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INTRODUCTION

Thrombopoietin receptor agonists (TPO-RAs) stimulate platelet production, which
might restore immunological tolerance in primary immune thrombocytopenia
(ITP). The iROM study investigated romiplostim's immunomodulatory effects.
Thirteen patients (median age, 31years) who previously received first-line treat-
ment received romiplostim for 22 weeks, followed by monitoring until week 52. In
addition to immunological data, secondary end-points included the sustained re-
mission off-treatment (SROT) rate at 1year, romiplostim dose, platelet count and
bleedings. Scheduled discontinuation of romiplostim and SROT were achieved in six
patients with newly diagnosed ITP, whereas the remaining seven patients relapsed.
Romiplostim dose titration was lower and platelet count response was stronger in
patients with SROT than in relapsed patients. In all patients, regulatory T lympho-
cyte (Treg) counts increased until study completion and the counts were higher in
patients with SROT. Interleukin (IL)-4, IL-9 and IL-17F levels decreased significantly
in all patients. FOXP3 (Treg), GATA3 (Th2) mRNA expression and transforming
growth factor-p levels increased in patients with SROT. Treatment with romiplostim
modulates the immune system and possibly influences ITP prognosis. A rapid in-
crease in platelet counts is likely important for inducing immune tolerance. Better
outcomes might be achieved at an early stage of autoimmunity, but clinical studies
are needed for confirmation.

KEYWORDS
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presenting with isolated peripheral thrombocytopenia (platelet
count, <100x 10°/L)." ITP results from immune system disrup-
tion, causing a short platelet lifespan and production failure.’
Immune system alterations induce autoantibody formation,

Primary immune thrombocytopenia (ITP) is a rare
autoimmune-mediated condition of unknown origin
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shift the Th1/Th2 ratio towards Thl, increase Th17 cell counts,
reduce regulatory T lymphocyte (Treg) counts and change
cytokine levels.”™

Most treatment strategies aim to control bleeding and
focus on preventing premature platelet destruction (immuno-
suppression, splenectomy) and increasing platelet production
(thrombopoietin receptor agonists [TPO-RAs]). First-line
treatments for ITP include corticosteroids and/or intravenous
immunoglobulin (IVIG).® However, when tapering first-line
steroids, 70%-90% of patients experience relapse.”

For >10years, thrombopoietin receptor agonists (TPO-
RAs) have been used as a platelet-enhancing therapy for ITP
patients.s’9 In many countries, TPO-RAs are approved as
second-line treatments. Despite excellent platelet responses,
continuous TPO-RA treatment is required for most patients
to maintain efficacy, requiring durable treatment adher-
ence and high costs.'” However, several clinical reports in-
dicate sustained remission despite treatment interruption
or discontinuation." ** Sustained remission after TPO-RA
treatment appears independent of previous treatments, sple-
nectomy status or disease duration." This was reported in a
case study of romiplostim.”> However, a later pooled anal-
ysis recorded treatment-free remission (TFR) rates of 16%
and 6% in patients with ITP for <1year (n=277) and >1year
(n=634) respectively.** Few trials have prospectively investi-
gated sustained remission after TPO-RA treatment, mostly
in patients with short disease durations.'***?>* The remis-
sion rates off-treatment were surprisingly much higher than
those in the initial retrospective reports. However, the data
cannot be accurately compared because of inconsistent defi-
nitions of remission in the literature.

Bao et al. suggested that TPO-RAs have additional immu-
nomodulatory activity and indicated their possible protolero-
genic effect involving Treg activation.” Subsequently, various
theories have been discussed,'>'*?® and an overview was pub-
lished in preparation of this trial.** Our hypothesis is a com-
bination of two mechanisms: (1) immune tolerance induction
via high-dose antigen exposure and (2) innate immune activ-
ity of platelets, particularly the release of transforming growth
factor (TGF)-B,* which might stimulate or restore Tregs.

The iROM trial prospectively investigated the effects of
romiplostim on the immune system based on cellular, cy-
tokines and genetic assessments. We assumed that romi-
plostim has a favourable immunomodulatory effect that
prevents chronic disease progression, particularly in young
and middle-aged patients during the initial disease phase,
because of limited immunosenescence and autoimmune ex-
pansion or epitope spreading.

