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Abstract: In 2008, the concept of the monosomal karyotype (MK) in adult acute myeloid 

leukemia (AML) patients was introduced, defined by the presence of a chromosomal aberration 

pattern characterized by the presence of at least two autosomal monosomies or of one mono-

somy plus one or more structural aberrations (not including loss of a chromosome). We 

present a systematic review of the literature about the influence of the MK on the outcome of 

patients affected by myeloid malignancies (AML, myelodysplastic syndromes, and primary 

myelofibrosis). For this review, a comprehensive literature search using the term “monosomal 

karyotype” was performed, considering articles listed in MEDLINE. This analysis of the literature 

confirms the negative prognostic impact on survival of the MK in myeloid neoplasias. The 

detrimental effect of MK on AML patients’ outcome is independent of other variables, includ-

ing adverse cytogenetic features, supporting the identification of this entity as a challenging 

subgroup of patients with distinct biologic and clinical features.

Keywords: monosomal karyotype, acute myeloid leukemia, myelodysplastic syndromes, 

primary myelofibrosis, prognosis

Introduction
In the last few years, the application of cytogenetic and molecular disease markers has 

redefined the approach to the diagnosis, risk stratification, and treatment of myeloid 

malignancies, including acute myeloid leukemia (AML), myelodysplastic syndromes 

(MDS), and primary myelofibrosis (PMF). In 2008, in a cooperative study, the Dutch–

Belgian Haemato-Oncology Cooperative Group/Swiss Group for Clinical Cancer 

Research (HOVON-SAKK)1 proposed the concept of the monosomal karyotype 

(MK), defined by the presence of a chromosomal aberration pattern characterized by 

the presence of at least two autosomal monosomies or of one monosomy plus one 

or more structural aberrations (not including loss of a chromosome). We present a 

systematic review of the literature concerning the influence of the MK on the outcome 

of patients affected by myeloid malignancies.

MK in AML
AML is a clinically and biologically heterogeneous hematologic malignancy derived 

from a clonal transformation of hematopoietic precursors due to the acquisition of 

chromosomal rearrangements and gene mutations.

The World Health Organization 2008 classification firstly, and the 2016 revision 

later, incorporated genetic information into diagnostic algorithms for myeloid 

neoplasms with the aim of redefining clinically distinct disease subtypes that require 

specific therapeutic interventions.2,3 In this context, subtypes of AML are classified and 
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prognostically determined on the basis of their cytogenetic 

profiles.4,5 Thus, in clinical practice, the metaphase cytogenet-

ics obtained at the diagnosis of AML has allowed clinicians 

to classify patients into different risk groups.6,7

In adult AML, cytogenetic risk is the most important 

independent prognostic factor, predictive of the probability 

of overall survival (OS) and progression-free survival.4,5 

Cytogenetic abnormalities are found in ~60% of patients with 

AML, and most cytogenetic risk stratification systems sub-

divide patients, by recurrent cytogenetic abnormalities, into 

favorable, intermediate, and unfavorable risk groups.6–8

In the HOVON-SAKK study, MK+ AML was prevalent 

in about 9% of AML patients between 15 and 60 years of 

age.1 In subsequent studies, MK+ AML has been reported 

in about 6%–10% patients with newly diagnosed AML and 

the prevalence rises with increasing age.9–11 For example, the 

Southwest Oncology Group (SWOG)9 reported a frequency 

of MK+ AML of about 20% in newly diagnosed patients with 

AML of age .60 years, 4% in patients of age ,31 years, 7% 

in patients aged between 31 and 40 years, 11% for patients 

with age ranging from 41 to 50 years, and 13% for patients 

aged 51–60 years. These data on the frequency of the MK 

were later confirmed in two other studies that showed a 

frequency of 10% in patients with AML of age ,60 years 

and 13%–15% in patients with AML of age .60 years.10,11

Types of cytogenetic abnormalities
All studies are in agreement about the frequency of the dif-

ferent types of autosomal monosomies (Figure 1).

