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Abstract The effects of romiplostim on bone marrow mor-
phology were evaluated in adults with immune thrombocyto-
penia (ITP). Patients with platelet counts <50 x 10%/L, >1 prior
ITP therapies, and no collagen at baseline received weekly
subcutaneous romiplostim starting at 1 pg/kg, adjusted to
maintain platelet counts between 50 and 200 x 10%/L.
Biopsies were scheduled after 1, 2, or 3 years of romiplostim
(cohorts 1, 2, and 3, respectively). Irrespective of scheduled
time, biopsies were performed earlier if patients discontinued
or failed to achieve/maintain a response to romiplostim.
Reticulin (silver stain) and collagen (trichrome stain) were
graded by two hematopathologists using the modified
Bauermeister scale (0—4). Of 169 patients, 131 had evaluable
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biopsies; 9/131 (6.9 %) had increases of >2 grades on the
modified Bauermeister scale (cohort 1: 0/34; cohort 2: 2/39;
cohort 3: 7/58), including two with collagen. Three of the nine
patients had follow-up biopsies, including one patient with
collagen; changes were reversible after romiplostim discontin-
uation. Of the nine patients, one had neutropenia detected by
laboratory test and two had adverse events of anemia, both
non-serious and not treatment-related. By actual exposure (as
some biopsies did not occur as scheduled), the number of
patients with grade increases >2 were year 1: 3/41, year 2:
1/38, year 3: 5/52. Twenty-four patients sustained platelet
counts >50x 10°/L for >6 months with no ITP medications
after discontinuing romiplostim, i.e., they entered clinical
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remission of their ITP. In conclusion, in patients with ITP
receiving romiplostim, bone marrow changes were observed
in a small proportion of patients.

ClinicalTrials.gov identifier: NCT#00907478

Keywords Immune thrombocytopenia (ITP) -
Thrombopoietin (TPO) - Platelet - Bone marrow - Reticulin -
Collagen

Introduction

Primary immune thrombocytopenia (ITP) is an autoimmune
disorder characterized by low platelet counts caused by both
increased platelet destruction and insufficient platelet produc-
tion [1]. Chronic ITP typically lasts longer than 12 months and
rarely remits spontaneously [1]. The disorder commonly man-
ifests in the form of epistaxis, gingival bleeding, petechiae,
and bruising. Less commonly, more severe events such as
gastrointestinal bleeding and, in rare cases, intracranial bleed-
ing can occur [2].

First-line therapy for ITP includes corticosteroids, intrave-
nous immunoglobulin (IVIg), and anti-D immunoglobulin
[3-5]; however, the efficacy and durability of response for
these and subsequent treatments, such as splenectomy, azathi-
oprine, vincristine, and rituximab, vary greatly and can be
associated with toxicities that limit their extended use [2,
4-6]. Romiplostim, a thrombopoietin (TPO) receptor agonist
that activates intracellular transcriptional pathways to stimu-
late megakaryopoiesis and increase platelet production [7],
can increase platelet counts and reduce bleeding and the use
of concomitant ITP medications in patients with newly diag-
nosed, persistent, and chronic ITP [8—11].

Reticulin is a normal component of the bone marrow stro-
ma; increased reticulin is associated with various benign con-
ditions (e.g., treatment with hematopoietic growth factors),
whereas collagen fibrosis is a characteristic of myeloprolifer-
ative disease [3]. Several different grading methods can be
used to quantify reticulin [12]. In bone marrow biopsies ana-
lyzed using the modified Bauermeister scale, 95 % of healthy
individuals had grade 0—1 bone marrow reticulin and 5 % had
grade >2 bone marrow reticulin [12]. A retrospective analysis
of bone marrow biopsies from 40 patients with ITP reported
that reticulin was present in approximately two thirds of pa-
tients, with 50 % having grade 1, 2 % grade 01, 13 % grade
1-2, and 2 % grade 2 reticulin [13]. Another study found that
one third of patients with ITP had increased reticulin (grade 1—
2) in the bone marrow; no correlation was found between the
presence of reticulin and disease severity or other clinical
measures [14].

In thrombocytopenic patients with ITP, treatment with TPO
receptor agonists may be associated with increases in bone
marrow reticulin [8, 15-20]. The primary objective of this
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study was to prospectively evaluate bone marrow biopsies
for collagen before and after treatment with romiplostim in
adult patients with ITP; secondary objectives included assess-
ment of reticulin as well as safety.

Methods

This phase 4, prospective, open-label, multicenter study eval-
uated changes in bone marrow reticulin and collagen in pa-
tients with ITP receiving romiplostim (Fig. 1). The study was
approved by the relevant institutional review boards or ethics
committees and conducted in accordance with the Helsinki
Declaration. All patients gave written informed consent.
Eligible patients were >18 years of age with ITP per
American Society of Hematology guidelines and had platelet
counts <50 x 10°/L, >1 prior ITP therapy (e.g., corticosteroids,
IVIg, or splenectomy), and a baseline bone marrow biopsy
negative for collagen.

