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Myelodyspastic Syndromes

Introduction 

Acute myeloid leukemia (AML) with inv(3)(q21q26.2)/
t(3;3)(q21;q26.2) [inv(3)/t(3;3)] is a distinct subtype of AML
with recurrent genetic abnormalities in the 2008 WHO classi-
fication, comprising 1-2.5% of all AML cases.1-5 However,
AML with inv(3)/t(3;3) is not considered as a subgroup of
AML irrespective of blast percentage. Myelodysplastic syn-
drome (MDS) with inv(3)/t(3;3) is also a rare aggressive disor-
der which occurs in less than 1% of all MDS cases and has a
high risk of progression to AML.2,6,7 The inv(3)/t(3;3) can occur
rarely in other myeloid neoplasms, such as myeloproliferative
neoplasms (MPN) including chronic myelogenous leukemia

(CML), mostly during accelerated phase or in blast crisis, and
overlap MDS/MPNs including chronic myelomonocytic
leukemia. AML with inv(3)/t(3;3) is commonly refractory to
conventional chemotherapy and has poor prognosis.
Similarly, the prognosis of MDS with inv(3)/t(3;3) is also
poor.5,8,9 Indeed, the revised International Prognostic Scoring
System (IPSS-R) for MDS includes inv(3)/t(3;3) among its
poor risk cytogenetic abnormalities.10,11  

Inv(3)/t(3;3) abnormalities involve EVI1 and MDS1 at chro-
mosome 3q26 and RPN1, GATA2 and other genes at chromo-
some 3q21.5,6,12 EVI1/RPN1 fusion or a longer variant
MDS1/EVI1 transcript lead to overexpression of EVI1 and/or
GATA2. Recent single nucleotide polymorphism microarray,
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Acute myeloid leukemia and myelodysplastic syndrome with inv(3)(q21q26.2)/t(3;3)(q21;q26.2) have a poor prog-
nosis. Indeed, the inv(3)(q21q26.2)/t(3;3)(q21;q26.2) has been recognized as a poor risk karyotype in the revised
International Prognostic Scoring System. However, inv(3)(q21q26.2)/t(3;3)(q21;q26.2) is not among the cytogenetic
abnormalities pathognomonic for diagnosis of acute myeloid leukemia irrespective of blast percentage in the 2008
WHO classification. This multicenter study evaluated the clinico-pathological features of acute myeloid
leukemia/myelodysplastic syndrome patients with inv(3)(q21q26.2)/t(3;3)(q21;q26.2) and applied the revised
International Prognostic Scoring System to myelodysplastic syndrome patients with
inv(3)(q21q26.2)/t(3;3)(q21;q26.2). A total of 103 inv(3)(q21q26.2)/t(3;3)(q21;q26.2) patients were reviewed and
had a median bone marrow blast count of 4% in myelodysplastic syndrome (n=40) and 52% in acute myeloid
leukemia (n=63) (P<0.001). Ninety-one percent of patients showed characteristic dysmegakaryopoiesis. There was
no difference in overall survival between acute myeloid leukemia and myelodysplastic syndrome patients with
inv(3)(q21q26.2)/t(3;3)(q21;q26.2) (12.9 vs. 7.9 months; P=0.16). Eighty-three percent of patients died (median 
follow up 7.9 months). Complex karyotype, monosomal karyotype and dysgranulopoiesis (but not blast percent-
age) were independent poor prognostic factors in the entire cohort on multivariable analysis. The revised
International Prognostic Scoring System better reflected overall survival of inv(3)(q21q26.2)/t(3;3)(q21;q26.2) than
the International Prognostic Scoring System but did not fully reflect the generally dismal prognosis. Our data sup-
port consideration of myelodysplastic syndrome with inv(3)(q21q26.2)/t(3;3)(q21;q26.2) as an acute myeloid
leukemia with recurrent genetic abnormalities, irrespective of blast percentage.
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ABSTRACT



sequencing and fluorescence in situ hybridization analyses
revealed the molecular heterogeneity of EVI1 gene
rearrangements including cryptic rearrangement with a
variety of partner chromosomes or genes and several splic-
ing variants.6,7,12-14 Dysregulation of EVI1 plays an impor-
tant role in stem cell self-renewal and leukemogenesis.
Overexpression of EVI1 promotes myeloid cell prolifera-
tion and impairment of differentiation, and may be related
to the adverse prognosis of myeloid neoplasms with
inv(3)/t(3;3).4,5,13,15,16 Aberrant expression of EVI1 mainly as
a consequence of EVI1 gene rearrangement has been
reported in previous studies. Lugthart et al.5 reported aber-
rant expression of EVI1 in 95% (54 of 57) of inv(3)/t(3;3)
AML patients. Other studies showed a similarly high
expression of EVI1 from 91% to 100% in inv3/t(3;3) AML
and MDS patients.4,8,12,14,17 However, overexpression of
EVI1 was reported in 5-10% of de novo AML patients.8,12