The most common monosomies involved in MK+ AML 

are -5 and -7. In the German–Austrian AML Study Group 

analysis of MK+ AML cases, the most frequent chromosome 

abnormalities were -5 or 5q (55%) and -7 (45%).12 Another 

paper showed that the most frequent monosomy was -7, 

followed by monosomies 17, 18, 16, 5, and 3.4 Voutiadou 

et al also reported monosomy 7 as predominant in terms of 

frequency, being present in 22.6% of MK cases, followed 

by monosomy 5 in 21%.13 Furthermore, the HOVON-

SAKK study showed, in multiple comparisons, that any 

type of monosomy in AML was associated with a poor 

outcome.1 In fact, direct comparison between patients with 

a single monosomy 7 and other variable single autosomal 

monosomies revealed an identically poor OS. Therefore, no 

difference in the prognosis seems to result from the presence 

of any specific monosomy, in the context of the MK.

MK and TP53 alterations
The mechanisms responsible for MK+ AML are still unclear, 

but it may be associated with deletions or mutations in TP53 

gene and multiple drug resistance. In fact, recent evidence 

indicated that TP53 alterations occur in 70% of MK+ AML 

patients and that these abnormalities are more frequent in 

patients with a complex karyotype (CK+)/MK+ AML than in 

those with CK+/MK- AML.14 They potentially lead to a chro-

mosome instability pattern that is usually a result of a single 

catastrophic event known as chromothripsis.15 Moreover, it has 

been recently reported that chromothripsis-positive AML cases 

were characterized by a particularly high degree of karyotype 

complexity (CK, MK, abnl[5q], abnl[7q], and abnl[17p]), TP53 

mutations, and dismal prognosis.16 Thus, TP53 alterations 

appear to be one molecular basis for this MK+ AML subset 

and, in particular, biallelic alterations suggest an important role 

for p53 in leukemogenesis. From a prognostic standpoint, TP53 

abnormalities have a negative impact on the outcome of these 

patients due to chemoresistance (lower complete remission 

(CR) rates and higher rates of refractory disease).14

Figure 1 Frequency of autosomal monosomies in MK+ AML.
Abbreviations: AML, acute myeloid leukemia; MK, monosomal karyotype.
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Prognostic impact of MK in AML
Several recent studies have revealed that AML with the MK 

are at the extreme end of the unfavorable risk category, and 

its presence is predictive of the worst possible outcome.

Two major cooperative trial groups, namely, the HOVON-

SAKK and the SWOG groups, collected cytogenetic 

diagnostics at baseline in patients with AML enrolled in 

their treatment protocols. These works generated datasets in 

large series of homogeneously treated patients, in whom the 

prognostic contribution of various cytogenetic abnormalities 

such as CK could be evaluated. Statistical analysis revealed 

that the loss of a complete autosomal chromosome conferred 

a negative prognostic impact, while structural abnormalities 

negatively influenced the prognosis in association with an 

autosomal monosomy.1

In particular, among 733 non-core-binding factor AML 

patients ranging in age from 15 to 60 years, the first HOVON-

SAKK group1 paper showed that the presence of a single 

autosomal monosomy conferred a poor prognosis, regard-

less of the chromosome involved, as compared with patients 

without monosomy. Similar results were later reported by the 

SWOG group;9 in their study, 1344 AML patients ranging 

in age from 16 to 88 years were included and treated with 

standard chemotherapy. One hundred seventy-six (13%) 

patients were classified as having the MK. The median age 

of patients bearing the MK was 61 years. The median OS of 

the MK group was 4 months. The CR rate in patients with 

unfavorable cytogenetics without the MK was 34% vs 18% 

in patients with the MK, and the 4-year OS of patients with 

unfavorable cytogenetics but without the MK was 13% vs 

3% in the MK group. Thus, these data confirmed that the 

MK defines a subset of AML patients with unfavorable 

cytogenetics and poor prognosis.

In two HOVON-SAKK studies10,11 and one by SWOG,9 

the CR rates for MK+ AML were no more than 52% in patients 

aged ,60 years and only 34% in those aged .60 years. 

