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Executive Summary:  
The FDA approved romiplostim (Nplate®) for the treatment of thrombocytopenia in patients with chronic immune thrombocytopenic purpura (ITP) on August 22, 2008.  Due to the rarity of chronic ITP, romiplostim was given orphan drug designation.  It received FDA-approval based on an established surrogate endpoint for clinical benefit in ITP, which was durable platelet response.  The FDA also required a Risk Evaluation and Mitigation Strategy (REMS) be established due to the potential for serious events that were identified during clinical development.
Efficacy
· Two parallel, prospective, randomized, placebo-controlled trials evaluated the efficacy of romiplostim in the chronic ITP population.  One study population consisted of splenectomized individuals while the other consisted of non-splenectomized adults.  A durable platelet response was achieved in those receiving romiplostim, regardless of whether they had a prior splenectomy.  

· An open-label extension study described the long-term efficacy of romiplostim in those enrolled in a prior romiplostim trial for chronic ITP.  Weekly doses of romiplostim were given with the intended primary endpoint being durable platelet response.  The results show that platelet counts were maintained in 47-74% of the patients through week 144.  

· Data suggests that patients have been able to reduce or completely discontinue their use of ITP rescue medications while on romiplostim therapy.
· Evidence shows that romiplostim can induce dose-dependent increases in platelet counts.
Safety

· Bone marrow fibrosis (reticulin and collagen) has been noted in preclinical and clinical trials with TPO mimetics.
· Dose-dependent changes in bone marrow morphology have been noted in both animal and human studies of romiplostim.  These changes have been reversible upon discontinuation of drug.
· Romiplostim has no sequence homology with endogenous thrombopoietin, which would minimize concern for the development of cross-reacting antibodies.
· Transient worsening of thrombocytopenia upon discontinuation of romiplostim has been reported.  Caution and monitoring during this post-treatment time is essential as the risk for bleeding increases.
· Given the rising incidence of ITP in the older population, more data with romiplostin is needed in the older group of patients as age increases the thrombotic risk.
Introduction

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating romiplostim for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics1,6,7
Romiplostim binds and activates the thrombopoietin (TPO) receptor, similar to endogenous TPO.  It is a Fc-peptide fusion protein (peptibody) that activates intracellular transcription pathways that lead to increased platelet production.  The peptibody molecule is made up of two identical single-chain subunits, which each consist of a human immunoglobulin IgG1 Fc domain.  These subunits are covalently linked to a peptide containing two TPO-receptor binding domains.  Romiplostim has no amino acid sequence homology to endogenous TPO.  It is produced by recombinant DNA technology in E coli.
In clinical trials, treatment with romiplostim resulted in dose-dependent increases in platelet counts.6, 7 After a single dose of 1 – 10 mcg/kg dose in patients with chronic ITP, the peak platelet count was 1.3 – 14.9 times greater than the baseline count over a 2 – 3 week period.  In seven out of eight patients with chronic ITP, platelet counts were above 50 x 109/L after receiving six weekly doses of romiplostim 1 mcg/kg.
Distribution: In patients receiving weekly doses over the range of 3 – 15 mcg/kg, the peak serum concentrations of romiplostim were observed 7 – 50 hours post dose (median, 14 hrs). Serum concentrations varied among patients and did not correlate with dose administered.
Elimination: The elimination of serum romiplostim is partly dependent on the TPO receptor on platelets.  Those with high platelet counts have low serum concentrations and vice versa. In patients receiving weekly doses over the range of 3 – 15 mcg/kg, the half-life values ranged from 1 – 34 days (median, 3.5 days). No accumulation within the serum was noted after six weekly doses at the 3 mcg/kg dose.  Accumulation with higher doses is not known.
FDA Approved Indication(s) and Potential Off-Label Uses
           Please note that this section is not meant to promote off-label use. It is only a summary of the current literature. For discussion of the PBM Guidance on off- label prescribing, please refer to: http://vaww.national.cmop.va.gov/PBM/Directives%20Policies%20and%20Information%20Letters/Guidance%20on%20Off%20Label%20Prescribing.pdf
Romiplostim received the FDA indication of treatment of thrombocytopenia in patients with chronic immune (idiopathic) thrombocytopenic purpura (ITP) who have had an insufficient response to corticosteroids, immune globulins or splenectomy.  Romiplostim should only be used in situations where the degree of thrombocytopenia and clinical condition put the patient at an increased risk for bleeding.  It should not be used in an attempt to normalize platelet counts.1
Off-label uses include: prevention and treatment of cancer chemotherapy-induced thrombocytopenia, thrombocytopenia associated with Hepatitis C Virus (HCV) treatment, treatment of thrombocytopenia with chronic liver disease and treatment of thrombocytopenia associated with myelodysplastic syndrome (MDS).

Current VA National Formulary Alternatives

Options for patients with chronic ITP who have had an insufficient response to corticosteroids, immune globulins or splenectomy are limited.  Drugs that are used in these clinical situations are those without FDA-approval and are based on data published in small numbers of patients.  Each therapy has varied reports of success.  The cytotoxic therapies along with danazol are the options with which there is the most experience, but are often times limited by their adverse effect profile.  Recent data supports some success with immune modulation such as cyclosporine, mycophenolate mofetil and rituximab.

Cytotoxic therapies:

Azathioprine: 

Formulary item; not FDA-approved for ITP

Cyclophosphamide: 
Formulary item

Vincristine: 

Formulary item; not FDA-approved for ITP

Immune suppressants:

Cyclosporine: 

Formulary item; not FDA-approved for ITP

Mycophenolate Mofetil:
Formulary item; not FDA-approved for ITP

Rituximab:

Formulary with restrictions to Oncology and Rheumatology Services; 




CFU in Rheumatoid Arthritis; not FDA-approved for ITP

Prednisone:

Formulary item: FDA-approved for ITP
Miscellaneous:

Danazol:

Formulary item; not FDA-approved for ITP

Dosage and Administration1
Only prescribers and patients that are enrolled in the Network of Experts Understanding and Supporting Nplate and Patients (NEXUS) Program may prescribe, administer and receive romiplostim.  
· This program provides educational materials and a mechanism for the proper use of romiplostim.

· Prescribers or designated healthcare provider under their direction, are to educate patients on the risks/benefits of treatment with romiplostim and ensure that the patient receives a Medication Guide.
· Providers need to review and sign the NEXUS Program Healthcare Provider Enrollment Form.

· Providers should review the NEXUS Program Patient Enrollment Form with the patient, answer all questions and obtain patient signature.  The original copy should remain in the patient’s medical record.  A copy should be given to the patient and another sent to the NEXUS Program.

