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Abstract
Idiopathic thrombocytopenic purpura (ITP), an autoimmune hematologic disorder characterized by severe platelet count 
reduction, can be treated with romiplostim. However, post-marketing safety and effectiveness data for romiplostim in Japan 
are scarce. This prospective, observational, post-marketing Specified Use-Results Survey evaluated the real-world safety 
and effectiveness of romiplostim for 2 years. All patients treated with romiplostim during the survey period were eligible. Of 
the 1622 patients in the safety analysis set, 94.08% (1526/1622) had chronic ITP. The mean single dose of romiplostim was 
stable after 12 weeks and remained < 6 μg/kg in approximately 70% of patients until 104 weeks. Within 2 years, 14.92% of 
patients discontinued romiplostim because of adverse events, while 6.47% discontinued because of suspected adverse drug 
reactions. In contrast, 14.00% of patients discontinued romiplostim because of symptom improvement. Before romiplostim 
initiation, platelet count was < 2.0 × 104/µL in 60.54% of patients, and the mean platelet count was 2.84 ± 5.76 × 104/µL. 
Platelet count was 9.19 ± 13.01 × 104/µL after 4 weeks, and remained between 10.34 ± 10.72 and 12.38 ± 12.63 × 104/µL 
from 8 to 104 weeks of treatment. No specific concerns were revealed regarding the safety and effectiveness of romiplostim 
in chronic ITP; the findings demonstrated a favorable risk–benefit balance for romiplostim in this population. Trial registra-
tion: UMIN000047864 (www.​umin.​ac.​jp/​ctr).
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Introduction

Idiopathic thrombocytopenic purpura (ITP) is a commonly 
occurring autoimmune haematologic disorder characterised 
by a severe reduction in platelet count, for which the ideal 
treatment is to increase platelet count to a safe haemostatic 
range [1, 2]. Romiplostim (Romiplate®, Kyowa Kirin Co., 
Ltd., Tokyo, Japan) is a thrombopoietin receptor agonist 
(TPO-RA) that binds to TPO receptors on megakaryocytes 
and their progenitor cells in bone marrow, thereby enhanc-
ing platelet production. It was first approved in 2008 in 
Australia, and in the same year in the USA, for treating 

chronic ITP in patients with prior unfavourable responses 
to corticosteroids, immunoglobulins, or splenectomy and in 
those with a higher risk of haemorrhage due to the degree 
of thrombocytopenia [3]; it was subsequently approved in 
Japan in 2011 [4]. Regulatory authorities in Japan requested 
that additional information on the effectiveness and safety 
of all patients treated with the product be acquired through 
post-marketing surveillance as conditions for approval.

Multiple studies have already established the efficacy 
and safety of romiplostim in patients with chronic ITP [5, 
6]. In Japanese adult patients with chronic ITP, a signifi-
cantly higher platelet response was found after 12 weeks of 
treatment with romiplostim when compared with placebo 
(P < 0.0001) [5]. Moreover, a significantly higher propor-
tion of patients achieved a sustained platelet response after 
24 weeks of romiplostim treatment than those receiving a 
placebo among those with or without a history of splenec-
tomy [6]. The efficacy and safety of long-term romiplostim 
administration in patients with chronic ITP have also been 
reported [7, 8]. The safety of romiplostim was evaluated in 
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13 domestic and international clinical trials, which were the 
basis for the approval in Japan [9, 10]. The Japanese long-
term extension study of romiplostim was conducted in only 
a few patients (n = 44) [8], offering limited clinical data. 
In addition, based on the results of a phase 2 clinical trial 
in Japan [11], romiplostim was recommended at a starting 
dose of 3 μg/kg for phase 3 evaluation in Japanese patients 
with chronic ITP, despite the approved dosage being lower 
(1 μg/kg) [4]. The previous studies have associated romi-
plostim treatment with a higher risk of increased bone mar-
row reticulin or myelofibrosis, haematological malignancies, 
and myelodysplastic syndromes (MDS) [12–14]. Therefore, 
there is a need to collect data pertaining to the safety of long-
term romiplostim treatment (> 1 year).

There is a lack of real-world data on the effectiveness 
and safety of romiplostim in patients with chronic ITP, par-
ticularly in Japan. The present Romiplate® for subcutaneous 
injection 250 µg Specified Use-Results Survey—All Patients 
Surveillance—“Survey on Long-term Use” was planned and 
started in April 2011. The objective of this survey was to 
evaluate the safety and effectiveness of romiplostim in clini-
cal practice, with three specific requirements: understanding 
the occurrence of suspected adverse drug reactions (ADRs), 
detecting suspected unexpected ADRs, and assessing pri-
ority survey items (worsening of thrombocytopenia and 
haemorrhage-related events after discontinuation of romi-
plostim, haemorrhagic suspected ADRs, and thromboem-
bolic suspected ADRs) and adverse events (AEs) of special 
interest (increased bone marrow reticulin or myelofibrosis, 
haematological malignancies, and MDS), and confirming 
the safety and effectiveness of romiplostim during long-term 
use (2 years).

Methods

Clinical setting and intervention

This prospective, observational, post-marketing all-patients 
surveillance was launched on April 13, 2011, at sites across 
Japan. Using a central registration system, the survey was 
conducted as an all-patients surveillance that examined all 
patients who received romiplostim during the first 5 years 
of romiplostim marketing. The registration period lasted 
5 years, between April 2011 and the end of March 2016; 
in patients where romiplostim was started on or after April 
1, 2016, only the registration of patients treated with romi-
plostim was continued. Each patient was observed for 
2 years. However, those who discontinued romiplostim 
within the 2-year observation period were observed up to 
1 month after the discontinuation.

Administration of romiplostim was based on the Japanese 
approval dosage [4]. The initial adult dose of 1 μg/kg of 

romiplostim was administered subcutaneously and then once 
weekly at that dosage thereafter, depending on the patient’s 
platelet count and other symptoms. The maximum dose 
allowed was 10 μg/kg once weekly. All enrolled patients 
had their survey forms completed by the survey site investi-
gator at 6, 12, 18, and 24 months after starting romiplostim 
administration and submitted to the medical representatives. 
Re-survey was conducted for incomplete items. All patients 
treated with romiplostim were annually confirmed for reg-
istration at all survey sites using the “Confirmation of All 
Cases Form”.

