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Abstract

To explore the association between hydration volume and laboratory findings, and between
calculated fluid balance and changes in clinical signs of dehydration and fluid retention in
terminally ill cancer patients, a secondary analysis of a large muliicenter, prospective,
observational study was performed. The study enrolled 125 abdominal cancer patients who
recetved laboratory examinations in the last week before death. Patients were classified into
two groups: the hydration group (n = 44), who received 1 L or more of artificial hydration
per day both 1 and 3 weeks before death, and the nonhydration group (n= 81). The mean
albumen level 1 week before death was significantly lower in the hydration group than in the
nonhydration group, and the interaction between hydration group and decrease in the
albumin level was statistically significant after adjusting multiple covariates (from

2.8 0.68 mg/dL 3 weeks before death to 2.4+ 0.56 mg/dL 24 hours before death in the
kydration group vs. a decrease of 2.8 0.53 to 2.6+ 0.45 mg/dL in the nonhydration
group, P = 0.015). There was no significant difference between the groups in the mean blood
urea nitrogen/creatinine, sodium, or potassium levels 1 week before death. Among 53
patients who had oral fluid intake of less than 500 mL/day throughout the last 3 weeks and
completed a fluid balance study, the median of calculated fluid balance was —400 mL/day
3 weeks before death, —521 mL/day I week before death, and —421 mL/day 24 hours before

Address reprint requests to: Tatsuya Morita, MD, Hamamatsu, Shizuoka 433-8558, Japan. E-mail:
- Department of Palliative and Supportive Care, tmorita@sis.seirei.orjp

Palliative Care Team and Seirei Hospice, Seirei Mi-

katahara General Hospital, 3453 Mikatahara-cho, Accepted for publication: June 23, 2005

© 2006 U.S. Cancer Pain Relief Committee 0885-3924/06/%-see front matter

Published by Elsevier Inc. All rights reserved. doi:10.1016/j jpainsymman.2005.06.015



Vol. 31 No. 2 February 2006 Artificial Hydration Therapy, Laboratory Findings, and Fluid Balance 131

death. Calculated fluid balances did not significantly differ between the patients with
deterioration of dehydration signs, edema, ascites, and pleural effusion during the final 3
weeks and those without. These data suggest that active artificial hydration might result in
hypoalbuminemia, with no clear beneficial effects on normalizing blood urea nitrogen/
creatinine, sodium, or potassium levels. Fluid balance did not significantly correlate with
changes in dehydration— and fluid reiention—signs. Calculated fluid balance is not an
appropriate alternative to divect monatoring of patient sympioms. More studies are needed to
determine the clinical efficacy of artificial hydration for terminally il cancer

patients. ] Pain Symptom Manage 2006;31:130-139. © 2006 U.S. Cancm Pain Relief
Committee. Published by Elsevier Inc. All rights reserved.
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Introduction

The dehydration-rehydration problem is
one of the most important issues in the recent
literature on end-of-life care.’ Although the pri-
mary focus of medical treatment should be
placed on patient comfort in the late stages of
cancer, an empirical survey revealed that labo-
ratory findings still comprise an important fac-
tor when physicians determine the indications
for artificial hydration thempy Therefore, 1t
seems important to clarify the effects of artifi-
~cial hydration therapy on laboratory data in ter-
minally ill cancer patients. Existing empirical
studies have suggested that blood urea nitro-
gen (BUN).and creatinine levels tend to be
higher in patients who do not receive artificial
hydration therapy than in patients who receive

artificial hydration, but that mean sodium and -

potassium levels are essentially normal even
when artificial hydration therapy is not per-
formed.®® However, these studies were single
institution studies, and, to our best knowledge,
there are no multicenter prospective studies to
explore the association between hydration
practice and laboratory findings in terminally
il cancer patie'nts. Moreover, while a fluid bal-
ance study is a classical method for monitoring
the treatment effects of intravenous hydration
therapy,7’9 no studies have been reported
about its usefulness in palliative care settings.
The primary aims of this study were thus to ex-
plore the association between (1) hydration vol-
ume and laboratory findings and (2) calculated
fluid balance and the changes in clinical signs of
dehydration and fluid retention during the last
3 weeks of life in terminally ill cancer patients.

