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Abstract
Background—Granulocyte colony stimulating factor (G-CSF) and erythropoietin stimulating
agents (ESA) may be used to support patients during chemotherapy. We assessed whether G-CSF
or ESA were associated with progression or death in patients with ovarian cancer.

Methods—Patients with ovarian cancer following surgery, were on a protocol to evaluate
bevacizumab with chemotherapy. Guidelines for administering G-CSF and ESA were specified in
the protocol. Overall survival (OS) was analyzed with landmark procedures and multivariate,
time-dependent hazard models.

Results—Eighteen-hundred-seventy-three women were enrolled, with no differences in clinical
and pathologic variables among treatment group. Performance status, hemoglobin, and white cell
counts were associated with G-CSF and/or ESA usage during treatment. Nine patients received no
protocol directed therapy, leaving 1,864 patients for this review. One-thousand-one-hundred-
twenty-five patients received neither ESA nor G-CSF; 311 received G-CSF but no ESA; 241
received ESA but no G-CSF; and 187 received both. Median survival following a five month
landmark from the start of treatment was 34 versus 38 months for those who did versus did not
receive ESA (multivariate hazard ratio: 0.989; 95% confidence interval: 0.849–1.15) and 40
versus 37 months for those who did versus did not receive G-CSF (multivariate hazard ratio:
0.932; 95% confidence interval: 0.800–1.08).

Conclusions—Neither ESA nor G-CSF had a negative impact on survival after adjustment of
prognostic factors among patients with ovarian cancer receiving chemotherapy. ESA may appear
to be associated with shorter survival in univariate analyses because factors prognostic for ESA
use are also prognostic for progression-free survival.
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INTRODUCTION
Approximately 22,000 women in the United States annually will be diagnosed with ovarian
cancer, and nearly 14,000 will die [1]. Ovarian cancer ranks as the second most lethal
malignancy affecting women. After operation, patients with advanced disease are treated
with cytotoxic chemotherapy which can induce significant hematologic toxicity.

Erythropoietin-stimulating agents (ESA) have been shown to increase hemoglobin levels,
reduce the need for blood transfusions, and improve quality of life [2,3]. These benefits are
particularly needed during chemotherapy. It has been suggested that ESA stimulate cancer
cell growth, however, this has not been consistently supported [4,5].

A recent multi-institutional, retrospective review of women treated for ovarian cancer
appeared to show negative impact on survival when ESA were used [6]. These authors
recommend that since patients who receive ESA are more likely to experience recurrence,
death, and decreased survival, the use of ESA should be carefully considered. However, the
negative impact on overall survival (OS) may be due to confounding patient characteristics,
such as age, pre-existing anemia or advanced stage [2,3,6]. Multivariate assessment of these
confounding variables has been limited by small sample sizes.

We sought to evaluate the association between growth factor use and survival outcomes for
women with ovarian cancer. To do this we performed an analysis of patients treated on
GOG 218, a prospective randomized trial of chemotherapy with or without bevacizumab
(given during and/or as consolidation) [7,8]. Data from GOG-0218 provide an opportunity
to confirm the observations of Rocconi et al [6]. The larger sample size and the standardized
data collection permits a multivariate assessment of the association between ESA and time
to progression or death while adjusting for potential confounding from known prognostic
factors.

The objectives of this study were to evaluate the factors associated with the usage of ESA
and G-CSF during treatment of patients with ovarian cancer; and to evaluate the hypothesis
that ESA or G-CSF are associated with an increased risk of progression or death in this
patient population.

