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Abstract Background: Hemolytic anemia has been noted
during treatment with a variety of chemotherapeutic
agents. We observed mild compensated hemolytic ane-
mia in a patient receiving capecitabine during a ran-
domized, controlled trial of adjuvant therapy. In order
to investigate the hypothesis that hemolysis is the
underlying cause of the hyperbilirubinemia sometimes
observed during capecitabine treatment, we evaluated
factors associated with hemolysis in ten patients. Factors
were also analyzed in ten patients receiving 5-fluoro-
urocil/leucovorin (5-FU/LV). Methods: Twenty chemo-
therapy-naı̈ve patients undergoing surgery for Dukes’ C
colon cancer were included in the phase III, ‘X-ACT’
trial, and randomized to receive 24-week adjuvant
treatment with either oral capecitabine (eight cycles of
1,250 mg/m2 twice daily for 14 days, followed by a 7-
day rest period) (n=10) or 5-FU/LV administered
according to the Mayo Clinic regimen (six cycles of LV
20 mg/m2 followed by 5-FU 425 mg/m2, administered as
an i.v. bolus on days 1–5 every 28 days) (n=10). Ten
patients randomized in each treatment arm were evalu-
ated. Hemolytic parameters evaluated included biliru-
bin, lactate dehydrogenase, haptoglobin, and
reticulocytes. Results: Seven patients receiving capecita-
bine and three patients receiving 5-FU/LV experienced
grade 1/2 elevations of bilirubin during the 24-week
treatment period. In most cases, hyperbilirubinemia was
associated with concomitant alterations in other hemo-
lytic parameters. Five episodes of grade 1 compensated

hemolytic anemia were reported in four capecitabine-
treated patients, all of which were associated with hyp-
erbilirubinemia. Conclusion: Adjuvant treatment with
capecitabine or 5-FU/LV in a small sample of patients
with Dukes’ C colon cancer was associated with altera-
tions in hemolytic parameters. These alterations, in
particular hyperbilirubinemia, were associated in some
patients with low-grade compensated hemolytic anemia.
All changes were clinically insignificant, fully reversible,
and may represent a fluoropyrimidine class effect. Fur-
ther studies are indicated to evaluate the incidence and
implications of this effect.
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Uracil plus tegafur Æ ULN: Upper limit of normal

Introduction

Anemia is a frequent complication of malignancy. Most
anemias observed are of the chronic and hypoprolifer-
ative type termed ‘the anemia of chronic disease’.
However, hemolytic anemia has also been noted in
association with some hematological malignancies and
solid tumors. It has become apparent that hemolytic
anemia may also occur as a result of the administration
of chemotherapeutic agents, including platinum-based
compounds, mitomycin, cyclophosphamide, and fluoro-
pyrimidines [9, 12].
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Fluoropyrimidine compounds, with 5-fluorouracil (5-
FU) as their principal representative, have been a
mainstay of chemotherapy for solid tumors for over
40 years. 5-FU, either as monotherapy or in combina-
tion with other cytotoxic agents or biomodulators, is
used in many standard treatment regimens for common
solid tumors, including breast and colorectal cancers.
Schedule modifications and biomodulation have im-
proved the efficacy and tolerability of 5-FU [1–3, 5, 7,
14, 16, 18], but complications associated with infused
intravenous (i.v.) administration and patient preference
for oral agents [4, 15] have driven the development of
oral fluoropyrimidines including capecitabine, uracil
plus tegafur (UFT), and eniluracil.

