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Abstract Objective: To examine the prevalence of ane-
mia and its impact of hemoglobin (Hgb) levels in pre-
dicting outcomes of 5-fluorouracil (FU)-based first-line
chemotherapy for patients with advanced gastric cancer
(AGC). Methods: We collected data retrospectively
from 511 consecutive patients treated with FU-based
first-line chemotherapy as a routine clinical practice for
AGC and followed up in two centers from 1995 to
2003. FU was given in combination with cisplatin
(61%), taxanes (12%), anthracyclines (24%) and/or
folinic acid (50%). Results: Hgb values were <10 g/dl
in 41%, and patients with baseline Hgb levels <10 g/dl
had significantly lower response rates (9%) than pa-
tients with Hgb‡10 g/dl (53%; P<0.001). In addition,
Hgb<10 g/dl served as a predictor for disease pro-
gression (RR, 1.77; 95% CI, 1.42–2.21) and death (RR,
1.85; 95% CI, 1.48–2.32) along with chemotherapy
response and performance status. Conclusion: Low
baseline Hgb level is a strong and independent prog-
nostic factor for the outcomes of AGC patients

receiving FU-based first-line chemotherapy. This results
strongly suggest that Hgb level, along with perfor-
mance status, may be considered as a stratification
variable in subsequent studies of AGC.
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Introduction

Gastric cancer remains the most common cause of
cancer-related death in Korea [1]. For patients with
unresectable, recurrent, or metastatic disease, chemo-
therapy can provide significant palliation of symptoms
[2, 3]. A variety of chemotherapeutic agents such as 5-
fluorouracil (FU), anthracyclines, cisplatin and mito-
mycin C as well as newer agents including taxanes
(paclitaxel or docetaxel), oxaliplatin and irinotecan have
been proposed to have a place in the treatment of gastric
cancer. Most trials using varied combinations of these
drugs have provided durations of survival ranging from
6 months to 10 months in patients with recurrent or
metastatic gastric cancer [4]. None of these regimens,
however, has been recognized as a standard or superior
to FU alone in the treatment of advanced gastric cancer
(AGC) [5, 6].

Fu is a cycle-active antimetabolite which has been
used as a standard chemotherapeutic agent for gastro-
intestinal malignancies for several decades. In vitro
studies have demonstrated that cancer cells responding
to FU became resistant under hypoxic conditions [7, 8].
Hypoxia-derived proteome and genome changes in tu-
mors can lead to a more aggressive phenotype and
malignant progression [9–11]. Experimental results in
animal model have shown that tumoral tissues are
hypoxic in the presence of anemia [12].
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In patients with AGC, anemia is a common feature.
However, there is little data to support or refute the
assertion that gastric cancer is particularly aggressive in
anemic patients. Many factors may contribute to anemia
in patients with AGC. These include tumor bleeding,
malabsorption, poor oral intake, and prolonged pre-
treatment illness, all of which can be either iatrogenic or
related to tumor pathology.

Studies performed in patients with cervical and
head and neck cancer have indicated that anemia at
the time of presentation may be associated with de-
creased response rates and survival [13–18]. However,
the impact of anemia on treatment responsiveness has
not been evaluated in patients with AGC. Despite the
lack of evidence for benefit associated with raising
hemoglobin (Hgb), it is a common practice to trans-
fuse anemic patients prior to the administration of
cytotoxic chemotherapy for AGC. The underlying
presumption is that anemia may reduce the ability to
respond to chemotherapy. Anemia may also result in a
lower level of performance whereby, less chemother-
apy is tolerated or more toxicity develops. It is also
possible that patients with anemia receive less che-
motherapy overall.

To better understand the impact of anemia on the
outcomes of chemotherapy in patients with AGC, we
performed a retrospective analysis of AGC patients
treated with FU-based first-line chemotherapy. The
present evaluation was also done with the intent to plan
and develop improved therapeutic strategies for anemic
patients with AGC.