· Serious adverse events associated with romiplostim should be reported to the NEXUS Program Call Center (1-877-675-2831) or to the FDA’s MedWatch Program (1-800-FDA-1088).  In addition, events should be reported at 6-month intervals.

Dosing:

· Initial dose of romiplostim is 1 mcg/kg (actual body weight) via subcutaneous injection given weekly.  

· Dose-adjust based on platelet count response.

Dose Adjustments:

· Adjust weekly dose by increments of 1 mcg/kg until platelet count > 50 x 109/L as necessary to reduce risk of bleeding.
· If platelet count < 50 x 109/L, increase dose by 1 mcg/kg.

· If platelet count > 200 x 109/L for 2 consecutive weeks, reduce dose by 1 mcg/kg.

· If platelet count > 400 x 109/L, hold dose.  


Assess platelet count weekly.


When platelet count falls to < 200 x 109/L, resume dose at 1 mcg/kg

· Do not exceed weekly maximum dose 10 mcg/kg.

· In clinical trials, median dose 2 mcg/kg achieved and maintained platelet goal.

· Discontinue romiplostim if platelet count does not increase to a sufficient level to avoid clinically relevant bleeding after 4 weeks at the maximum weekly dose 10 mcg/kg. 

· Renal impairment: No clinical studies were done in this population.  Use romiplostim with caution in patients with renal impairment.

· Hepatic impairment:  No clinical studies were done in this population.  Use romiplostim with caution in patients with hepatic impairment.

· Geriatric use: Clinical studies included elderly patients age 65 and older (20%) and those aged 75 and older (10%).  No overall differences were noted between elderly and non-elderly populations, but greater sensitivity of some elderly patients to romiplostim may exist.  Dose-adjustments for elderly individuals should be cautious, as they may have a greater frequency of reduced organ function, concomitant diseases or other drug therapy.
Administration:

· Romiplostim is provided as a preservative-free, lyophilized white powder that is packaged in single-use vials.  Each vial must be reconstituted with preservative-free Sterile Water for Injection, USP.  Bacteriostatic water for injection should not be used.

· Reconstitute 250 mcg vial with 0.72 ml SWI to obtain a final concentration of 500 mcg/ml.  The 250 mcg vial will deliver a dose of 250 mcg/0.5ml.

· Reconstitute 500 mcg vial with 1.2 ml SWI to obtain a final concentration of 500 mcg/ml.  The 500 mcg vial will deliver a dose of 500 mcg/1 ml.

· Gently swirl and invert vial to reconstitute.  DO NOT SHAKE. Avoid excess or vigorous agitation.  Dissolution of product generally takes less than 2 minutes.

· The final product should be clear and colorless.  Visually inspect the product for particulates or discoloration.

· Keep the reconstituted product at room temperature (25°C/77°F) or refrigerated at 2 - 8°C (36 - 46°F) for up to 24 hours prior to administration.  
· Protect the reconstituted product from light.

· The final injection volume may be very small, use a syringe with 0.01 ml graduations.

· Discard unused portions of a vial.  Do not pool unused portions from the vials.  Do not administer more than one dose from a vial.

Monitoring:

· Prior to therapy initiation, assess CBCs (including platelet counts) and peripheral blood smears.
· During therapy, assess CBCs and peripheral blood smears weekly until a stable platelet count (>50 x 109/L for at least 4 weeks without dose adjustment) has been achieved.
· Once goal platelet count is achieved, monitor CBCs and peripheral blood smears monthly.
· Upon discontinuation of therapy, obtain CBCs and peripheral blood smears weekly for at least 2 weeks thereafter.

Efficacy 

Efficacy Measures

The goal of treating patients with ITP is to maintain a platelet count that prevents the risk of bleeding.  Studies have indicated that ITP patients with persistent platelet counts < 30,000 mm3 are at risk for life-threatening bleeds2,3.   Patients without evidence of bleed or only minor purpura and platelet counts > 50,000 mm3 do not need treatment4.  Those that are considered to be at a higher risk of developing a bleed (e.g. due to lifestyle, concomitant medications, hypertension, scheduled surgery) should be treated when platelets fall between 30,000 - 50,000 mm3.  

Proposed criteria recently published suggest defining a response as platelet count > 30,000 mm3 and at least a 2-fold increase from the baseline count without evidence of bleed5.  A complete response, published from the same group, is defined as platelet count > 100,000 mm3 without evidence of bleed.
The primary endpoints used in the romiplostim trials included (1) platelet response, defined as a platelet count > 50 x 109/L and (2) durable platelet response, defined as a platelet response maintained for at least 6 of 8 weeks without the need for rescue medications.  Secondary endpoints included (1) transient platelet response, defined as > 4 weekly platelet responses (2) frequency of overall platelet response, defined as combined durable plus transient platelet responses (3) number of weekly platelet responses (4) proportion of subjects needing rescue medication and (5) frequency of durable responses on a stable dose.

There is interest in the off-label use of romiplostim for thrombocytopenia associated with myelodysplastic syndrome (MDS).13  Primary endpoints in a recently published trial included (1) complete platelet response, defined as an increase in platelet count > 100 x 109/L (2) major platelet response, defined as an increase in platelet count > 30 x 109/L (3) hematologic improvement in platelets (HI-P), defined as increase in platelet count > 30 x 109/L if baseline count > 20 x 109/L or increase to > 20 x 109/L if baseline < 20 x 109/L (4) durable platelet response, defined as HI-P for > 8 consecutive weeks.
Summary of efficacy findings 
Two parallel, prospective, randomized, placebo-controlled, international trials evaluated the efficacy of romiplostim in the chronic ITP population.12   The difference between the populations was splenectomy status.  One study population consisted of splenectomized individuals while the other consisted of non-splenectomized adults. In a 2:1 randomized fashion, patients were given either romiplostim or placebo injections weekly for 24 weeks.  A dosing algorithm was applied to maintain platelet counts in the target range (50-200 x 109/L).  The primary endpoints of weekly platelet response and durable platelet response were evaluated.   Overall, a durable platelet response was achieved in 49% of those receiving romiplostim vs. 2% in the placebo arm, regardless of whether they had a prior splenectomy.  

An open-label extension study described the long-term efficacy of romiplostim in those enrolled in a prior romiplostim trial for chronic ITP.10   Weekly doses of romiplostim were given with the intended primary endpoints being platelet response and durable platelet response.  The results show that platelet counts in the range of 61-149 x 109/L were maintained in 47-74% of the patients through week 144. The splenectomized population achieved a slightly lower range of median platelet count improvement (58-106 x 109/L).  Use of rescue medication was reduced from 23% to 15% during the study.  This data suggests that patients have been able to reduce or completely discontinue their use of ITP rescue medications while on romiplostim therapy.

