
Sustained AKT activation was also detected in imatinib-
treated Lin−CD34+CD38− LSCs and Lin−CD34+CD38+ LPCs when
compared to imatinib-naive counterparts (Figure 2b).
However, perifosine reduced ROS levels in imatinib-naive and
imatinib-treated Lin−CD34+CD38+ LPCs but not in Lin−CD34+

CD38− LSCs (Figure 2b). Therefore it appears that AKT kinase
plays an important role in generation of ROS in imatinib-naive
and imatinib-treated Lin−CD34+CD38+ LPCs, but it is expendable
in Lin−CD34+CD38− LSCs. Since accumulation of DNA lesions
such as 8-oxoG and DSBs directly depends on ROS levels in Lin−

CD34+CD38− LSCs and Lin−CD34+CD38+ LPCs,5,8 we postulate
that AKT kinase regulates oxidative DNA damage in LPCs, but not
in LSCs.
In conclusion, we hypothesize that in imatinib-treated CML-CP

patients AKT serine/threonine kinase plays a prominent role in
accumulation of TKIR clones emerging from Lin−CD34+CD38+

LPCs, but probably not from Lin−CD34+CD38− LSCs. The mechan-
isms responsible for this cell compartment-specific AKT-mediated
effect on genomic instability in CML-CP are unknown. Although
AKT remained active in imatinib-treated Lin−CD34+CD38+ LPCs
and Lin−CD34+CD38− LSCs, intrinsic differences between leukemic
progenitor and stem cells may contribute to the selective AKT
effect in LPCs.15 Moreover, it remains to be determined if AKT and
RAC employ overlapping or different downstream signaling
pathways.
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Relationship of different platelet response criteria and patient
outcomes in a romiplostim myelodysplastic syndromes trial
Leukemia (2014) 28, 2418–2421; doi:10.1038/leu.2014.253

Thrombocytopenia in lower-risk myelodysplastic syndrome (MDS)
contributes to an increased risk of bleeding and is associated with
shortened survival.1–3 Empiric platelet response criteria have been
used in MDS clinical trials mostly with disease-modifying drugs,
often as surrogates for clinical outcomes (Table 1a). The value of
these criteria has not been rigorously evaluated, most importantly

not in trials of agents specifically targeting platelet production.
Romiplostim is currently approved in the United States for the
treatment of thrombocytopenia in patients with chronic immune
thrombocytopenia (ITP) who have had an insufficient response to
corticosteroids, immunoglobulins or splenectomy, and is mar-
keted under the name Nplate. Results of trials of romiplostim in
MDS suggest that romiplostim treatment improves platelet counts
as monotherapy and when combined with azacitidine, decitabine
or lenalidomide.4–7
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Data from a 58-week placebo-controlled trial of romiplostim in
patients with lower-risk MDS and thrombocytopenia7 were used
to evaluate how the platelet response measures associate with
clinical outcomes. This trial was discontinued early owing to
concerns that the potential small benefit of bleeding reduction
did not outweigh the potential risk for diagnosis of acute myeloid
leukemia (AML) as defined by pathology or initiation of AML-type
treatment; the final analysis of the 58-week data set showed
comparable AML rates in both arms.7 We describe here to what
extent the currently clinically available platelet response criteria
were applicable in this study and whether they were associated
with platelet transfusions, bleeding and overall survival.
Patients with International Prognostic Scoring System (IPSS)

low/int-1 risk MDS (N= 250) were randomized 1:2 to 26 weeks of
weekly placebo (N= 83) or romiplostim (N= 167), with dose
adjusted for platelet count, followed by a 4-week washout period
and bone marrow biopsy, another 24 weeks as randomized
(extended treatment period), and a second 4-week

washout period and bone marrow biopsy (ClinicalTrials.gov
NCT00614523).7 The 4-week washouts occurred before bone
marrow biopsies so that the study drug would not affect results, as
romiplostim can be associated with transient blast cell count
elevations. Patients then entered long-term follow-up.
Eligible patients were receiving supportive care only (that is, not

disease-modifying therapy), with platelet counts (1) ⩽ 20 × 109/l
or (2) ⩽ 50 × 109/l and a history of bleeding. Patients were
stratified by baseline IPSS status (low, int-1) and platelet count
(o , ⩾ 20 × 109/l). Platelet response was assessed using various
platelet response criteria (Table 1a). Clinically significant bleeding
events (CSBEs) were defined as grade ⩾ 2 on the modified World
Health Organization (WHO) bleeding scale.8,9

