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Background

Acute promyelocytic leukemia (APL) is an acute myeloid leukemia (AML) subtype with
distinctive cell morphology, molecular presentation, clinical course, and treatment.
About 90% of APL patients present with hemorrhagic complications due to disseminated
intravascular coagulation (DIC). When APL is suspected, all-trans retinoic acid (ATRA)
treatment is recommended even before confirmation by molecular tests. Specific criteria
for differentiating unconfirmed APL from other AML subtypes with DIC are currently
lacking. We aimed to achieve the early diagnosis of APL from other AML types with DIC
by restricting the DIC criteria.

Methods
We retrospectively analyzed 29 patients newly diagnosed with AML accompanied by DIC
from January 2005 to January 2013.

Results

Fibrin degradation products (FDP) (77.7 pg/mL vs. 23.7 pug/mL, P=0.026), D-dimer
(7,376.2 ng/mL vs. 1,315.2 ng/mL, P=0.018), and TIBC (264.4 pg/dL vs. 206.8 ug/dL,
P=0.046) were higher, while fibrinogen (133.8 mg/dL vs. 373.2 mg/dL, P<0.001), WBC
(14.988x107/L vs. 70.755x10%/L, P=0.015), and ESR (7.1 mm/h vs. 50.0 mm/h, P
<0.001) were lower in APL patients than in the patients with other AML subtypes. FDP
=27 pg/mlL, D-dimer =2,071 ng/mL, and fibrinogen <279 mg/dL were our threshold
values. These markers may be characteristic to APL and helpful in presumptive diagnosis.

Conclusion

APL may be differentiated from other AML subtypes by core markers of DIC (FDP, D-dimer,
and fibrinogen). We suggest that clinicians set new diagnostic thresholds by restricting
the DIC criteria. These findings support the early initiation of ATRA, prior to confirmation
by PML-RARA molecular testing.

Key Words  Acute myeloid leukemia, Acute promyelocytic leukemia, Disseminated
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INTRODUCTION

intravascular coagulation (DIC), which contributes to the
high mortality rate of this disease [2, 3]. In contrast to the
treatment for other subtypes of leukemia, all-trans retinoic

Acute promyelocytic leukemia (APL) accounts for 10%
of the total number of acute myeloid leukemia (AML) cases.
APL patients have cellular structures that are distinct from
those observed in patients with other AML subtypes; further
APL is accompanied by translocations in chromosomes 15
and 17 that result in a fused protein [1, 2]. Clinically, APL
has a high frequency of hemorrhage due to disseminated

acid (ATRA) has been used in the early-stage treatment
of APL since the 1980s. After the introduction of the ATRA
treatment, complete remission and patient survival rates have
increased, with many reports demonstrating complete re-
mission in over 90% of patients. ATRA can induce the differ-
entiation of APL cells, which decreases the frequency of
coagulopathy [4]. Because of this, when APL is suspected
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based on cell morphology, immunophenotype, and/or coa-
gulopathy with a positive DIC screen, physicians recom-
mended prompt ATRA treatment before confirmation by
chromosomal diagnosis [1, 5]. However, most patients with
other types of AML exhibit cytopenia with DIC due to severe
infection. Further, data on the differences in the patterns
of laboratory characteristics including the DIC profile of
patients with suspected APL and other types of AML with
DIC are lacking.

MATERIAL AND METHODS

Patients

We retrospectively analyzed 29 patients newly diagnosed
with AML accompanied by DIC at Chosun University hospi-
tal from January 2005 to January 2013. Blood tests were
performed for all patients at admission to establish the diag-
nostic criteria for DIC. Fourteen patients were diagnosed
with APL and the other 15 patients were diagnosed with
other subtypes of AML. The APL patients were diagnosed
based on the translocations in chromosomes 15 and 17.

Diagnosis

Diagnostic criteria for DIC

DIC was diagnosed using the overt DIC criteria of the
International Society on Thrombosis and Hemostasis. The
DIC score for all patients in this study was calculated based
on the assumption that they had risk factors for DIC (Table
1) [6, 7].

