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Platelet and peripheral white blood cell counts at
diagnosis predict the response of adult immune
thrombocytopenia to recombinant human
interleukin-11

A retrospective, single-center, case-control study
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Abstract N\
This study evaluated the effectiveness of recombinant human interleukin-11 (rhlL-11) in the treatment of immune thrombocytopenia |
(ITP) and determined whether clinical and laboratory findings predicted the treatment response.

This retrospective, single-center, case—control study included 103 adult patients with ITP treated between July 2010 and April
2014 at Jiangxi Province People’s Hospital. About 49 patients in the pred+IL group received prednisone (conventional dose)
combined with an rhiL-11 regimen, and 54 patients in the pred alone group received prednisone (conventional dose) alone.
Demographic data, initial and follow-up platelet counts, proportions of patients achieving platelet counts >30 x 10%L (response) and
>100 x 10%/L (complete response) at different time points, and adverse reactions were compared between groups.

Complete response rates were similar between groups overall but higher in the pred+IL group than in the pred alone group for
newly diagnosed patients and those with severe ITP (P < .05). Proportions of patients achieving response or complete response at
different time points were similar between groups overall but higher in the pred+IL group than in the pred alone group for newly
diagnosed patients and those with severe ITP (P < .05). Posttreatment platelet count correlated negatively with platelet count at
diagnosis and white blood cell (WBC) count at diagnosis in patients with newly diagnosed ITP (r=—0.337, P=.073 and r=—0.367,
P=.050, respectively) or ITP with bleeding-related episodes (r=—-0.357, P=.020 and r=—0.434, P=.004, respectively). No
immediate or postinfusion severe adverse reactions were observed.

rhiL-11 increased CR and improved hemostasis in patients with newly diagnosed or severe ITP. Platelet and WBC counts at
diagnosis can predict the response to rhilL-11.

Abbreviations: CR = complete response, ITP = immune thrombocytopenia, PLT = platelet, Pred = prednisone, rhiL-11 =
recombinant human interleukin-11, TPO = thrombopoietin, WBC = white blood cell.
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1. Introduction

Immune thrombocytopenia (ITP) is an autoimmune-mediated
acquired disorder characterized by a transient or persistent
reduction in platelet count due to decreased production and
increased peripheral destruction of platelets secondary to
antiplatelet antibodies, leading to an elevated risk of clinically
significant bleeding.!!

The goal of ITP therapy is to treat or prevent bleeding and
maintain a platelet count above 30x10%/L, a level that is
considered safe and does not require further treatment.!! Patients
who are determined to be at risk of major bleeding or with active
bleeding should be treated quickly to prevent or stop bleeding
episodes. Conventional treatments for ITP include immunosup-
pressive therapies, such as corticosteroids, azathioprine,
cyclosporine A, cyclophosphamide, mycophenolate mofetil,
rituximab, vinca alkaloids, and intravenous (IV) immunoglobu-
lin. Medical therapies primarily aim to reduce platelet destruction
(e.g., Fc receptor blockade with IV immunoglobulin or IV anti-D
prevents macrophage-mediated destruction of antibody-coated
platelets), while surgical treatment (i.e., splenectomy) prevents
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platelet sequestration. However, patients with ITP do not always
respond well to conventional “immunosuppressive” treatments.
For those patients whose platelet counts do not respond to steroids,
there is little consensus as to how to layer on additional therapies.
Indeed, there are only a handful of options for which there is strong
evidence regarding their utility.!”! Thrombopoietin (TPO) regu-
lates the proliferation, differentiation, and maturation of hemato-
poietic progenitor cells into mature megakaryocytes through
selective binding of the Mpl receptor and biologic effects.*! TPO
can stimulate the formation of platelets and increase the number of
peripheral blood platelets in vivo."! Recombinant human TPO
(rhTPO) can promote the production and release of platelets in
patients with ITP and has been used to treat patients in China with
corticosteroid-resistant and relapsed ITP.’! Thrombopoietin-
receptor agonists (TPO-RAs) are recommended for adult patients
with ITP who relapse after splenectomy or who have contra-
indications for splenectomy. TPO-RAs, such as eltrombopag and
romiplostim, can enhance platelet production and represent an
effective 2nd-line medical option both in splenectomized and
nonsplenectomized patients with ITP.[®”! Besides stimulating
platelet production from megakaryocytes, TPO-RAs have demon-
strated additional immunomodulatory effects.[* 19!