The primary endpoint was the incidence of collagen in
biopsies after up to 1, 2, or 3 years of romiplostim treatment
(cohorts 1, 2, and 3, respectively). Biopsies were performed
earlier if patients discontinued early or failed to achieve/
maintain a response to romiplostim (platelet counts
<20 x10%/L for 4 consecutive weeks at the maximum
romiplostim dose). Patients from cohorts 1 and 2 could con-
tinue to receive romiplostim after biopsy for up to a total of
3 years. Reticulin and collagen were measured using the mod-
ified Bauermeister scale (Online Resource Table S1) [12].
Grades 0—3 measure changes in reticulin (silver staining),
whereas grade 4 is defined as a diffuse, often coarse reticulin
fiber network with areas of collagenization (trichrome stain-
ing) [12]. All samples were read by two hematopathologists at
a central laboratory, with grading discrepancies adjudicated by
an independent bone marrow panel. Secondary endpoints in-
cluded the incidence of bone marrow reticulin increases of >2
severity grades over baseline or to grade 4 (collagen).

Safety endpoints included adverse events (AEs), the inci-
dence of neutralizing antibody formation to romiplostim or
cross-reacting antibody to endogenous TPO, and the inci-
dence of Common Terminology Criteria for Adverse Events
grade >2 shift in white blood cell (neutropenia) or red blood
cell (anemia) AEs or laboratory values. AEs were specifically
monitored for myelofibrosis, defined as proliferation of abnor-
mal bone marrow stem cells resulting in fibrosis or the re-
placement of the marrow with collagenous connective tissue
fibers.

Patients received weekly subcutaneous romiplostim injec-
tions for up to 3 years, starting at 1 pg/kg, with weekly ad-
justment in increments of 1 pg/kg up to a maximum of 10 pg/
kg to target platelet counts between 50 and 200 x 10%/L.
Patients also received any prescribed concomitant ITP medi-
cations or treatments deemed necessary to provide adequate
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Fig. 1 Design of a study to
measure changes in bone marrow
morphology in patients with ITP
receiving romiplostim. BM bone
marrow, /7P immune
thrombocytopenia

supportive care (e.g., corticosteroids). Romiplostim was ini-
tially administered at clinic visits. At the investigator’s discre-
tion, patients who achieved a platelet count >50 x 10°/L with-
out dose adjustments for 4 consecutive weeks were eligible to
self-administer romiplostim or have the injection administered
by a caregiver. Patients did not necessarily self-administer
romiplostim continuously. A post hoc analysis was performed
to identify patients exhibiting clinical remission, i.e., sustained
platelet counts >50 x 10°/L for >6 months with no ITP medi-
cations after discontinuing romiplostim.

The analysis of study endpoints included all patients who
received at least one dose of romiplostim. All endpoints were
summarized descriptively; continuous endpoints were sum-
marized by mean (standard deviation), median (quartile 1
[Q1], quartile 3 [Q3]), minimum, and maximum values; cate-
gorical variables were summarized by frequency or percent-
age in each category.

Results
Enrollment, disposition, and exposure

At baseline, overall, patients (n=169) had a mean (standard
deviation) age of 50 (17) years; 68 % were women, median
baseline platelet count was 23 x 10°/L (range, 0.5—130), and
60 (36 %) patients had a splenectomy before enrollment
(Table 1). Cohorts were sequentially enrolled—50 in cohort
1 (bone marrow biopsy planned for after 1 year of
romiplostim), 50 in cohort 2 (biopsy planned after 2 years),
and 69 in cohort 3 (biopsy planned after 3 years). Patients in
cohorts 1 and 2 had the option of continuing to receive
romiplostim past the time of biopsy to a maximum total of
3 years. A total of 103 (61 %) patients completed all 3 years
of the study (Online Resource Table S2). The median (Ql,
Q3) duration of treatment was cohort 1, 147 (17, 156)
weeks; cohort 2, 155 (66, 156) weeks; and cohort 3, 155
(66, 156) weeks.

Screening/enrollment

BM biopsy within the
previous year

Sequentially enroll year
1, 2, and 3 cohorts
(planned total of 150
patients)

Treatment

Start romiplostim at 1 pg/kg weekly;
target platelet count of 50-200 x 10°/L

Return to clinic weekly (those self-
administering returned every 4 weeks)