In particular, a CR rate of 50% was reported in patients 

aged ,31 years (a low percentage for young AML compared 

to historical controls), 27% in patients aged 31–40 years, 

14% in patients from 41 to 50 years old, 24% for patients 

aged 51–60 years, and 13% in MK+ AML patients aged over 

60 years.9 Apart from the CR rates, the survival estimates 

were also very poor in MK+ AML. In the original study, the 

HOVON-SAKK group1 showed an OS of 4% at 4 years in 

patients with MK+ AML of age .60 years; subsequently, the 

SWOG study9 also reported an OS of 3% at 4 years in patients 

with MK+ AML aged between 16 and 88 years, compared to 

a 4-year OS of 13% in patients with an unfavorable karyotype 

but without the MK. The latest HOVON-SAKK group studies 

reported 4% OS at 2 years in MK+ patients aged .60 years11 

and 7% OS at 5 years in those aged ,60 years.10 Of note, in 

the SWOG9 study, an estimated OS of ,1% at 4 years was 

reported for patients with MK+ AML aged between 41 and 

88 years, while in the HOVON-SAKK study, at 5 years, there 

were no long-term survivors among patients .60 years of 

age.11 The very poor prognosis of MK+ AML in terms of 

OS was also shown in a large-scale study of AML patients 

aged between 16 and 59 years conducted by the UK Medical 

Research Council:7 the estimated OS at 10 years was 5%. 

Similarly, the Groupe Ouest Est des Leucemies Aigues et 

Autres Maladies du Sang17 made a retrospective study of 

patients aged .60 years with unfavorable cytogenetics. 

There was a significantly lower CR rate for MK+ AML than 

for the MK- group (37% vs 64%, respectively), and the OS 

rate at 2 years was also decreased (7% and 22%, respec-

tively). Moreover, in the subgroup of CK patients, OS was 

dramatically decreased for MK+ patients (8% vs 28%). These 

results demonstrate that the MK is a major independent very 

poor prognosis factor in elderly AML. During the past few 

years, several large studies have been conducted to analyze 

the prognostic impact of the MK on the outcome of AML 

(summarized in Table 1), confirming the previously reported 

findings.1,5,9–13,17–24 Moreover, a recent report demonstrated that 

the combination of CK (defined in this study as unrelated 

chromosomal abnormalities $4) and the MK missed the least 

number of patients with unfavorable prognosis.18

With regard to the MK in AML, it should be remembered 

that many monosomies described in chromosome banding 

analysis may be not real monosomies, but part of chromo-

somal material hidden in unbalanced translocations or marker 

chromosomes.14

Therapeutic implications of MK in AML
MK+ AML patients respond poorly to conventional chemo-

therapy due to resistance to current treatments, resulting in a 

low CR rate or in an early relapse rate after CR. In the past, 

daunorubicin dose escalation was shown to yield a higher 

CR rate and improved survival in patients with AML under 

65 years of age.20 In the same way, two recent studies reported 

that high-dose cytarabine-based chemotherapeutic protocols 

could improve long-term survival in patients with MK+ AML 

and showed a potential survival benefit.25–27 In particular, a 

study conducted by the HOVON-SAKK group26 reported 

that no significant differences were noted between the 

intermediate- and the high-dose groups in terms of CR rates 

(80% and 82%, respectively), probability of relapse-free 
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survival at 5 years (34% and 35%, respectively), or OS (40% 

and 42%, respectively). However, only in the MK+ subgroup 

(89 patients, 9% of the total population) were the 5-year 

event-free survival (13% vs 0%) and OS rates (16% vs 0%) 