Interleukin 11 (IL-11) directly stimulates the proliferation of
hematopoietic stem cells and megakaryocytes to increase the
platelet count." ' IL-11 modulates autoimmunity by preventing
Th1 polarization, which in turn inhibits IL-12 activation of Th1
cells to produce interferon (IFN), while enhancing Th2 cytokine
production.”>'3 Recombinant human IL-11 (rhIL-11) has been
shown to be effective at improving platelet counts following
chemotherapy."*'”! As an anti-inflammatory and immune-
modulating agent, rhIL-11 has also been used successfully in the
treatment of patients with psoriasis,'® inflammatory bowel
disease,!"®! and ITP, and in the prevention of graft-vs-host disease
in animal models.** Lin et al reported that rhIL-11 treatment
resulted in a response rate (complete response [CR] rate and
partial response rate) of 67.7% in patients with ITP, with
significant decreases in Th1 and T-bet levels but increases in Th2
and GATA-3 levels, suggesting that rhIL-11 was effective in the
treatment of ITP and had tolerable adverse effects.!*!

Although the safety and efficacy of rhIL-11 in the treatment of ITP
have been extensively analyzed, it is not clear which patients are
likely to respond well to this therapy. Patients with ITP at our
hospital are routinely treated with prednisone, but some also receive
rhIL-11 in combination with prednisone. Therefore, we retrospec-
tively investigated the effectiveness of rhIL-11 in combination with
prednisone for the treatment of ITP and evaluated whether clinical
factors such as platelet and white blood cell (WBC) counts at
diagnosis might predict the response to therapy.

2. Materials and methods

2.1. Patients

This retrospective, single-center, case—control study included
consecutive adult patients with primary ITP who were treated
with prednisone or prednisone combined with rhIL-11 at Jiangxi
Province People’s Hospital between July 2010 to and April 2014.
The inclusion criteria were: a diagnosis of primary ITP; age >18
years; treated with prednisone or prednisone in combination with
rhIL-11 between July 2010 and April 2014; and bone marrow
examination had been carried out to exclude other differential
diagnoses (such as infiltration or leukemia) and to confirm the
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presence of an adequate number of megakaryocytes. Patients
were excluded from the analysis if any of the following criteria
applied: history of allergy, infection during the past 4 weeks, or
other autoimmune diseases; a diagnosis of refractory ITP; had
received glucocorticosteroids, IV immunoglobulin, or other
immunosuppressive treatments for at least 3 months prior to
screening. Based on the inclusion and exclusion criteria, a total of
103 medical records were available that included demographic
data, initial and follow-up platelet counts, platelet responses to
treatment, and final outcomes from the time of initial diagnosis.

This study was approved by the ethics committee of the
hospital, and all patients signed informed consent. For each
patient, the observation period started on the day of the initial
diagnosis. Patients were followed until the observation period
ended on December 30,2014 or until death (due to any cause) if it
occurred before this date.

2.2. Patient grouping

The patients were divided into 2 groups according to their
treatment regimen, which was chosen by each patient in
consultation with the clinicians.

Patients in the pred+IL group (n=49) received a conventional
dose of prednisone (1 mg/kg/d PO with 10 mg/wk tapering and
discontinuation after 6 weeks) combined with rhIL-11 (Qilu
Pharmaceutical Co, Ltd, Jinan, China) at a dosage of 50 pg/kg
body weight once daily for 7 to 14 consecutive days (this was
based on the time required for the platelet count to recover to a
normal level after treatment). Patients in the pred alone group
(n=354) received prednisone therapy alone.