—
B
>
Qo
T
3
&
©
5

BM biopsies and biomarker assays
performed at year 1, 2, or 3

l

Year 1 cohort Biopsy

Year 2 cohort Biopsy

|

Year 3 cohort Biopsy

All cohorts receive romiplostim for 3 years

|

Bone marrow and efficacy

Of the patients with evaluable biopsies, two patients in cohort 2
and five in cohort 3 had an increase in reticulin by >2 grades (not
including collagen) on the modified Bauermeister scale; two of
the patients in cohort 3 had collagen (top half of Table 2, patient
details in Table 3). Three of the nine patients with bone marrow
changes had follow-up biopsies after romiplostim discontinua-
tion. Of these, two patients with an on-study increase from grade
1 to grade 3 returned to grade 1 after 12 weeks (bone marrow
biopsy images from one of these patients are shown in Fig. 2a—
¢). For the third patient, collagen was observed after 25 weeks of
romiplostim treatment; there was no evidence of collagen (grade
2 reticulin only) at follow-up for 10 weeks after romiplostim
discontinuation (bone marrow biopsy images are shown in
Fig. 2d—f). The bone marrow biopsy on this patient with collagen
was performed early due to prolonged non-response at the max-
imal dose of romiplostim (10 pg/kg). This patient had ITP that
was unresponsive to treatment with multiple corticosteroids, da-
nazol, IVIg, and cyclosporine. Per patient refusal, there was no
follow-up biopsy for the other patient with collagen, which was
found at the scheduled 3-year biopsy. Three of the nine patients
with bone marrow changes discontinued treatment early: (1) one
due to requirement for alternative therapy (discontinued at week
10)—this patient later had a splenectomy; (2) the aforementioned
case with collagen discontinued after 25 weeks; and (3) one due
to work-up to rule out non-Hodgkin lymphoma (discontinued at
week 13; suspicion was due to atypical lymphocytes in the pe-
ripheral blood, and biopsy after treatment contained grade 3
reticulin)—the patient was judged as not having non-Hodgkin
lymphoma. As noted above, biopsies did not always occur as
scheduled, such as when patients discontinued early; results by
actual exposure duration at time of biopsy are in the bottom half
of Table 2. Grade changes in the modified Bauermeister grading
scale for all patients are shown in Online Resource Table S3.
Platelet count and romiplostim dose over time for all pa-
tients are shown in Fig. 3. Platelet counts of >50 x 10°/L were
achieved by 25 % of patients after week 1 and by 50 % of
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Table 1  Baseline characteristics
Characteristic Cohort 1 (N=50) Cohort 2 (N=50) Cohort 3 (N=69) All (N=169)
Female, n (%) 27 (54.0) 38 (76.0) 49 (71.0) 114 (67.5)
Age, mean (SD), years 55.5(17.1) 48.6 (16.5) 46.6 (16.3) 49.8 (16.9)
Platelet count®, median (range), x10%/L 26 (0.51-30.0) 18 (1.0-93.0) 25 (1.0-74.0) 23 (0.5-130.0)
Duration of ITP, median (range), years 7 (0-48) 5 (0-46) 2 (0-31) 4 (0-48)
Four or more prior ITP treatments, 7 (%) 15 (30) 10 (20) 10 (15) 3521
Splenectomy prior to study, 7 (%) 22 (44) 15 (30) 23 (33) 60 (36)
Bone marrow reticulin and/or collagen grade per modified Bauermeister scale®, n (%)

0 12 (24) 15 (30) 16 (23) 43 (25)

1 37 (74) 32 (64) 50 (73) 119 (71)

2 1(2) 3 (6) 3(4) 74)

Per study design, patients were sequentially enrolled into three cohorts, with biopsies to be done at baseline and year 1 (cohort 1), year 2 (cohort 2), or
year 3 (cohort 3). Patients from cohorts 1 and 2 had the option to continue receiving romiplostim after bone marrow biopsies for a total of 3 years

ITP immune thrombocytopenia, SD standard deviation

 Defined as the last platelet count prior to the first dose of romiplostim

® There were no patients with grade 3 or grade 4 biopsies at baseline. Per protocol, the maximum allowable baseline grade was 3

patients after week 2. The median romiplostim dose for the
overall population was relatively stable over time. During the
course of the study, 24 patients (14 %) entered clinical remis-
sion, i.e., they sustained platelet counts >50 x 10°/L for
>6 months with no ITP medications after discontinuing
romiplostim. None of these patients had bone marrow changes

of increased reticulin of >2 grades or collagen. Of the 24
patients with remission, three were from cohort 1, seven from
cohort 2, and 14 from cohort 3. Median time of onset for
observed remission was 52 weeks (range, 6—124 weeks),
and median duration of remission observed during the study
was 88 weeks (range, 29—-154 weeks); 21 of the 24 patients

Table2 Number of patients with reticulin or collagen present in bone marrow biopsies as determined by silver or trichrome staining and the modified

Bauermeister scale

By cohort Cohort 1 (N=50) Cohort 2 (N=50) Cohort 3 (N=69) Total (N=169)
Bone marrow biopsies after receiving romiplostim® 39 40 58 137
Biopsies evaluable for collagen (trichrome stain)® 35 39 58 132

Positive for collagen 0 0 2 (3.4 %) 2 (1.5 %)°
Patients with biopsies evaluable for reticulin (silver stain)” 34 39 58 131
Increase in reticulin by at least two grades excluding collagen 0 2 (5.1 %) 5(8.6 %)d 7 (5.3 %)
By exposure at time of biopsy 1 year® 2 years® 3 years® Total
(N=169)
Biopsies evaluable for collagen (trichrome stain)” 42 38 52 132
Positive for collagen 1 (2.4 %) 0 1 (1.9 %) 2 (1.5 %)°
Patients with biopsies evaluable for reticulin (silver stain)® 41 38 52 131
Increase in reticulin by at least two grades excluding collagen 2 (4.9 %) 1 (2.6 %) 4(7.7 %) 7 (5.3 %)

ITP immune thrombocytopenia

? Three patients in cohort 1, three in cohort 2, and 10 in cohort 3 had biopsies at the end of treatment because of early discontinuation. Reasons included
lack of response/requirement for alternative therapy (n=9), consent withdrawn (n=4), suspected non-Hodgkin lymphoma (r»=1), difficulty dosing
(n=1), and patient ineligibility (n=1)

® Trichrome and silver staining results could not be obtained for all biopsies because of inadequate samples. Per bone marrow biopsy (smear and core)
comments, these biopsies had insufficient cellular marrow for evaluation

¢ One case: grade 4 after 25 weeks in a patient with ITP who did not respond to multiple courses of treatment; no evidence of collagen on follow-up
biopsy 10 weeks later. One case: grade 4 at end of treatment; patient refused follow-up biopsy