METHODS
Ethics statement
The iROM study is a multicentre, open-label, single-arm trial

designed as a proof-of-concept study. Patients were recruited
from five study centres in Switzerland (University Hospitals

of Basel and Bern, and Cantonal Hospitals of Aarau, Liestal
and Lucerne). The study was approved by the ethical com-
mittee of Northwest and Central Switzerland and conducted
in accordance with the Declaration of Helsinki. All patients
provided informed consent and met the inclusion criteria.

Patients

The patients were young adults (age, 18-45years) with ITP
and platelet counts <30 x 10°/L or those at high risk of falling
under this threshold, who experienced failure, relapse or sig-
nificant side effects following first-line treatment. The exclu-
sion criteria were previous second-line treatment, secondary
ITP suspicion, thromboembolic disease history and con-
comitant use of drugs with known immune system effects.
Owing to recruitment difficulty, 1year after study initiation,
we increased the maximum age of inclusion to 60 years.

Patients with complete and sustained remission (platelet
count, >100 x 10°/L) off-treatment (SROT) over weeks 22-52
comprised the ‘SROT’ group. Patients requiring platelet-
enhancing treatment after week 22 comprised the ‘relapse’
group. There was no patient with stable platelet counts be-
tween 30x 10°/L and 100x 10°/L, and who did not require
subsequent treatment.

Study plan

Romiplostim subcutaneous injection was administered
weekly for 22weeks (starting dose, 1pg/kg body weight
[bw]). The dose was adjusted weekly based on the platelet re-
sponse according to the product information (target platelet
count, 50 x 10° to 200 x 10°/L). Alternatively, these same dose
adjustment rules allowed dose reduction or treatment dis-
continuation at any point. We permitted all first-line treat-
ments to increase platelet counts starting before enrolment
and all rescue medications until week 3. From this time to
week 22, only corticosteroids were allowed, and other treat-
ments necessitated withdrawal.

We collected participant data, including clinical features
at initial ITP diagnosis, ITP course to registration date,
drug history (last 28 days), significant medical history (last
5years), and physical and laboratory data at baseline. Pa-
tients were observed weekly for 22 weeks and subsequently
followed up (weeks 24, 30, 35, 40 and 52). Bleeding, hospital-
isation, concomitant medication use and rescue treatments
were recorded. We categorised bleeding severity (none, mild,
moderate and severe) using the Bolton-Maggs scale.”! Severe
adverse events were continuously monitored. Figure 1 pres-
ents the study overview.

Immunological samples

Immunological studies were performed at weeks 1, 6, 12, 22
and 52 to investigate the balance among Thl, Th17, Th2 and
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FIGURE 1 Overview of the iROM trial. Patients were treated for 22 weeks with subcutaneous romiplostim. The starting dose was 1 pg/kg body
weight, and dose titration was performed according to the product information. The last dose of romiplostim was given at week 22 (end of treatment), and
patients were monitored for relapse until week 52 (end of the trial). The immunological profile was assessed at weeks 1 (before treatment initiation), 6, 12,

22 and 52 (red arrows).

Treg activity profiles. Immunological pattern was evaluated by
fluorescence-activated cell scanning (FACS), cytokine levels and
mRNA expressions. See Supplement for supporting content.

Statistical analysis

The sample size was calculated to ensure significant differ-
ences between pre- and post-treatment IL-4 levels in >90%
of hypothetical repetitions. We assumed a temporal correla-
tion of 0.6 and a difference between pre- and post-treatment
IL-4 levels of 1 pg/mL (log scale). Power analysis was based
on two previous studies.’>*

Immunological end-points were reported as the median
and interquartile range. The statistical tests of pre—post differ-
ences were accompanied by the estimated median change over
treatment and 95% confidence interval (CI). For cytokine lev-
els below the specified threshold, we set the values to zero. IL-4
levels (primary end-point) were studied using a null hypothe-
sis. We tested the difference between the defined time points
using a paired-sample Wilcoxon test (two-sided a=5%). We
used Pratt's method to handle the zeros in the Wilcoxon test
when present. Because we performed multiple tests for all sec-
ondary end-points, the p-values were adjusted using the Holm
method. A value of p<0.05 was considered significant.

Considering comedication use and delayed cellular re-
sponse, we calculated Treg count changes between weeks 6

(baseline) and 22 or 52. Conversely, the prompt changes in cy-
tokine levels upon treatment initiation allowed us to compare
changes between weeks 1 and 6, as well as later time points.

