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Abstract It has been suggested that platelet function in
chronic immune thrombocytopenic purpura (ITP) may be
abnormal. Thrombopoietin mimetics used for treatment can
affect it, but the data remain limited. We investigated plate-
let function of 20 children diagnosed with severe ITP (aged
1-16 years, 12 females and eight males). Platelet functional
activity in whole blood was characterized by flow cytom-
etry before and after stimulation with SFLLRN plus colla-
gen-related peptide. Levels of CD42b, PAC1, and CD62P,
but not CD61 or annexin V, were significantly increased
(P < 0.05) in resting platelets of patients before treatment
compared with healthy donors. On average, PAC1 and
CDG62P in patients after activation were also significantly
elevated, although some patients failed to activate integrins.
Romiplostim (1-15 pg/kg/week s.c.) was prescribed to
seven patients, with clinical improvement in six. Interest-
ingly, one patient had clinical improvement without platelet
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count increase. Eltrombopag (25-75 mg/day p.o.) was
given to four patients, with positive response in one. Others
switched to romiplostim, with one stable positive response,
one unstable positive response, and one non-responding.
Platelet quality improved with romiplostim treatment, and
their parameters approached the normal values. Our results
suggest that platelets in children with severe ITP are pre-
activated and abnormal, but improve with treatment.

Keywords Platelet function - Flow cytometry - Immune
thrombocytopenia - Romiplostim - Eltrombopag

Introduction

Immune thrombocytopenic purpura (ITP) is an autoim-
mune disease with complex pathogenesis that is caused by
development of auto-antibodies against platelets and mega-
karyocytes and T cell-mediated lysis [1]. This dramatically
promotes platelet clearance as well as disrupts their pro-
duction leading to different degrees of thrombocytopenia
and bleeding.

Importantly, not only platelet count, but also platelet
function can be impaired in a fraction of the ITP patients
according to some reports [2]. There is no reliable cor-
relation between severity of hemorrhages and the platelet
count [3]. The classic clinical assays like aggregometry
cannot be used in thrombocytopenia, and the available
data on platelet function in ITP are mostly from flow
cytometry with divergence of the results and great differ-
ences in protocols. Some studies reported no differences
in platelet activity between healthy adults and patients
[2], and others reported that platelets in ITP are pre-acti-
vated [4].
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An important recent option for treatment of ITP is
new thrombopoietin mimetics, romiplostim and eltrom-
bopag [5]. They were both approved for treatment of
adult ITP, and were reported to affect not only platelet
number (with some chance of long-term remission), but
also platelet function. However, the data are scarce and
conflicting as well. The research was almost exclusively
done for eltrombopag. Some studies reported no signifi-
cant effect of the drug on platelet function [6], while oth-
ers observed some improvement in patients [4], possibly
as a result of platelet count increase [4]. It is important to
clarify this issue, because improvement of platelet func-
tion might mean that the drug can have beneficial effects
even when it fails to raise the platelet count (which is
essential information, because the expensive treatment
could otherwise be discontinued). On the other hand, like
with any pro-hemostatic drugs, improvement of platelet
function beyond normal might mean thrombotic risks.

Childhood ITP affects 4-6 of 100 000 children per
year, and is believed to be a relatively benign hematologi-
cal disorder that resolves spontaneously in the majority
of cases. However, at least 30% of patients have persis-
tent disease, and 5-10% develop severe chronic disor-
der [7]. The problem of poor characterization of platelet
function in the patients (with or without relation to treat-
ment) is probably even more urgent for childhood ITP
because there are less data. One study reported, using
specially developed platelet reactivity and microaggrega-
tion assays, that platelet function is impaired in chronic
childhood ITP depending on the bleeding phenotype [8].
Another report also found correlation between bleeding
score and platelet function [9].

Romiplostim and eltrombopag are currently used off-
label in childhood ITP. Several trials and case series [10—
16] showed that they are effective [7]; the results of phase
3 trials are just becoming available now [17, 18]. The
reports on their effect on platelet function are even more
scarce; one study revealed changes in immature platelet
fraction upon eltrombopag treatment [19].

