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sponses. Seven of 7 patients responding
to RhoD immuneglobulin (anti-D) and 6 of
8 responding to intravenous immunoglobulin (IVIG) did not have corresponding increases in A-IPF, but 2 with IVIG and
1 with IVIG anti-D did. This supports inhibition of platelet destruction as the primary mechanism of intravenous anti-D
and IVIG, although IVIG may also enhance thrombopoiesis. Plasma glycocalicin, released during platelet destruction,
normalized as glycocalicin index, was
higher in ITP patients than controls (31.36

vs 1.75, P ⴝ .001). There was an inverse
correlation between glycocalicin index
and A-IPF in ITP patients (r2 ⴝ ⴚ0.578,
P ⴝ .015), demonstrating the relationship
between platelet production and destruction. Nonresponders to thrombopoietic
agents had increased megakaryocytes
but not increased A-IPF, suggesting that
antibodies blocked platelet release. In
conclusion, A-IPF measures real-time
thrombopoiesis, providing insight into
mechanisms of treatment effect. (Blood.
2011;117(21):5723-5732)

Introduction
Immune thrombocytopenia (ITP) is an autoimmune disease
affecting adults and children, in which most patients have
autoantibodies that accelerate platelet destruction1,2 and may
also impair megakaryocyte platelet production.3-5 Cytotoxic
effects of CD8⫹ T lymphocytes are also thought to cause
thrombocytopenia in an apparently small number of cases,
perhaps by impairing megakaryocytopoiesis.6,7 Thrombopoietin
levels are normal or only slightly elevated in patients with ITP,
suggesting that the lack of compensatory stimulation of megakaryocytes may contribute to impaired platelet production.8 If
thrombocytopenia is sufficiently profound, it can result in
bleeding, which is infrequently severe.9,10
Traditional frontline treatments of ITP, including corticosteroids, intravenous immunoglobulin (IVIG), and intravenous anti-D,
are effective but typically cause transient elevations in platelet
counts. Second- and third-line therapies, including rituximab,
splenectomy, thrombopoietin receptor agonists (TPO-A), and
immunosuppressants, are often successful and, particularly
rituximab and splenectomy, may cause long-term increases in
the platelet count.11,12
This study focused in part on exploring the mechanisms of
action of IVIG and anti-D. The primary immediate effect of IVIG
in patients with ITP, first suggested by Imbach et al in 198113 and
then Fehr in 1982,14 is thought to be inhibition of peripheral
immune platelet destruction. This explanation was based largely on

inferential data demonstrating slower clearance of antibody-coated,
chromium-labeled red cells, rather than on direct studies of
platelets.15 Studies in murine ITP have shown various effects of
IVIG on ITP: protection against autoantibody-mediated immune
destruction of platelets via up-regulation of Fc␥RIIB, the inhibitory
Fc␥ receptor16; decreased autoantibody production by B lymphocytes, via up-regulation of Fc␥RIIB17; and inhibition of antibody
mediated but not cell-mediated platelet destruction.18 There is less
information describing the mechanism of effect of anti-D, although
it is presumed to inhibit platelet destruction via blocking Fc␥RIIA
and Fc␥RIIIA activation, as also supported by an animal model.19,20
Nonresponse to these agents is presumed to be the result of underlying
impaired platelet production, such that slowing the rate of platelet
destruction has minimal to no impact on the platelet count.15
TPO-A increases the platelet count via stimulating megakaryocytopoiesis and thereby increasing thrombopoiesis to a level that
overcomes the antiplatelet antibody effect in the majority of
chronic ITP patients.21-23 The pathoetiology of nonresponse to
TPO-A in patients with ITP has not been well studied, and the
mechanisms are currently unknown. Theoretically, they could
range from defects at the level of the TPO receptor, including its
signaling pathway, to increased thrombopoiesis insufficient to
overcome peripheral platelet destruction.
Overall, the mechanisms of effect of treatments for ITP have
proven difficult to investigate.24,25 Antiplatelet antibody assays,
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This study investigated the immature
platelet fraction (IPF) in assessing treatment effects in immune thrombocytopenia (ITP). IPF was measured on the Sysmex XE2100 autoanalyzer. The mean
absolute-IPF (A-IPF) was lower for ITP
patients than for healthy controls (3.2 vs
7.8 ⴛ 109/L, P < .01), whereas IPF percentage was greater (29.2% vs 3.2%, P < .01).
All 5 patients with a platelet response to
Eltrombopag, a thrombopoietic agent, but
none responding to an anti-Fc␥RIII antibody, had corresponding A-IPF re-
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Table 1. Results of platelet count and IPF values for ITP patient episodes before and up to 10 days after therapeutic interventions
Platelet count, ⴛ 109/L