METHODS
Participants

Enrollment criteria included previously untreated stage III–IV epithelial ovarian, primary
peritoneal or fallopian tube cancer after standard abdominal operation with maximal effort at
tumor debulking. Eligible patients had a GOG performance status (PS) of 0–2 and no history
of either significant vascular events or evidence of intestinal obstruction requiring parenteral
hydration or nutrition. All participants gave informed consent according to institutional and
federal guidelines before enrollment. Details of the primary objectives and the results from
that trial have been reported.8

Study Design
This was a double-blind, placebo-controlled phase III trial. The study regimens consisted of
22 three-week cycles-the first six cycles including standard chemotherapy and the remaining
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16 a continuation phase. Regimen 1 consisted of chemotherapy with intravenous (IV)
carboplatin at an “area-under-the-curve” (AUC) of six and paclitaxel at 175 mg/m2 (CT)
plus concurrent placebo (P), followed by placebo. Regimen 2 consisted of CP plus
concurrent BEV at 15 mg/kg, followed by placebo. Regimen 3 consisted of CT plus
concurrent BEV followed by BEV. In all treatment groups, BEV or placebo was initiated
with cycle 2, to reduce the risk of wound complications. Treatment was continued for a total
of 22 cycles, or discontinued for disease progression, unacceptable toxicity or voluntary
withdrawal.

Disease was assessed prior to cycle 1 by physical examination, CA-125 assay and either
computed tomography or magnetic resonance imaging. In the absence of progression, repeat
assessments were to be performed following cycles 3, 6, 10, 14, 18, 22 and at the completion
of protocol. Following completion of study treatment, disease assessments were repeated
every three months for two years, then every six months for three years, then annually. In
cases of treatment discontinuation for reasons other than disease progression, disease
assessments were performed at time points projected based on participants' study calendars.

Safety was monitored through physical and laboratory assessments following each treatment
cycle. Treatment decisions were based on the absolute neutrophil count (ANC) rather than
the total white cell count (WBC). Patients who were delayed more than seven days were
allowed to begin with ANC ≥ 1000 cells/mm3. The use of G-CSF was permitted only in the
management of complicated neutropenia (febrile neutropenia or grade 4 neutropenia
persisting ≥7 days) and prophylaxis for subsequent treatment cycles (Table 1). In general,
patients were not to receive G-CSF unless they experienced treatment delays or recurrent
neutropenic complications after treatment modifications as specified. Hematopoietic growth
factors were not prescribed per protocol to avoid initial chemotherapy dose modifications.
G-CSF was discontinued when the ANC exceeded 10,000/mm3 and not used within 72
hours of a subsequent dose of chemotherapy.

Patients were not to receive thrombopoietic agents unless they experienced recurrent Grade
4 thrombocytopenia after treatment modifications as specified.

Patients could receive ESA, iron supplements, and/or transfusions as clinically indicated for
management of anemia at their treating physician's discretion.

Statistical Considerations
Study participants were stratified by stage of disease (stage III versus IV), maximum size of
residual disease following primary surgery (≤1 cm versus >1 cm), and initial PS (0 versus 1
versus 2). Following enrollment, the study regimen was dynamically allocated using a
minimization procedure which tended to allocate each of the study regimens with equal
frequency within each stratum-level [9].

The analysis used an indicator for ESA and G-CSF usage during study treatment which was
recorded following each cycle of treatment. These data, as well as the patient characteristics,
were electronically recorded by the clinic staff managing each patient. The association
between ESA and G-CSF usage and patient demographic and disease characteristics was
assessed with a logisitic model [10]. Since the guidelines and policies for administering
cytokines varied from institution to institution, these logisitic models were stratifed by clinic
[11].

The Landmark analysis consisted of selecting an initial time interval during which patients
were monitored for ESA (or G-CSF) usage and then classified as either exposed or not
exposed, based on whether they initiated a cytokine within this interval [12,13]. For the
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purpose of this report, each patient's landmark period was defined as the five months
following her enrollment onto the study, capturing the chemotherapy phase of treatment for
most participants. For the Landmark analyses, OS and progression-free survival (PFS) were
measured from the end of the landmark period to the date of death or last contact, if the
participant was alive. The interval of PFS was terminated on the date of first radiographic
evidence of increasing disease or new disease by Response Evaluation Criteria in Solid
Tumors (RECIST) criteria, CA-125 progression, global deterioration or death due to any
cause [14,15]. For those participants who were progression-free when last contacted, the
duration of PFS was censored at the date of last contact

The Kaplan-Meier procedure was used to estimate the cumulative probability of OS or PFS
following the landmark period and the logrank procedure was used to provide a univariate
assessment of the hypothesis that the death rate is independent of cytokine usage [16,17].
The Kaplan-Meier plots measure risk-time from date the patient enrolled onto the study and
therefore display the landmark period.

