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Abstract. In order to explore the optimal timing for initiating 
cytoreduction chemotherapy following all‑trans retinoic acid 
plus arsenic trioxide administration, 58 newly diagnosed 
patients with acute promyelocytic leukemia (APL) with 
low‑intermediate mortality risk were retrospectively analyzed. 
During induction treatment, white blood cell (WBC) count 
>4x109/l and multiplication rate of WBC <3  days were 
defined as rapid WBC multiplication. Patients were divided 
into two groups: With or without rapid WBC multiplica‑
tion. Comparison between the two groups revealed that the 
incidence of differentiation syndrome (DS) (48.1% vs. 6.5%; 
P<0.001), grade  3‑4 bleeding (34.8%  vs.  6.5%; P=0.022) 
and peak WBC count (30.4±20.0x109/l vs. 8.67±5.4x109/l; 
P<0.001) were significantly higher in the group with rapid 
WBC multiplication compared with in the group without rapid 
WBC multiplication. No significant differences were observed 
in bone marrow depression, infection, complete remission 
(CR) rate, time to achieve CR and early mortality rate between 
the two groups. Multivariate analysis revealed that WBC 

count at chemotherapy initiation was an independent risk 
factor for the occurrence of DS (P=0.040). Peak WBC count 
and rapid WBC multiplication were significantly associated 
with grade 3‑4 bleeding (P=0.019 and P=0.002, respectively). 
Hence, WBC count at chemotherapy initiation along with its 
multiplication rate may direct the timing of cytoreduction 
chemotherapy during induction treatment in newly diagnosed 
APL with low‑intermediate risk.

Introduction

All‑trans retinoic acid (ATRA) and arsenic trioxide (ATO) are 
two basic drugs for induction treatment for newly diagnosed 
acute promyelocytic leukemia (APL). Based on numerous clin‑
ical trials (1,2), the National Comprehensive Cancer Network 
(NCCN) guideline recommends ATRA combined with ATO 
as the standard induction treatment for de novo APL with low 
risk [white blood cell (WBC) count <10x109/l (3). Only if there 
are any contraindications to arsenic, ATRA combined with 
idarubicin could be considered (4‑6). Chinese APL guideline 
also recommends ATRA combined with ATO as basic treat‑
ment for induction therapy for de novo APL (7). Anthracyclines 
or other cytoreduction chemotherapy could be chosen if WBC 
count is >10x109/l. After administration of ATRA and ATO, 
WBC count will typically rise and may lead to differentiation 
syndrome (DS). Cytoreduction chemotherapy may partially 
prevent or control the risks of DS. However, no guidelines 
give specific suggestions about when and how to initiate 
cytoreduction chemotherapy. Our previous research indicated 
that it was better to initiate cytoreduction chemotherapy when 
WBC count was between 4x109/l and 15x109/l during induc‑
tion treatment for APL with low‑intermediate risk (8). It is 
difficult for clinicians to decide to use chemotherapy when 
WBC count is not very high. However, the WBC count occa‑
sionally multiplies and exceeds 15x109/l very rapidly before 
clinicians can make a decision. To assess the appropriate time 
to initiate cytoreduction therapy during induction treatment, 
static WBC count may not be universally satisfactory. Hence, 
this study was designed to explore the relationship between the 
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multiplication rate of WBC count and clinical effects during 
ATRA plus ATO‑based induction treatment for patients with 
low‑intermediate risk APL.

Patients and methods

Patients. Between January 2015 and December 2020, a total 
of 92 newly diagnosed patients were admitted to our hema‑
tology department. Of these, 60 patients were categorized 
into the low‑intermediate risk group, and the remaining 
patients were categorized into the high risk group, based on 
Sanz's risk stratification model for survival prediction (9). All 
58 patients (34 males and 24 females), with a median age of 
34 years (range 17‑71 years)] with low‑intermediate risk, who 
had complete clinical data, were retrospectively enrolled in 
this study. Disease diagnosis was confirmed by bone marrow 
aspiration, chromosome karyotyping analysis, fluorescence 
in situ hybridization analysis and polymerase chain reaction. 
Informed consent prior to and regarding the treatment protocol 
was obtained from all patients analyzed in the present study.

