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Abstract 
 
We retrospectively studied 125 patients with acute myeloid leukemia and trisomy 4 (median age at diagnosis, 58 years; 
range, 16-77 years) treated between 2000 and 2019 within a multicenter study. Trisomy 4 was the sole abnormality in 28 
(22%) patients and additional abnormalities were present in 97 (78%) patients. Twenty-two (22%) and 15 (15%) of 101 tested 
patients harbored NPM1 and FLT3-ITD mutations. Two (3%) of 72 tested patients had double CEBPA mutations. Data on 
response to intensive anthracycline-based induction therapy were available for 119 patients. Complete remission was 
achieved in 67% (n=80) and the early death rate was 5% (n=6). Notably, patients with trisomy 4 as sole abnormality had 
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Introduction 
Trisomy 4 is a recurrent but very rare cytogenetic abnor-
mality reported in patients with acute myeloid leukemia 
(AML).1,2 In a large analysis on 5,876 younger adult AML 
patients  treated  in  United  Kingdom Medical  Research 
Council trials, only 70 (1%) harbored trisomy 4.2 The prog-
nostic significance of this abnormality in AML patients is 
not clear. Informed clinical decision-making in situations 
in which cytogenetic analysis shows rare cytogenetic ab-
normalities has been hampered by a lack of consensus 
regarding the likely outcome of such patients. According 
to the National Comprehensive Cancer Network guide-
lines3 as well as the European LeukemiaNet (ELN) rec-
ommendations4  AML  patients  with  trisomy  4  in  the 
absence of further abnormalities would be assigned to 
the  intermediate-risk  group.  However,  this  risk  group 
comprises a rather large and heterogeneous set of ab-
normalities, leaving the impact of this particular abnor-
mality on outcome unclear.  Apart  from the benefit  of 
achieving greater consensus in cytogenetic classification, 
establishing the outcome associated with rare cytogen-
etic abnormalities is important, particularly given the re-
sults  of  a  meta-analysis  that  has  suggested  that  a 
relapse risk in excess of 35% can provide a useful work-
ing  threshold  to  identify  patients  in  whom allogeneic 
hematopoietic  stem  cell  transplantation  (HSCT)  may 
confer a survival benefit.5   
The prognosis of AML patients with trisomy 4 is contro-
versial. While data from some cohort analyses suggest 
that their outcome is comparable to that of AML patients 
with normal cytogenetics,2,6 others suggest a poorer out-
come7 compared to that of patients with intermediate-
risk cytogenetics.8 While the rate of complete remission 
after intensive anthracycline and cytarabine–based com-
bination chemotherapy was comparable to that of pa-
tients with normal cytogenetics (87% vs. 90%; P=0.3) and 
the 10-year cumulative incidence of relapse rate was al-
most identical (49% vs. 54%; P=0.7), the 10-year overall 
survival rate was lower (16% vs. 38%; P=0.2).2 Allogeneic 
HSCT may improve  survival if  performed early  in  first 
complete remission. However, neither prospective clini-

cal nor larger retrospective cohort studies are available 
to support these results. 

Methods 
Patients and treatment 
Information on 125 adult patients with AML and trisomy 
4 diagnosed between 2000 and 2019 (2000-2010, n=48; 
after  2010,  n=77)  was  collected  within  a  large,  multi-
center  international  cohort  (Study  Alliance  Leukemia 
[SAL],  n=82;  Programa  Español  de  Tratamientos  en 
Hematología [PETHEMA], n=40; Johns Hopkins University, 
Baltimore, n=3). Detailed case report forms (including in-
formation on baseline characteristics, chemotherapy, al-
logeneic HSCT, response, and survival) were collected 
from  all  participating  centers.  Inclusion  criteria  were 
adult AML patients with trisomy 4 and all patients who 
fulfilled these criteria were included by the participating 
groups/institutions. The diagnosis of AML was based on 
French-American-British  Cooperative  Group  criteria,9 
and, after 2003, on revised International Working Group 
criteria.10  Chromosome  banding  was  performed  using 
standard techniques, and karyotypes were described ac-
cording to the International System for Human Cytogen-
etic Nomenclature.11 A complex karyotype was defined 
according to the 2017 ELN classification.4 FLT3 mutation 
screening  for  internal  tandem  duplications  (ITD)  and 
point mutations within the tyrosine kinase domain was 
carried out at each institution as previously described.12,13 
Data collection and analysis were approved by the insti-
tutional review boards of the participating centers. 

