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Abstract. The incidence, risk factors, and prognostic significance of extramedullary involvement 

(EMI) in adult patients with acute myeloid leukemia (AML) have not been established yet. This 

study analyzed clinical and biological characteristics, the impact on prognosis, and the cumulative 

incidence of EMI in a monocentric retrospective series. All adult patients diagnosed with AML 

observed in our institution between January 2010 and December 2017 were included in the 

analysis. 

Overall, 346 AMLs were analyzed. The incidence of EMI was 11% (38 patients). The involved sites 

were: skin (66%), central nervous system (CNS) (23%), pleura (7%), lymph nodes (5%), 

peritoneum (2%), spleen (2%), pancreas (2%), breasts (2%) and bones (2%). Most patients (91%) 

had only one EMI site, while 9% had multiple sites affected at the same time. Twenty-four (63%) 

patients showed signs of EMI at presentation, while extramedullary relapse occurred in 10 

patients (26%); 4 patients had EMI both at presentation and relapse. 

EMI had a significantly higher frequency in patients with monocytic and myelo-monocytic 

leukemia subtypes (p<0,0001), CD117-negative (p=0,03) at flow cytometry analysis, MLL 

rearrangements (p=0.001), trisomy 8 (p=0,02). 

An analysis regarding treatment, overall survival (OS), and disease-free survival (DFS) was 

performed only on the 28 patients who experienced EMI at the onset of their disease; one EMI 

patient receiving best supportive care was excluded from OS analysis. The other 27 patients were 

treated with:  conventional chemotherapy (21 patients), hypomethylating agents (5 patients), and 

low dose cytarabine (1 patient); 8 patients only (28.5%) received an allogeneic stem cell 

transplantation (allo-HSCT). After induction therapy, complete remission (CR) rate was 22%, 

with a median DFS of 7.4 months. The median OS of all 27 EMI patients was 11.6 months (range 

2-79); this resulted significantly longer for the 8 EMI patients who undergone allo-HSCT than 

those (19 patients) who did not receive this procedure (16.7 vs. 8.2 months respectively, p=0.02).  

Univariate and multivariate analyses showed that undergoing allo-HSCT and achieving CR were 

the main positive prognostic factors for our population's survival (p<0,0001). 

This study confirms the poor prognosis for EMI patients. Allo-HSCT, applicable however only in 

some cases, seems to have a crucial role in these patients' therapeutic approach, being associated 

with a better prognosis.  
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Introduction. Extramedullary involvement (EMI) refers 

to leukemic cells found in organs or tissue outside the 

blood or bone marrow.1 The most common sites of 

extramedullary disease are skin, bone, and lymph nodes.2 

Although the exact frequency is unknown, EMI has been 

estimated to occur in 3-8% of adult patients with acute 

myeloid leukemia (AML), and it can be diagnosed in 

concomitance, following or antedating the onset of the 

bone marrow involvement.3 EMI can be found either at 

diagnosis or relapse, and it can be associated with 

specific cytogenetic abnormalities, such as t(8;21) and 

inv(16), molecular mutations (MLL rearrangement, 

FLT3 mutations), flow cytometry markers (CD56, CD2, 

CD4, CD7), and a myelomonocytic or monocytic 

morphology.4 Nevertheless, the pathogenic mechanisms 

underlying EMI and risk factors are not precisely defined. 

It is described that leukemia cutis may have a 

predilection for previous or current inflammation sites, 

potentially through altering tissue-homing pathways.2 

The prognostic significance of EMI has not yet been 

fully understood, and there are no codified guidelines to 

choose the optimal treatment.  Some authors consider 

these patients at high risk, with a lower OS and DFS. On 

the other hand, others report that EMI is not an 

independent indicator of a worse prognosis than 

medullar disease alone.1 

This study retrospectively analyzes the incidence, risk 

factors, treatment outcomes, and overall prognosis in a 

cohort of adult patients with AML with EMI. 

