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Abstract

This study tested for the cardiac effects of Oprelvekin, recombinant human interleukin-11, a thrombopoietic growth factor, in patients
afflicted with chemotherapy-induced thrombocytopenia (platelet count<50,000 cells/ul). Chart-reviews of patients fulfilling the
inclusion criteria of: 18-75 yrs of age, non-myeloid malignancy, with adequate hematologic, hepatic and renal parameters and normal
electrocardiograms that were enrolled in this phase 2 trial were analyzed. Patients of child-bearing potential agreed to be on a reliable
form of birth control for the duration of the study. Results on 4 patients suggest that Oprelvekin does not cause atrial nor ventricular
arrhythmia, a rare severe cardiac side effect, in treating patients with chemotherapy-induced thrombocytopenia.
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Introduction

Thrombocytopenia is a common occurrence in cancer patients [1-4]. Albeit affecting small numbers annually, it may develop
into a serious condition, causing internal bleeding, decreasing chemotherapy efficacy, and in a few cases, death [2]. Additionally,
chemotherapy treatment may be reduced to insufficient levels or even delayed because of thrombocytopenia [2]. There are
multiple causes of thrombocytopenia in cancer: chemotherapy-induced, immune reaction, coagulopathy, infection, drug reaction,
post-transfusion purpuric thrombocytopenia. Chemotherapy is the most frequent cause [1,4]. Within chemotherapy-induced
thrombocytopenia, there are variations in rates in conjunction with various chemotherapy treatments [1]. Platelet transfusion
is the primary treatment modality for chemotherapy-induced thrombocytopenia. However, it is not without risks. The risks for
infectious and immunologic complications increases as the number of transfusions administered [2].

Oprelvekin, recombinant human IL-11, is a pleiotropic hematopoietic growth factor that stimulates production, differentiation,
and maturation of progenitors of the myeloid, erythroid, megakaryocyte, and lymphoid cell lines [5-8] (Figures 1 and 2) [8].
FDA-approved in the United States since 1997, it is used to prevent severe chemotherapy-induced thrombocytopenia. Using
recombinant DNA technology, the active ingredient is derived from Escherichia coli. In adults, it is used to reduce the need for
platelet transfusions following myelosuppressive chemotherapy with nonmyeloid malignancies [3-5,7,9]. Estimates of overall cost
of administration of platelet transfusion and Oprelvekin appear to be almost comparable.

Tachycardia, pleural effusion, dilutional anemia, and atrial arrhythmias have been reported as adverse events in adults [5,9]. The
safety and efficacy of Oprelvekin has not been established in children. Increases in fluid retention and plasma volume are known
root causes of the pulmonary and cardiac [9-11]. They are usually reversible and treated with use of diuretics, low sodium diets
[12] and discontinuation of medication [9]. Most of these adverse events are of mild or moderate severity. Patients with a history of
arrhythmias are cautioned on the use Oprelvekin. Previous clinical trials documented a 15% occurrence of brief atrial arrhythmias
in patients treated with a dose of 50 mcg/kg [6,12]. To date, the mechanism of induction of arrhythmias is unknown [6,12].
Ventricular arrhythmias, though rarely, have been reported up to 1 week after initiation of treatment of Oprelvekin [6,13,14].
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Figure 1: IL-11 Signal Pathway (From Zhu Z, Fang Y, Wakefield M: The role of IL-11 in
immunity and cancer: Cancer Letters, January 2016, p157)
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Figure 2: The effects of IL-11 on various cells (From Zhu Z, Fang Y, Wakefield M: The role of IL-11 in immunity and
cancer: Cancer Letters, January 2016, p159)

This retrospective chart review reviewed for potential cardiac adverse event or toxicity on four patients who received treatment
with 50 mcg/kg subcutaneously of Oprelvekin for their chemotherapy-induced thrombocytopenia following a global study
protocol [6,13,14].

