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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Compare the prognostic factors for hemoglobin level in ovarian cancer patients.

2. Explain the prognostic relationship between the duration of anemia during chemotherapy and survival in patients
with advanced epithelial ovarian cancer.

This article is available for continuing medical education credit at CME.TheOncologist.com.CMECME

ABSTRACT

Objective. To propose a measure of anemia to be used as a
prognostic factor for progression-free survival and overall
survival in advanced epithelial ovarian cancer patients.

Patients and Methods. Seventy-six patients with Inter-
national Federation of Gynecology and Obstetrics stage
III and stage IV epithelial ovarian cancer who had re-
ceived at least six courses of platinum- and taxane-based
systemic chemotherapy and achieved clinical or patho-

logic complete response were included. A novel prog-
nostic factor based on the duration of anemia was
proposed and the impact of anemia on progression-free
and overall survival times was analyzed by a log-rank
test and a Cox proportional hazards model.

Results. We introduce a binary variable, Hb1020, that
takes a value of 1 if the duration of a hemoglobin (Hb)
level <10 g/dL is >20% of the total duration of chemo-
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therapy. We propose Hb1020 as a potential prognostic
factor for epithelial ovarian cancer. The 5-year progres-
sion-free survival rates were 48.4% in the Hb1020 � 0
group (duration of Hb <10 g/dL <20% of total dura-
tion) and 17.7% in the Hb1020 � 1 group (p � .026).
The 5-year overall survival rates were 64.6% and
45.0%, respectively (p � .015).

Conclusions. Hb1020, based on the duration of ane-
mia, is a potential prognostic factor for epithelial
ovarian cancer. Using Hb1020, we will be able to ad-
minister highly optimized treatment for anemia to
improve patient survival. Further independent stud-
ies are needed to confirm its prognostic role. The On-
cologist 2011;16:1154–1161

INTRODUCTION

Since the mid-1990s, cytoreduction to �1 cm of residual
tumor nodules and systemic combination chemotherapy
with a platinum compound and a taxane have become the
standard of treatment for epithelial ovarian cancer [1]. Al-
though this combined therapy initially seems effective,
ovarian cancer is the most common cause of death and is
responsible for 6% of all cancer deaths in females [2]. Until
now, stage at diagnosis, maximum residual disease follow-
ing cytoreductive surgery, and performance status were the
three major prognostic factors for epithelial ovarian cancer
[3–5].

Anemia is a common finding in cancer patients and
�30% of patients with cancer suffer from anemia [6]. Mul-
tiple factors may contribute to the development of anemia
in cancer patients. Most commonly, anemia in patients with
cancer is a consequence of cancer therapy, whether chemo-
therapy or radiotherapy. The mechanisms that cause ane-
mia include myelosuppression, inflammatory cytokines,
extracorpuscular hemolysis, catabolism with tumor burden,
and deficiency of erythropoietin [7, 8].

Recently, cumulative data have indicated that anemia is
associated with a poor clinical prognosis [9–11]. Also, in
ovarian cancer there are several reports available regarding
the prognostic impact of hemoglobin (Hb) levels before and
throughout chemotherapy [11–18].

However, most of the reported data have focused on the
pretreatment Hb level or a single precycle Hb level and do not
reflect the cumulative effect of anemia during chemotherapy.
Therefore, some reports showed partially contradictory results
or statistically insignificant findings [13, 14, 16–18].

In this study, we assessed the prognostic relationship
between the duration of anemia during chemotherapy and
survival in patients with advanced epithelial ovarian cancer
by analyzing all Hb levels checked during treatment.

MATERIALS AND METHODS

Patients
This study retrospectively evaluated the medical records of
all patients with histologically confirmed invasive epithe-

lial ovarian cancer who were treated between March 2000
and December 2009 at Seoul St. Mary’s Hospital in Seoul,
Korea. Patients with primary tubal cancer or primary peri-
toneal cancer were excluded. We obtained all information
by chart review. Institutional review board approval was
obtained for medical record reviews.

Only International Federation of Gynecology and Ob-
stetrics (FIGO) stage III and stage IV patients who were
scheduled to receive at least six courses of systemic plati-
num and taxane chemotherapy—cisplatin (75 mg/m2) or
carboplatin (area under the concentration versus time
curve, 5) and paclitaxel (175 mg/m2) or docetaxel (75 mg/
m2) on day 1 every 22 days—and achieved clinical or
pathologic complete remission were included. Patients who
received other regimens were excluded, as were patients
with other nonmalignancy-related anemia (e.g., sickle cell
anemia, thalassemia, chronic iron deficiency, and hemato-
logic malignancy). Clinical prognostic factors assessed in-
cluded patient age, tumor histology, grade, para-aortic node
metastasis, optimal cytoreduction, and hematologic param-
eters during treatment.