Absolute IPF, ⴛ 109/L

Pretreatment

Maximum
posttreatment

Change*

Pretreatment

Maximum
posttreatment

Eltrombopag

13

113

100

7.4

66.4

Eltrombopag

16

565

549

5.9

Eltrombopag

29

173

144

Eltrombopag

2

47

45

Eltrombopag

Treatment

IPF, %
Pretreatment

Maximum
posttreatment

59储

57.2

58.8

1.6

29.4

23.5储

36.6

5.2

⫺31.4

3.4

18.2

14.8储

11.6

10.5

⫺1.1

1.0

17.4

16.4储

52.2

37.1

⫺15.1

Change*

Change*

17

634

617

3.9

23.5

19.6储

22.8

3.7

⫺19.1

Placebo†

8

14

6

3.5

4.1

0.6

43.7

29.4

⫺14.3

GMA161

14

60

46

3.4

9.6

24.2

21.6

⫺2.6

GMA161

13

45

32

1.2

3.8

2.6

9.2

17.1

Anti-DX‡

9

79

70

2

5.5

3.5

21.9

6.9

⫺15

13

7.9

14

115

101

2.2

2.8

0.6

15.8

2.4

⫺13.4

Anti-D

13

167

154

2

5

3

15.7

3

⫺12.7

Anti-DA§

7

335

328

2.8

8.4

5.6

39.8

2.5

⫺37.3

Anti-DA§

10

175

165

2.1

6.8

4.7

21.1

3.9

⫺17.2

Anti-D

20

163

143

1.8

5.2

3.4

9

3.2

⫺5.8

Anti-D

16

421

405

2.2

7.6

5.4

14

1.8

⫺12.2

Anti-D

9

108

99

2.4

5

2.6

26.7

4.6

⫺22.1

Anti-D

12

409

397

2.5

5.3

2.8

21.2

1.3

⫺19.9

Anti-D ⫹ IVIG

3

160

157

1.8

17.3

15.5储

60.9

10.8

⫺50.1

IVIGY‡

1

121

120

0.7

33.5

32.8储

67.2

27.2

⫺40

IVIGY‡

1

79

78

0.3

15.2

14.9储

26.2

19.2

⫺7

IVIGY‡

1

73

72

0.3

18.4

18.1储

29.3

25.2

⫺4.1

IVIGB§

1

210

209

0.4

12

11.6储

38.5

5.7

⫺32.8

IVIGB§

11

197

186

IVIG

48

113

65

IVIG

10

143

133

IVIG

15

58

IVIG

9

IVIG
IVIG

8.5

⫺17.3

15.5

⫺11.5

17.3

5.6

⫺11.7

0.2

14

4

⫺10

9.8

8.1

19

21.3

2.3

4.3

5.4

1.1

28.9

3.4

⫺25.5

1.5

6.0

4.5

21.3

3.5

⫺17.8

2.8

16.7

13.9储

17.5

4.5

27

1.7

8

6.3

43

2.1

2.3

46

37

1.7

15

159

144

7

171

164

13

25.8

*The change in the platelet count and IPF indicates the difference between that parameter on the day of treatment and on the day of maximum observed count after
treatment.
†This patient received placebo during the Eltrombopag/placebo randomized controlled study.
‡Data were available for the same patient on multiple, consecutive treatment episodes with the same agent for patient X with anti-D and patient Y with IVIG.
§Data were available for the same patient on multiple, consecutive treatment episodes with the same agent for patient A with anti-D and patient B with IVIG.
储Greater than 10 ⫻ 109/L increase in absolute IPF.

such as the monoclonal antibody-specific immobilization of platelet antigens, are relatively specific but not very sensitive and appear
to be only semiquantitative.26-28 This has not been systematically
investigated in a large prospective study. Radiolabeled, plateletkinetic studies early on suggested that platelet production may be
reduced, rather than increased, in patients with ITP.29,30 However,
these studies are cumbersome in that they are technically challenging in marked thrombocytopenia, require multiple patient visits,
and involve exposure to radioactivity. Furthermore, the mathematical assumptions used in modeling the raw data to derive the platelet
half-life are not precise because the exact extent of “random”
platelet consumption via interaction with the vessel wall is
unknown.1 Despite this uncertainty, these kinetic studies are
supported by morphologic assessments of megakaryocytes demonstrating cell damage consistent with reduced platelet production.31,32 Another approach to estimate platelet turnover is to
measure plasma glycocalicin, an extramembranous portion of the
␣-subunit of platelet membrane glycoprotein Ib released during
platelet destruction. Plasma glycocalicin levels and glycocalicin
indices (GCIs) have been shown to be a measure of platelet
destruction and turnover.33-35 The technical difficulties of the assay
have thus far impeded its widespread use.
A more recent technique for estimating platelet production and
hence turnover has been to measure the number of newly produced
platelets (ie, the platelet reticulocyte count). Immature platelets can

be distinguished from mature platelets by their content of RNA,
allowing a direct assessment, in real time, of thrombopoiesis to be
made using flow cytometry with an RNA-binding fluorochrome,
such as thiazole orange, to assess platelet maturity.36,37 However,
flow cytometry of reticulated platelets has proven difficult to
standardize. The Sysmex XE-2100 uses a proprietary RNA staining
fluorescent dye containing polymethine and oxazine and a gating
system in the fluorescent reticulocyte/platelet channel, which
reliably quantifies the immature platelet fraction (IPF).38 The major
advantage of the Sysmex XE-2100, an automated, laser-based,
hematologic analyzer, is that it can be set to routinely measure the
IPF as part of a standard complete blood count. The IPF and platelet
reticulocytes measured with thiazole orange, are thought to be
equivalent. They are derived using similar principles but have
never been formally compared.36
The IPF is most commonly reported as the percentage IPF (the
percentage of platelets with above-threshold RNA), but it can also
be expressed as the absolute-IPF (A-IPF), which is the actual
number of immature platelets per unit volume (% IPF ⫻ the
platelet count).37,39 A high IPF percentage is indicative of consumptive or recovering thrombocytopenic disorders in contrast to a low
IPF percentage seen in aplastic states.37,39 A-IPF specifically
reflects the number of immature platelets in circulation (ie, platelet
production).
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Table 2. Patient demographics and previous and current treatments
for chronic ITP patients
Demographic

Value

IPF (n ⴝ 24)
Mean age, y (range)

42 (0.5-82)

Male, no. (%)

11 (46)

Previous treatment

16 (67)

Steroids, no. (%)
IVIG, no. (%)

15 (63)

Intravenous anti-D, no. (%)

14 (58)

Rituximab, no. (%)

10 (42)

Other agents,* no. (%)

9 (38)

Splenectomy, no. (%)

8 (33)

Comparison of A-IPF and glycocalicin (n ⴝ 17)
Mean age, y (range)

53 (31-81)
8 (47)

Current treatment
TPO-A, no. (%)

9 (53)

Prednisone, no. (%)

2 (12)

IVIG, no. (%)

2 (12)

Prednisone and IVIG, no. (%)

1 (6)

Rigel R788, no. (%)

1 (6)

Danazol and MMF,† no. (%)

1 (6)

No treatment, no. (%)

1 (6)

*Other agents included danazol, MMF, and azathioprine.
†MMF indicates mycophenolate mofetil.

The basic tenet of these studies was that, if the platelet count
increased in response to treatment and the A-IPF did not increase,
then the platelet increase was mediated by interfering with platelet
destruction, as seen with GMA161. Conversely, if the platelet count
increased and there was a substantial increase in the A-IPF, then the
mechanism would include stimulation of platelet production, as seen
with thrombopoietic agents. The latter effect was observed in a study
using platelet reticulocyte percentage as a marker of platelet production
in 4 patients with refractory ITP treated with pegylated megakaryocyte
growth and development factor.40
There were 3 aims of this multipart study: (1) to explore the
usefulness of A-IPF as a tool to assess dynamic platelet production
in patients with ITP; (2) to use the A-IPF to elucidate the
mechanisms of effect of anti-D and IVIG; and (3) to preliminarily
investigate patients who did not have platelet responses to TPO-A.