Methodology

This single-arm study was part of a phase 2, open-label, pharmacokinetic and pharmacodynamic multicenter, study in subjects
nonmyeloid malignancies whose chemotherapy has induced thrombocytopenia (defined as platelet count <50,000 cells/ul)
[6,13,14]. Subjects and investigators had knowledge of Oprelvekin treatment.
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Baseline vital signs were obtained with each study visit. Hematology and blood chemistries were obtained on screening day to
determine eligibility; 12-lead Electrocardiograms (ECGs) in triplicate predose and subsequently were done as per study protocol.
Oprelvekin at a dose of 50 mcg/kg once daily was administered by subcutaneous (SC) injection within 6-24 hours of completion
of chemotherapy. The minimum treatment duration is 3 continuous days and maximum duration of 21 days of treatment. Total
duration of the study was determined by the physician until the desired platelet response was achieved. Test drug was administered
by study staff on the first and third visits; the subject self-administered on day 2 of the study. The physician determined whether
the subjects were capable of self-administering daily Oprelvekin. Subjects who presented with abnormal laboratory values were
evaluated further to determine the etiology. Abnormal liver and renal function tests were categorized as serious adverse events.
The end of the study was marked by the final study visit, approximately 14 days after the last Oprelvekin dose.

There were 54 patients recruited globally. Four [4] eligible subjects in Laredo, Texas met all inclusion criteria and none of the
exclusion criteria (Table 1). These four subjects remained eligible throughout the study and maintained compliance with the
study protocol. No one took any medication that could have affected the QT/QTc prolongation as listed in www.QTdrugs.org
[15]. Tobacco, caffeine and alcohol were avoided. No adverse events were reported up to 28 days from the last dose of the study
medication.

Inclusion Criteria Exclusion Criteria

1. Men and women ages 18 to 65 with nonmyeloid malignancies | 1. A marked baseline prolongation of QT/QTc interval (eg,
for whom Oprelvekin is indicated. repeated [two of three readings] demonstration of a QTcF

2. All female and male subjects who are biologically capable of | interval>450 msec

having children must agree and commit to the use of a reliable | 2. Additional risk factors for torsades de pointes including

method of birth control for the duration of the study and for heart failure (subjects that have functional class IIT or IV

one month after the last dose of test article. congestive heart failure), hypokalemia, hypomagnesemia, or
3. At least one documented occasion of adequate hematologic hypocalcemia.

recovery from previous of current chemotherapy, defined by the | 3. A pace maker or defibrillator.

presence of all of the following: 4. A history of LQTS, syncope, seizures, or the unexplained
a. Absolute neutrophil count (ANC)=1,000 cells/ul cardiac-related deal of a family member at less than 30 years
b. Platelet count>75,000 cells/ul of age

c. Hemoglobin concentration >9g/dl (transfusion to this level 5. A history of papilledema or tumors of the central nervous
allowed) system.

4. Adequate renal and hepatic excretory function, defined as 6. Requirement of concomitant prescription or non-prescrip-
both serum creatinine and total bilirubin levels <1.5 times the tion medications of dietary supplements that have a risk of
upper limit of normal. causing torsades de pointes or prolonged QT/QTc interval.

5. Normal baseline electrocardiogram. Such medications must be discontinued 7 days or 5 have-lives

(whichever longer) prior to the first dose of the study medica-
tion. Herbal supplements and hormone replacement therapy
must be discontinued at least 30 days prior to the first dose of
study medication.

7. Use of moxifloxacin within one week prior to the first dose
of study medication.

8. Any clinically important deviation from normal limits in
physical examination, vital signs, 12-lead ECGs, or clinical
laboratory test results based on the medical judgment of the
investigator.

9. History of any clinically important drug allergy to
Oprelvekin or have a known hypersensitivity to any Escheri-
chia coli protein or any product produced in E. coli.