better in the high-dose cytarabine group, compared with the 

standard-dose group. The impact of different postremission 

strategies on the outcome of these subsets of patients is not 

clear. A study by the Fred Hutchinson Cancer Research 

Center reviewed the experience of allogenic hematopoietic 

stem cell transplantation (alloHSCT) in 432 patients with 

AML.28 They showed that alloHSCT could increase the 

4-year disease-free survival rate of MK+ AML by up to 25%, 

and similar results were obtained with matched related and 

matched unrelated donors. Although this result is still lower 

than the 56% OS seen in patients without the MK, it is better 

than the 3%–9% OS seen in patients receiving chemotherapy 

alone. This study also showed that the OS rate was higher 

for patients who achieved CR before transplantation, and 

that the 4-year OS rate was 30% for patients in CR1, 25% 

for patients in CR2, and 16% for patients in other disease 

statuses before transplantation.28

Subsequent studies also confirmed that transplantation 

could improve long-term survival in MK+ AML patients, 

but it was associated with disadvantages such as a high recur-

rence rate and a short median time to recurrence.29,30 In 2012, 

a comparative analysis performed by the HOVON/SAKK 

group was reported, which included .300 MK+ patients.31 

Among the 140 patients who achieved CR after two induction 

cycles, 107 (76%) proceeded to consolidation therapy and 

45 (32%) subsequently received alloHSCT. Finally, MK+ 

patients in CR1 who received alloHSCT had a long-term OS 

of 19% at 5 years, compared to 8% among those receiving 

alternative consolidation chemotherapies.31

Moreover, a study reported by Moon et al confirmed 

these findings, showing that alloHSCT in MK+ patients with 

active disease at the time of transplantation had a negative 

impact on the outcomes.32 So, the remission status at the time 

of transplantation is critical for all patients, and particularly 

for MK+ AML patients.

However, allogeneic transplant remains the only poten-

tially curative strategy for MK+ patients who were refractory 

to the initial therapy. In fact, while the median OS for MK+ 

patients refractory to induction therapy and who received an 

allogeneic transplant was 3–9 months, and 10% of patients 

achieved long-term survival, a shorter median OS and no 

long-term survivors were reported for refractory MK+ AML 

patients who did not proceed to transplantation.31

In conclusion, the data available suggest that alloHSCT 

in first CR is a reasonable treatment to improve the outcomes 

in this subset of patients. However, the MK+ AML prognosis 

remains poor even after alloHSCT, and this category of 

AML patients should be seen as candidates for clinical trials 

Table 1 Main characteristics of AML patients with MK

Reference Number 
of patients

Age (median, 
range)

MK frequency 
(%)

CR rate OS Comments

Breems et al1 1,975 NR, 15–60 9 48% 4% at 4 years
Medeiros et al9 1,344 NR, 16–88 13 18% 3% at 4 years Monosomies of 5 and 7 were the 

most common
Grimwade et al7 1,612 44, 16–59 6 NR 5% at 10 years
Löwenberg et al11 813 67, 60–83 13 34% 4% at 2 years
Lowenberg et al10 860 49, 18–60 10 52% 7% at 5 years
Perrot et al17 186 68, 60–79 59 37% 7% at 2 years
Haferlach et al18 824* NR, 15–60 19 NR Median 5.7 months All cases were analyzed by multicolor FiSH
voutiadou et al13 549 53, 6–88 11.3 27% 8% at 3 years Predominant monosomies were -5 and -7
Kayser et al12 1,058* 57, 17–84 30 32.5% 9% at 4 years NPM1, FLT3-iTD, FLT3-D835 less 

frequent in MK+ group
Yang et al19 1,147* NR, 15–88 18.5 25% Median 5 months Monosomies of 5 and 7 were the 

most frequent
Ahn et al20 369 47 (18–85) 6.2 34.8% 8.7% at 3 years
weinberg et al21 111 57 (17–83) 13 36% Median 5.6 months Most frequent chromosomes lost were 

7 and 17
Manola et al22 140 13 (25–21) 12.1 NR 51.9% at 4 years MK in children
Lu et al23 1,251 44 (15–89) 14.7 29.8% Median 9 months
Lazarevic et al24 1,893 71 (18–80) 18 59% in ,60 years

41% in .60 years
NR

Note: *AML patients with t (15;17), t (8;21), inv (16), and normal karyotype were excluded.
Abbreviations: AML, acute myeloid leukemia; FISH, fluorescence in situ hybridization; MK, monosomal karyotype; NR, not reported; OS, overall survival.
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testing novel treatment strategies in order to improve their 

overall outcome.