All analyses were performed post hoc. The Fisher’s exact test
was used to test the association of romiplostim and platelet
response. The Mantel–Haenszel method was used to calculate a
pooled odds ratio of romiplostim and placebo across the
randomization stratification factors of baseline platelet count

Table 1a. Platelet response criteria evaluated

Platelet response criteria Duration Definition

IWG 2006 HI-P17 8 weeks For patients with baseline platelets o100 ×109/l:
Baseline platelets 420 ×109/l, absolute increase of ⩾ 30 ×109/l
Baseline platelets o20 ×109/l, increase to 420 ×109/l and by ⩾ 100%

IWG 2000 Major11 8 weeksa For patients with baseline platelets o100 ×109/l:
An absolute increase of ⩾ 30×109/l
For platelet transfusion-dependent patients, stabilization of platelet counts and platelet
transfusion independence

IWG 2000 Minor11 8 weeksa For patients with baseline platelets o100 ×109/l:
A ⩾ 50% increase in platelet count with an absolute increase 410 ×109/l but o30 ×109/l

Italian MDS group10

Complete (same as IWG AML 200318) None Platelet count 4100× 109/l and no bleeding
Any None Baseline platelets 420 ×109/l, no bleeding and absolute increase of ⩾ 30 ×109/l

Baseline platelets o20 ×109/l, increase to 420 ×109/l and by at least 100%
Durable 4 weeks Continuous platelet response

CALGB19 None ⩾ 50% restitution of the initial deficit (to 140 × 109/l)
ITP20 None Platelet count450× 109/l

Abbreviations: AML, acute myeloid leukemia; CALGB, Cancer and Leukemia Group B; HI-P, hematologic improvement—platelet; ITP, immune
thrombocytopenia; IWG, International Working Group; MDS, myelodysplastic syndrome. aAs platelets were measured every week in this trial, for IWG 2000
response measures, an 8-week duration was used for these analyses, rather than 2 months.

Table 1b. Association of platelet response rates and transfusion needs with various platelet response criteria

Platelet response criteria Response rate Platelet transfuse RRa

(95% CI)
Bleedingb OSc

Placebo
N= 83,
n (%)

Romiplostim
N=167,
n (%)

P-value OR
(95% CI)b

All RR
(95% CI)

CSBE RR
(95% CI)

HR (95% CI)

IWG 2006 HI-P 3 (3.6) 61 (36.5) o0.001 15.6* (4.7–51.8) 9.8* (7.8–12.3) 2.3* (2.1–2.6) 1.4* (1.0–2.0) 2.6* (1.4–4.7)
IWG 2000 Major or Minor 2 (2.4) 56 (33.5) o0.001 21.2* (5.0–90.3) 13.0* (9.8–17.2) 2.5* (2.2–2.8) 1.2 (0.8–1.6) 2.2* (1.2–4.1)

Italian MDS group
Complete (IWG AML 2003) 4 (4.8) 63 (37.7) o0.001 15.4* (5.0–47.2) 5.8* (4.7–7.2) 2.6* (2.3–2.9) 1.8* (1.2–2.7) 1.9* (1.0–3.4)
Any 26 (31.3) 115 (68.9) o0.001 5.1* (2.8–9.1) 2.6* (2.3–2.9) 2.1* (1.9–2.3) 1.2 (0.9–1.7) 1.5 (0.9–2.6)
Durable 4 (4.8) 82 (49.1) o0.001 19.7* (6.9–56.5) 9.5* (7.8–11.4) 2.5* (2.3–2.7) 1.8* (1.3–2.4) 2.2* (1.2–3.8)

