
Platelet count doubling after the first cycle of azacitidine therapy 
predicts eventual response and survival in patients with 
myelodysplastic syndromes and oligoblastic acute myeloid 
leukemia but does not add to prognostic utility of the revised 
IPSS

Amer M Zeidan1,*, Ju-Whei Lee2, Thomas Prebet3, Peter Greenberg4, Zhuoxin Sun2, Mark 
Juckett5, Mitchell R Smith6, Elisabeth Paietta7, Janice Gabrilove8, Harry P Erba9, Martin S. 
Tallman10, Steven D. Gore11, and on behalf of the Eastern Cooperative Oncology Group 
(ECOG) and North American Leukemia intergroup
1Department of Oncology, Johns Hopkins University, Baltimore, Maryland, USA.

2Department of Biostatistics and Computational Biology, Dana-Farber Cancer Institute, Boston, 
Massachusetts, USA.

3Département d'hématologie and Aix-Marseille University, Marseille, France.

4Hematology Division, Stanford University Cancer Center, Stanford, California, USA.

5Oncology, University of Wisconsin, Madison, Wisconsin, USA.

6Taussig Cancer Institute, Cleveland Clinic, Cleveland, Ohio, USA.

7The North Division, Montefiore Medical Center, Bronx, New York, USA.

8Oncology, Mount Sinai School of Medicine, New York, New York, USA.

9Oncology, University of Alabama, Birmingham, Alabama, USA.

10 Department of Medicine, Leukemia Service, Memorial Sloan Kettering Cancer Center, New 
York, New York, USA.

11 Yale Cancer Center, New Haven, Connecticut, USA.

Summary

Reliable clinical or molecular predictors of benefit from azacitidine therapy in patients with 

myelodysplastic syndromes (MDS) are not defined. Doubling of platelet count at start of second 
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cycle of azacitidine therapy compared to baseline has been associated with achieving response and 

survival advantage in a Dutch cohort. To validate this observation, we analyzed a larger cohort of 

North American patients whose data was collected in a prospective clinical trial with a longer 

median follow-up. We found a significant association between platelet count doubling after first 

cycle of azacitidine therapy and probability of achieving objective response. Among patients with 

MDS or oligoblastic acute myeloid leukemia (<30% bone marrow blasts, n=102), there was a 

statistically significant reduction in risk of death for patients who achieved platelet count doubling 

(n=23, median OS, 21.0 months) compared to those who did not (n=79, median OS, 16.7 months, 

adjusted HR (no/yes)=1.88, 95% CI, 1.03-3.40, P=0.04). Nonetheless, the addition of this platelet 

count doubling variable did not improve the survival prediction provided by the revised 

International Prognostic Scoring System or the French Prognostic Scoring System. Identification 

of reliable and consistent predictors for clinical benefit for azacitidine therapy remains an unmet 

medical need and a top research priority.
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Background

Azacitidine has emerged as the only agent with a proven survival benefit in patients with 

high-risk (HR) myelodysplastic syndromes (MDS) with a median overall survival (OS) 

prolongation of 9.5 months over conventional care regimens (Fenaux et al, 2009). Although 

azacitidine has become the recommended first-line treatment for patients with HR-MDS, 

there are many limitations to this therapy (Zeidan et al, 2013a). Only 50-60% of patients 

achieve objective responses with azacitidine therapy, and prolonged treatment of 4 to 6 

months is required before a failure to achieve a response can be declared (Fenaux et al, 

2009, Silverman et al, 2002, Silverman et al, 2006). Additionally, almost all patients who 

respond to azacitidine will eventually progress, the majority within 2 years, and no cures are 

achievable with the drug (Zeidan et al, 2013b). Once primary or secondary resistance to 

azacitidine occurs, the survival is dismal with a median OS of less than 6 months (Prebet et 

al, 2011).

Therefore, selection of patients who are not likely to derive benefit from azacitidine at 

baseline or shortly after initiation of therapy has become a top clinical and research priority 

(Faltas et al, 2013, Zeidan et al, 2013c). Identification of such patients who are unlikely to 

benefit from azacitidine would potentially spare the 4 to 6 months of ineffective therapy, 

potentially significant side effects, unnecessary costs, and wasted precious time before 

considering clinical trials or other aggressive interventions (Zeidan & Komrokji, 2013). 