Patients and methods

Eligibility and patient selection

We collected the data retrospectively from 511 con-
secutive patients with metastatic or recurrent adeno-
carcinoma of stomach, treated with FU-based first-line
chemotherapy as a routine clinical practice and fol-
lowed in two tertiary centers (Gachon Medical School
Gil Medical Center, Incheon, Korea and Sungkyunk-
wan University Samsung Medical Center, Seoul,
Korea) from 1995 to 2003. We excluded patients who
were enrolled in clinical trials to ensure the normal
Hgb level was not a prerequisite for their chemother-
apy regimens. No prior chemotherapy or only adju-
vant chemotherapy which had been completed more
than 6 months prior to registration were allowed. Only
patients who had their complete blood counts mea-
sured and recorded just prior to the initiation of
chemotherapy were included in this analysis. Patients
with any evidence of ongoing blood loss were ex-
cluded. Written informed consent was given by all
patients prior to receiving chemotherapy, according to
institutional guidelines.

Hgb level of 10 g/dl was used as a cut-off value for
further analyses based on the following observations:

(1) preliminary data from the first 88 patients revealed
that a median Hgb value was 10.2 g/dl, (2) this defi-
nition is consistent with the Hgb value required in
many cancer clinical trials, (3) the guidelines published
by American Society of Clinical Oncology and the
American Society of Hematology for the treatment of
cancer-related anemia recommended Hgb<10 g/dl as
a treatment threshold [19]. In cases requiring red
blood cell transfusion, Hgb levels were measured
repeatedly after the completion of transfusion.

Treatment

All patients received FU-based first-line chemotherapy
for metastatic and/or recurrent AGC. FU was, in 3/4
of cases, given by 4- or 5-day continuous infusion in
combination with cisplatin (310 patients, 61%), tax-
anes (61, 12%), anthracyclines (124, 24%) and/or fo-
linic acid (254, 50%). Protracted infusional FU via
ambulatory pump (26%) was also used as part of the
ECF (epirubicin, cisplatin and FU) regimen, or as a
single agent.

Assessment

Tumor response was evaluated according to World
Health Organization criteria [20] and was assessed by
abdominopelvic computed tomography (CT) scan and
other tests that were used initially to stage the tumor. All
tumor measurements were assessed after every two or
three courses of chemotherapy and reviewed by an
independent investigator later at the time of analysis.
The starting point of various time intervals was the first
day of chemotherapy. Response duration was the time
from the first date of chemotherapy to progression in
responding patients. The date of disease progression or
death from causes other than AGC was used in calcu-
lating rogression-free survival (PFS). Time to death,
whatever the cause, was used to calculate overall sur-
vival (OS).

Statistical considerations

Chi-square test was used for comparison of categorical
variables. Continuous variables were encoded as cate-
gorical after dichotomization, using the median or
known prognostic values as the cut-off. PFS and OS
were estimated according to the Kaplan-Meier method
and the statistical significance of survival curves between
the two groups was tested with a log-rank test. To
examine the impact of clinical and treatment variables
on the outcomes of chemotherapy, multiple logistic
regression and Cox regression models were used. Co-
variates included were concomitant chemotherapeutic
agents (cisplatin vs. anthracyclines vs. taxanes), methods
of FU administration (continuous infusion and modu-
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lation with folinic acid), age, gender, Eastern Coopera-
tive Oncology Group (ECOG) performance status (0–1
vs. ‡2), weight loss before treatment, disease status
(recurrent vs. primarily metastatic), adjuvant treatment,
number of involved site(s), presence of peritoneal dis-
semination, liver metastasis, second-line chemotherapy,
red blood cell transfusion, and Hgb levels. All P values
were two-sided, with P<0.05 indicating statistical sig-
nificance.