Treatment 
Of the 125 patients, 119 (95%) received intensive induc-
tion treatment either within clinical trials (n=46) or ac-
cording to local institutional standards (n=73). Treatment 
protocols for patients treated within the SAL (n=82) in-
cluded AML60+ (n=4),14 AML96 (n=12),15 AML2003 (n=21),16 
and SORAML (n=2).17 Additionally,  43 patients were in-
cluded  within  the  prospective  SAL  registry 
(NCT03188874). All patients from PETHEMA (n=40) were 

a complete remission rate of 89%. Allogeneic hematopoietic cell transplantation was performed in 40 (34%) patients, of 
whom 19 were transplanted in first complete remission. The median follow-up of the intensively treated cohort was 5.76 
years (95% confidence interval [95% CI]: 2.99-7.61 years). The 5-year overall survival and relapse-free survival rates were 
30% (95% CI: 22-41%) and 27% (95% CI: 18-41%), respectively. An Andersen-Gill regression model on overall survival re-
vealed that favorable-risk according to the European LeukemiaNet classification (hazard ratio [HR]=0.34; P=0.006) and 
trisomy 4 as sole abnormality (HR=0.41; P=0.01) were favorable factors, whereas age with a difference of 10 years (HR=1.15; 
P=0.11), female gender (HR=0.74; P=0.20) and allogeneic hematopoietic cell transplantation (HR=0.64; P=0.14) did not have 
an significant impact. In our cohort, patients with trisomy 4 as their sole abnormality had a high complete remission rate 
and favorable clinical outcome. Allogeneic hematopoietic cell transplantation did not seem to improve overall survival.   
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included  within  the  PETHEMA  AML  registry 
(NCT02607059).18 The treatment protocols for patients 
treated  within  the  PETHEMA  included  LMA2007  (n=1; 
NCT01041040),  LMA2010  (n=3;  NCT01296178),  LMA2017 
(n=1), as well as the CALGB/Ratify trial (n=1).19 One patient 
from Johns Hopkins was included in a clinical trial and 
treated with ivosidenib,20 the other two patients were 
treated according to local institutional standards. 
Induction therapy for the 73 patients treated according 
to local institutional standards consisted of the anthra-
cycline/cytarabine-based “7+3” regimen (n=66) or com-
parable intensive treatment (n=7). One of the 73 patients 
was treated with the “7+3” regimen in combination with 
gemtuzumab ozogamicin.  
Six (5%) of the 125 patients were treated non-intensively. 
Of those, three received azacitidine therapy, one ivoside-
nib and two patients were managed with best supportive 
care. Response was assessed according to International 
Working  Group recommendations.10  All clinical studies 
were approved by the institutional review boards of the 
participating centers.  All patients provided written in-
formed consent to participation in one of the treatment 
trials or to therapy according to local standards.  

Statistical analyses 
Survival endpoints, including overall survival, relapse-free 
survival, cumulative incidence of relapse and cumulative 
incidence of death in complete remission, were defined 
according to the revised recommendations of the Inter-
national Working Group.10 Comparisons of patients’ char-
acteristics were performed with the Kruskal-Wallis rank 
sum test for continuous variables and the Fisher exact test 
for categorical variables. To identify prognostic variables 
with respect to response to induction therapy a logistic 
regression model was used. Variables included ELN favor-
able-risk category, gender, trisomy 4 as sole abnormality, 
and age. The median follow-up time was computed using 
the  reverse  Kaplan-Meier  estimate.21  The  Kaplan-Meier 
method was used to estimate the distribution of relapse-
free survival and overall survival.22 Confidence interval (CI) 
estimations for survival curves were based on the cumu-
lative hazard function using the Greenwood formula for 
variance  estimation.  Log-rank  tests  were  employed  to 
compare survival curves between groups. Cumulative inci-
dences  of relapse  and  death  and  their  standard  errors 
were  computed according  to  the  method described by 
Gray23 and included only patients attaining complete re-
mission. The effect of allogeneic HSCT (including all trans-
planted patients) on overall survival as a time-dependent 
intervening event was tested in a multivariable Andersen-
Gill model.24 Variables included in the model were ELN fa-
vorable-risk, gender, trisomy 4 as sole abnormality, age 
with a difference of 10 years as well as allogeneic HSCT. 
All statistical analyses were performed with the statistical 