Iron supplements, transfusion, and recombinant human
erythropoietin administration to correct the anemia were al-
lowed following individual treatment decisions and had to
be within the protocol.

Measurement of Hb Level and Duration
of Anemia
In general, we routinely measure the Hb level prior to the
initiation of the corresponding chemotherapy and at least
one time between sequential cycles. The duration of anemia
was defined as the duration of a Hb level sustained under a
specific level (cutoff) in each patient, which was calculated
as follows (Fig. 1):

(a) If two consecutive Hb levels are higher than the cut-
off level, then skip.

(b) If the first Hb level is higher (or lower) than and the
second Hb value is lower (or higher) than the cutoff level,
use the interpolation method. For example, duration 1 �
(date2 � date1) � (cutoff � Hb2)/(Hb1 � Hb2), dura-
tion3 � (date4 � date3) � (cutoff � Hb3)/(Hb4 � Hb3).
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(c) If two consecutive Hb levels are lower than the cut-
off level, then calculate the duration of consecutive dates.
For example, duration2 � (date3 � date2).

The total duration under a specific Hb level is obtained
by adding all the durations from the first chemotherapy cy-
cle date to the sixth chemotherapy cycle date.

Because the total duration of treatment for each patient
was different, we used the ratio of the duration under a spe-
cific Hb level, which was defined as the ratio of the duration
of anemia and the total duration of treatment.

Statistical Analysis
The pretreatment Hb level and the Hb levels prior to the six
chemotherapy cycles are presented as mean and standard
deviation (SD) values for the recurrent/nonrecurrent and
dead/alive patient groups and were compared using a two-
sample t-test. Descriptive statistics for the duration and ra-
tio of anemia under a specific Hb level are also presented.

To determine the cutoff value of anemia that could op-
timally discriminate the recurrent/nonrecurrent and dead/
alive patients, we repeatedly analyzed the progression-free
and overall survival times for the ratios (from 0% to the
maximum percent by 5%) of the durations at four levels (12
g/dL, 11 g/dL, 10 g/dL, and 9 g/dL Hb).

The Kaplan–Meier method, log-rank test, and Cox pro-
portional hazards model were used to estimate and compare
the effects of the clinical parameters. All reported p-values
are based on two-sided tests and p � .05 was regarded as
significant. SAS for Windows, release 9.1 (SAS Institute
Inc., Cary, NC) was used for all statistical analyses.

RESULTS

Clinical Characteristics
Seventy-six patients qualified for inclusion in this study.
The mean age of the patients at diagnosis was 52.8 years
(median, 52.0 years; SD, 10.3 years). Of the 76 patients, 71
(93.42%) were classified as FIGO stage III and five
(6.58%) were classified as FIGO stage IV. Tumors were

classified as serous in 65 patients (85.53%) and as nonse-
rous in 11 patients (14.47%). Grade 1 and grade 2 tumors

Figure 1. Calculation of the duration under a specific Hb level (cutoff). Duration1 � (Date2 � Date1)*(cutoff � Hb2)/(Hb1 � Hb2).
Duration2 � (Date3 � Date2). Duration3 � (Date4 � Date3) � (cutoff � Hb3)/(Hb4 � Hb3). Total duration under a specific value is
obtained by adding up all the durations from the first chemotherapy cycle date to the sixth chemotherapy cycle date.

Table 1. Clinical characteristics of patients

Variable

n of patients
(%)
(n � 76)

Recurrence
(n � 38)

Death
(n � 28)

Age, yrs

�50 30 (39.47) 13 9

�50 46 (60.53) 25 19

FIGO stage

III 71 (93.42) 35 26

IV 5 (6.58) 3 2

Grade

1 or 2 54 (71.05) 29 22

3 22 (28.95) 9 6

Cell type

Serous 65 (85.53) 33 24

Nonserous 11 (14.47) 5 4

PAN state

Negative 40 (52.63) 18 10

Positive 36 (47.37) 20 18

Primary
operation state

Optimal 61 (80.26) 27 18

Nonoptimal 15 (19.74) 11 10

Adjuvant
chemotherapy

Carboplatin �
paclitaxel

45 (59.21) 24 16

Cisplatin �
paclitaxel

7 (9.21) 11 10

Carboplatin �
docetaxel

23 (30.26) 3 2

Cisplatin �
docetaxel

1 (1.32) 0 0

Abbreviations: FIGO, International Federation of
Gynecology and Obstetrics; PAN, para-aortic node.