Results

Patient characteristics

Patient characteristics are given in Table 1. Men con-
stituted 70% of the patients. The median age was
57 years with a range of 23–77 years. Twenty-three
percent of the patients had ECOG performance status of
two or more. A majority of patients (78%) had two or
more metastatic disease sites, mostly involving perito-
neum and liver. Approximately half of the patients
(46%) received at least one cycle of second-line chemo-
therapy.

As expected, 73% of patients had baseline
Hgb<12 g/dl and approximately 41% of patients had
Hgb<10 g/dl at presentation for chemotherapy. Despite
pretreatment transfusion of a total of 73 units of red
blood cells in 35 patients (7%), 39% of the patients re-
ceived their first cycle of chemotherapy with Hgb<10 g/
dl. When the groups were stratified according to
Hgb<10 g/dl or ‡10 g/dl, except for gender, red blood
cell transfusion and performance status, there were no
differences in prognostic variables including age, weight
loss, disease status, adjuvant treatment, number of met-
astatic sites, peritoneal dissemination, liver metastasis
and concomitant chemotherapeutic agents given (Ta-
ble 2). No patient received erythropoietic growth factors.

Response rate

Of a total of 511 patients, 177 could not be evaluated for
responses because of the absence of any measurable le-
sion or early discontinuation of treatment. Responses to
chemotherapy were noted in 117 evaluable patients
(35%; 95% confidence interval [CI], 30–40%) out of
which 8 were complete responses. The median response
duration was 7.8 months (95% CI, 6.8–8.9 months).

Patients who had Hgb<12 g/dl and Hgb<10 g/dl
were significantly less likely to respond to chemotherapy
(27%, P<0.001 and 9%, P<0.001, respectively) com-
pared to those with Hgb‡12 g/dl (58%) and Hgb‡10 g/
dl (53%). Other factors associated with lack of optimal
response were prior exposure to chemotherapy as adju-
vant treatment (23% vs. 39%, P=0.004) and multiple
metastatic sites (32% vs. 45%, P=0.030). Response rate
was not significantly influenced by age, gender, weight

Table 1 Patient characteristics

Characteristic No. of patients Percentage

Age (years)
Median 57
Range 23–77
Male gender 356 70
ECOG performance status
0–1 396 77
‡ 2 115 23
Weight loss 226 44
Disease status at registration
Recurrent 195 38
Primary metastatic 316 62
Adjuvant treatment
Chemotherapy 132 26
Chemoradiotherapy 57 11
Metastatic sites
Solitary metastasis 115 22
Peritoneal dissemination 232 45
Liver metastasis 174 34

Table 2 Comparison of groups
relative to baseline Hgb<10 g/
dl

Hgb hemoglobin, ECOG East-
ern Cooperative Oncology Gr-
oup, FU 5-fluorouracil

Characteristic Hgb<10 g/dl (n=207) Hgb‡10 g/dl (n=304) P value

Age‡60 years 35% 41% 0.129
Male gender 59% 77% <0.001
ECOG performance status‡2 30% 17% 0.001
Weight loss 49% 41% 0.086
Primary metastatic disease 59% 64% 0.265
Adjuvant treatment given 30% 23% 0.079
Solitary metastasis 20% 24% 0.274
Peritoneal dissemination 45% 46% 0.859
Liver metastasis 33% 35% 0.778
Transfusion given prior to chemotherapy 17% 0 <.001
Pretreatment Hgb level (mean ± SD)
Before red cell transfusion 8.97±0.84 11.83±1.12 <0.001
After red cell transfusion 9.32±0.07 11.83±1.12 <0.001
Concomitant chemotherapeutic agent
Taxanes 16% 12% 0.053
Anthracyclines 22% 26% 0.374
Cisplatin 55% 60% 0.054
Folinic acid 44% 48% 0.071
Protracted infusion of FU 26% 26% 0.923
Single agent FU 6% 2% 0.005
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loss, disease status, peritoneal dissemination, liver
metastasis, performance status, or concomitant chemo-
therapeutic agents. Using a multiple logistic regression
model, only Hgb<10 g/dl was significantly associated
with the lower response rates (odds ratio=6.77; 95% CI,
3.46 to 13.25; P<0.001).