software environment R, version 3.3.1, using the R packages 
prodlim, version 1.5.7, and survival, version 2.39-5.25 

Results 
Study cohort 
Demographic and clinical data were collected from 125 pa-
tients diagnosed with AML and trisomy 4 between 2000 
and 2019.  Their median age  was 58 years  (range,  16-77 
years) and 62 patients (50%) were female. Most of the pa-
tients had de novo AML (79%). The baseline characteristics 
of the study cohort are summarized in Table 1.  

Number 
(total=125)

%

Female gender 62 50

Median age 58 years range, 16-77 years

Type of AML 
De novo 
Secondary AML 
Therapy-related AML 
Missing

 
99 
15 
8 
3

 
79 
12 
6 
2

ECOG PS 
0 
1 
2 
Missing

 
36 
59 
19 
11

 
29 
47 
15 
9

Cytogenetics 
Sole trisomy 4 
Additional abnormalities 

≥3 abnormalities 
Autosomal monosomies 
Monosomal karyotype# 
Trisomy 4 & trisomy 8 
Trisomies only 
t(8;21) or inv(16)

 
28 
97 
68 
20 
18 
43 
23 
10

22 
78 

 
 
 
 

Molecular genetics* 
NPM1 mutated 
FLT3-ITD positive 
CEBPA double mutated

 
22 
15 
2

 
22 
15 
3

ELN risk group 
Favorable 
Intermediate 
Unfavorable

 
27 
29 
66

 
22 
24 
54

Value Range

Median WBC x109/L 4.8 0.4-255

Platelets x109/L 47 2-330

Hemoglobin, g/dL 9.1 4.9-16.6

Median BM blasts 77 1-100

Table 1. Baseline characteristics of patients with acute 
myeloid leukemia and trisomy 4.

Results may not add up to 100 due to rounding. #According to Breems 
et al.34 *Available for 101 (80%) patients. AML: acute myeloid leuke-
mia;  BM:  bone  marrow;  ECOG  PS:  Eastern  Cooperative  Oncology 
Group performance status; ELN: European LeukemiaNet; FLT3: fms-
related  tyrosine  kinase  3;  ITD:  internal  tandem  duplication;  WBC: 
white blood cell count. 
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Cytogenetic and molecular analyses 
According to cytogenetic analysis, trisomy 4 was the sole 
abnormality in 28 (22%) patients, whereas additional ab-
normalities were present in a non-complex karyotype in 
29 (22.5%) patients, and in a complex karyotype in 68 
(54.5%) patients. The most frequent additional abnor-
mality  was  trisomy 8  (n=43,  34.5%),  karyotypes  char-
acterized by trisomies only (n=23, 18.5%) and t(8;21) or 
inv(16) (core binding factor; n=10, 8%). A total of 101 pa-
tients (80%) underwent testing for NPM1 and FLT3-ITD 
mutations.  Of  those,  22  (22%)  and  15  (15%)  harbored 
NPM1 and FLT3-ITD mutations, respectively. The FLT3-ITD 
allelic ratio was available for 12 (79%) of the ITD-positive 
patients and the median ratio was 0.66 (range, 0.01-1.43). 
Three (10%) of 29 patients with available data also har-
bored a FLT3-tyrosine kinase domain mutation. Two (3%) 
of  72  analyzed  patients  had  double  CEBPA  mutations 
(Table 1). KIT mutational status was available for two of 
the ten patients with core binding factor leukemia; both 
were KIT  wild-type.  Next-generation  sequencing  data 
were  available  for  a  small  subset  of  patients  (12%, 
n=15/125). The gene panel included the following genes: 
ASXL1,  ATRX, BCOR, BCORL1,  CBL, CDKN2, CSF3R, CUX1, 
DNMT3A,  FBXW7,  GATA1,  GATA2,  IDH1,  IDH2,  IKZF,  JAK2, 
KDM6A, KIT, KRAS, NOTCH1, NRAS, PDGFRA, PHF6, PTPN11, 
RAD21, RUNX1, SF3B1, SMC1A, SMC3, STAG2, TET2, TP53, 
U2AF1, WT1, ZRSR2, BRAF, CALR, CBL, ETV6, GNAS, HRAS, 
MPL, MYD88, PTEN, SETBP1 and SFRS2. When we grouped 
the mutations according to their function, the identified 
gene  mutations  were  found  in  all  functional  groups. 
However, the mutational profile was dominated by mu-
tations in methylation-related genes (n=15; DNMT3A, n=4; 
IDH1/2,  n=2,  each;  TET2,  n=7),  transcription  factors 
(RUNX1,  n=4),  chromatin  remodeling  (ASXL1,  n=2),  RAS 
pathway (KRAS, n=1; NRAS, n=2) and tumor suppressors 
(n=3; WT1, TP53 and PHF6, n=1, each). Single mutations 
were found in EZH2, FBXW7, KDM6A, U2AF1 and ZRSR2. 
None of the other genes was mutated.  