Therefore, there is presently an unclear picture: (a)
the data on platelet function in ITP and on the effect of
eltrombopag are minimal and conflicting (particularly
scarce for children); (b) there are no data at all for romi-
plostim, either for children or adults. To address this,
we investigated a small group of 20 pediatric patients,
to some of whom romiplostim or eltrombopag were pre-
scribed. Flow cytometry revealed essential heterogene-
ity of platelet function in the untreated group, with both
refractory and pre-activated platelets present in different
patients, and found that treatment generally improved
platelet function, sometimes independently of platelet
count.
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Materials and methods
Patients and donors

Children aged 1-16 years were included in this observa-
tional study. Blood obtained from adult healthy individu-
als served as positive controls. Investigations were per-
formed in accordance with the Declaration of Helsinki
under a protocol approved by the NSPC CHOI Ethical
Committee, and written informed consent was obtained
from all donors and patients, or their parents. Throm-
bocytopenia was defined as platelet count less than
100 x 10%/ul, with persistent ITP lasting for 3—12 months
and chronic ITP lasting for more than 12 months. Bleed-
ing was evaluated using the SMO bleeding scale [20].
Blood samples from 10 healthy volunteers who claimed
to abstain from platelet-affecting drugs were used as
controls.

Materials

Annexin V-Alexa647 and antibodies against P-selectin
(CD62P-Alexa647), integrin olIp3 (CD61-PE), its activa-
tion (PAC1-FITC), glycoprotein I (CD42b-PE) were from
Biolegend (San Diego, CA, USA). Collagen-related pep-
tide (CRP) was kindly provided by Prof. R.W. Farndale
(University of Cambridge, Cambridge, UK). All other rea-
gents were from Sigma-Aldrich (St Louis, MO, USA).

Flow cytometry evaluation of platelet function

Blood was collected by venipuncture into 3-ml vacuum
citrate tubes, which were then centrifuged for 3 min at
100 g to obtain platelet-rich plasma. The number of
platelets was determined with an automated hemato-
logical analyzer; for donors, it was adjusted to 30 x 10°
ul~!. Samples were diluted with buffer A (150 mM NaCl,
2.7 mM KCI, 1 mM MgCl,, 0.4 mM NaH,PO,, 20 mM
HEPES, 5 mM glucose, 0.5% bovine serum albumin,
pH 7.4 [21, 22]) when platelet concentration exceeded
200 x 10° ul~'. Platelets were either left intact or loaded
with mepacrin (1 mM) for 30 min at 37 °C. Subsequently,
they were either left unstimulated or stimulated with CRP
at 20 pg/ul and SFLLRN at 12.5 uM for 10 min in the
presence of 2.5 mM calcium chloride. Both resting and
activated samples were incubated with antibodies against
CD61, CD42b, CD62P, as well as PAC1 and annexin V
for 10 min. Then, they were diluted 10-fold with buffer
A containing 2.5 mM calcium, and analyzed using either
BD Accuri C6 (BD Biosciences, San Jose, CA, USA) or
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Novocyte (Acea Bioscience, San Diego, CA, USA) flow
cytometer.

Statistics

To test hypotheses, we used Student’s two-sample 7 test.
The significance level was set as 95%.

Results

Baseline characteristics

A total of 20 patients, all outpatients at Federal Research

and Clinical Center of Pediatric Hematology, Oncology
and Immunology, were included in the study (Table 1).

Table 1 Patients before treatment

They were aged 1-16 years, with 12 girls and 8 boys. All
had a previous history of unsuccessful treatment (2—6 lines
of therapy). Duration of the disease was 3-132 months
from the diagnosis; severe chronic form was diagnosed in
14 of the patients; others had persistent ITP. All patients
had thrombocytopenic purpura, and 15 out of 20 had sig-
nificant hemorrhage (nasal, oral, uterine, intestinal, CNS).

Platelet function in patients with ITP before treatment

All patients had their blood collected before treatment,
but only 10 of them produced reliable platelet measure-
ments, probably because of pre-activation and aggrega-
tion as described below (patient numbers 1, 2, 3, 5, 8, 9,
11, 13, 15, 16). Figure 1 shows that patients have signifi-
cantly higher CD42b (by a factor of 1.5-2.1, P < 0.05),

N Sex Age (years) ITP duration (months) Platelet count (103}11’1)