A 5-year update of the extension study was presented at the American Society of Hematology 2009 Annual Meeting.16    As of May, 2009 a total of 291 adult patients received treatment with romiplostim.  Patients were treated for a median of 48 weeks (range, 1 – 244 weeks).  Home administration was started by 75% of patients, while it was discontinued in 4%.  The median average weekly dose of romiplostim was 4 mcg/kg (range, 2 - 7 mcg/kg).  The majority of patients (79%) maintained a stable dose (defined as within 2 mcg/kg of their most frequent dose) at least 90% of the time.  More than 50% of patients maintained platelet counts > 50 x 109/L on 95% of study visits.  Of those receiving concurrent ITP medications, 78% were able to discontinue or reduce the dose of those medications by > 25%.
Results from a phase 3b, randomized, open-label study comparing the incidence of splenectomy and treatment failure in nonsplenectomized adult patients with ITP were also presented at the ASH 2009 annual meeting.17  Patients were randomized (2:1) to romiplostim or standard of care (SOC) for 52 weeks.  SOC was defined as any standard institutional practice or therapeutic guideline, but did not allow investigational agents or other thrombopoietic drugs.  Romiplostim was given weekly with dose adjustments to a target platelet count between 50-200 x 109/L.  A total of 234 patients were randomized.  Baseline characteristics were similar between the groups.  The results indicate that after 52 weeks of follow-up, the rates of splenectomy in the romiplostim vs. SOC were 9 vs. 36% (OR 0.17; 0.08, 0.35; p< 0.0001).  The incidence of treatment failure was significantly lower in the romiplostim vs. SOC arm 12 vs.30% (OR, 0.31; 0.15, 0.61; p=0.0005) 
For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials (page 16).
Adverse Events (Safety Data)

Sentinel Events (Deaths and Other Serious Adverse Events)

Serious adverse events associated with romiplostim include bone marrow reticulin deposition and worsening of thrombocytopenia following discontinuation of therapy.
Data from a Phase I/II trial indicated that 4 of 41 patients experienced serious adverse events: (1) one patient was hospitalized for grade 3 vertigo (2) one patient had a life-threatening subdural hemorrhage (3) one patient had their platelet count drop below their baseline value after discontinuation of romiplostim and (4) one patient had vaginal bleeding with severe worsening of thrombocytopenia after drug discontinuation.9
Serious events reported from a dose-finding study include: (1) thrombocytopenia and headache (2) transient increase in lactic dehydrogenase.8
Severe events noted in the Phase III and open-label extension trial included: increase in bone marrow reticulin, popliteal artery thrombosis, worsening thrombocytopenia and CHF.  Events leading to the discontinuation of romiplostim included: marrow reticulin, vaginal bleed, DVT and MGUS (Monoclonal Gammopathy of Unknown Significance).10, 12
Common Adverse Events

The most common adverse event noted in the placebo-controlled studies was headache.  Headaches of mild to moderate severity were reported in 35% of patients receiving romiplostim and 32% of patients receiving placebo.  
Other Adverse Events

Adverse drug events from two placebo-controlled clinical trials occurring in > 5% of patients receiving romiplostim are noted in the following chart.  The majority of events were mild to moderate in severity.1
	Adverse Event
	Romiplostim (n = 84)
	Placebo (n = 41)

	Arthralgia
	26%
	20%

	Dizziness
	17%
	0%

	Insomnia
	16%
	7%

	Myalgia
	14%
	2%

	Pain in extremity
	13%
	5%

	Abdominal pain
	11%
	0%

	Shoulder pain
	8%
	0%

	Dyspepsia
	7%
	0%

	Paresthesia
	6%
	0%


Adverse events experienced in the Phase I/II trials were considered to be mild to moderate.  The most common events reported in the Newland et al. trial was headache, followed by arthralgia, fatigue, contusion, epistaxis and petechiae.8  Similarly, Bussel et al. report that contusions/ecchymosis were most common among subjects, followed by headache, petechiae, epistaxis and fatigue. 9
Comparable events were commonly reported in the Phase III and open-label extension trials.  They include headache, fatigue, epistaxis, arthralgia, contusion and nasopharyngitis.10,12 

There has been one case report of erythromelalgia associated with romiplostim therapy.24
Significant bleeding events were reported in six of 84 (7%) and 5 of 41 (12%) patients treated with romiplostim vs. placebo, respectively.  Platelet values around the time of the event were < 20,000 mm3.  In this same report two patients in the placebo group died from bleeding events (one cerebral hemorrhage; one pulmonary embolism).  One patient assigned to romiplostim died from intracranial hemorrhage one day after study completion (aspirin was started to treat thrombosis, then romiplostim was discontinued).12
A post-hoc analysis of the open-label extension trial (up to 156 weeks) indicates that bleeding events were reduced from 42% (60/142) in the first 24 weeks to 29% (37/126) up to week 48, then 23% (22/97) up to week 72 and 20% (13/65) by week 96.  A total of 14 bleeding events were noted in 8.5% (12/142) of patients.  Platelet counts taken near the time of the event were < 30,000 mm3.  All bleeding events, except for one (vaginal hemorrhage), were deemed to be unrelated to romiplostim.10
Abstracts from ASH 2009 With A Primary Endpoint Focus on Safety
	Title/Methods
	Primary endpoint
	Results

	Evaluation of Bleeding-Related Episodes (BRE) in Patients with Chronic ITP Receiving Romiplostim or Medical Standard of Care (SOC)18
Phase 3b, randomized, open-label study of nonsplenectomized adults

Arms: romiplostim vs. SOC x 52 wks
	BRE*
	N = 154 romiplostim; 

7087 patient-wks

N=70 SOC;

2571 patient-wks

Less BREs in R vs. SOC

3.1(220  events) vs. 9.4 (241 events)

Less use of Ig R vs. SOC

0.2 (17) vs. 4.8 (123)

	Evaluation of BRE in Patients with Chronic ITP Treated with Romiplostim in Two Phase 3 Placebo-Controlled Clinical Trials19
Phase 3, randomized (2:1), placebo-controlled trial

Arms: romiplostim vs. placebo x 24 wks
	BRE
	N = 125 (41 placebo; 84 romi)
BREs less in R vs. placebo group regardless of splenectomy status
7.8 vs. 14.6 Duration-adjusted event rate per 100 pt-wks R vs.  placebo


