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Chemotherapy

What type of data are you looking for?: Individual Participant-Level Data, which includes Full CSR and all
supporting documentation

Research Proposal

Project Title

Neutropenia in myelosuppressed cancer patients treated with recombinant human erythropoietin (EPO)

Narrative Summary: 

Erythropoietin (EPO), a hormone that promotes red blood cell production, has been used for over 25 years to treat
anemia. When first used clinically, there were concerns that EPO treatment might cause neutropenia, since EPO
had been observed to suppress neutrophil production in marrow cell cultures. While there has been no evidence
that EPO suppresses neutrophil production in individuals with normal marrow function, several clinical trials of EPO
treatment in cancer patients receiving myelosuppressive chemotherapy have suggested that EPO may exacerbate
neutropenia in such patients. Availability of clinical trial data through YODA now provides an opportunity to examine
this issue in detail.

Scientific Abstract: 

Background: Recombinant human erythropoietin (EPO) has been used extensively for nearly 3 decades to treat
various forms of anemia, including anemia associated with cancer treatment. Several randomized, placebo
controlled clinical trials have found that EPO can ameliorate anemia, reduce transfusion requirements, and improve
quality of life measures in cancer patients receiving myelosuppressive chemotherapy. Results from several of these
trials have suggested that EPO may also exacerbate neutropenia in these patients. However, this possible side
effect of EPO has not been studied, nor reported, in detail.
Objective: To review primary clinical trial data to determine whether EPO may affect the degree and duration of
neutropenia in myelosuppressed cancer patients.
Study Design: Analysis of data from 5 clinical trials of EPO treatment in cancer patients to compare serial blood
neutrophil counts (ANCs) of study subjects randomly assigned to either EPO or placebo treatment.
Participants: 1673 study subjects with various forms of cancer enrolled in 5 clinical trials of EPO treatment during
myelosuppressive cancer therapy.
Main Outcome Measures: The primary outcome is the number of patients who have at least one ANC value
<500/mm3 during 12 weeks of treatment. Secondary outcomes include the number with at least 1 value
<250/mm3, mean decreases in ANC, the number of ANC values <500/mm3 and <250/mm3, and the duration of
nadirs <500/mm3 and <250/mm3.
Statistical Analysis: Individual patient data meta-analysis will be used to compare ANC changes in the EPO and
placebo groups.

Brief Project Background and Statement of Project Significance: 

Recombinant human erythropoietin (EPO) was approved by the FDA for treatment of the anemia of chronic renal
failure in 1989 and anemia associated with cancer chemotherapy in 1993, based on clinical trial findings that EPO
ameliorated anemia, reduced blood transfusions, and improved quality of life. During the past 21/2 decades, EPO
treatment has been used widely in the management of both renal failure and cancer treatment, although its use for
these indications has decreased in recent years because of concerns about toxicities(1,2).

It was anticipated that EPO treatment might suppress the production of blood cells other than erythrocytes because
all blood cell lineages were known to originate from a common pool of bone marrow stem cells(3,4), raising the
possibility that lineage competition might occur if one differentiation pathway was pharmacologically amplified.
Moreover, it had been observed that EPO had reciprocal effects on erythroid and myeloid cell production in vitro
when added to long-term marrow cell cultures(5-7). However, no evidence emerged from extensive clinical
experience that EPO treatment alters production of blood cells other than erthrocytes in individuals with normal

Page 2 of 6

http://yoda.yale.edu/nct00266617-effect-subcutaneous-r-huepo-patients-chronic-anemia-secondary-chemotherapy


2017-2486
Published on The YODA Project (http://yoda.yale.edu)

marrow function.

Nonetheless, some studies of EPO treatment in individuals with compromised marrow function, e.g. premature
newborns(8) and adults undergoing myelosuppressive cancer chemotherapy(9), have suggested that EPO
treatment could be associated with an exacerbation of neutropenia. Findings reported from a multicenter trial of
EPO treatment in cancer patients, published in 1993(9), serves as an example. Although “no significant (P>0.005)
between group differences” were reported for neutrophil or platelet counts in trial participants assigned to EPO
treatment vs. placebo in this study, severe neutropenia (ANC <500/mm3) occurred more frequently in trial
participants randomized to EPO treatment than in those assigned to placebo, 41% (32 of 79) vs. 31% (23 of 74;
Table 5). Moreover, a detailed study of subjects treated at one of the trial’s centers suggested that ANC nadirs
were on average lower and delays in successive chemotherapy cycles due to persistent neutropenia more frequent
in individuals receiving EPO than in those on placebo(10).