Despite several reports to establish biomarkers (e.g. TET2 mutations) or prediction models, 

no biomarkers or model have consistently selected patients at baseline who are likely or 

unlikely to obtain clinical benefit from azacitidine therapy (Itzykson et al, 2011a, Sekeres et 

al, 2012).
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In a recent publication in the British Journal of Haematology, a group from the Netherlands 

studied a cohort of 90 azacitidine-treated patients with MDS, chronic myelomonocytic 

leukemia (CMML) and acute myeloid leukemia (AML) and identified platelet doubling time 

after the first cycle of azacitidine therapy as an independent positive predictor of overall 

survival (OS) (van der Helm et al, 2011). In that cohort, patients received a median of five 

cycles (range 1–19) of azacitidine (administered at the standard schedule of 75 mg/m2/d for 

7 day every 28 days) and achieved a median OS of 13.0 months (range, 9.8-16.2). In 

univariate analysis, a two-fold increase or more in platelet count at the start of the second 

azacitidine cycle compared to the start of the first cycle was associated with superior 

survival (hazard ratio [HR], <2-fold increase vs. >2-fold increase)=7.8, 95% confidence 

interval [95% CI], 1.1-57.4, P=0.04). In multivariate analysis adjusting for the presence of 

peripheral blood [PB] blasts and International Prognostic Scoring System [IPSS] poor 

cytogenetics category, the HR with respect to platelet count doubling was 5.4 (95%CI, 

0.73-39.9, P=0.10) (van der Helm et al, 2011). To our knowledge, this association has not 

been subsequently validated. In order to validate this observation, we used a cohort of 

patients who were treated with azacitidine in a large North American Leukemia Intergroup 

Trial.

Methods

Study cohort

In the E1905 trial, 150 patients with MDS (n=93), CMML (n=5), or AML with 

myelodysplasia-related changes (AML-MRC, n=52) were randomized to azacitidine 

monotherapy (50 mg/m2/day on days 1-10 of each 28-day cycle) or a combination regimen 

of azacitidine (same schedule) with the histone deacetylase inhibitor entinostat (4 

mg/m2/day on days 3 and 10 of each cycle) (Prebet et al, 2014). OS was not significantly 

different between the 2 groups (median OS: 18 months for the azacitidine group vs. 13 

months in the combination group, P=0.09). Additionally, there was no significant difference 

in response rates (Hematologic normalization [HN] defined as complete response [CR] + 

partial remission [PR] + trilineage Hematological Improvement [HI-T]) which occurred in 

32% of patients in the azacitidine group compared to 27% in the azacitidine-entinostat group 

(P=0.80)].

In a nested retrospective analysis of this cohort, we analyzed OS by platelet doubling after 

the first cycle of azacitidine therapy. Similar to the index paper, we identified platelet 

doubling as two-fold or larger increase in the platelet count at the start of cycle 2 compared 

to the start of cycle 1 of azacitidine. Patients without complete information for the 

determination of platelet doubling were excluded from the analysis (n=24). Among all 

patients included in this analysis, we have defined an overall cohort (n=126) and a subcohort 

of patients with MDS or oligoblastic AML (defined as those with AML and bone marrow 

blasts up to 30%, n=102) who started protocol treatment.

Statistical analysis

Patient demographic and disease characteristics were compared using Wilcoxon rank-sum 

test and Fisher's exact test as appropriate. Overall response was dichotomized as either 
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having a response (defined as achieving CR, PR, or any HI) or not having a response. OS 

was defined as time from registration to death from any causes with follow-up censored at 

the date of last contact. The variable platelet doubling was binary coded, with 1 indicating at 

least a two-fold increase in platelet count at the start of Cycle 2 treatment compared to the 

start of Cycle 1 treatment and 0 otherwise. The effect of this factor on response and OS was 

analyzed using the logistic regression model and a landmark analysis, respectively. The 

landmark survival analysis was performed with the landmark time-point chosen as the start 

of cycle 2 (i.e., 28 days after study entry, 1 cycle = 28 days). Hazard ratio (HR) for death 

was computed using Cox proportional hazards (PH) models with survival time measured 

from the start of cycle 2. Confounding factors (with p<0.10) were fitted into the 

multivariable Cox models to further evaluate the effect of platelet doubling. P values were 

all two-sided. A level of 5% was considered statistically significant. We also used Akaike's 

information criterion (AIC; a measure indicating the relative quality of a statistical model 

based on a given set of data) to assess for the incremental improvement in survival 

prediction by adding the platelet count doubling variable to two validated MDS prognostic 

scores.