We calculated the correlation between TGF-p levels and
platelet counts using a mixed linear regression model by re-
gressing the platelet count on TGF-f and time point, gen-
erating a random intercept for patients. The time point was
included as a categorical predictor in the model.

The Th1/Th2/Treg and Thl7 profiles were analysed
between week 1 and all later time points. To analyse the
relative changes in gene expression from real-time PCR
experiments, we used the 27**“" method. Fold change
>1 indicated upregulation, and fold change <1 indicated
downregulation.

Clinical data were extracted from the secuTrial® database
and descriptively analysed. We conducted subgroup analy-
ses for the SROT and relapse groups.

RESULTS
Clinical end-points

Opverall, 15 patients (7 women and 8 men) were recruited from
December 2016 to February 2020. Two patients were excluded
because of an insufficient response or loss of response to romi-
plostim. The remaining 13 patients were analysed, including
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TABLE 1 Patient characteristics before enrolment for the entire TABLE 1 (Continued)
cohort and the patient groups (patients with sustained remission off-
treatment [SROT] or relapse after week 22 or the end of treatment). Patients  Patients
All with with
Patients  Patients patients SROT relapse
All with with Partial ) 0 )
patients SROT relapse artialresponse
Good response 3 2 1
All patients® 13 6 7
Transfusion 1 1 0
Male 6 5 1
Female 7 1 6 Abbreviations: ITP, primary immune thrombocytopenia; IVIG, intravenous
immunoglobulin.
Newly diagnosed ITP at study 9 6 3 “Following comorbidities were recorded: neoplasm (1 =1); infectious and parasitic

enrolment (median ITP
duration until the day of
enrolment: 4 weeks)

Chronic disease at study 4 0 4
enrolment (median ITP
duration until the day of

enrolment: 87 months)
Median age (range) 31 (19-51) 33 (19-51) 31(19-51)

Number of patients with
comedication in the last 7 days
prior to enrolment

Steroids 10 5 5

IVIG 5 3 2
Onset of ITP (at first diagnosis)

Acute 12 6 6

Insidious (over weeks) 1 0 1

Lowest platelet count since the ITP

diagnosis
<10x10°/L 11 6 5
10x10°-20x 10°/L 2 0 2
Bleeding location before enrolment

Cutaneous 12 5 7

Oral cavity 5 4 1

Epistaxis 8 3 5

Haematuria 1 1 0

Muscle 1 1 0

Menorrhagia 1 0 1

Treatment and response before
enrolment
IVIG 11 5 6
No response (platelets 2 2 0
<30x10°/L)

Partial response 4 1 3
(platelets =30 x 10°-
100x 10°/L)

Good response (platelets 5 2 3
>100x 10°/L)

Prednisone 11 4 7
No response 4 3 1
Partial response 3 0 3
Good response 4 1 3

Dexamethasone pulse 6 4 2
No response 2 2 0

diseases (n=1); genitourinary disease (n=1); endocrine, nutritional and metabolic
diseases (n=1); mental and behavioural disorders (n=3); cardiovascular diseases
(n=1); musculoskeletal and connective tissue diseases (1n=1) and nervous system
diseases (n=1).

3 women and 6 men with newly diagnosed ITP and 4 women
with chronic ITP. The median patient age was 31 (range, 19-
51) years, and only two patients were >45years. The median
initial platelet count was 29 x 10°/L (interquartile range=45).
Table 1 describes the patient characteristics before enrolment.
Treatments received within 1week of study initiation included
corticosteroids (n=10) and IVIG (n=5). Figure 2 presents the
median platelet count, romiplostim response and cumulative
romiplostim dose. The romiplostim dose titration was lower
and the platelet count response was faster and stronger in
SROT patients than in relapsed patients.

