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Outline: Extrahematologic toxicity

Lo-Coco et al. N Engl J Med. 2013 Jul 11;369(2):111-21.
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- Differentiation Syndrome

- Cardiotoxicity

- Neurotoxicity

- Hepatotoxicity

Incidence 
Biology
Management



Differentiation Syndrome

Sthal et al. Br J Haematol. 2019 Oct;187(2):157-162.
Guarnera et al. Front Oncol. 2022 Apr 12;12:871590.
Montesinos et al. Blood. 2009 Jan 22;113(4):775-83.

Incidence: 2-50% 

Manifestations: Leucocytosis
Dyspnea
Pleural/Pericardial effusion
Fever > 38
Radiographic opacities
Hypotension
Renal failure
Weight gain > 5 kg

Timing: Median 12 days (Range 0-46) 

Diagnostic Criteria

Guarnera et al. Unpublished
Frankel et al. Ann Intern Med. 1992 Aug 15;117(4):292-6.
Woods et al. Cancers (Basel). 2023 Sep 28;15(19):4767.



Differentiation Syndrome

Pathogenesis

Cytokine release

Change in adhesion proteins

Guarnera et al. Unpublished
Rossi et al. Inflamm Allergy Drug Targets. 2008 Jun;7(2):85-93. 



Differentiation Syndrome Change in adhesion mechanisms/molecules

Luesink et al. Br J Haematol. 2010 Nov;151(3):209-20
Sarkar et al. J Med Case Rep. 2021 May 5;15(1):226.

Surface expression on molecules on NB-4 cells after treatment with ATRA

High-avidity β2 Integrins expression

Brown et al. Br J Haematol. 1999 Oct;107(1):86-98.
Larson et al. Blood. 1997 Oct 1;90(7):2747-56.



Differentiation Syndrome

ICAM-1 (CD54) expression

Cunha De Santis G et al. Haematologica. 2007 Dec;92(12):1615-22. 
Taraboletti et al. Int J Cancer. 1997 Jan 6;70(1):72-7.

Change in adhesion mechanisms/molecules



Differentiation Syndrome

Chemokine receptors expression: CCR1, CCR2, CCR3, CXCR1, CXCR2, CXCR4

Change in adhesion mechanisms: chemokines

Leukemic cells trafficking through 
interaction with CXCL12

Implicated in the pathogenesis of ARDS 
through interaction with CCL2 and CXCL8

Zhou et al. Int J Hematol. 2010 Mar;91(2):293-302.
Tsai et al. Eur Respir J. 2008 May;31(5):957-62. 
Luesnik et al. Blood. 2009 Dec 24;114(27):5512-21.

Chemokine production and expression: CCL1, CCL2, CCL4, CCL22



Differentiation Syndrome Change in adhesion mechanisms: chemokines

Tsai et al. Eur Respir J.  2008 May;31(5):957-62.
Falconi G. et al, selected presentation, 2024 APL meeting   

Chemokine production in the lungs

Human alveolar epithelial type II cell line
ATRA-treated NB4 cocultured with 

ATRA-treated NB4

DEXA DEXA



Sun et al. Exp Ther Med. 2023 Jan 31;25(3):118.

Differentiation Syndrome

Role of peptidylarginine deiminase 4 (PADI4) 



Differentiation Syndrome

High BMI
Hyperleukocytosis
High serum creatinine 

Outcome

Montesinos et al. Blood. 2009 Jan 22;113(4):775-83.
Breccia et al. Blood. 2012 Jan 5;119(1):49-54.
Jeddi et al. Leuk Res. 2010 Apr;34(4):545-7.
Minamiguchi et al. Ann Hematol. 2020 Dec;99(12):2787-2800.

Clinical Predictors
DS-related mortality <1%
Long-term inferior outcome ?

Sanz et al. Blood. 2019 Apr 11;133(15):1630-1643.

Prevention & management



Cardiotoxicity

Incidence: 10-20% 

Manifestations: Q-T prolungation
Torsades de pointes
Atrial flutter/Fibrillation
Ventricular tachycardia
Heart failure

Unnikrishnan et al. Br J Haematol. 2004 Mar;124(5):610-7.
Lo-Coco et al. N Engl J Med. 2013 Jul 11;369(2):111-21.
Burnett et al. Lancet Oncol. 2015 Oct;16(13):1295-305.
Wang et al. Biomed Pharmacother. 2023 Jun;162:114464. 



Cardiotoxicity Management

Sanz et al. Blood. 2019 Apr 11;133(15):1630-1643.



Neurotoxicity

Thakur et al. Int J Mol Sci. 2021 Sep 17;22(18):10077.
Loh et al. Br J Haematol. 2024 Jan 10.
Lo-Coco et al. N Engl J Med. 2013 Jul 11;369(2):111-21.
 

Incidence: 5-25% 

Manifestations: Peripheral Neuropathy
Encephalopathy
Seizure
Tremor
Ataxia



Loh et al. Br J Haematol. 2024 Jan 10. 

Neurotoxicity



Hepatotoxicity

Incidence: 65-92% 

Liu et al. Mol Med Rep. 2021 Jun;23(6):438.
Zhang et al. Biol Trace Elem Res. 2024 Jan;202(1):122-132.

Lo-Coco et al. N Engl J Med. 2013 Jul 11;369(2):111-21.
Burnett et al. Lancet Oncol. 2015 Oct;16(13):1295-305.

Manifestations: AST/ALT elevation
No clinical symptoms



- ATRA/ATO chemofree approach presents a good hematologic and not hematologic 
safety profile.

- Steroid prophylaxys is effective in preventing differentiation syndrome. Its 
management, through dexamethasone and temporary ATRA/ATO discontinuation, leads 
to a safe resolution in almost all cases.

- The administration of ATO requires a careful ECG surveillance and electrolyte 
monitoring, to promptly recognize cardiotoxicity.

- Neurotoxicity is observed in 5-25% of patients; in most of the cases the manifestations 
are mild and self-limiting or with mild residual symptoms.

- Hepatotoxicity is frequent, but transient and asymptomatic.

Take home messages



Thanks for the attention!