venesection. (IPF is stable for 24 hours after venesection.37) The first part
of this study explored the use of percentage IPF and A-IPF. First, baseline
percentage IPF, A-IPF, and platelet counts were compared between ITP
patients and healthy controls. Second, the use of A-IPF as a measure of
thrombopoiesis was explored in ITP patients before and after treatment with
Eltrombopag, a TPO-A known to increase platelet production,41,42 and with
GMA161, a monoclonal anti-Fc␥RIII antibody that inhibits the destruction
of antibody-coated platelets.43,44 Third, simultaneous blood samples from
17 additional patients with chronic ITP and 8 healthy adult controls were
analyzed for platelet counts and IPF values, in conjunction with plasma
glycocalicin levels measured at the Laboratory for Thrombosis Research,
Kantonsspital Baden, Switzerland.
In the second part of this study, the A-IPF was used to investigate the
mechanisms of treatment effect of anti-D and IVIG; therefore, only ITP
patients who responded to treatment were included in the analysis.
In the third part of this study, a preliminary, retrospective analysis of
patients who did not have platelet responses to TPO-A was performed by
integrating A-IPF responses and, when available, bone marrow examinations for these selected patients.
Patients and treatments
All patients included in this Institutional Review Board-approved study had
a diagnosis of ITP according to the international consensus guidelines.11
The eligibility criteria for “Support for the use A-IPF as a measure of
thrombopoiesis” and for “A-IPF to assess the mechanisms of treatment
effect of anti-D and IVIG” were patients who had a platelet count and IPF
measurement before treatment and within 10 days after treatment. To
determine the mechanisms of response to treatment, 24 patients were
included in the analysis of these 2 sections, selected on the basis of a defined
platelet response to treatment as more than or equal to 30 ⫻ 109/L peak
platelet count and at least 2-fold increase from baseline.45 There was one
exception, a patient who initially received placebo in an Eltrombopagplacebo, blinded study and later responded to Eltrombopag in the open label
Extend study (Table 1). All but 1 treatment episode was initiated at a
baseline platelet count less than 30 ⫻ 109/L.
In “Comparison of A-IPF and glycocalicin,” 17 ITP patients and
8 healthy controls had A-IPF and plasma glycocalicin levels determined
simultaneously. In “A-IPF and bone marrow morphology in nonresponders
to TPO-A,” 11 nonresponding patients were identified among a larger group
of patients treated with several TPO-As. The eligibility criteria of nonresponse were arbitrarily defined as less than 20 ⫻ 109/L peak platelet count
or less than 50% increase from baseline after a minimum of 2 months of
continuous TPO-A treatment.
Assessments and outcome measures

Methods
Study design
Patients with ITP managed at Weill Cornell Medical College were enrolled
into the study after providing written, informed consent in accordance with
the Declaration of Helsinki. A separate Institutional Review Boardapproved protocol was used to obtain oral consent from the healthy
controls. Patients receiving experimental treatments (Eltrombopag and
GMA161) had consented to these treatment studies previously; consents for
IPF assessment were obtained separately for this study. Permission to use
the study data for the Eltrombopag-, AKR501-, and GMA161-treated
patients was obtained from GlaxoSmithKline (Julien Jenkins), MGI
Pharma (Akhil Baranwahl), and Genzyme (Dan Magilauay), respectively.
Consents for inclusion of the bone marrow examinations in the report were
obtained separately.
Peripheral blood samples for measuring IPF were obtained from
100 healthy adult controls and 24 patients with ITP and collected into
ethylenediaminetetraacetic acid tubes, which were run at the Platelet
Disorders Center at Weill Cornell Medical College University campus of
New York Presbyterian Hospital, on Sysmex XE-2100, within 8 hours of

The initial part of the study measured platelet count, percentage IPF, and
A-IPF for patients and controls. In the second part of the study, the
mechanisms of treatment effects were assessed. A peak A-IPF increase
more than 10 ⫻ 109/L was arbitrarily chosen to define a substantial
thrombopoietic effect of the therapeutic intervention (eg, an increase in
platelet production). The maximum observed A-IPFs and the corresponding
platelet counts after therapeutic interventions were compared with the
pretreatment baselines for the patients.
In “Comparison of A-IPF and glycocalicin,” plasma glycocalicin levels
were measured using 2 monoclonal IgG murine antibodies directed against
a peripheral 45-kDa fragment of glycocalicin and evaluated in a
standardized, specific and sensitive enzyme-linked immunosorbent
assay, as previously described.33 GCI (plasma glycocalicin normalized
for the individual platelet count) was calculated for every subject and
control, using the following formula: GCI ⫽ plasma glycocalicin level
g/mL ⫻ (250 ⫻ 109 platelets/L)/individual platelet count ⫻ 109/L.33
In “A-IPF and bone marrow morphology in nonresponders to TPO-A,”
nonresponse to TPO-A was assessed in 11 patients via evaluation of their
platelet counts and A-IPF data and integrating the available bone marrow
morphologies from 7 of these patients. Bone marrow cellularity, myeloid to
erythroid ratio, and the morphologic features of the megakaryocytes were
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Figure 1. Immature platelet fraction (IPF) for ITP patients and
controls. (A) Baseline IPF percentage in healthy controls
(n ⫽ 100) and ITP patient treatment episodes (n ⫽ 29). The y-axis
represents percentage IPF; and the x-axis, individual treatment
episodes. Every pretreatment percentage IPF for all 29 patient
episodes with ITP was greater than any of the 100 normal
controls. Mean percentage IPF for ITP patients, 28.2% ⫾ 15.5%
was greater than controls, 3.2% ⫾ 1.4% (P ⬍ .01). (B) Baseline
A-IPF in healthy controls (n ⫽ 100) and ITP patient treatment
episodes (n ⫽ 29). The y-axis represents the A-IPF values; and
the x-axis, individual treatment episodes. Only 4 of 29 ITP patient
episodes before treatment had A-IPF greater than 4 ⫻ 109/L, to
contrast to 93 of 100 controls. Mean A-IPF for ITP patients
(n ⫽ 29), 2.8 ⫾ 2.5 ⫻ 10 9 /L was less than the controls
(n ⫽ 100), 7.8 ⫾ 3.1 ⫻ 109/L (P ⬍ .01).

Statistical analysis
Analysis was largely descriptive, based on means and SDs as well as medians and
ranges. Student t test was used to compare percentage IPF, A-IPF, glycocalicin,
and GCI values of normal controls with patients with ITP. Correlations were
assessed with 2-tailed Spearman rank, and P ⬍ .05 was considered statistically
significant. For comparison of patients with ITP with normal controls, each of the
24 patients was used only once. The evaluation of pretreatment and posttreatment

Table 3. Comparison of percentage IPF and A-IPF for ITP patients and controls in this study and other studies reported in the literature
Controls
IPF, %,
mean (range)

ITP patients
A-IPF, ⴛ 109/L,
mean (range)

IPF, %,
mean (range)

A-IPF, ⴛ 109/L,
mean (range)

Current study (control, n ⫽ 108; ITP, n ⫽ 41)

3.3 (0.5-7.9)

8.0 (2.6-17.2)

25.5 (3.5-67.2)

5.0 (0.3-32.3)

Briggs et al37 (control, n ⫽ 50; ITP, n ⫽ 22)

3.4 (1.1-6.1)

8.6 (3.1-16.4)

19.5 (2.3-52.1)*

8.1 (1.6-38.6)*

Pons I et al39 (control, n ⫽ 14; ITP, n ⫽ 20)

2.6 (95% CI, 1.7-3.4)

Abe et al46 (control, n ⫽ 129; ITP, n ⫽ 46)

3.3 (1.0-10.3)

NA
7.5 (1.8-25.2)