In vivo studies and rare case reports involving complica-
tions of gene therapy demonstrated that overexpression of
EVI1 caused extensive myeloid proliferation and
myelodysplasia.15,16,18-22 Transgenic mouse models have
confirmed the important role of EVI1 in leukemogenesis,
as well as the requirement for collaborating factors.18,19  
Since inv(3)/t(3;3) in AML and MDS is very rare, only a

few small series have reported the clinical and pathologi-
cal features of AML and MDS with inv(3)/t(3;3) patients.
Furthermore, there are only limited data on the applica-
tion of IPSS-R in inv(3)/t(3;3) MDS patients. The objective
of this multicenter study was to characterize the clinico-
pathological characteristics of a large series of inv(3)/t(3;3)
MDS and AML patients in order to compare the features
of AML and MDS with this genetic abnormality and to
evaluate the performance of current prognostic schemes in
inv(3)/t(3;3) MDS patients.

Methods

This multicenter investigation was conducted after approval by
the Institutional Review Board at each institution and in accor-
dance with the Declaration of Helsinki. Patients with a pathologi-
cal diagnosis of de novo or therapy-related MDS and AML, with
initial demonstration of inv(3)/t(3;3) by conventional karyotyping
in bone marrow (BM), and available clinical follow up were
included. Patients with a prior history or diagnosis of any MPNs
or overlapping MDS/MPNs were not included in this study.
Patients who had unknown previous karyotype at initial diagnosis
of AML and MDS prior to inv(3)/t(3;3) diagnosis were also exclud-
ed. Therapy-related AML and MDS patients included patients
who had received prior chemotherapy and/or radiation therapy
for non-myeloid neoplasms. A total of 103 patients from 8 medical
centers who met the inclusion criteria were selected for analysis.  

Data collection
The medical records were reviewed for clinical features includ-

ing age, gender, date of diagnosis, presence of
hepatosplenomegaly at the time of diagnosis of inv(3)/t(3;3), type
of therapy, length of follow up since initial diagnosis of
inv(3)/t(3;3) and duration of transformation to AML in inv(3)/t(3;3)
MDS. Length of follow up was measured from the day of the diag-
nostic BM biopsy with inv(3)/t(3;3) to the expiration date or the
most recent follow up date in living patients. Type of therapy in
inv(3)/t(3;3) patients was divided into 3 subgroups including
chemotherapy alone (high- and low-intensity), chemotherapy
with allogeneic stem cell transplant (SCT), and supportive therapy

(Online Supplementary Table S1). Data for complete remission sta-
tus were not collected in these cases. Laboratory findings recorded
were WBC (x109/L), hemoglobin (Hb, g/dL), MCV (fL), platelet
count (x109/L), and absolute neutrophil counts (ANC, x109/L). The
bone marrow (BM) findings include blast percentage (%), cellular-
ity, presence or absence of dysplasia in each cell line, and any evo-
lution to AML in MDS patients. AML evolution was defined as the
occurrence of equal to or greater than 20% blasts in BM or blood
after an initial diagnosis of MDS. Dysmegakaryopoiesis, dysery-
thropoiesis and dysgranulopoiesis were considered to be present
when dysplasia was present in over 10% of cells in the specific cell
lineage. AML and MDS cases were classified by the WHO classi-
fication.1 Inv(3)/t(3;3) MDS patients were further analyzed by the
IPSS and IPSS-R systems to compare their prognostic signifi-
cance.11,23 All pathological features were derived from institution-
specific expert review.
Conventional cytogenetic analysis at the time of diagnosis was

performed at participating institutions following standard proce-
dures. The findings were described using the International System
for Human Cytogenetic Nomenclature (ISCN).24 The cytogenetic
findings included any additional abnormalities in addition to
inv(3)/t(3;3), and any cytogenetic evolution in subsequent kary-
otypes during the follow up. A monosomal karyotype is defined
as two or more distinct autosomal chromosome monosomies or a
single autosomal monosomy in the presence of structural abnor-
malities.25,26 A structurally complex karyotype is defined as a com-
plex karyotype characterized by more than or equal to 3 chromo-
somal aberrations including at least one structural aberration.27

Additional molecular studies related to EVI1 gene rearrangement
were not performed in these cases because it was a retrospective
analysis.

Statistical analysis
The χ2 test, Fisher’s Exact test, or two-tailed t-test was per-

formed to compare between groups. P<0.05 was considered sig-
nificant. The Kaplan-Meier method was used for overall survival
estimates (log rank test) from the time of initial demonstration of
inv(3)/t(3;3). Cox proportional hazards (PH) regression model was
used to generate hazard ratios (HR) and 95% confidence intervals
(CI). Factors with P<0.05 in univariable model were considered for
the multivariable Cox PH model. Complete details of the statisti-
cal method are provided in the Online Supplementary Appendix. 