A proportional hazards model with cytokine exposure included as time-dependent covariates
was used to provide multivariate estimates of the relative death rates [18]. In this case, all
participants were initially classified as unexposed. Once an ESA (or G-CSF) was initiated,
the participant was moved into the exposed category for calculating the contribution to the
partial likelihood due to each subsequent death. This approach includes all events,
particularly those that occur during the landmark period, and it permits an estimate of the
relative hazard adjusted for other potentially confounded factors. A time-dependent
proportional hazards model was also used to evaluate the hypothesis that ESA and G-CSF
multiplicatively interact to further increase the death rate. All reported p-values are two-
sided.

Adverse events were classified and graded for severity according to National Cancer
Institute Common Terminology Criteria for Adverse Events (CTCAE) version 3, and were
reported up to 30 days following last study treatment [19].

RESULTS
Study Conduct

There were 1,873 women enrolled between 2005 and 2009. Nine patients who did not
receive any study-directed therapy are not included in this report, leaving 1,864 women who
initiated study treatment.

Of these 1,864 women, 1,125 received neither G-CSF nor ESA; 311 received G-CSF but no
ESA; 241 received ESA but no G-CSF; and 187 received both G-CSF and ESA. Therefore,
428 (22.9%) received an ESA and 498 (26.7%) women received G-CSF. Only nine patients
initiated a cytokine following the five-month landmark period (Table 2). These nine
individuals are classified as unexposed only for the landmark analyses.

Characteristics of Study Population
The baseline clinical and pathologic characteristics of the study population are detailed in
Table 3. The median age for all patients was 60.0 years (1st and 3rd quartiles 52.4 and 67.0,
respectively). The median weight for all patients was 67.7 kg (1st and 3rd quartiles 57.9 and
80.2, respectively). Forty percent had stage III disease with surgical residual intra-abdominal
tumor implants >1 cm in diameter, and 26% had stage IV disease.

The institution-stratified odds of initiating a cytokine during treatment was not associated
with the randomly assigned study regimen (p=0.21). Age at enrollment, race, Hispanic

Stehman et al. Page 4

Gynecol Oncol. Author manuscript; available in PMC 2013 December 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



ethnicity, PS, tumor debulking level, histologic cell type, and tumor grade, were similarly
distributed across the groups determined by cytokine usage. There were some differences
between the four groups of G-CSF/ESA users. Patients who received ESA were more likely
to have a poorer initial PS (p=0.009), higher stage of disease (p<0.003) and to start
chemotherapy with anemia (p<0.001). Patients who received G-CSF tended to have a poorer
initial PS (p=0.006), higher stage of disease (p=0.007) and lower pretreatment white blood
counts (p<0.001). The percentages of patients completing 6 cycles of chemotherapy were
90.2% vs 87.6% for those prescribed an ESA and vs no ESA and 88.1% vs 88.5% for those
prescribed G-CSF vs no G-CSF. These differences are not statistically significant.

Adverse Events
Overall, 99% of the grade 3 or higher hematologic adverse events and 76% of the grade 3 or
higher non-hematologic adverse events occurred during the chemotherapy phase even
though the duration of this phase comprised less than 30% of the entire planned treatment
regimen. Table 4 shows the frequency of selected clinically relevant adverse events.
Participants who received ESA were more likely to have experienced anemia and the
patients who received G-CSF were more likely to have experienced neutropenia.

