
Case report

INTRODUCTION
According to the World Health Organization (WHO), 

acute myeloid leukemia (AML) is a complex diagnosis that 
requires information on the morphologic, immunopheno-
typic, and molecular/cytogenetic features of leukemic cells.   
Flow cytometric immunophenotyping is a useful tool for 
classifying AML.   Flow cytometry could help diagnose acute 
promyelocytic leukemia (APL).   It is well known that malig-
nant promyelocytes are characterized by HLA-DR and CD34 
negativity.1   In 2004, Kussick et al. described the presence of 
blasts with cup-like nuclei in AML cases for the first time.   
They found that AML cases with cup-like nuclei were associ-
ated with CD34 and HLA-DR negativity, a normal karyo-
type, and fms-like tyrosine kinase-internal tandem duplica-
tion (FLT3-ITD) mutations.2   In addition, cases of AML with 
cup-like nuclei had been reported to be associated with the 
female sex, higher complete remission (CR) rates, French-
American-British (FAB) AML-M1, high total leukocyte 
count, a high bone marrow blast percentage, the absence of 
CD7, high D-dimer levels, and myeloperoxidase positivity.3-5   
Due to these unique characteristics, recognition of this mor-
phology is recommended.   Herein, we studied a cohort of 
Japanese patients with AML with cup-like nuclei and 

attempted to define their characteristics in as much detail as 
possible.

MATERIALS AND METHODS
This study was a retrospective review of medical records 

from patients diagnosed with de novo AML at Juntendo 
University Shizuoka Hospital between April 2017 and 
September 2017.   Cup-like morphology was defined as cup-
like nuclear invagination spanning ≥ 25% of the nuclear 
diameter in > 10% of the blasts, as previously described.2   
Disseminated intravascular coagulation (DIC) was defined 
according to the criteria of the Japanese Ministry of Health 
and Welfare.6   To compare the different patient groups, we 
applied Fisher’s exact test for categorical variables.   All 
p-values ≤ 0.05 were considered significant.   All statistical 
analyses were performed using EZR (Saitama Medical 
Center, Jichi Medical University, Saitama, Japan),7 which is a 
graphical user interface for R (The R Foundation for 
Statistical Computing, Vienna, Austria).   More precisely, it is 
a modified version of R commander designed to add statisti-
cal functions frequently used in biostatistics.   The study pro-
tocol was approved by the Ethics Committee of the Juntendo 
University Shizuoka Hospital.
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CASE REPORT
In total, 13 patients diagnosed with de novo AML during 

the study period were included.   Of these patients, 8 (61.5%) 
were men.   Representative cup-like blasts are shown in Fig. 
1A with marked myeloperoxidase positivity (Fig. 1B).   May-
Grunwald Giemsa bone marrow smears from case 1 demon-
strate the cup-like nature of the nuclear invaginations in 
many of the blasts.   The blasts were intermediate-sized with 
scant cytoplasm.   Auer rods were not seen.   Prominent 
nuclear invaginations were identified in > 10% of the blasts 
in each patient.   Overall, 3 patients (23%) were diagnosed 
with cup-like AML, while 10 patients were diagnosed with 
other forms of AML and comprised the control group (Table 
1).   The median age of patients with cup-like AML was 82 
(range, 79–83) years.   Cup-like AML, when compared to 
other forms of AML, was associated with a higher leukocyte 
count (193.8 × 109/L and 4.6 × 109/L, respectively; p <0.01), 
a higher bone marrow blast percentage (98% and 37.5%, 
respectively; p <0.001), CD34 negativity (100% and 10%, 
respectively; p <0.001), and HLA-DR negativity (100% and 
0%, respectively; p <0.001).   Notably, all differences were 
statistically significant (p <0.05).   All 3 patients with cup-
like AML presented with FLT3-ITD mutations.   They did 
not have PML-RARA gene fusion and variant mutations of 
RARA.   Moreover, we found that patients with cup-like 
AML were significantly more likely to develop DIC than 
patients with other forms of AML (100% vs. 10%, respec-
tively; p <0.001) and acute cerebral infarction (66.7% vs. 
0%, respectively; p <0.01).   All acute cerebral infarctions 
were atherothrombotic brain infarctions and occurred after 
initial treatment.   Although female sex and higher CR rates 
were reportedly associated with cup-like AML in the litera-
ture, they were not found to be associated in our cohort (data 
not shown).