MK in MDS
MDS are heterogeneous diseases characterized by bone 

marrow dysplasia, cytopenias, and a variable risk of evolution 

to AML.33 The most widely used risk scoring system in MDS 

is the International Prognostic Scoring System (IPSS), which 

utilizes clinical and molecular features, including cytogenet-

ics, percentage of blasts, and the number of cytopenias, to 

risk-stratify patients.34 The IPSS was subsequently revised 

(IPSS-R) and this version maintained bone marrow cytoge-

netics, marrow blast percentage, and cytopenias as the basis 

of the scoring system, but introduced increased stratifica-

tion within these categories.35 While the IPSS includes only 

three cytogenetic patterns, the IPSS-R classifies cytogenetic 

information in MDS in five risk groups with correspondingly 

different median OS.36

Prognostic impact of MK in MDS
An abnormal karyotype is seen in 50% of de novo MDS and 

80%–92% of therapy-related MDS, and it is clear that the poor 

and the very poor IPSS-R cytogenetic groups include patients 

with the MK.35,37 Several conflicting reports (summarized in 

Table 2) on the impact of the MK as an independent predictor 

of survival in MDS have drawn attention to the importance 

of considering the prognostic weight of complex aberrations 

in association with autosomal monosomies.38–43 In a recent 

study including only CK MDS patients from the Mayo Clinic 

database, the authors suggested that MK+ is associated with a 

lower OS:38 the OS was significantly inferior in patients with 

MK+ compared with those with a CK without monosomies, 

and the median survival of patients with a CK without mono-

somies was 13 months vs 7 months in patients with MK+. By 

contrast, the Spanish group of MDS (GESMD) analyzed 1054 

MDS patients with an abnormal karyotype. In their cohort, 

MK+ was identified with a frequency of 16%, and the majority 

of these patients (88%) also had a CK.39 To clarify the signifi-

cance of the presence of MK+, the GESMD study analyzed its 

impact on both CK patients and those with only two chromo-

somal abnormalities (ie, at least two autosomal monosomies 

or of one monosomy plus one structural aberrations), being 

the minimum necessary to fulfill the criteria for MK+. In CK 

patients, the MK was not statistically associated with a lower 

OS in univariate or multivariate analysis, but the risk factors 

associated with a lower OS in patients with CK were the clas-

sic variables (refractory anemia with excess blasts, high IPSS, 

low hemoglobin level, and low platelet count) together with 

higher numbers of chromosomal abnormalities.39 In patients 

with only two abnormalities, although MK+ patients showed 

a lower OS in univariate analysis, this effect did not persist in 

multivariate analysis, in which the only variable associated 

with a lower OS was a higher IPSS risk group. By contrast, 

the CK adverse prognostic value was retained in MK+ patients 

also. These results support the hypothesis regarding the pre-

dominant role of karyotype complexity in determining the 

prognosis in patients with MDS. Similarly, in 2013, a study 

analyzed 431 untreated MDS patients with two or more chro-

mosomal abnormalities from an international MDS database 

and found that MK+ was associated with a worse OS only in 

those patients with four or fewer abnormalities, and that in the 

multivariate analysis, it was not independently associated with 

OS.40 The authors concluded that the number of chromosomal 

abnormalities, rather than the presence of MK+, defined the 

MDS subgroups with a worse prognosis and that the number 

of chromosomal aberrations in MK+ subgroups of MDS was 

directly related to OS, and so MK+ was not reflected as an 

independent prognostic factor.