* defined as actual bleeding event and/or use of rescue med to treat/prevent bleeding; events occurring within 3 days of each other considered as one event; BRE separated by > 7 days were considered a new event
Tolerability
Romiplostim’s impact on quality of life was evaluated as part of the phase 3, multicenter, randomized, placebo-controlled trial by Kuter et al.12, 20  Patients were randomized to romiplostim or placebo, dose-adjusted to a target platelet count of 50-200 x 109/L for 24 weeks.  The ITP-patient assessment questionnaire (ITP-PAQ) was self-administered by patients at baseline, and at weeks 4, 12 and 24.  Patients were blinded to their current platelet count results prior to completing the ITP-PAQ.  The survey contained 44 questions that were organized into 10 scales measuring physical health (symptoms, bother, fatigue, activity), emotional health (fear, psychological health), work, social activity, women’s reproductive health and overall quality of life.  Baseline scores were similar for both romiplostim and placebo groups, but they were lower in the splenectomized vs. nonsplenectomized arms.  When comparing the mean change in scores from baseline to week 24, those in the splenectomized group had a greater impact in ITP-PAQ scales than those in the non-splenectomized group.  Those with prior splenectomy had significant improvement in the symptoms, bother (defined as how bothered one is by the effect of ITP and its treatment(s) on their physical health), social activity and women’s reproductive health scores (p< 0.05).  The non-splenectomized patients only showed significant improvement with romiplostim therapy in the activity scale (p< 0.05).
Immunogenicity

Patients may develop antibodies to exogenous proteins.  Those involved in the clinical trials were screened for immunogenicity to romiplostim using a BIAcore-based biosensor immunoassay.  Samples that were positive were further evaluated for neutralizing capacity using a cell-based bioassay.  In clinical studies, the incidence of preexisting antibodies to romiplostim was 8% (17/225).  The incidence of binding antibody development during romiplostim treatment was 10% (23/225).  The incidence of preexisting antibodies to endogenous TPO was 5% (12/225) and the incidence of binding antibody development to endogenous TPO during romiplostim treatment was 5% (12/225).  Of those with positive antibodies to romiplostim or TPO, one patient (0.4%) had neutralizing activity to romiplostim and none had neutralizing activity to TPO.  There was no correlation observed between antibody activity and clinical effectiveness or safety.
Precautions/Contraindications

Precautions

Bone Marrow Reticulin Formation and Risk for Bone Marrow Fibrosis
TPO-receptor agonists, including romiplostim, increase the risk of development or progression of reticulin fiber deposition within the bone marrow.  In clinical trials, four patients of the 271 total patients discontinued romiplostim therapy because of bone marrow reticulin deposition.  Six additional patients had reticulin observed upon bone marrow biopsy.  All ten patients had received romiplostim doses > 5 mcg/kg and six received doses > 10 mcg/kg.  In the extension study, one patient with ITP and hemolytic anemia developed marrow fibrosis with collagen during romiplostim therapy.  Clinical studies have not excluded a risk of bone marrow fibrosis with cytopenias.
The peripheral blood smear should be examined prior to initiation of romiplostim to establish a baseline level of cellular morphologic abnormalities (e.g. teardrop and nucleated RBCs, immature WBCs).  Once a stable dose of romiplostim is achieved, peripheral blood smears and CBCs should be assessed monthly for new or worsening cellular abnormalities or cytopenias.  If noted, then romiplostim should be discontinued.  Consider a bone marrow biopsy and include staining for fibrosis.
Kuter et al. authored a report to describe the data available regarding the relationship between bone marrow changes and romiplostim.11  Their article includes findings from an animal study, the clinical trials evaluating romiplostim use in chronic ITP and a prospective study that specifically evaluated bone marrow morphology in ITP patients receiving romiplostim.  The clinical trials included a total of 11 studies and included a total of 271 patients.  Only 11 of these patients had bone marrow biopsies performed.  The prospective study evaluated the marrow of 10 patients.  Overall, the report suggests that romiplostim induces dose-dependent reticulin fibrosis in the bone marrow of animals and humans with no progression to myelofibrosis.  These changes, however, were reversible upon discontinuation of drug.  
Worsening Thrombocytopenia after Cessation of Romiplostim
Discontinuation of romiplostim may result in thrombocytopenia of greater severity than was present prior to initiation of therapy, which may increase the risk of bleeding, especially if patients are on anticoagulant or antiplatelet agents.  In clinical studies, four of 57 patients developed thrombocytopenia of greater severity than their baseline.  This severe thrombocytopenia resolved within 14 days.  
Following discontinuation of romiplostim, obtain weekly CBCs, including platelet counts for at least 2 weeks and considering alternative treatments for worsening thrombocytopenia, according to current treatment guidelines.

Thrombotic/Thromboembolic Complications
Excessive increases in platelet counts may result in thrombotic or thromboembolic complications.  It is notable that in the 5-year update of the extension study, the incidence of thrombotic events was approximately 6%.16  ITP is a prothrombotic disease.22  Moreover, there is also data to suggest that the highest number of patients with post-splenectomy failures are older patients.23  Since one of the most important risk factors for thrombosis is age, caution is advised in treating older patients who are at higher risk of thrombosis.  More data with romiplostin is needed in the older group of patients.  Given the thrombotic risks, romiplostim should not be used in an attempt to normalize platelet counts. Follow the dose-adjustment guide to maintain platelet counts > 50 x 109/L.  Excessive doses of romiplostim may lead to large platelet count increases which put a patient at risk for thromboembolism.
Lack or Loss of Response to Romiplostim
Failure to maintain a platelet response with romiplostim should prompt a search for causative factors, including neutralizing antibodies to romiplostim or bone marrow fibrosis.  To detect antibody formation, submit blood samples to Amgen (1-800-772-6436).  Amgen will assay these samples for antibodies to romiplostim and thrombopoietin.  Discontinue romiplostim if platelet count does not increase to a level sufficient to avoid clinically important bleeding after 4 weeks at the maximum weekly dose of 10 mcg/kg.
Malignancies and Progression of Malignancies
Romiplostim stimulation of the TPO-receptor on the surface of hematopoietic cells may increase the risk for hematologic malignancies.  In controlled clinical trials, the incidence of hematologic malignancies with romiplostim was low and similar to the placebo arm.  A single-arm study of 44 patients with myelodysplastic syndrome (MDS) reported that 11 patients had disease progression.  Four patients had acute myelogenous leukemia during follow-up.  Romiplostim is not indicated for the treatment of thrombocytopenia due to MDS or any other cause other than chronic ITP.
Contraindications

None
Use in Specific Populations
Pregnancy

Pregnancy Category C

There is not enough data regarding the use of romiplostim in pregnancy.  Animal reproduction and developmental toxicity studies showed that romiplostim crosses the placenta.  Adverse effects to the fetus included thrombocytosis, postimplantation loss and death.  Romiplostim should be used in pregnancy only if the potential benefit to the mother justifies the possible risk to the fetus.

A pregnancy registry has been established to collect information about the effects of romiplostim during pregnancy.  Physicians are encouraged to register pregnant patients.  Pregnant women may enroll themselves in the registry by calling 1-877-675-2831.