Treatments. When a diagnosis of APL was suspected, 
ATRA (20  mg/m2/day) was administered at the earliest, 
until complete remission (CR) was achieved. All 58 patients 
received ATRA and ATO‑based induction treatment. If the 
WBC count increased, cytotoxic agents‑based chemotherapy 
was initiated based on the clinician's decision in order to 
reduce leukemia cells and prevent risks of DS. A total of 
19  cases received idarubicin (8  mg/m2/day on days  1‑3), 
32 cases received daunorubicin (45 mg/m2/day on days 1‑3), 
two cases received daunorubicin (45 mg/m2/day on days 1‑3) 
combined with cytarabine (100 mg/m2/day on days 1‑7), and 
five cases received only hydroxyurea (2.0‑3.0 g/day, adjusted 
according to blood cells). Blood product support was applied 
to maintain platelet (PLT) level ≥30x109/l, hemoglobin level 
≥70 g/l and plasma fibrinogen level ≥1.5 g/l. All adverse events 
related to treatments, including bone marrow depression, 
infection and bleeding, were graded according to the National 
Cancer Institute Common Terminology Criteria for Adverse 
Events version 4.03 (10).

Definitions and groups. DS was diagnosed based on the 
incidence of at least two of the following clinical features: 
Unexplained fever, acute respiratory distress with interstitial 
pulmonary infiltrates, acute renal failure, weight gain >5 kg, 
unexplained hypotension, and pleuropericardial effusion (11). 
Prevention strategies included dexamethasone (10 mg q12h), 
and discontinuation of ATRA and ATO. All 58 patients were 
categorized according to Sanz's risk stratification score (9) 
as low risk (WBC count <10.0x109/l and PLT ≥40.0x109/l at 
diagnosis) and intermediate risk (WBC count <10x109/l and 
PLT <40.0x109/l). CR was defined as the presence of <5% blast 
cells in bone marrow aspirates, PLT >100x109/l and no juvenile 
cells in peripheral blood according to the criteria established 
by the US National Cancer Institute (12). Early mortality was 
defined as fatality during induction treatment from the first 
day of hospitalization. Eastern Cooperative Oncology Group 
(ECOG) performance status score (0‑4 score) was applied 
to investigate the patient's physical status prior to chemo‑
therapy (13). WBC count >4x109/l and WBC multiplication 

time <3 days was defined as rapid WBC multiplication. Table I 
presents a comparison of the baseline clinical and laboratory 
parameters of the groups with rapid WBC multiplication and 
without rapid WBC multiplication.

Statistical analysis. Statistical analysis was performed with 
SPSS v.22.0 software (SPSS Inc.). All data were collected 
in December  2020. Clinical features are presented as 
percentages  (%) for categorical variables, and as mean 
values  ±  standard deviation for normally distributed 
continuous variables. The χ2  test was used to analyze the 
significance of differences in the distribution of categorical 
variables between the patient subsets, and the SNK method 
and Bonferroni's correction were used to compare the two 
groups. The unpaired Student's t‑test or Mann‑Whitney U test 
was used to analyze the significance of differences in the 
distributions of continuous parametric variables and ranked 
variables. Multivariate analysis was performed using a binary 
logistic regression model. WBC count at diagnosis, WBC 
count at chemotherapy initiation, peak WBC count, and with 
or without rapid WBC multiplication were considered in the 
multivariate analysis to evaluate their effects on DS, early 
mortality and grade 3‑4 bleeding. P<0.05 was considered to 
indicate statistical significance.

Results

Comparisons of clinical effects between patients with and 
without rapid WBC multiplication. Comparison of the 
baseline features, clinical and laboratory parameters is 
shown in Table I. No significant differences were found in 
age, gender and ECOG score between the two groups. WBC 
count at diagnosis was slightly higher in the group with rapid 
WBC multiplication (2.14±1.66 x109/l vs. 3.82±2.98 x109/l, 
P=0.013). There was no difference between the two groups 
in Sanz's risk stratification (P=0.121). Biochemical tests 
showed no differences in uric acid, albumin and creatine 
levels in patients with or without rapid WBC multiplication. 
Coagulation functions including activated partial thrombo‑
plastin, prothrombin time, fibrinogen and D‑dimer level were 
similar in the two groups.

As depicted in Table II, the incidence of DS was higher 
(48.1  vs.  6.5%, P=0.000), grade  3‑4 bleeding was more 
frequent (34.8 vs. 6.5%, P=0.022), and peak WBC count was 
higher (30.4±20.0x109/l vs. 8.67±5.4x109/l, P=0.000) in the 
rapid WBC multiplication group. There were no differences 
in bone marrow depression, infection, CR rate, time to achieve 
CR and early mortality rate between the two groups.