The protocol of this survey was reviewed by the Japa-
nese Pharmaceuticals and Medical Devices Agency (PMDA) 
[15]. The survey was conducted in accordance with the Good 
Post-Marketing Study Practice (GPSP) ordinance. Hence, 
the provision for written informed consent and ethics com-
mittee approval were waived for this survey. Written consent 
was obtained from each survey site for this publication; all 
but 44 sites (162 patients), consented to the publication of 
the results. The survey was registered with the University 
hospital Medical Information Network under the identifier 
UMIN000047864.

Patients

All patients treated with romiplostim by subcutaneous injec-
tion for chronic ITP or diseases other than chronic ITP (off-
label use) during the survey period were included according 
to the pre-specified protocol (Supplementary Table 1). There 
were no specific exclusion criteria set for this survey.

Safety

The safety outcomes assessed in this survey included the 
information on the occurrence of suspected ADRs, detec-
tion of suspected unexpected ADRs, assessment of priority 
survey items (worsening of thrombocytopenia and haemor-
rhage-related events after discontinuation of romiplostim, 
haemorrhagic suspected ADRs, thromboembolic suspected 
ADRs) and AEs of special interest (increased bone marrow 
reticulin or myelofibrosis, haematological malignancies, and 
MDS).

In this survey, AEs were defined according to the Interna-
tional Conference on Harmonisation of Technical Require-
ments for Registration of Pharmaceuticals for Human Use 
(E2D) guideline [16] as “any unwanted or unintended signs 
(including abnormal laboratory values), symptoms, or ill-
nesses occurring on the administration of romiplostim, 
regardless of whether or not they were causally related to 
romiplostim”. A suspected ADR was defined as “an AE for 
which a causal relationship with romiplostim could not be 
ruled out, including those of unknown causation”. The AEs 
were categorised according to the Medical Dictionary for 
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Regulatory Activities (MedDRA), Japanese version 23.0. 
The survey site investigator classified the seriousness of AEs 
according to the Ordinance for Enforcement of the PMDA. 
The AEs were defined as non-serious or serious (includ-
ing fatal, disability, life-threatening, potentially leading to 
disability, hospitalisation for treatment or prolongation of 
hospitalisation, other serious AEs equivalent to the previ-
ous 5 points, or congenital disease or abnormality in later 
generations). In cases where the sponsor determined that 
expedited reporting to the regulatory authorities was neces-
sary, non-serious AEs were reclassified as serious AEs.

Effectiveness

The effectiveness endpoint of this survey was changes in 
platelet count from the start of romiplostim administration 
to 104 weeks (2 years). Platelet counts that would affect 
the evaluation of romiplostim effectiveness, and there-
fore, not used for analysis, included those recorded within 
8 weeks after platelet transfusion; during the period of 
new administration of steroids (excluding methylpredni-
solone injection ≥ 1 g) after romiplostim administration; 
during the period of new administration of “other drugs 
used for chronic ITP (eltrombopag olamine, azathioprine, 
cyclosporine, cyclophosphamide, danazol, mycophenolate 
mofetil)” after initiation of romiplostim; during the period of 
new Helicobacter pylori eradication therapy or new rituxi-
mab administration after initiation of romiplostim; after 
splenectomy after initiation of therapy with romiplostim; 
if a new dose of intravenous human immune gamma globu-
lin was administered after the start of treatment with romi-
plostim, platelet count within 3 weeks after the start and end 
of treatment with romiplostim; if ≥ 1 g of methylpredniso-
lone (injection) was used after the initiation of romiplostim 
administration, platelet count within 4 weeks from the start 
until the end of romiplostim therapy; or if a new dose of 
diphenyl sulfone or vinca alkaloids was administered after 
the initiation of romiplostim, platelet count within 1 week 
from the start until the end of treatment with romiplostim. 
The analysis did not include periods during which other 
drugs might affect platelet counts (i.e. while on medication).

Statistical methods

The sample size for this survey was set at 700 patients. In 
order to detect at least one case of suspected ADR with 
an incidence rate of 0.5% or higher with a probability of 
95% or higher in the post-marketing period, approximately 
600 patients were required [17]. The target number of 700 
patients was set, based on the estimated number of patients 
using the other drug with the same indication, which was, 
in turn, calculated considering the estimated number of 
patients using romiplostim over the 5-year period.

The safety analysis set was defined as all eligible patients 
receiving romiplostim, registered by the end of March 2016, 
for whom locked data were available. Patients who did not 
receive romiplostim, or those who had not received romi-
plostim, those with duplicate registration after the survey 
was collected, and those with duplicate registration who 
could not be evaluated for safety were excluded from the 
total number of registered patients.

The effectiveness analysis set included patients who were 
excluded from the safety analysis set: those without data on 
platelet counts after romiplostim treatment, those who had 
received romiplostim previously, or those who had received 
romiplostim as off-label use, i.e., for conditions other than 
chronic ITP.

Descriptive statistics were used to compare patient char-
acteristics. For the safety analysis, the incidences of AEs 
and suspected ADRs were calculated. For the effective-
ness analysis, descriptive statistics were used for outcome 
measurements. All statistical analyses were conducted by 
the contract research organization INTAGE Healthcare Inc. 
(now; Ark Medical Solutions Inc; Tokyo, Japan), using SAS 
Software version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Patients

The disposition of patients is displayed in Fig. 1; 2076 
patients were accepted for registration at 697 sites, of which 
162 did not consent to the publication of the survey results. 
Of the 1879 patients eligible for enrolment from 660 sites, 
1632 patients completed the survey. The safety analysis set 
included 1622 patients, and the effectiveness analysis set 
included 1467 patients.

Table  1 describes the characteristics of patients in 
the safety analysis set at the start of treatment. At the 
start of romiplostim administration, 56.97% of patients 
were aged ≥ 65 years. Romiplostim was administered to 
94.08% of patients as a treatment for chronic ITP; platelet 
counts were < 2.0 × 104/µL in 60.54% of patients and ≥ 2.0 
to < 3.0 × 104/µL in 11.22%. At the time of romiplostim 
initiation, corticosteroids were administered in 84.40% of 
chronic ITP patients, and splenectomy was performed in 
17.76%.