Response to induction therapy 
Data  on  response  to  intensive  induction  therapy  were 
available for all 119 patients. Eighty (67%) achieved a com-
plete remission after induction therapy. Early death oc-
curred in six (5%) patients.  
Six patients were treated less intensively because of higher 
age (median; 67.5 years; range, 31-77 years) or comorbidities. 
Among these patients, only one achieved a complete re-
mission, after 85 days of ivosidenib treatment. The patient 
is in an ongoing complete remission which has lasted more 
than 4 years so far. Cytogenetically, the patient had trisomy 
4 as well as deletion of the long arm of chromosome 7. Mol-
ecularly, IDH1 and NPM1 mutations were detected.  
All other patients died early (median, 2.4 months; range, 
0.03-7.7 months).  

Notably, patients with trisomy 4 as sole abnormality had 
a complete remission rate of 89% (n=25/28) and those 
with trisomy 4 in combination with t(8;21) or inv(16) of 
100% (n=10/10).  
There was no difference in the complete remission rate 
between FLT3-ITD-positive  (71%)  and  FLT3-wildtype 
(68%) patients (P=0.99). Univariable analysis revealed 
that  trisomy  4  as  sole  abnormality  (odds  ratio 
[OR]=5.39; P=0.005) and NPM1 (OR=11.46; P=0.003) were 
favorable factors. A logistic regression model revealed 
that female gender (OR=2.60; P=0.03) and ELN favor-
able-risk (OR=12.84; P=0.02) were favorable factors and 
trisomy  4  as  sole  abnormality  showed  a  tendency 
(OR=3.27; P=0.08) to be favorable.  

Further therapy including intensive consolidation and 
allogeneic hematopoietic stem cell transplantation 
Sixty-one (76%) of eighty intensively treated patients in 
first complete remission received intensive consolida-
tion chemotherapy consisting of high-dose cytarabine 
with  or  without  additional  chemotherapy.  Nineteen 
(14%)  patients  proceeded  to  allogeneic  HSCT in  first 
complete remission with eight of the transplanted pa-
tients  receiving  consolidation  chemotherapy  prior  to 
transplantation.  There  was  no  difference  in  baseline 
characteristics between patients proceeding to alloge-
neic HSCT in first complete remission and patients re-
ceiving  consolidation  chemotherapy,  such  as  median 
white blood cell count (P=0.42),  median age (P=0.08), 
NPM1  mutations (P=0.99), FLT3-ITD (P=0.71) and ELN-
risk classification (P=0.60). 
Among the patients consolidated with chemotherapy, 
relapses occurred in 35 and seven died of a treatment-
related cause after consolidation. In patients consoli-
dated with allogeneic HSCT in first complete remission, 
ten patients relapsed and most of them died shortly 

Figure 1. Kaplan-Meier plot of overall survival in intensively 
treated patients according to cytogenetic abnormality. +4 sole: 
trisomy 4 as sole cytogenetic abnormality; CBF: core binding 
factor.
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thereafter (median, 3.3 months; range, 0-96.2 months). 
Only two patients survived beyond 1 year after relapse 
due to either a second allogeneic HSCT (n=1, survival 
after relapse, 96.2 months) or repetitive cycles of le-
nalidomide and azacitidine (n=1; survival after relapse, 
25.7 months). Among those relapsing after chemother-
apy, allogeneic HSCT was performed in 21 patients.  