Statistical analyses

SPSS software 21.0 (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. Independent sample T test was
used to compare the 2 groups and a P value less than 0.05
was considered statistically significant. Receiver operating
characteristics (ROC) curve was used to set the diagnostic

Table 1. Overt DIC criteria (International Society on Thrombosis
and Hemostasis, 2001).

1. Risk assessment
Does the patient have an underlying disorder known to be
associated with DIC?
If yes: proceed; If no: do not use this algorithm
2. Order the global coagulation test
Platelet count, PT, fibrinogen, soluble fibrin monomers, or FDP
3. Global coagulation test scores
Platelet count (>100=0; <100=1; <50=2)
Elevated fibrin-related markers (no increase: 0; moderate
increase: 2; strong increase: 3)
Prolonged prothrombin time (<3 s=0; >3 but <6s=1; >6s
=2)
Fibrinogen level (>1.0 g/L=0; <1.0 g/L=1)
4. Calculate score
If =5: compatible with over DIC; repeat scoring daily
If <5: suggestive (not affirmative) for non-overt DIC; repeat in
the next 1-2 days

cut-off value for the blood test.
RESULTS

Characteristics of patients

The 14 patients (5 men and 9 women) diagnosed with
APL were aged 28-79 years (mean age, 49.3 years). The
15 patients (9 men and 6 women) who were diagnosed with
other subtypes of AML with DIC were aged 20-79 years
(mean age, 57.5 years). There was no significant difference
between the ages or genders of the 2 groups (Table 2).

Results of blood tests, including those for DIC

There was a significant difference in the mean number
of leukocytes (WBC) between the APL group and the other
AML group (APL: 14.988x10°/L vs. AML: 70.755x10°/L, P=
0.015). However, there was no significant difference in the
number of platelets (APL: 26.78x10°/L vs. AML: 33.80x10/L,
P=0.324) or the hemoglobin levels (APL: 8.03 g/dL vs. AML:
7.36 g/dL, P=0.412). There were significant differences in
fibrin degradation product (FDP) (APL: 77.7 pug/mL vs. AML:

Table 2. Comparison of the findings between APL patients and
patients with other AML subtypes with DIC.

Variable APL Olrzr/milt
subtype

Male/Female 5/9 9/6 0.272
Age (years) 49.3 57.5 0.23

WBC (><109/L) 14.988 70.755 0.015
Hb (g/dL) 8.03 7.36 0.412
Platelet (x10°%/L) 26.78 33.80 0.324
PT (s) 16.0 14.6 0.107
INR 1.43 1.26 0.071
aPTT (s) 28.7 29.6 0.691
FDP (ug/mL) 77.7 23.7 0.026
D-dimer (ng/mL) 7,376.2 1,315.2 0.018
Fibrinogen (mg/dL) 133.8 373.2 <0.001
LDH (U/L) 838.9 1,022.3 0.565
AST (U/L) 27.9 38.1 0.393
ALT (U/L) 21.0 36.3 0.305
Total bilirubin (mg/dL) 0.77 0.96 0.294
BUN (mg/dL) 16.6 21.1 0.518
Cr (mg/dL) 0.98 1.48 0.123
Triglyceride (mg/dL) 206.2 109.9 0.006
Cholesterol (mg/dL) 159 112 0.001
Fe (pg/dL) 135.4 120.0 0.469
TIBC (ug/dL) 264.4 206.8 0.046
Ferritin (ng/mL) 776.6 1,282.1 0.70

Transferrin (g/L) 1.79 1.29 0.005
CRP (mg/dL) 4.79 7.43 0.323
ESR (mm/h) 7.1 50.0 <0.001

Abbreviations: APL, acute promyelocytic leukemia; AML, acute
myeloid leukemia; DIC, disseminated intravascular coagulation;
WBC, white blood cell; Hb, hemoglobin; PT, prothrombin time;
INR, international normalized ratio; aPTT, activated partial throm-
boplastin time; FDP, fibrin degradation product; LDH, lactate
dehydrogenase; AST, aspartate transferase; ALT, alanine trans-
ferase; BUN, blood urea nitrogen; Cr, creatinine; Fe, ferrous iron;
TIBC, total iron binding capacity; CRP, C-reactive protein; ESR,
erythrocyte sedimentation rate.
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Table 3. Cut-off values for significant markers based on the ROC
curve.