Survival

Of the 511 patients analyzed in the study, 442 (87%)
died. The estimated median PFS was 5.2 months (95%
CI, 4.6 to 5.8 months) and median OS was 10.2 months
(95% CI, 9.3 to 11.1 months). The estimated PFS was
significantly shorter for patients with baseline
Hgb<10 g/dl (median, 3.4 months vs. 6.7 months;
P<0.001). Similarly, OS was shorter for Hgb<10 g/dl
(median, 6.6 months vs. 12.7 months; P<0.001). The
median follow-up of the patients was 69.5 months (95%
CI, 66.9–72.1 months). The Kaplan-Meier estimates of
PFS and OS are illustrated in Fig. 1.

In the proportional hazards regression analysis,
independent prognostic variables for PFS and OS were
response to chemotherapy, performance status and Hgb
level. These data are summarized together in Table 3.
This model suggests that patients with Hgb<10 g/dl
and poor performance status prior to the initiation of
chemotherapy have a risk of death that is 3.8 times that
of patients with Hgb‡10 g/dl and ECOG performance
status of 0 or 1.

Discussion

Anemia, in the presence or absence of treatment, is
common among cancer patients. A number of factors
contribute to the high incidence of cancer-related ane-
mia. These include not only chemotherapy and radia-
tion-induced myelosuppression, but also bleeding,
hemolysis, marrow infiltration by tumor, nutritional
deficiencies, and cytokine-mediated anemia of chronic
disease. In a review of the European Cancer Anemia
Survey (ECAS), Ludwig and colleagues cited a 50%
baseline anemia rate (Hgb<12 g/dl) among 3,010 pa-
tients with hematologic malignancies and a 41% base-

line anemia rate among 11,453 patients with solid
tumors [21].

A relationship between anemia and treatment out-
comes in various forms of cancer has been established
by several authors, primarily in a retrospective fashion.
One characteristic retrospective analysis found that 5-
year survival rates for Canadian women receiving
radiotherapy for cervical cancer were higher (74% vs.
45%) when the average weekly Hgb was 12 g/dl or
greater, compared with women whose Hgb was <10 g/
dl [13]. Similar benefits were reported when combina-
tion chemoradiotherapy was employed [15]. Studies of
patients treated for head and neck cancers have shown

Fig. 1 Progression-free survival (a) and overall survival (b).
Baseline Hgb‡10 g/dl (198 patients, solid line) and Hgb<10 g/dl
(136 patients, dotted line) are shown, along with 2-sided P value

Table 3 Multivariate analysis
in relation to PFS and OS

RR risk ratio

Characteristic PFS OS

P value RR 95% CI P value RR 95% CI

Second line 0.454 1.08 0.88–1.32
Chemotherapy
Weight loss 0.053 0.81 0.66–1.00
Adjuvant treatment 0.457 0.88 0.63–1.23 0.806 1.04 0.74–1.47
Disease status 0.302 1.16 0.87–1.55 0.087 1.29 0.96–1.73
Multiple metastasis 0.210 0.86 0.67–1.09 0.187 0.85 0.67–1.08
Response <0.001 1.44 1.16–1.79 <0.001 1.37 1.10–1.72
Poor performance <0.001 0.57 0.46–0.72 <0.001 0.49 0.39–0.63
Hgb‡10 g/dl <0.001 1.77 1.42–2.21 <0.001 1.85 1.48–2.32
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similar benefits when a higher Hgb level was main-
tained [16, 18]. This relationship between anemia and
treatment outcome, and the association between in-
creased levels of hypoxia and chemoresistance in ani-
mal models, has led to the belief that anemia increases
tumor resistance and decreases responsiveness to
treatment in humans.