10. Are pregnant or breastfeeding and/or biologically capable
of having children who refuse to use a medically accepted
method of contraception.

11. Recent history of myeloablative therapy.

12. Treatment with Oprelvekin is anticipated to be at less than
3 consecutive days, based on the judgment of the investigator.
13. Subject has poor venous access, or who is otherwise an
inappropriate candidate for this trial in the judgement of the
investigator.

14. Does not agree to abstain from the consumption of grape-
fruit juice 24 hours prior to the first dose of test article until
after the last dose of test article.

15. Patients currently receiving and/or have received prior
investigational drugs/vaccines/devices within the past 30 days.

Table 1: Inclusion and Exclusion Criteria
Description of Study Flow Chart Protocol

The administered test dose was based on weight submitted at the time of registration. The dose assigned at registration was
administered on day 1, day 2 and day 3. Dosing beyond day 3 was administered (up to 21 days of treatment allowed in protocol)
based on the medical judgment of the investigator. Height was measured at screening only (Table 2).
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Study Phase Screening | Predose | Active Phase starting from first Oprelvekin dose till duration of treatment | Final Visit
Study Day -3 -1 1 At least 3 Days of Treatment 5
Informed Consent X
Demographics X
Medical History X
Physical Exam X X
Serum Pregnancy X X
Vital Signs X X X X X X X X X
Height and Weight X X X X X X X X X
12-lead ECG (triplicate) X X X X X X X X X
Hematology & Chemistry X X X X X X X X X
Urinalysis X X
Test Dose Administration X X X X X X
Pharmag;(:;it:;i Tmple of X X X X X x X
M"“;‘:j;‘i fi‘:’rn(s)the' X X X X X X X X X
Monitoring for Adverse
Events X X X X X X X X X

Table 2: Study Flow Chart

The ECG or electrocardiogram was taken in triplicate, 1 to 2 minutes apart. The day 1 predose triplicate ECGs was conducted
within 15 minutes before dosing at hour “0”. All post dose ECGs were taken within + 15 minutes of the scheduled timepoints; and
the final ECGs were conducted within 3 days of the last dose of Oprelvekin. Subjects were instructed to rest in the supine position
at least 10 minutes before the ECG was started. All ECGs were conducted on day 1 and conducted as close to the same clock times
as the respective ECGs conducted on day -1. ECG timing was first priority in the conduct of the study. ECG and PK procedures
had a mirrored relationship (i.e., if the ECG is 5 minutes late at hour 3 on day 1, then the PK sample for hour 3 on day 1 should
be drawn 5 minutes late for that hour 3 draw). The primary endpoint was assessment of change in sample corrected QT interval
(QTcN).

Hematology and blood chemistry screening day laboratory results were used to determine eligibility. Hematology and blood
chemistries were drawn within 1 hour prior to dosing on all required visits and coordinated on day 1 with the ECG and PK
procedures in order to maintain the synchronization with predose day -1 ECG schedule. The protocol stated that if the laboratory
evaluations before dose administration on Days 1 and 3 indicate that a subject’s potassium, magnesium, or calcium level is below
the lower limit of normal, that subject should not be dosed and is to be withdrawn from the study.

Day 1 test dose was administered 6 to 24 hours after the completion of chemotherapy. Treatment with Oprelvekin was to be
discontinued at least 2 days before starting the next planned cycle of chemotherapy. Oprelvekin was administered via SC injection
once daily until desired platelet response is attained which is > 50,000 cells/ul (allowed up to 21 days of treatment) or based on the
medical judgment of the investigator.

After ECG, pharmacokinetic sampling was next in priority in the conduct of the study. Serum collection of 4 mL of whole blood
was obtained on Day 1 at “0” hour sample within 10 minutes before dosing for PK sampling. Blood was drawn within plus 5
minutes of the last of the corresponding triplicate ECGs at each scheduled timepoint. ECG and PK procedures had a relationship
that was maintained (i.e., If the ECG is 5 minutes late at hour 3 on day 1, then the PK sample for hour 3 on day 1 should be drawn 5
minutes late for that hour 3 draw. Subsequent hour procedures for day 1 should revert back to the scheduled time to mirror day -1).