CTCAE grade 3 or higher venous thrombotic events (VTE) occurred more often among
those treated with an ESA (9 of 428 (2.1%) versus 10 of 1436 (0.7%); p<0.020). While the
absolute risk of a serious thrombotic event is small, after adjusting for treatment with
bevacizumab, the risk was three times greater among those treated with ESA (relative
odds=3.31 95% CI: 1.15–9.52).

Progression-Free Survival
The median duration of PFS following the five-month landmark period was 9.0 and 8.2
months for those who did and did not initiate ESAs during the landmark period. After
adjusting for initial PS, stage of disease, size of residual disease and initial hemoglobin level
the hazard of first progression or death was similar for those using ESA compared to those
who did not (hazard ratio (HR)=1.06; 95% confidence interval (CI): 0.937–1.19; p=0.364)
(Figure 1a). The median PFS following the landmark period was 7.8 and 8.8 months for
those who did and did not initiate G-CSF. The hazard of first progression or death adjusted
for initial PS, stage, residual disease size and pretreatment WBC was also similar for G-CSF
users compared to non-users HR=0.920; 95% CI 0.819 – 1.03; p=0.157) (Figure 1b).

Overall Survival
Fifty-six percent of the participants were alive at the time of this analysis. The median
duration of follow-up for those patients alive at last contact is 30 months. The median OS
following a five-month landmark period was 34 months versus 38 months for those who did
versus did not receive an ESA and 40 versus 37 months for those who did versus did not
receive G-CSF. Sixty-two patients died during their landmark period. An unadjusted
comparison of OS (Figure 2a) indicates that ESA usage is associated with a 19% increase in
the death rate (HR= 1.19; 95% CI=1.02–1.39; p=0.024). However, after accounting for
confounding due to the patients' initial PS, stage of disease, size of residual disease and
initial hemoglobin level, the death rates appear to be independent of ESA usage (HR=0.989;
95% CI=0.849 – 1.15; p=0.892).

On the other hand, an unadjusted comparison indicates that G-CSF usage does not
appreciably alter the duration of OS following the landmark period (Figure 2b). The results
from a time-dependent proportional hazards model, which accounted for the patients' initial
PS, stage of disease, size of residual disease following primary surgery, and initial WBC
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also indicated that there was no appreciable difference in the death rate associated with G-
CSF usage (HR=0.932; 95% CI=0.800–1.085).

A test for a multiplicative interaction in the proportional hazards model between ESA and
G-CSF indicates that G-CSF usage does not modify the estimated effect of ESA usage on
the risk of death (or visa-versa). Also, there was no statistically significant evidence that the
effect of either ESAs or G-CSF markedly varied across the randomized treatment groups.
Specifically, it does not appear that bevacizumab's effect of on survival is appreciably
modified by either G-CSF or ESA administration, or visa-versa.

DISCUSSION
As early as 2003, the oncology community recognized that ESA might have unexpected
complications, and should be used with caution [20,21]. n 2008, the United States Food and
Drug Administration (FDA) Oncologic Drug Advisory Committee met and reviewed study
results on the risks of ESA when administered to patients with cancer. While there was no
clear evidence of tumor progression, there was an unexplained increase in mortality in
investigational studies which included ESA [22]. The manufacturers had changed labeling in
2007, but on March 7, 2008 they jointly disseminated new prescribing information to inform
healthcare professionals about ESA. This FDA assessment of risks lacks the scientific rigor
utilized for evidence to assess efficacy. The GOG cervix trial (GOG-0191) was described as
having decreased three year PFS in the ESA arm [21]. The actual PFS results were 59% vs
62%, HR 1.06 (CI=0.58–1.90), p=0.856 by log-rank test. No adjustments were made for
known prognostic factors. A recently completed trial did not show any decrease in relapse-
free survival or OS with ESA [23].