In conclusion, although the cytogenetic prognosis is 

very important in the IPSS-R, MK+ was not considered as 

Table 2 Main characteristics of MDS patients with the MK

Reference Number 
of patients

Age (median, 
range)

MK frequency 
(%)

Median 
OS

Comments

Schanz et al40 431 69 (21–90) 47 6.7 months Patients included in the study were primary, untreated MDS
valcarcel et al39 1,054 71 (16–96) 16 7.6 months MK was not associated with poorest prognosis; 431 patients 

received therapy. The study results were not influenced by treatment
Belli et al41 421 71 (17–93) 5.4 16 months MK had a similar prognostic impact to other poor cytogenetic 

findings. Most patients received treatment or supportive care
Gangat et al42 783 72 (18–98) 9.1 4.5 months MK adversely affected survival in both the poor and very poor 

karyotype groups
Patnaik et al38 127 70 (18–89) 83 7 months This study considered only MDS patients with a complex karyotype 
Cluzeau et al43 154 72 (35–88) 15 9 months Stratification with the MK has a value in the prognosis of 

azacitidine-treated patients

Abbreviations: MDS, myelodysplastic syndromes; MK, monosomal karyotype; OS, overall survival.
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a prognostic subgroup. The Mayo Clinic group suggested 

that the MK provides additional prognostic information in 

poor/very poor karyotypes: in their cohort of 783 patients 

with MDS, there was no significant difference in survival 

among IPSS-R subgroups (very good, intermediate, poor), 

but reclassification using MK+ allowed them to obtain a 

significant difference in OS.42

Therapeutic implication of MK in MDS
Azacitidine (AZA) is a first-line treatment for higher IPSS 

risk patients with MDS who are ineligible for alloHSCT.44 

The prognostic impact of MK+ in AZA-treated patients is 

unclear. The French group has shown that the IPSS-R is a 

powerful tool to evaluate the outcome of previously untreated 

MDS patients treated with AZA.45 A report in 2011 suggested 

that AZA might reduce the negative impact of MK+ in higher 

IPSS risk MDS patients:46 in a cohort of 75 patients with high-

risk MDS treated with AZA, the median OS was 7.1 months 

in MK+ and 8.7 months in non-MK patients (no statistically 

significant difference). Several studies have pointed out that 

high-risk patients are often referred for hematopoietic cell 

transplantation, the only potentially curative treatment for 

MDS.47–49 Many recent studies evaluating the importance of 

MK+ in alloHCT have reported similar results. In a cohort 

of 261 MDS patients with chromosome 7 abnormalities, it 

was shown that MK+ was more predictive of progression-free 

survival and OS after alloHSCT than complex cytogenetics 

in 261 MDS patients.49

It has also been reported that MK+ was more predictive 

of alloHSCT outcomes in MDS patients, compared to other 

established scoring systems.50 Moreover, the presence of 

MK+, both at diagnosis and at alloHSCT, was predictive of 

a worse OS after alloHSCT; in fact, the presence of MK+ 

at diagnosis was associated with a poor 3-year disease-free 

survival (27% vs 39%) and OS (29% vs 47%). Therefore, 

MK+, particularly at diagnosis, seems to be the cytogenetic 

risk factor most predictive of post-alloHSCT outcomes. 

A large study by the International Blood and Marrow Trans-

plant Research group analyzed the influence of MK+ on 

survival in a large cohort of patients with AML and MDS 

undergoing alloHSCT.51 Among patients with MDS, MK+ 

MDS was associated with higher disease relapse rates, higher 

transplant-related mortality, and a worse OS. Subset analyses 

comparing chromosome 7 abnormalities with or without MK+ 

demonstrated a higher mortality for MK+ MDS. Koichiro 

et al reported the outcome of 53 MDS patients; among them, 

9 (17%) had MK+ and 4-year OS was 0%, significantly 

lower than that of MDS patients with a normal karyotype.52 

However, the European Bone Marrow Transplantation group 

reported that the CK is a better predictor of a poor outcome 

than MK+ after alloHSCT in MDS patients;53 in this study, the 

OS of patients with CK, with or without MK, was significantly 

worse than that of patients with isolated MK+.

A work by Gruppo Italiano Trapianto Midollo Osseo 

analyzed 519 patients with primary MDS undergoing 

alloHSCT and showed a 5-year OS of MK+ patients of only 

10%, significantly worse than that of patients without the 

MK.54 Moreover, the 5-year incidence of relapse was 49%, 

significantly greater than that of patients without the MK.