 

Materials and Methods. Overall, we reviewed the 

medical records of 346 consecutive patients with a new 

AML diagnosis made between January 2010 and 

December 2017 in our institution.  

Although EMI can occur in acute promyelocytic 

leukemia (APL), as reported, we excluded from this 

study APL to avoid possible evaluation bias related to the 

unique behavior and different treatment of these forms. 

All other AML were included. 

EMI was defined as the presence of blasts in organs 

or tissues different from the blood or bone marrow, 

identified by clinical examination, imaging (computer 

tomography and/or magnetic resonance), and always 

confirmed by histopathology. 

A cutaneous localization was considered the 

infiltration of the epidermis, dermis, or subcutis by 

leukemic blastic cells with immunophenotype panel 

overlapping to bone marrow AML, resulting in clinically 

identifiable cutaneous lesions.5,6 

Central nervous system (CNS) leukemia was defined 

as the presence of leukemic blasts either in the 

cerebrospinal fluid (CSF) or in CNS organs regardless of 

clinical symptoms. Our diagnostic criteria were the 

unequivocal morphologic evidence of leukemic blast in 

CSF and/or WBC > 5 cells/mmc with less than 10 

erythrocytes/mmc.7 

For each EMI patient, we reported the site and the 

timing (at diagnosis vs. at relapse) of EMI.  

The study was approved by the Ethical Committees, 

and all patients gave informed consent to data collection 

and analysis. 

The collected data included several variables, such as 

age, sex, hemoglobin, white blood cells count, blasts and 

monocytes in peripheral blood and the bone marrow, 

LDH, lysozyme, the morphology of the blasts, 

cytogenetics, molecular biology, flow cytometry 

analysis, presence of either hepatomegaly or 

splenomegaly, complete remission (CR) after the first 

induction, overall survival (OS) and disease-free survival 

(DFS). 

Cytogenetic information at diagnosis was available 

for 208 patients; cytogenetic risk was assigned according 

to the 2017 ELN recommendations: the favorable risk 

category included patients with t(8;21) and inv(16); 

unfavorable risk category was defined by the presence of 

one or more of, -5/del(5q), -7/del(7q) and -3/del(3q) and 

complex karyotype Other cytogenetic patterns were 

considered intermediate risk.8 

Response criteria by the International Working Group 

(IWG) were considered to evaluate treatment response.9 

We defined Complete Remission (CR) as meeting all of 

the following response criteria for at least four weeks: < 

5% blasts in the bone marrow, no blasts with Auer rods, 

normal maturation of all cellular components in the bone 

marrow, No extramedullary disease (e.g., CNS, soft 

tissue disease), Neutrophils ≥ 1,000/µL, Platelets ≥ 

100,000/µL, transfusion independence. 

We defined a Relapse as the recurrence of disease 

after CR, meeting one or more of the following criteria: 

≥ 5% blasts in the marrow or peripheral blood, 

extramedullary disease, or disease presence determined 

by a physician upon clinical assessment. 

The Overall Survival (OS) of the population was 

calculated from the date of diagnosis to the date of the 

last follow-up for alive patients or the date of death for 

any cause. 

Disease-Free Survival (DFS) of the population was 

calculated from the date of the first remission to the date 

of the last follow-up or relapse for alive patients or to the 

date of death from any cause.  

 

Statistical Methods. Patient characteristics were reported 

using descriptive statistics. Categorial variables were 

shown as counts and percentages and continuous 

variables as median with range. The baseline 

characteristics distribution was compared between EMI 
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and non-EMI patients using the Chi-square test and T 

student test. We also performed multivariate analysis to 

study the influence of different variables on our patients' 

prognosis. 

OS was estimated with the Kaplan-Meier method, 

and the differences between groups were compared with 

the Log-rank test. 

Statistical significance level was considered for a p-

value less than 0.05. Statistical analyses were performed 

using Prism 7. 

Complete remission rate, OS, and DFS of EMI 

patients were compared with CR, OS, and DFS of AML 

patients without EMI treated with a similar therapy 

approach.  