The question of whether or not ESAs stimulate tumor cell growth was addressed in a meta-
analysis by Bohlius et al [24]. These authors obtained clinical data from 53 trials, 38 of
which included a chemotherapy regimen. They observed an association between ESA use
and all-cause mortality (HR 1.17, CI 1.06–1.30). However, when they examined only the
trials which included chemotherapy there was no significant association (HR 1.10, CI 0.98–
1.24, p=0.263). The authors concluded that this increase in risk was compatible with random
variation. When analyzed by site of primary tumor, significance was found only for breast
cancer trials. These investigators estimated the mortality rate might be increased by 18%
with ESAs (HR=1.18, 95% CI: 0.72 – 1.94) used in the management of gynecological
cancers [24]. Their test for homogeneity across trials limited statistical power to detect
clinically important differences.

Rocconi et al studied 581 women with ovarian cancer, of whom 229 (39%) received ESA
with treatment and 352 (61%) did not [6]. After a median 27 month follow-up period
(similar to this report, 30 months), they reported a higher probability of recurrence among
those who had received ESA (56% vs 80%, p<0.001). The median PFS was 16 months for
ESA, and 24 months for patients not receiving ESA. The probability of death was also
higher among those who received ESA (46% vs 59%, p=0.002).

Another report including only patients with ovarian cancer focused on improvements in
hemoglobin levels, decrease in transfusions and improved quality of life [3]. More ESA
treated patients had progression of disease, but this was attributed to imbalance in stage
distribution. Neither of these reports attempted to adjust for disproportions in known
confounding risk factors.

Factors such as age, PS, and stage are associated with both ESA use and adverse outcomes.
In a retrospective evaluation of 343 ovarian cancer patients treated with a variety of
chemotherapy regimens before and after the FDA black box warnings were issued showed
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no deleterious relationship between ESA use and disease-specific OS (HR, 0.82; P=0.25).
Their analysis of covariates suggested that higher disease stage at diagnosis and lack of
surgical staging significantly increased the risk of death. Patients receiving ESA were more
likely to be older and have stage IV disease [25]. Patients receiving ESA's were more likely
to suffer a VTE; this is consistent with other reports (21,26).

The strengths of the present study include the large sample size, the homogeneity of the
sample and treatments, prospective accrual and randomization to standard treatments,
central quality control and the application of a multivariate time-dependent model to adjust
for known prognostic factors. Whether a patient initiates cytokines in the future, and
whether a patient is observed to progress (or die) are both patient outcomes. The typical
analytic procedures that are used to analyze exposure-outcome relationships are susceptible
to known biases when they are used to assess outcome-outcome relationships [13].

There are two sources of bias to consider. First, it may seem reasonable to begin measuring
survival (or PFS) from the date when cytokines were initiated, but a comparable date is not
defined for those who never initiated cytokines. It may also seem reasonable to measure
survival from the date of initiating chemotherapy. However, this would bias survival in
favor of cytokines users, because they cannot die until after they begin cytokines. In other
words, very early deaths that occur among those who would have initiated cytokines, but
died before cytokines could be initiated, could count against the unexposed group.
Landmark analysis addresses this potential for bias, by using a common start time for all
patients which occurs after the time when most would have started cytokines. A second
source of bias arises from imbalances in important prognostic factors between the exposed
and unexposed groups. Since cytokine treatments were not randomly assigned, imbalances
in prognostic factors should be expected. The time-dependent multivariate proportional
hazards model was used in this study to address both of these sources of biases
simultaneously. We believe that our conclusions are generalizible to the overall population
of ovarian cancer patients.

A weakness of the current study may be that cytokine usage was monitored only during the
period that each patient received first-line treatment (up to 22 cycles). Some patients may
have initiated cytokines during subsequent lines of anti-cancer therapy. This study has the
same shortcomings as any non-randomized prospective cohort study; the model can only
account for known prognostic factors. Those patients who eventually require cytokine
support tend also to be more frail and likely to progress or die even before they initiate their
anti-cancer treatment. The model used in this analysis assumes that the substantive
differences in prognosis between groups are captured by the patients' stages of disease,
residual tumor size, initial PS, pretreatment hemoglobin and WBC.