Cannavo et al47

2.2 (1.0-4.5)

NA

Jung et al48 (control, n ⫽ 2039; ITP, n ⫽ 150)

1.1 Male (0.5-3.2)

NA

16.8 (95% CI, 12.2-21.4)
17.4 (1.2-53.2)
Median, 11.8 (5.3-54.3)
7.7 (1.0-33.8)

NA
4.0 (0.3-19.7)
NA
NA

Female (0.4-3.0)
Cho et al49 (control, n ⫽ 142; ITP, n ⫽ 14)

1.7 (0.4-5.4)

NA

12.5

NA

NA indicates not applicable because this value was not measured in the study.
*The means were taken as an average of those reported (platelet ⬎ 50 ⫻ 109/L: IPF% 16.8%; A-IPF 7.8 ⫻ 109/L and platelet ⬍ 50 ⫻ 109/L: IPF% 22.3%; A-IPF
8.1 ⫻ 109/L).
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Figure 2. Maximum observed change in the A-IPF
within 10 days after treatment in patients with ITP
(n ⴝ 24). The y-axis represents the maximum change in
A-IPF after treatment, with an A-IPF response line threshold drawn at 10 ⫻ 109/L; and the x-axis, those patients
who had a platelet response to different treatments. All
patients responding to Eltrombopag, none of the patients
responding to GMA161, and 0 of 7 patients responding to
intravenous anti-D had an increase in A-IPF more than
the 10 ⫻ 109/L threshold. Two of 8 patients treated with
IVIG and 1 treated with IVIG and intravenous anti-D had
an A-IPF increase of at least 10 ⫻ 109/L.

Results

in A-IPF responses (peak increase ⱖ 10 ⫻ 109/L) in all 5 of the
treated patients, 2 of which were more than 20 ⫻ 109/L. The patient
who received placebo did not mount either a platelet or an A-IPF
response (6.0 and 0.6 ⫻ 109/L, respectively). The 2 patients with
platelet responses to GMA161, an anti-Fc␥RIII antibody, did not
have A-IPF responses (Figure 2; Table 1).
Comparison of A-IPF and glycocalicin

ITP versus normal controls

Patient demographics and previous treatments for 24 patients with
chronic ITP are outlined in Table 2. All percentage IPFs for the
24 patients with ITP were greater than any of the 100 normal
controls (Figure 1A), and the mean percentage IPF of the ITP
patients was substantially higher than that of the controls
(29.16% ⫾ 16.80% vs 3.2% ⫾ 1.4%, P ⬍ .01). In distinction, the
mean A-IPF was lower for patients with ITP than controls
(3.02 ⫾ 2.66 ⫻ 109/L vs 7.8 ⫾ 3.1 ⫻ 109/L; P ⬍ .01) and only
4 of 24 (16.7%) ITP patients had an A-IPF pretreatment more than
4 ⫻ 109/L, whereas 93 of 100 (93%) controls had an A-IPF more
than 4 ⫻ 109/L (Figure 1B).
The percentage IPF and A-IPF for this study were generally
congruent with those of the 6 previously reported studies, except
that the mean percentage IPF of patients in the ITP group was
marginally higher in this study (Table 3).37,39,46-49
Support for the use A-IPF as a measure of thrombopoiesis

The A-IPF, percentage IPF, and platelet count for the responding
ITP patients treated with either Eltrombopag (including 1 with
placebo) or GMA161 are included in Table 1. Eltrombopag resulted

The results from the separate investigations assessing plasma glycocalicin and IPF measurements of patients with chronic ITP on various
treatment regimens are listed in Table 4. Mean plasma glycocalicin
levels did not differ significantly between ITP patients (n ⫽ 17) and
controls (n ⫽ 8): 1.86 ⫾ 1.04 g/mL versus 1.60 ⫾ 0.51 g/mL
(P ⫽ .529, Figure 3A; Table 4). However, ITP patients had a markedly
greater mean GCI than the healthy controls: 31.36 ⫾ 56.96 versus
1.75 ⫾ 0.687 (P ⫽ .001). GCI values for 15 of 17 ITP patients were
greater than all of the GCI values of the controls (Figure 3B; Table 4). In
these patients, there was a strong inverse correlation between GCI and
A-IPF (r2 ⫽ ⫺0.578, P ⫽ .015), illustrating the expected equivalence
between platelet production and platelet destruction as measured by
A-IPF and GCI, respectively (Figure 3C). Furthermore, the patients
treated with TPO-A, compared with those receiving IVIG and/or
steroids, tended to have higher A-IPF and plasma glycocalicin values,
implying a higher rate of platelet turnover with these agents (Figure 3D;
Table 4).
In addition, there was a significant direct correlation between
A-IPF and mean platelet volume (r2 ⫽ 0.615, P ⫽ .0086), substantiating the association between A-IPF and the number of larger
(immature) platelets (data not shown).50

Table 4. Platelet, A-IPF, plasma glycocalicin level, and GCIs for ITP patients treated with thrombopoietic agonists, IVIG and/or prednisone,
other (danazol ⴙ mycophenolate mofetil and Rigel R788), no treatment, and healthy controls
Platelet count, ⴛ 109/L
Treatment
Thrombopoietic agonist (n ⫽ 9)

Mean ⴞ SD
44.78 ⫾ 25.75

Median
(range)
45.00

A-IPF, ⴛ 109/L
Mean ⴞ SD
9.33 ⫾ 5.41

(3-79)
IVIG and/or prednisone (n ⫽ 5)

30.40 ⫾ 25.58

21.00

245.00 ⫾ 280.00

245.00

5.24 ⫾ 3.71

Control (n ⫽ 8)

22.00
238.33 ⫾ 29.91

22.00
223.00
(202-275)

Mean ⴞ SD
2.27 ⫾ 1.07

5.70

16.95 ⫾ 21.71

16.95

1.35 ⫾ 0.81

3.40

1.97

GCI
Mean ⴞ SD
23.81 ⫾ 13.21

0.92

1.72 ⫾ 1.49

1.72

58.43 ⫾ 96.20
7.53 ⫾ 10.13

(0.65-2.76)

27.05
7.53
(0.37-14.7)

1.02

1.02

11.64

8.50

1.60 ⫾ 0.51

1.43

1.76 ⫾ 0.69

(0.79-2.53)

11.19

(2.80-229)

3.40
(7.7-12.5)

Median
(range)

(5.31-83)

(0.51-2.27)

(1.6-32.3)
10.55 ⫾ 3.77

Median
(range)

(1.00-3.91)

(0.4-10.5)

(47-443)
Nil (n ⫽ 1)

7.15

Glycocalicin level, g/mL

(0.9-17.1)

(1-66)
Others (n ⫽ 2)

Median
(range)