9The five patients with increases in reticulin by two or more grades (excluding those patients with collagen) included two patients who increased from
grade 0 to 2 and three patients who increased from grade 1 to 3

Year 1 was defined as up to 1.5 years as some patients did not have their scheduled biopsy until months later; likewise for cohorts 2 and 3
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Table 3  Characteristics of patients with changes in bone marrow of two or more grades on the modified Bauermeister scale

Cohort  Age, years Sex Race  Prior Time with Median (Q1, Q3) Total weeks  Collagen  Cytopenia
splenectomy  platelet response, %  romiplostim dose, ng/kg  on drug
2 49 M White N 82 3(,3) 156*
48 F White Y 0 7 (4, 10) 13
3 81 M White N 9(8,9) 156 Anemia
30 M White N 10 (7, 10) 26 Present
32 F White N 72 10 (7, 10) 156
60 M White Y 5 10 (10, 10) 156 Present
29 F White N 72 9 (5, 10) 156 Neutropenia
47 F White Y 84 90,9 156
53 F White N 0 52,7 9 Anemia

Cytopenias were defined as Common Terminology Criteria for Adverse Events grade 2 or greater shift in white blood cell (neutropenia) or red blood cell
(anemia) adverse events or laboratory values

F female, M male, N no, Q! quartile 1, O3 quartile 3, Y yes

# As patients were allowed to remain on romiplostim for 3 years (i.e., even after biopsy for patients in cohorts 1 and 2), this patient had the option of
continuing treatment, which he did for another 52 weeks after biopsy at week 104

Fig.2 Images from bone marrow
biopsies of patients with ITP
treated with romiplostim. Bone
marrow images of a patient with
reversible increased reticulin
(silver stain) (a—c) and of another
patient with reversible collagen
(trichrome stain) (d—f). Images
are arranged as follows: screening
(a, d), end of treatment (b, e), and
follow-up after discontinuation (c,
f). As not all biopsies were stained
at the same time; there were slight
differences in staining intensity,
brightness, and tone between
timepoints for a single patient. To
more easily allow for comparison
of images of a single patient and
to correct for scanning defects,
brightness, contrast, and
saturation were adjusted using
PowerPoint. /7P immune
thrombocytopenia

- P
Trichrome Example —
End of Treatment

le - Trichrome Examl
End of Study Follow-up End of Study Follow-up
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Fig. 3 Platelet count and dose
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were still in remission at last observation. There were no no-
table differences between those who did and did not enter
remission in baseline demographics, disease characteristics,
and other measures (such as baseline platelet count, time to
first platelet response, and average weekly dose).

Adverse events
Online Resource Table S4 shows incidences of AEs for each
cohort including all time on romiplostim, i.e., including time

past biopsy for those in cohorts 1 and 2 who chose to continue
treatment. Seven deaths occurred during the study; none were
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20 40 60 80 100 120 140
Weeks
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attributed to romiplostim (Online Resource Table S5).
Treatment-related serious AEs were seen in six patients: pul-
monary embolism in two patients and exostosis, pulmonary
thrombosis, lichenoid keratosis, and peripheral embolism in
one patient each (i.e., separate AEs). Twenty-one thromboem-
bolic AEs occurred in 15 (9 %) patients at a rate of 3.9 per 100
patient-years; events reported in more than one patient includ-
ed deep vein thrombosis (n=4) as well as cerebrovascular
accident, pulmonary embolism, thrombophlebitis superficial,
and thrombosis (all n=2). Twelve thromboembolic AEs oc-
curring in 11 patients were considered serious, including two
instances each of cerebrovascular accident, pulmonary
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embolism, and deep vein thrombosis and one instance each of
portal vein thrombosis, pulmonary thrombosis, ischemic
stroke, peripheral embolism, myocardial infarction, and
thrombosis, the latter two occurring in the same patient.
Platelet counts prior to the thromboembolic AEs ranged from
15x 10°/L to 333 x 10°/L, with a median of 157 x 10°/L and
7/21 being >200 x 10%/L. Of the 21 instances of thromboem-
bolic AEs, in 11 cases romiplostim was continued as before; in
seven cases the dose was withheld or altered; and in three
cases romiplostim was discontinued. One patient in cohort 3
tested positive for neutralizing antibodies to romiplostim at
week 30 through the year 1 visit but was negative on a subse-
quent test (week 72); the last romiplostim dose was at week
36, but the patient maintained platelet response throughout.
No patient developed neutralizing antibodies to TPO.

Cytopenias occurred in three (33 %) patients with bone
marrow changes (Table 3) and in 17 (14 %) patients without
bone marrow changes (6 with anemia, 12 with neutropenia, 1
with both); of note, these cytopenias included changes in lab-
oratory values which were not necessarily of clinical signifi-
cance (i.e., no symptoms or other findings). In the three pa-
tients with bone marrow changes and cytopenias (all >2 grade
reticulin, none collagen), two had anemia and one had neutro-
penia; none of the nine patients with bone marrow changes
had both anemia and neutropenia. The case of grade 2 neutro-
penia was detected by a change in laboratory values only;
there was no associated AE. Both cases of anemia were re-
ported as AEs; neither was considered serious or treatment-
related by the treating physicians. One patient had intraopera-
tive bleeding during a splenectomy and the second had a his-
tory of esophageal and duodenal ulcers and current gastroin-
testinal bleeding. The small number of patients with bone
marrow changes and cytopenias precluded any statistical com-
parisons. AEs were also examined by reticulin status (Online
Resource Table S6). While the data do not support a formal
statistical comparison, the data suggest that there were no
notable differences in AEs (i.e., in proportion of AEs by grade,
leading to discontinuation, etc.) between those with and with-
out bone marrow changes.

