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ABSTRACT 
 

Background: The combination of all trans-retinoic acid (ATRA) and voriconazole may lead to 
increased ATRA exposure resulting in a higher incidence of differentiation syndrome (DS).  
Patients and Methods: This single center analysis evaluated the incidence and outcomes of 
ATRA-induced DS in 46 adult patients with acute promyelocytic leukemia (APL) undergoing 
induction chemotherapy.   
Results: Thirty-one patients (69% by day 60) received a chemotherapy regimen including ATRA 
coinciding with voriconazole administration and 15 patients underwent treatment without 

Original Research Article 



 
 
 
 

Barreto et al.; BJMMR, 9(4): 1-8, 2015; Article no.BJMMR.17743 
 
 

 
2 
 

voriconazole. The overall incidence of DS was 36% (n=16) by day 60, with patients receiving 
voriconazole showing a trend towards a higher incidence (HR 2.31, CI 0.78-6.847, p=0.1308). This 
trend persisted after adjusting for BMI (HR 1.96, CI 0.65-5.94, p=0.23); however, a small number of 
DS events precluded statistical significance.   
Conclusion: A trend towards an increased incidence and severity of ATRA-mediated DS was 
seen in adult APL patients receiving voriconazole prophylaxis during induction chemotherapy. This 
important finding warrants validation in larger studies. 
 

 
Keywords:  Acute promyelocytic leukemia; all-trans retinoic acid (ATRA); voriconazole; differentiation 

syndrome. 
 

1. INTRODUCTION 

 
The differentiation syndrome (DS) is a potentially 
fatal complication related to all trans-retinoic acid 
(ATRA) use in induction chemotherapy for 
patients with acute promyelocytic leukemia 
(APL). While the exact pathogenesis of DS 
remains incompletely understood, reported 
incidence and mortality rates range between 2-
31% and 1-33% respectively [1-4]. Recent 
studies have shown that administration of 
corticosteroids at early onset can reduce the 
mortality; however, increased morbidity and 
increased use of hospital resources remains a 
major concern [5-9]. 

 

The metabolism of ATRA is mediated through 
human cytochrome P450 (CYP) enzyme 
pathways, most notably CYP2C9 and CYP3A4 
[10,11]. Triazole derivatives, such as 
voriconazole, are potent antifungal agents that 
act by inhibiting the Cytochrome P-450 mediated 
conversion of lanosterol to ergosterol [12]. 
Voriconazole is known to be a strong inhibitor of 
CYP2C9 and CYP2C19 with moderate inhibition 
of CYP3A4, in contrast to fluconazole which has 
less potent CYP interactions [13]. Other adverse 
effects of ATRA when combined with azole 
antifungals have been previously reported in 
case reports [14-18]. The potentially clinically 
significant drug-drug interaction with ATRA and 
voriconazole may lead to increased ATRA 
exposure resulting in a greater incidence and 
severity of DS. 

 

There has been a trend amongst leukemia 
physicians to support the use of voriconazole as 
antifungal prophylaxis. We conducted this study 
to report the incidence and outcomes of 
suspected DS during induction-phase treatment 
with ATRA, comparing patients with and without 
concomitant voriconazole administration. 
 

2. MATERIALS AND METHODS 
 
This single-center, retrospective chart review 
was conducted in accordance with the principles 
laid out in the Declaration of Helsinki approved 
by the Mayo Clinic Institutional Review Board.  
All patients provided consent for review of their 
medical records for research purposes. 
Consecutive adult patients with a diagnosis of 
APL between January 2000 and October 2011 
were evaluated. Patients were included if they 
were newly diagnosed or in their first relapse and 
undergoing intensive-phase treatment with a 
combination chemotherapy regimen that included 
ATRA. Patients were excluded if they received 
concomitant arsenic trioxide as part of their 
chemotherapy regimen.   
 
Diagnosis of APL was determined by bone 
marrow morphologic examination and confirmed 
through cytogenetic and molecular techniques 
[19]. ATRA-induced DS was defined as a clinical 
entity having 3 or more of the following criteria:  
elevated white blood cell (WBC) count, fever, 
chills, weight gain, dyspnea, hypoxia, respiratory 
distress, pulmonary infiltrates, pleural or 
pericardial effusion, hypotension, and renal 
failure. Patients meeting 4 or more of the above 
criteria were classified as having severe DS.  
The Sanz stratification model was used to stratify 
patients into three risk categories: low, 
intermediate and high [20]. Patients were also 
stratified into four different categories based on 
their body mass index (BMI): underweight, 
normal weight, overweight and obese as this has 
been shows to be a risk factor associated with 
the DS [21-24].   
 