 

Results. We identified 346 patients with AML, of whom 

38 patients (11%) presented EMI.  

Details about patients, laboratory characteristics of 

the disease, and therapeutic approaches are summarized 

in Table 1. We did not observe patients with myeloid 

sarcoma without bone marrow involvement during the 

study period.  

In the subgroup of patients with EMI, 24/38 were 

diagnosed with extramedullary involvement at diagnosis 

(63%), 10/38 had an extramedullary relapse (26%), 

while 4/38 patients had extramedullary disease both at 

diagnosis and at relapse (11%). Sites of EMI were: skin 

(22 patients, 58%), CNS (6 patients, 16%), lymph nodes 

(1 patient, 3%), pleura (2 patients, 5%), spleen (1 patient, 

3%), bone (1 patient, 3%), peritoneum (1 patient, 3%). 

Four patients had multiple localizations (11%) (skin, 

CNS, bones, pancreas, breast, pleural). (Figure 1)  All 

patients with CNS involvement presented signs and 

symptoms related to localization represented by facial 

nerve paresis in 5 cases and diplopy in 1 case.  

Median age was 65 years (18-89) for AML patients 

without and 62 (26-81) for patients with EMI (p-value = 

ns). The median value of hemoglobin for AML patients 

without EMI was 9 g/dl (range 3-15.5), while for EMI 

patients resulted 10 g/dl (range 6-14.8) [p- value 0.002]; 

the median WBC count was 11x109/L  for AML patients 

without EMI (0.7-400) and 11.5x109/L  (1.3-272) for 

EMI ones (p-value: ns). The mean percent bone marrow 

blasts were 33% for patients with AML (+/- 31%) and 

34% (+/- 27%) for EMI patients (p-value: ns) There were 

no differences in the average percentage of bone marrow 

blasts among EMI-negative and EMI-positive patients. 

The morphology was monocytoid in 16% of AML 

patients without EMI (50 patients), and in 66% of EMI 

patients (25 patients) (p-value = 0.0001). 
 

Table 1. Baseline characteristics of the study population. 

Characteristics Non EMI patients EMI patients p 

N (%) 308 (89) 38 (11)  

Median age (range) 65 (17-89) 62 (26-81) Ns 

Male/female 164/144 22/16 Ns 

Laboratory values, median (range) 

Hemoglobin, g/dl 9 (3-15.5) 10 (6-14.8) 0.002 

Platelets, x 109/l 64 (3-590) 61 (5-323) Ns 

White blood cells, 109/l 11.3 (0.7-400) 11.5 (1.3-272) Ns 

LDH, IU/l  400 (106-7565) 467 (124-3459) Ns 

Percent bone marrow blasrs, 

mean (SD) 
33.4 (31.7) 34.3 (27.14) Ns 

Morphology (%) 

Monocytoid 50 (16) 25 (66)  

Other morphologies 258 (84) 13 (34)  

Molecular biology (%) 

NPM1+ 32 (10) 5 (13) Ns 

FLT3+ 46 (18) 7 (20) Ns 

Karyotype (%) 

Normal karyotype 111 (61) 16 (62) Ns 

Trysomy 8 12 (6) 6 (23) 0.02 

Inversion (16) 11 (5) 2 (7) Ns 

11q23 abnormalities  7 (3) 6 (18) 0.001 

t(8;21) 7 (3) 1 (3) Ns 

Hct (%) 

Yes 81 (26) 13 (44) Ns 

No 223 (71) 25 (66)  
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Figure 1. Sites of extramedullary involvement for treatment phase of acute myeloid leukemia. 

 
Illustration shows distribution of extramedullary involvement for sites and phase of disease (at the onset of AML or relapse).  