The exposure to romiplostim in the safety analysis set 
is shown in Table 2. The mean single dose of romiplostim 
was stable after 12 weeks from the start of romiplostim 
administration and remained below 4 µg/kg in nearly 50% of 
patients; the dose remained below 6 μg/kg in approximately 
70% of patients (data not shown). The median romiplostim 
treatment duration was 190 (range, 1–1203) days. By the end 
of the survey period, 226 patients had received at least one 
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maximum dose of 10 μg/kg, and 25 patients had received 
at least one maximum dose of > 10 μg/kg of romiplostim 
(i.e., exceeding the approved dose); three patients had a 
suspected ADR of renal disorder (non-serious), neutrophil 
count increased (non-serious), and platelet count decreased 
(serious).

Safety endpoints

The reasons for discontinuation of romiplostim and the 
major AEs/suspected ADRs that resulted in the discon-
tinuation, dosage at discontinuation, and platelet counts 
at discontinuation are summarised in Table 3. A total of 
64.00% (1038/1622) of patients discontinued romiplostim 
within 2 years of treatment, and around half of those patients 
(579/1038 patients) discontinued within 12 weeks. The 
mean ± standard deviation (SD) dose of romiplostim at the 
time of discontinuation was 3.87 ± 2.94 μg/kg, and the mean 
± SD platelet count was 9.44 ± 13.12 × 104/µL. In this sur-
vey, treatment discontinuation with romiplostim occurred 
in 14.92% of patients due to AEs, and in 6.47% of patients 
due to suspected ADRs. The most common AEs leading 
to discontinuation were pneumonia (2.59%), white blood 
cell (WBC) count increased (1.36%), sepsis (1.17%), anae-
mia (0.99%), and cerebral haemorrhage (0.99%). The most 
common suspected ADRs that led to the discontinuation of 
romiplostim included WBC count increased (0.43%) and 
cerebral haemorrhage (0.37%). In this survey, 12.45% of 
patients discontinued treatment with romiplostim because 
of “inadequate effectiveness”, with a mean ± SD dose of 
romiplostim at discontinuation being 6.09 ± 3.22 μg/kg and 
mean ± SD platelet count of 2.63 ± 4.94 × 104/µL; 14.00% 
of patients discontinued because of “symptom improve-
ment”, with a mean ± SD romiplostim dose and platelet 
count at the time of discontinuation of 2.33 ± 2.18 μg/kg and 
16.38 ± 14.84 × 104/µL, respectively.

The priority survey items of worsening of thrombocyto-
penia and haemorrhage-related events after discontinuation 
of romiplostim were evaluated. Of the 1038 patients who 
discontinued treatment with romiplostim within 2 years, 
4.43% (46/1038 patients) had thrombocytopenia recurrence 
after discontinuation, 80.44% (835/1038 patients) had no 
recurrence, and 15.13% (157/1038 patients) were unknown. 
Haemorrhage-related events occurred after discontinuation 
of romiplostim in 6.07% (63/1038 patients), did not occur in 
80.83% (839/1038 patients), and 13.10% (136/1038 patients) 
of the cases were unknown.

Table 4 highlights the occurrence of AEs and suspected 
ADRs in the safety analysis set. This survey reported sus-
pected ADRs resulting in death in 2.22% (36/1622) of 
patients (40 events). Of these, the MedDRA system organ 
class (SOC) of ‘Infections and infestations’ included pneu-
monia (n = 2) and sepsis, influenza, and Pneumocystis 
jirovecii pneumonia (n = 1, each).

Haemorrhagic suspected ADRs were also evaluated as 
priority survey items. Haemorrhagic suspected ADRs of 
romiplostim included non-serious and serious haemor-
rhage. Non-serious/serious haemorrhage occurred in 3.27% 
(53/1622) of patients. Mean ± SD platelet count at the onset 
of non-serious/serious haemorrhage was 2.77 ± 4.58 × 104/
µL, and 85.07% of these patients had a platelet count 
of < 5.0 × 104/µL. In these patients, the median onset date 
was 70.5 (range, 1–680) days. Serious haemorrhage occurred 
in 1.97% (32/1622) of patients, and 82.93% of patients with 
serious haemorrhage had a platelet count of < 3.0 × 104/µL. 
In the safety analysis set (n = 1622), the mean ± SD dose 
of romiplostim at which haemorrhagic suspected ADRs 
were observed was 4.31 ± 2.88 μg/kg, which was similar 
to the most frequent romiplostim dose (4.03 ± 2.91 μg/kg) 
(Table 2).

Thromboembolic suspected ADRs of romiplostim were 
another priority survey item evaluated. Fifty-eight events 

Fig. 1   Patient disposition
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occurred in 3.08% (50/1622) of patients. Of these, platelet 
counts were available for 50 events; 30.00% (15/50) of which 
occurred at platelet counts of ≥ 40.0 × 104/µL, 16.00% (8/50) 
at 20.0–40.0 × 104/µL, 46.00% (23/50) at 5.0–20.0 × 104/µL, 
and 8.00% (4/50) at < 5.0 × 104/µL. The highest incidence of 
thromboembolism was observed in 46.00% (23/50) of events 
with platelet counts between 5.0 and 20.0 × 104/µL, fol-
lowed by 30.00% (15/50) of events with platelet counts over 
40.0 × 104/µL (Table 5). For these thromboembolic events, 
the median onset date was 118 (range, 9–707) days, 36.21% 
(21/58) of events occurred within 84 days (12 weeks) from 
the start of romiplostim administration, and 82.76% (48/58) 
of events occurred within 364 days (52 weeks). In the safety 
analysis set (n = 1622), the mean ± SD dose of romiplostim 
at which thromboembolic suspected ADRs were observed 
was 4.12 ± 2.75 μg/kg, which was similar to the most fre-
quent mean dose (4.03 ± 2.91 μg/kg) (Table 2).