Results

Clinical and pathological characteristics in patients
with inv(3)/t(3;3) MDS and AML
One hundred and three inv(3)/t(3;3) patients (40 MDS

and 63 AML) were included in the analysis. The clinico-
pathological characteristics of inv(3)/t(3;3) MDS and AML
patients are summarized in Table 1. The median age at
diagnosis was 57.1 years and the median follow up for the
cohort was 7.9 months. Patients were slightly older in the
MDS group compared to the AML group but this was not
statistically significant (P=0.07). Most patients presented
with cytopenias but there was no difference in Hb level or
platelet count at diagnosis between MDS and AML. Sixty-
eight percent of inv(3)/t(3;3) patients had a decreased
platelet count and 5% had an elevated platelet count.
Inv(3)/t(3;3) MDS patients had a lower WBC than
inv(3)/t(3;3) AML (median 3.1 vs. 5.9x109/L; P<0.001).   
The great majority of inv(3)/t(3;3) patients had de novo

MDS and AML (82.6%), while the remainder (17.4%)
occurred after prior therapy for solid tumors or lym-
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phomas. Inv(3)/t(3;3) MDS patients included 30 de novo
MDS and 10 therapy-related MDS patients. These de novo
MDS patients were morphologically subclassified as
refractory anemia with unilineage dysplasia (n=4), refrac-
tory cytopenia with multilineage dysplasia (n=13), and
refractory anemia with excess blasts (RAEB; n=13) includ-
ing 4 RAEB-1 and 9 RAEB-2. Therapy-related MDS
patients received previous chemotherapy related to
Hodgkin or non-Hodgkin B-cell lymphomas. Inv(3)/t(3;3)
AML patients included 55 de novo AML and 8 therapy-
related AML patients. The de novo AML patients spanned
a wide range of morphologies. Two cases could not be re-
evaluated due to lack of available material. The therapy-
related AML patients received chemotherapy and/or radi-
ation therapy related to various solid tumors or B-cell lym-
phomas.
The median BM blast percentage was 4% in inv(3)/t(3;3)

MDS and 52% in inv(3)/t(3;3) AML. Among inv(3)/t(3;3)

AML patients, one patient was diagnosed as acute ery-
throleukemia by WHO criteria with 10% total blasts but
20% blasts of the non-erythroid cells. The BM morpho-
logical features in inv(3)/t(3;3) patients are shown in Figure
1. Most inv(3)/t(3;3) patients (90.5%) showed dys-
megakaryopoiesis with characteristic small unilobated or
bilobated megakaryocytes. Dysgranulopoiesis (48.9%)
and dyserythropoiesis (60.2%) were common in BM of
inv(3)/t(3;3) MDS and AML patients. Multilineage dyspla-
sia in two or more lineages is common in inv(3)/t(3;3)
patients (62.1%).
The cytogenetic analysis showed isolated inv(3)/t(3;3) in

43.7% of patients in this group. The most frequently
observed additional cytogenetic abnormality was 
-7/del(7q) (37.3%). Philadelphia chromosome [t(9;22)] was
noted in 2 de novo patients of inv(3)/t(3;3) AML. The first
patient had inv(3) in the stemline, and t(9;22) was noted as
the sideline in addition to inv(3). The second patient had
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Table 1. Comparison of clinical and pathological features in patients with inv(3)/t(3;3) MDS and AML (n=103).
Overall MDS with inv(3)/t(3;3) AML with inv(3)/t(3;3) P value