Self-administration

Patients self-administering romiplostim were generally similar
to those who did not self-administer romiplostim (Online
Resource Table S7); however, there could have been either
self-selection or selection by the investigators as to who self-
administered romiplostim. After initiating self-administration,
51 patients (46 %) had >3 dose adjustments. Platelet counts
and dose over time are shown for those who self-administered
romiplostim (n=112) and those who did not self-administer
romiplostim (n=57) (Fig. 4). Platelet response was observed
in 98 % (110/112) of those self-administering romiplostim and
79 % (45/57) of those not self-administering romiplostim.

There were no new safety concerns with patients who self-
administered romiplostim.

Discussion

Increases in bone marrow reticulin and/or collagen may be asso-
ciated with benign or malignant conditions [3]. Such increases
have been observed in healthy individuals [12, 21] and in pa-
tients with ITP not being treated with TPO receptor agonists
[13]. In this study, an increase in modified Bauermeister score
of >2 grades and/or collagen occurred in nine of 131 patients
(6.9 %) treated with romiplostim; seven had increased reticulin
only and two also had collagen. Of these nine patients, only three
discontinued romiplostim early; the reasons were (1) non-re-
sponse, (2) non-Hodgkin lymphoma work-up, which was nega-
tive, and (3) need for alternative therapy. While five of these nine
patients had a platelet response <5 % of the time, two of the five
received romiplostim for all 3 years per investigator’s decision.
The low incidence of the presence of collagen and increased
reticulin is consistent with results of past romiplostim trials; how-
ever, bone marrow biopsies were not required in those trials and
were performed at the investigators’ discretion [18, 19]. This
study is unique in that it prospectively examined bone marrow
changes in patients with ITP treated with romiplostim.

These results are also consistent with previous studies ex-
amining the effects of TPO receptor agonists (primarily
romiplostim and eltrombopag) on the bone marrow of patients
with ITP [16, 17, 22-24]. In a small study of eight patients
with ITP treated with TPO receptor agonists, increases of one
grade on the European Consensus myelofibrosis (MF) scale
were observed in four patients, with a mean duration of expo-
sure to TPO receptor agonists of 2.7 years [23]. The MF scale
has four categories (MF-0: scattered reticulin to MF-3: coarse
collagen bundles) as compared with the five grades of the
modified Bauermeister scale used in this study (0: no reticulin
to 4: coarse fibers with collagen). A recent study of 66 patients
with ITP treated with TPO receptor agonists (about half were
treated with romiplostim and half with eltrombopag; some
patients received both and/or experimental TPO receptor ag-
onists) for at least 2 years found significantly higher rates of
MF-2/3 associated with treatment, increasing from 9 % at the
beginning of treatment to 32 % at the end of treatment [22].

For eltrombopag specifically, a study of 91 patients treated
with eltrombopag found increases of one grade in 35 patients
and two to three grades in two patients at 1 year; collagen was
found in three patients [16]. Further, in an extension study, of
232 on-treatment bone marrow biopsies from 117 patients
treated with eltrombopag for up to 5.5 years, reticulin fibrosis
characterized as moderate-to-marked was found in two pa-
tients; after eltrombopag discontinuation, this fibrosis was re-
versible in one patient. Of note, none of the biopsies on
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Fig. 4 Platelet count and dose
over time for patients with ITP
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treatment were prompted by abnormal laboratory results or
symptoms related to possible bone marrow pathology [24].
The incidence of collagen and reticulin in our study increased
from cohort 1 to cohort 2 to cohort 3. Incidences were too small
to derive statistical significance, and the study design (biopsies
on three different cohorts with the exact time of onset of bone
marrow changes unknown) precludes the assessment of whether
the risks of collagen and reticulin increased over time. In any
case, when biopsy results were assessed by exposure at time of
biopsy rather than by cohort (as bone marrow biopsies were
performed earlier than scheduled in some patients), bone marrow
changes did not appear to increase with time. For patients who
had collagen or increases of >2 grades on the modified
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Bauermeister scale and follow-up biopsies (three of the nine),
follow-up biopsies showed decreases to grade 1 or 2; therefore,
bone marrow changes appear to be reversible after discontinua-
tion of romiplostim, which is consistent with previous studies
[18]. Of the nine patients with bone marrow changes, six re-
ceived high doses of romiplostim (9 or 10 ug/kg); per protocol,
if a patient did not respond to treatment, then the romiplostim
dose was escalated up to a maximum of 10 pg/kg. Further, five
of the nine patients had a low (0-5 %) percentage of time with a
platelet response and three of these patients received high doses
of romiplostim. A post hoc analysis of patients from cohort 3
indicated that the likelihood of bone marrow changes was lower
in patients who had a lower cumulative romiplostim dose (based
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on unadjusted p value, as in Table 4). However, this finding
should be interpreted with caution, as it may be that a higher
cumulative romiplostim dose and the occurrence of bone mar-
row changes were both downstream effects of other patient char-
acteristics such as baseline bone marrow function, i.e., these
findings could be associated with each other but not causally
related. Further study would be needed to determine to what
extent and how romiplostim dose/exposure and bone marrow
findings are related. Three of the nine patients with bone marrow
changes had cytopenias: a case of neutropenia detected by labo-
ratory results and two AEs of anemia, neither of which was
considered serious or treatment-related. In one case of anemia,
the patient had intraoperative bleeding from a splenectomy, and
in the other, the patient had gastrointestinal bleeding. Regarding
thromboembolic AEs, while 21 AEs in 15 patients (or 9 %)
might seem high, it should be kept in mind that this was over
the course of 169 patients receiving romiplostim for up to 3 years.
The duration-adjusted rate of thromboembolic AEs, 3.9 per 100
patient-years, is similar to that seen in an integrated database of
romiplostim ITP studies (7.5 per 100 patient-years) [19].
Limitations of this study include the lack of within-patient
comparison over time, as each patient was to have two biopsies
only: one baseline biopsy and one after 1, 2, or 3 years of
romiplostim (as opposed to having biopsies performed at all
four timepoints). This study design was chosen to minimize
patient discontinuation due to repeated bone marrow biopsies.
This study also did not include a placebo control group, which
limits analysis of the potential effects of romiplostim on the
bone marrow as opposed to effects due to the progression of
severe ITP. Also, the cohorts were not randomized, but enrolled
sequentially, so as to ensure adequate enrollment in each of the
cohorts before starting to enroll in the next cohort. While the
patients in cohort 3 appear to be somewhat younger and with

