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row capacity or late consolidation, we considered neutrophil 
recovery time and platelet recovery time and nadir-first con-
solidation durations in all patients in the cohort. Both the 
marrow recovery duration and the time between marrow 
aplasia and first consolidation were shorter in RT and RN pa-
tients. To our knowledge, this is the first study to report a 
correlation between RT/RN and prognosis in AML. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 Outcome prediction in acute myeloid leukemia (AML) 
is vital since most patients fail to be cured primarily be-
cause of resistance to therapy. The clinical outcomes of 
individual AML patients vary across a wide spectrum, 
ranging from living just a few days to cure of the disease 
 [1, 2] . The prognosis of AML and the resistance to treat-
ment could be predicted via clinical, cytogenetic, and mo-
lecular diagnostic methods  [1, 3–7] . Resistance predic-
tion in AML is extremely important for critical therapeu-
tic decisions and follow-up of the patient  [7] . The ability 
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 Abstract 

 There are very few data about the relationship between 
acute myeloid leukemia (AML) prognosis and bone marrow 
recovery kinetics following chemotherapy. In this study, we 
aimed to assess the prognostic importance and clinical as-
sociations of neutrophil and platelet recovery rates and re-
bound thrombocytosis (RT) or neutrophilia (RN) in the post-
chemotherapy period for newly diagnosed AML patients. De 
novo AML patients diagnosed between October 2002 and 
December 2013 were evaluated retrospectively. One hun-
dred patients were suitable for inclusion. Cox regression 
analysis using need for reinduction chemotherapy as a strat-
ification parameter revealed RT as the only parameter pre-
dictive of OS, with borderline statistical significance (p  = 
0.06, OR = 7; 95% CI 0.92–53), and it was the only parameter 
predictive of DFS (p = 0.024, OR = 10; 95% CI 1.3–75). In order 
to understand whether RT or RN was related to a better mar-
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to predict therapeutic resistance in AML is still based on 
the routinely available clinical covariates even in the pres-
ence of the most skilled advanced molecular methods  [7] . 
The relationship between a poor prognosis and residual 
blasts 7–10 days after AML induction chemotherapy is 
well known, and this evaluation is widely applied in clin-
ical practice for early reinduction  [8] .

  There are very few data about the relationship be-
tween AML prognosis and bone marrow recovery kinet-
ics following chemotherapy  [9, 10] . Thrombocytopenia, 
platelet recovery, thrombopoietin (TPO), and thrombo-
cytosis may be related to the clinicopathological course 
of AML  [11, 12] . The aim of this study is to assess the 
prognostic importance and clinical associations of neu-
trophil and platelet recovery rates and rebound throm-
bocytosis (RT) or neutrophilia (RN) in the postchemo-
therapy period in newly diagnosed AML patients. Eluci-
dation of the interrelationships between the cellular 
postchemotherapy recovery kinetics of bone marrow 
and the prognosis of AML is important for therapeutic 
decisions of patients during the long-term clinical course 
of AML.

  Patients and Methods 

 De novo AML patients diagnosed between October 2002 and 
December 2013 were evaluated retrospectively. They were pro-
spectively recorded during clinical follow-up. All of the studied 
patients with AML received induction/reinduction chemotherapy 
protocols and other diagnostic/therapeutic standard clinical inter-
ventions if there was an absolute clinical indication at the given 
disease state(s). Meanwhile, all of the ethical considerations were 
strictly handled in accordance with the Helsinki Declaration. As a 
standard of care/action of the hospitals of Hacettepe Medical 
School, it was confirmed based on patient records that all of the 
study patients gave informed consent at the time of hospitalization 
and before the administration of chemotherapy and other relevant 
diagnostic/therapeutic standards of care. Patients who attained 
first complete remission (CR) after 1 or 2 intensive induction ther-
apies were selected and their marrow aplasia periods preceding CR 
were considered. Patients who had received a transplant were ex-
cluded. Also, patients with a postinduction recovery period maxi-
mum platelet count <100 × 10 9 /l or a neutrophil count <1.5 × 10 9 /l 
were excluded considering the possibility of incomplete marrow 
recovery before consolidation therapy. Neutrophil (NRT) and 
platelet recovery times (PRT) were accepted as the periods between 
a neutrophil nadir and a neutrophil count  ≥ 1 × 10 9 /l and a platelet 
nadir and a platelet count  ≥ 50 × 10 9 /l, respectively. The platelet 
nadir-to-first consolidation and neutrophil nadir-to-first consoli-
dation times were computed. RN and RT thresholds were accepted 
as 7 × 10 9 /l and 450 × 10 9 /l, respectively. Various cut-off levels 
above these values were tried. Primary endpoints for this study 
were disease-free survival (DFS) and overall survival (OS). OS was 
calculated from diagnosis to the date of death due to any cause. 