CALGB 6 (7.2) 75 (44.9) o0.001 12.5* (4.9–31.5) 1.8* (1.6–2.0) 2.8* (2.5–3.1) 0.8 (0.6–1.1) 1.6 (0.9–2.9)
ITP 17 (20.5) 95 (56.9) o0.001 6.3* (3.2–12.4) 2.8* (2.4–3.2) 2.1* (1.9–2.3) 0.9 (0.7–1.2) 1.6 (0.9–2.9)

Abbreviations: AML, acute myeloid leukemia; CALGB, Cancer and Leukemia Group B; CI, confidence interval; CSBE, clinically significant bleeding event; HI-P,
hematologic improvement—platelet; HR, hazard ratio; IPSS, International Prognostic Scoring System; ITP, immune thrombocytopenia; IWG, International
Working Group; MDS, myelodysplastic syndrome; OR, odds ratio; OS, overall survival; RR, rate ratio. aRomiplostim-treated patients only, responders vs
nonresponders; adjusted for baseline platelet count and IPSS status. bRomiplostim vs placebo; adjusted for baseline platelet count and IPSS status.
cRomiplostim-treated patients, nonresponders vs responders; adjusted for baseline age (65 years or older) and IPSS status. Statistically significant OR and RR
are bolded with asterisks.
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and IPSS. A Cox regression model including prognostic factors and
platelet response as covariates was used to predict overall survival
in romiplostim-treated patients. Poisson regression models,
including baseline platelet count, IPSS status and platelet response
as covariates, were used to predict bleeding events and platelet
transfusions in romiplostim-treated patients. As this was an
analysis based on response, a landmark sensitivity analysis was
performed using platelet counts from the first 26 weeks to
determine platelet response, excluding patients who discontinued
the trial within 26 weeks, and analyzing outcomes that occurred
after 26 weeks; survival curves by response status were plotted per
landmark at week 26. CSBEs were too infrequent for the landmark
sensitivity analysis to be meaningful. Overall survival was recorded
up to the last observation in long-term follow-up, and bleeding
events and platelet transfusions were measured in the extended
treatment period only.
The six platelet response measures (Table 1a) were used to

evaluate changes in platelet counts in the 58-week placebo-
controlled trial in post hoc analyses. Patients (placebo, N= 83;
romiplostim, N= 167) were mostly male (59.2%) and Caucasian
(94.0%). Median (Q1, Q3) age was 70.0 (61.0, 77.0) years and
median (Q1, Q3) baseline platelet count was 19.3 (12.5, 30.3) × 109/l.
Median (Q1, Q3) MDS duration was 0.44 (0.13, 1.74) years.
Most patients were MDS WHO classification refractory cytopenia
with multilineage dysplasia (67.6%).
Romiplostim treatment was significantly associated with plate-

let response by all criteria studied (Table 1b). For example,
romiplostim-treated subjects were 15.6 times more likely to have
hematologic improvement—platelet (HI-P) than placebo-treated
subjects. All platelet response criteria also reflected whether
patients required platelet transfusions, with nonresponders having
more platelet transfusions than responders.
The association between platelet response criteria and clinical

outcomes such as bleeding (all and CSBE) were evaluated, as in
Table 1b. All response criteria showed significant association
between response status and overall bleeding events, with
nonresponders being more likely than responders to have
bleeding events. Only HI-P, complete response as presented by
the Italian MDS group,10 and durable response were significantly
associated with less CSBE. These same measures, and International
Working Group (IWG) 2000 criteria, were significantly associated
with improved overall survival. Survival curves for HI-P, the platelet
response measure most significantly associated with survival, are
shown in Figure 1 for romiplostim-treated patients. AML rates for

romiplostim-treated patients with HI-P as compared with those
without HI-P were similar, 8.5% vs 8.3%, with an odds ratio (95%
confidence interval) of 1.02 (0.31, 3.38).
Landmark sensitivity analyses were performed for all measures