N 103 40 63
Age (years) 57.1 (15-87) 65.0 (15-86) 55.0 (17-87) 0.07
Gender (M/F) 48/55 18/22 30/33 0.81
WBC (x 109/L) 3.6 (0.1-377.0) 3.1 (0.8-16.0) 5.9 (0.1-377.0) <0.001
Hb (g/dL) 9.0 (1.2,13.0) 9.2 (1.2-13.0) 8.9 (2.2-12.5) 0.764
MCV (fL) 93.6 (70.7-124.0) 94.6 (77.0-124.0) 93.1 (70.7-124.0) 0.853
Platelet (x 109/L) 91.5 (5.0-1395.0) 100.0 (12.0-475.0) 90.0 (5.0-1395.0) 0.10
Hepatosplenomegaly 15/71 (17.4%) 5/25 (16.7%) 10/46 (17.8%) 0.90
Clinical outcome (expired; %) 85 (82.5%) 30 (75.0%) 55 (87.3%) 0.11
Median follow up (mo) 7.9 (0.6-105.0) 9.5 (0.7-78.7) 6.0 (0.6-105.0) 0.558
Therapy 
CTX 51 (51.5%) 17 (46.0%) 34 (54.9%)
CTX-T 26 (26.3%) 8 (21.6%) 18 (29.0%) 0.16
Supportive 22 (22.2%) 12 (32.4%) 10 (16.1%)
Karyotype
Structurally complex 26 (25.2%) 6 (15.0%) 20 (31.7%) 0.058
Non-complex 77 (74.8%) 34 (85.0%) 43 (68.3%)
Karyotype
Monosomal 27 (26.2%) 4 (10.0%) 23 (36.5%) 0.028
Non-monosomal 76 (73.8%) 36 (90.0%) 40 (61.5%)
Presence of -7/del(7q) 38 (37.3%) 12 (30.0%) 26 (41.9%) 0.22
Presence of t(9;22) 2 (2.0%) 0 2 (3.2%)
De novo vs. therapy-related AML/MDS
De novo AML 55 (53.5%) 0 55 (87.3%) 0.03
Therapy-related AML 8 (7.8%) 0 8 (12.7%)
De novoMDS 30 (29.1%) 30 (75.0%) 0
Therapy-related MDS 10 (9.6%) 10 (25.0%) 0
BM blast % 26 (0-95) 4 (0-18) 52 (10*-95) <0.001
BM cellularity % 50 (0-100) 40 (5-90) 70 (0-100) <0.001
Dysplasia
No-unilineage 36 (37.8%) 6 (15.4%) 30 (53.6%) <0.001
Multilineage 59 (62.1%) 33 (84.7%) 26 (46.4%)
Dysmegakaryopoiesis 86 (90.5%) 39 (100%) 47 (83.9%) 0.02
Dyserythropoiesis 56 (60.2%) 31 (79.5%) 25 (46.2%) 0.001
Dysgranulopoiesis 45 (48.9%) 28 (71.8%) 17 (32.1%) <0.001
Data: Median (range); *Erythroleukemia with 20% blasts of non-erythroid cells. inv(3)/t(3;3): inv(3)(q21q26.2)/t(3;3)(q21;q26.2); MDS: myelodysplastic syndrome; AML: acute
myeloid leukemia; N: number; WBC: white blood cell; Hb: hemoglobin; MCV: mean corpuscular volume; mo: month;  CTX: chemotherapy; CTX-T: chemotherapy with stem cell trans-
plant; BM:  bone marrow.



single abnormal clone with complex karyotype including
both inv(3) and t(9;22); however, the patient had no histo-
ry of CML and presented clinically as de novo AML. A
complex karyotype was found in 25.2% of inv(3)/t(3;3)
patients, and was more frequently found in inv(3)/t(3;3)
AML patients compared to inv(3)/t(3;3) MDS, although
this did not reach statistical significance (P=0.058). There
was also no difference in the frequency of complex kary-
otype in inv(3)/t(3;3) patients with de novo and therapy-
related MDS and AML (38.9% vs. 22.6%; P=0.151). A
monosomal karyotype was noted in 26.2% of inv(3)/t(3;3)
patients, and inv(3)/t(3;3) AML patients were more likely
to have a monosomal karyotype compared to inv(3)/t(3;3)
MDS (P=0.028). Additional cytogenetic abnormalities
were observed in 37.3% of inv(3)/t(3;3) MDS and AML
patients during follow up.
Most patients with inv(3)/t(3;3) received chemotherapy

either alone (51.5%) or an allogeneic SCT in addition to
chemotherapy (26.3%). The type of therapy including
high- and low-intensity chemotherapy, SCT, and support-
ive treatment in inv(3)/t(3;3) MDS and AML patients are
summarized in Online Supplementary Table S1. Inv(3)/t(3;3)
AML patients received more frequently SCT and high-
intensity chemotherapy than inv(3)/t(3;3) MDS patients
(P=0.012 and 0.021, respectively). Thirteen of 40 (32.5%)
of the inv(3)/t(3;3) MDS patients received high-intensity
chemotherapy or SCT. Among them, 10 of 13 (77%) died
during follow up (median 8.5 months). Eight of 13 (61.5%)
inv(3)/t(3;3) MDS patients treated with high-intensity
chemotherapy or SCT transformed to AML with median
duration of five months from diagnosis of MDS. However,
no information related to achievement of complete remis-
sion was collected in these cases, and their outcome data
would provide somewhat limitation to overall survival.
Fifty-four percent of inv(3)/t(3;3) MDS patients subse-

quently transformed to AML with median duration of

nine months from diagnosis of MDS. The clinico-patho-
logical characteristics of inv(3)/t(3;3) MDS patients with
and without transformation to AML are summarized in
Online Supplementary Table S2. There is no significant dif-
ference in clinico-pathological features between the two
groups.