DFS was analyzed in CR patients from the date of CR attainment 
to relapse or death in remission. Patients who did not die and those 
who did not relapse or die during the first CR were censored at the 
last follow-up for OS and DFS computations, respectively. Age, 
gender, histological subtype of leukemia, baseline ECOG perfor-
mance score, white blood cell count (WBC), need for reinduction 
chemotherapy, ELN cytogenetic subgroup, residual disease in in-
terim marrow assessment, RT, and RN were evaluated as possible 
prognostic parameters for OS and DFS.

  Categorical and continuous data were compared using a χ 2  test 
(or Fisher’s exact test if required by the sample size) and an inde-
pendent-samples t test, respectively. Bivariate correlation analysis 
for categorical variables was done using Spearman’s correlation 
analysis. Survival analyses were computed via the Kaplan-Meier 
method. Comparisons of survival rates were done using a log-rank 
test. Univariate comparisons with a p value <0.1 were included in 
multivariate analyses in which p  < 0.05 was considered statisti-
cally significant. Cox regression analysis was used to study the si-
multaneous effect of selected variables on survival. Statistical Pack-
age for the Social Sciences v17.0 (SPSS Inc., Chicago, Ill., USA) 
software was used for statistical analyses.

  Survival analyses were performed both in all patient cohorts 
and in cytogenetically homogeneous subgroups, acute promyelo-
cytic leukemia (APL), CBF-type leukemia, and others in order to 
understand the prognostic value of RT/RN in specific subgroups. 

  Results 

 One hundred patients were suitable for inclusion. The 
median follow-up time was 23.8 months (range 1.3–
119.5) for 64 surviving patients. The main baseline char-
acteristics of the patients are presented in  table 1 . Except 
for rare cases, anthracycline-cytarabine 3 + 7 was applied 
in non-APL patients as the induction chemotherapy pro-
tocol. The induction protocol comprised idarubicin and 
all- trans- retinoic acid in APL cases. Non-APL patients 
received 2–4 high-dose cytarabine or rarely repeated an-
thracycline-cytarabine courses for consolidation. Three 
ATRA-anthracycline consolidation courses followed by 
ATRA-methotexate-6-mercaptopurine maintenance for 
2 years were used in APL.

  Both RT and RN were detected in 34 patients. RT was 
more frequent in favorable cytogenetic categories [i.e. 
t(15;   17) or variants, t(8;   21), inv(16)] and the normal 
karyotype. The frequency of RT was 11/31, 6/19, and 5/50 
in patients with favorable cytogenetic categories, a nor-
mal karyotype, and other cases, respectively (p = 0.1). The 
mean age of patients with RT was 7 years younger than 
those without RT (53 ± 14.4 vs. 46 ± 14.6, p = 0.04). There 
were no differences with respect to gender, leukemia type, 
or ECOG performance status between the two groups. 
There was no correlation between RT and RN (p = 0.09, 
r = 0.17).
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  Independent Prognostic Value of RT and RN in All 
Patients 
 In univariate analyses, the factors that affected OS 

were residual disease ( ≥ 10% marrow blasts) in the interim 
assessment (p = 0.001), first CR after reinduction therapy 
(p = 0.001), ECOG performance score at diagnosis (p = 
0.039), cytogenetic risk category (p = 0.034), RT 525  (RT 
threshold of 525 × 10 9 /l, p = 0.002), and baseline WBC 

>30 × 10 9 /l (p  = 0.064). Cox regression analysis using 
need for reinduction chemotherapy as a stratification pa-
rameter revealed RT as the only parameter to predict OS, 
with borderline statistical significance (p = 0.06, OR = 7; 
95% CI 0.92–53). In univariate analyses, DFS was related 
to residual disease in the interim marrow assessment (p = 
0.001), first CR after reinduction therapy (p  = 0.001), 
ECOG performance score (p = 0.001), RT (p = 0.002), and 
leukemia type (CBF-type, APL, and others) (p = 0.048). 
Cox regression analysis using need for reinduction che-
motherapy as a stratification parameter again revealed 
that RT was the only parameter to predict DFS (p = 0.024, 
OR = 10; 95% CI 1.3–75).