In summary, cytogenetic abnormalities remain the most 

important predictor of treatment outcome in MDS patients. 

MK+, which was not considered as a separate category in 

the scoring system, may represent another subset of high-risk 

MDS patients with a dismal outcome after alloHSCT. Further 

evaluation with prospective studies will help to define the 

importance of MK+ in MDS and improve treatment strategies 

for this subgroup of patients.

MK in PMF
In clinical practice, the IPSS is used to assess prognosis in 

PMF.55 The IPSS score was later modified to the Dynamic 

IPSS (DIPSS) for use at any time during the disease 

course.56 Most recently, DIPSS was further modified to 

the DIPSS-plus, with the incorporation of three additional 

DIPSS-independent risk factors: red cell transfusion need, 

platelet count ,100×109/L, and unfavorable karyotype.57 

This category includes CK or one or two abnormalities 

among +8, -7/7q-, i (17q), inv (3), -5/5q-, 12p-, or 11q23 

rearrangement.

Two studies have analyzed the impact of MK+ in PMF 

patients. In the first, 793 patients were included; among them, 

341 (43%) showed an abnormal karyotype, including 41 

(12%) with CK and among these, 17 (41%) were classified 

as having an MK+.58 To determine whether the presence 

of MK+ conferred additional prognostic significance, the 

authors compared groups with MK+, CK without monoso-

mies, and with only trisomy 8: median survival was 6, 24, 

and 20 months, respectively, and the corresponding 2-year 

leukemic transformation rates were 29.4%, 8.3%, and 0%. 

Therefore, the study shows that MK+ is equally as bad as 

PMF in terms of both OS and leukemia-free survival. In fact, 

the presence of MK+ in PMF signified a worse survival than 

the rate associated with either the CK without monosomies 

or a sole trisomy 8, both of which had previously been 

identified as unfavorable cytogenetic findings in PMF.59 

More recently, a large cohort of Chinese patients with PMF60 
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was analyzed: the MK was found in 12% of cases. The 

patients were divided into two cytogenetics-based cohorts: a 

favorable (subjects with a normal karyotype, a CK that was 

not an MK, +8 only or a balanced translocation only) and an 

unfavorable karyotype (all the others). The median OS was 

52 vs 72 months in patients with a favorable and unfavorable 

karyotype, respectively.

These findings underscore the importance of paying 

attention to cytogenetic findings also in PMF and the 

prudence of early intervention with investigational drug 

therapy or allogeneic stem cell transplantation in MK+ 

PMF, although the value of such a treatment strategy in this 

particular patient population remains unproven.

Conclusion
This analysis of the literature confirms the negative prognos-

tic impact on survival of the MK in myeloid neoplasias. The 

detrimental effect of the MK on AML patients’ outcome is 

independent of other variables, including adverse cytogenetic 

features such as monosomy 7 and CK, supporting the iden-

tification of this entity as a challenging subgroup of patients 

with distinct biologic and clinical features.

All studies on AML and MDS confirm that the MK classi-

fication scheme identifies a group with a very poor prognosis 

for all study endpoints, even after alloHSCT.

The last several years have seen marked improvements, 

thanks to standardized chemotherapy (including induction 

therapy and consolidation therapy), in the survival times 

of AML patients, while alloHSCT is currently used as a 

salvage therapy for patients with high-risk AML, including 

MK+ AML. However, MK+ has been shown to be signifi-

cantly correlated with a worse OS among patients who have 

undergone alloHSCT.

In conclusion, the presence of MK+ is associated with 

a worse outcome (in terms of OS and CR rate) compared 

to other cytogenetic abnormalities. Therefore, research to 

identify more effective induction regimens, conditioning 

regimens, and posttransplant treatments for the prevention 

of relapse is warranted in this high-risk group of patients, in 

order to improve the number of patients who can benefit from 

alloHSCT and achieve a better outcome. Moreover, MK+ 

patients, mostly those with AML, should be enrolled to take 

part in clinical trials of novel treatment strategies in order to 

improve the OS in this very poor prognostic group.
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