Two large, multicenter, phase III clinical trials have
shown that the novel oral fluoropyrimidine, capecita-
bine, is at least as effective as i.v. 5-FU in the first-line
treatment of metastatic colorectal cancer [11, 23, 24]. In
these two trials, capecitabine achieved significantly
superior response rates and equivalent time to disease
progression and overall survival compared with i.v.
bolus 5-FU/leucovorin (LV) (Mayo Clinic regimen). As
first-line therapy for metastatic colorectal cancer, cape-
citabine also demonstrated an improved safety profile
compared with 5-FU/LV, with significantly lower inci-
dences of diarrhea, stomatitis, nausea, alopecia, and
grade 3/4 neutropenia, leading to significantly fewer
cases of neutropenic fever/sepsis and associated hospi-
talizations [6]. The only side effects occurring more fre-
quently with capecitabine were the cutaneous condition,
hand-foot syndrome, and the laboratory abnormality,
hyperbilirubinemia. Grade 3 hyperbilirubinemia oc-
curred in 18% of patients treated with capecitabine
versus 3% of patients who received i.v. 5-FU/LV.
However, the incidence of grade 4 hyperbilirubinemia
was low in both treatment groups (4.5 vs. 2.5%,
respectively). In these trials, side effects were graded
according to the National Cancer Institute of Canada
(NCIC) common toxicity criteria (CTC) scale (revised
1991) [6]. With this system, the severity of hyperbiliru-
binemia is graded differently to the more current US
National Cancer Institute (NCI) CTC (version 2.0) and
Common Terminology Criteria for Adverse Events
(CTCAE; version 3.0) scales (Table 1). Hyperbilirubin-
emia classified as grade 3 in severity by the NCIC scale
corresponds to grade 2 in the newer NCI scales.
Similarly, grade 4 severity according to the NCIC scale

[except in the case of values >10 · upper limit of normal
(ULN)] corresponds to grade 3 in the NCI scales. With
capecitabine, hyperbilirubinemia tended to be an iso-
lated laboratory abnormality and was rarely associated
with hepatobiliary or other abnormalities. Furthermore,
baseline elevations in liver function parameters, includ-
ing elevations in transaminase or alkaline phosphatase
concentrations, did not correlate with hyperbilirubin-
emia during treatment with capecitabine [6].

Hyperbilirubinemia has also been observed in other
clinical trials that compared other oral fluoropyrimi-
dines with i.v. 5-FU. In a phase III, comparative trial of
oral eniluracil/5-FU versus i.v. bolus 5-FU/LV (Mayo
Clinic regimen), hyperbilirubinemia (all grades) was
noted in 41% of patients who received eniluracil/5-FU
and 20% of those who received 5-FU/LV [21]. The
incidence of grade 3/4 hyperbilirubinaemia was 22% and
9%, respectively. In another phase III study of oral UFT
plus LV versus i.v. bolus 5-FU/LV, hyperbilirubinemia
(any grade) was observed in 44% of patients in the
UFT/LV treatment group and 22% of those in the
5-FU/LV group, with grade 3/4 hyperbilirubinemia
occurring in 15% and 8% of patients, respectively [10].
These observations suggest that the hyperbilirubinemia
associated with fluoropyrimidines may be a class effect.
This hyperbilirubinemia does not appear to impact sig-
nificantly on liver function, or to be associated with an
adverse clinical outcome. Isolated hyperbilirubinemia, in
conjunction with elevated levels of lactate dehydroge-
nase (LDH) but normal hepatocellular enzymes, is typ-
ically observed during hemolysis. Hemolysis may
frequently be subclinical, but if marked, may present
clinically as severe anemia, with typical symptoms of
fatigue, weakness, and shortness of breath on exertion.

A large international, randomized, phase III trial
(X-ACT) has compared 6-months’ treatment with adju-
vant capecitabine or i.v. 5-FU/LV (Mayo Clinic regimen)
in 1987 patients following surgery for Dukes’ C colon
cancer. The primary endpoint of the trial—to demon-
strate the equivalence of both treatments in terms of
disease-free survival (DFS)—was clearly met [hazard
ratio: 0.87; 95% confidence interval (CI): 0.75–1.00,
P<0.001 vs. upper CI limit of 1.20] [22]. Moreover,
capecitabine treatment showed a strong trend toward
superior DFS (P=0.0528), resulting in a 3.6% improve-
ment at 3 years compared with 5-FU/LV. Adjuvant
capecitabine was also associated with significantly

Table 1 Hyperbilirubinemia grading: NCIC and NCI scales

Grade of bilirubin elevation NCIC (revised 1991) NCI CTC (version 2.0; 1999) NCI CTCAE (version 3.0; 2003)

0 WNL WNL
1 >ULN – 1.5 · ULN
2 >WNL � <1.5 · ULN >1.5 – 3.0 · ULN
3 1.5 – 3.0 · ULN >3.0 – 10.0 · ULN
4 >3.0 · ULN >10.0 · ULN