2.3. Diagnosis and evaluations

The diagnosis of ITP was made according to the criteria in the
Consensus of Chinese Experts on Diagnosis and Treatment of
Adult Primary Immune Thrombocytopenia (version 2016)?! and
was based principally on the clinical history, physical examination,
complete blood count, and examination of a peripheral blood
smear in order to exclude other causes of thrombocytopenia. ITP
was categorized as “newly diagnosed” if diagnosed within the
previous 3 months, “persistent” if thrombocytopenia had lasted
for 3 to 12 months, and “chronic” if it had lasted for longer than 12
months.?!" Moderate ITP was defined as an initial platelet count of
between 30.0x 10?L and 100.0x 10°/L without a further
reduction to below 30.0 x 10°/L during the first 3 months.?*
Severe thrombocytopenia was defined as a platelet count below
30.0 x 10%/L at presentation or an initial platelet count between
30.0 x 10”/L and 100.0 x 10°/L with a reduction to below 30.0 x
10°/L during the following 3 months.*?! Severe ITP was also
defined as the presence of bleeding symptoms at presentation that
required treatment, or the occurrence of new bleeding symptoms
that required additional therapeutic interventions with a different
platelet-enhancing agent or an increased dose.!*!!

The peripheral blood smear and complete blood count were
monitored daily during hospitalization and then weekly for 6
weeks. Response to treatment was classified as CR (platelet count
>100 x 10°/L), response (R, platelet count >30 x 10°/L) and no
response (NR, no rise in platelet count, a platelet count <30 x
10%/L, or symptomatic bleeding).?"! A bleeding-related episode
was defined as an actual bleeding event and/or use of rescue
therapy (IV immunoglobulin administration, IV steroid adminis-
tration, or platelet transfusion)./*?!
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Adverse events were noted because rhIL-11 is known to cause
serious fluid retention that can result in peripheral edema, dyspnea
on exertion, pulmonary edema, capillary leak syndrome, atrial
arrhythmias, and exacerbation of preexisting pleural effusions./**!
Adverse responses investigated included: nausea, vomiting,
abdominal distention, diarrhea, dizziness and lethargy; Cushing
syndrome; abnormalities in blood pressure, blood potassium level,
blood glucose level, liver function tests or kidney function tests.

2.4. Statistical analysis

SPSS version 19.0 (IBM Corp, Armonk, NY) was used for data
analyses. Data are expressed as mean+standard deviation.
Statistical significance was determined by Student ¢ test and the
least significant difference (LSD) test unless the data were not
normally distributed, in which case the Mann—Whitney U test
and Kruskal-Wallis test were used. Pearson correlation was used
for correlation analysis unless the data were not normally
distributed, in which case Spearman correlation analysis was
conducted. Pearson correlation analysis was used for posthoc
analysis of the clinical factors at diagnosis and the response to
treatment. P <.05 was considered to be statistically significant.

3. Results

3.1. Demographic features

A total of 103 patients were included in the analysis, with 49
patients in the pred+IL group and 54 patients in the pred alone
group. Patient age was higher in the pred alone group than in the
pred+IL group (P=.007), but the other demographic and clinical
data did not differ significantly between groups (Table 1).

3.2. Response to treatment with rhiL-11

There were no statistically significant differences between the 2
groups in CR rate or R rate at 28 days after treatment (Fig. 1A).
However, in patients with severe ITP or newly diagnosed ITP
(Fig. 1B and C), the CR rate was significantly higher in the pred
+IL group than in the pred alone group (P <.05). CR rate was
higher in patients with severe ITP than in patients with nonsevere
ITP in the pred+IL group but not the pred alone group (Fig. 1D
and E). These results suggest that rhIL-11 combined with
prednisone may significantly increase the CR rate of patients with
newly diagnosed ITP, especially severe ITP.