Nursing Mothers

It is not known whether romiplostim is excreted in human milk.  Since many drugs are excreted in human milk and because of the potential for severe adverse reactions in nursing infants from romiplostim, an assessment must be made whether to discontinue nursing or to discontinue romiplostim.  This decision should take into account the importance of drug to the mother as well as the known benefits of nursing.

Pediatric Use

Safety and efficacy of romiplostim has not been established in the pediatric population.
Geriatric Use

Clinical trial participants aged 65 years and older made up 20% of the study population and 10% were aged 75 years and older.  No overall differences in safety or efficacy were noted between younger and older study participants.
Dose-adjustments for the elderly population should be done cautiously, taking into consideration reduced organ function (e.g. hepatic, renal, cardiac, etc.)

Renal Impairment

Closely monitor those with renal impairment.  Safety and efficacy of romiplostim in those with renal insufficiency has not been studied.

Hepatic Impairment

Closely monitor those with hepatic impairment.  Safety and efficacy of romiplostim in those with hepatic insufficiency has not been studied.

Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:
LA/SA for generic name <romiplostim>:  <romidepsin>

LA/SA for trade name <Nplate®>:  <Endrate®, Enbrel®, Encare®, Encort™>

Drug Interactions

Drug-Drug Interactions

No formal drug interaction studies have been performed with romiplostim.
Acquisition Costs

Table #2: Cost of Select Therapies for Chronic ITP Following Splenectomy*

	Drug
	Dose
	Cost/Unit time

/patient ($)
	Cost/Unit time

 /patient ($)

	Azathioprine


	1-2 mg/kg PO daily
	0.49/day
	179-360/yr



	Cyclophosphamide
	1-1.5 g/m2 IV x 1, 

repeat every 3-4 wks
	27-40/month
	346-520/yr

	Cyclosporine
	2.5-3 mg/kg PO daily, 

in 2 divided doses
	4.40-5.50/day
	1606-2007/yr

	Danazol£
	400-600 mg PO daily, 

in 2-3 divided doses
	5.98-8.97/day
	2182-3274/yr

	Dexamethasone
	40mg PO daily x 4 days


	0.40/day
	1.60/course

	Eltrombopag
	50-75 mg PO daily,

titrate by 25 mg
	82.26-123.39/day
	3948-5922/6-week course

30,024-45,037/yr

	Immune globulin IV
	1 g/kg IV daily, 

x 3 days
	2804.20/day
	8412/3-day course

	Rho(D) Immune globulin
	50 mcg/kg IV x 1, 

then as needed
	400 – 2300/dose
	400 – 2300/dose

	Mycophenolate mofetil**
	1500-2000 mg PO daily, in 2 divided doses
	3.81-5.08/day
	1390-1854/yr

	Prednisone


	1 mg/kg/day
	0.20/day
	4.20/21-day course

	Rituximab
	375 mg/m2 IV weekly, 

x 4 wks
	3026.79/week
	12,107/4-week course

	Romiplostim
	1 µg/kg SQ weekly, titrate by 1 µg/kg
	781.74-1575.84/week
	4690-9738/6-week course

40,650-82,000/yr

	Vincristine
	2 mg IV weekly, 

x several weeks
	3.80/week
	15/month


* FSS price of 2/2010; Cost based on individual 80kg, BSA 2m2 **FSSR price £ Open market price
Table #3: Reported Response to Select Therapies Following Splenectomy in Chronic ITP14 

	Treatment
	Patients with platelet ct < 30,000 mm3 (n)
	Response to Treatment n (%)

	
	
	Complete
	Partial
	None

	Azathioprine
	53
	10 (19)
	35 (66)
	8 (15)

	Cyclophosphamide
	28
	11 (39)
	8 (29)
	9 (32)

	Cyclosporine
	8
	3 (38)
	4 (58)
	1 (12)

	Danazol
	52
	0
	37 (71)
	15 (29)

	Mycophenolate mofetil
	7
	0
	5 (71)
	2 (29)

	Rituximab
	35
	8 (23)
	15 (43)
	12 (34)

	Vincristine
	34
	2 (6)
	17 (50)
	15 (44)


Potential Cost Considerations
Data published by Pullarkat et al. describes a post hoc analysis performed to quantify the reduction in use of immune globulin (Ig) among those receiving romiplostim.21   They assessed the total number of Ig administrations during the 24-week trial period, the proportion of patients requiring Ig in consecutive 4-week periods as well as the cumulative probability of Ig use over the entire study period.   Their results show that fewer romiplostim patients required Ig over the 24-week period and according to their statistical model, romiplostim patients were 5-fold less likely to receive Ig therapy.  
Pharmacoeconomic Analysis15
There has not been any published pharmacoeconomic analyses to date.  A summary from the evidence review group (ERG) of the National Institute for Health and Clinical Excellence (NICE) was published as part of their single technology appraisal process.  A guidance document has not been issued by NICE at the present time, but based on the ERG evaluation, they conclude the following:  

· Romiplostim appears to be a safe and efficacious for the short-term treatment of ITP

· No long-term safety or efficacy data exists with romiplostim

· There is no long-term comparative efficacy data
· Long-term comparative data on cost-effectiveness is lacking

Conclusions

Romiplostim is an injectable thrombopoietin-receptor agonist that is FDA-approved for the treatment of thrombocytopenia in patients with chronic ITP who have had insufficient response to corticosteroids, immune globulins or splenectomy.  The chronic ITP population is not extensive within the VA system, but is estimated to affect ~5300 patients.  Treatment options for ITP are limited.  There are pharmacologic options that have been used with varying degrees of success, but most are limited by their adverse effect profile.  Some options are limited because of supply and demand issues (ie. immune globulin).  Splenectomy, which is the only non-pharmacologic treatment, is an option only for those healthy enough to undergo a surgical procedure.  