1 f 8 24 3
2% f or 15 4
3 f 15 48 21
O 9 56 14
5 f 7 26 59 (after IVIG)
6% f 14 132 12
m 10 94 69
8 m 10 16 1
9 f 9 40 50
10% f 5 3 3
11 f 10 8 9
12% f 10 9 11
13* m 8 34 4
14 f 9 36 9
15*% f 5 7
16* m 5 19 29
17 f 3 8 22
18* f 3 24 9
19%* m 16 19 27
20% m 1.6 6 12

Bleeding Prior therapy

Skin, nasal, oral Prednisolone, methylprednisolone, immu-
noglobulin

Skin, nasal Prednisolone, dexamethasone, immuno-
globulin

Skin, nasal Methylprednisolone, immunoglobulin,

interferon

Skin, nasal, oral Methylprednisolone, immunoglobulin,

interferon
Skin, nasal Immunoglobulin, methylprednisolone
Skin, nasal, uterine Prednisolone, methylprednisolone, inter-

feron, rituximab

Skin Immunoglobulin, interferon

Skin Dexamethasone, immunoglobulin,
rituximab

Skin Prednisolone, dexamethasone, immuno-

globulin, danazol, interferon
Skin, nasal, oral, intestinal Prednisolone, dexamethasone, immuno-

globulin

Skin, CNS Dexamethasone, immunoglobulin,
interferon

Skin, nasal Methylprednisolone, dexamethasone,
immunoglobulin

Skin, nasal Dexamethasone, immunoglobulin, dana-
zol, interferon. Eltrombopag (14 months
before), rituximab

Skin Prednisolone, dexamethasone, interferon

Skin Prednisolone, immunoglobulin

Skin, nasal Prednisolone, immunoglobulin, interferon

Skin, nasal Prednisolone, immunoglobulin, interferon

Skin, intestinal Prednisolone, immunoglobulin

Skin, nasal Prednisolone, interferon

Skin, nasal Prednisolone, methylprednisolone, immu-

noglobulin

Asterisk indicates those who received thrombopoietin mimetics
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Fig.1 Baseline parameters of platelet functional activity in ITP
patients. Platelets of 10 patients and 10 healthy donors were char-
acterized by flow cytometry before and after stimulation with CRP
plus TRAP as described under “Materials and methods”. a Levels of
CD42b and CD61 prior to stimulation. b PACI1, ¢ P-selectin, d the

but not CD61 (Fig. la). Integrins were generally pre-
activated (Fig. 1b), and the number of active integrins
remained higher even after activation. The same was
observed for P-selectin (Fig. lc), but not procoagulant

@ Springer

percentage of procoagulant platelets before and after stimulation. The
symbols show mean values, horizontal lines are medians, boxes show
25-75 percentiles, error bars show 5-95% intervals, and X symbols
show maximal and minimal values. Asterisks indicate statistical sig-
nificance at P < 0.05

activity, where effects were not significant (Fig. 1d).
Dense granule function in the patients was normal
(Fig. le).
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Pre-activation of platelets in ITP compared with normal
ones is illustrated for integrins in online supplement Fig.
SIA. Two of the patients exhibited refractory behavior in
combination with pre-activation. Representative data are
shown in Fig. S1B; for comparison, a typical healthy donor
is shown in Fig. S1C. As a result of spontaneous activation,
resting platelets from an number of ITP patients aggregated
and were poorly observable (Fig. S1D), and this was cor-
rected after 5 months of treatment (Fig. S1E).

Therapy and clinical response

Out of 20 patients, thrombopoietin mimetics were pre-
scribed to 11 (Table 2). They were given as a monotherapy.
In the patients, who did not respond by platelet increase
and/or had bleedings, rescue therapy was provided as
a supplement to thrombopoietin mimetics as listed in
Table 2. Romiplostim (1-15 pg/kg/week s.c.) was pre-
scribed to 7 patients, with clinical improvement in 6 of
them. Interestingly, one patient had clinical improvement
without platelet count increase. Eltrombopag (25-75 mg/
day p.o.) was given to 4 patients, with positive response
in 1. Other 3 patients were switched to romiplostim, with
1 positive response, 1 unstable positive response, and 1
non-responding. As a summary clinical outcome, throm-
bopoietin mimetics significantly improved hemostasis in
9 patients out of 11 to whom they had been prescribed,;
only 2 patients still had hemorrhages, none of them severe.
We did not observe relation of the response to age: age of
the responders was uniformly ranged from 20 months to
16 years, with both non-responders aged 5 years.