Results

Study cohort

Table 1 shows the baseline characteristics and demographics of the entire study cohort 

(n=126) and as stratified by achieving platelet count doubling. There was no significant 

difference in age, gender, performance status, or the type of malignancy between those who 

achieved (n=27) and those who did not achieve (n=99) platelet count doubling. For those 27 

patients who achieved platelet count doubling, the median baseline platelet count was 50 × 

109/L (standard deviation [SD], 43.8 × 109/L, range, 7-207 × 109/L) and increased to a 

median of 165 × 109/L (SD, 201.3 × 109/L, range, 34-830 × 109/L) at start of cycle 2 of 

azacitidine [Figure 1]. The majority of patients who achieved platelet doubling had 

unfavorable IPSS cytogenetics compared to those who did not achieve platelet count 

doubling (65.4% vs. 35.7%, P=0.01). Patients who did not achieve platelet doubling had a 

higher prevalence of PB blasts at baseline compared to those patients who achieved platelet 

doubling, although the difference was not statistically significant (35.8% vs. 16%, P=0.09). 

There was no statistically significant difference in the proportion of patients who achieved 

platelet count doubling between those who received azacitidine therapy (17 out 62 [27.4%]) 

and those who received azacitidine+entinostat (10 out of 64 [15.6%], P=0.13).

Platelet doubling association with response and survival

To account for the effect of cytogenetics and PB blast presence at baseline on the 

relationship between platelet doubling and response and OS, and similar to the index paper, 

we included those two variables together with treatment arm in the logistic regression and 

Cox regression models. Given the effects of platelet doubling on either response or OS were 

similar between the two treatment arms (i.e., no 2-way interaction effect), our analysis 

combined the two treatment arms. As can be seen in Table 2, the odds ratio (OR) of 

eventually achieving an objective response was significantly higher for those patients who 
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had platelet count doubling by the start of cycle 2 in both univariate and multivariable 

logistic regression models for the overall cohort and the 2 subcohorts.

Figures 2 and 3 display the adjusted survival curves (measured beginning 28 days after 

study entry) using Cox PH regression with respect to platelet count doubling for various 

cohorts. In univariate analysis of the overall cohort (n=126), there was a statistically-

insignificant trend for OS prolongation in patients who achieved platelet count doubling 

(n=27, median OS, 18.9 months) compared to their counterparts (n=99, median OS, 14.5 

months, HR (no/yes)=1.34, 95% CI, 0.85-2.11, P=0.21). In multivariable analysis of the 

overall cohort that accounted for cytogenetic risk group and presence PB blasts, the trend for 

OS prolongation became stronger (adjusted HR [no/yes]=1.72, 95% CI, 0.97-3.05, P=0.06, 

Figure 2).

For the subcohort of patients with MDS or oligoblastic AML (n=102), univariate analysis 

similarly showed a statistically-insignificant trend for OS prolongation in patients who 

achieved platelet count doubling (n=23, median OS, 21.0 months) compared to their 

counterparts (n=79, median OS, 16.7 months, HR [no/yes]=1.38, 95% CI, 0.83-2.28, 

P=0.21). In the adjusted survival analysis of this subcohort, there was a statistically 

significant reduction in risk of death for patients who achieved platelet count doubling 

(adjusted HR (no/yes)=1.88, 95% CI, 1.03-3.40, P=0.04, Figure 3).

Adding prognostic impact of the platelet count doubling to the prognostic scores

We used the AIC to analyze whether adding the binary variable of platelet count doubling at 

start of cycle 2 to the revised International Prognostic Scoring System (IPSS-R) (Greenberg 

et al, 2012) or the French Prognostic Scoring System (FPSS) (Itzykson et al, 2011b, 

Itzykson et al, 2012) improves survival prediction over either score alone in patients for 

whom data were available to both calculate the score and assess for platelet doubling status. 

As noted in Table 3, we did not observe any significant incremental improvement in the 

power of the IPSS-R or the FPSS to predict OS by accounting for platelet count doubling at 

start of cycle 2 of therapy.

Discussion and conclusions

Identification of MDS patients with low probability of achieving benefit from azacitidine at 

baseline or shortly after initiation of therapy would allow help avoiding subjecting such 

patients to several months of ineffective therapy and its associated toxicity and expense, and 

would allow directing such patients for clinical trials or more intensive therapies at an earlier 

point in their disease course (Zeidan & Komrokji, 2013). Baseline biomarkers or clinical 

variables that consistently predict clinical benefit from azacitidine therapy in patients with 