Increased bone marrow reticulin or myelofibrosis occur-
ring in the safety analysis set was also evaluated. Increased 
bone marrow reticulin or myelofibrosis AEs and suspected 
ADRs were reported in 0.49% (8/1622) and 0.37% (6/1622) 
of patients, respectively; suspected ADRs included reticulin 
increased (n = 3), myelofibrosis (n = 2), and bone marrow 
reticulin fibrosis (n = 1) (Table 6). For events of increased 
bone marrow reticulin or myelofibrosis, the median onset 
date was 237 (range, 5–547) days, 42.86% (3/7) of events 
occurred within 84 days (12 weeks) from the start of romi-
plostim administration, and 85.71% (6/7) of events occurred 
within 364 days (52 weeks). No cases of irreversible mye-
lofibrosis were identified from the assessment of these six 
individual case survey forms.

Haematological malignancies and MDS occurring in the 
safety analysis set were also evaluated. MDS-related AEs 

Table 1   Patient characteristics at the start of treatment (safety analy-
sis set)

ITP Immune thrombocytopenia
*Chronic ITP; n = 1526
**ITP, thrombocytopenia, myelodysplastic syndrome, aplastic anae-
mia, platelet count decreased, systemic lupus erythematosus, Wiskott-
Aldrich syndrome, Evans syndrome, acute myeloid leukaemia, hepa-
titis C, Castleman's disease, lymphoma, hepatic cirrhosis, plasma cell 
myeloma, platelet function test abnormal, bone marrow failure, muci-
nous adenocarcinoma of the appendix, disseminated intravascular 
coagulation, pancytopenia, and pancreatic cancer

Safety analysis set (n = 1622)
n (%)

Sex
 Male 708 (43.65)
 Female 914 (56.35)

Age, years
  < 15 51 (3.14)
  ≥ 15, < 65 638 (39.33)
  ≥ 65 924 (56.97)
 Unknown 9 (0.55)

Treatment reason
 Chronic ITP 1526 (94.08)
 Off-label use** 96 (5.92)

Body weight, kg
  < 54.0 785 (48.40)
  ≥ 54.0 801 (49.38)
 Unknown 36 (2.22)

Date of onset of disease, years
  ≤ 3 738 (48.36*)
  > 3 577 (37.81*)
 Unknown 211 (13.83*)

Bleeding symptoms
 No 350 (22.94*)
 Yes 1134 (74.31*)
 Unknown 42 (2.75*)

Platelet count before initiation of romiplostim,  × 104/µL
  < 2.0 982 (60.54)
  ≥ 2.0, < 3.0 182 (11.22)
  ≥ 3.0 403 (24.85)
 Unknown 55 (3.39)

Treatment history for chronic ITP 1393 (91.28*)
 Helicobacter pylori eradication therapy 459 (30.08*)
 Corticosteroid preparations 1288 (84.40*)
 Splenectomy 271 (17.76*)
 Human immune gamma globulin for intravenous 

infusion
563 (36.89*)

 Eltrombopag olamine 493 (32.31*)
 Romiplostim 39 (2.56*)
 Third line (based on reference guide for adult ITP 

[18])
214 (14.02*)

 Other 11 (0.72*)

Table 2   Details of romiplostim doses administered to patients in the 
safety analysis set

SD standard deviation
*25 patients had received at least one maximum dose of > 10 μg/kg 
of romiplostim; three patients had a suspected adverse drug reaction 
of renal disorder (non-serious), neutrophil count increased (non-seri-
ous), and platelet count decreased (serious)

Parameter Safety analysis set (n = 1622)

Duration of administration n = 1622
 Median (range), days 190 (1, 1203)

Number of administrations n = 1606
 Median (range) 24 (1, 110)

Maximum dose n = 1600
 Mean ± SD, μg/kg 4.84 ± 3.06
 Median (range), μg/kg 4.00 (0.09, 17.50*)

Most frequent dose n = 1600
 Mean ± SD, μg/kg 4.03 ± 2.91
 Median (range), μg/kg 3.00 (0.09, 13.00)
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and suspected ADRs were reported in 0.92% (15/1622) and 
0.49% (8/1622) of patients, respectively. Suspected ADRs 
included MDS (n = 5) and MDS transformation, blast cell 
counts increased, and blast cell proliferation (n = 1, each) 
(Table 6). For MDS-related haematological malignancies, 
the median onset date was 128 (range 1–662) days, 42.85% 
(6/14) of events occurred within 84 days (12 weeks) from 
the start of romiplostim administration, and 85.71% 
(12/14) of events occurred within 364 days (52 weeks). 
AEs and suspected ADRs of non-MDS-related haemato-
logical malignancies were reported in 1.48% (24/1622) 
and 0.25% (4/1622) of patients, respectively. Suspected 
ADRs included myelofibrosis (n = 2), and plasma cell 
myeloma and acute leukaemia (n = 1, each) (Table 6). 
For non-MDS-related haematological malignancies, the 
median onset date was 204 (range 15–573) days, 36.00% 
(9/25) of events occurred within 84  days (12  weeks) 
from the start of romiplostim administration, and 76.00% 
(19/25) of events occurred within 364 days (52 weeks). In 
this survey, we took into account confounding factors and 

the potential influence of other factors (age, comorbidi-
ties, other treatments, complications). After analysing the 
reported cases, none showed a reasonable possibility of a 
causal relationship to romiplostim.

Effectiveness endpoints

Figure 2 shows mean changes in platelet counts from the 
start of romiplostim administration to 104 weeks (2 years) 
excluding platelet counts affecting effectiveness. The mean 
± SD platelet count before initiation of romiplostim treat-
ment was 2.84 ± 5.76 × 104/µL, which gradually increased 
to 9.19 ± 13.01 × 104/µL for the first 4 weeks, and ranged 
from 10.34 ± 10.72 to 12.38 ± 12.63 × 104/µL from 8 to 
104 weeks of romiplostim treatment. The proportions of 
patients with platelet response (doubling of the baseline 
platelet counts before romiplostim administration and plate-
let counts ≥ 5.0 × 104/µL) were 60.03% at 24 weeks, 60.25% 
at 52 weeks, 63.89% at 76 weeks, and 64.53% at 104 weeks.

