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Abstract

In acute promyelocytic leukemia, differentiation thera-
py based on all-trans-retinoic acid can be complicated
by the development of a differentiation syndrome (DS).
DS is a life-threatening complication, characterized by
respiratory distress, unexplained fever, weight gain, in-
terstitial lung infiltrates, pleural or pericardial effusions,
hypotension and acute renal failure. The diagnosis of
DS is made on clinical grounds and has proven to be
difficult, because none of the symptoms is pathogno-
monic for the syndrome without any definitive diagnos-
tic criteria. As DS can have subtle signs and symptoms
at presentation but progress rapidly, end-stage DS clini-
cal picture resembles the acute respiratory distress syn-
drome with extremely poor prognosis; so it is of abso-
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lute importance to be conscious of these complications
and initiate therapy as soon as it was suspected. The
radiologic appearance resembles the typical features of
cardiogenic pulmonary edema. Diagnosis of DS remains
a great skill for radiologists and haematologist but it
is of an utmost importance the cooperation in suspect
DS, detect the early signs of DS, examine the patients’
behaviour and rapidly detect the complications.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Aim of this review is to illustrate the spectrum
of chest imaging findings which lead to suspect a di-
agnosis of differentiation syndrome, which arise in pa-
tients suffering of Acute Promyelocytic Leukemia after
treatment with all-trans-retinoic acid or other differenti-
ating drugs, in order to facilitate the differential diagno-
sis with other life-threatening pulmonary complications
occurring in this subset of highly immunocompromised
patients.
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LEARNING OBJECTIVES

The treatment of acute promyelocytic leukemia with
agents capable of inducing the differentiation of leu-

August 28,2014 | Volume 6 | Issue 8 |



Cardinale L et a/. Imaging of all-trans-retinoic acid syndrome

kemic cells can be complicated by a peculiar syndrome,
named differentiation syndrome (DS); this was previ-
ously classified as retinoic acid syndrome, as all-trans-
retinoic acid (ATRA) was the first agent to be involved
in this complication. DS is a syndrome of cardiac and
respiratory distress which represents a life-threatening
complication, and is associated with severe morbidity and
mortality; so early diagnosis and immediate therapeutic
intervention are essential in reducing the risk of death".

In this work we illustrate the imaging findings on
chest X-ray, and in standard or high-resolution com-
puted tomography (CT) useful to suggest this uncom-
mon diagnosis. The aim of this work is to underline the
importance of an early diagnosis of DS, to show how
radiologists can confirm the diagnosis of DS, to stimulate
the cooperation and communication between radiologists
and clinicians.

BACKGROUND

Acute promyelocytic leukemia (APL), identified as acute
myeloid leukaemia (AML) M3 by the French-American-
English classification, is an acute myeloid disorder due to

a maturative block of myeloid precursor at the promy-
clocytic stage, leading to peculiar clinical manifestations,
and characterized by a reciprocal balanced translocation
between chromosome 15 and 17 #15, 17)”. APL repre-
sents about 10% of all AML in United States and Europe
ang&s more frequent in adults; median age at diagnosis is
40",

The finding of a translocation #15, 17), with a conse-
quent transcriptional fusion between promyelocytic leu-
kaemia (PML) gene and retinoic acid receptor-o. (RA4Ra)
gene, responsible of the maturative and differentiative
stop, offered the basis to develop a specific target therapy
with retinoic acid. PML-RARq, rearrangement is detect-
able in approximately 95% of APL cases””,

APL is usually a primitive disorder, but there are also
cases of APL arising following a previous exposure to
chemotherapy or radiotherapy[s’()].

On the clinical side APL represents a hematologic
emergency because of its typical presentation with pancy-
topenia and a life-threatening disseminated intravascular
coagulation, that enforces a quick start of treatment, even
before a cytogenetic and molecular diagnosis. Diagnosis
of APL is usually based on peripheral blood and bone
marrow morphology, supported by typical laboratory and
clinical picture. Confirmation then comes from the mo-
lecular finding of PMIL-RARq rearrangement. Treatment
of APL is based on the association of ATRA with con-
ventional chemotherapy (usually anthracyclines), or with
arsenic trioxide (ATO). Since the introduction of ATRA
in the treatment, the complete remission rate raised up to
90% and the 5-year disease free survival to 74%'”,

Induction treatment with ATRA and ATO, either as
a single agent or in combination with cytotoxic drugs,
can induce the DS™ in 2% to 31% of APL patientsm’m,
while the association with chemotherapy compared with
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Table 1 Signs and symptoms

Differentiation syndrome: Sign and symptoms

Elevated white blood cell count Weight gain > 5 kg
Dyspnea Bone pain
Respiratory distress Headache

Fever Hypotension

Pulmonary edema
Pulmonary infiltrates
Pleural and pericardial effusion

Congestive heart failure
Acute renal failure
Hepatotoxicity

ATRA as single-agent lead to a reduction risk of DS (9%
vs 18%-25%)">", Mortality due to DS has declined from
30% to 2%-10% because of the eatly recognition and
clinical intervention!”. Notably, DS is rarely seen during
consolidation and maintenance phases“z’m’m.