Rescue medications included corticosteroids in six pa-
tients, IVIG in two patients and tranexamic acid in one
patient. Corticosteroids were mostly initiated before enrol-
ment and tapered over the following weeks. Only one pa-
tient was hospitalised because of bleeding during the first
3weeks of the study. At week 22, one patient required ad-
ditional prednisone. At the end of treatment, six patients
with newly diagnosed ITP (67%) remained in complete and
sustained remission without further drug therapy until
week 52, and seven patients relapsed (three with newly di-
agnosed I'TP and four with chronic disease). Overall, 6 of 13
patients (46%) were in SROT at study closure. No patients
with initial chronic ITP exhibited SROT. Patients who re-
lapsed after week 22 were subsequently rescued with (mostly
as combinations) romiplostim (n=5), eltrombopag (n=5),
IVIG (n=3), prednisone (n=2), dexamethasone (n=1) and
tranexamic acid (n=1). One patient underwent splenectomy
(week 45). At week 52, six patients received ongoing ITP
treatment with romiplostim (n=2), eltrombopag (n=3) or
eltrombopag+prednisone (n=1).

Immunological end-points
FACS analysis of cell counts
Treg counts increased between weeks 6 and 22 and between
weeks 6 and 52 in the entire cohort, with median changes of

0.49 (95% CI=-0.09, 0.91; p=0.5, Holm-corrected) and 0.62
(95% CI=0.14, 1.26; p=0.017, Holm-corrected) respectively.
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FIGURE 2 Platelet count and romiplostim dose during the treatment phase. (A) Time course of the mean platelet count per week (thick line) and

smoothed line (thin line) over 22 weeks within the groups of patients who did or did not achieve sustained treatment-free remission (SROT). (B) Time
course of the mean cumulative romiplostim dose per week within the groups over 22 weeks. (C) Platelet count, romiplostim dose and time to response
during the treatment phase within the groups. Three patients could terminate romiplostim before week 22: */**Calculated without one patient (dose,
0mg/kg); ***Calculated without three patients (dose, 0 mg/kg). (D) Association between the individual dose and platelet counts in the SROT and relapse

groups with smoothed mean platelet counts.

Figure 3 presents the individual Treg variation and median
change in Treg counts in the SROT and relapse groups.

Cytokine level changes

IL-4 levels decreased rapidly and significantly in all patients
during the first 6 weeks (p=0.001), and the median change
was similar between groups. However, initial IL-4 levels
were higher in relapsed patients than SROT patients. Simi-
lar patterns were observed for IL-22, IL-13, IL-10, IL-9, IL-6,
TNEF-a, IL-17A and IL-17F. Using Holm correction, signifi-
cance was detected for IL-17F and IL-9. IL-5, IL-2 and IFN-y
levels decreased during this period, but the initial levels were
similar between groups. Conversely, TGF-p and IL-35 levels
increased during the first 6 weeks, and both were initially
higher in SROT patients than in relapsed patients. The initial
median TGF-p level was threefold higher in the SROT group
and twofold higher in the relapse group after 6 weeks; how-
ever, the median change was negative in the relapse group, as
only one of seven patients exhibited an evident increase. The
platelet count increased by approximately 0.5 with every unit
increase in the TGF-f level (p <0.001). The median change in
IL-35 levels was higher in SROT patients than in relapsed pa-
tients, albeit without significance. Table 2 presents cytokine
changes between weeks 1 and 6. The median values at all
time points are reported in Table S1.

mRNA expression changes

FOXP3 expression (Treg profile) increased gradually, peaking
at week 22 (Figure 4); however, the increase was restricted to the
SROT group (median increase, 2.9-fold). Patients with later re-
lapse exhibited no changes in FOXP3 expression at week 22 or
52. GATA3 expression (Th2 profile) displayed little variation in
the entire cohort. However, an increase was observed at every
time point in the SROT group, with stable up-regulation at 22
and 52 weeks (1.7-fold). Conversely, relapsed patients exhibited
slightly decreased or unchanged expression. The Thl profile
(TBX21) mostly displayed no differences over time or between
groups. The Th17 profile (ROR) exhibited small increases at
weeks 22 and 52 in the entire cohort.

IL-4 and TGF-f mRNA expressions increased slightly
over time (TGF-B median increase, 1.35-fold [52weeks vs.
baseline]). IL-6 and HEBI3 (a subunit of IL-35 and IL-27)
were down-regulated (0.79- and 0.68-fold respectively),
whereas TNF-a was up-regulated (1.42-fold at week 52).
Table S2 presents the variation in cytokine mRNA expres-
sion for all patients and groups.