Most published trials of EPO treatment of anemia in cancer patients have provided little or no information about
blood counts other than hemoglobin and hematocrit measurements. Detailed adverse event reporting has also
been limited. However, two trials reported granulocytopenia (not defined) as an adverse event that was more
frequent in patients randomized to the EPO treatment arm than among controls (20% vs. 13%(11,12); and 35% vs.
26%(13)).

A detailed study of the effects of EPO treatment in myelosuppressed cancer patients, as outlined here, will be
valuable for a fuller understanding of the biology of EPO-driven erythropoiesis in the setting of compromised
hematopoietic reserves and of potential clinically relevant side effects associated with EPO treatment.

Specific Aims of the Project: 

To determine whether cancer patients randomized to receive EPO while undergoing myelosuppressive
chemotherapy in 5 prospective controlled trials (NCT00211133, NCT00266617, NCT00269997, NCT00270127,
and NCT00270166), compared with trial participants randomized to receive placebo, experience nadirs of
neutropenia that:
1. Are more common (i.e. more patients with at least one ANC value <500/mm3 or <250/mm3).
2. Are more severe (i.e. greater frequencies of ANC values <500/mm3 or <250/mm3).
3. Are more prolonged (i.e. greater numbers of days with ANC measurements <500/mm3 or <250/mm3).
4. Are associated with lower ANC values on average when expressed as a difference from pre-treatment values.
5. Are associated with more frequent delays in the administration of chemotherapy because of persistent
neutropenia following prior cycles of treatment.

What is the purpose of the analysis being proposed? Please select all that apply. 
New research question to examine treatment safetyParticipant-level data meta-analysisParticipant-level data meta-
analysis uses only data from YODA ProjectOther  

Research Methods

Data Source and Inclusion/Exclusion Criteria to be used to define the patient sample for your study: 

All randomized patients in the following 5 clinical trials will be included:

NCT00211133, A double-blind, randomized, placebo-controlled study to evaluate the impact of maintaining normal
hemoglobin using EPREX® in Metastatic breast cancer patients receiving chemotherapy, N=939, 12 months of
treatment.(14)

NCT00266617, A Study to Evaluate the Safety and Effectiveness of Epoetin Alfa in Patients With Anemia as a
Result of Advanced Cancer and Treatment With Aggressive Chemotherapy, 12 weeks of treatment, N=86.(9)

NCT00269997, A double-blind, placebo-controlled study to determine the safety and efficacy of r-HuEPO,
administered subcutaneously, in patients with anemia secondary to advanced cancer and cisplatin therapy, 12
weeks of treatment, N=72.(15)

NCT00270127, A double-blind, placebo-controlled study to access the effect of early intervention and/or treatment
with epoetin alfa on anemia in cancer patients receiving non-platinum containing chemotherapy, 12 – 24 weeks of
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treatment, N=375.(11)

NCT00270166, A placebo controlled study of the effect of r-HuEPO in patients with malignancy receiving
chemotherapy, 12 weeks of treatment, N=201.

Main Outcome Measure and how it will be categorized/defined for your study: 

The main outcome measure is the change in ANC during the 12 weeks following randomization.

For the primary outcome, patients will be categorized into two groups according to whether they develop severe
neutropenia, defined as one or more ANC values <500/mm3.

Secondary outcome measures include the following:
1. One or more ANC values <250/mm3
2. Number of ANC values <500/mm3 or <250/mm3,
3. Number of days with ANC values <500/mm3 or <250/mm3,
4. Minimum ANC value, and
5. Maximum change in ANC from baseline during 12 weeks following randomization.

The frequency of delays in administration of chemotherapy because of persistent neutropenia following a prior
cycle of treatment and the patterns of ANC decline over 12 months of therapy (NCT00211133 only) are exploratory
outcomes.