The pathophysiology of DS is not completely under-
stood. Both ATRA and ATO exert their action by deg-
radation of the PML-RARa fusion product. As a conse-
quence, malignant leukemic cells undergo differentiation
and final maturation"®"”.

Exposition to ATRA and ATO cause continued gen-
eration of inflammatory cytokines and adhesion mol-
ecules, with the consequent extravasation into the tissues
from the blood. Increased in cytokine and adhesion mol-
ecules level also occurs in liver, heart and spleenm’m.

DS is typically diagnosed during the first induction
treatment, more often 10 to 12 d after therapy start, with
a range of 2 to 46 dMEE Main symptoms at presen-
tation are fever, respiratory failure and fluid retention
with weight increase, occurring in around 80% of the
cases' """, Additional common findings are lung infiltrates
(50%), pericardial and pleural effusions (30%) and acute
renal failure (10% of the cases)'”. DS has to be distin-
guished from other clinical conditions which may occur
in the setting of acute leukaemia, including pulmonary
infection, leukostasis, and heart failure. Diagnosis of DS
is made when three or more of the symptoms and signs
listed in Table 1 are present. Clinical management and
outcome are greatly influenced by early pharmacologi-
cal treatment. Dexamethasone must be used at a dos-
age of 10 mg twice daily 7 as soon as DS is suspected.
Steroid treatment should continue until DS resolves, and
then the dosage can be gradually tapered in the follow-
ing weeks??. Hemodynamic and ventilatory support
is also indicated in severe cases, which may require ad-
mission at the intensive care unit. In Table 2, modified
from!”, the measures to be taken at suspicion of DS are
reported. Discontinuation of treatment with ATRA (or
ATO) is mandatory in severe DS cases'’l. Corticosteroid
are commonly used as DS prophylaxis, although there
is no evidence that such treatment may ameliorate the
morbidity and mortality of DS. However, in patients with
leukocytosis at diagnosis (white blood cells > 5 X 10°/1),
preemptive steroids administration has been shown use-
ful in reducing incidence and severity of DS. No definite
risk factors for developing DS were found, but a close
monitoring of patients presenting with hyperleukocytosis
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Figure 1 Correlation between white blood cell count and chest X-ray. Note that the worsening of chest X-ray is directly linked with the fall of white blood cell due
to the massive differentiation during the onset of differentiation syndrome. References: Institute of Radiology, Department of Clinical and Biological Sciences of Uni-
versity of Turin, AOU S. Luigi Gonzaga, Regione Gonzole 10, 10043 Orbassano, Torino, Italy. WBC: White blood cells.

Table 2 Measures at suspicion of differentiation syndrome

Measures at suspicion of DS

Chest X-ray, renal function (creatinine and urea), hepatic function (amino
transferases and bilirubin), blood cell counts, coagulation test, oxygen
saturation

Weight monitoring

Ventilatory support/ Oz supplementation

Blood pressure maintenance measures

Fluid restriction (renal failure)

Steroid administration at first suspicion: dexamethasone 10 mg twice
daily until clinical resolution, then tapered dose for a few days
Suspend ATRA or ATO in severe cases, which can be restarted after
clinical improvement. If DS recurs after restart, ATRA must be defini-
tively discontinued during induction

Some patients have DS that is refractory to corticosteroids. There are yet
no widely accepted alternatives to it. It seems reasonable to employ, in
the future, agents that block migration, adhesion or transmigration of
APL cells. References: Institute of Radiology, Department of Clinical and
Biological Sciences of University of Turin, AOU S.Luigi Gonzaga, Regione
Gonzole 10, 10043 Orbassano, Torino, Italy. DS: Differentiation syndrome;
ATRA: All-trans-retinoic acid; ATO: Arsenic-trioxide.

is recommended”™”.

A better knowledge and early identification of DS,
with rapid initiation of treatment, allowed to obtain a
decrease in mortality associated with APL in the recent
years.

IMAGING FINDINGS

As stated before, there are no clinical signs or laboratory
tests to diagnose DS, nor is there a radiological finding
pathognomonic for DS.

Radiologic features may be explained by the proposed
hypotheses of pathophysiology of the DSP. Most of
the patients with DS showed cardiomegaly, widening of
the vascular pedicle width, increased pulmonary blood
volume, peribronchial cuff, ground-glass opacity, septal
lines, and pleural effusion: these findings are similar to
those of congestive heart failure with pulmonary edema,
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but they could also probably be produced by leukemic
lung infiltration and endothelial leakage™”.