  

At flow cytometry analysis, blasts of patients 

diagnosed with EMI often lacked the expression of 

CD117: 15/38 patients with EMI (43%) were CD117 

negative, versus 37/308 (19%) AML patients without 

EMI (p-value = 0.0035). 24 AML patients without EMI 

(12%) vs 9 EMI patients (26%) were CD56 positive (p = 

0.061); 28 AML patients (14%) vs 10 (29%) EMI patient 

were both CD56 negative and CD117 negative (p = 

0.046); 9 AML patients (5%) vs 5 (14%) EMI patients 

were at the same time CD56 positive and CD117 

negative (p = 0.42) (Table 2). 

The most frequent cytogenetic anomaly in EMI 

patients was trisomy 8 (23% of EMI patients vs 6% 

AML; p = 0.02), while t(8;21) and inv(16) were not 

significantly associated with EMI in our series (5% vs 

7% for inv16; 3% vs 3% for t(8;21)). 

NPM1 mutation was not more frequent in AML 

patients without EMI than EMI ones (10% vs 13%); 

similarly, 46/308 (18%) AML patients had FLT3 

mutation vs 7/38 (20%) EMI patients (p-value: 0.78). 

Thirteen patients among 346 AML patients (3.8%) 

had MLL rearrangements; 6/13 (46%) has been 

diagnosed with EMI (p = 0.001): 4 had leukemia cutis, 

one had a cutaneous and meningeal disease, and one had 

CNS localization only. 

Further analysis regarding treatment, OS, and DFS 

was performed only on the 28 patients who experienced 

EMI at the onset of their disease. One EMI  elderly 

patient, judged unfit for chemotherapy or 

hypomethylating agents due to age and comorbidities, 

received best supportive care only and was consequently 

excluded from OS analysis. Among the other EMI 

patients, 21 (55%) were treated with conventional 

chemotherapy, 5 with hypomethylating agents (13%), 

and 1 with low doses of cytarabine (3%).  

Only eight patients (28.5%) were considered eligible, 

by age and absence of significant comorbidities, for a 

consolidation therapy with allogeneic stem cell 

transplantation (allo-HSCT) from a matched sibling (6 

cases) or unrelated donor (2 cases): 5 patients received a 

myeloablative conditioning regimen, and three patients 

received a reduced-intensity conditioning regimen (RIC). 

Among the 27 patients with EMI included in the analysis, 

only 6 (22%) achieved CR versus an overall response 

rate of 123/163 AML patients without EMI (75 %) 

receiving similar therapeutic approaches (p-value < 

0.0085).  

No differences in DFS between EMI patients (7.4 

months) and non-EMI AML patients (14.7 months) (p-

value = 0.45) were observed. 

The median OS of the 27 EMI patients was 11.6 

months (2-79) (Figure 2).  

Focusing on OS of AML patients treated with 

standard chemotherapy, not significant differences 

emerged between OS of 21 EMI patients (12 months) 

versus OS of 163 AML patients without EMI treated 

with a similar approach (15.8 months) (p-value = 0.09). 

On  the  other  hand,  the  OS  of  EMI  patients  who 

undergone allo-HSCT (16.7 months) resulted 

significantly different from OS of EMI patients who  did
 

Table 2. Citofluorimetry markers of the study population. 

 EMI PATIENTS (%) NON EMI PATIENTS (%) P VALUE 

CD56-/CD117- 10 (29) 28 (14%) 0.046 

CD56+/CD117- 5 (14%) 9 (5%) 0.042 

CD56-/CD117+ 16 (46%) 145 (74%) 0.023 

CD117- 15 (43%) 37 (19%) 0.0035 

CD56+ 9 (26%) 24 (12%) 0.0612 
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Figure 2. Overall survival of 27 EMI patients who received treatment.  

 
Illustration shows the overall survival of 27 EMI patients who 

received treatment for the disease.  

 

not receive allo-HSCT (8.2 months) (p-value was 0.02). 

(Figure 3) 

Both univariate and multivariate analyses showed 

that the achievement of CR and allo-HSCT were the 

main prognostic factors for survival in the EMI 

population (p < 0.0001, IC 0.39-0.63; p < 0.0001, IC 

0.25-0.48 respectively).  