Table 3   Reasons for discontinuation of romiplostim in the safety analysis set

ADR Adverse drug reaction; AE adverse event; NA not analysed; SD standard deviation
*Duplication was not allowed
#  > 10 patients
† Including duplicates

Safety analysis set (n = 1622)

Patients who 
discontinued within 
2 years

Dose at discontinu-
ation within 2 years, 
μg/kg

Platelet count at discontinu-
ation within 2 years,  × 104/
µL

Patients who 
discontinued within 
12 weeks

n (%) (Mean ± SD) (Mean ± SD) n (%)

Total number of patients who discontinued 
treatment

1038* (64.00) 3.87 ± 2.94 9.44 ± 13.12 579* (35.70)

AEs leading to discontinuation# 242† (14.92) 4.12 ± 2.83 6.73 ± 13.73 138# (8.51)
 Pneumonia 42 (2.59) NA NA NA
 White blood cell count increased 22 (1.36) NA NA NA
 Sepsis 19 (1.17) NA NA NA
 Anaemia 16 (0.99) NA NA NA
 Cerebral haemorrhage 16 (0.99) NA NA NA
 Platelet count decreased 13 (0.80) NA NA NA
 Neutrophil count increased 11 (0.68) NA NA NA
 White blood cell count decreased 11 (0.68) NA NA NA

Symptom improvement 227 (14.00) 2.33 ± 2.18 16.38 ± 14.84 143 (8.82)
Inadequate effectiveness 202 (12.45) 6.09 ± 3.22 2.63 ± 4.94 102 (6.29)
Other 165 (10.17) 3.29 ± 2.53 9.46 ± 8.62 101 (6.23)
Patient’s wish 151 (9.31) 3.74 ± 2.66 12.60 ± 16.12 65 (4.01)
Transfer to another hospital 133 (8.20) 4.27 ± 2.85 12.27 ± 16.85 67 (4.13)
Suspected ADRs leading to discontinuation 105 (6.47) NA NA NA
 White blood cell count increased 7 (0.43) NA NA NA
 Cerebral haemorrhage 6 (0.37) NA NA NA

Lost to follow-up 35 (2.16) 3.11 ± 2.43 8.14 ± 7.40 17 (1.05)
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Discussion

This large observational survey was conducted for 2 years 
in all patients treated with romiplostim in real-world clini-
cal settings in Japan. The dose of romiplostim remained 
below 4 μg/kg in nearly 50% of patients, similar to that 
reported in earlier clinical trials [9].

Romiplostim was discontinued by 14.00% patients 
because of symptom improvement. At the time of 

discontinuation, the mean ± SD dose of romiplostim was 
2.33 ± 2.18 μg/kg, and the mean ± SD platelet count was 
16.38 ± 14.84 × 104/µL. The results of this survey support 
the recommendations by the Japanese guidelines for treat-
ing chronic ITP in adult patients [18], suggesting that, 
considering the platelet count variations in this group of 
patients, a reduced TPO-RA dose may be considered if 
platelet counts remain > 10.0 × 104/µL.

Based on the results of the approval review, it was con-
sidered necessary to carefully monitor platelet counts, 
especially after discontinuation, wherein there is a definite 
decline in the platelet count; rapid changes in the platelet 
count may increase the risk of haemorrhage [10]. Of the 
1038 patients in this survey who discontinued romiplostim 
within 2 years, 4.43% (46/1038 patients) had recurrent 
thrombocytopenia, and 6.07% (63/1038 patients) had 
haemorrhage after discontinuation of romiplostim. In this 
survey, we did not collect information on the treatment 
details after the discontinuation of romiplostim; hence, 
no further analyses were performed. The Japanese pack-
age insert of romiplostim provides the following caution-
ary statement: “discontinuation of romiplostim may cause 
thrombocytopenia when romiplostim is discontinued; the 
complete blood count (erythrocytes, leukocytes, and plate-
lets) should be monitored frequently for approximately 
4 weeks after discontinuation” [4]. In this survey, because 
most patients did not experience recurrent thrombocytope-
nia or haemorrhage after discontinuation of romiplostim, 
we considered that appropriate alternative treatments 
with existing drugs were administered after romiplostim 
therapy.

The common AEs that led to the discontinuation of romi-
plostim were pneumonia, WBC count increased, and sep-
sis, in this survey. Most of the discontinuations due to these 
AEs were reported as not related to romiplostim in forms 
completed by investigators at the survey sites. In addition, 
suspected ADRs related to ‘Infections and infestations’ that 
resulted in death were observed in five patients and included 
pneumonia and sepsis, influenza, and P. jirovecii pneumo-
nia. The causal relationship of these events and romiplostim 
could not be ruled out, including those of unknown causa-
tion. However, there were some confounding factors, such 
as the following: in this survey, 56.97% of patients were 
aged ≥ 65 years at the start of romiplostim administration; 
84.40% used corticosteroids, and 17.76% had undergone 
splenectomy. Patients with ITP have confounding factors 
such as disease duration, comorbidities, and surgical history. 
Because most treatments of ITP use immunosuppression, 
patients are more susceptible to serious infections or death 
[19–22]. Because long-term corticosteroid administration 
compromises immunity towards infections, particular atten-
tion should be paid to opportunistic infections such as that 
with P. pneumonia [23].

Table 4   Adverse events and suspected adverse drug reactions in the 
safety analysis set

ADR Adverse drug reaction; AE adverse event; SAE serious adverse 
event
*Data stating the cause of death in all 6 cases was unknown

Safety parameter Safety analysis 
set (n = 1622)
n (%)

AEs 964 (59.43)
SAEs 546 (33.66)
 AEs leading to death 237 (14.61)
 SAEs (other than death) 309 (19.05)

AEs leading to discontinuation 242 (14.92)
Suspected ADRs (> 1.0%) 438 (27.00)
 White blood cell count increased 51 (3.14)
 Headache 30 (1.85)
 Platelet count decreased 29 (1.79)
 Anaemia 27 (1.66)
 Malaise 21 (1.29)
 Neutrophil count increased 19 (1.17)

Suspected serious ADRs 153 (9.43)
Suspected ADRs resulting in death 36 (2.22)
 Cerebral haemorrhage 6 (0.37)
 Death* 6 (0.37)
 Platelet count decreased 3 (0.18)
 Gastrointestinal haemorrhage 2 (0.12)
 Myelodysplastic syndrome 2 (0.12)

 Cardiac failure 2 (0.12)
 Pneumonia 2 (0.12)