Romiplostim provides an option for those patients who no longer have platelet responses to corticosteroids, immune globulin or splenectomy.  It may also serve as an option in those patients who are not candidates for splenectomy, who cannot tolerate corticosteroids or have contraindications to their long-term use. 
Two parallel, prospective, randomized, placebo-controlled, international trials evaluated the efficacy of romiplostim in the chronic ITP population.12   Patients were given either romiplostim or placebo injections weekly for 24 weeks, utilizing a dosing algorithm was to maintain platelet counts in the target range (50-200 x 109/L).  The primary endpoints of weekly platelet response and durable platelet response were evaluated.   Overall, a durable platelet response was achieved in 49% of those receiving romiplostim vs. 2% in the placebo arm.  
Long-term use of romiplostim was evaluated in an open-label extension study of those enrolled in a prior romiplostim trial for chronic ITP.10   The results showed that platelet counts in the range of 61-149 x 109/L were maintained in 47-74% of the patients through week 144.  Use of rescue medication was reduced from 23% to 15% during the study suggesting that patients may be able to reduce or completely discontinue their use of ITP rescue medications while on romiplostim therapy.
Platelet counts are not maintained when romiplostim is discontinued and may lead to a transient worsening of thrombocytopenia to values less than the original baseline platelet count.  For this reason, extreme caution and close monitoring is essential. Consideration may be given to tapering or slowly reducing the romiplostim dose before final discontinuation, although the data has not evaluated this approach. 
Romiplostim can induce dose-dependent increases in platelet counts, although not all patients were responders in the clinical trial setting.  Doses should not exceed the recommended maximum of 10 mcg/kg/week.  If the platelet count has not risen to a sufficient level to prevent bleeding after 4 weeks at the maximum dose, then therapy should be discontinued.

ITP patients should have established care with a VA hematologist to closely monitor them throughout their course of therapy.  Romiplostim has significant precautions associated with its use.

· Bone marrow reticulin formation and risk for marrow fibrosis is a concern.  A peripheral blood smear should be examined prior to initiation of romiplostim.  Once a stable dose is achieved, peripheral blood smears and CBC should be assessed monthly.

· Discontinuation of romiplostim may lead to a transient worsening of thrombocytopenia to below baseline values.  This may increase risk of bleeding to the patient.  It is recommended that weekly CBCs be evaluated for at least 2 weeks following discontinuation of therapy.  
· Excessive platelet counts may result in thrombotic complications.  Follow dosing algorithm to maintain counts > 50 x 109/L.  Use caution when considering therapy in individuals with known risk factors for the development of thromboembolism.
· Stimulation of the TPO-receptor may increase risk of hematologic malignancies.  Research is ongoing to address use of romiplostim for the treatment/prevention of MDS-associated thrombocytopenia.  At the present time, such use of romiplostim should only occur in the context of a clinical trial.
Romiplostim is packaged in single-use vials that require reconstitution prior to administration.  The product lacks a preservative, so doses should be given immediately following reconstitution.  Dose volumes may be very small and the use of a syringe with 0.01 ml graduations is recommended.  Elderly patients with impaired dexterity or visual acuity may not be able to reconstitute and self-administer doses.  

Romiplostim has potential off-label uses in prevention and treatment of cancer chemotherapy-induced thrombocytopenia, thrombocytopenia associated with Hepatitis C Virus (HCV) treatment, thrombocytopenia associated with chronic liver disease and the treatment of thrombocytopenia associated with MDS.  Until there is sufficient evidence to support safety and efficacy for any of these indications, romiplostim use should be limited to the treatment of thrombocytopenia associated with chronic ITP.
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Appendix:  Clinical Trials

A literature search was performed on PubMed/Medline (no dates specified) using the search terms <romiplostim, AMG 531> and <Nplate>. The search was limited to studies performed in humans and published in English language. Reference lists of review articles and the manufacturer’s AMCP dossier were searched for relevant clinical trials. All randomized controlled trials published in peer-reviewed journals were included.

Table 1. Clinical Trials
	Citation
	Kuter DJ, Bussel JB, Lyons RM, et al.  Efficacy of Romiplostim in Patients with Chronic Immune Thrombocytopenic Purpura: A Double-Blind Randomized Controlled Trial. Lancet 2008; 371: 395 

	Study Goals
	Assess efficacy, safety and optimal dosing of romiplostim of splenectomized and non-splenectomized patients with chronic ITP.

	Methods
	Study Design:  Two parallel prospective, randomized (2:1), placebo-controlled, double-blind, multi-centered, international phase III trials; one enrolled splenectomized patients, the other enrolled non-splenectomized patients;
Intervention: Romiplostim or placebo SC injections weekly x 24 wks;

Dosing algorithm: 
     Initial dose 1 µg/kg to target platelet count 50 - 200 x 109/L;

          If platelets < 10 x 109/L then ↑ dose by 2 µg/kg/wk;
          If platelets  11 – 50 x 109/L then ↑ dose by 2 µg/kg every 2 wks;

     Once platelets > 50 x 109/L, maintenance algorithm used:

          If platelets  < 10 x 109/L then ↑ dose by 1 µg/kg/wk;
          If platelets  11 – 50 x 109/L then ↑ dose by 1 µg/kg after 2 wks;

          If platelets 201 – 400 x 109/L then ↓ dose by 1 µg/kg after 2 wks;

          If platelets > 400 x 109/L , hold dose, ↓ further doses by 1 µg/kg 
          after plt count < 200 x 109/L.

Maximum daily dose allowed 15 µg/kg.

During first 12 wks, reduction in concurrent ITP meds allowed after plt count > 100 x 109/L; Increases in concurrent ITP meds or rescue meds allowed at the discretion of the PI.

After 24 wks, study treatment stopped; study completed at wk 36 or when plt count < 50 x 109/L.

Assessments:  weekly platelet counts; blood samples for TPO and antibodies vs. romiplostim
Primary endpoints
Weekly platelet response defined as plt count > 50 x 109/L
   Responses within 8 wks of rescue meds were not included in efficacy response

   Rescue med = increase in concurrent ITP med or new med added to increase counts

Durable plt response defined as weekly plt response > 6 weeks of 8 wks of treatment

   Use of rescue meds means response was not durable
Secondary endpoints
Transient plt response defined as > 4 weekly plt responses, but not durable;
Frequency of overall plt response (durable + transient plt responses);
Number of weekly plt responses; proportion needing rescue meds; frequency of durable responses with stable dose

Data Analysis

Sample size of 60 patients had 87% power to detect incidence of durable plt response at significance level of 0.05.

	Criteria
	Inclusion criteria

Diagnosis of ITP (per ASH guidelines); those age > 60 yrs confirmed with bone marrow biopsy; mean platelet count < 30 x 109/L during screening; age > 18 years; no active malignancy or history of stem cell disorder; creatinine conc < 176.8 µmol/L; bilirubin < 5x ULN, hgb > 90 g/L.
Concurrent use of corticosteroids, azathioprine or danazol permitted at constant dose/schedule.
Exclusion criteria

Prior use of IVIG within 2 weeks; alkylating agents within 8 weeks; rituximab within 14 weeks and all other treatments within 4 weeks of study start.

	Results
	N =    patients at 35 sites in US and Europe; enrollment from 3/1/2005 to 12/31/2006;
Baseline demographics similar; splenectomized patients had longer duration of ITP, more prior ITP treatment, lower plt counts, higher baseline TPO conc.