If the disease progresses, acute respiratory distress
syndrome develops. Diffuse alveolar damage and massive
intra-alveolar hemorrhage were found in a necropsy pa-
tient study by Frankel ¢z 2/”. Endothelial cell damage, in-
cluding intra-alveolar oedema, intra-alveolar hemorrhage,
and fibrinous exudate, were found by Tallman ez al” and
by Nicolls e al’". Others histological analysis of lungs re-
ported extensive interstitial and alveolar lung infiltration
by maturing myeloid cells, endothelial cells damage, oede-
ma, hemorrhage, and fibrinous exudates that correspond
in poorly defined centrolobular nodules and ground-glass
opacity with or without interlobular septal thickening.

To our knowledge only a few cases are reported
describing the CT aspect in DS: Davis ez al™” reported
CT findings in three patients with DS. CT findings were
peripheral nodules reticular and ground-glass opacity and
pleural effusions. They also reported the case of a patient
with DS who developed pneumothorax[zs].

In mild DS, lesions are prevalent in the lower lobes,
while in severe DS, lesions are ubiquitary, with no differ-
ence within peripheral or central regions'™”.,

In Figure 1, we present the correlation with radiologi-
cal findings and white blood cells (WBC). The pathogen-
esis of DS suggest that this syndrome is due to a massive
lung interstitial invasion by leukemic cells. The finding
of a negative peak of WBC nearly contemporary to the
massive lung oedema seems to confirm this theory.

Patients with PML and DS have an highly compro-
mised immune system; therefore, it is not a rare event to
find other concurrent pathologic conditions as pneumo-
nia or fungine infections which can confound the radio-
logical picture of DS/ATRA syndrome.

CT findings of ATRA syndrome are nonspecific (Fig-
ure 2).

All findings have differential diagnoses: leukemic infil-
trates, drug toxicity, pulmonary edema, hemorrhage, can
all have similar appearances.
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Figure 2 Photograph. A: Chest X-ray shows subtile patchy ground glass opacities of the middle inferior lung fields; B: Computed tomography scans of the same
patient as Figure 4 shows patchy ground glass opacities (a, b and c) with interlobar septal thickening (arrows in d). References: Institute of Radiology, Department of
Clinical and Biological Sciences of University of Turin, AOU S.Luigi Gonzaga, Regione Gonzole 10, 10043 Orbassano, Torino, Italy.

Figure 3 Supine Chest X-ray showing bilateral, asymmetrical patchy con-
solidation. Septal lines and pleural effusions are absent. Based on the only
radiologic features, it would be difficult to differentiate one fromacute respiratory
distress syndrome or hemorrhage on these findings. References: Institute of
Radiology, Department of Clinical and Biological Sciences of University of Turin,
AOU S.Luigi Gonzaga, Regione Gonzole 10, 10043 Orbassano, Torino, Italy.
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Although the imaging features are not characteristic,
in combination with the clinical picture, they may con-
tribute to the eatly identification of DS and consequently
to its fast resolution (Figures 3 and 4).

CONCLUSION

Diagnosis of DS requires a great skill for radiologists and
hematologists, and cooperation and treatment is of ut-
most importance when DS is confirmed.

Chest X-ray still remains the first imaging step, but
often, in mild cases, it is not sufficient.

In summary chest X-ray features include increased
cardiothoracic ratio and vascular pedicle width, interstitial
edema with peribronchial cuffing and Kerley lines.

The chest CT is useful to evaluate the lung paren-
chyma and also to discover other signs of severity, as
pericardial and pleural effusions, and sometimes to find

August 28,2014 | Volume 6 | Issue 8 |



Cardinale L et a/. Imaging of all-trans-retinoic acid syndrome

Figure 4 Chest X-ray in patient with differentiation syndrome showed mild
cardiomegaly and increased pulmonary vascular marking in both lungs
with thickening of small fissure and minimal pleural effusion on the right
side seen as obliteration of right costo-phrenic angle: These findings
are similar to those of congestive heart failure with pulmonary edema. In
contrast with congestive heart failure the time for the complete healing is long,
and is similar to that of interstitial pneumonia or acute respiratory distress syn-
drome. References: Institute of Radiology, Department of Clinical and Biological
Sciences of University of Turin, AOU S.Luigi Gonzaga, Regione Gonzole 10,
10043 Orbassano, Torino, Italy.

others concurrent lung infections.

Take home message: (1) Suspect DS in patient with
acute APL under treatment with ATRA and/or arsenic
trioxide; (2) Detect the eatly signs of DS to confirm the
clinical diagnosis; (3) Examine the patient’s behaviour;
and (4) Rapidly detect and treat the complications.
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