To determine whether rhIL-11 affected how quickly patients
with ITP responded to prednisone, the response rates were
compared between the 2 groups on days 3, 7, 14, and 28. Overall,
the response rates showed no significant differences between
groups at any time point (Fig. 2A and B). Interestingly, significant
differences between groups were observed when subgroup
analyses were performed based on patients with newly diagnosed
ITP, severe ITP, and ITP with bleeding-related episodes (P <.035).
In patients with newly diagnosed ITP, the proportion with
platelet counts >30x10°/L on day 7 after treatment was
significantly higher in the pred+IL group (P<.05) than in the
pred alone group (Fig. 2C), while the proportions with platelet
counts >100 x 10°/L on days 14 and 28 were significantly higher
in the pred+IL group (P<.05) than in the pred alone group
(Fig. 2D). In patients with ITP and bleeding-related episodes,
there was a tendency (P=.056) for the proportion of patients
with platelet counts >30 x 10°/L to be higher in the pred+IL
group than in the pred alone group on day 7 (Fig. 2E). In
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addition, the proportions of patients with platelet counts >100 x
10°/L were significantly higher (P <.05) in the pred+IL group
than in the pred alone group on days 7 and 14 (Fig. 2F). Based on
the above data, we investigated the platelet responses in patients
with severe ITP, as these patients require a faster and higher
increase in platelet count. We found that the proportion of
patients achieving a platelet count >30 x 10°/L on day 7 was
higher in the pred+IL group (P <.05) than in the pred alone group
(Fig. 2G). Furthermore, the proportion of patients who achieved
a platelet count >100 x 10°/L was significantly higher (P <.05) in
the pred+IL group than in the pred alone group on days 7, 14, and
28 (Fig. 2H).

3.3. Correlation between blood cell count and response to
treatment with rhiL-11

We next investigated whether certain parameters measured at the
time of diagnosis might predict the response to treatment with
rhIL-11, including peripheral blood WBC count, peripheral
blood platelet count, and peripheral blood hemoglobin level. As
shown in Figure 3, the platelet count after treatment in the pred
+IL group was negatively correlated with WBC count at
diagnosis in patients with newly diagnosed ITP (r=-0.367,
P=.050, Fig. 3B) or ITP with bleeding-related episodes (r=—
0.434, P=.004, Fig. 3C), but no significant relationship was
found in the pred alone group. We also found that the
posttreatment platelet count in the pred+IL group was negatively
correlated with platelet count at diagnosis in patients with
bleeding-related episodes (r=—0.357, P=.020, Fig. 31). Addi-
tionally, a trend toward a strong negative correlation was
observed in patients with newly diagnosed ITP (r=-0.337,
P=.073, Fig. 3H), while no correlations were observed in the
pred alone group. No correlations between hemoglobin level at
diagnosis and treatment response were observed in either group.

3.4. Safety

No immediate or postinfusion severe adverse reactions were
observed. As shown in Table 2, the following adverse events
occurred in the pred+IL group and were attributed to the rhIL-11
treatment: swelling of the hands and feet, red eyes, nausea and
vomiting, allergy, and tachycardia. The incidences of swelling of the
hands and feet (P=.048) and red eyes (P=.022) were significantly
higher in the pred+IL group than in the pred alone group. No patient
developed pulmonary edema, capillary leak syndrome, diarrhea
with abdominal discomfort, or pleural effusion.

4. Discussion

The decision to treat ITP should be based on bleeding severity,
bleeding risk, activity level, side effects, and patient preferences. The
goal of all treatment strategies is to achieve a platelet count that is
associated with adequate hemostasis rather than a normal platelet
count.”" IL-11 is a stromal-cell-derived cytokine with potent
thrombopoietic and megakaryopoietic activity.”*>2”! According to
a clinical study, rhIL-11 demonstrated therapeutic effects in
ameliorating  chemotherapy-induced thrombocytopenia.l'*1”!
Some evidence on the use of rhIL-11 in adult ITP suggested an
increased platelet count and reduced bleeding.?%*%27!