 

Discussion. EMI is reported in 2.5%-9.1% of patients 

with AML and occurs concomitantly, following, or, 

rarely, antedating the onset of systemic bone marrow 

leukemia.2 The most common locations include soft 

tissue, bone, gastrointestinal tract, and lymph nodes; the 

affection of the central nervous system is rare, with a 

reported frequency of 1.5%, which can have a crucial 

impact on the clinical course of the disease.10  

The overall incidence of EMI in our study is 11% but 

drops to 7% if considered at AML diagnosis. The 

appearance of EMI in the course of AML is a complex 

phenomenon, and it is associated with a series of clinical 

and laboratory characteristics, such as high levels of 

lactate-dehydrogenases (LDH) and leukocytosis.11 In our 

series, neither LDH levels nor leukocyte count was 

significantly associated with EMI. 

It is also described a higher incidence of EMI in 

patients with either a myelomonocytic or a monocitoyd 

differentiation of leukemia cells;12 this data was 

confirmed by our study also, where the rate of 

monocytoid differentiation of AML was significantly 

higher in EMI patients than in patients without EMI.  

As far as the disease's molecular biology is concerned, 

EMI has been described in association with mutations of 

NPM1, FLT3, and MLL rearrangements.13,14,15 We 

confirm that in our series, MLL mutations were 

frequently observed among EMI patients. 

Rearrangements of 11q23 are found in 11% of adult 

patients with AML and 20% of patients with AML and 

CNS involvement.11 Martinez-Climent et al. showed the 

relationship between MLL anomalies and EMI: in their 

study on a pediatric population of 36 patients with AML, 

11q23 rearrangements were significantly associated with 

leukocytosis, skin lesions, CNS localization of the 

disease, and a generally worse prognosis.16 Interestingly 

in our study, 67% of patients with MLL rearrangement 

and EMI had skin involvement, associated with CNS 

localization in 16% of cases and high LDH levels; unlike 

the study previously reported, in our series, MLL 

rearrangement did not impact on prognosis.  

Multiple chromosomal anomalies are reported as 

associated with extramedullary leukemia. Some 

common abnormalities are t(8,21) (q22;q22), inv(16), 

11q23, t(9;11), t(8;17), t(8;16), t(8;17), t(1;11), trisomy 

of chromosomes 4, 8, 11, monosomy 7, and deletions of 

chromosomes 5q, 16q, and 20q. Complex karyotype 

occurs in about 17%-39% of patients.17 In our series, no 

difference for complex karyotype was observed between 

EMI and non-EMI patients; differently trisomy of 

chromosome 8, which was the most frequent cytogenetic 

finding, was significantly more frequent in EMI patients.  

Factors significantly associated with EMI in our study 

(i.e., trisomy 8, MLL rearrangements, and monocytoid 

differentiation  of  AML) confirm the results of  a  study 

by Laursen et al.,18 which had described a correlation 

among  trisomy  8,  monocitoyd  morphology,  and  MLL

 
Figure 3. Overall survival according allo-HSCT.  

 
Illustration shows overall survival comparison of EMI patients who undergone allogeneic stem cell transplantation versus EMI patients who 

did not receive transplant.  
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rearrangements in this kind of patients.   

The prognostic impact of cytogenetic alterations in 

the presence of EMI has not been delineated; Byrd et al. 

showed that extramedullary leukemia adversely affected 

hematologic complete remission rate and overall 

survival in patients with t(8;21)(q22;q22).19  In our series 

among eight patients with t(8;21), only one patient had 

EMI, without any significant CR and OS differences than 

the other patients without EMI.   

The mechanism for EMI is not fully understood, but 

homing to extramedullary tissues may be altered due to 

the blast expression of different adhesion molecules. 