Suspected serious ADRs not resulting in death 117 (7.21)
Suspected ADRs leading to discontinuation 105 (6.47)

Table 5   Thromboembolic events in the safety analysis set

Thromboembolic events n (%)

Number of events with available platelet counts 50 (100.00)
  ≥ 40.0 × 104/µL 15 (30.00)
 20.0–40.0 × 104/µL 8 (16.00)
 5.0–20.0 × 104/µL 23 (46.00)
  < 5.0 × 104/µL 4 (8.00)
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The Japanese guidelines for treating chronic ITP in 
adults advise maintaining a platelet count of ≥ 3.0 × 104/
µL to prevent serious haemorrhage [18]. In this survey, 
82.93% of events of serious haemorrhage were associated 
with a platelet count < 3.0 × 104/µL. The 85.07% of events 
with not only serious but also non-serious haemorrhage 
were associated with a platelet count < 5.0 × 104/µL. The 
findings of the phase 3 ITP long-term clinical trial safety 
set, which includes data from phase 3 clinical trials and 
long-term extension studies, showed a higher incidence of 
nasal, petechial, gingival, and macular bleeding with platelet 
count < 5.0 × 104/µL [10]. These results suggest the need for 
maintaining platelet counts at ≥ 5.0 × 104/µL to control seri-
ous and non-serious haemorrhage.

The occurrence of thromboembolic suspected ADRs 
of romiplostim by platelet count at the time of onset were 
8.00% at < 5.0 × 104/µL, 46.00% at 5.0–20.0 × 104/µL, 

16.00% at 20.0–40.0 × 104/µL, and 30.00% at ≥ 40.0 × 104/
µL. In 718 patients with chronic ITP from the safety analy-
sis sets of clinical trials, the mean ± SD platelet count at 
the time of onset of adverse events related to thrombosis/
thromboembolism was 17.22 ± 21.49 × 104/µL in the romi-
plostim-treated patients and 15.08 ± 17.06 × 104/µL in the 
non-romiplostim-treated patients. Even though the platelet 
count and the time of onset of the AEs were mostly consid-
ered unrelated, some patients experienced thromboembolic-
related AEs when the platelet count increased immediately 
after, or excessively above, the discontinuation criterion 
(40.0 × 104/µL) [10]. The safety of romiplostim was evalu-
ated in patients who received romiplostim at least once in 
the safety sets of the phase 3 ITP long-term clinical trials 
and Japanese and foreign long-term extension studies (romi-
plostim-treated, 151; non-romiplostim-treated, 54). Patients 
with platelet counts between 20.0 × 104/µL and 40.0 × 104/
µL did not have an increased incidence of thrombosis/throm-
boembolism events per 100 weeks [10]. The Japanese pack-
age insert for romiplostim recommends reducing the dose 
by 1 µg/kg once the platelet count exceeds 20.0 × 104/µL 
and that romiplostim should be withdrawn if the platelet 
count exceeds 40.0 × 104/µL [4]. Large cohort studies have 
demonstrated an increase in arterial and venous thrombo-
sis in patients with ITP [24–26]. The risk of thrombosis/
thromboembolism increases with an increase in platelet 
count beyond the normal range. However, because throm-
boembolism can occur even when platelet counts are within 
the normal range, it is essential to carefully monitor the 
development of thrombosis/thromboembolism irrespective 
of platelet count [4]. In this survey, 25 patients had received 
the highest dose of > 10 μg/kg, of which two had suspected 
non-serious ADRs (renal disorder and neutrophil count 

Table 6   Adverse events of 
special interest in the safety 
analysis set

ADR Adverse drug reaction; NA not applicable; MDS myelodysplastic syndrome

Adverse event Safety analysis set (n = 1622)

Adverse events
n (%)

Suspected ADRs
n (%)

Increased bone marrow reticulin or myelofibrosis 8 (0.49) 6 (0.37)
 Reticulin increased NA 3 (0.18)
 Myelofibrosis NA 2 (0.12)
 Bone marrow reticulin fibrosis NA 1 (0.06)

MDS-related haematological malignancies 15 (0.92) 8 (0.49)
 MDS NA 5 (0.31)
 MDS transformation NA 1 (0.06)
 Blast cell counts increased NA 1 (0.06)
 Blast cell proliferation NA 1 (0.06)

Non-MDS-related haematological malignancies 24 (1.48) 4 (0.25)
 Myelofibrosis NA 2 (0.12)
 Plasma cell myeloma NA 1 (0.06)
 Acute leukaemia NA 1 (0.06)
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administration to 104  weeks (2  years), excluding platelet counts 
affecting the effectiveness of romiplostim. Data are mean ± standard 
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increased), and one had a suspected serious ADR (platelet 
count decreased). In Japan, the approved maximum dose of 
romiplostim is 10 μg/kg [4]. The Japanese package insert of 
romiplostim highlights a risk of thromboembolism due to 
an excessive increase in platelet count resulting from romi-
plostim overdose [4]. Of the suspected ADRs observed in 
this survey that corresponded to thromboembolism, none of 
the patients’ single dose of romiplostim exceeded 10 μg/kg 
at the onset of the thromboembolic suspected ADR.

This survey recorded AEs and suspected ADRs of 
increased bone marrow reticulin or myelofibrosis; no case 
of irreversible myelofibrosis was reported. Bone marrow 
reticulin has been reported in > 70% of healthy adults [14]. 
It has been reported in nearly two-thirds of patients with 
ITP who have not received romiplostim [27] and has been 
further substantiated in multiple clinical trials [9, 10, 13]. 
The Japanese package insert suggests periodical monitor-
ing of peripheral blood images, complete blood count, and 
reticulocyte count before and after starting romiplostim [4].

Although this survey recorded AEs and suspected ADRs 
of haematological malignancies and MDS, no case of rea-
sonable possibility of a causal relationship to romiplostim 
was reported. The proliferation of myeloid tumour cells via 
TPO-RAs occurs through the stimulatory action of the TPO 
receptor on the surface of the bone marrow cells [10]. An 
international, phase 2, multicentre, randomised, placebo-
controlled, double-blind clinical trial in severe thrombocy-
topenia-related to MDS (International Prognostic Scoring 
System low or Intermediate-1) was stopped because of a 
higher risk of acute myeloid leukaemia transformation with 
romiplostim versus placebo [28]. The occurrence of hae-
matopoietic tumours has also been reported in patients with 
chronic ITP [9] and are described in the Japanese package 
insert of romiplostim [4].