CTC Common toxicity criteria, CTCAE Common terminology criteria for adverse events, NCINational Cancer Institute, NCICNational
Cancer Institute of Canada, ULN upper limit of normal, WNL within normal limit

595



superior relapse-free survival (hazard ratio: 0.86;
P=0.0407) and showed a trend toward superior overall
survival (hazard ratio: 0.84; P=0.0706) versus 5-FU/LV.
Similar to trials conducted in the metastatic setting [6],
the NCIC CTC scale was used for the grading of adverse
events. In this trial, grade 3/4 hyperbilirubinemia was
observed more frequently with capecitabine compared
with 5-FU/LV (20% vs. 6%, respectively) [20]. However,
it should be noted that if the more current NCI grading
systems were used, the incidence of grade 3/4 hyperbi-
lirubinemia would be negligible in both treatment arms
(1.4 vs. 0.3%, respectively).

In the first patient enrolled into the X-ACT trial at
the Belgrade center, we observed mild compensated
hemolytic anemia, which we hypothesized could poten-
tially be the underlying cause of hyperbilirubinemia
associated with capecitabine treatment. Based on this
observation, we decided to prospectively evaluate fac-
tors associated with hemolysis, in addition to the stan-
dard protocol-defined laboratory parameters, in these
chemotherapy-naı̈ve patients who were receiving cape-
citabine as adjuvant therapy following surgery for
Dukes’ C colon cancer. To investigate the hypothesis
that hemolysis may represent a fluoropyrimidine class
effect, hemolytic factors were also analyzed in patients
treated with adjuvant 5-FU/LV at the same center
within the same clinical trial. However, as it was not
possible to apply the same schedule of assessments to
patients receiving 5-FU/LV and capecitabine, compar-
ative analyses could not be performed.

Methods

Patients and treatment

Twenty patients were enrolled into the X-ACT trial at the
Belgrade site; all were chemotherapy naı̈ve, and had
undergone surgery with curative intent for Dukes’ C
colon cancer. Ten patients were randomized to receive
adjuvant therapy with oral capecitabine (eight cycles of
1,250 mg/m2 twice daily for 14 days, followed by a 7-day
rest period). A further ten patients received 5-FU/LV
administered according to the Mayo Clinic regimen (six
cycles of LV 20 mg/m2 followed by 5-FU 425 mg/m2,
administered as an i.v. bolus on days 1–5 every
28 days). Hemolytic factors were evaluated in all 20

patients. The supplementary blood sampling required
additional witnessed oral consent of the chosen patients,
and was conducted in accordance with the local ethics
committee. The analyses reported here are exploratory,
as the study was not intended or adequately powered for
comparative analyses.

Assessment of safety and laboratory parameters

Safety was evaluated in all patients, and for these anal-
yses, adverse events were graded according to the NCI
CTC scale (version 2.0) (Table 1).

Protocol-specified laboratory parameters were eval-
uated in patients before every treatment cycle (i.e. every
3 or 4 weeks depending on the treatment arm), and in-
cluded: total white and red blood cell counts; differential
white blood cell counts; hemoglobin; platelet counts;
hematocrit; total bilirubin (with conjugated [direct] bil-
irubin assessed in the case of abnormal total bilirubin);
alanine transaminase; aspartate transaminase; c-glut-
amyl transferase; albumin or total protein; serum cre-
atinine; uric acid; electrolytes; serum calcium; and
inorganic phosphate. In addition, the following param-
eters were evaluated (normal ranges indicated in paren-
theses): mean corpuscular volume (MCV) (80.0–99.9 fl/
cell); serum iron (male: 11–28 lM, female: 7–20 lM);
total iron binding capacity (TIBC) (46.4–68.5 lM);
haptoglobin (‡0.450 g/l); reticulocytes ( £ 4%); LDH
(230–460 U/l); and direct Coombs’ test (negative).

Blood samples were obtained from patients according
to the following schedules. In patients receiving cape-
citabine, blood samples were obtained weekly through-
out treatment from day 1 (before treatment) to day 168
(the last day of the 24-week treatment period). As no
comparative analyses were intended, for practical rea-
sons, blood samples were obtained on day 1 (before
treatment), at the end of every 2 weeks from weeks 2–8,
and then at the end of every 4 weeks until the end of
treatment in patients receiving the 4-weekly 5-FU/LV
regimen (Fig. 1). In both treatment groups, blood sam-
ples were also obtained after the end of the treatment
period, during patient follow-up.