2.1 Data Collection 
 
Clinical and demographic data were 
retrospectively abstracted.   Bone marrow biopsy 
slides, cytogenic and molecular results were 
centrally reviewed. Data collected for analysis 
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included voriconazole dose, route of 
administration, frequency, therapeutic drug 
monitoring, duration of therapy and days of 
overlap between voriconazole and ATRA use.  
Data for determination of DS included: elevated 
WBC, fever, chills, weight gain, dyspnea, 
hypoxia, respiratory distress, pulmonary 
infiltrates, pleural or pericardial effusion, 
hypotension, and elevated serum creatinine.  
Morbidity assessment included the necessity for: 
dexamethasone administration, duration of 
dexamethasone, rapid response activation, 
intensive care unit (ICU) admission, mechanical 
ventilation, vasopressor support, subspecialty 
consults and ICU length of stay. 
 
The primary endpoint was the incidence              
of proven or suspected DS up to 60 days        
after receiving induction-phase chemotherapy    
utilizing ATRA. Secondary endpoints included 
characterization of symptoms associated with DS 
diagnosis, severity of the ATRA-mediated DS, 
and need for ICU admission with intensive care 
support.   
 

2.2 Statistical Analysis 
 
A Cox proportional hazards model measured the 
association of voriconazole use and body mass 
index (BMI) with DS occurrence, where 
voriconazole use was considered a time-
dependent covariate. Cox proportional hazards 
models were then adjusted for one covariate at a 
time to determine an association of voriconazole 
and DS occurrence. Kaplan-Meier curve was 
used to summarize days to diagnosis of DS.  
Interobserver agreement was calculated by using 
the κ statistic and was interpreted utilizing the 
scale of Landis and Koch [25]. 
 

3. RESULTS AND DISCUSSION 
 
Forty-six (82%) of 56 consecutive patients with a 
diagnosis of APL between January 2000 and 
October 2011 met inclusion criteria. Patients 
were excluded due to an incomplete medical 
record (n=6), alternate diagnosis (n=2), and age 
less than 18 years (n=2). The clinical and  
demographic charactistics are shown in Table 1. 
Thirty-one patients (69% by day 60) received a 
chemotherapy regimen including ATRA 
coinciding with voriconazole administration and 
15 patients received the same without 
voriconazole prophylaxis. Patients received 
ATRA chemotherapy for a median of 46 days 
(IQR 22-56 days) and voriconazole for a median 
of 18 days (IQR 11 – 27 days). The median days 

of overlap between ATRA and voriconazole was 
18 days (IQR 7–27 days) and the median time 
between the start of ATRA administration and the 
addition of voriconazole was 4 days (IQR 0 - 8 
days). With the exception of BMI, which was 
positively related to receiving voriconazole 
therapy (HR 1.04, CI 1.001-1.078, p=0.0427), 
there was no difference between the two groups.   

 
Sixteen patients (36% by day 60) experienced 
the DS with a trend towards higher incidence in 
patients that also  received voriconazole (HR 
2.31, CI 0.78-6.874, p=0.1308). This trend 
persisted even after adjusting for BMI (HR 1.96, 
CI 0.65-5.94, p=0.23). Table 2 shows the 
relationship between voriconazole and DS when 
adjusting for WBC, peripheral blast count, serum 
albumin, lactate dehydrogenase, dexamethasone 
prophylaxis and interacting medications of the 
cytrochrome P450 3A4, 2C8, 2C9 and 2C19 
pathways concurrently being administered.  The 
hazard ratios and corresponding p-values for 
voriconazole are similar across all 12 multivariate 
Cox models. This demonstrates that the 
association between voriconazole and DS is 
unaffected by these well known, confounding 
variables and further establishes the trend of 
increased risk of DS when voriconazole is added 
to ATRA during induction chemotherapy. It must 
be acknowledged that adjusting for more than 
one variable at a time is not warranted because 
there are only 16 patients with DS and doing so 
could result in an over fitted model. 

 
The median number of DS-related symptoms 
was 4 (range 3-8) and the frequency of individual 
signs/symptoms were: dyspnea (87.5%), 
pulmonary infiltrates (81.25%), hypoxia (62.5%), 
fever (56.25%), pleural effusion (43.75%), 
hypotension (31.25%), pericardial effusion 
(12.5%), renal impairment (12.5%), and chills 
(6.25%). Twelve of 16 patients (75%) 
experiencing DS were classified as severe DS, 
including 8 that received voriconazole and 4 
patients who did not. Seven patients (44%) 
required ICU admission attributable to DS, five 
(71%) from the ATRA and voriconazole group 
and 2 from the ATRA only group. The particular 
constellation of signs and symptoms for each 
patient that met criteria for DS is provided in 
Table 3. The mean length of stay in the ICU was 
4 days (range, 1-7 days) and 29% required 
vasopressor support. No patients required 
mechanical intubation. The days from initiation of 
ATRA or voriconazole to diagnosis of DS are 
represented in the Kaplan-Meier curves in Fig. 1.  
One patient’s death was attributed to DS.    
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The definition of DS was based on previous 
studies [1-9]; however, the diagnosis remains 
subjective with a wide range of variability and 
lacks a general consensus. The κ value for 
interobserver agreement for the diagnosis of     
DS was 0.9042 (95% CI 0.7743-1.0000) 
demonstrating an almost perfect agreement 

among reviewers independently evaluating 
patient records according to the proposed 
definitions (J.N.B., J.C.K., C.S.P. and N.G.) 
according to Landis-Koch criteria [25]. This result 
validates the incidence of DS and strengthens 
the likelihood of the effect of adding voriconazole 
to ATRA.    