11.64
1.56
(0.72-2.83)
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platelet counts and IPF values included 5 additional treatment episodes where an
individual patient received consecutive repeated treatments. For these patients,
only the episode with the greatest A-IPF change was included in the statistical
analyses.
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A-IPF to assess the mechanisms of treatment effect of
intravenous anti-D and IVIG

similar to those with anti-D: substantial platelet increases (mean,
98 ⫻ 109/L; range, 37-164 ⫻ 109/L) with no response in A-IPF
(mean, 4.12 ⫻ 109/L; range, 0.20-8.10 ⫻ 109/L; Figure 2; Table 1).
However, for 2 of 8 IVIG-treated patients and 1 treated with
IVIG anti-D combined, the substantial platelet count increases
(mean, 154 ⫻ 109/L; range, 120-186 ⫻ 109/L) were accompanied by marked A-IPF responses (mean, 20.7 ⫻ 109/L; range,
13.9-32.8 ⫻ 109/L; Figure 2; Table 1). There were no significant
differences between the patients with and without A-IPF
responses to IVIG, probably partly because of the small

The peak A-IPF increases in patients with platelet count responses
to the therapeutic interventions are shown in Figure 2. In all
7 patients treated with anti-D alone, there were considerable
increases in the platelet counts (mean 231 ⫻ 109/L, range
70-405 ⫻ 109/L) with no response in A-IPF (all ⬍ 10 ⫻ 109/L;
Figure 2; Table 1).
The effect of IVIG treatment on the A-IPF was more heterogeneous. For 6 of 8 patients treated with IVIG alone, the results were

Table 5. Demographics and platelet counts, A-IPF, and bone marrow histology at a point in time in patients without a platelet response to
treatment with TPO-A for a given duration
Age, y

Sex

Splenectomy,
yes/no

Duration of
TPO-A treatment, mo

Platelet
count, ⴛ 109/L

A-IPF, ⴛ 109/L

Megakaryocyte
quantity

Megakaryocyte
clustering

63

Female

35

Male

Yes

6

12*

1.44*

1⫹

⫹

0

Yes

13

3*

1.79*

2⫹

⫹

55

1⫹

Female

Yes

3

17*

5.61*

2⫹

⫹

1⫹

Male

No

10

2*

0.71*

1⫹

⫹

0

Female

No

9

11*

3.23*

1⫹

⫹

2⫹

7

Male

Yes

2

2*

0.61*

3⫹

⫹

1⫹

75

Male

No

8

2*

0.77*

2⫹

⫹

1⫹

5

Male

No

9

5
34

52

Mean (SD)

12

3.00

Male

Yes

3

19

2.85

7

Female

No

3

34

4.76

12

Female

No

32

6

11

3.78

6.55 (⫾ 3.56)

11.36 (⫾ 9.68)

2.60 (⫾ 1.69)

1⫹ indicates mild increase; 2⫹, moderate increase; 3⫹, severe increase; and 0, no increase.
*Platelet counts and A-IPF values were measured on the day of the bone marrow examination.

Reticulin fibrosis
grade
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Figure 3. ITP patients had similar glycocalicin levels but higher glycocalicin indicies (GCI) than controls with an inverse correction between GCI and A-IPF, and
higher glycocalicin and A-IPF values for patients treated with TPO-A. (A) Plasma glycocalicin levels for patients with ITP compared with healthy controls. The y-axis
represents plasma glycocalicin levels; and the x-axis, individual samples. There was no statistically significant difference between the mean (⫾ SE) glycocalicin levels for ITP
patients (n ⫽ 17) and controls (n ⫽ 8): 1.86 ⫾ 0.25 versus 1.60 ⫾ 0.21 g/mL (P ⫽ .144). (B) GCIs for patients with ITP and healthy controls. The y-axis represents GCIs; and
the x-axis, individual samples. There was a significant and large difference between the mean (⫾ SE) GCI for ITP patients (n ⫽ 17) and controls (n ⫽ 8): 31.36 ⫾ 13.28 versus
1.75 ⫾ 0.24 (P ⫽ .001). (C) Correlative analysis of GCI and A-IPF for ITP patients. The y-axis represents GCI; and the x-axis, A-IPF. There was a negative correlation between
GCI and A-IPF (r2 ⫽ ⫺0.578, P ⫽ .015). This demonstrates that platelet destruction is equivalent to platelet production. (D) Paired correlative analyses of plasma glycocalicin
levels and A-IPF with platelet counts for ITP patients receiving thrombopoieitin receptor agonists and IVIG and/or prednisone. One line graph has a y-axis of A-IPF, and the
other represents plasma glycocalicin levels, divided into those patients treated with TPO-A and those treated with IVIG and/or prednisone. The x-axis represents the platelet
count. There were positive trends for A-IPF with platelet count for those patients treated with TPO-A (r2 ⫽ 0.503, P ⫽ .216) and IVIG and/or prednisone (r2 ⫽ 0.829, P ⫽ .058).
This is shown in conjunction with negative trends for plasma glycocalicin levels with platelet count for those treated with TPO-A (r2 ⫽ ⫺0.611, P ⫽ .115) and for those treated
with IVIG and/or prednisone (r2 ⫽ ⫺0.543, P ⫽ .297). Patients treated with TPO-A had greater A-IPF and plasma glycocalicin levels than those treated with IVIG and/or
prednisone.
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Figure 4. Intrapatient consistency for A-IPF and platelet count responses to anti-D and IVIG. (A) A-IPF and platelet count responses on 2 consecutive treatment episodes
with intravenous anti-D in the same ITP patient. One line graph has a y-axis representing platelet count, and the other represents A-IPF, against an x-axis representing time.
Dramatic increases in platelet counts with minimal corresponding increase in A-IPF, in response to anti-D treatment, are shown. This response was consistent for 2 consecutive
treatment episodes in the same patient. (B) A-IPF and platelet count responses on 3 consecutive IVIG treatment episodes in the same ITP patient. One line graph has a y-axis
representing platelet count, and the other represents A-IPF, against an x-axis representing time. The platelet count and A-IPF increased substantially after each IVIG
administration. The platelet count and A-IPF responses to IVIG for this patient were consistent for all 3 treatment episodes.
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Table 6. Indium111 oxine-labeled platelet kinetic studies in 2 patients at baseline and after intravenous immunoglobulin therapy
Platelet count, ⴛ 109/L
Baseline

