosis.
In our study, patients with double SF3B1/TET2 mutations all
had normal cytogenetics, suggesting better prognosis for
patients with the double mutation. The median age of
patients with double SF3B1/TET2 mutations was
significantly higher than that of patients with isolated TET2

mutations and slightly higher than those with isolated SF3B1
mutations, also appearing to suggest that double
SF3B1/TET2 mutation carries similar or even better
prognosis than isolated mutations. However, this may have
been due to the fact that older patients might be more likely
to have two genes mutated than younger patients. The fact
that patients with double SF3B1/TET2 mutation had
significantly longer median OS time than those with isolated
SF3B1 mutations, even though not statistically significant by
Kaplan–Meier analysis, also suggests better or similar
prognosis for patients with double mutations when compared
with patients with isolated SF3B1 mutations. This may not
be surprising since SF3B1 mutations are known to be
associated with favorable prognosis, while TET2 mutations
were also associated with favorable prognosis in a few
studies (18, 34, 35).

In summary, our study indicated that double SF3B1/TET2
mutations might confer similar or potentially better prognosis
than isolated SF3B1 or TET2 mutations. This information
will be helpful in understanding the roles gene mutations
play in myeloid neoplasms, and in interpretation of gene
mutations for clinical practice. However, due to the small
number of patients included in this study and limited genes
tested in our panels, larger cohorts studies are necessary to
confirm the findings and the interpretations. 
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