shorter duration of ITP, these changes are not statistically dif-
ferent. It is possible that patients with earlier-stage ITP were
more willing to enroll in cohort 3, as there was the opportunity
to receive up to 3 years of romiplostim prior to follow-up bi-
opsy. Of note, in Ghanima et al. [22], a higher grade of fibrosis
was associated with older age (p=0.01), which we did not find
in this study; the association with ITP duration was not signif-
icant (p>0.05 in both analyses) in either study. A further
limitation is that while all patients had bone marrow biopsies
done at baseline, some patients did not have follow-up biopsies
(32/169, or 19 %) and a few did not have evaluable biopsies.
The rate of bone marrow changes of collagen and/or >2 grades
on the modified Bauermeister scale was low and limited statis-
tical interpretation and comparison, particularly for any sub-
groups, and there was a relatively short duration of follow-up
in determining the clinical importance of bone marrow chang-
es. Lastly, the exact time of when bone marrow changes oc-
curred is not known; it can only be stated that it occurred prior
to the time of biopsy, which limits assessment of any relation-
ship between time of exposure and bone marrow changes.

In conclusion, our data indicate that in patients with ITP treat-
ed with romiplostim, there was a low incidence of bone marrow
changes (nine in 131 evaluable biopsies, or 6.9 %). Whether
these observations are specifically related to romiplostim expo-
sure and response, i.e., those patients responding well at lower
doses being at lower risk of developing bone marrow changes
than those requiring higher doses, requires further evaluation.
The low incidence of both collagen and increased reticulin is
consistent with previous romiplostim studies.

Given the caveats described above, although analyses of
romiplostim ITP trials of over 600 patients treated for up to
5 years have not shown a bone marrow signal [8, 19], it is
possible that longer duration of treatment and higher doses of

Table 4  Analysis of patients with and without changes in bone marrow biopsies per the modified Bauermeister scale

Cohort 3

Patients with A reticulin
and/or collagen® (N=7)

Patients with no A collagen
or reticulin (N=51)

Age, median (Q1, Q3), years

ITP duration, median (Q1, Q3), years
Prior splenectomy rate, n (%)
Platelet responseb, median (Q1, Q3)

Weeks with platelet response, %

Exposure®, median (Q1, Q3) Average weekly dose, ng/kg

Maximum weekly dose, pg/kg

Cumulative dose, pg/kg

Time to first platelet response, weeks

47 (30, 60) 44 (33, 61)
4.1(1.2,9.1) 22(1.2,7.1)
2(29) 17 33)

15 (7, 21)° 3(2,8)
5(0, 28) 38 (28, 76)
9(7,9) 2(1,5)

10 (9, 10) 43, 10)

1207 (204, 1358)

345 (136, 610)

ITP immune thrombocytopenia, Q1 quartile 1, O3 quartile 3, A change, i.e., increase of two or more grades

Five had increased reticulin only and two also had collagen

® Calculated only for those patients who had a platelet response within each group of patients

°N=4
IN=50

¢ Exposure was up to time of biopsy; per protocol, maximum dose was 10 pg/kg
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TPO receptor agonists may lead to an increase in bone marrow
changes, which in turn could lead to changes in peripheral
blood counts. As physicians may be aware, as romiplostim
may increase the risk of reticulin fibers in the bone marrow,
the prescribing information recommends that detection of any
peripheral blood cell abnormalities (such as tear drop cells or
any other phenomena leading to clinical suspicion) may neces-
sitate a bone marrow biopsy [25]. If an increase in reticulin or
fibrosis is found in the bone marrow, physicians may wish to
discontinue treatment with TPO receptor agonists. With regard
to a potential increase in reticulin/collagen deposition during
treatment with TPO receptor agonists, there is not yet consen-
sus on optimal follow-up or whether and at what intervals bone
marrow biopsies should be performed in patients treated with
TPO receptor agonists. In cases of patients having cytopenias,
performing bone marrow biopsies seems advisable.