DISCUSSION

Accumulating data suggest that the TPO-RAs can induce
tolerogenic mechanismsin ITP patients.“’26 Few prospective
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FIGURE 3 Regulatory T lymphocytes during the iROM study. (A) Individual course and change in the regulatory T lymphocyte (Treg)/CD3 ratio
(%) between weeks 6 and 52 (end of the trial) for patients with sustained remission off-treatment (SROT) or relapse. (B) Median change (%) between
weeks 6 and 22 (end of treatment). Because of comedication (e.g. steroids), shortly before study initiation, week 6 was defined as the nadir for the cell

subset analysis.

trials have investigated this phenomenon, and the inclusion
criteria and end-points vary. Factors predictive of SROT re-
main unclear. In our trial, six of nine patients with newly di-
agnosed ITP achieved complete sustained remission at 1 year
without the need for additional treatments beyond 22 weeks,
versus zero of four patients with chronic ITP. Interestingly,
in SROT patients, the romiplostim dose titration was lower
and the platelet count response was faster, stronger and more
stable. Platelet counts in relapsed patients displayed a jag-
ged pattern. A previous prospective trial recorded similar
platelet curves and dose titration."® Patients with early ITP
(<6 months) had a remission rate of 32% (platelet count,
>50x10°/L over 24weeks) after romiplostim treatment
(maximum, 12months). No clinical predictors of remis-
sion were identified excluding a higher mean platelet count
in the first 2 months among remission patients than among
non-remission patients. Additionally, the average weekly
romiplostim dose was lower among remission patients (not
significant).”> Comparable assumptions were described in

case series”® and retrospective trials.!’ Indeed, patients re-
quiring lower TPO-RA doses were more likely to achieve
durable remission after discontinuing treatment. In an ob-
servational retrospective study involving 50 patients with
newly diagnosed ITP, 27 discontinued TPO-RAs because of
an enduring complete response.'” The estimated 2-year TFR
rate was 66% (median follow-up, 24 months), similar to our
results. No predictive factors of remission based on the ini-
tial patient characteristics were detected. However, patients
achieving a platelet response within 14 days after treatment
initiation exhibited a high 2-year TFR rate."”

The immunological profile was partly unexpected and
probably the result of simultaneous immunological stim-
uli (Figure 5). The decreased levels of most cytokines and
increased TGF- levels and Treg counts could be associated
with rapid platelet mass augmentation within the first 6 weeks
of treatment. Platelets have the highest cellular TGF-f con-
centration, with 45% of the basal plasma level believed to be
derived from platelets.”® In our study, the platelet mass and
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TABLE 2 Cytokine (pg/mL) levels and changes between weeks 1 and 6 in the entire cohort and the sustained remission off-treatment (SROT) and
relapse groups.

Median concentration
at week 6 (interquartile

Median concentration at week

1 (pretreatment) (interquartile A median change (95% p (Holm-

range) range) confidence interval) corrected p)

IL-4 (all patients) 56.5 (33.9, 145.3) 16.6 (0, 30.7) -39.9 (-121.1, -23.4) 0.001*
Patients with SROT 52.5 (37.5, 103.9) 12.9 (2.3,27.2) —40.6 (~78.6, -32.3)
Patients with relapse 140.5 (27.5, 179) 17.3 (0.3, 31.7) -39.9 (-115.9, -14.2)

IL-6 44.2 (27.1,105.3) 15.1 (0, 22.3) —-41.7 (-107.9, -13.6) 0.007 (0.08)
Patients with SROT 42.9 (30.8, 73.5) 0(0,11.3) —42.9 (-62.2, -30.8)
Patients with relapse 71.1 (19.6, 110.2) 19.9 (7.5, 23.5) -39.3 (-87.9, 6.1)

IL-17F 38.8 (28.7, 94.1) 0 (0, 20.5) -31 (~107.4, -18.2) 0.001 (0.01%)
Patients with SROT 37.6 (30.64, 63) 3.5 (0, 10.3) -34.2 (-54.5,-28.9)
Patients with relapse 71.1(19.3, 122) 14.1 (2.4, 22) -31 (-104.7, -10.8)

IL-9 63.1 (40, 155.8) 18.6 (11, 24.8) -36.3 (109, —13.6) 0.003 (0.04%)
Patients with SROT 53.2 (40.9, 81) 14.3 (9.4, 23.2) -38.5 (-68.8, —22.1)
Patients with relapse 106.44 (35.9, 216.9) 18.61 (14.7, 35.8) -36.3 (-99.4, -7.1)