Here, we performed a retrospective study on the efficacy
and safety of combination therapy with prednisone and rhIL-11
in patients with ITP. This study demonstrated that prednisone/
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Figure 1. Comparison of treatment response rates after 28 days of therapy between
patients with immune thrombocytopenia (ITP) treated with prednisone alone and
those treated with prednisone combined with recombinant human interleukin-11 (rhiL-
11). (A) Treatment response rates in all patients. (B) Treatment response rates in
patients with severe [TP. (C) Treatment response rates in patients with newly
diagnosed [TP. (D) Treatment response rates in patients treated with prednisone alone,
comparing severe [TP vs non-severe [TP. (E) Treatment response rates in patients
treated with prednisone combined with rhiL-11, comparing severe [TP vs non-severe
[TP. *P < .05. CR=complete response, NR=no response, R=response.
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rhIL-11 combination treatment significantly increased CR and
improved hemostasis in newly diagnosed patients with ITP and
those with severe ITP. The platelet and WBC counts at the time of
diagnosis also predicted the response to prednisone and rhIL-11
treatment in patients with I'TP. Previous studies have reported
differing clinical outcomes following treatment with rhIL-11. Lin
et al®” found rhIL-11 to be an effective treatment with tolerable
adverse effects in patients with ITP, which is consistent with our
study results. However, the study of Bussel et al*”! failed to
replicate the therapeutic effect of rhIL-11 in patients with ITP and
reported nearly intolerable side effects in all patients. This latter
study'?”! suggested that either rhIL-11 combined with prednisone
(1 mg/kg/d PO with 10 mg/wk tapering and discontinuation after
6 weeks) or a shorter schedule of administration (rhIL-11 for only
7-14 days) might be more effective and less toxic. However, the
study included only patients with refractory ITP, suggesting a
need to explore the efficacy and safety of rhIL-11 in other types of
ITP and further optimize the treatment strategy.

Primary I'TP is caused by a complex mechanism involving auto-
antibodies directed against platelets and T-cell-mediated platelet
destruction.”®! Secondary ITP develops in a setting of autoim-
mune diseases, lymphoma, infection with Helicobacter pylori or
infection with viruses such as HIV, hepatitis C, or cytomegalovi-
rus.’% Therefore, it is important to identify reliable predictors of
ITP outcomes at the time of diagnosis as well as after initial
therapy. For both the treating physicians and patients, there is a
great need for reliable predictors of outcome in patients with ITP
at the time of diagnosis. These predictors may in turn guide
decision making regarding which therapeutic strategy to use to
reduce or prevent further risk of bleeding. Several studies have
tried to identify the right treatment strategy for individual
patients with ITP after initial therapy of rhIL-11. Fontan et al'*®!
reported that rhIL-11 may be useful in patients with thrombocy-
topenia from chronic hepatitis C-induced cirrhosis when dosing
was based on individual tolerance, with improvements in platelet
counts observed in most patients. Lin et al®®! observed a
significant therapeutic efficacy of rhIL-11 in the treatment of ITP,
which was associated with restoration of Th1/Th2 and T-box/
GATA-3 ratios, especially in patients who showed a good
response. In this study, comparison of the results between
patients treated with prednisone combined with rhIL-11 and
those administered prednisone alone showed that rhIL-11 was
likely to have a beneficial effect in patients with TP, especially
severe ITP.

In this study, the platelet and WBC counts at the time of
diagnosis were significantly and negatively correlated with platelet
recovery after combination treatment with rhIL-11 and prednisone
in patients with ITP and bleeding-related episodes, suggesting that
patients with a lower platelet count and bleeding tendency were
more sensitive to treatment with rhIL-11. It is important to
consider whether this was a true effect of rhIL-11 or whether it was
due to confounding factors. This effect might be due to an action of
rhIL-11 to improve platelet count and reduce or prevent further
bleeding in patients. In regard to the mechanisms of rhIL-11,
several points can be conjectured. IL-11 is a cytokine with
thrombopoietic activity that increases plasma von Willebrand
factor (vWF),®! and vWF facilitates platelet adhesion to the
subendothelium. Recently, it has been reported that cooperation
and interactions with vWF enhance the adsorption probability in
primary hemostasis (platelets adhere to the damaged endothelium
to form a platelet plug)..** In accordance with our results, patients
with ITP and bleeding-related episodes, especially those with severe
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Figure 2. Comparison of treatment responses at 3, 7, 14, and 28 days posttreatment in patients with immune thrombocytopenia (ITP). (A, C, E, G) Proportion of
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ITP, responded to combination therapy with rhIL-11 and
prednisone with a significant increase in platelet count and
vWE.IL-11 may directly stimulate the proliferation of hematopoi-
etic stem cells and megakaryocytes to increase the platelet count.['!)
IL-11’s anti-inflammatory activity favors platelet survival in ITP. In
our study, patients with ITP who responsd to rhIL-11 included