Acknowledgments The authors would like to thank Susanna Mac (of
Amgen Inc.) and Miranda Tradewell (of Complete Healthcare
Communications, Inc. on behalf of Amgen Inc.) for medical writing sup-
port and Dr. Suzanne Coberly (of Pathology at Amgen Inc.) for expert
assistance in selecting and preparing the bone marrow images.

Compliance with ethical standards

Funding The study was sponsored by Amgen Inc.

Conlflict of interest All authors had full access to all data, contributed
to critically interpreting the data, and participated in writing the manu-
script. They did not receive remuneration for authorship. AJ is on the
speakers’ bureau/advisory boards for Amgen Inc., GSK, Roche, and
Mundipharma. FR has research grants from GSK and Amgen Inc. and
is on speakers’ bureau/advisory boards for GSK and Amgen Inc. DA and
ZB have no disclosures. BC received research grants from GSK and
Amgen Inc. and is on their speakers’ bureau. IP has research grants from
CSL Behring and honoraria from CSL Behring, Amgen Inc., Boehringer
Ingelheim, Bayer, Baxter, and Pfizer and is on speakers’ bureau/advisory
boards for CSL Behring, Amgen Inc., Boehringer Ingelheim, Bayer,
Baxter, and Pfizer. LC is a consultant for Amgen Inc., GSK, and
Alexion. DT was a consultant for Amgen Inc. XW and JF are employees
of and stockholders in Amgen Inc.

Ethical approval All procedures performed in studies involving hu-
man participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical
standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

@ Springer

References

1. Rodeghiero F, Stasi R, Gernsheimer T, Michel M, Provan D,
Arnold DM, Bussel JB, Cines DB, Chong BH, Cooper N,
Godeau B, Lechner K, Mazzucconi MG, McMillan R, Sanz MA,
Imbach P, Blanchette V, Kuhne T, Ruggeri M, George JN (2009)
Standardization of terminology, definitions and outcome criteria in
immune thrombocytopenic purpura of adults and children: report
from an international working group. Blood 113:2386-2393. doi:
10.1182/blood-2008-07-162503

2. Berchtold P, McMillan R (1989) Therapy of chronic idiopathic
thrombocytopenic purpura in adults. Blood 74:2309-2317

3. Kuter DJ, Bain B, Mufti G, Bagg A, Hasserjian RP (2007) Bone
marrow fibrosis: pathophysiology and clinical significance of in-
creased bone marrow stromal fibres. Br J Haematol 139:351-362.
doi:10.1111/5.1365-2141.2007.06807.x

4. Neunert C, Lim W, Crowther M, Cohen A, Solberg L Jr, Crowther
MA (2011) The American Society of Hematology 2011 evidence-
based practice guideline for immune thrombocytopenia. Blood 117:
41904207

5. Provan D, Stasi R, Newland AC, Blanchette VS, Bolton-Maggs P,
Bussel JB, Chong BH, Cines DB, Gernsheimer TB, Godeau B,
Grainger J, Greer I, Hunt BJ, Imbach PA, Lyons G, McMillan R,
Rodeghiero F, Sanz MA, Tarantino M, Watson S, Young J, Kuter
DJ (2010) International consensus report on the investigation and
management of primary immune thrombocytopenia. Blood 115:
168-186. doi:10.1182/blood-2009-06-225565

6. McMillan R (1997) Therapy for adults with refractory chronic im-
mune thrombocytopenic purpura. Ann Intern Med 126:307-314

7. Wang B, Nichol JL, Sullivan JT (2004) Pharmacodynamics and
pharmacokinetics of AMG 531, a novel thrombopoietin receptor
ligand. Clin Pharmacol Ther 76:628-638

8. Kuter DJ, Bussel JB, Newland A, Wasser JS, Lyons RM, George
IN, Macik G, Nie K, Jun S (2013) Long-term efficacy and safety of
romiplostim treatment of adult patients with chronic immune
thrombocytopenia (ITP): final report from an open-label extension
study. Br J Haematol 161:411-423

9. Stasi R, Murali M, Michel M, Viallard JF, Giagounidis A, Janssens
A, Legg J, Deuson R, Danese MD (2012) Evaluation of bleeding-
related episodes in patients with immune thrombocytopenia (ITP)
receiving romiplostim or medical standard of care. Int J] Hematol
96:26-33

10. Kuter DJ, Bussel JB, Lyons RM, Pullarkat V, Gernsheimer TB,
Senecal FM, Aledort LM, George N, Kessler CM, Sanz MA,
Liebman HA, Slovick FT, de Wolf JT, Bourgeois E, Guthrie TH
Jr, Newland A, Wasser JS, Hamburg SI, Grande C, Lefrere F,
Lichtin AE, Tarantino MD, Terebelo HR, Viallard JF, Cuevas FJ,
Go RS, Henry DH, Redner RL, Rice L, Schipperus MR, Guo DM,
Nichol JL (2008) Efficacy of romiplostim in patients with chronic
immune thrombocytopenic purpura: a double-blind randomised
controlled trial. Lancet 371:395-403. doi:10.1016/S0140-
6736(08)60203-2