Evaluation of overall survival  
Inv(3)/t(3;3) patients had a short overall survival (OS)

and poor prognosis; 82.5% of patients (75.0% of
inv(3)/t(3;3) MDS and 87.3% of inv(3)/t(3;3) AML) died
with median follow up of 7.9 months. Univariable and
multivariable Cox PH analysis was used to determine the
influence of different variables on patient's OS (Table 2).
Notably, there was no difference in OS according to AML
or MDS diagnosis. However, complex karyotype, mono-
somal karyotype, dysgranulopoiesis, and presence of 
-7/del(7q) were significant predictors of short survival in
univariable analysis (P<0.05). Type of therapy showed sta-
tistical significance as a prognostic factor in univariable
analysis in that inv(3)/t(3;3) patients receiving chemother-
apy with SCT (HR 0.52; P=0.019) had a relatively better
outcome compared to patients receiving chemotherapy
alone or supportive therapy. 
Survival curves using Kaplan-Meier analysis were used

to estimate OS in inv(3)/t(3;3) patients and illustrate the
Cox models (Figure 2). In the entire cohort, the median OS
was ten months (n=103). Inv(3)/t(3;3) MDS and AML
patients showed no significant difference in OS (12.9 vs.
7.9 months; P=0.149 log rank) (Figure 2A). There is no sig-
nificant difference in OS between inv(3)/t(3;3) MDS
patients with and without transformation to AML (13.0
vs. 10.0 months; P=0.727 log rank), and between
inv(3)/t(3;3) MDS patients who received and did not
receive high-intensity chemotherapy or SCT (10.0 vs. 7.9
months; P=0.373 log rank). De novo (82.6%) and therapy-
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Figure 1. (A) Characteristic small
megakaryocytes with mono-/bi-lobat-
ed nuclei, (B) prominent dyserythro-
poiesis and (C) prominent dysgranu-
lopoiesis in the BM aspirate smears
of MDS with inv(3)/t(3;3) patients
(Wright stain, (A) x50, (B-C) x100).
(D). Small megakaryocytes with
mono-/bi-lobated nuclei in the BM
core biopsy (H&E stain, x50). BM:
bone marrow, MDS: myelodysplastic
syndrome.
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related (17.4%) MDS and AML patients with inv(3)/t(3;3)
abnormality were included in this cohort; however, there
was no significant difference in OS between the two
groups (9.0 vs. 11.0 months; P=0.991 log rank). Patients
with complex or monosomal karyotype had shorter OS
compared to patients with non-complex or non-monoso-
mal karyotype (4.5 vs. 11.0 months; P<0.001 log rank; 6.0
vs. 11.0 months; P=0.002 log rank, respectively) (Figure 2C
and D). Patients with dysgranulopoiesis showed shorter
OS than those without dysgranulopoiesis (10.0 vs. 14.0
months; P=0.003 log rank). In this cohort, the patients
who received chemotherapy with allogeneic SCT
appeared to have a relatively better OS than patients
receiving chemotherapy alone or supportive therapy (15.0,
9.0 vs. 3.2 months, respectively; P=0.029 log rank) (Figure
2B). However, in pairwise comparison between patients
who received chemotherapy with allogeneic SCT and
those who received either chemotherapy alone or sup-
portive therapy, the prognostic significance of type of ther-
apy was lost in multivariable analysis (P=0.195).
Multivariable analysis showed that monosomal kary-
otype, complex karyotype and presence of dysgranu-
lopoiesis were independent predictors of poor outcome in
inv(3)/t(3;3) patients while type of therapy remained non-
significant (P=0.93).

The IPSS-R and IPSS in inv(3)/t(3;3) MDS patients
(n=40)
Inv(3)/t(3;3) MDS patients presented with median ANC

1.09x109/L), Hb 9.2 g/dL, and platelet count 100x109/L.
Table 3 summarizes the stratification and median OS of
the inv(3)/t(3;3) MDS patients according to the IPSS and
IPSS-R systems. Inv(3)/t(3;3) MDS patients were classified
into IPSS intermediate (Int)-1 (52.5%), Int-2 (32.5%) and
high (15.0%) risk groups with a median score of 1.3, and
had an expected OS of 1.2-3.5 years. Application of the
IPSS-R resulted in categorization of inv(3)/t(3;3) MDS
patients into low (7.5%), Int (15.0%), high (35.0%) and
very high (42.5%) risk groups with a median score of 5.5,
which had an expected OS of 1.6 years. Figure 3 shows
the distribution of prognostic risk categories in
inv(3)/t(3;3) MDS patients using the IPSS-R system com-
pared to the IPSS. IPSS Int-2 and high-risk group patients
remained in the high or very high-risk group in the IPSS-
R. However, 57% (12/21) of IPSS Int-1 risk group patients
(expected OS 3.5 years) were reclassified to high or very
high-risk group in IPSS-R (expected OS<1.6 year). The
IPSS-R scores in inv(3)/t(3;3) MDS patients were higher
relative to the IPSS score by signed rank test (P<0.001).
When we compared actual median OS in inv(3)/t(3;3)
MDS patients with expected OS using IPSS and IPSS-R
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Table 2. Univariable and multivariable Cox PH regression models for overall survival in patients with inv(3)/t(3;3) MDS and AML (N=103).
Univariable analysis Multivariable analysis P
Hazard ratio (95%CI) P value* value*