  After understanding that RT 525  is an independent 
prognostic parameter in AML patients, we tried to find 
its prognostics value in homogeneous cytogenetic/bio-
logic subgroups.

  Prognostic Value of RT 525  in APL Patients 
 There were 15 APL patients. The prognostic value of 

RT 525  could not be determined due to low event rates. 
Only 2 patients experienced an event. Both events were 
death during consolidation. There was 1 death each in the 
RT 525  and no-RT 525  groups.

  Prognostic Value of RT 525  in CBF-Type AML Patients 
 There were 16 CBF-type AML patients. Four patients 

experienced an event. All events were relapses. All 4 events 
occurred in 12 cases without RT 525  while none of the 4 pa-
tients with RT 525  experienced an event. However, statisti-
cal significance was not observed between groups in DFS 
( fig. 1 ) and OS comparisons due to low event rates (p = 
0.17 and p = 0.18, respectively).

  Prognostic Value of RT 525  in Other AML Patients 
 There were 35 events (25 relapses and 10 deaths in 

CR). All of the events occurred in the no-RT 525  group. All 
RT 525  cases in this group were living with CR at the last 
follow-up. Both DFS [median (95% CI): not reached vs. 
13.2 (6.1–20.2) months, p = 0.004] ( fig. 2 ) and OS [not 
reached vs. 17.0 (0–34.6) months, p < 0.001] rates were 
higher in RT 525  cases.

  Mechanisms of RT and RN: Better Marrow Capacity 
or Delayed Consolidation? 
 In order to understand whether RT or RN was related 

to a better marrow capacity or late consolidation, we con-
sidered NRT and PRT and nadir-first consolidation du-
rations in all patients in the cohort. In the RT group, the 
PRT was 10.3 ± 5.2 days, whereas it was 12.8 ± 8.5 days 

 Table 1.  Essential baseline characteristics of patients with AML

Median age (range), years 51 (21–81)
Gender

Female 43
Male 57

Reinduction (yes/no) 12/88
Cytogenetic group

t(8;21) 9
inv(16) 7
t(15;17) or variants 15
Normal karyotype 19
Other  50

ECOG performance score
0 32
1 52
2 12
3 3
4 1

WBC at diagnosis >30 × 109/l
No 65
Yes 35

Induction protocol
3+7 82a

Including high-dose cytarabine 3b

Idarubicin + all-trans-retinoic acid 15
RN

No 66
Yes 34

RT
No 66
Yes 34

RT >525 × 109/l
No 78
Yes 22

Mean PRT (±SD), days
RT525 group 10.2±5.1
No-RT525 group 12.7±8.5

Mean NRT (±SD), days
RN group 15.8±7.7
No-RN group 20.3±9.7

 Values are presented as numbers unless otherwise stated. a Ida-
rubicin + cytarabine in 75 patients, mitoxantrone + cytarabin in 6 
patients and daunorubicin + cytarabine in 1 patient. b Etoposide + 
mitoxantrone + high-dose cytarabine in 1 patient, and high-dose 
cytarabine + mitoxantrone in 2 patients.
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in the no-RT group (p = 0.43). The NRT was 15.8 ± 7.8 
and 20.3 ± 9.7 days in RN and no-RN group, respective-
ly (p = 0.07). In the RT group, the platelet nadir-to-first 
consolidation time was 27.8 ± 7.9 days, whereas it was 
29.1 ± 15.2 days in the group with no-RT (p = 0.07). The 
neutrophil nadir-to-first consolidation time was 30.2 ± 
11.2 and 34.6 ± 18.2 days in the RN and no-RN groups, 
respectively (p = 0.12). Based on these results, both the 
marrow recovery duration and the time between marrow 
aplasia and first consolidation were shorter in RT and 
RN patients. 

  Discussion 

 Different clinical and biological features at diagnosis 
and after induction chemotherapy have been described in 
patients with AML  [1] . Many large multicenter trials have 
demonstrated that age and cytogenetics  [13]  at diagnosis 
are the most important prognostic determinants. Early 
blast clearance after induction chemotherapy represents 
a further important factor of potential utility for clinical 
practice  [1, 8, 14, 15] . To our knowledge, this is the first 
study to report a correlation between RT/RN and prog-
nosis in AML. Interestingly, RT was the only significant 
independent parameter in multivariate analyses also in-

cluding classical prognostic risk factors for OS and DFS. 
The favorable prognosis associated with RT 525  was evi-
dent in AML patients other than those with APL and 
CBF-type disease. However, it could not be demonstrated 
in APL and CBF-type disease probably due to low event 
rates. In accordance with this suggestion, there was a 
trend towards statistical significance in CBF-type disease 
(0/4 vs. 4/12 relapses in RT 525  and no-RT 525  cases, respec-
tively, p = 0.17).