Multivariate associations. To further evaluate the effects 
of dynamic changes of WBC count during induction treat‑
ment on DS, early mortality and bleeding events, a binary 
logistic regression model was used. The results of multi‑
variate analysis revealed that WBC count at chemotherapy 
initiation was an independent risk factor for the occurrence 
of DS [P=0.040, odds ratio (OR)=1.0216, 95% confidence 
interval (CI)=1.009‑1.465]. Peak WBC count and rapid 
WBC multiplication were significantly related to grade 3‑4 
bleeding (P=0.019, OR=0.773, 95% CI=0.623‑0.959; P=0.002, 
OR=99.567, 95% CI=5.738‑1727.726). However, WBC count at 
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diagnosis, WBC count at chemotherapy initiation, peak WBC 
count and rapid WBC multiplication were not independent risk 
factors for early mortality (Table III).

Discussion

European Leukemia Net updated the recommendations for 
management of APL in 2019  (14). For non‑high‑risk APL 
patients (WBC ≤10x109/l), either ATRA plus ATO without 
chemotherapy or standard ATRA-idarubicin therapy were 
recommended as induction treatment, which was consistent 
with NCCN guidelines (3). In both guidelines, when and how 
to use cytoreduction therapy during ATRA plus ATO‑based 
induction treatment was not discussed. However, the risks of 
DS may increase with the increase of WBC count, which may 
lead to other serious side effects. Hence, a randomized clinical 
trial was designed to compare the efficacy of ATRA‑ATO 
vs. ATRA‑ATO plus chemotherapy in all‑risk patients with 
APL (15), but the results have not yet been published.

Our previous study found that WBC count can be conve‑
niently used to direct cytoreduction chemotherapy during 
induction treatment for low‑intermediate risk APL. When 

WBC count is between 4x109/l and 15x109/l, cytotoxic drugs 
could be initiated to control leukocytosis (8). However, for 
patients with different types of WBC count multiplication 
rate, single WBC count may be inadequate to decide on 
cytoreduction therapy. For slow type of WBC count multi‑
plication, cytoreduction therapy may be optional, even if 
WBC count increases to >10x109/l. However, patients whose 
WBC count doubles rapidly, cytoreduction therapy should 
be considered even if WBC count is <10x109/l because of 
DS risk. Hence, this study attempted to establish the effects 
of WBC dynamic changes along with static WBC count on 
early adverse events including early death, DS, grade 3‑4 
infection and bleeding.

Since there were no similar studies to be referred, we 
defined rapid WBC multiplication as WBC count >4x109/l 
and multiplication time <3 days. It was a grouping method 
based on clinical experience. Comparison results indicated 
that patients with rapid WBC multiplication rate had higher 
possibility of DS and grade 3‑4 bleeding, which was consistent 
with significantly higher peak WBC count in patients with 
rapid WBC multiplication. However, these adverse effects did 
not increase the incidence of early death. Multivariate analysis 

Table  I. Baseline demographic, clinical and laboratory characteristics of groups without (n=31) or with (n=27) rapid WBC 
multiplication. 

Characteristics	 Without rapid WBC multiplication	 With rapid WBC multiplication	 P‑value

Age, years	 34.7±14.2	 32.3±9.0	 0.425
  15‑54	 28 (90.3)	 27 (100.0)	
  55‑70	 3 (9.7)	 0 (0.0)	
Sex, male/female	 19/12	 15/12	 0.658
Sanz's risk stratification			   0.121
  Low risk	 10 (32.3)	 4 (14.8)	
  Intermediate risk	 21 (67.7)	 23 (85.2)	
ECOG score			   0.315
  1‑2	 19 (61.3)	 13 (48.1)	
  3‑4	 12 (38.7)	 14 (51.9)	
WBC count at diagnosis, x109/l	 2.14±1.66	 3.82±2.98	 0.013
Platelet count at diagnosis, x109/l	 37.5±39.3	 22.7±17.6	 0.067
LDH, IU/l	 303.3±170.7	 333.0±185.0	 0.542
Uric acid, µmol/l	 277.3±97.7	 297.4±92.6	 0.657
Albumin, g/l	 42.1±3.8	 43.4±8.12	 0.451
Creatine, µmol/l	 67.6±21.3	 67.6±22.3	 0.993
Activated partial thromboplastin, sec	 27.0±3.119	 44.2±50.2	 0.093
Prothrombin time, sec	 13.3±1.54	 33.1±54.1	 0.074
Fibrinogen, g/l	 1.51±0.86	 1.40±0.81	 0.608
D dimer, mg/l	 9.38±33.1	 1.73±1.33	 0.224
Cytotoxic agent distribution			   0.584
  Idarubicin	   8 (25.8)	 11 (40.7)	
  Daunorubicin	 17 (54.8)	 15 (55.6)	
  DA	 1 (3.2)	 1 (3.7)	
  Hydroxyurea	   5 (16.1)	 0 (0.0)	

Values are provided as n (%) or as the mean ± SD. ECOG, Eastern Cooperative Oncology Group; WBC, white blood cell; LDH, lactate 
dehydrogenase; DA, daunorubicin and cytarabine.
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further proved that WBC count in chemotherapy was the most 
important factor for DS, and WBC multiplication rate was 
closely related to serious bleeding events.