 
Table 1. Baseline characteristics of patients at time of inclusion 

 
Characteristic All patients  

n=46 
Hazard 
ratio 

95% HR        
confidence limits 

P value 

Age (years), median (range) 56 (18-80) 1.002 0.983–1.022 0.8179 
Male, No. (%) 27 (59) 1.784 0.838–3.796 0.1330 
Caucasian, No (%) 42 (91) 0.858 0.26–2.828 0.8009 
Body Mass Index, median (range) 
     WHO class II 
     WHO class III 
     WHO class IV 

31 (20-76) 
4 (9) 
17 (37) 
25 (54) 

1.039 
REF 
1.902 
1.9 

1.001–1.078 
REF 
0.424–8.520 
0.438–8.247 

0.0427 
 
0.4009 
0.3912 

Serum Creatinine, mg/dL, median (range) 0.9 (0.6-1.7) 1.082* 0.907–1.291* 0.3784 
Albumin, mg/dL, median (range) 3.9 (2.9-4.9) 1.833 0.819–4.104 0.4331 
LDH (per 100 Units), median (range) 233 (124-2412) 0.957† 0.874–1.047† 0.338 
WBC count, , x109/L, median (range)      
     <10 
     >10 

1.4 (0.2-79.9) 
38 (83) 
8 (17) 

1.003 
 
 

0.973–1.033 
 
 

0.8659 
 
 

Platelet count, x109/L, median (range) 
     <40 
     >40 

45.5 (10-330) 
20 (43) 
26 (57) 

1.005‡ 
 
 

0.96–1.051‡ 
 
 

0.8424 
 
 

Sanz risk assessment, no. (%) 
     Low 
     Intermediate 
     High 

 
24 (52) 
14 (30) 
8 (17) 

 
REF 
0.824 
1.143 

 
REF 
0.364–1.868 
0.446–2.929 

0.8142 
 
0.6436 
0.7813 

FAB subtype, no. (%) 
     Hypogranular 
     Hypergranular 
     Microgranular 

 
8 (17) 
37 (80) 
1 (2) 

 
REF 
1.166 
0 

 
REF 
0.486–3.448 
0–8.834 

0.6977 
 
 
 

PML-RARα isoform (%), median (range) 88 (0-99.2) 0.994 0.984–1.005 0.2979 
Peripheral Blasts (%), median (range) 3 (0-95) 0.997 0.985–1.008 0.5534 
Chemotherapy regimen,  
     ATRA+ Anthracycline 
     ATRA + Anthracycline + Cytarabine 
     ATRA monotherapy 

 
39 (85) 
5 (11) 
2 (4) 

 
∞ 
∞ 
REF 

 
1.171–∞ 
1.051–∞ 
REF 

0.0975 
 
 
 

Dexamethasone prophylaxis 5 (11) 0.516 0.123–2.162 0.3652 
CYP3A4 pathway 
     Inducer, n (%) 
     Inhibitor, n (%) 

 
11 (24) 
22 (48) 

 
1.087 
0.666 

 
0.486–2.433 
0.326–1.362 

 
0.8386 
0.2659 

CYP2C8 pathway  
     Inducer, n (%) 
     Inhibitor, n (%) 

 
0 (0) 
3 (7) 

 
N/A 
0.95 

 
N/A 
0.227–3.987 

 
N/A 
0.9446 

CYP2C9 pathway 
     Inducer, n (%) 
     Inhibitor, n (%) 

 
1 (2) 
15 (33) 

 
0 
0.573 

 
0–1.748 
0.256–1.284 

 
0.1355 
0.176 

CYP2C19 pathway 
     Inducer, n (%) 
     Inhibitor, n (%) 

 
3 (7) 
34 (74) 

 
0.935 
1.026 

 
0.223–3.925 
0.458–2.297 

 
0.9273 
0.9509 

WHO = World Health Organization; LDH = Lactose Dehydrogenase; WBC = White Blood Count;  
REF = Reference Value; * per 0.1 units; † per 100 units; ‡ per 10 units  
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The DS occurred in 36% of APL patients 
receiving ATRA based induction therapy by day 
60, consistent with previous studies [1-3]. 
Although numbers were limited for statistical 
significance, patients receiving concomitant 
antifungal prophylaxis with voriconazole were 
more likely to experience DS compared to those 
without. This trend persisted after adjusting for 
BMI. Admission to an ICU was necessary in 
almost half of patients experiencing DS.  Severe 
DS occurred in a majority of patients with a 
median of 4 symptoms establishing the diagnosis 
and resulted in the death of one patient.   