Platelet turnover, ⴛ 109/L/d

Survival, h

Posttreatment

Increase

Baseline

Posttreatment

Baseline

31

157

126

52.8

60.0

18

35

6

35

29

26.4

9.6

14

104

A-IPF and bone marrow morphology in nonresponders to TPO-A

The demographics and results of 11 patients without platelet count
responses to TPO-A are listed in Table 5. Seven of these patients
had bone marrow examinations after treatment. Four of 7 patients
had a normal cellularity for age, and 3 had hypercellular marrows.
All patients had an increased number of megakaryocytes with focal
megakaryocytic clustering and many apoptotic nuclei. Six patients
had no significant increase in reticulin fibers (grades 0-1⫹), and
1 patient had moderate (2⫹) reticulin fibrosis. The 2 older patients
had slightly atypical morphology with marked marrow hypercellularity and an increased number of small, hypolobated megakaryocytes. One patient went on to develop a marked reticulin fibrosis
(3⫹), after a 6-year follow-up. The mean duration of TPO-A
treatment was 6.5 months (range, 2-13 months) and the mean
platelet count was 11.36 ⫾ 9.68 ⫻ 109/L with a corresponding
mean A-IPF 2.59 ⫾ 1.69 ⫻ 109/L. One patient who required
weekly IVIG and intravenous methylprednisolone in addition to
TPO-A later maintained a substantial platelet count (116 ⫻ 109/L)
with azathioprine and TPO-A combined. This suggests that a
decrease in the platelet antibody levels allowed the TPO-A to
increase the platelet count.

esis that there is an impairment of platelet production in many
patients with ITP (Figure 1B; Table 1).
Support for A-IPF as a measure of thrombopoiesis

The initial investigation used 2 model treatments, Eltrombopag and
GMA161, to support A-IPF as a useful tool to measure real time, in
vivo thrombopoiesis in patients with ITP. Eltrombopag has been
shown to increase peripheral platelet counts via activation of
JAK/STAT and MAPK signaling pathways, resulting in proliferation and differentiation of bone marrow precursor cells and
increased platelet production.22,24 3G8 and GMA161, the latter a
humanized monoclonal antibody derived from 3G8, have been
shown to increase platelet counts by blocking ligand binding to
Fc␥RIII, thereby inhibiting platelet destruction.43,44 Change, or
lack thereof, of A-IPF was tested in patients who had platelet
responses to Eltrombopag or GMA-161. Treatment with Eltrombopag caused substantial increases in A-IPF (ⱖ 10 ⫻ 109/L) in all
5 patients who had platelet responses (increases ⱖ 30 ⫻ 109/L and
achieving at least a 2-fold increase45). In contrast, both patients
who had platelet responses to GMA161 did not have corresponding
A-IPF responses. One patient had a larger than expected, although
less than 10 ⫻ 109/L, peak A-IPF increase, presumably as a result
of concurrent high-dose intravenous steroid and/or the fever-chill
reaction for which it was administered (Figure 2). The validity of
A-IPF was further enhanced by the correlation between the
measures of platelet production (A-IPF) and platelet destruction
(glycocalicin index; Figure 3C).
A-IPF in assessing mechanisms of treatment response to IVIG
and intravenous anti-D

Discussion
Thrombocytopenia in ITP is caused by accelerated platelet destruction and impaired platelet production.1,3,8 Studying the mechanisms
of therapeutic effects in chronic ITP involves assessing changes
in the rates of platelet destruction and/or production before and
after treatment administration. In this report, the IPF, based on
its near identity with platelet reticulocytes, was used to assess
platelet production in ITP patients before and after treatment.
This provided a novel approach to the investigation of therapeutic
effect and contributed to an understanding of how patients responded to different therapies and why certain patients did not
respond to TPO-A.
Comparison of IPF for ITP patients and controls

Previous reports have focused on the IPF as a percentage of total
platelet count to represent the immature platelet population.37,39
However, because the A-IPF measures the number of immature
platelets circulating in the periphery, it may be more useful in
measuring platelet production in thrombocytopenic states. In “ITP
versus normal controls,” ITP patients had markedly lower baseline
A-IPF values than controls, supporting the widely accepted hypoth-

A-IPF was then used to investigate mechanisms of treatment effect
for IVIG and anti-D by comparing the A-IPF before and after
platelet responses. Although the mechanisms of action of IVIG and
anti-D continue to be explored, both are thought to primarily
interact with Fc␥ receptors (Fc␥R) on mononuclear cells, and
thereby reduce reticuloendothelial clearance of opsonized platelets.19,20 Anti-D apparently interacts with the activating Fc␥Rs
(Fc␥RIIA, Fc␥RIIIA),20 whereas IVIG is thought to up-regulate the
inhibitory Fc␥RIIB.16,17,19
The pretreatment and posttreatment A-IPF results verified that
the primary effect of anti-D and IVIG is inhibition of platelet
destruction, rather than increased platelet production. No patients
with platelet responses to anti-D treatment alone had an A-IPF
response. However, 2 patients treated with IVIG alone and 1 with
combined IVIG and anti-D had substantial A-IPF increases,
suggesting that IVIG may also augment platelet production in
certain patients (Figure 2).
Two anecdotal patients with ITP had Indium111 oxine radiolabeled, autologous platelet life spans, determined at another center,
before and after IVIG treatment. The platelet counts increased after
therapy, but platelet survivals were not dramatically increased
(Table 6). The calculated increase in platelet turnover suggests that
enhanced platelet production was an important mechanism of the
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numbers of patients analyzed. However, patients with A-IPF
responses to IVIG tended to have lower initial platelet counts
and higher peak platelet counts after treatment. Furthermore, the
A-IPF responses (or lack thereof) seemed to be characteristic of
the individual patient, whose results with intravenous anti-D and
IVIG were reproducible on consecutive treatment episodes
(Figure 4A-B; Table 1).