Main Predictor/Independent Variable and how it will be categorized/defined for your study: 

The main predictor variable is the random assignment to EPO or placebo.

Other Variables of Interest that will be used in your analysis and how they will be categorized/defined for
your study: 

Other independent variables include trial, age, gender, race, type of cancer, EPO dose and frequency, type of
chemotherapy, dose and timing of chemotherapy, hemoglobin and CBC at baseline and during follow-up, RBC
transfusions, and adverse events. These variables will be included in the analysis of the predictors of severe
neutropenia.

Statistical Analysis Plan: 

Data will be analyzed using SAS via the remote, secure, password protected data sharing platform. SAS will be
used to create analysis data sets from the original form data sets. We anticipate the following analysis data sets:
• Baseline: age, gender, race, type of cancer, hemoglobin, CBC, previous chemotherapy and transfusions
• Laboratory data during follow-up: date of test, hemoglobin, CBC
• EPO: Dose and frequency of administration
• Chemotherapy: Dates and doses for each cycle
• Transfusions
• Adverse events
• Withdrawals from the study.

The primary analysis will use the first 12 weeks of follow-up because data from all studies are available for this
time. We will quantify changes in ANC as follows:
• At least one ANC <500/mm3 (<250/mm3)
• Time to first ANC <500/mm3 (<250/mm3)
• Number of ANC <500/mm3 (<250/mm3)
• Number of days with ANC <500/mm3 (<250/mm3)
• Mean change in ANC from baseline to 12 weeks

We estimate that there will be 1673 patients available for analysis. The first three trials randomized patients in a 1:1
ratio, but the last 2 randomized 2:1, EPO to placebo, so we estimate 935 EPO patients and 738 placebo patients.
We have used the ClinicalTrials.gov enrollment numbers for NCT00266617 (N=86) and NCT0026997 (N=72),
rather than the 157 and 132 included in the linked summaries and the publications. Both publications(9,15)
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combined data from 3 trials; it is possible that data are only available for some of the trials.

We have estimated power for a comparison between EPO and placebo groups in the percent of patients with at
least one ANC <500/mm3 using PASS.(16) We assumed a two-sided type I error of 5%, a normal approximation to
the two-sided z-test, a sample size of 1673 with 55.9% in the EPO group, and placebo rates varying from 10% to
30%. We have calculated the effect sizes that can be found with 95% power since the actual power will be reduced
due to missing data and the clustering of patients within studies. The odds ratios that can be detected with 95%
power vary from 1.45 (Epo 38%, placebo 30%) to 1.70 (EPO 16%, placebo 10%) depending on the placebo rate.
One of the trials, NCT00211133, has a sample size of 939 patients randomized 1:1. It has power to detect odds
ratios varying from 1.63 (Epo 41%, placebo 30%) to 1.99 (EPO 18%, placebo 10%) with 95% power. The
publication for this trial(14) did not report the incidence of neutropenia during the trial.

Publications are available for 4 of the 5 trials. We will first try to replicate the results of the linked summaries and
the publications for each trial.

We will use independent participant data (IPD) meta-analysis to summarize the results of the five trials.(17-21) Our
primary approach will be a one-stage analysis, taking into account the clustering of patients within trials, but we will
also report the results of two-stage analyses. We will also report results of both random and fixed intercepts (trials),
but random effects will be the primary analysis were feasible. We will use SAS PROC GLIMMIX for binary and
count data, SAS PROC MIXED for continuous outcomes, and SAS PROC PHREG for time to event data.

Secondary analyses will adjust for baseline variables including age, gender, race, type of cancer, type of
chemotherapy, initial EPO dose, hemoglobin and CBC. Exploratory analyses will look at the effect of the dose and
timing of chemotherapy and EPO.

We will test for interactions using standard procedures and will use multiple imputation for missing data if needed.

Project Timeline: 

Project start date: February 2018
Analysis completion date: July 2018
Manuscript drafted and submitted for publication: October 2018
Results reported back to the Yoda project: January 2019

Dissemination Plan: 

The target audience is academic and clinical Hematologists. We expect to produce one publication describing the
results of these analyses. The suggested journals are Blood and Experimental Hematology
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