IL-22 14.3 (8.6, 28.7) 4(0,8.3) -8.6 (-23,-0.9) 0.025 (0.25)
Patients with SROT 13.5 (3.2, 14.5) 0 (0, 0) ~13.5 (-14.5, -3.2)
Patients with relapse 18.1 (9, 35.7) 4 (4.7,21.4) -6.9 (-16.7,-2)

TNF-a 32.3(10.2, 86.7) 18.9 (0, 30.2) —26 (=59.7, 0) 0.043 (0.39)
Patients with SROT 29.12 (14.1, 51.6) 9.44 (0, 25) —21.2 (-37.5, -2.6)
Patients with relapse 80.1 (18.1, 117.7) 26 (0, 64) -26 (-68.3, -1.1)

IL-10 15.4 (9.3, 31.6) 3.1 (0, 10.5) -10.5 (-22.6, 0) 0.052 (0.42)
Patients with SROT 12.4 (6.9, 15.4) 1.3 (0, 4.4) 9.4 (-14.7, —4.8)
Patients with relapse 20.6 (9.9, 41) 8.8 (2.7,23.4) -10.5 (-20.2, 4.1)

IL-5 15.8 (6.3, 26.6) 0 (0, 8.5) -7.4 (-23.8,0.4) 0.057 (0.42)
Patients with SROT 17.9 (8.6, 26.9) 0 (0, 0) —9.7 (-20.9, -3.2)
Patients with relapse 15.8 (5.8, 23.2) 6.3(1.3,9.7) -6.3 (-15.7, -4)

IFN-y 31.4 (0, 61.3) 0(0,20.2) -16.5 (-52.2, 0) 0.102 (0.48)
Patients with SROT 27.7 (4.1, 54.3) 0(0,0) -8.2(~33.3,0)
Patients with relapse 31.4(10.1, 70.5) 0(0,22) -31.4 (-60.4, 0)

IL-17A 0.67 (0.5, 1) 0.48 (0, 0.6) -0.37 (-0.6, 0.2) 0.163 (0.48)
Patients with SROT 0.59 (0.46, 0.7) 0.33 (0.1, 0.5) ~0.3 (~0.4, —0.2)
Patients with relapse 0.97 (0.63, 1.4) 0.59 (0, 1.45) -0.4 (-0.6,0.2)

IL-2 3.1(2.6,4.1) 0(0,3.1) ~1.0 (-3.6,0.5) 0.072 (0.43)
Patients with SROT 2.88(2.6,3.5) 0(0,1.6) -1.8 (-2.6,-1)
Patients with relapse 3.1(2.6,5.2) 0(0,4.7) -0.5(-3.9,1)

IL-13 19.17 (0, 47.5) 0 (0, 0) 0.0 (-40, 2.1) 0.164 (0.48)
Patients with SROT 9.6 (0, 25.8) 0 (0, 0) -5.7 (-17.2, 0)
Patients with relapse 40 (0, 60) 0 (0, 26.6) 0(-43.8,7.8)

TGF-p 6633 (5106, 11084) 20479 (9005, 23495) 4996 (-1850, 18260) 0.127 (0.48)
Patients with SROT 7880.5 (6172.5, 10046) 22146 (20729, 22324) 15820 (9041, 18818)
Patients with relapse 5825 (5059, 13536) 10821 (8219, 23075) —23 (-3947, 4494)

IL-35 29 (0, 56) 61 (31, 86) 3 (=1, 40.5) 0.097 (0.48)
Patients with SROT 52.5 (34, 67.3) 89.5 (49, 101.5) 35 (10, 58.5)
Patients with relapse 13 (0, 31.5) 44 (0, 64) 0 (-2, 25)

Note: Concentrations below the threshold were set at zero (no p-value changes if set at threshold).

Abbreviations: IFN, interferon; IL, interleukin; TGF, transforming growth factor; TNF, tumour necrosis factor.

*Significant difference.