1156 Anemia in Ovarian Cancer



were reported in 54 patients (71.05%) and grade 3 tumors
were reported in 22 patients (28.95%). Para-aortic node me-
tastasis occurred in 36 patients (47.37%) and optimal cy-
toreduction was achieved in 61 patients (80.26%) (Table 1).

Hb Level at Baseline and Prior to Each Cycle
and Survival
The mean number of Hb measurements for each patient was
23.4 � 7.0 during chemotherapy.

Table 2 shows the pretreatment Hb levels and the Hb
levels prior to each course of chemotherapy. The mean Hb
levels decreased as the number of chemotherapy cycles in-
creased; however, there was no significant difference in Hb
level between the recurrence and nonrecurrence groups,
and between the deceased and survivor groups.

Duration and Ratio of Anemia and
Optimal Cutoff
The mean duration of total treatment was 131.2 � 17.2 days
(median, 127 days; minimum, 115 days; maximum, 227 days)
and the mean durations of anemia were 99.6 days, 53.6 days,
15.0 days, and 3.1 days at Hb levels of 12 g/dL, 11 g/dL, 10
g/dL, and 9 g/dL, respectively. The mean ratios of the duration
of anemia were 76%, 41%, 11%, and 2% at Hb levels of 12
g/dL, 11 g/dL, 10 g/dL, and 9 g/dL, respectively.

After repeatedly applying the ratio of 0% to each max-
imum percentage by 5% at four levels (12 g/dL, 11 g/dL, 10
g/dL, and 9 g/dL of Hb), at the 12 g/dL and 9 g/dL levels
there was no significant ratio of duration that showed dif-
ferences for both the progression-free survival and overall
survival rates. However, 80% of the ratio of the duration at
11 g/dL and 20% of the ratio at 10 g/dL showed a significant
difference in both the progression-free survival and overall
survival rates, respectively.

Although we could have accepted both 80% of the ratio

at 11 g/dL and 20% of the ratio at 10 g/dL as competing
cutoffs for anemia, 80% of the total duration (average, 127
days) equaled nearly 100 days and was thus regarded as not
useful from a practical viewpoint. On the other hand, 20%
of the total duration was approximately 25 days, which
could be useful for the early detection of anemia. Figure 2
shows the change in p-value for the various ratios of dura-
tion of an Hb level of 10 g/dL.

We used a term called “Hb1020” that takes a value of 1 if
the duration of the Hb level �10 g/dL is �20% of the total
duration of chemotherapy as the cutoff. So Hb1020 � 1 group
includes patients whose duration of Hb level �10 g/dL is at
least 20% of the total duration of chemotherapy and the
Hb1020 � 0 group includes patients whose duration of Hb level
�10 g/dL is �20% of the total duration of chemotherapy.

Figure 2. Change in p-value according to various ratios of du-
ration of anemia when the cutoff hemoglobin (Hb) level is 10
g/dL (Hb10). When the ratio is 20% (Hb1020), both the pro-
gression-free survival (PFS) and overall survival (OS) rates are
significantly different between the Hb1020 � 0 group and
Hb1020 � 1 group (p � .05).

Table 2. Pretreatment and precycle Hb levels and survival

Mean Hb � SD (g/dL)

p-valuea

Mean Hb � SD (g/dL)

p-valueaRecurrence (n � 38) No recurrence (n � 38) Dead (n � 28) Alive (n � 48)

Pretreatment 12.3 � 1.1 12.2 � 1.3 .91 12.4 � 1.1 12.2 � 1.3 .39

Precycle 1 11.7 � 1.3 11.7 � 1.2 .91 11.7 � 1.2 11.7 � 1.3 .99

Precycle 2 11.5 � 1.1 11.6 � 1.2 .69 11.6 � 1.2 11.6 � 1.1 .81

Precycle 3 11.3 � 1.2 11.7 � 1.1 .14 11.3 � 1.4 11.6 � 1.0 .24

Precycle 4 11.3 � 0.9 11.5 � 1.2 .31 11.3 � 0.9 11.5 � 1.1 .38

Precycle 5 11.1 � 0.8 11.5 � 1.9 .23 11.2 � 0.9 11.4 � 1.7 .44

Precycle 6 11.2 � 1.0 11.3 � 1.0 .76 11.2 � 1.0 11.2 � 1.0 .84
aBy t-test.
Abbreviations: Hb, hemoglobin; SD, standard deviation.
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Prognostic Results for the Duration of Anemia
Figure 3 shows the progression-free and overall survival
rates according to Hb1020 status. The 5-year progression-
free survival rates were 48.4% in the Hb1020 � 0 group and
17.7% in the Hb1020 � 1 group (p � .026). The 5-year
overall survival rates were 64.6% and 45.0% in the two
groups, respectively (p �.015). Using a Cox proportional
hazards model, Hb1020 was an independently significant
prognostic factor for both progression-free survival (HR,

4.06; 95% CI, 1.72–9.63; p � .001) and overall survival
(hazard ratio, 4.45; 95% confidence interval, 1.70–11.62;
p � .002) (Table 3).