Most common prior treatments: corticosteroids, IVIG
Efficacy
Splenectomized

Non-splenectomized

Total

P (n=21)

R (n=42)

P (n=21)

R (n=41)

P (n=42)

R (n=83)

DPR

0

16 (38%)

1 (5%)

25 (61%)

1 (2%)

41 (49%)

DPR + rescue med

1 (5%)

19 (45%)

3 (14%)

27 (66%)

4 (10%)

46 (55%)

DPR = durable plt response; P = placebo; R = romiplostim
Secondary endpoints:

Transient plt response from wk 2 – 25

     Splenectomy 40% (17/42) vs. Non-splenectomy 27% (11/41)

Overall plt response

     Splenectomy 79% (33/42) vs. Non-splenectomy 88% (36/41) vs. placebo 14% (3/21)

Use of rescue meds

     Overall greater use of rescue meds in P vs. R group (59.5 vs. 21.7%; p< 0.001)

     Discontinued use of rescue meds: P (19%) vs. R (52%)

     Reduced use of rescue meds by 25%: P (19%) vs. R (35%) 

Multivariate analysis

     Weight < 70kg (p=0.01) and no splenectomy (p=0.03) assoc with ↑ DPR

Safety

No difference between splenectomy vs. non-splenectomy
ADE’s mild – mod: placebo 95% vs. R 100%

     Major effects: headache, fatigue, epistaxis, arthralgia

     Significant events: placebo 12% vs. R 7%

Treatment-related events:  (1) increase bone marrow reticulin

     (1) popliteal artery thrombosis

No one positive for antibodies against TPO or romiplostim


	Conclusions
	Romiplostim was well-tolerated; increased platelet counts in both splenectomized and non-splenectomized patients; allowed for reduced use or discontinuation of rescue meds

	Critique
	Strengths
Stratified patients by splenectomy status
Limitations
Funded by Amgen;


	Citation
	Bussel JB, Kuter DJ, Pullarkat V et al.  Safety and Efficacy of Long-Term Treatment with Romiplostim in Thrombocytopenic Patients with Chronic ITP.  Blood 2009; 113: 2161.

	Study Goals
	Describe long-term safety and efficacy of weekly treatment with romiplostim in patients who previously completed a romiplostim ITP study.

	Methods
	Study Design:  Ongoing, open-label extension study of patients if they previously completed a study of romiplostim for chronic ITP.  

Intervention: Romiplostim SC injections weekly;  dose same as one received in prior study, unless 24 weeks elapsed since last dose or patient received placebo in prior study, then initial 1 µg/kg dose/week given.  
Dosing algorithm: 

     Initial dose 1 µg/kg to target platelet count 50 - 200 x 109/L;

          If platelets < 10 x 109/L then ↑ dose by 2 µg/kg/wk;

          If platelets  11 – 50 x 109/L then ↑ dose by 2 µg/kg every 2 wks;
          If platelets 50 – 250 x 109/L then adjust by 1 µg/kg every 2 wks;

          If platelets 251 – 399 x 109/L then ↓ dose by 1 µg/kg after 2 wks;

          If platelets > 400 x 109/L, dose held; when platelet count < 250 x 109/L, 

          then ↓ dose by 1 µg/kg
Maximum daily dose allowed 10 µg/kg.

Concurrent ITP meds allowed at constant dose/schedule as before start of study; other meds could be reduced/discontinued after plt count > 50 x 109/L; rescue meds allowed if plt count < 10 x 109/L, or when deemed necessary; rescue meds permitted included IVIG, platelet transfusions, antifibrinolytics.  Rituximab, alkylating agents, other investigational meds were not permitted.

Assessments:  
Baseline: PE, VS, CBC,  antibody status from prior study

     Weekly to week 4: platelet count, concurrent meds, AE’s
     Every 4 wks:  CBC

     Every 12 wks: PE

     Every 24 wks: antibodies to romiplostim

Bone marrow assessment done in 9 patients for prospective study

     Marrow at baseline, then at 3 or 9 months
Primary endpoints
Platelet response defined as plt count > 50 x 109/L or at least double the baseline value in absence of rescue meds within preceding 8 wks.
   Responses within 8 wks of rescue meds were not included in efficacy response

   Rescue med = increase in concurrent ITP med or new med added to increase counts

Durable plt response defined as weekly plt response > 6 weeks of 8 wks of treatment

   Use of rescue meds means response was not durable
Secondary endpoints
Transient plt response defined as > 4 weekly plt responses, but not durable;

Frequency of overall plt response (durable + transient plt responses);

Number of weekly plt responses; proportion needing rescue meds; frequency of durable responses with stable dose

Data Analysis

Descriptive statistics used

	Criteria
	Inclusion criteria

Prior enrollment in study of romiplostim for the treatment of ITP; platelet count returned to < 50 x 109/L ; diagnosis of ITP (per ASH guidelines); those age > 60 yrs confirmed with bone marrow biopsy; mean platelet count < 30 x 109/L during screening; age > 18 years; no active malignancy or history of stem cell disorder; creatinine conc < 176.8 µmol/L; bilirubin < 5x ULN, hgb > 90 g/L.

Concurrent use of corticosteroids, azathioprine or danazol permitted at constant dose/schedule.
Exclusion criteria

Bone marrow stem cell disorders or new active malignancies diagnosed since enrollment in previous studies; if fewer than 4 weeks elapsed since participation in trials of any other investigational drugs or administration of alkylating agents.

	Results
	N =  142 patients 
Demographics
67% women; 83% white; median age 53; s/p splenectomy 60% (86/143); concurrent treatment for ITP at entry 22% (32/143); 

75% received romiplostim from prior study; 25% placebo : prior exposure range, 0 – 24 wks

Efficacy 
After 1 dose, 30% achieved platelet response;

After 3 doses, 51% achieved platelet response;

Median platelet count in range 61 – 149 x 109/L of 47 – 74% of patients through week 144;
Platelet responses occurred during 67% of the weeks on study (median, 78%; range 2-100%)

Median platelet responses lower in splenectomized patients:

     Wk 12 – 84: splenectomized median platelet count 58 – 106 x 109/L
     Wk 12 – 84: no splenectomy median platelet count 96 – 209 x 109/L
Mean romiplostin dose 5.9 (± 3.9) µg/kg (range, 1 – 17 µg/kg);
     Mean duration of treatment 68.5 (± 39.4) wks (range, 1 – 156 wks);

Rescue meds used by 36% (51/142) during study;

     Use decreased from 23% of patients during wks 1 – 12 to 15% wks 133 – 144.