described above to determine whether this being an analysis
based on response and discontinuation of patients affected trial
results. For the overall survival end point, after excluding patients
who discontinued in the first 26 weeks, the sample size decreased
from 167 to 143. Among the 24 subjects who were excluded,
12 died. Smaller sample size and fewer events contributed to
slightly larger P-values, although results were generally consistent
with the original analyses. Differences included that complete
response10 and IWG 2000 major response11 were marginally
significantly associated with overall survival (P= 0.077 and
0.053, respectively). All platelet response measures remained
significantly associated with all bleeding and platelet transfusions
(data not shown).
Data from this large placebo-controlled romiplostim trial

indicate that platelet response criteria, developed empirically
from clinical experience and trials using disease-modifying agents,
are heterogeneous, result in a wide range of response rates
for the same patient population and are predictive of clinical
outcomes in thrombocytopenic MDS patients treated with a
thrombopoietin mimetic. This is in keeping with the finding that
thrombocytopenia per se has been associated with worse
prognosis in MDS, including an increased risk of disease
progression.1–3 For the first time, we show that platelet response
to a thrombopoietin mimetic is positively associated with overall
survival. Possibly, romiplostim has a beneficial effect through
reducing potentially life-threatening thrombocytopenia or other
as-yet-unrecognized broader effects. Thrombopoietin has pre-
viously been shown to stimulate other hematopoietic lineages.12 It
is unclear whether the improved outcomes are associated with
response to romiplostim or that, inherently, patients that respond
have better outcomes. While no difference in survival was seen
with romiplostim vs placebo,7 better selection of patients could
lead to improved survival outcomes with romiplostim.
A positive association between treatment and survival is also

seen for the disease-modifying therapy azacitidine in higher-risk
MDS.13 For studies examining survival and treatment with
erythropoiesis-stimulating agents (ESAs) in MDS, results have
been mixed. A retrospective multivariate analysis of patients
treated with ESAs with or without granulocyte colony-stimulating
factors (G-CSFs) reported that survival, but not disease progres-
sion, was improved in the ESA-responsive cohort compared with
an untreated IPSS/IMRAW (International MDS Risk Analysis/Work-
shop) cohort.14 Another multivariate analysis, comparing patients
treated with ESAs plus G-CSFs with a control cohort of untreated
MDS patients, found better survival with ESA treatment, particu-
larly for those requiring fewer than two red blood cell units
transfused per month.15 However, a small randomized phase 3
Eastern Cooperative Oncology Group (ECOG) study of patients
receiving supportive care alone or supportive care plus ESAs with
or without G-CSFs found no difference in survival, and that survival
was increased for those who responded to ESA treatment.16

Whether ESA treatment improves survival in MDS may become
clearer as ongoing studies report results.
In summary, these data indicate that platelet response criteria,

specifically those that incorporate durable response, such as IWG
2006, correlate with overall survival and have the potential to be
used as interim markers for clinically significant outcomes.
However, a limitation of this data set is that the study drug
treatment was ended early owing to concerns regarding transient
increases in peripheral blast cell counts with romiplostim that put
patients at risk for the diagnosis of and treatment for AML.
Therefore, the data set was incomplete, and it is possible that
different results regarding the association of platelet response
measures and clinical outcomes would have been obtained with a

Figure 1. Survival curves. Shown are the survival probability for
those who had achieved an IWG 2006 HI-P response (red dashed
line) and those who did not (solid blue line), all in romiplostim-
treated patients. Number of patients at risk is shown on the graph
immediately above the x axis. P= 0.0070 by log-rank test.
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fuller data set. Evaluation is needed of these associations in either
past MDS clinical trials of interventions to raise platelets or future
ones to confirm that these findings occur in the broader context.

CONFLICT OF INTEREST
UP has received honoraria from Amgen, GlaxoSmithKline (GSK), Celgene and
Novartis. MAS is a member of advisory boards for Amgen and Celgene, and a speaker
for Celgene. HK has research grants from Amgen. AG is a member of advisory boards
and a speaker for Amgen and GSK. GJM has been a member of advisory boards and
speakers bureau for Amgen, Novartis, GSK and Celgene, received research funding
from Celgene and has been a consultant for GSK. CJ and ASY are employees of and
stockholders in Amgen. PF has received honoraria and research grants from Amgen,
Celgene, Janssen Roche, GSK and Novartis.