MDS vs. AML 1.38 (0.88- 2.15) 0.16 NA
Age 1.01 (1.00-1.02) 0.17 NA
Sex (M/F) 1.36 (0.88-2.10) 0.17 NA
WBC (x 109/L) 1.00 (1.00-1.01) 0.81 NA
Hb (g/dL) 0.98 (0.90-1.08) 0.72 NA
MCV (fL) 0.99 (0.97-1.02) 0.64 NA
Platelet (x109/L) 1.00 (1.00-1.00) 0.14 NA
Hepatosplenomegaly 0.87 (0.47-1.59) 0.64 NA
Therapy
CTX (vs. others: CTX-T + supportive) 1.04 (0.58-1.86)
CTX-T (vs. others: CTX + supportive) 0.52 (0.27-0.98) 0.019 0.1948
Supportive (vs. others: CTX + CTX-T) 1.00 
Karyotype
Structurally complex vs. non-complex 2.69 (1.65-4.38) <0.001 0.0052
Karyotype
Monosomal vs. non-monosomal 2.07 (1.27-3.36) 0.004 0.0071
Presence of -7/del(7q) 1.87 (1.19-2.93) 0.007 0.2208
De novo vs. therapy-related AML/MDS 1.00 (0.56-1.79) 0.99 NA
BM blast (%) 1.01 (1.00-1.01) 0.14 NA
Cellularity (%) 1.00 (1.00-1.01) 0.79 NA
Dysplasia (No/unilineage vs multilineage) 1.45 (0.52-4.03) 0.47 NA
Dysmegakaryopoiesis 1.12 (0.53-2.33) 0.77 NA
Dyserythropoiesis 1.49 (0.92-2.40) 0.11 NA
Dysgranulopoiesis 2.02 (1.24-3.29) 0.005 0.0341

*P value: Cox proportional hazard regression, P<0.05 significant; PH: proportional hazards; inv(3)/t(3;3): inv(3)(q21q26.2)/t(3;3)(q21;q26.2); MDS: myelodysplastic syndrome;
AML: acute myeloid leukemia; N: number; CI: confidence interval; NA: Not applicable; WBC: white blood cell; Hb: hemoglobin; MCV: mean corpuscular volume;  CTX; chemotherapy;
CTX-T: chemotherapy with stem cell transplant.



systems, 72.5% (29 of 40) and 77.5% (31 of 40) of
inv(3)/t(3;3) MDS patients had shorter OS than expected
OS by the IPSS-R and the IPSS scores.

Discussion

Much has been learned about the pathobiology of
inv(3)/t(3;3) abnormalities, which result in aberrant over-
expression of the oncogenic transcription factor EVI1 by
EVI1/RPN1 fusion or a longer variant MDS1/EVI1 (also
called MECOM) transcript by chimeric translocation. The
resulting overexpression of EVI1 promotes proliferation
and impairs differentiation of myeloid cells.2,6,14,15,28-30
Animal models demonstrate that forced overexpression of
EVI1 results in myeloid hyperproliferation, downregula-
tion of genes related to myeloid differentiation, and cause
a fatal disorder resembling human MDS.20,21,30,31 In humans,
rare cases have been reported of myelodysplasia with
monosomy 7 related to overexpression of EVI1 caused by
retroviral insertional activation during gene therapy.22
Thus, the biological importance of the inv(3)/t(3;3) in the
development of myeloid malignancy is known and can be
used as a unifying theme for considering AML and MDS
with this abnormality as a discrete entity.
Indeed, inv(3)/t(3;3) AML is included under the group of

AMLs with recurrent genetic abnormalities in the 2008
WHO classification. A subset of these are recognized as
AML regardless of the blast count, such as AML with
t(8;21)(q22;q22), AML with inv(16)(p13.1q22) or
t(16;16)(p13.1;q22), and acute promyelocytic leukemia
with t(15;17)(q24.1;q21.1). The latter recurrent genetic
abnormalities were considered to define AML in the orig-
inal 2001 AML classification because the clinical behavior