Platelet function during treatment

Five patients were followed during their therapy with romi-
plostim; the data of flow cytometry characterization of their
function are shown in supplementary Fig. S2.

For patient 10, who did not respond either with plate-
let count or bleeding reduction, the number of platelets in
almost all time points was too small for reliable measure-
ments (likely because of pre-activation and aggregation).
The only exception is point 3, where extremely high pre-
activation (PACI data in Fig. S2C, P-selectin data in Fig
S2E, annexin V-binding in Fig. S2G) is obvious.

Patient 4 is the one who did not respond to eltrom-
bopag but responded to romiplostim successfully. At point
0, platelet function measurement was not possible; at later
stages, platelets are pre-activated (PAC1 data in Fig. S2C;
note that point 2 seems better than point 1), but detectable.
Like with patient 10, response of her platelets to stimula-
tion is quite high.

Patient 16 is an example of unstable response to treat-
ment. Interestingly, his platelets are also of poor quality,

with significant pre-activation where analysis was possible.
The data in Fig. S3 indicate that, at point 2, his platelets did
not bind antibodies against integrins (for comparison, data
for patient 4 are shown side by side, for integrin and for
glycoproteins Ib.

One of the most interesting dynamic responses to romi-
plostim was that of patient 2, who demonstrates stable
clinical improvement without platelet count increase. The
laboratory parameters of platelet function show steady
improvement, though platelets are pre-activated in almost
all cases.

Finally, patient 6 is the only one among these five with
steady and stable response to therapy (another is patient 4,
but she was on eltrombopag first). All parameters of her
platelets (including integrins, alpha-granules, procoagu-
lant activity, both for pre-activation and post-stimulation)
are steadily improved over the course of therapy. The only
exception is dense granule function (Fig. S2B) that was
originally normal and remained so.

Discussion

This small-scale observational study investigated the base-
line state of platelet function in children with chronic ITP
and their response to therapy with thrombopoietin mimet-
ics (mostly romiplostim) using flow cytometry. The follow-
ing conclusions were reached:

1) Platelet function in this patient group before treatment
is significantly abnormal. Their level of background
platelet activation (judging by integrin activation and
P-selectin externalization) is significantly increased.
Platelet functions after stimulation were mostly normal
or higher than normal, though in some patients pre-
activation was combined with refractoriness.

2) Initial clinical response to romiplostim and eltrom-
bopag agrees well with previous reports [10, 11, 13,
15, 16]. Most intriguingly, one patient responded to
romiplostim clinically without platelet count increase.

3) Platelet functions significantly change during romi-
plostim therapy in each patient. Background activa-
tion seems to decrease, while responses to activation
may go up and down, but not below the normal level.
This could possibly explain the clinical response in the
romiplostim patient who did not have a platelet count
increase.

The observation of platelet pre-activation is novel for
childhood ITP to the best of our knowledge, but the result
agrees well with the previous report on increased platelet
background activation in adult ITP [4]. Both these stud-
ies disagree with report [2] that found no differences.

@ Springer



E. V. Suntsova et al.

(;-IM;01) Junos 32pare[d 10§ ST [1d
(4 03 () w1y 2109S JUIPAJ[q J.L AY) ‘OBSOONW [BUIAIUI IO UBTIQ ‘QBSOINA I[qQISIA ‘UDS) 9PBID OJAS U YIIM PIJBN[RAS SBM QWOIPUAS JIFEYLIOWIL]