85U017 SUOWIWOD) AITER1D) 3ealdde ay3 Aq peussnob afe SaoiLe YO ‘@SN JO S9N 10} Akeid18ULUO 4B UO (SUOIPUOD-pUR-SWLBH WD A8 | 1M A eIq Ul UO//:SANY) SUOTIPUOD pue SWie | 3U1 38S [£202/60/52] Uo A%idiTauluo A8|iMm ‘ulg BISBAIUN Ad /06T UIG/TTTT OT/I0p/W00" A 1M Aeiq 1 puluo//Scily Wwoly pepeojumod ‘T ‘€202 ‘TrTZS9ET



126

THE iROM STUDY

BRITISH JOURNAL OF HAEMATOLOGY

£

(B)

FOXP3 mRNA GATA3 mRNA
A Median change A Median change
~ 5 - ~ 4 (quartiles) (quartiles)
w0 0 week 22 week 52
34 33
g g FOXP3 (Treg) 1.56 (0.85, 3.71) 1.48 (0.75, 2.36)
13 | - For patients with SROT 2.9 (2.08, 3.78) 1.95 (1.5, 3.87)
- - 2
s 2 5 -o— - For patients with relapse 0.99 (0.57, 1.43) 0.89 (0.6, 1.41)
19} 0 4 .
E y | 5 1 @ GATA3 (Th2) 1.16 (0.89, 2.33) 1.06 (0.86, 1.68)
3 1 % g i - For patients with SROT 1.73 (0.99, 2.82) 1.71 (0.98, 3.42)
:'\‘ 0 —— & 0 1. - For patients with relapse 1.16 (0.86, 1.5) 0.91(0.83,1.27)
— — RORC (Th17) 1.39 (0.91, 1.83) 1.29 (0.86, 2.25)
SROT Relapse SROT Relapse - For patients with SROT 1.83 (1.58, 2.03) 1.51(0.61,2.13)
- For patients with relapse 1.17 (0.85, 1.37) 1.29 (0.91, 2.17)
TBX21 mRNA RORC mRNA TBX21 (Th1) 1.20 (1.05, 1.3) 1.19 (0.94, 1.55)
3.5 - - - For patients with SROT 1.18 (0.81, 1.68) 1.31(0.6,1.71)
~ | - For patients with relapse 1.2(1.09, 1.28) 1.1(1.01,1.42)
u; 3.0 1 : S 3 :
' [le} H
§ 2.5 ! L4 ~ : —= Quotient Week 22 Week 52
: 3 —
L 2.0+ H ? 2 ° Th17
Treg
x ——
157 > ~For patients with SROT 063 0.77
5 1.0 [ @ % 1 . - For patients with relapse 1.18 1.44
= : = L&
<] = H
7 054 - 5 N : Tht
X —a g —— ° Th2
0.0~ ~ 0 - For patients with SROT 0.68 0.76
T 1 I 1 - For patients with relapse 1.03 1.2
SROT Relapse SROT Relapse

FIGURE 4 mRNA profiles of Thl, Th2, Th17 and regulatory T lymphocytes during the iROM study. (A) Individual course and change in the mRNA
Th profiles (27*4“") between weeks 1 and 52 for patients with sustained remission off-treatment (SROT) or relapse. FOXP3 represents Treg, GATA3
represents Th2, TBX21 represents Th1 and RORC represents Th17. Value >1 denotes activation (x-fold), and value <1 means suppression (x-fold). (B)
mRNA expression changes (274") between week 1 and week 22 or 52 in all patients and the SROT and relapse groups.

Immunomodulation pathways with TPO-RA in ITP
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FIGURE 5 Hypothesis of immunomodulation with thrombopoietin receptor agonists (TPO-RAs) in patients with primary immune
thrombocytopenia (ITP). The platelet mass seems to be a central pathway leading to an increase of Tregs and a recovery of the Th1/Th2 disbalance. Bregs,
regulatory B lymphocytes; IL, interleukin; TGF-p, transforming growth factor-; TNF, tumour necrosis factor; Tregs, regulatory T lymphocytes.