DISCUSSION

According to the World Health Organization/National Can-
cer Institute, normal values for Hb are 12–16 g/dL in
women and anemia is diagnosed when the Hb level is �12
g/dL [19]. Anemia occurs in �30% of patients with epithe-

Figure 3. Progression-free and overall survival according to Hb1020.

Table 3. Cox proportional hazards regression model analyses on progression-free and overall survival

Progression-free survival Overall survival

Univariate Multivariate Univariate Multivariate

HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value

Hb1020 � 1 2.16 1.07–4.38 .032 4.06 1.72–9.63 .001 2.47 1.15–5.29 .019 4.45 1.70–11.62 .002
Nonoptimal 2.56 1.26–5.19 .001 2.52 1.12–5.65 .025 3.15 1.14–6.89 .004 2.51 0.97–6.54 .058

FIGO stage
IV

1.23 0.38–4.01 .733 1.71 0.42–6.94 .456 1.13 0.27–4.76 .870 1.02 0.18–5.85 .987

Age �50 yrs 1.59 0.81–3.11 .176 1.21 0.55–2.66 .634 1.44 0.66–3.14 .356 0.72 0.29–1.82 .493

PAN� 1.65 0.87–3.13 .123 1.51 0.73–3.13 .634 2.18 1.00–4.72 .049 1.39 0.57–3.38 .465

Nonserous 0.94 0.37–2.42 .904 1.32 0.49–3.55 .582 0.96 0.33–2.77 .938 1.29 0.41–4.12 .662

Grade 3 0.55 0.25–1.19 .128 0.31 0.12–0.78 .013 0.58 0.23–1.43 .236 0.39 0.14–1.10 .075

Pretreatment
Hba

1.04 0.78–1.37 .799 1.13 0.82–1.55 .469 1.25 0.87–1.79 .222 1.51 0.99–2.29 .052

Pretreatment
CA 125a

1.00 1.00–1.00 .955 1.00 1.00–1.00 .955 1.00 1.00–1.00 .531 1.00 1.00–1.00 .343

Reference groups: �Hb1020, optimal surgery, FIGO stage III, age �50, PAN�, serous, grade 1 or 2.
Statistically significant factors are highlighted as bold values.
aContinuous variables.
Abbreviations: CA 125, cancer antigen 125; CI, confidence interval; FIGO, International Federation of Gynecology and
Obstetrics; Hb, hemoglobin; HR, hazard ratio, PAN, para-aortic node metastasis.
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lial ovarian cancer before surgery [12]. In our study, anemia
was present in 34.21% of patients (26 of 76) with advanced
epithelial ovarian cancer at the time of initial diagnosis.

Anemia may be caused by bleeding, nutritional defi-
ciencies, bone marrow damage, tumor infiltration of the
bone marrow, and the malignant process itself. Further-
more, cancers are often associated with inflammatory cyto-
kines, such as tumor necrosis factor-� and interleukin-1,
which are both associated with direct inhibition of the pro-
liferation of erythrocytic progenitors [12, 20]. Activation of
the immune system appears to be the basis for the impair-
ment of effective erythropoiesis. The shorter survival time
of normal RBCs infused in anemic cancer patients was the
first evidence of an unfavorable internal environment in this
condition [21]. In addition, it must be emphasized that can-
cer cells themselves are also involved directly and indi-
rectly in the suppression of erythropoiesis [22]. Anemia
may be a common consequence of cancer therapy, whether
it is chemotherapy or radiotherapy [20].

Previously reported studies on the prognostic impact of
anemia for survival are shown in Table 4. Because all re-
ported data focused on the pretreatment Hb level or a single
precycle Hb level, which does not reflect the cumulative ef-
fect of anemia during chemotherapy, there are limited, par-
tially contradictory, results in the literature [13, 14, 16–18]
(Table 4). If a patient undergoes transfusion before sam-
pling, a single Hb level does not represent the real status of
the patient around sampling time. Other factors for consid-
eration when evaluating the risk for chemotherapy-induced
anemia include the nadir Hb level, the time to the nadir Hb
level (estimated to be 2 weeks, but the length of time can
vary), and whether an Hb measurement is pre- or postnadir
[23]. Taken together, we determined the specific cutoff
value Hb1020 by statistical analysis.