ACKNOWLEDGEMENTS
Medical writing assistance was provided by Susanna Mac of Amgen. Funding for
these analyses was provided by Amgen.

AUTHOR CONTRIBUTIONS
All authors were involved in analysis and interpretation of the data, drafting the
publication and/or revising it critically for important intellectual content, and
approving the final draft.

DISCLAIMER
We had full access to the data and are fully responsible for content and editorial
decisions for this manuscript.

U Platzbecker1, MA Sekeres2, H Kantarjian3, A Giagounidis4,
GJ Mufti5, C Jia6, AS Yang7 and P Fenaux8

1University Hospital Carl Gustav Carus Dresden, Medizinische Klinik
und Poliklinik I, Dresden, Germany;

2Leukemia Program, Cleveland Clinic Taussig Cancer Institute,
Cleveland, OH, USA;

3Department of Leukemia, The University of Texas MD Anderson
Cancer Center, Houston, TX, USA;

4Clinic for Oncology, Hematology and Palliative Medicine, Marien
Hospital Düsseldorf, Düsseldorf, Germany;

5King’s College London, London, UK;
6Amgen Inc., South San Francisco, CA, USA;
7Amgen Inc., Thousand Oaks, CA, USA and

8Service d'hématologie clinique, Hopital Avicenne Universite Paris XIII,
Bobigny, France

E-mail: uwe.platzbecker@uniklinikum-dresden.de

REFERENCES
1 Kantarjian H, Giles F, List A, Lyons R, Sekeres MA, Pierce S et al. The incidence and

impact of thrombocytopenia in myelodysplastic syndromes. Cancer 2007; 109:
1705–1714.

2 Kantarjian H, O'Brien S, Ravandi F, Cortes J, Shan J, Bennett JM et al. Proposal for a
new risk model in myelodysplastic syndrome that accounts for events not con-
sidered in the original International Prognostic Scoring System. Cancer 2008; 113:
1351–1361.

3 Sekeres MA, Schoonen WM, Kantarjian H, List A, Fryzek J, Paquette R et al.
Characteristics of US patients with myelodysplastic syndromes: results of six
cross-sectional physician surveys. J Natl Cancer Inst 2008; 100: 1542–1551.

4 Greenberg PL, Garcia-Manero G, Moore M, Damon L, Roboz G, Hu K et al.
A randomized controlled trial of romiplostim in patients with low- or
intermediate-risk myelodysplastic syndrome (MDS) receiving decitabine. Leuk
Lymph 2012; 54: 321–328.

5 Kantarjian HM, Giles FJ, Greenberg PL, Paquette RL, Wang ES, Gabrilove JL et al.
Phase 2 study of romiplostim in patients with low- or intermediate-risk myelo-
dysplastic syndrome receiving azacitidine therapy. Blood 2010; 116: 3163–3170.

6 Wang ES, Lyons RM, Larson RA, Gandhi S, Liu D, Matei C et al. A randomized,
double-blind, placebo-controlled phase 2 study evaluating the efficacy
and safety of romiplostim treatment of patients with low or intermediate-1 risk
myelodysplastic syndrome receiving lenalidomide. J Hematol Oncol
2012; 5: 1–13.

7 Giagounidis A, Mufti GJ, Kantarjian HM, Fenaux P, Sekeres MA, Szer J et al. Results
of a randomized, double-blind study of romiplostim versus placebo in patients
with low/intermediate-1-risk myelodysplastic syndrome and thrombocytopenia.
Cancer 2014; 120: 1838–1846.

8 Heddle NM, Cook RJ, Webert KE, Sigouin C, Rebulla P. Methodologic issues in the
use of bleeding as an outcome in transfusion medicine studies. Transfusion 2003;
43: 742–752.

9 Rebulla P, Finazzi G, Marangoni F, Avvisati G, Gugliotta L, Tognoni G et al. The
threshold for prophylactic platelet transfusions in adults with acute myeloid
leukemia. Gruppo Italiano Malattie Ematologiche Maligne dell'Adulto. N Engl J
Med 1997; 337: 1870–1875.