of cases with less than 20% blasts was similar to those
with greater than 20% blasts.1,32,33 However, inv(3)/t(3;3) is
not considered among this group of AML-defining cytoge-
netic abnormalities. Inv(3)/t(3;3) AML is known to have an
extremely poor prognosis and has distinct clinical and
pathological features. Patients often present with anemia
and normal or increased platelet counts. However, 7-22%
of the patients can have decreased platelet counts. Some
patients may also develop hepatosplenomegaly.
Pathologically, the BM in inv(3)/t(3;3) AML has character-
istic small, monolobated or hypolobated megakaryocytes.
Dysgranulopoiesis such as hypogranular neutrophils and
pseudo-Pelger-Huet nuclear abnormalities may present in
the peripheral blood or BM and inv(3)/t(3;3) cases typically
demonstrate multilineage dysplasia.1-2,5,9,28  Advanced age
and high initial WBC in inv(3)/t(3;3) AML patients have
been reported to be associated with poor clinical
outcome.3 Inv(3)/t(3;3) MDS share similar clinico-patho-
logical features. Such cases have a poor prognosis with a
short median OS, and propensity to rapidly progress to
AML.1,5,6 Indeed the WHO 2008 recommends close follow
up of these patients due to the aggressive clinical course
and frequent development of AML. We undertook this
multicenter study to collect a large number of de novo
myeloid neoplasms with inv(3)/t(3;3) in order to better
understand the clinical and pathological features of this
disease.
As expected, the basic clinical and pathological features

of our patient population were in keeping with prior
series.2-5,9,34,35 Inv(3)3/t(3;3) patients were old with a median
age of 57 years and had a M:F ratio of 0.87. However,
inv(3)/t(3;3) patients are slightly younger than the reported
average age of adult AML or MDS in general. Cytopenias
were common and thrombocytosis was seen in some
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Figure 2. Survival curves using Kaplan-Meier analysis in 103 patients with inv(3)/t(3;3) MDS and AML. (A) OS in inv(3)/t(3;3) MDS vs.
inv(3)/t(3;3) AML. (B) OS in chemotherapy with allogeneic stem cell transplant vs. chemotherapy alone vs. supportive therapy (P=0.029 log
rank). (C) OS in complex vs. non-complex karyotype (P<0.001 logrank). (D) OS in monosomal vs. non-monosomal karyotype (P=0.002 log
rank) inv(3)/t(3;3): inv(3)(q21q26.2)/t(3;3)(q21;q26.2). MDS: myelodysplastic syndrome; AML: acute myeloid leukemia; OS: overall survival;
CTX-T: chemotherapy with stem cell transplant; CTX: chemotherapy; CK: complex karyotype; MK: monosomal karyotype.
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patients, as has been reported.5,6,9,35 Dysplastic features
were common, including the characteristic dysmegakary-
opoiesis. While some laboratory or pathological features
(WBC, BM cellularity, BM blast percentage, degree of dys-
plasia) differed between MDS and AML, these can be
argued to be more a consequence of the definitions used
for classification than a reflection of any true biological
difference between MDS and AML with inv(3)/t(3;3).
Data in this cohort demonstrated dismal prognosis

(82.5% died) with a short OS (median 10 months) in
inv(3)/t(3;3) MDS and AML patients. There is no signifi-
cant difference in OS between inv(3)/t(3;3) MDS and AML
patients, or between inv(3)/t(3;3) MDS patients with and
without transformation to AML. While therapies were not
uniform in this retrospective series, OS was very short and
exemplified the poor outcomes that are recognized with
this entity.2,4,6,14,36 Other previous studies suggested a better
outcome by chemotherapy with allogeneic SCT in
inv(3)/t(3;3) patients.5,6,8,14 However, chemotherapy with
allogeneic SCT in this cohort lost prognostic significance
in multivariable analysis. Although OS by Kaplan-Meier
survival curve showed a relatively better OS (15 months)
than chemotherapy alone or supportive therapy, outcome
is dismal and there is no significant improvement of OS in
this cohort. 
From a genetic standpoint, isolated inv(3)/t(3;3) was

noted in 43.7% of patients in our series and was similarly
observed in both inv(3)/t(3;3) MDS and AML patients but
additional abnormalities might also convey important
prognostic significance. Common secondary cytogenetic
abnormalities include monosomy 7, 5q abnormality, a
complex karyotype in approximately one-third of the
inv(3)/t(3;3) patients, and t(9;22) in some cases.1,22
Monosomy 7, in particular, is reported in approximately
40-60% of inv(3)/t(3;3) AML patients and is associated
with dismal prognosis.2,6,22,37 In our series, -7/del(7q) abnor-
mality (37.3%) was the most common additional abnor-
mality and while this was a poor prognostic factor on uni-
variable analysis, it did not retain statistical significance in
the multivariable model. Other karyotypic features such
as a structurally complex or monosomal karyotype have
been reported as a strong negative prognostic indicator in
overall MDS and AML.10,25-27,36,37 We found that these were
also independent indicators of poor prognosis inv(3)/t(3;3)
MDS and AML. Interestingly, t(9;22) was noted in 2
inv(3)/t(3;3) AML patients as secondary clonal evolution
or part of complex karyotype in a de novo AML patient
without history of CML. The late appearance of t(9;22) is
a rare event in AML and has been closely associated with
an aggressive clinical course.38 
Accumulating information regarding the prognostic sig-