Furthermore, the effectiveness outcomes of this sur-
vey are also in accordance with previous clinical study 
[8]. A long-term extension study examined adult Japanese 
patients with chronic ITP who participated in domestic 
phase 2 and phase 3 clinical trials of romiplostim. The dos-
age of romiplostim was adjusted to achieve platelet counts 
of 5.0–20.0 × 104/µL and remained stable until the end of 
the study [8]. In this survey, romiplostim was started based 
on the approved dose in Japan [4], and a stable therapeutic 
effect was observed from 8 to 104 weeks of treatment.

Limitations

A major limitation of this survey is the difference between 
data collected in clinical trials and observational studies. 
In a Use-Results Survey, AEs are collected on a physi-
cian-reported basis because it is conducted in accordance 
with GPSP and not the Good Clinical Practice ordinance. 
The frequency of AEs in such a survey is expected to be 

underestimated because direct access to medical records 
and source data verification is not required, as it is in clini-
cal trials, and data are not rigorously collected. However, 
if the sponsor suspects that an AE has not been reported, 
the sponsor verifies it with the physician via a query. 
The reported rates of AEs or suspected ADRs in surveil-
lance studies tend to be lower than those in clinical trials, 
especially those not requiring therapeutic intervention. 
Moreover, only Japanese patients were included in this 
survey, limiting the generalizability of the findings to other 
populations.

Conclusions

This post-marketing survey demonstrated suspected ADRs 
similar to those already listed in package inserts and risk 
management plans. The findings in this survey did not indi-
cate a significant decrease in effectiveness or a significant 
change in the incidence of suspected ADRs. Thus, this sur-
vey assessing patients treated with romiplostim in Japanese 
real-world settings revealed no specific concerns regard-
ing the safety or effectiveness of romiplostim. The present 
findings demonstrate that the risk–benefit balance of romi-
plostim remains favourable in patients with chronic ITP.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s12185-​024-​03847-4.

Acknowledgements  This survey was funded by Kyowa Kirin Co., 
Ltd. We thank Aafreen Saiyed of Edanz (www.​edanz.​com) for provid-
ing medical writing support, which was funded by Kyowa Kirin Co., 
Ltd., in accordance with Good Publication Practice 2022 guidelines 
(https://​www.​ismpp.​org/​gpp-​2022). The authors would like to thank 
the survey site investigators and the patients who participated in this 
surveillance study.

Author contributions  YT and KH contributed to survey design, con-
duct, data collection. NO, SH, YT and KH participated in the data 
analysis and interpretation. KH drafted and revised the manuscript. NO 
reviewed and edited the manuscript. All authors participated in writing 
and reviewing the manuscript. All authors approved the final version 
of the manuscript for submission.

Funding  This article is funded by Kyowa Kirin Co., Ltd.

Data availability   The anonymized data underlying the results pre-
sented in this manuscript may be made available to researchers upon 
submission of a reasonable request to the corresponding author.

Declarations 

Conflict of interest  Naoshi Obara received research funding from Ky-
owa Kirin Co., Ltd., Alexion Pharmaceuticals, Inc., Novartis Pharma 
K.K., and Chugai Pharmaceutical Co., Ltd. outside the submitted 
work. Also, Naoshi Obara is an editor for International Journal of He-
matology. Shigeki Hatanaka, Yukie Tsuji, and Koji Higashi are em-
ployees of Kyowa Kirin Co., Ltd., which funded this survey.

https://doi.org/10.1007/s12185-024-03847-4
http://www.edanz.com
https://www.ismpp.org/gpp-2022


674	 N. Obara et al.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Cines DB, McMillan R. Management of adult idiopathic throm-
bocytopenic purpura. Annu Rev Med. 2005;56:425–42.

	 2.	 Onisâi M, Vlădăreanu AM, Spînu A, Găman M, Bumbea H. Idi-
opathic thrombocytopenic purpura (ITP)–new era for an old dis-
ease. Rom J Intern Med. 2019;57:273–83.

	 3.	 Hubulashvili D, Marzella N. Romiplostim (Nplate), a treatment 
option for immune (idiopathic) thrombocytopenic purpura. P T. 
2009;34:482–5.

	 4.	 Kyowa Kirin Co., Ltd. Romiplate for S.C. Injection 250 μg pre-
scribing information. [Cited 2022 July 18]. Available: https://​
www.​info.​pmda.​go.​jp/​go/​pack/​39994​30D10​24_1_​09/.

	 5.	 Shirasugi Y, Ando K, Miyazaki K, Tomiyama Y, Okamoto S, 
Kurokawa M, et al. Romiplostim for the treatment of chronic 
immune thrombocytopenia in adult Japanese patients: a dou-
ble-blind, randomized Phase III clinical trial. Int J Hematol. 
2011;94:71–80.

	 6.	 Kuter DJ, Bussel JB, Lyons RM, Pullarkat V, Gernsheimer TB, 
Senecal FM, et al. Efficacy of romiplostim in patients with chronic 
immune thrombocytopenic purpura: a double-blind randomized 
controlled trial. Lancet. 2008;371:395–403.

	 7.	 Bussel JB, Kuter DJ, Pullarkat V, Lyons RM, Guo M, Nichol 
JL. Safety and efficacy of long-term treatment with romi-
plostim in thrombocytopenic patients with chronic ITP. Blood. 
2009;113:2161–71.

	 8.	 Shirasugi Y, Ando K, Miyazaki K, Tomiyama Y, Iwato K, Oka-
moto S, et al. An open-label extension study evaluating the safety 
and efficacy of romiplostim for up to 3.5 years in thrombocyto-
penic Japanese patients with immune thrombocytopenic purpura 
(ITP). Int J Hematol. 2012;95:652–9.

	 9.	 Rodeghiero F, Stasi R, Giagounidis A, Viallard JF, Godeau B, 
Pabinger I, et al. Long-term safety and tolerability of romiplostim 
in patients with primary immune thrombocytopenia: a pooled 
analysis of 13 clinical trials. Eur J Haematol. 2013;91:423–36.