If the last dose of Oprelvekin occurred on any day other than days 1 or 3, a Final Study visit was conducted on the day of last dose.
If the last dose of Oprelvekin was administered on days 1to 3, that day was considered the End of Treatment visit. If the subject has
an unplanned last dose of Oprelvekin, the subject was scheduled for an End of Treatment or Final Study visit within 24 hours of
the last dose. The minimum desired treatment duration is 3 continuous days. The maximum treatment duration is up to 21 days
of treatment. The end of study visit was the final study evaluation conducted within 14 days after the final Oprelvekin dose. All
doses of Oprelvekin administered during the study were recorded. Investigators were required to report any Adverse Events that
occurred up to 14 days after the last dose of Oprelvekin, or after the last study observation, whichever occurs last, until the events
have subsided, returned to baseline, or, in case of permanent impairment, until the condition stabilized.

Results

Oprelvekin was well-tolerated by 100% of subjects during the entire duration of the study. All four patient ECGs were consistently
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interpreted as normal, despite baseline analysis showing sinus tachycardia for all four study subjects. One subject with triple-
receptor negative metastatic breast cancer developed thrombocytopenia after cycles of Gemcitabine and Carboplatin. The
thrombocytopenia improved considerably with Oprelvekin, which was tolerated well. The other three study subjects had the
non-myeloid malignancies of Ovarian Cancer, Prostate Cancer, and Colon Cancer. They similarly developed thrombocytopenia
in their chemotherapeutic regimens and were administered Oprelvekin in 3,3,3 and 6 doses respectively (Table 3). All four study
patients tolerated the treatment protocol well. Minor adverse effects were experienced, including Grade 1 dizziness, mild abdomen
tenderness, and mild headache. No serious adverse event was reported. At the conclusion of treatment, all subjects reported
a general state of well-being, that they were feeling very good. There were no abnormal test results that warranted additional
diagnostic testing, medical or surgical intervention, dose adjustment or use of an additional drug treatment. One patient who was
withdrawn prior to completion of the study had an abnormal serum chemistry of elevated potassium level and high creatinine level
reflecting a possible underlying renal impairment.

Pretest Posttest # of Test
Patient Cancer | Platelet Count | Platelet Count Doses
(cells/ul) (cells/ul) Received
1 Breast 34,000 110,000 3
2 Ovarian 42,000 92,000 3
3 Prostate 39,000 110,000 3
4 Colon 33,000 220,000 6

Table 3: Results of Test Administration

Discussion

Oprelvekin stimulates megakaryocytopoesis thru the interleukin-11 pathway as outlined in Figures 1 and 2 [8,16]. In 1996
Kaye (3,4) conducted the first study of the use of recombinant human interleukin 11 (rhIL-11) in severe chemotherapy-induced
thrombocytopenia who those receiving a variety of chemotherapeutic regimens for breast cancer, solid tumors and lymphomas.
The recombinant human interleukin-11 prevented the need for platelet transfusions in as much as 53% of patients in subsequent
chemotherapeutic cycles [17]. Chemotherapy-induced mucositis was also ameliorated [3,4]. Thus, the role of rhIL-11 in
thrombocytopenia-induced chemotherapy is invaluable. Prolonged chemotherapeutic cycles in malignancies have inherent side
effects and adverse events. As such, additional treatment modalities employed to treat these complications have to be evaluated in
the light of their compounding effect(s). However it has been demonstrated that despite the described adverse events, chemotherapy
has continued at full doses without interruption [17].