MDS have not been identified despite extensive investigation (Steensma, 2012). Therapy 

with azacitidine currently remains indiscriminate with many IPSS higher-risk (HR) 

receiving this agent for prolonged periods without real benefit. One approach of identifying 

differential probabilities of benefit from azacitidine therapy is combining baseline clinical 

prognostic schemes (e.g. IPSS-R or FPSS) with baseline genetic, epigenetic, or other 

molecular markers (e.g. TET2 mutations or methylation signals), but no such prediction rule 

has been validated (Zeidan & Komrokji, 2013).
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Another approach is to use post-treatment variables (e.g. change in platelet count after one 

cycle of therapy) in combination with clinical prognostic schemes. Compared to the 

compassionate named-program from which the Dutch cohort by van der Helm (van der 

Helm et al, 2011) was selected, our cohort was larger (n=126 vs. 90 patients), North 

American (rather than European), and treated with a lower-dose, more prolonged 

administration of azacitidine. Additionally, our cohort had a longer median follow-up (49 vs. 

8 months) and the data was collected prospectively in the context of a large clinical trial. 

Nonetheless, we reached similar conclusions and confirmed the findings of van der Helm et 

al that doubling of platelet count after one cycle of azacitidine therapy in patients with MDS 

and oligoblastic AML is significantly and independently associated with achieving eventual 

objective response and a reduced risk of death after adjustment for important confounders 

(cytogenetic prognostic group and presence of circulating blasts). Although platelet count 

doubling was associated with achieving response in unadjusted regression analysis, the 

platelet count doubling was not associated with reduced risk of death in unadjusted analysis. 

This observation could potentially have resulted from unequal distribution of significant 

predictive factors for survival between the 2 groups (e.g. unfavorable cytogenetics were 

significantly more prevalent in patients who achieved platelet count doubling).

There is no clear explanation for the statistically significant observation of higher prevalence 

of unfavorable karyotypes among patients who achieved platelet count doubling. Baseline 

platelet counts among patients with unfavorable cytogenetics were not statistically 

significantly different from those of patients with other cytogenetics (median baseline 

platelet count 52×109/L versus 45×109/L, respectively; P=0.86). Therefore, lower baseline 

platelet counts in patients with unfavorable cytogenetics making it more feasible for the 

platelet count to double could not have accounted for this observation. It should be noted 

that azacitidine has been shown to be equally effective in MDS patients with unfavorable 

karyotypes including monosomy 7.

The IPSS and the revised IPSS (IPSS-R) are the most widely used prognostic tool for MDS 

(Greenberg et al, 1997, Greenberg et al, 2012). Although both the IPSS and IPSS-R were 

developed using cohorts of untreated patients, both models were shown to be prognostic for 

survival among treated MDS patients, including those treated with azacitidine (Lamarque et 

al, 2012, Vosoet al, 2013, Mishra et al, 2013, Savic et al, 2013, Neukirchen et al, 2014). 

The recently described FPSS has been also shown to separate azacitidine-treated patients 

with HR-MDS and oligoblastic AML into 3 groups with significantly different median OS 

based on 4 baseline clinical and laboratory parameters: the Eastern Cooperative Oncology 

Group performance status, karyotype, presence of PB blasts, and red blood cell transfusion-

dependence (Itzykson et al, 2011b, Itzykson et al, 2012).

Similar to the Dutch investigators, we have previously validated the prognostic potential of 

the FPSS using the E1905 patient cohort but also showed that the FPSS did not have an 

advantage in the prognostic discrimination over the more widely-used IPSS-R (Zeidan et al, 

2014). In this current analysis, we found that the addition of post-treatment platelet count 

doubling did not improve the survival prediction offered by either the IPSS-R or the FPSS in 

azacitidine-treated patients. The components which constitute the IPSS-R and FPSS likely 

are stronger survival predictors compared with early platelet doubling. Platelet doubling 
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likely identifies a small number of patients whose survival improves with azacitidine, but 

does not account for the entire cohort of patients with improved survival.

Our analysis has several limitations. Although the use of other levels of platelet count 

increment (e.g. tripling) or exceeding an absolute cutoff (e.g. 50 × 109/L or 100 × 109/L) at 

start of cycle 2 might provide better survival prediction, such analysis would be exploratory 

in nature and will need further confirmation. Therefore we chose to examine the association 

using the same count doubling threshold used by the Dutch group. Secondly, while 74.1% of 

patients with platelet count doubling have eventually achieved a PR or CR, 46.5% of 

patients without platelet count doubling after first cycle of azacitidine therapy have also 

subsequently achieved a PR or CR. Therefore, patients who do not achieve platelet count 

doubling after the first cycle of azacitidine therapy might still achieve benefit from the drug 

and early termination of azacitidine therapy if this threshold is not crossed should not be 

recommended at this time. Third, the issue of platelet count doubling at the start of second 

cycle of azacitidine for patients with very low baseline platelet counts (e.g. 1 × 109/L) and 

those who are platelet-transfusion dependent can cloud the validity of these results. Fourth, 

our patients received a prolonged lower-dose regimen of azacitidine therapy instead of the 

approved and commonly-used 75 mg/day 7-day cycles, and half of the patients additionally 

received a histone deacetylase inhibitor (entinostat).