Characteristics of patients undergoing allogeneic 
hematopoietic stem cell transplantation 
Allogeneic HSCT was performed in 40 (32%) patients, of 
whom 19 were transplanted in first complete remission 
after induction therapy.  Nine patients achieved com-
plete remission after salvage chemotherapy and went 
on to allogeneic HSCT; another 12 patients underwent 
allogeneic HSCT with active disease. Twelve patients re-
ceived myeloablative conditioning and 24 patients re-
duced-intensity conditioning (data were missing for 4 
patients).  The  type  of donor  was  matched  related  in 
eight  cases,  matched  unrelated  in  31  cases,  and  un-
known in one of the 40 patients. 

Relapse-free and overall survival 
The median survival of the non-intensively treated pa-
tients was 0.33 years. Only one patient treated with ivo-
sidenib survived more than 4 years. The median follow-up 
of the intensively treated cohort was 5.76 years (95% CI: 
2.99-7.61 years). Five-year overall survival and relapse-free 
survival were 30% (95% CI: 22-41%) and 27% (95% CI: 18-
41%), respectively. 
Overall survival rates were significantly higher in patients 
with core binding factor leukemia or patients with trisomy 
4 as a sole abnormality as compared to those with tri-
somy 4 and all other abnormalities (Figure 1) (P<0.001). 
There was no difference between overall survival rates in 
patients with a complex karyotype, a complex karyotype 

without monosomal karyotype or monosomal karyotype 
(Figure 2) (P=0.4). An Andersen-Gill model including al-
logeneic HSCT as a time-dependent covariable revealed 
ELN favorable-risk class (hazard ratio [HR]=0.34; P=0.006) 
and trisomy 4 as sole abnormality (HR=0.41; P=0.01) as fa-
vorable factors, whereas age with a difference of 10 years 
(HR=1.15; P=0.11), female sex (HR=0.74; P=0.20) and alloge-
neic HSCT (HR=0.64; P=0.14) had no significant impact. 
There was no difference in overall survival measured from 
the date of allogeneic HSCT if the patients proceeded to 
the transplant in first complete remission (n=19) or with 
active disease (n=21; P=0.60) (Figure 3). In patients achiev-
ing a first  complete remission,  the 5-year relapse-free 
survival was 19% (95% CI: 4-90%) for those patients pro-
ceeding to allogeneic HSCT (n=19) as compared to 28% 
(95% CI:  18-42%) for those who received consolidation 
chemotherapy (n=61). 
There was not a significant difference in cumulative inci-
dence of relapse between patients proceeding to alloge-
neic HSCT and those who were treated with consolidation 
chemotherapy (P=0.60) (Figure 4). The same was true for 
cumulative incidence of death (P=0.13) (Figure 4).  

Discussion 
The focus of our study was to characterize adult AML pa-
tients with trisomy 4 in an international, multicenter co-
hort study and compare outcomes according to treatment 
strategies, with a specific focus on the impact of alloge-
neic HSCT as compared to conventional chemotherapy on 
survival. Trisomy 4 is very rare, particularly as a sole ab-
normality.6,7,26  Its  prognostic  relevance  has  been  de-
bated2,7,8  and  its  association  with  outcome  remains 
unclear. We here present the largest cohort of 125 patients 
with trisomy 4 to date, of whom 119 were treated inten-