At the time of US FDA approval in 1997, Oprelvekin was noted to incur tachycardia in patients [6,13,14]. However, the ability
of the drug to improve platelet counts overshadows its mild cardiac effects. In previous clinical trials [7,11,18] atrial flutter or
fibrillation occurred in 12-15% of patients treated with the dose of 50 mcg/kg. The arrhythmias were brief, underwent spontaneous
(or after test dose rate control) cardioversion to normal sinus rhythm without clinical sequelae. The mechanism of arrhythmia
development is unknown but is postulated to be from increased plasma volume with fluid retention [8,19,20]. However four
risk factors are associated with atrial arrhythmias: age, prior history of arrhythmias, cardiac disorder, and alcohol use [9]. Age-
dependent increased atrial dimension and reduced atrial refractoriness have been described in old rats treated with rhIL-11 [21].
Sodium retention producing atrial flutter or fibrillation was postulated as the most likely mechanism producing this effect. Studies
on ventricular function have not been described to date.

It was concluded that the common adverse effects of Oprelvekin should not deter the use of the drug. Moreover, the side effects are
relatively mild, non-toxic, and can be easily managed [19,22]. The risk for stroke is increased in those with prior history or those
experiencing transient ischemic attacks [11]. But these are rare and would necessitate diligent medical screening.

All four study patients had 12-lead ECG readings at baseline and all throughout the study protocol. All the ECG readings were
interpreted as normal. The study drug was well tolerated. The thrombocytopenia induced from chemotherapy resolved without
the need for platelet transfusion for thrombocytopenia (platelet counts <50,000 cells /ul). The clinical evidence supports the role of
Oprelvekin in megakaryocytopoiesis as it accelerates platelet recovery as outlined [9]. It remains the primary treatment of choice
for the prevention of severe thrombocytopenia (platelet counts <20,000 cells/ul) following myelosuppressive chemotherapy in
patients with nonmyeloid malignancies [3,4,7]. All patients were at high risk for severe thrombocytopenia but they responded
to the study protocol with platelet counts that did not go below the level that would have required platelet transfusion. As
such potential complications from platelet transfusions such as infections, reduction in patient quality of life and delayed
chemotherapy were prevented [9]. In a study of early cirrhotic patients, Oprelvekin not only improved platelet counts but actually
decreased significantly liver enzymes [12]. This finding suggested that IL-11 blocks activation of proinflammatory cytokines and
downregulates tumor necrosis alpha factor [12]. This finding is interesting as it may potentiate the beneficial effects of the patient’s
own chemotherapeutic regimen. Further studies would need to be conducted.
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Conclusion

Oprelvekin did not produce any detrimental cardiac effects and should be continued as a suitable treatment for chemotherapy-
induced thrombocytopenia. However, given the limited sample size, the effects of Oprelvekin in cardiac repolarization is not
generalizable to all patients suffering from thrombocytopenia. Cancer treatments are incredibly complex; the effects of Oprelvekin
may differ from patient to patient depending on the nature and stage of their malignancy as well as to the type of chemotherapy
regimen they undertake. However, all four patients in this phase 2 clinical trial had varying types of malignancy and were at
different cycles of their chemotherapeutic regimens. No patient demonstrated any cardiac complications after subcutaneous 50
mcg/kg of Oprelvekin for thrombocytopenia platelet count <50,000 cells/ul. The demonstrated efficacy and tolerance in this small
cohort of non-myeloid carcinoma patients sheds light on its potential usefulness in longer chemotherapeutic protocols and its
ability to prevent platelet transfusions in multiple cycles of chemotherapy.

Ethical Consideration

This study was conducted in accordance with applicable laws and regulations including, but not limited to, the International
Conference on Harmonisation (ICH), Guideline for Good Clinical Practice (GCP), and the ethical principles that have their
origins in the Declaration of Helsinki. The institutional review board (IRB) reviewed and approved the protocol and informed
consent form (ICF) before any subjects were enrolled. Before any protocol-required procedures were performed, the subjects
signed and date the IRB-approved ICE.
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