Despite these limitations, our results confirm that doubling of platelet count after one cycle 

of azacitidine therapy is an early predictor of achieving response and survival benefit among 

patients with MDS. Identification of reliable and consistent predictors for clinical benefit (or 

lack of) for azacitidine therapy remains an unmet medical need for MDS patients and should 

continue to constitute a high research priority.
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Figure 1. 
A histogram of the platelet count at baseline and at start of cycle 2 of therapy for the 27 

patients who achieved platelet count doubling.
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Figure 2. 
Adjusted overall survival by Cox proportional hazards regression for the overall cohort. OS 

was adjusted by cytogenetics, PB blast presence, and treatment.
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Figure 3. 
Adjusted overall survival by Cox proportional hazards regression for the MDS or 

oligoblastic AML cohort. OS was adjusted by cytogenetics, PB blast presence, and 

treatment.
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Table 1

Baseline patient demographics and disease characteristics by platelet doubling status in the overall cohort 

(n=126).

Platelet Doubling (N=126) P valuea

No Yes

N (99) % (78.6) N (27) % (21.4)

Age (median, range) 72.0 (25-85) 69.0 (48-87) 0.69

Gender 0.81

    Male 70 70.7 18 66.7

    Female 29 29.3 9 33.3

ECOG performance status 1.00

    <2 87 87.9 24 88.9

    ≥2 12 12.1 3 11.1

Disease 0.98

    MDS High/Intermediate-2 44 44.4 13 48.1

    MDS Low/Intermediate-1 19 19.2 5 18.5

    CMML 4 4.0 1 3.7

    Oligoblastic AML 16 16.2 5 18.5

    Non-oligoblastic AML 16 16.2 3 11.1

Cytogenetics risk group by IPSS 0.01

    Favorable 32 38.1 5 19.2

    Intermediate 17 20.2 0 0

    Unfavorable 30 35.7 17 65.4

    Unacceptable for analysis 5 6.0 4 15.4

    Missing 15 - 1 -

Presence of peripheral blood blasts 0.09

    No 61 64.2 21 84.0

    Yes 34 35.8 4 16.0

ECOG: Eastern Cooperative Oncology Group, IPSS: International Prognostic Scoring System, MDS: Myelodysplastic syndromes, CMML: 
Chronic myelomonocytic leukemia, AML-MRC: Acute myeloid leukemia with myelodysplasia-related changes.
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Table 2

Odds ratio (OR) for overall response with respect to platelet doubling (no vs. yes) using logistic regression 

models.

Cohort Platelet Doubling Overall Response Univariable Model Multivariable Model
a

Yes (N) No (N) OR (95% CI) P value (Wald) N OR (95% CI) P value (Wald)

Overall No 46 (46%) 53 (54%) 0.30 (0.12, 0.78) 0.01 105 0.35 (0.11, 1.14) 0.08

Yes 20 (74%) 7 (26%)

MDS/oligoblastic AML No 38 (48%) 41 (52%) 0.26 (0.09, 0.77) 0.02 87 0.29 (0.08, 1.03) 0.056

Yes 18 (78%) 5 (22%)

MDS: Myelodysplastic syndromes, AML Acute myeloid leukemia.

a
Adjusted by cytogenetics risk group and presence of peripheral blood blasts.
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Table 3

Akaike's information criterion (AIC) for various models.

Cohort Model N AIC

Overall Null 101 714.40

IPSS-R 101 707.78

IPSS-R & platelet doubling 101 707.03

Null 96 668.46

FPSS 96 663.79

FPSS & platelet doubling 96 665.67

MDS/oligoblastic AML Null 83 551.96

IPSS-R 83 544.45

IPSS-R & platelet doubling 83 542.69

Null 80 525.52

FPSS 80 522.08

FPSS & platelet doubling 80 524.05

Note: Given the same set of observations, a model with a smaller AIC value indicates a better model.

IPSS-R: Revised International Prognostic Scoring System, FPSS: French Prognostic Scoring System, MDS: Myelodysplastic syndromes, AML 
Acute myeloid leukemia.
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