The present analysis of 511 patients with AGC
treated with FU-based first-line chemotherapy has
demonstrated a strong association between anemia and
reduced response rates, PFS and OS. The response rate
achieved with FU-based first-line chemotherapy was
35%. Overall, in anemic (Hgb<12 g/dl) and severely
anemic (Hgb<10 g/dl) patient subsets, objective re-
sponse rates were only 27% and 9%, respectively. This
adverse impact was not reversed by red blood cell
transfusion. Patients with Hgb‡10 g/dl prior to initi-
ating chemotherapy had approximately a 77% de-
creased risk of progression and a 85% decreased risk of
death. The strength of this analysis lies in a uniform
patient population. Survival data are mature as 87% of
patients died. All patients received FU-based first-line
chemotherapy for their recurrent or metastatic gastric
cancer. In addition, we excluded patients who were
enrolled in clinical trials to better reflect the patients
seen in routine clinical practice. To the authors’
knowledge, this is the first report describing the asso-
ciation between anemia and inferior outcomes in AGC
patients treated with chemotherapy.

This retrospective analysis also demonstrates a high
incidence of anemia in patients with AGC. Overall, 41%
(207/511) patients presented with severe anemia (Hgb
level<10 g/dl). One may, however, argue that the per-
centage of anemic subjects in this population could be an
overestimate since other causes of anemia such as
bleeding and/or nutritional deficiencies are also quite
common in AGC patients. Within the limitations of a
retrospective analysis, the present study suggests that
AGC patients without anemia, at least those with Hgb
level‡10 g/dl, achieve a significantly higher response
rates and improved survival with FU-based first-line
chemotherapy. Also, the impact of the study on survival
may be better reflected by PFS since this parameter is
not influenced by subsequent therapies.

The results of the present analysis strongly suggest
that Hgb level, along with performance status, may be
considered as a stratification variable in subsequent
studies of AGC. It was evident that anemia was more
associated with a poorer performance status and more
likelihood of receiving single agent FU. An interesting
finding in this analysis is the observation that red blood
cell transfusion prior to chemotherapy had no prog-
nostic role in terms of response rates or survival. Unlike
other pretreatment variables Hgb level can often be
modified before treatment. In patients with metastatic
testicular cancer, frequent use of red blood cell trans-
fusions has been shown to achieve median Hgb nadirs of
7.5–8.0 g/dl [22]. This reflects the difficulty in excluding
the possibility of ongoing blood loss, even in the absence

of any predefined target Hgb values to determine whe-
ther the patient should be transfused or not.

Whether raising Hgb levels with red blood cell
transfusion or erythropoietic growth factors is advan-
tageous in improving the outcomes after chemotherapy
is another important factor to be considered. Although
Hgb level may be prognostic, it is unclear whether
raising Hgb levels can directly impact treatment out-
comes. Animal studies have demonstrated that hypoxia
cannot be completely eliminated by transfusion or by
erythropoietic growth factors [12, 23]. Human studies
are consistent with these results, as only 50% of patients
with cervical cancer demonstrate an increase in tumor
oxygenation following transfusion [24]. Transfusion of
the most profoundly anemic patients may improve
oxygen delivery, but does not necessarily improve
treatment results. If anemia per se reduces response to
chemotherapy, simple and proven means of anemia
correction could become important adjuncts to treat-
ment. However, the literature suggests that the pros and
cons of anemia correction in this population, either with
transfusion or with erythropoietic growth factors, have
not been adequately explored to date. In recently pub-
lished guidelines from European Organisation for Re-
search and Treatment of Cancer (EORTC), they do not
recommend the prophylactic use of erythropoietic
growth factors to prevent anemia in patients who have
normal Hgb values at the start of treatment [25]. A
randomized controlled trial is currently in progress to
determine whether there is a causal relationship between
low Hgb levels and outcomes of first-line chemotherapy
for AGC, and whether raising Hgb levels can overcome
the negative impact of anemia.
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