11.  Kuter DJ, Rummel M, Boccia R, Macik BG, Pabinger I, Selleslag
D, Rodeghiero F, Chong BH, Wang X, Berger DP (2010)
Romiplostim or standard of care in patients with immune thrombo-
cytopenia. N Engl J Med 363:1889—-1899

12.  Bauermeister D (1971) Quantitation of bone marrow reticulin—a
normal range. Am J Clin Pathol 56:24-31

13. Mufti G, Bagg A, Hasserjian R, Bain B, Kuter D, Dreiling L,
Nichol J (2006) Bone marrow reticulin in patients with immune
thrombocytopenic purpura. Blood 108:73b

14. Rizvi H, Butler T, Calaminici M, Doobaree IU, Nandigam RC,
Bennett D, Provan D, Newland AC (2015) United Kingdom im-
mune thrombocytopenia registry: retrospective evaluation of bone
marrow fibrosis in adult patients with primary immune


http://dx.doi.org/10.1182/blood-2008-07-162503
http://dx.doi.org/10.1111/j.1365-2141.2007.06807.x
http://dx.doi.org/10.1182/blood-2009-06-225565
http://dx.doi.org/10.1016/S0140-6736(08)60203-2
http://dx.doi.org/10.1016/S0140-6736(08)60203-2

Ann Hematol (2016) 95:1077-1087

1087

16.

18.

thrombocytopenia and correlation with clinical findings. Br J
Haematol 169:590-594. doi:10.1111/bjh.13330

Bussel JB, Kuter DJ, George JN, McMillan R, Aledort LM, Conklin
GT, Lichtin AE, Lyons RM, Nieva J, Wasser JS, Wiznitzer I, Kelly R,
Chen CF, Nichol JL (2006) AMG 531, a thrombopoiesis-stimulating
protein, for chronic ITP. N Engl J Med 355:1672-1681

Brynes RK, Orazi A, Wong RSM, Bakshi K, Bailey CK, Brainsky A
(2012) A longitudinal prospective study evaluating the effects of
eltrombopag treatment on bone marrow in patients with chronic im-
mune thrombocytopenia: interim analysis at 1 year. Blood 120:2195
Saleh MN, Bussel JB, Cheng G, Meyer O, Bailey CK, Aming M,
Brainsky A (2013) Safety and efficacy of eltrombopag for treatment
of chronic immune thrombocytopenia: results of the long-term,
open-label EXTEND study. Blood 121:537-545

Kuter DJ, Mufti GJ, Bain BJ, Hasserjian RP, Davis W, Rutstein M
(2009) Evaluation of bone marrow reticulin formation in chronic
immune thrombocytopenia patients treated with romiplostim.
Blood 114:3748-3756. doi:10.1182/blood-2009-05-224766
Rodeghiero F, Stasi R, Giagounidis A, Viallard JF, Godeau B,
Pabinger I, Cines D, Liebman H, Wang X, Woodard P (2013)
Long-term safety and tolerability of romiplostim in patients with
primary immune thrombocytopenia: a pooled analysis of 13 clinical
trials. Eur J Haematol 91:423-436

20.

21.

22.

23.

24.

25.

Dmytrijuk A, Robie-Suh K, Rieves D, Pazdur R (2009) Eltrombopag
for the treatment of chronic immune (idiopathic) thrombocytopenic
purpura. Oncology (Williston Park) 23:1171-1177

Beckman EN, Brown AW Jr (1990) Normal reticulin level in iliac
bone marrow. Arch Pathol Lab Med 114:1241-1243

Ghanima W, Geyer JT, Lee CS, Boiocchi L, Imahiyerobo AA,
Orazi A, Bussel JB (2014) Bone marrow fibrosis in 66 patients
with immune thrombocytopenia treated with thrombopoietin-
receptor agonists: a single-center, long-term follow-up.
Haematologica 99:937-944. doi:10.3324/haematol.2013.
098921

Boiocchi L, Orazi A, Ghanima W, Arabadjief M, Bussel JB, Geyer
JT (2012) Thrombopoietin receptor agonist therapy in primary im-
mune thrombocytopenia is associated with bone marrow
hypercellularity and mild reticulin fibrosis but not other stromal
abnormalities. Mod Pathol 25:65-74. doi:10.1038/modpathol.
2011.128

Brynes RK, Orazi A, Theodore D, Burgess P, Bailey CK, Thein
MM, Bakshi KK (2015) Evaluation of bone marrow reticulin in
patients with chronic immune thrombocytopenia treated with
eltrombopag: data from the EXTEND study. Am J Hematol 90:
598-601. doi:10.1002/ajh.24011

Nplate® (romiplostim) prescribing information, Amgen

@ Springer


http://dx.doi.org/10.1111/bjh.13330
http://dx.doi.org/10.1182/blood-2009-05-224766
http://dx.doi.org/10.3324/haematol.2013.098921
http://dx.doi.org/10.3324/haematol.2013.098921
http://dx.doi.org/10.1038/modpathol.2011.128
http://dx.doi.org/10.1038/modpathol.2011.128
http://dx.doi.org/10.1002/ajh.24011

	Changes...
	Abstract
	Introduction
	Methods
	Results
	Enrollment, disposition, and exposure
	Bone marrow and efficacy
	Adverse events
	Self-administration

	Discussion
	References