Posttreatment
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increased platelet count in these 2 IVIG-treated patients.1 IPF was
not simultaneously measured in these 2 patients.
IVIG has many potential mechanisms of effect. Further investigation is necessary to understand how IVIG may increase platelet
production, to distinguish the cases in which this occurs, and to
explain why this effect was not seen with anti-D.
Nonresponse to TPO-A
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study37,39,46-49 (Figure 1; Table 1 and Table 3). Similarly, there was
considerable interpatient variability in responses to treatments. In
contrast, there was high intrapatient consistency of the A-IPF
because the results for paired platelet and A-IPF changes were
remarkably similar between different treatment episodes within an
individual patient (Figure 4). In addition, by comparing A-IPF in
the same patient before and after treatment, any individual variability was minimized in the assessment of treatment effects (Table 1).
Another limitation was that the follow-up of patients was short
(10 days); therefore, long-term mechanisms of action were not
ascertained. Finally, the life span of the reticulated platelets
remains unclear and may be shorter in ITP.
In conclusion, this study highlights that reduced platelet production, as measured by A-IPF, contributes to the thrombocytopenia of
ITP, albeit to a greater extent in certain patients than others.
Furthermore, the differences in the mechanisms of several treatments to augment or leave unchanged platelet production while
increasing the platelet count are well illustrated in these studies.
The ability to use A-IPF as an indicator of the thrombopoietic state
in real time allows it to provide insight into the mechanisms of
treatment effect in patients with ITP and why certain patients may
not respond to these treatments. In the future, A-IPF could be used
diagnostically (not explored in this study) to identify subgroups of
ITP patients with particularly decreased platelet production as a
contributing factor to their thrombocytopenia and potentially
facilitate individualized treatment selection.
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The focus of this study was to assess mechanisms of platelet
response to treatment in patients with chronic ITP, using serial
measurements of A-IPF to estimate changes in platelet production.
Subsequently, the use of A-IPF to provide an insight into the
mechanisms of nonresponse to TPO-A was explored. Three
hypothetical categories could be considered: (1) reduced megakaryocytes in the bone marrow (failure of TPO agents to have their
biologic effect); (2) increased megakaryocytes in the bone marrow
but little or no increase in A-IPF (platelet antibodies, or activated
CD8⫹ T cells preventing the megakaryocytes from making or
releasing platelets); and (3) increased megakaryocytes in the bone
marrow and increased A-IPF but no platelet increase (substantial
peripheral platelet destruction preventing an increased A-IPF from
resulting in a platelet count increase).
All 11 patients not responding to TPO-A had A-IPFs less than
6 ⫻ 109/L: none of the nonresponding patients had any A-IPF
response. All 7 patients with simultaneous bone marrow histology
had increased (often very increased) megakaryocytes and megakaryocyte clustering, which is a TPO-specific finding in patients
with ITP (Table 5); all patients except 1 had less than moderate
fibrosis (Table 5). Overall, the bone marrow findings in these
patients appeared similar to those in TPO-responsive ITP patients.
This shows that, in these cases of TPO-A nonresponse, defined by
platelet count, TPO-A had its expected biologic effect to stimulate
megakaryocytopoiesis. These patients had no increases in A-IPF,
despite increased megakaryocytes, suggesting that the megakaryocytes were somehow blocked from producing or releasing platelets.
The hypothesis that antibody-mediated inhibition of platelet production or release prevented response in these patients is supported by
the anecdotal additive effect of azathioprine in 1 patient. Studies
focusing on the pathophysiologic differences between responders
and nonresponders may further clarify the mechanisms of nonresponse to TPO-A.

ABSOLUTE IPF IN ITP

5732

BLOOD, 26 MAY 2011 䡠 VOLUME 117, NUMBER 21

BARSAM et al

References
1. Ballem PJ, Segal GM, Stratton JR, Gernsheimer T,
Adamson JW, Slichter SJ. Mechanisms of thrombocytopenia in chronic autoimmune thrombocytopenic
purpura: evidence of both impaired platelet production and increased platelet clearance. J Clin Invest.
1987;80(1):33-40.
2. McMillan R. Autoantobodies and autoantigens in
chronic immune thrombocytopenia purpura. Semin Hematol. 2000;37(3):239-248.
3. Nugent D, McMillan R, Nichol JL, et al. Pathogenesis of chronic immune thrombocytopenia: increased platelet destruction and /or decreased
platelet production. Br J Haematol. 2009;146(6):
585-596.

5. McMillan R, Wang L, Tomer A, Nichol J, Pistillo J.
Suppression of in vitro megakaryocyte production
by antiplatelet autoantibodies from adult patients
with chronic ITP. Blood. 2004;103(4):1364-1369.
6. Bao W, Bussel JB, Heck S, et al. Improved regulatory T cell activity in patients with chronic imune
thrombocytopenia treated with thrombopoietic
agents. Blood. 2010;116(22):4639-4645.
7. Olsson B, Andersson PO, Jernås M, et al. T-cellmediated cytotoxicity toward platelets in chronic
idiopathic thrombocytopenic purpura. Nat Med.
2003;9(9):1123-1124.
8. Gernsheimer TB. The pathophysiology of ITP revisited: ineffective thrombopoiesis and the emerging role of thrombopoietin receptor agonists in the
management of chronic immune thrombocytopenic purpura. Hematology Am Soc Hematol Educ
Program. 2008:219-226.
9. Cohen YC, Djulbegovic B, Shamai-Lubovitz O,
Mozes B. The bleeding risk and natural history of
idiopathic thrombocytopenic purpura in patients
with persistent low platelet counts. Arch Intern
Med. 2000;160(11):1630-1638.
10. Portielje JE, Westendorp RG, Kluin-Nelemans HC,
Brand A. Morbidity and mortality in adults with idiopathic thrombocytopenic purpura. Blood. 2001;97(9):
2549-2554.
11. Provan D, Stasi R, Newland AC, et al. International consensus report on the investigation and
management of primary immune thrombocytopenia. Blood. 2010;115(2):168-186.
12. Cooper N, Stasi R, Cunningham-Rundles S, et al.
The efficacy and safety of B-cell depletion with
anti-CD20 monoclonal antibody in adults with
chronic immune thrombocytopenic purpura.
Br J Haematol. 2004;125(2):232-239.
13. Imbach P, Barandun S, d’Apuzzo V, et al. Highdose intravenous gammaglobulin for idiopathic
thrombocytopenic purpura in childhood. Lancet.
1981;1(8232):1228-1231.
14. Fehr J, Hofmann V, Kappeler U. Transient reversal of thrombocytopenia in idiopathic thrombocytopenic purpura by high-dose intravenous
gamma globulin. N Engl J Med. 1982;306(21):
1254-1258.
15. Michel M, Kreidel F, Chapman ES, Zelmanovic D,
Bussel JB. Prognostic relevance of large-platelet
counts in patients with immune thrombocytopenic
purpura. Haematologica. 2005;90(12):17151716.
16. Samuelsson A, Towers TL, Ravetch JV. Antiinflammatory activity of IVIG mediated through
the inhibitory Fc receptor. Science. 2001;291(5503):
484-486.
17. Nikolova KA, Tchorbanov AI, Djoumerska-Alexieva IK,
Nikolova M, Vassilev TL. Intravenous immunoglobulin