Peripheral blood counts, including reticulocytes, were
determined using an automated analyzer (CELL-DYN
3.500, Abbott Laboratories, Chicago, USA; according
to the manufacturer’s instructions). Serum iron, TIBC,

Fig. 1 Laboratory sampling
schedule during treatment with
capecitabine and 5-FU/LV
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total and direct bilirubin were assayed using an auto-
mated analyzer (Spectrum, Abbott Laboratories, Chi-
cago, USA; according to the manufacturer’s
instructions). Erythrocytes, obtained from citrated
plasma, were used for the direct Coombs’ test, which
was conducted according to Dausset’s method using
antihuman globulin and anti-IgG and anti-C3 mono-
specific antihuman sera (Dade-Behring, Marburg
GmBH, Marburg, Germany; according to the manu-
facturer’s instructions).

Results

Patients and their clinical evolution

As in the overall trial population [22], baseline charac-
teristics were similar in both groups of patients analyzed
here. The median age of patients was 52 years (range 35–
69) in the capecitabine group and 60 years (range 39–72)
in the 5-FU/LV group. The median time from surgery to
randomization was 39 days in both groups. All patients
randomized to receive capecitabine had a Karnofsky
Performance Score (KPS) of 100% at baseline. In the 5-
FU/LV group, eight patients had a baseline KPS of
100%, and two had a baseline KPS of 90%.

Overall safety profile

Both treatments were generally well tolerated by the
patients. None of the patients who received capecitabine
or 5-FU/LV withdrew from treatment due to treatment-
related adverse events. Four patients who received
capecitabine experienced grade 1 compensated hemo-
lytic anemia. Other adverse events (related or unrelated
to treatment) experienced by the patients who received
capecitabine were thrombophlebitis not requiring anti-
coagulant therapy (two patients), and a transient loss of

consciousness during administration of i.v. contrast for
computed tomography (CT) scanning (one patient).
Adverse events occurring in the 5-FU/LV group in-
cluded diarrhea (two patients [grade 1 and grade 4
intensity, respectively]), and stomatitis (one patient
[grade 2])

Laboratory signs of hemolysis

Changes in bilirubin levels

Table 2 shows the highest total and direct bilirubin
concentrations and corresponding grade of hyperbiliru-
binemia (according to the NCI CTC scale [version 2.0]
[Table 1]) experienced by patients in each treatment
group during the 24-week treatment period. No patients
in either treatment group had bilirubin levels outside the
normal range at study entry. Grade 1/2—but no grade 3/
4—bilirubin elevations occurred in both treatment
groups.

In patients with hyperbilirubinemia, bilirubin re-
mained predominantly in the unconjugated form, with
only three patients in the capecitabine treatment arm
and two in the 5-FU/LV arm having direct bilirubin
levels above 10 lM (normal range <7 lM). An addi-
tional two patients who received capecitabine and one
who received 5-FU/LV had very mild elevations in direct
bilirubin (range 7–10 lM). Tables 3 and 4 show the
mean levels of bilirubin at different time points in the
assessment schedule for patients who received capecita-
bine and 5-FU/LV, respectively.

Changes in LDH levels

There were no significant changes in mean LDH levels in
either the capecitabine or the 5-FU/LV groups (Ta-
bles 3, 4). Peak LDH levels in the capecitabine group
(468±158 U/L) were noted after 14 weeks of treatment

Table 2 Maximum bilirubin concentrations (Cmax) and worst grade of hyperbilirubinemia observed in each patient during the 24-week
treatment period

Patient Number Capecitabine 5-FU/LV

Total bilirubin Direct
bilirubin (lM)

Day of treatment Total bilirubin Direct
bilirubin (lM)