nificance of certain cytogenetic abnormalities has led to a
refinement of the cytogenetic prognostic subgroup in the
IPSS-R. In this system, inv(3)/t(3;3) is assigned to the poor
risk cytogenetic subgroup with a score of 3 (range 0-4).10-11
Making use of refined cytogenetic groups and a large mul-
ticenter dataset, the IPSS-R has improved stratification of
MDS patients into 5 rather than 4 prognostic risk groups.
However, even with such a large database, relatively few
inv(3)/t(3;3) patients were included in the models. Schanz
et al.10 included 12 MDS patients with 3q abnormalities
(0.4%) among 2902 MDS patients and Greenberg et al.11
included 23 MDS with inv(3)/t(3;3) patients (0.3%) among
7012 MDS patients in the evaluation of the IPSS-R. We
applied the IPSS-R to our inv(3)/t(3;3) MDS patients to

assess the performance of prognostic impact. This study
had some limitations such as small numbers of
inv(3)/t(3;3) MDS patients (n=40) and different blast per-
centage. IPSS and IPSS-R included 20-30% blasts as MDS
patients. Our cohort includes less than 20% blasts as MDS
according to the WHO 2008 classification. The IPSS-R
appears to be a better prognostic indicator in this cohort,
reclassifying the IPSS scores of a large number of interme-
diate-1 risk patients with inv(3)/t(3;3) MDS patients to
high or very high risk in IPSS-R. However, it appears that
the IPSS-R does not adequately capture the aggressive
nature of the disease in these patients and still underesti-
mates the dismal prognosis in this group.  
In conclusion, we evaluated the clinico-pathological

characteristics of a large series of MDS and AML with
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Table 3. Classification and median overall survival by IPSS and IPSS-
R in inv(3)/t(3;3) MDS patients (n=40).
                                                  N. of           Median OS in  Expected OS
                                               patients           this study         (year) 
                                                                          (year)                 

IPSS-R category *: median score (range) 5.5 (3.0-9.0)
Very low                                               0                                                      8.8
Low                                                3 (7.5%)                    2.7                      5.3
Intermediate                              6 (15.0%)                   0.8                      3.0 
High                                              14 (35.0%)                   1.1                      1.6
Very high                                      17 (42.5%)                   0.8                      0.8
IPSS category **: median score (range) 1.3 (0.5-3.5)
Low                                                       0                                                      5.7
Intermediate-1                           21 (52.5%)                   1.1                      3.5
Intermediate-2                           13 (32.5%)                   1.2                      1.2
High                                              6 (15.0%)                   0.8                      0.4

*P value: 0.085,  ** P value: 0.726; OS: overall survival; IPSS: International Prognostic
Scoring System; IPSS-R: Revised International Prognostic Scoring System; inv(3)/t(3;3):
inv(3)(q21q26.2)/t(3;3)(q21;q26.2); MDS: myelodysplastic syndrome; AML: acute
myeloid leukemia.

Figure 3. Changes of prognostic risk categories using IPSS-R com-
pared to IPSS in 40 inv(3)/t(3;3) MDS patients. Int: intermediate;
IPSS-R: the Revised International Prognostic Scoring System; IPSS:
the International Prognostic Scoring System; MDS: myelodysplastic
syndrome.
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inv(3)/t(3;3). Our data emphasized that inv(3)/t(3;3) MDS
and AML patients have similar clinical and pathological
characteristics with a short OS and no significant differ-
ence in OS between MDS and AML with inv(3)/t(3;3)
patients. Complex karyotype, monosomal karyotype
and dysgranulopoiesis were independent negative prog-
nostic factors in MDS and AML with inv(3)/t(3;3)
patients. Our MDS and AML patients with inv(3)/t(3;3)
indeed showed a poor outcome regardless of blast per-
centage or treatment (i.e. therapy type or early treat-
ment). These inv(3)/t(3;3) patients behave differently
from other AML with t(8;21), inv(16) or t(15;17) which
have a favorable prognosis. Dysregulated EVI1 caused by
inv(3)/t(3;3) abnormality is considered a primary driver
event playing an important role in leukemogenesis in
myeloid malignancy. In addition, the presence of
inv(3)/t(3;3) in MDS and AML defines a distinct and
common morphology and clinical behavior. Recognition
of MDS and AML with inv(3)/t(3;3) as an entity without
regard to blast count further emphasizes the need to

study the novel therapies, perhaps targeting EVI1 expres-
sion as a therapeutic strategy. Understanding the molec-
ular mechanisms underlying the disease may hold the
key to improvement in therapeutic outcomes. Our study
contributes to the body of literature in this disease and
suggests that an arbitrary blast count is not a useful way
to categorize these patients and that, as is the case for
other recurrent genetic abnormalities, inv(3)/t(3;3)
should be considered as a single entity regardless of the
blast count.
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