	10.	 Romiplostim: Report on the Deliberation Results, dated 2010 Nov 
17. [Cited 2022 July 18]. Available: https://​www.​pmda.​go.​jp/​files/​
00023​6304.​pdf.

	11.	 Shirasugi Y, Ando K, Hashino S, Nagasawa T, Kurata Y, 
Kishimoto Y, et al. A phase II, open-label, sequential-cohort, 
dose-escalation study of romiplostim in Japanese patients with 
chronic immune thrombocytopenic purpura. Int J Hematol. 
2009;90:157–65.

	12.	 Kuter DJ, Bain B, Mufti G, Bagg A, Hasserjian RP. Bone marrow 
fibrosis: pathophysiology and clinical significance of increased 
bone marrow stromal fibres. Br J Haematol. 2007;139:351–62.

	13.	 Kuter DJ, Mufti GJ, Bain BJ, Hasserjian RP, Davis W, Rutstein 
M. Evaluation of bone marrow reticulin formation in chronic 

immune thrombocytopenia patients treated with romiplostim. 
Blood. 2009;114:3748–56.

	14.	 NPLATE® Prescribing information. Revised: December 2018. 
[Cited 2022 July 18]. Available: https://​www.​acces​sdata.​fda.​gov/​
drugs​atfda_​docs/​label/​2018/​12526​8s163​lbl.​pdf.

	15.	 Pharmaceuticals and Medical Devices Agency. Outline of post-
marketing safety measures. [Cited 2022 July 18]. Available: 
https://​www.​pmda.​go.​jp/​engli​sh/​safety/​outli​ne/​0001.​html.

	16.	 European Medicines Agency. ICH E2D post-approval safety data 
management. May 2004. [Cited 2022 September 04]. Available: 
https://​www.​ema.​europa.​eu/​en/​docum​ents/​scien​tific-​guide​line/​
inter​natio​nal-​confe​rence-​harmo​nisat​ion-​techn​ical-​requi​remen​ts-​
regis​trati​on-​pharm​aceut​icals-​human-​use_​en-​12.​pdf.

	17.	 ICH E1 Harmonised Tripartite Guideline. The extent of popula-
tion exposure to assess clinical safety for drugs intended for long-
term treatment of non-life-threatening conditions. [Cited 2023 Jun 
16] Available: https://​www.​pmda.​go.​jp/​files/​00015​6791.​pdf.

	18.	 Kashiwagi H, Kuwana M, Hato T, Takafuta T, Fujimura K, 
Kurata Y, et al. Reference guide for management of adult immune 
thrombocytopenia in Japan: 2019 Revision. Int J Hematol. 
2020;111:329–51.

	19.	 King H, Shumacker HB Jr. Splenic studies. I. Susceptibility to 
infection after splenectomy performed in infancy. Ann Surg. 
1952;136:239–42.

	20.	 Schwartz PE, Sterioff S, Mucha P, Melton LJ 3rd, Offord 
KP. Postsplenectomy sepsis and mortality in adults. JAMA. 
1982;248:2279–83.

	21.	 Bisharat N, Omari H, Lavi I, Raz R. Risk of infection and death 
among post-splenectomy patients. J Infect. 2001;43:182–6.

	22.	 Ejstrud P, Kristensen B, Hansen JB, Madsen KM, Schonhey-
der HC, Sorensen HT. Risk and patterns of bacteraemia after 
splenectomy: a population-based study. Scand J Infect Dis. 
2000;32:521–5.

	23.	 Portielje JE, Westendorp RG, Kluin-Nelemans HC, Brand A. Mor-
bidity and mortality in adults with idiopathic thrombocytopenic 
purpura. Blood. 2001;97:2549–54.

	24.	 Sarpatwari A, Bennett D, Logie JW, Shukla A, Beach KJ, New-
land AC, et al. Thromboembolic events among adult patients with 
primary immune thrombocytopenia in the United Kingdom Gen-
eral Practice Research Database. Haematologica. 2010;95:1167.

	25.	 Nørgaard M, Severinsen MT, Lund Maegbaek M, Jensen AØ, 
Cha S, Sørensen HT. Risk of arterial thrombosis in patients with 
primary chronic immune thrombocytopenia: a Danish population-
based cohort study. Br J Haematol. 2012;159:109–11.

	26.	 Severinsen MT, Engebjerg MC, Farkas DK, Jensen AØ, Nørgaard 
M, Zhao S, et al. Risk of venous thromboembolism in patients 
with primary chronic immune thrombocytopenia: a Danish pop-
ulation-based cohort study. Br J Haematol. 2011;152:360–2.

	27.	 Mufti G, Bagg A, Hasserjian R, Bain B, Kuter D, Dreiling L, et al. 
Bone marrow reticulin in patients with immune thrombocytopenic 
purpura. Blood. 2006;108:3982.

	28.	 Giagounidis A, Mufti GJ, Fenaux P, Sekeres MA, Szer J, Platz-
becker U, 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;120:1838–46.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://www.info.pmda.go.jp/go/pack/3999430D1024_1_09/
https://www.info.pmda.go.jp/go/pack/3999430D1024_1_09/
https://www.pmda.go.jp/files/000236304.pdf
https://www.pmda.go.jp/files/000236304.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/125268s163lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/125268s163lbl.pdf
https://www.pmda.go.jp/english/safety/outline/0001.html
https://www.ema.europa.eu/en/documents/scientific-guideline/international-conference-harmonisation-technical-requirements-registration-pharmaceuticals-human-use_en-12.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/international-conference-harmonisation-technical-requirements-registration-pharmaceuticals-human-use_en-12.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/international-conference-harmonisation-technical-requirements-registration-pharmaceuticals-human-use_en-12.pdf
https://www.pmda.go.jp/files/000156791.pdf

	Long-term safety and effectiveness of romiplostim for chronic idiopathic thrombocytopenic purpura in real-world settings
	Abstract
	Introduction
	Methods
	Clinical setting and intervention
	Patients
	Safety
	Effectiveness
	Statistical methods

	Results
	Patients
	Safety endpoints
	Effectiveness endpoints

	Discussion
	Limitations

	Conclusions
	Acknowledgements 
	References