Limitations of this study include its retrospective 
design, small sample size, dependence on the 
accuracy and completeness of the medical 
record, and the many confounding variables 
interfering with an accurate diagnosis of the DS 
[1-9]. Distinguishing between DS and alternative 
clinical diagnoses remains subjective with a wide 
range of variability; however, our interobserver 
agreement of 0.9042 indicated minimal variation 
when utilizing pre-specified criteria and almost 
perfect agreement for the diagnosis of DS.  

 
Table 2. The relationship between voriconazole and DS adjusted by individual covariates 

 
Model Covariate Adjusted 

voriconazole hazard 
ratio 

Adjusted 
voriconazole HR 
95% CI 

P value 

1 WBC count 2.314 0.782–6.847 0.1297 
2 Peripheral blast count 2.138 0.721–6.345 0.1708 
3 Serum albumin 3.845 0.687–21.524 0.1254 
4 LDH (per 100 units) 2.752 0.8558–8.853 0.0895 
5 Dexamethasone 

prophylaxis 
2.149 0.726–6.357 1.1668 

6 CYP3A4 inducers 2.340 0.791–6.923 0.1243 
7 CYP3A4 inhibitors 2.456 0.822–7.332 0.1075 
8 CYP2C8 inhibitors 2.375 0.795–6.982 0.1219 
9 CYP2C9 inducers 2.738 0.85–8.819 0.0914 
10 CYP2C9 inhibitors 2.662 0.874–8.107 0.0850 
11 CYP2C19 inducers 2.201 0.735–6.595 0.1588 
12 CYP2C19 inhibitors 2.286 0.768–6.803 0.1372 

 

 
 

Fig. 1. Estimated days from initiation of voriconazole to diagnosis of DS 
Sixteen patients (36% by day 60) in total experienced the DS with a trend towards higher incidence  

in patients that received voriconazole (HR 2.31, CI 0.78-6.874, p=0.1308)
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Table 3. The signs and symptoms contributing to the diagnosis of DS in patients receiving ATRA during induction chemotherapy 
 

No Age 
(yrs) 

Sex Weight 
change (kg) 

WBC 
count 

Fever Chills Dyspnea Hypoxia Respiratory 
distress 

Pulmonary 
infiltrate on 
X-ray or CT 

Pericardial 
effusion 

Pleural 
effusion 

Hypo-
tension 

Renal 
impairment 

Total 
factors 

1 63.2 F -1.6 2.7 Yes No Yes Yes Yes Yes No No No No 5 
2 30.8 F -0.8 0.1 No No Yes No Yes Yes Yes Yes Yes No 6 
3 18.8 M -1.8 18.9 Yes No Yes Yes Yes Yes No Yes Yes No 8 
4 66.4 F 1.9 2.9 Yes No Yes Yes Yes No No Yes No No 5 
5 62.2 F -1.3 0.9 No No Yes Yes Yes Yes No No No No 4 
6 76.1 M 3.1 0.4 No No Yes No Yes Yes Yes No No No 5 
7 77.8 M 3.2 0.9 No No Yes Yes No Yes No Yes Yes No 6 
8 42.6 M 1.2 1.6 Yes Yes Yes No Yes Yes No No No No 5 
9 39.1 M 0.3 12.9 No No Yes Yes Yes No No No Yes Yes 6 
10 60.6 M -4.8 0.1 Yes No Yes No No Yes No No No No 3 
11 24.7 M 1.8 51.2 No No Yes Yes No Yes No Yes No No 5 
12 21 M 5.7 23.1 Yes No No No No No No No Yes Yes 5 
13 56 F 12.4 1.6 Yes No Yes Yes No Yes No No No No 5 
14 68 F 5.8 1.2 Yes No Yes Yes No Yes No Yes No No 6 
15 65 F 6.2 0.9 Yes No Yes Yes No Yes No Yes No No 6 
16 46 M -1.7 0.4 Yes No Yes No No Yes No No No No 3 
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4. CONCLUSION 
 
Our study demonstrates a trend towards 
increased incidence of ATRA-mediated DS in 
APL patients receiving voriconazole as fungal 
prophylaxis during induction therapy. Despite this 
being a non-statistically significant increase in 
DS, providers should exercise caution and 
vigilant monitoring for DS when using 
voriconazole concurrently with ATRA until 
additional, prospective investigation is 
conducted.   
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