those with newly diagnosed ITP and ITP with bleeding-related
episodes, and the response was negatively correlated with WBC
count at the time of diagnosis. But whether a low WBC count was
associated with the development of infection is still unclear.
However, a low WBC count might imply an immune-deficient
status, which might in turn be a potential surrogate marker for the
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Figure 3. Correlations between peripheral blood count before treatment and platelet count posttreatment in patients with immune thrombocytopenia (ITP). (A, D,
G) Correlation between posttreatment platelet count and white blood cell count at diagnosis. (B, E, H) Correlation between posttreatment platelet count and
hemoglobin level at diagnosis. (C, F, I) Correlation between posttreatment platelet count and platelet count at diagnosis in all patients with ITP. (A, E, G) Correlation
between posttreatment platelet count and platelet count at diagnosis in patients with newly diagnosed ITP. (B, F, I) Correlation between posttreatment platelet
count and platelet count at diagnosis in patients with ITP and bleeding-related episodes. r=correlation coefficient.

risk of infection. Indeed, viral infections such as rubella, varicella,
mumps, cytomegalovirus, and Epstein—Barr virus are linked to the
development of ITP and thrombocytopenia.**! These infections
can be relatively asymptomatic and trigger an autoimmune
process. Whether or not a decreased WBC count is associated
with infection in patients with ITP should be further studied.
With regards to the adverse effects of rhIL-11, most were grade I
or II therapy-related side effects and resolved 1 to 2 weeks after the
end of treatment. The extent of the toxicity appeared to be
substantially less than that described by Bussel et al.”** It is possible
that short-term usage of rhIL-11 and prednisone reduces the reaction
of the human body to rhIL-11. Taken together, the side effects were
reversible within several days following discontinuation of rhIL-11.

rhiL-11 therapy-related adverse events.

Variables Prednisone+rhIL-11 (N=49) Prednisone (N=54)
Grade -l v 1=l -1v
Infection 4 0 1 3
Allergic reaction 2 0 0 0
Hypertension 0 0 0 1
Hyperglycemia 3 0 0 4
Tachycardia 3 0 0 0
Swelling of hands and feet 4 0 0 0
Red eyes 5 0 0 0
Nausea and vomiting 1 0 0 0

rhiL-11 =recombinant human interleukin-11.

During rhIL-11 dosing, fluid balance should be monitored carefully,
and appropriate medical management is advised.

The present study has some limitations. Firstly, the
retrospective study design limits the strength of the evidence.
Grouping of the patients was not randomized, and there were
not clear guidelines for selection of the different treatment
options. Therefore, there is likely to be some bias in the patient
grouping. Secondly, the study involved a relatively small
sample size. Thirdly, since each of the analyses contained a
different number of patients, there exists a shift of biases
between groups by virtue of incomplete inclusions. Fourthly,
there were significant differences in age between the 2 treatment
groups for all patients, although this was not the case for
subgroup analyses of patients with newly diagnosed ITP, severe
ITP or ITP with bleeding-related episodes. The lack of matching
for age may have introduced some bias into the study.
However, due to the small sample size, excluding some patients
from both groups to match for age would have reduced the
statistical power of the study to detect real differences in
outcomes between groups. Importantly, there were no signifi-
cant differences between groups in gender or other baseline
clinical characteristics, indicating that the 2 groups were well-
matched overall. To address these issues, we intend to carry out
a randomized controlled trial in the near future to minimize
these biases and obtain evidence of higher quality.

In conclusion, our results show that combination therapy with
rhIL-11 and prednisone achieved CR and improved hemostasis in
patients with ITP and may be especially useful in patients with
severe ITP. The platelet and WBC counts at the time of diagnosis
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predicted the response to treatment with rhIL-11 and

prednisone in ITP.
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