CONCLUSIONS
The results from this study do not support existing literature which suggests that ESA or G-
CSF use may be associated with adverse ovarian cancer progression and death. We
recommend that ESA not be used prophylactically to prevent anemia and they should be
used with caution for the treatment of chemotherapy-associated anemia in ovarian cancer
patients, since usage may increase the risk of VTE in this population.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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RESEARCH HIGHLIGHTS

• In analysis of a large randomized trial in ovarian cancer patients, the use of
neither erythropoietin nor granulocyte colony stimulating agents had a negative
impact on survival.

• Adjustments were made for other factors known to impact survival such as stage
of disease, residual tumor size, and performance status.

• Landmark analysis was employed since patients may have received cytokine at
any time over the duration of their chemotherapy.
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Figure 1a. PFS following the Landmark Period by use of ESA Usage
*Nine patients initiated cytokines following the landmark period.
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Figure 1b. PFS following the Landmark Period by use of G-CSF Usage
*Nine patients initiated cytokines following the landmark period.
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Figure 2a. Overall Survival following the Landmark Period by ESA Usage
*Nine patients initiated cytokines following the landmark period.
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Figure 2b. Overall Survival following the Landmark Period by G-CSF Usage
*Nine patients initiated cytokines following the landmark period.
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Table 1

Treatment Cycle When Cytokine Was Initiated

Treatment Cycle Erythropoietin GCSF

1 85 71

2 101 92

3 74 119

4 61 84

5 54 79

6 40 48

7 8 3

8 3 1

9 1 0

12 1 1

Total 428 498

Fraction and percent of patients initiating ESAs or GCSF by Initial Performance Status

Erythropoietin

Performance Status ESA GCSF

0 174/928 (18.7) 235/928 (25.3)

1 209/805 (26.0) 219/805 (27.2)

2 45/131 (34.3) 44/131 (33.6)

Total 428/1864 498/1864

Number of patients initiating GCSF or Erythropoietin during study

Erythropoietin Total

GCSF No Yes

No 1125(82.4) 241 (17.6) 1366

Yes 311 (62.4) 187 (37.5) 498

Total 1436 428 1864
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Table 4

Estimated hazard ratios from a proportional hazards model of overall survival with erythropoietin exposure considered a time-
dependent factor

Covariate Hazard ratio 95% Confidence interval p-value

Erythropoietin (time-dependent) 0.989 0.849 – 1.15 0.892

Performance Status 0 1.00 < 0.001

Performance Status 1 1.37 1.19 – 1.58

Performance Status 2 2.37 1.84 – 2.95

Stage III (≤ 1 cm residual) 1.00 < 0.001

Stage III (> 1 cm residual) 1.43 1.21 – 1.70

Stage IV 1.60 1.33 – 1.926

HGB < 10 1.00 0.093

10 ≤ HGB ≤ 12 1.01 0.798 – 1.286

HGB > 12 0.863 0.672 – 1.109

Estimated hazard ratios from a proportional hazards model of overall survival with GCSF exposure considered a time-dependent
factor

Covariate Hazard ratio 95% Confidence interval p-value

GCSF (time-dependent) 0.932 0.800 – 1.08 0.363

Performance Status 0 1.00 < 0.001

Performance Status 1 1.36 1.18 – 1.56

Performance Status 2 2.37 1.88 – 2.99

Stage III (≤ 1 cm residual) 1.00 < 0.001

Stage III (> 1 cm residual) 1.43 1.21 – 1.70

Stage IV 1.60 1.33 – 1.92

WBC < 10 1.00 0.027

10 ≤ WBC ≤ 12 1.24 0.780 – 1.98

WBC > 12 1.50 0.956 – 2.34
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