Variable Cut-off value  Sensitivity (%) Specificity (%)
WBC (10°/1) 15.090 78.6 66.7
D-dimer (ng/mL) 2,071 90.9 86.7
FDP (ug/mL) 27 92.9 86.7
Fibrinogen (mg/dL) 279 92.9 86.7
ESR (mm/hr) 22.5 100 80
Transferrin (g/L) 1.52 78.6 78.6
TIBC (pg/dL) 244 61.5 64.3
TG (mg/dL) 118 92.9 86.7
Cholesterol (mg/dL) 128 85.7 73.3

Abbreviations: WBC, white blood cell; FDP, fibrin degradation
product; ESR, erythrocyte sedimentation rate; TIBC, total iron
binding capacity; TG, triglyceride.

23.7 pg/mL, P=0.026), D-dimer (APL: 7,376.2 ng/mL vs.
AML: 1,315.2 ng/mL, P=0.018), and fibrinogen (APL: 133.8
mg/dL vs. AML: 373.2 mg/dL, P<0. 001) levels. However,
there was no significant difference in the prothrombin time
(PT) (APL: 16.0 s vs. AML: 14.6 s, P=0.107) or the interna-
tional normalized ratio (INR) (APL: 1.43 vs. AML: 1.26,
P=0.071). Other laboratory findings that significantly dif-
fered were as follows: total iron binding capacity (TIBC)
(APL: 264.4 ng/dL vs. AML: 206.8 pg/dL, P=0.046), trans-
ferrin (APL: 1.79 g/L vs. AML: 1.29 g/L, P=0.005), erythrocyte
sedimentation rate (ESR) (APL: 7.1 mm/h vs. AML: 50.0
mm/h, P<0.001), and triglyceride (TG) (APL: 206.2 mg/dL
vs. AML: 109.9 mg/dL, P=0.006) (Table 2). We determined
the cut-off value of each significant factor using the ROC
curve. Our established values were as follows: FDP =27
pg/mL, D-dimer =2,071 ng/mL, and fibrinogen <279
mg/dL. Among these laboratory markers, ESR, D-dimer, FDP,
fibrinogen, and TG were reliable markers (Table 3).

DISCUSSION

Before the introduction of ATRA in the 1980s, the mortal-
ity rate of APL was high and complete remission was only
achieved in 65-80% of patients [8, 9]. Following the in-
troduction of ATRA and its combination with other anti-can-
cer therapies, the complete remission rate of APL reached
over 90% and the mortality rates also decreased. DIC is
a distinct coagulopathy disorder, which is noted in APL
patients [4]. Complications related to hemorrhages due to
DIC are serious issues in APL patients; hemorrhages have
been reported to occur in 90% of APL patients [3]. Moreover,
many studies conclude that hemorrhage is the primary cause
of deaths in APL cases [10, 11]. A prospective study conducted
on 279 patients showed that 18 patients (6.5%) suffered
from serious hemorrhage and 9 of them died due to the
hemorrhage; further, there was a significant difference in
the 5-year survival rate among patients depending on wheth-
er or not they had experienced a hemorrhage previously
(68.1% wvs. 31.1%; P<0.0001) [12]. In addition, a study con-

ducted among 157 Brazilian patients diagnosed with APL
reported that 50 patients (32%) died under induction therapy
and 34 patients (21.6%) died because of hemorrhage [13].