Safety

95% (135/142) reported at least one AE
     Most common AE’s: headache, nasopharyngitis, contusion, fatigue;

          Rated mild to moderate severity;
     Serious AE’s reported 31% (44/142);
          Thrombocytopenia (10); increase bone marrow reticulin (5); CHF (3)

     Treatment-related AE’s reported in 13 patients (9.2%)
          Led to study discontinuation in 5 patients (2 bone marrow reticulin; 1 vaginal bleed; 

          1 DVT; 1 MGUS)
Bone marrow studies in 9 patients; 6 with evaluable biopsies at baseline & follow-up;

     Presence or increase in reticulin was assoc with prior splenectomy, multiple ITP therapies,

     High doses of romiplostim, minimal plt response, possibly presence of nucleated RBCs.

     No clinical symptoms related to presence of reticulin.

Bleeding events ↓ from 42% (24 wks) to 29% (48 wks) to 23% (72 wks) to 20% (96 wks)

     No life-threatening, fatal bleeds reported

     11/14 bleeds occurred up to wk 24

     Platelet counts at time of bleeding events < 30 x x 109/L
Thrombotic events reported in 4.9% (12 events in 7 patients)

     Events: MI, portal vein thrombosis, DVT, transverse sinus thrombosis, inflammatory 

     Thromosis

     6/7 patients, events were serious; > 1 pre-existing risk factor for thrombosis patient
Antibody status:  1 patient transiently (+) for anti-romiplostim neutralizing Ab, but (-) for 

     Anti-TPO-antibodies; follow-up sample (4 mos later) was (-) for all Ab;

     Max dose received was 3 µg/kg; platelets above baseline throughout study

3 deaths during study; none deemed treatment-related

No clinically significant changes in PE, VS, hematology(except plt), or chemistry values 

	Conclusions
	Long-term use of romiplostim was safe and effective in both splenectomized and non-splenectomized patients; a large percentage of patients were able to reduce or completely discontinue concurrent ITP medications; rescue meds were needed in one-third of patients

	Critique
	Strengths
Evaluated long-term use of romiplostim; stratified by splenectomy status; patients were excluded from efficacy analysis 8 weeks after use of rescue meds
Limitations
Funded by Amgen; self-reported AEs in those who self-administered romiplostim at home and had follow-up every 4 weeks; no control group; bone marrow reticulin evaluated in a small sample


	Citation
	Kantarjian H, Fenaux P, Sekeres MA, et al.  Safety and Efficacy of Romiplostim in Patients with Lower-Risk Myelodysplastic Syndrome and Thrombocytopenia.  J Clin Oncol 2010; 28: 437.

	Study Goals
	Evaluate efficacy and safety of romiplostim in thrombocytopenic patients with low- or intermediate-1-risk MDS

	Methods
	Study Design:  Phase I/II, multicenter, open-label, sequential-cohort, dose-escalation study
Intervention: 
Treatment phase: romiplostim 300, 700, 1000 or 1500 µ SC once weekly x 3 weeks; assessment done on week 4;

Extension phase: those who completed treatment phase, could continue for up to 1 yr

Dose escalation permitted in those who did not achieve a complete platelet response
Assessments: 
CBC’s, blood chemistry weekly and end-of-treatment;

Bone marrow morphology pre-treatment and end-of-treatment

Platelet counts within 72 hrs of platelet transfusions were not evaluated for response.
Primary endpoints

Complete platelet response = increase platelet count > 100 x 109/L;

Major platelet response = increase platelet count > 30 x 109/L;

Hematologic Improvement in platelets (HI-P) = increase platelet count > 30 x 109/L if baseline

     Plt count > 20 x 109/L or increase to > 20 x 109/L if baseline < 20 x 109/L by 100%

Durable platelet response = HI-P for > 8 consecutive wks 
Secondary endpoints
Proportion of patients who received platelet transfusions
Data Analysis

Those who remained on study > 4 wks in the treatment phase were included in the efficacy analysis; those who received > 1 dose of romiplostim were included in the safety analysis;

	Criteria
	Inclusion criteria

Age > 18 yrs; diagnosis of MDS per WHO classification; IPSS low- or intermediate-1-risk MDS; mean baseline platelet count < 50 x 109/L; ECOG PS 0 – 2; adequate renal/hepatic function
Exclusion criteria

Currently receiving treatment for MDS except for transfusions and ESAs; clinically significant bleeding within 2 wks of screening; prior malignancy; prior treatment with TPO mimetic; ATG within 6 mos of screening; hypomethylating agents, immunomodulating agents, histone deacetylase inhibitors, cyclosporine or mycophenolate within 6 wks of screening; receipt of IL-11 or any investigational agent within 4 wks of screen; use of GM- or G-CSF.


	Results
	N =  44 patients who completed 4-wk treatment phase;

N = 41 patients participated in extension phase; 28 discontinued study;

Mean duration of treatment = 30 wks (± 22 wks);

Efficacy
Romiplostim weekly dose (µ)

Parameter

300 

700

1000

1500

Pts in treatment phase (#)
6

11

11

16

Plt response in treatment phase (#)

3

5

4

6

CR or major plt response (%)

50

46

36

50

Pts in extension phase (#)

3

6

4

6

Durable plt response in extension phase (%)
50
55
36
46
Plt transfusions received by 16% (3/19) with durable plt response; 

     59% (13/22) without durable plt response

Bleeding events in 52% (23/44): grade 1 (88%); grade 2 (7%): grade 3 (5%)

     Bleed events + plt transfusions WITH durable plt response = 4.3 per 100 pt wks;

     Bleed events + plt transfusions WITHOUT durable plt response = 39.3 per 100 pt wks

Safety

98% reported > 1 AE
     Most common AE: fatigue (27%), diarrhea (25%), headache (21%);

     Serious AE in 39%; led to discontinuation in 3 patients due to transient ↑ blast count (1),  

          chloroma (1), diarrhea (1)

     Romiplostim-related AE in 39%; serious AE in 11% (all in 1500 µg dose group)

     MTD was not identified (> 33% did not experience a treatment-related AE in any cohort)

     Four deaths, none attributed to romiplostim

Thrombosis/bone marrow fibrosis

     One thrombotic event reported;
     Change in reticulin: increased in 7; unchanged in 10; decreased in 7

No neutralizing antibodies to romiplostim or endogenous TPO seen

Transient blast increases/progression to AML

     4 cases (9%) of transient increase in blast counts to > 20%, decreased within 5 wks of

          Romiplostim withdrawl to 8, 6, 7 and 10% (from baseline 0, 5, 5, and 3%)

     2 cases (5%) AML progression

     

	Conclusions
	Romiplostim was well-tolerated in the lower-risk MDS population; doses of 300 – 1500 µ increased platelet counts above baseline levels for up to one year

	Critique
	Strengths
Assessed use of romiplostim in a controlled setting to a population who could potentially benefit; 
Limitations
Funded by Amgen; rationale for study doses not provided; small population
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