Figure 2. Kaplan-Meier plot on overall sur-
vival in intensively treated patients accord-
ing  to  cytogenetic  abnormality  including 
complex karyotype and monosomal karyo-
type. +4 sole: trisomy 4 as sole cytogenetic 
abnormality; CBF: core binding factor; CK: 
complex karyotype; MK: monosomal karyo-
type.
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sively. In line with a previous publication,6 the complete 
remission rate was high in our cohort in those patients 
with trisomy 4 as a sole abnormality. Nevertheless, most 
patients relapsed, a fate which seems not to have been  
improved by allogeneic HSCT, suggesting that other treat-
ment approaches are needed to prolong survival. The only 
factors associated with prolonged survival were ELN fa-
vorable-risk classification and trisomy 4 as the sole ab-
normality, confirming the findings of Chilton et al.6  
Secondary chromosome aberrations can be detected in 
more than three quarters of cases with trisomy 4.  The 
most frequent secondary chromosome aberrations in our 
cohort were trisomy 8 and in roughly half of the cases a 
complex karyotype. In contrast to previous reports, we did 
not observe a high frequency of FLT3-ITD7 or NPM1 muta-
tions in our cohort.27 Although cKIT is located on chromo-
some 4q12, mutations in cKIT seem to be infrequent in 
patients with trisomy 4.7 Nevertheless, we cannot exclude 
KIT  overexpression,  as  a  result  of  chromosomal  gain, 
which may contribute to leukemogenesis in these cases, 

particularly in those with trisomy 4 as a sole abnormality. 
In  a  small  subset  of  our  patients,  next-generation  se-
quencing  data were  available.  Regarding  the  molecular 
make-up, our data are in line with those of Bhatnagar et 
al.27 Besides NPM1 and FLT3, the most frequently mutated 
genes were TET2, RUNX1, DNMT3A and IDH1/2. In contrast 
to us, Bhatnagar et al. did not identify any case with an 
ASXL1 or WT1 mutation.27 To date, however, the pathogenic 
role of trisomy 4 per se in leukemogenesis is still unclear. 
An association of therapy-related AML and development 
of AML with trisomy 4 has been suggested,28 although not 
confirmed by others.7,29 We did not observe a high rate of 
patients with therapy-related AML in our cohort.  
Of note, allogeneic HSCT, particularly when performed in 
first complete remission, resulted in an equally high re-
lapse  rate  as  that  of  patients  receiving  consolidation 
chemotherapy and did not improve outcome in our cohort 
based on an Andersen-Gill model taking into account the 
time dependency of allogeneic HSCT. This is in line with 
our recent findings in a cohort of AML patients character-
ized by trisomy 19.30 Nonetheless, this is in contrast to 
previous reports31-33 focusing on other trisomies such as 
+8, +11, +13 and +21 and may indicate that the outcomes 
of patients with trisomies need to be evaluated individ-
ually. However, we would like to emphasize that retro-
spectively collected data have serious limitations since 
the factors for allocating patients to allogeneic HSCT, such 
as co-morbidities, individual assessment of the treating 
physician,  choice  of  conditioning,  and  availability  of  a 
donor, remain unknown; this limitation also needs to be 
taken into account when assesing the value of allogeneic 
HSCT in our series. Additionally, data from multicenter co-
hort studies potentially introduce biases related to enroll-
ment criteria for those studies, which may have excluded 
certain populations.  
In conclusion, patients with trisomy 4 are very hetero-
geneous,  in  particular  with  respect  to  cytogenetic  and 
molecular abnormalities. In our cohort, patients with tri-

Figure 4. Cumulative incidences of relapse 
and death according to treatment strategy. 
These analyses included only patients who 
attained complete remission.  Allo-HCT: al-
logeneic hematopoietic stem cell transplan-
tation; CIR: cumulative incidence of relapse; 
CID: cumulative incidence of death.

Figure 3. Overall survival after allogeneic hematopoietic stem 
cell transplantation according to remission status. Allo-HCT: 
allogeneic hematopoietic stem cell transplantation; CR1; first 
complete remission.
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somy 4 as their sole abnormality as well as those with tri-
somy 4 in combination with ELN favorable-risk genetics 
had a high complete remission rate and favorable clinical 
outcome. Considering the whole cohort, allogeneic HSCT 
appeared not to improve overall survival. The shortcom-
ings of retrospective cohort studies do, however, need to 
be taken into account.   
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