TGE-p level were related, as previously reported.””*> The
TGF-p mRNA expression increased only slightly, supporting
the assumption that an increased TGF-f level is caused by an
increased platelet mass as opposed to mRNA up-regulation.
However, TGF-p reservoir augmentation could be a reliable
explanation for the abrupt decreases in all Thl and Th2

cytokine levels.”® Indeed, TGF-p is a pleiotropic cytokine
that can inhibit cytotoxic T lymphocytes, Thl cells and Th2
cells while promoting Tregs.”® The significant decrease in
IL-9 (inflammatory cytokine) levels might have served as an
additional trigger or positive loop in the suppression of the
inflammatory state.”” Apart from TGE-B, only IL-35 plasma
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levels increased over the first 6 weeks. IL-35 plays immu-
nosuppressive roles in autoimmune diseases by inhibiting
Thl and Th17 cells and promoting Treg differentiation. Al-
though the fundamental mechanisms of IL-35 function re-
main unclear, its serum levels are higher in healthy controls
than in ITP patients and IL-35 levels are positively correlated
with platelet counts.*®™*!

As a second mechanism, we hypothesised that platelet count
augmentation in I'TP patients stabilises homeostasis and there-
fore reduces the number of activated and stressed platelets.**~*¢
Platelets release various inflammatory chemokines upon activa-
tion. Moreover, activated platelets carry CD40L on their mem-
brane and release a soluble form in extracellular vesicles and
also contain OX40L, which both are potent pro-inflammatory
members of the TNF superfamily.’ " A decrease in the num-
ber of activated platelets could reduce the inflammatory state
and explain the cytokine shut down promptly after treatment
initiation, but this is controversial.*>***>*! In a recent study
analysing platelet function in 151 children with ITP, 22 were
treated with romiplostim. TPO-RA treatment was associ-
ated with decreased platelet size and reduced preactivation.>
Integrin (PACI) activation in the resting state was increased
in the untreated group, whereas there was no difference be-
tween romiplostim-treated patients and healthy controls. Pro-
coagulant platelets and P-selectin (CD62p) were increased in
all ITP patients regardless of therapy. However, in response to
stimulation, romiplostim-treated patients exhibited decreased
activation profiles for PAC1 and CD62p.”

A third pathway could involve high-dose antigen stim-
ulation with consecutive T lymphocyte anergy, which can
modulate the inflammatory state. Recently, TPO-RA-treated
mice exhibited reduced immunoglobulin G anti-platelet an-
tibody levels despite increased platelet counts.> High-dose
antigen administration can paradoxically suppress the im-
mune response to the same antigen. This antigen-specific
unresponsiveness induces anergy or apoptosis.s‘l’56 This
pathway could explain the increased mRNA expressions of
FOXP3 (Tregs) and GATA3 (Th2), which are present at low
levels in ITP patients.*”

The increase in TNF-a mRNA levels without changes in
plasma TNF-a levels remains unclear. Romiplostim might
have a direct cellular effect by stimulating the c-MPL-JAK2
pathway.”’

In this study, patients were strictly selected according
to age, comorbidities and previous ITP treatment expo-
sure, minimising several risks that could negatively af-
fect the outcome. This selection might have led to higher
treatment success rates and a distinct immune pattern.
Treatment at a young age and early stage of autoimmunity
might contribute to more successful tolerance induction.
Autoimmunity is known to develop and expand, becom-
ing resistant to treatment over time.’* *° In older adults,
immune dysregulation probably cannot be corrected
easily or rapidly because of immune system senescence.
New immunomodulatory approaches with different up-
front treatment combinations are being evaluated, such as
eltrombopag+high-dose dexamethasone (HD-DXM),>*

BRITISH JOURNAL OF HAEMATOLOGY

rituximab+HD-DXM,*"** rituximab+eltrombopag+HD-
DXM® and mycophenolate mofetil+short-term corti-
costeroids.®® Early multimodal therapy is a well-known
oncologic strategy that may be of interest in autoimmune
conditions. Consequently, the implementation of early
immunomodulation might prove beneficial in averting
treatment-refractory ITP.*” Promising results have been
described in this context.”***% Hence, a subsequent
study—the iROM2 trial—will investigate the potential of
randomly adding eltrombopag to HD-DXM as a first-line
therapy in patients aged <55years with newly diagnosed
ITP (clinicaltrials.gov: NCT04346654).

The main study limitations were the lack of a compa-
rable standard treatment arm and the use of various ITP
medications at study initiation. The immunological effect
of concomitant platelet-enhancing treatment at the begin-
ning cannot be excluded; however, exposure was similar be-
tween groups. Notably, our study group was small because
sample size analysis was conducted according to laboratory
end-points. Laboratory costs prohibit us from extending the
study to a larger patient group. Thus, additional clinical tri-
als are warranted to confirm the findings.
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