  The prognostic significance of clinicopathological pa-
rameters such as age, hematological antecedent, WBC 
count, liver enlargement, and Auer rods has been con-
firmed in previous AML studies  [2, 7, 13, 16, 17] . More-
over, high platelet and polymorphonuclear counts have 
also previously appeared to be of interest for determining 
therapeutic aggressiveness  [16] . In our present study, the 
marrow recovery time and the duration between marrow 
aplasia and first consolidation were shorter in RT and RN 
cases, indicating a better healthy hematopoiesis/marrow 
capacity in this group. As RT and RN are very easy to de-
tect, they can be used as prognostic indicators in coun-
tries with limited laboratory facilities. Our results support 
the impression that an accelerated platelet and WBC re-
covery following chemotherapy could be accepted as a 
promising sign of a good prognosis and thus the future 
response to therapy in AML.
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  Platelet kinetics, functions, TPO, and thrombocytosis 
are usual parts of acute and chronic neoplastic myelopro-
liferative diseases  [11, 12, 18–23] . AML prognosis and 
bone marrow recovery following chemotherapy are re-
lated to cellular kinetics  [9, 10]  and blast clearance  [1, 8, 
14, 15] . Previous investigations focusing on endogenous 
TPO dynamics in association with platelets during the 
clinical course of AML have indicated significantly in-
creased TPO during the aplastic period due to remission 
induction chemotherapy in AML. Thus, endogenous 
TPO exhibits inverse fluctuation in relation to platelet 
counts during the clinical course of AML  [11] . TPO has 
the potential to cause RT and to affect stem cells as well 
as leukemic blast cells  [11, 12, 21, 22] . In our current 
study, we found that both bone marrow recovery dura-
tion and the time between marrow aplasia and first con-
solidation were shorter in AML patients with RT and RN. 
The relationships between hematopoietic cytokines, par-
ticularly TPO, and thrombopoietic kinetics following 
chemotherapy should be further examined in the context 
of AML prognosis. Early assessment using flow cytome-
try could also provide additional prognostic information 
to refine risk stratification in AML  [24–27] .

  The application of advanced molecular techniques, 
such as gene and microRNA expression profiling, whole 
genome and exome sequencing, proteomic analysis, and 
methylation assays, has allowed the identification of re-
current molecular abnormalities in AML, but their im-
pact on the prediction of the prognosis is not yet stan-
dardized  [3, 28] . Next-generation highest-technology 
tools can be useful for classifying phenotypes, detecting 

the presence of MRD, discriminating among disease sub-
types, predicting clinical outcomes, and characterizing 
disease progression  [29] . However, availability, cost, 
standardization, and validation have made their use chal-
lenging. Resistance predictions in AML were recently an-
alyzed in 4,601 AML patients from the major leukemia 
groups including MRC/NCRI, HOVON/SAKK, SWOG, 
and MDACC  [7] . That multicenter study concluded that 
the ability to predict therapeutic resistance in AML, based 
on the routinely available clinical covariates, even with 
the inclusion of commonly used molecular data on  FLT3 
 and  NPM1 , is relatively limited  [7] . Likewise, the relation-
ship between a poor prognosis and residual blasts 7–10 
days after induction therapy in AML is well known, and 
this evaluation is widely applied in clinical practice for 
early reinduction  [8] . Walter et al.  [30]  demonstrated that 
CR with incomplete platelet recovery was associated with 
a worse prognosis in AML patients receiving cytrarabine-
based induction therapy. This finding is related to our 
results from an opposite angle. Insufficient platelet recov-
ery indicates a worse prognosis while exaggerated platelet 
recovery is associated with a good prognosis  [30] . In ac-
cordance with the above mentioned studies, our present 
investigation revealed that RT following induction che-
motherapy is an independent predictor of a good prog-
nosis in AML patients attaining first CR. This conclusion 
is important for better management of and clinical deci-
sion-making regarding patients with AML. Therefore, 
our findings should be confirmed in further patient co-
horts and/or preferably within the context of prospective 
studies. 
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