The novel cutoff value Hb1020 has some merits over
existing cutoffs (i.e., pretreatment Hb, 12 g/dL; prechemo-
therapy Hb, 11.6 g/dL). First, although our study group was
considerably homogeneous, the mean Hb level did not in-

Table 4. Representative analyses of the prognostic value of Hb levels in patients with ovarian cancer

Study
(retrospective/prospective)

n of
patients Cutoff HB level

Endpoint: prognostic significance
(type of analysis)

Obermair et al. [12]
(retrospective)

206 Pretreatment Hb, 12 g/dL OS: significant (univariate,
multivariate)

Obermair et al. [13]
(retrospective)

203a Pretreatment Hb, 12 g/dL OS: significant (multivariate)
350b OS: not significant (multivariate)

Gaducci et al. [14]
(retrospective)

63c Prechemotherapy Hb, 11.6 g/dL CR: significant (multivariate)
PFS: not significant (multivariate)

OS: not significant (multivariate)

Münstedt et al. [15]
(retrospective)

250 Each precycle Hb, 12 g/dL OS: significant (univariate,
multivariate)

Gaducci et al. [16]
(retrospective)

315 Prechemotherapy Hb, �10.2 g/dL versus
10.2–11.4 g/dL versus 11.5–12.3 g/dL
versus �12.3 g/dL

OS: significant (univariate)
OS: not significant (multivariate)

Di Maio et al. [17]
(retrospective)

222 Prechemotherapy Hb, �10 g/dL versus
10–12 g/dL versus �12 g/dL

PFS: significant (multivariate)
OS: significant (multivariate)

Eichbaum et al. [18]
(retrospective)

92 Prechemotherapy Hb, 11.6 g/dL PFS, OS; not significant (univariate,
multivariate)

Mean Hb throughout chemotherapy,
11.2 g/dL

PFS: significant (univariate)
PFS: not significant (multivariate)

OS: not significant (univariate,
multivariate)

Our data (retrospective) 76b Hb1020 � 0 versus Hb1020 � 1 PFS: significant (univariate,
multivariate)
OS: significant (univariate,
multivariate)

Statistically significant results are highlighted in bold.
aStage I/II patients.
bStage III/IV patients.
cPatients with recurrent ovarian cancer.
Abbreviations: CR, complete remission; OS, overall survival; PFS, progression-free survival.
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fluence survival. Second, in the clinical setting, it is diffi-
cult to maintain an Hb level �12 g/dL during chemotherapy
because many patients refuse blood transfusion [15]. It is,
however, relatively easy to maintain a target Hb level �10
g/dL without the need for transfusion. Third, physicians can
determine the critical time to treat anemia during chemo-
therapy using a cutoff level of Hb1020. For example, if a
patient’s duration of anemia under an Hb level of 10 g/dL is
�26 days during chemotherapy, the anemia must be man-
aged actively (mean duration of treatment, 131 days).

The reasons for the correlation of anemia and survival
remain unclear. Patients with low serum Hb levels may
have a larger number of biologically aggressive tumor cell
clones than patients with higher Hb levels [12]. Recently, it
has become increasingly clear that hypoxia plays a crucial
role in the progression of cancer. Tumor hypoxia is not nec-
essarily synonymous with tissue hypoxia, but anemia has
been associated with impaired tumor oxygenation and nu-
merous recent retrospective studies have documented an
adverse relationship between Hb level and response to ther-
apy in cervical, head and neck, and breast cancer patients
[9, 24, 25]. Furthermore, fatigue is a common problem in
cancer patients. Anemia is the most common reversible

cause of cancer-related fatigue, particularly among pa-
tients receiving chemotherapy [26, 27]. The optimal
management of symptomatic anemia requires an accurate di-
agnosis to identify potentially remediable causes. If a poten-
tially treatable cause cannot be identified, treatment options
include RBC transfusion and an erythropoietin-stimulating
agent [26].

We propose the novel variable Hb1020 as a potential
prognostic factor for epithelial ovarian cancer. Using
Hb1020, we will be able to administer highly optimized
treatment for anemia to improve patient survival. However,
Hb1020 given by this retrospective analysis only allows for
the development of a hypothesis. It still needs to be ex-
plored further in an independent dataset to confirm its prog-
nostic role in patients with epithelial ovarian cancer during
platinum- and taxane-based chemotherapy.
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