18. Chow L, Aslam R, Speck ER, et al. A murine
model of severe immune thrombocytopenia is
induced by antibody and CD8⫹ T cell mediated
responses that are differentially sensitive to
therapy. Blood. 2010;115(21):1247-1253.
19. Lazarus AH, Crow AR. Mechanism of action of
IVIG and anti-D in ITP. Transfus Apheresis Sci.
2003;28(3):249-255.
20. Cooper N, Heddle NM, Haas M, et al. Intravenous
anti-D and IV immunoglobulin achieve acute
platelet increases by different mechanisms:
modulation of cytokine and platelet responses to
intravenous anti-D by FcgammaRIIa and FcgammaRIIIa polymorphisms. Br J Haematol. 2004;
124(4):511-518.
21. Evangelista ML, Amadori S, Stasi R. Biologic aspects of thrombopoietin and the development of
novel thrombopoietic agents for clinical use. Curr
Drug Discov Technol. 2007;4(3):162-173.
22. Kuter DJ. New thrombopoietic growth factors.
Blood. 2007;109(11):4607-4616.
23. Boruchov DM, Gururangan S, Driscoll MC,
Bussel JB. Multi-agent induction and maintenance therapy for patients with refractory immune
thrombocytopenic purpura. Blood. 2007;110(10):
3526-3531.
24. Cines DB, McKenzie SE, Siegel DL. Mechanisms
of action of therapeutics in idiopathic thrombocytopenic purpura. J Pediatr Hematol Oncol. 2003;
25(suppl 1):S52-S56.
25. Gernsheimer T, Stratton J, Ballem P, Slichter S.
Mechanisms of response to treatment in autoimmune thrombocytopenic purpura. N Engl J Med.
1989;320(15):974-980.
26. Fabris F, Scandellari R, Ruzzon E, Luigia Randi M,
Luzzatto G, Girolami A. Platelet-associated autoantibodies as detected by a solid-phase modified antigen capture ELISA test (MACE) are a useful prognostic factor in idiopathic thrombocytopenic purpura.
Blood. 2004;103(12):4562-4564.
27. Berchtold P, Wenger M. Autoantibodies against
platelet glycoproteins in autoimmune thrombocytopenic purpura: their clinical significance and
response to treatment. Blood. 1993;81(5):12461250.
28. McMillan R. Antiplatelet antibodies in chronic
adult immune thrombocytopenia: assays and
epitopes. J Pediatr Hematol Oncol. 2003;25(1):
57-61.
29. Stoll D, Cines DB, Aster RH, Murphy S. Platelet
kinetics in patients with idiopathic thrombocytopenic purpura and moderate thrombocytopenia.
Blood. 1985;65(3):584-588.
30. Ault K, Knowles C. In vivo biotinylation demonstrates that reticulated platelets are the youngest
platelets in circulation. Exp Hematol. 1995;23(9):
996-1034.
31. Houwerzijl EJ, Blom NR, van der Want JJ, et al.
Ultrastructural study shows morphological features of apoptosis and paraapoptosis in megakaryocytes from patients with idiopathic thrombocytopenic purpura. Blood. 2004;103(2):500-506.
32. Hirsch EO, Favre-Gilly J, Dameshek W.
Thrombopathic thrombocytopenia: successful
transfusion of blood platelets. Blood. 1950;5(6):
568-580.
33. Beer JH, Buchi L, Steiner B. Glycocalicin: a new
assay—the normal plasma levels and its potential
usefulness in selected diseases. Blood. 1994;
83(3):691-702.
34. Kurata Y, Hayahsi S, Kiyoi T, et al. Diagnostic

value of tests for reticulated platelets, plasma glycocalicin, and thrombopoietin levels for discriminating between hyperdestructive and hypoplastic
thrombocytopenia. Am J Clin Pathol. 2001;
115(5):656-664.
35. Steinberg MH, Kelton JG, Coller BS. Plasma glycocalicin: an aid in the classification of thrombocytopenic disorders. N Engl J Med. 1987;317(17):
1037-1042.
36. Kienast J, Schmitz G. Flow cytometric analysis of
thiazole orange uptake by platelets: a diagnostic
aid in the evaluation of thrombocytopenic disorders. Blood. 1990;75(1):116-121.
37. Briggs C, Kunka S, Hart D, Ognuni S, Machin SJ.
Assessment of immature platelet fraction (IPF) in
peripheral thrombocytopenia. Br J Haematol.
2004;126:(1)93-99.
38. Walters J, Garrity P. Performance evaluation of
the Sysmex XE-2100 Hematology Analyzer. Lab
Hematol. 2000;6:83-92.
39. Pons I, Monteagudo M, Lucchetti G, et al. Correlation between immature platelet fraction and reticulated platelets: usefulness in the etiology diagnosis of thrombocytopenia. Eur J Haematol.
2010;85(2):158-163.
40. Nomura S, Dan K, Hotta T, Fujimura K, Ikeda Y.
Effects of pegylated recombinant human megakaryocyte growth and development factor in patients with idiopathic thrombocytopenic purpura.
Blood. 2002;100(2):728-730.
41. Bussel JB, Cheng G, Saleh MN, et al. Eltrombopag for the treatment of chronic idiopathic
thrombocytopenic purpura. N Engl J Med. 2007;
357(22):2237-2247.
42. Bussel JB, Provan D, Shamsi T, et al. Effect of
eltrombopag on platelet counts and bleeding during treatment of chronic idiopathic thrombocytopenic purpura: a randomised, double-blind, placebo-controlled trial. Lancet. 2009;373(9664):
641-648.
43. Clarkson S, Bussel JB, Kimberley RP, Valinsky JE,
Nachman RL, Unkeless JC. Treatment of refractory
immune thrombocytopenic purpura with an antiFcgamma receptor antibody. N Engl J Med. 1986;
314(19):1236-1239.
44. Nakar CT, Bussel JB. 3G8 and GMA161, anti
Fcgamma receptor III inhibitory monoclonal antibodies in the treatment of chronic refractory ITP
(summary of two pilot studies) [abstract]. Blood
(ASH Annual Meeting Abstracts). 2009;114:2404.
45. Rodeghiero F, Stasi R, Gernsheimer T, et al.
Standardization of terminology, definitions and
outcome criteria in immune thrombocytopenic
purpura of adults and children: report from an international working group. Blood. 2009;113(11):
2386-2393.
46. Abe Y, Wada H, Tomatsu H, et al. A simple technique to determine thrombopoiesis level using
immature platelet fraction (IPF). Thromb Res.
2006;118(4):463-469.
47. Cannavo I, Ferrero-Vacher C. Assessment of an
immature platelet fraction (IPF%) in the diagnosis
of thrombocytopenia. Ann Biol Clin (Paris). 2010;
68(4):415-420.
48. Jung H, Jeon HK, Kim HJ, Kim SH. Immature
platelet fraction: establishment of a reference interval and diagnostic measure of thrombopoiesis.
Korean J Lab Med. 2010;30(5):451-459.
49. Cho YG, Lee JH, Kim DS, Lee HS, Choi SI. Clinical usefulness of the simple technique to diagnose thrombocytopenia using immature platelet
fraction. Korean J Lab Med. 2007;27(1):1-6.
50. Chatterji AK, Lynch EC, Garg SK, Amorosi EL,
Karpatkin S. Circulating large platelets. N Engl
J Med. 1971;284(25):1440-1441.

Downloaded from https://ashpublications.org/blood/article-pdf/117/21/5723/1338603/zh802111005723.pdf by guest on 31 March 2020

4. Chang M, Nakagawa PA, Williams SA, et al. Immune thrombocytopenic purpura (ITP) plasma
and purified ITP monoclonal autoantibodies inhibit megakaryocytopoiesis in vitro. Blood. 2003;
102(3):887-894.

up-regulates the expression of the inhibitory FcgammaIIB receptor on B cells. Immunol Cell Biol. 2009;
87(7):529-533.