The main limitation of this study was its retrospective 
design. In this study, baseline characteristics between the two 
groups were not statistically equal, especially WBC count 
at diagnosis. However, mean WBC count at diagnosis in 
both groups was less than normal level. Further multivariate 
analysis showed that the WBC count at diagnosis was not the 
most important factor for DS, early mortality and grade 3‑4 
bleeding, compared to other three factors. To some extent, 
multivariate analysis corrected the bias caused by differences 
in baseline characteristics. Different from previous research, 

this study collected patient's data from another hospital, and 
all patients were treated with ATRA plus ATO. However, 
we obtained similar result that WBC count at chemotherapy 
initiation was associated with DS. 

Overall, WBC count at chemotherapy initiation along 
with WBC multiplication rate could direct the timing of 
cytoreduction chemotherapy during induction treatment 
in newly diagnosed acute promyelocytic leukemia with 
low‑intermediate risk.
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Table II. Comparison of clinical effects in groups without (n=31) or with (n=27) rapid WBC multiplication. 

Effects	 Without rapid WBC multiplication	 With rapid WBC multiplication	 P‑value

DS incidence 	 2 (6.5)	 13 (48.1)	 <0.001
Grade 3‑4 bone marrow depression	 26 (83.9)	 24 (88.9)	   0.864
Grade 3‑4 infection	 16 (51.6)	 13 (48.1)	   0.792
Grade 3‑4 bleeding 	 2 (6.5)	 8 (34.8)	   0.022
Valley WBC count x109/l	   1.11±0.66	  1.18±0.66	   0.695
Peak WBC count x109/l	 8.67±5.4	 30.4±20.0	 <0.001
CR rate	 28 (90.3)	 22 (81.5)	   0.554
Time to achieve CR, days	 32.4±13.2	 28.8±6.1	   0.247
Early mortality rate	 3 (9.7)	 5 (18.5)	   0.554
Mortality cause, n (%)			 
  Hemorrhage	  1 (33.3)	 3 (50.0)	 NA
  DS	  1 (33.3)	 1 (16.7)	
  Infection 	 0 (0.0)	 1 (16.7)	
  Other	  1 (33.3)	 1 (16.7)	

Values are provided as n (%) or as the mean ± SD. WBC, white blood cell; DS, differentiation syndrome; CR, complete remission; 
NA, not applicable. 

Table III. Multivariate analysis of WBC count at diagnosis and CT initiation, peak WBC count and rapid WBC multiplication.

			   Standard	 Wald			   95% confidence
Dependent variable	 Independent variables	 B	 error	 coefficient	 P‑value	 Odds ratio	 interval

Differentiation syndrome	 WBC count at diagnosis	 0.273	 0.169	 2.610	 0.106	 1.314	 0.943‑1.830
	 WBC count at CT initiation	 0.196	 0.095	 4.238	 0.040	 1.216	 1.009‑1.465
	 Peak WBC count	 0.016	 0.023	 0.489	 0.485	 1.016	 0.971‑1.064
	 Rapid WBC multiplication	 ‑0.987	 1.350	 0.534	 0.465	 0.373	 0.026‑5.259
Early mortality	 WBC count at diagnosis	 0.059	 0.161	 0.132	 0.716	 1.060	 0.773‑1.454
	 WBC count at CT initiation	 0.019	 0.043	 0.198	 0.656	 1.020	 0.936‑1.110
	 Peak WBC count	 0.000	 0.030	 0.000	 0.987	 1.000	 0.943‑1.059
	 Rapid WBC multiplication	 ‑0.622	 1.094	 0.323	 0.570	 0.537	 0.063‑4.586
Grade 3‑4 bleeding 	 WBC count at diagnosis	 ‑0.183	 0.216	 0.715	 0.398	 0.833	 0.546‑1.272
	 WBC count at CT initiation	 0.191	 0.109	 3.099	 0.078	 1.211	 0.979‑1.498
	 Peak WBC count	 ‑0.258	 0.110	 5.462	 0.019	 0.773	 0.623‑0.959
	 Rapid WBC multiplication	 4.601	 1.456	 9.985	 0.002	 99.567	 5.738‑1727.726

WBC, white blood cell; CT, chemotherapy.
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