Day of treatment

Cmax (lM) Gradea Cmax (lM) Gradea

1 43.6 2 8.2 77 (cycle 4)b 45.9 2 12.3 112 (cycle 4)
2 13.9 0 3.8 – 14.1 0 5.1 –
3 17.1 0 4.9 – 13.3 0 2.9 –
4 38.8 2 26.4 147 (cycle 7)b 7.6 0 4.9 –
5 16.2 0 5.4 – 10.1 0 0.9 –
6 30.5 1 5.0 133 (cycle 7) 35.9 2 12.3 43 (cycle 2)
7 37.7 2 8.7 63 (cycle 3)b 10.8 0 2.8 –
8 41.3 2 15.3 155 (cycle 8) 27.6 1 8.6 168 (cycle 6)
9 30.7 1 6.9 126 (cycle 6)c 12.5 0 2.7 –
10 36.4 2 10.3 99 (cycle 5) 9.2 0 2.8 –

aAccording to National Cancer Institute Common Toxicity Criteria
bCoinciding with an episode of hemolytic anemia
cPatient experienced hemolytic anemia on days 63–71 of treatment
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(Table 3). This is the same time at which peak mean
bilirubin concentrations (19.4±8.9 U/L) were noted
(Table3). All patients with hyperbilirubinemia had ele-
vated LDH during treatment. A direct association be-
tween bilirubin and LDH levels was noted in six patients
who received capecitabine and one patient who received
5-FU/LV (data not shown). An example of this associ-
ation in one capecitabine-treated patient is shown in
Fig. 2.

Changes in haptoglobin levels

In capecitabine-treated patients, haptoglobin decreased
from a mean value of 2.4±1.2 g/l at baseline to a min-
imum of 1.0±1.1 g/l after 8 weeks of treatment (Ta-
ble3). During treatment with 5-FU/LV, mean
haptoglobin decreased from 3.4±1.6 g/l at baseline to a
minimum of 2.0±1.6 g/l after 12 weeks of treatment
(Table4). An association between decreasing haptoglo-
bin and increasing bilirubin was noted in four patients
who received capecitabine and one patient who received
5-FU/LV (data not shown). An example of the relative
changes in haptoglobin and bilirubin in one capecita-
bine-treated patient is shown in Fig. 3.

Changes in reticulocyte levels

Mean reticulocyte levels increased significantly in pa-
tients who received capecitabine, from a baseline level of
2.4±1.5% to a peak of 5.7±1.9% after 12 weeks of
treatment (Table 3). In the group of patients who re-
ceived 5-FU/LV, reticulocyte levels increased from a
baseline mean of 2.2±0.7% to 3.1±1.6% after 6 weeks
of therapy (Table 4). Concomitant increases in reticu-
locytes were associated with increased bilirubin in five
patients who received capecitabine (example in Fig. 4)
and one patient who received 5-FU/LV (data not
shown).

Relation between hemolysis and hyperbilirubinemia

Four capecitabine-treated patients experienced episodes
of grade 1 compensated hemolytic anemia during the
study. The criteria for hemolytic anemia were: decreased
hemoglobin, indirect hyperbilirubinemia, reticulocyto-
sis, decreased haptoglobin levels, and increased LDH.
The characteristics of these episodes of hemolytic ane-
mia, together with key laboratory abnormalities ob-
served in association with these episodes, are
summarized in Table 5. One patient experienced two
protracted episodes of mild hemolytic anemia. The first
of these episodes developed on day 14 of cycle two and
resolved at the end of cycle six; the second developed on
day 14 of the last treatment cycle (cycle eight) and
resolved 55 days following the end of treatment.
This patient yielded a negative direct Coombs’ test at

Fig. 2 Changes in bilirubin and LDH levels during 24 weeks of
treatment with capecitabine

Fig. 3 Changes in bilirubin and haptoglobin levels during 24 weeks
of treatment with capecitabine

Fig. 4 Changes in bilirubin and reticulocyte levels during 24 weeks
of treatment with capecitabine
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baseline, and on days 43, 49, 56, and 185 following the
start of treatment. The other three patients experienced
single episodes of hemolytic anemia, which lasted less
than 14 days and developed during cycle two in two
patients (on days 15 and 21 of the drug-free period,
respectively), and at the end of cycle seven in the
remaining patient. The direct Coombs’ test was negative
at baseline and following the end of the treatment (on
days 170 and 177, respectively) in the two patients from
whom samples were tested. Hyperbilirubinemia was
present during all five episodes (in four patients) of
compensated hemolytic anemia (Table 5).