Aderoyy wnsordror
JO SYeam § 181y Ay Suumnp

0O0NIS 00CTINES SPI0I9]SOJNI0D JO 9SINOD
wnsordrwor 0y asuodsoy 88 I'1d ZI I'Id  2uo pue DIAT JO S9sIn0d om], Yoom/3y/3n ¢1—¢ wnsodruoy +0¢
0O0OS 00ENIS
Sedoquionye 03 asuodsay €1 I'1d 1T I1d QUON Kep/3w (oG Sedoquion|qd 461
000NOS TOTINTS
paddoss Aderoyy ‘osuodsay 0 I'1ld 6 I'1d QUON  Yoom/3Yy/3n g—9 wmsordruoy 48T
000NOS Mels JooM/3y
umsord OOINTS IS I'ld OTINTS OCTINZS umsofdruior pue Sedoquione  /3r g[-g— wnsofdrwor uay
-1uiolI 03 asuodsar d[qeIsun Zc I'1d  wnsordrwor ug 6 I'1d 71 I1d 210J9q DIAT JO SISIN0D OM], ‘Kep/3w )g—cz Sedoquiong 491
Juw
-jean wimsodrwor oy Surn(g
OO0TS  O0INTS OO0INTS O0NIS OO0INTS SPIOIRIS0O1I00 Yoam/3y/31 19
asuodsar oN LI'1d SI'd 6.L1d 91 I'ld ¢ I'ld pue DIAT JO $98IN03 JI0YS wnso[diuoy 461
000NOS OIINTS Yoom/3y/3r o1
paddoss Aderoyy ‘asuodsay vy I1d ¢ I1d QUON wnsordiuoy  4¢]
000NOS 000INOS OTINTS Yoam/34/31 016
osuodsoy y1LI1d o I'ld 1T I1d SUON wnsodiuoy 4T
JuQUIEaI)
TOTINES Od.1E 2y Sutmp qewrxmis Yoam/3/3r ¢1-8
OTINES OCTINES ¥ 1'1d OTINES  ‘BJ[B-UOIDJIAUL ‘SPIOISISOON) wmsofdrwor uay) ‘Kep
Adero 107310 03 9suodsar oN 91 I'ld 9 I'ld wmsordrwor ug SI1d -100 pue DIAJ JO SISIN0J JI0YS /3w 6/—0G—¢g Sedoquonyg 401
oseadul  OOO0NOS 0OO0NO0S 000NO0S 0O0INOS TOTINTS Yoam/3y/3n 61
1unoo jopare[d ‘osuodsar eoruty ¢S IId  8¢T I1d Y01 I'ld 8¢ I'ld 6 I'1d QUON umsofdrwoy 49
I8k ® 10] 000INOS Yoom/3y/3n 6—+
wnsofdiwor oy asuodsar o[qe1s OIINIS O0O0NWO0S 0Lc I'ld OCINCS OCINTS wmnsofdrwox wnsofdrwor uay ‘syoam g
‘Fedoquionyo oy osuodsarrenu] Q7 I'Id 82 I'1d  wnsordiwor ug S I'ld $1 I'1d 210Joq DIAT JO 951100 duQ 10J Kep/Sw 6/—0¢ Sedoquionyg .t
Juow
-yeon) wysordrwor oy) Sunn S[OTU0D
oseanour Junod jople[d  OOOINES EOEINES 0O0INES 000INOS 0OTINES SpI01)sooniod  jafareld yim eam/3y/S o[-
2[qes ou Juswesordw [earur[) I.I'd 8 I'ld yie I'ld YL I'ld ¥ ol'1d Pue DIAT JO $9SIN0J 1I0YS wmso[diuoy 4
NSy God  fIulod € Jutod zuod (Jueunearn 210J9q) | jurod Adeaoyy anosoy Aderdyy, N

JUSU)EaI) UO sjusned g dqel

pringer

Qs



Bleeding tendency and platelet function during treatment with romiplostim in children with...

Additional research is required to ascertain the signifi-
cance of the observed pre-activation, but the fact that some
patients had 30-60% level of integrin activation in rest-
ing platelets, quite overlapping with the range for normal
stimulated platelets, does suggest some possible clinical
relevance. The group size is not sufficient to look for cor-
relation of bleeding phenotype with platelet function (like
in [8, 9]), but some patients did show impaired responses to
stimulation.

The clinical response of children to romiplostim is rela-
tively well characterized, and the present study agrees well
both initial studies and the recent phase 3 trial [17]. It is,
however, interesting that a patient with no stable increase
in platelet count but a clear clinical improvement was
observed even in the small selection of the present study.
This additionally stimulates speculation on the possible
changes in platelet function.

In contrast to eltrombopag, there were no data on the
effect of romiplostim on platelet function in either adults
or children with ITP. The data of the present study sug-
gest that the platelet functions do change significantly, but
the sample size does not allow statistical analysis of the
groups. Decrease of background activation and normali-
zation of the platelet response can be traced for individual
patients, which might be important to avoid thrombosis
risks (otherwise, increase of platelet count without decreas-
ing ITP-dependent pre-activation could be dangerous).
Platelet function improvement is observed for all patients
with positive clinical response (it is particularly interesting
for the patient with no platelet count increase). However,
additional study of a larger group is required to quantita-
tively characterize this.
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