CD56 has been described as a cytofluorimetry risk factor 

for EMI, and it is also common in patients with t(8;21) 

and monocytic or myelomonocytic morphology.  Neural 

cell adhesion molecule is also highly expressed in breast, 

testicular, ovarian, and gut tissue, which could be EMI 

sites. Moreover, according to Bask et al., it has been 

described that the deregulation of CBF transcription 

factors in patients with inv(16) may play an important 

part in the pathogenesis of extramedullary involvement.2 

The lack of CD117 (c-kit) on the blast's surface has also 

been described as a possible enhancement of leukemic 

cell migrations in other sites than the bone marrow.20 In 

our study, the cytofluorimetric analysis of bone marrow 

samples showed that 43% of EMI patients were negative 

for CD117.  

Historically, extramedullary involvement has always 

been considered an adverse prognostic factor for adult 

patients with AML.21 In our series, the overall survival 

was not significantly different when comparing EMI 

patients to the rest of the population enrolled in this study. 

On the other hand, EMI had a negative impact on 

disease-free survival (DFS), which was significantly 

shorter in EMI patients.  

According to more recent data, the impact of EMI 

depends on the site involved and the other biological and 

cytogenetic characteristics of the disease.3 

Among factors that negatively influence EMI 

prognosis is above all the kind of extramedullary 

location: patients with CNS involvement with the same 

cytogenetic and molecular abnormalities compared to 

patients with AML without EMI reach less frequently 

CR and have a 5-year lower survival.7,11 Our data shows 

that the site of EMI had no significant impact on OS and 

DFS; in particular, although CNS involvement is 

generally considered an adverse prognostic factor,11 in 

our series OS of patients with neuromeningeal disease 

did not significantly differ from the OS of other EMI 

patients.  

Our data on OS in EMI patients are in line with those 

of Ganzel et al., who demonstrated that neither the 

presence of EMI nor the number of specific sites of EMI  

influenced prognosis individually in a multivariable 

analysis adjusted for known prognostic factors such as 

cytogenetic risk and WBC count, in a population of 3522 

adult patients with AML.22 

There is no consensus on the treatment of AML 

patients with EMI because of the disease's rarity and the 

lack of randomized controlled studies.17 In most single-

institution series previously published, AML-like 

induction therapy, followed by consolidation with either 

chemotherapy or allo-HSCT, is the current standard of 

care in fit patients.23 

Kaur et al.,23 in a retrospective review of 23 patients 

treated for EMI, reported that the overall survival was 

significantly improved for patients who achieved a 

complete response to induction chemotherapy. This data 

was also confirmed in our study, where complete 

remission achievement after induction chemotherapy 

emerged as one of the most significant factors in 

multivariate analysis.  

The possibility to perform allo‐HCT in our series 

showed to impact outcomes of patients positively. 

Previous retrospective studies have demonstrated 

superior outcomes using allogeneic or autologous stem 

cell transplant in EMI.24 Bourlon et al.1 investigated the 

impact of EMI at diagnosis on the outcome of 39 patients 

transplanted for AML in first complete remission; this 

study concluded that EMI at the diagnosis of AML did 

not seem to influence outcomes following allo-HSCT 

performed in first CR. 

Interestingly Goyal et al. found that the presence of 

extramedullary disease at any time before allo-HSCT did 

not adversely affect the outcomes, in terms of OS, 

leukemia-free survival, treatment-related mortality, or 

risk of relapse, in a large series of 814 EMI patients when 

compared with a cohort of AML patients without EMI.  

The relatively small cohort size of transplanted 

patients in our study did not allow conclusions about 

better conditioning regimens in EMI patients.  

 

Conclusions. From our study results, it has emerged that 

EMI incidence is not a rare event and affects a significant 

percentage of adult individuals with AML. In our case 

history, 11% of patients developed an extracellular 

localization of disease at onset and/or recurrence. 

Some features, as trisomy 8, CD117 negative in 

immunophenotype, and monocytoid differentiation and 

MLL rearrangement, could be risk factors for EMI in 

AML patients.  

The presence of an EMI does not in itself determine a 

reduced survival.  

The achievement of a complete response after 

treatment and the possibility of performing an allogeneic 

transplant is confirmed to be the main characteristics that 

allow us to identify patients with more prolonged 

survival. 
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