10 Oliva EN, Santini V, Zini G, Palumbo GA, Poloni A, Cortelezzi A et al. Efficacy
and Safety of Eltrombopag for the Treatment of Thrombocytopenia of
Low and Intermediate-1 IPSS Risk Myelodysplastic Syndromes: Interim
Analysis of a Prospective, Randomized, Single-Blind, Placebo-Controlled
Trial (EQoL-MDS). Blood (ASH Annual Meeting Abstracts) 2012; 120:
Abstract 923.

11 Cheson BD, Bennett JM, Kantarjian H, Pinto A, Schiffer CA, Nimer SD et al. Report
of an international working group to standardize response criteria for myelo-
dysplastic syndromes. Blood 2000; 96: 3671–3674.

12 Kaushansky K, Broudy VC, Grossmann A, Humes J, Lin N, Ren HP et al. Throm-
bopoietin expands erythroid progenitors, increases red cell production, and
enhances erythroid recovery after myelosuppressive therapy. J Clin Invest 1995;
96: 1683–1687.

13 Fenaux P, Mufti GJ, Hellstrom-Lindberg E, Santini V, Finelli C, Giagounidis A et al.
Efficacy of azacitidine compared with that of conventional care regimens in the
treatment of higher-risk myelodysplastic syndromes: a randomised, open-label,
phase III study. Lancet Oncol 2009; 10: 223–232.

14 Park S, Grabar S, Kelaidi C, Beyne-Rauzy O, Picard F, Bardet V et al.
Predictive factors of response and survival in myelodysplastic syndrome
treated with erythropoietin and G-CSF: the GFM experience. Blood 2008; 111:
574–582.

15 Jadersten M, Malcovati L, Dybedal I, Della Porta MG, Invernizzi R, Montgomery SM
et al. Erythropoietin and granulocyte-colony stimulating factor treatment asso-
ciated with improved survival in myelodysplastic syndrome. J Clin Oncol 2008; 26:
3607–3613.

16 Greenberg PL, Sun Z, Miller KB, Bennett JM, Tallman MS, Dewald G et al. Treat-
ment of myelodysplastic syndrome patients with erythropoietin with or without
granulocyte colony-stimulating factor: results of a prospective randomized phase
3 trial by the Eastern Cooperative Oncology Group (E1996). Blood 2009; 114:
2393–2400.

17 Cheson BD, Greenberg PL, Bennett JM, Lowenberg B, Wijermans PW, Nimer SD
et al. Clinical application and proposal for modification of the International
Working Group (IWG) response criteria in myelodysplasia. Blood 2006; 108:
419–425.

18 Cheson BD, Bennett JM, Kopecky KJ, Buchner T, Willman CL, Estey EH et al.
Revised recommendations of the International Working Group for Diagnosis,
Standardization of Response Criteria, Treatment Outcomes, and Reporting Stan-
dards for Therapeutic Trials in Acute Myeloid Leukemia. J Clin Oncol 2003; 21:
4642–4649.

19 Silverman LR, Demakos EP, Peterson BL, Kornblith AB, Holland JC,
Odchimar-Reissig R et al. Randomized controlled trial of azacitidine in patients
with the myelodysplastic syndrome: a study of the cancer and leukemia group B.
J Clin Oncol 2002; 20: 2429–2440.

20 Kuter DJ, Rummel M, Boccia R, Macik BG, Pabinger I, Selleslag D et al. Romiplostim
or standard of care in patients with immune thrombocytopenia. N Engl J Med
2010; 363: 1889–1899.

This work is licensed under a Creative Commons Attribution 4.0
International License. The images or other third party material in this

article are included in the article’s Creative Commons license, unless indicated
otherwise in the credit line; if the material is not included under the Creative
Commons license, users will need to obtain permission from the license holder to
reproduce the material. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/

Letters to the Editor

2421

© 2014 Macmillan Publishers Limited Leukemia (2014) 2395 – 2424


	Relationship of different platelet response criteria and patient outcomes in a romiplostim myelodysplastic syndromes trial
	Acknowledgements
	Note
	References