AML is classified into subtypes based on cell morphology
and results of cytochemistry, immunophenotyping, and cyto-
genetic tests. APL, a subtype of AML, is the most likely
diagnosis if both an abundance of Auer Rods and cells with
a high granular content are observed. However, typical mor-
phological traits are not found in all cases. APL may be
diagnosed based on the detection of the PML/RAR @ fusion
protein; however, reverse transcriptase polymerase chain re-
action (RT-PCR) for the fusion transcript takes 2 to 5 days
depending on the facility. Therefore, if a clinician suspects
APL based on clinical and laboratory findings (fatal coagulop-
athy) and peripheral blood smear results, ATRA is generally
prescribed at the standard dose of 45 mg/m” per day, without
confirmation by molecular tests. This treatment is given
emergently in divided doses, both to resolve the coagulopathy
and to initiate induction therapy [1, 2, 5]. ATRA can cause
mild side effects such as headache and arthralgia, or serious
side effects such as hypotension, cardiac insufficiency, peri-
cardial effusion, or pleural effusion. Other rare events include
acute pancreatitis, hypercalcemia, male infertility, bone mar-
row fibrosis, bone marrow necrosis, thromboembolic events,
and Sweet’s syndrome [14, 15]. However, in clinical settings,
owing to the adverse effects, most clinicians are cautious
about starting patients on an ATRA regimen before receiving
molecular confirmation of APL.

DIC can be caused by septicemia, trauma, and hemorrhage.
DIC and hemorrhage are highly probable in APL patients
and those with other subtypes of AML because of the accom-
panying thrombocytopenia and infection [6, 7]. To our
knowledge, no study has compared the differences in the
patterns of laboratory characteristics, including the DIC
profile. Therefore, we conducted this study to establish a
molecular profile for DIC between patients with suspected
APL and those with other types of AML with DIC.

In this study, among the components of the DIC criteria
(platelet count, prolonged PT, fibrinogen, and elevated fi-
brin-related markers such as FDP and D-dimer), FDP, D-dim-
er, and fibrinogen levels significantly differed between APL
patients and the patients with other subtypes of AML with
DIC. FDP and D-dimer levels were higher and the fibrinogen
level was lower in APL patients. With respect to the acute
phase markers, APL patients showed a significantly higher
TIBC and transferrin level and lower WBC count and ESR.
Moreover, the APL patients had higher TG and cholesterol
levels than those with other types of AML with DIC.

Acute phase proteins are a group of blood proteins that
help in restoring homeostasis and limiting microbial growth
in an antibody-independent manner in animals subjected
to infection, inflammation, surgical trauma, or stress [16].
The severity of the inflaimmatory response in sepsis is de-
termined by measuring changes in the levels of acute phase
proteins. During sepsis, ESR and CRP are increased and
the transferrin level is decreased. In addition, hypocholester-
olemia may be observed owing to metabolic decompensation.

Blood Res 2013;48:250-3.
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The level of hypocholesterolemia can be quantified based
on the level of acute phase response as well [17, 18]. In
conclusion, the DIC profile (increased FDP and D-dimer
and decreased fibrinogen levels) and the acute phase response
(increased ESR and decreased transferrin levels) as well as
hypocholesterolemia observed in patients with other sub-
types of AML are similar to those observed during infection.
In the APL group, ESR and the levels of transferrin and
cholesterol were within the reference range.

Based on our results, we established the cut-off value
of significant markers. The present findings can provide an
early diagnostic tool for APL. However, the study has some
limitations. The numbers of patients with APL is quite small
(N=14), because of which we are unsure if the proposed
laboratory score to identify APL cases from other AML pa-
tients with DIC would be valid. Therefore, further inves-
tigation using comparative study with another cohort of
patients is necessary. Nevertheless, thus far, there has been
no study about the presumptive diagnosis of APL using a
simple blood test. In addition, typical morphological traits
were not found in all the APL cases studied. In such cases,
physicians often require PMI/RARA identification for APL
diagnosis. In this case, our findings support the early ini-
tiation of ATRA treatment, prior to confirmation of
PML-RARA rearrangement.

In summary, APL is a distinct subtype of AML, which
is characterized by DIC. Among the components of the DIC
criteria (platelet count, prolonged PT, fibrinogen, and ele-
vated fibrin-related markers such as FDP and D-dimer), there
were significant differences in the FDP, D-dimer, and fibri-
nogen levels. Among the acute phase reactants, the other
significant markers were ESR, transferrin, and TIBC.
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