No episodes of compensated hemolytic anemia were
noted in patients who received 5-FU/LV. One patient in
this group had moderate hyperbilirubinemia during the
fourth cycle of treatment. This patient showed an asso-
ciation between bilirubin, LDH, reticulocyte, and
haptoglobin levels (data not shown). Two further 5-FU/
LV-treated patients were noted to have elevated bilirubin
levels during the study.

The observed changes in bilirubin, LDH, haptoglo-
bin, and reticulocytes (Tables 3, 4; Figs. 2, 3, 4), along
with the episodes of hemolytic anemia (Table 5), suggest
that the hyperbilirubinemia observed in a number of
patients may occur as a result of hemolysis.

Changes in other hematologic parameters

In both groups of patients, mean hemoglobin levels re-
mained relatively constant during treatment (Tables 3,
4). The majority of patients were mildly anemic at study
entry, a typical observation in a colorectal cancer pop-
ulation. Increases in MCV over the course of the study
were observed in both treatment groups (Fig. 5). The
effect of treatment on MCV was reversible, with mean
volumes decreasing following the end of treatment
(Fig. 5).

Discussion

Analysis of the two groups showed treatment with both
capecitabine and 5-FU/LV to be associated with time-
dependent alterations in hemolytic parameters, includ-
ing bilirubin, LDH, and haptoglobin. These changes
were clinically insignificant and reversible, with all
parameters returning to baseline after discontinuation of
chemotherapy. In four capecitabine-treated patients,
changes in hemolytic parameters, in particular hyperbi-
lirubinemia, were associated with sub-clinical compen-
sated hemolytic anemia. The considerable difference in
sampling frequency in the capecitabine arm compared
with the 5-FU/LV arm—due to differences in treatment
cycle length and blood sampling times—precluded any

Table 5 Characteristics of hemolytic anemia in patients receiving capecitabine: onset, duration, and key laboratory abnormalities (most
abnormal concentration associated with hemolytic anemia is shown)

Patient no. 1 [2351] 7 [2359] 9 [2360] 4 [2369]

Episode 1 Episode 2

Day of onset 35 161 57 63 147
Duration (days) 91 64 14 8 3
Direct Coombs’ test Negative Negative Negative Negative ND
Abnormal laboratory parameters (normal range)
Total bilirubin (3.4–20.5 lM) 43.6 28.0 37.7 21.9 38.8
Direct bilirubin (0–6.85 lM) 9.2 – 8.8 – 26.4
LDH (230–460 U/l) 1060 736 504 506 639
MCV (80.0–99.9 fl/cell) – – – – 104.1
Reticulocytes ( £ 4%) 9.5 4.3 – 6.2 –
TIBC (46.4–68.5 lM) 79.4 76.0 71.6 80.4 121.2
Hemoglobin (130–170 g/dl)a 102 108 – 100 142
Haptoglobin (‡0.450 g/l) 0 1.38 – 0.19 ND
Serum iron (11–28 lM)a 5.4 6.5 1.4 9.4 62.0

LDH lactate dehydrogenase, MCV mean corpuscular volume, ND not determined, TIBC total iron binding capacity
a Normal range for males; all patients developing hemolytic anemia were male

Fig. 5 Impact of treatment on mean MCV during treatment with
capecitabine and 5-FU/LV
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comparison of changes occurring in the two treatment
groups. The most comprehensive data are available for
the capecitabine-treated patients, from whom weekly
samples were obtained. In the 5-FU/LV group, the
majority of samples were collected before the start of
each treatment cycle (i.e. 23 days after the last dose of 5-
FU/LV).