DISCUSSION
We investigated a cohort of Japanese patients with cup-

like AML.   The prevalence of AML with cup-like nuclei 

among all patients with AML has been reported to be 
1–10%.3,8   However, the frequency (23%) was higher at our 
hospital.   Although this was a small study conducted in a 
single institute, our results show that AML with cup-like 
nuclei may be more common than expected.   The prevalence 
of cup-like AML may be higher in patients in Japan than 
those in the United States and Europe.   AML with cup-like 
nuclei was not listed in the 2016 revision to the WHO classi-
fication of myeloid neoplasms and acute leukemias.9   
Therefore, AML with cup-like nuclei may be underestimated 
and insufficiently studied.   These blasts are typically nega-
tive for CD34 and HLA-DR on immunophenotyping and 
show laboratory evidence of DIC.   Therefore, it is possible 
that cup-like AML may be misdiagnosed as APL,10 and rec-
ognition of this morphology is recommended.   In this cohort, 
cup-like AML was associated with a high leukocyte count, a 
high bone marrow blast percentage, and CD34 and HLA-DR 
negativity, similar to previous reports.   Sex and response 
might not have been associated with cup-like AML in this 
cohort.   Notably, we have reported a high incidence of DIC 
with high fibrinogen degradation products (FDP) in patients 
with AML with cup-like nuclei.   The median FDP value was 
81.3 (range, 73.1–101.1) μg/mL (Table 1).

Two of the 3 patients with AML with cup-like nuclei had 
cerebral infarction.   Therefore, we consider that DIC in cup-
like AML cases is of a thrombotic phenotype.   Tissue factor 
and annexin II are considered to play a role in the develop-
ment of DIC in APL.11   However, the mechanism of DIC in 
cup-like AML cases is not completely understood.   Although 
cup-like AML blasts are rich in azure granules such as APL, 
the DIC pattern in cup-like AML is a thrombotic phenotype.   
Therefore, the mechanism of DIC may differ from that of 
APL.   A normal karyotype and elevated leukocyte count 
have been reported as risk factors for DIC in non-promyelo-
cytic AML.12   As cup-like AML cases are associated with a 
normal karyotype and an elevated leukocyte count, a high 
incidence of DIC and acute cerebral infarction may be 
observed.   In our study, all 3 patients showed excessive 
white blood cell counts, which has been reported to be a pre-
dictor of cerebral hemorrhage in patients with acute leuke-

Fig. 1.  Blasts showing typical cup-like nuclei
(A) Typical blasts with cup-like nuclei (arrows), May-Grunwald Giemsa staining (×1000); (B) Blasts 
showing strong myeloperoxidase positivity, myeloperoxidase staining (×1000)
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mia.13   The correlation between cerebral infarction and 
hyperleukocytosis in non-APL AML patients is unclear; 
blasts with cup-like nuclei may be an important risk factor 
for cerebral infarction.   A limitation of this study was that we 
did not measure D-dimer, plasmin-alpha2-plasmin inhibitor 
complex, and thrombin-antithrombin complex.

Patients with cup-like AML have been reported to be 
treated with therapy consisting of anthracycline and cytara-
bine.10   However, appropriate management for cup-like AML 
and DIC was not established.   Anticoagulant therapy in addi-
tion to treatment for underlying disease is recommended for 
DIC management.14   Therefore, prompt anticoagulant ther-
apy in addition to adequate chemotherapy for AML was con-
sidered a valid option.

Although cup-like AML was reportedly associated with 
higher CR rates, the high degree of FLT3 mutations was 
regarded as a negative prognostic marker.   Moreover, some 
studies have shown that blasts with cup-like nuclei did not 
affect the survival parameters.3-5,10   In our study, only 1 cup-
like AML case achieved CR after initial treatment, and, there-
fore, prognosis in such cases remains controversial.   While 
we did not examine nucleophosmin (NPM1) mutations, cup-
like AML cases have been reported to be associated with a 
high incidence of NPM1 mutations in addition to FLT3 muta-
tions.4   To elucidate the prognosis of cup-like AML cases, 
further studies are warranted.   AML with NPM1 mutation 
was listed in the 5th edition of the WHO Classification of 
Haematolymphoid Tumours and the new International 
Consensus Classification (ICC) of myeloid neoplasm and 
acute leukemia.15   In the updated classifications, the blast 
cutoff was changed for the diagnosis of acute leukemia.   
AML with NPM1 mutation is considered to be acute leuke-
mia without regard to blast cell count in the WHO classifica-
tion.   AML with mutated NPM1 requires at least 10% blasts 
for diagnosis in the ICC.   Although it is still unclear how 
NPM1 mutation contributes to the leukemogenesis of cup-
like AML, this type of AML has now been brought into the 
limelight, along with updates to its diagnostic criteria.

In conclusion, we report that AML with cup-like nuclei 
may be more common than expected, and there was found to 
be a high incidence of DIC and acute cerebral infarction in 
patients with AML with cup-like nuclei in a Japanese cohort.   
Due to these unique characteristics, recognition of this mor-
phology is recommended.
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