No grade 3/4 elevations in bilirubin occurred in either
group. Four of the seven patients who experienced hyp-
erbilirubinemia in the capecitabine group also experi-
enced grade 1 hemolytic anemia. These four cases of
hemolytic anemia were all mild, and a direct Coombs’ test
was negative in each of the three cases tested, suggesting
no association with immune causes. Increases in MCV
over the course of the study occurred in both treatment
arms, which may indicate that both treatments accelerate
the rate of erythropoeisis, potentially as a result of
treatment-related hemolysis. Increases in MCV without
concomitant anemia have been observed recently in pa-
tients receiving capecitabine [13]. In a retrospective review
of 76 consecutive patients with metastatic breast cancer
who received standard 21-day cycles of oral capecitabine,
MCV was found to increase in a dose-dependent and
time-dependent manner, with 57% of patients developing
macrocytosis (MCV > 100 fl) [13]. Development of
macrocytosis was shown to be independent of anemia,
thrombocytopenia, neutropenia, liver metastasis, and
hepatic dysfunction. In another study, 154 patients with
various malignancies received 21-day cycles of capecita-
bine as either monotherapy or in combination with other
antineoplastic agents [25]. A significant increase in MCV
compared with baseline was observed within 9 weeks of
treatment, in the absence of any other hematologic
abnormalities or clinical symptoms. The increase in MCV
was higher in patients with tumor remission or stable
disease compared with patients with tumor progression.
The authors of this study hypothesized that an increase in
MCV might occur as a result of 5-FU-mediated inhibi-
tion of thymidylate synthesis, leading to slow formation
of erythroid cell DNA [25].

Due to the small number of patients studied, and the
collection of fewer samples during the active treatment
phase in the 5-FU/LV group, definitive conclusions
about the impact of 5-FU/LV treatment on hemolytic
parameters cannot be drawn. Results suggest that
treatment with 5-FU/LV is also associated with altera-
tions in hemolytic parameters. These findings, in con-
junction with those observed in other clinical trials of
oral fluoropyrimidines and i.v. 5-FU [12, 6, 10, 21],
imply that alterations in hemolytic parameters may
represent a fluoropyrimidine class effect. However, the
frequency of hemolytic abnormalities appears to be less
with 5-FU/LV than with the oral fluoropyrimidines,
capecitabine, UFT and eniluracil. This may be due to
differences in the metabolism of oral agents and 5-FU/
LV, or alternatively, may be a dose/schedule-related
phenomenon. Oral fluoropyrimidines enable chronic
dosing that provides more prolonged exposure to 5-FU
compared with bolus i.v. 5-FU/LV.

Several case reports of hemolytic anemia associated
with the administration of 5-FU [12, 19] and UFT [26]
have been reported in the literature. One of these pub-
lications by Zurita Saavedra et al. [26] reported a case of
hemolytic anemia in a patient who received UFT for
metastatic colon cancer. The authors noted that the
temporal relationship between UFT intake and the
appearance of the hemolytic anemia, and the rapid
recovery and lack of relapse after the drug was stopped,
was suggestive of a causal relationship. Interestingly,
hemolytic anemia has also been associated with admin-
istration of a number of other cytotoxic agents including
oxaliplatin [8], carboplatin [17], cisplatin, methotrexate,
melphalan, and doxorubicin [9]. Physicians should al-
ways consider the possibility of drug-induced hemolytic
anemia in any patient who has a sudden or unexplained
drop in hemoglobin concentration while undergoing
chemotherapy.

In conclusion, our findings add to the small body of
literature describing hemolytic anemia in patients
receiving cytotoxic therapy. This small pilot study gen-
erates the hypothesis that hemolysis might be the
mechanism potentially underlying the development of
hyperbilirubinemia in patients receiving fluoropyrimi-
dines. The observed alterations in hemolytic parameters
suggest that fluoropyrimidines may exert a class effect
that is fully reversible after cessation of therapy. Con-
sidering a previous hypothesis that the increase in MCV
is due to 5-FU-mediated inhibition of thymidylate syn-
thetase in erythroid cells (leading to inhibition of DNA
synthesis) [25], we speculate that hemolysis may occur
because of defective formation of the red cell membrane
that results from fluoropyrimidine-mediated thymidylate
synthetase inhibition in erythroblasts. However, further
studies are warranted to clarify the mechanism of
hemolysis in patients treated with fluoropyrimidines.

For patients with colorectal cancer, capecitabine of-
fers consistent efficacy and safety benefits over i.v. 5-FU/
LV, in both the metastatic and adjuvant settings.
Capecitabine also offers patients a more convenient
treatment option that can be administered at home, and
which avoids the medical complications and psycho-
logical distress associated with venous access. As the
oral agents are now enabling new adjuvant strategies
and long-term maintenance chemotherapy, the exami-
nation of their impact on hemolytic parameters and
possible clinical implications of hemolysis is becoming
increasingly important.
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