Methods

This was a secondary analysis of data collected
during a multicenter, prospective, observa-
tional study to investigate the associations
between hydration volume and patient symp-
toms in the last 3 weeks of life in términally
il paticnts.m’n The participants were consec-
utive, terminally ill cancer patients treated in 14
oncology units, 19 palliative care units, and 4
home-based palliative care programs in Japan.
Patients were considered potential participants
if they met the following inclusion criteria: (1)
older than 20 years; (2) life expectancy est-
mated by 2 physician to be 3 months or less;
and (3) incurable malignancy of lung or ab-
dominal origin (excluding hepatic malignan-
cies). Exclusion criteria were (1) liver
cirrhosis, renal failure, nephritis syndrome,
protein-losing enteropathy, intra-abdominal-
shunt for ascites, hypercalcemia, endocrine
disorders, and vital organ complications unre-
lated to underlying malignancies; (2) surgical,
radiological, or oncological treatments in the 3 -
weeks prior to study inclusion; (3) existing
communication difficulty; and (4) the use of
artificial enteral nutrition. Patients were en-

~ rolled from August 2002 to February 2003,

and followed up until March 2003.

To explore the association between hydration
volume and the laboratory findings in the final
week of life, we analyzed data for patients who
received laboratory examinations during the
last week. Laboratory examinations were per-
formed for clinical purposes, and we investigated
potential sampling bias by comparing the back-
grounds of the patients who did and did not
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receive laboratory examinations. To explore
the associations between calculated fluid bal-
ance and the changes in clinical signs of dehy-
dration and fluid retention, we analyzed data
from patients who achieved oral fluid intake
of 500 mL/day or less through the final $ weeks
and had complete fluid balance data. We chose
this population, because we believe strict meas-
urements of oral intake caused unacceptable
ethical and practical burden for patients.

The patients received ordinary treatments
from their institutions. From the time of study
inclusion, the primary responsible physicians
prospectively evaluated patients weekly as
a part of routine practice, and recorded fluid
balance variables, laboratory findings, and clin-
ical signs of dehydration and fluid retention
on a structured data-collecting sheet. As covari-
ates, we recorded primary and metastatic tu-
mor sites, performance status, amount of oral
intake of fluids, presence or absence of vomit-
ing, intestinal obstruction, requirement for
intestinal/ascites/ pleural drainage, and use
of diuretics.

This study was approved by the Institutional

Review Board of each hospital, and conducted
in accordance with the Helsinki Declaration.

Measurements

Clinical Signs of Dehydration and Fluid Reten-
tion. The rationale for this assessment sched-
ule was described in the original study %!
The degree of dehydration was assessed on

the basis of three physical findings: moisture -

on the mucous membranes. of the mouth (0:
- moist, 1. somewhat dry, 2: dry), axillary mois-
ture (0: moist, 1. dry), and sunkenness of
eyes (0: normal, 1: slightly sunken, 2: sunken).
These signs were selected due to their signifi-
cant correlations with biological dehydration,
as previously confirmed in elderly patients **7#
Ad hoc dehydration score (range 0-5) was
calculated as the total of these three scores.
A higher score thus indicated a higher level
of dehydration.

‘The severity of peripheral edema was deter-
mined through the examination of seven re-
gions: the hands, forearms, upper arnms, feet,
lower legs, thighs, and trunk. Peripheral edema
severity was scored based on the degree of
increased skin thickness in the middle of each
region (0: none; 1: mild, thickness of <5 mm;

2: moderate, 5-10 mm; 3: severe, >10mm).
The peripheral edema score (range 0-21) was
calculated as the total of the severity scores for
the seven regions. A higher score indicated
mofe severe edema. ,

"Pleural effusion and ascites were each rated
on a scale of 0-2 (0: physically nondetectable,
1: physically detectable but asymptomatic, 2:
symptomatic or tense ascites). We did not use
diagnostic imaging to determine pleural effu-
sion and ascites severity, due to unacceptable
burden for patients.

Fluid Balance. For calculations of fluid bal-
ance, we recorded volume of urine, -fluid
drainage (intestinal, pleural, or ascites), and
vomiting as output data. These parameters
were measured based on clinical’ require-
ments. The daily volume of fluid drainage
and vomiting was defined as the mean value of
total daily volume in the previous week. Fluid
balance was calculated by subtracting the total
daily output (the total amount of urine, vomit-

ing, and intestinal, pleural, and ascites drain-

age) plus insensible wateir loss (assumed as .
500 mL/day) from the total daily volume of
artificial hydration.>*%! Oral intake fluid
was not included, because all patients enrolled
in this analysis consumed 500 mL/day or less
throughout the last 3 weeks.

Statistical Analyses
Due to its exploratory nature, we performed
multiple analyses in this study.

Association Between Hydration Volume and Labora-
tory Findings. We divided patients into two
groups: those who received artificial hydration
of 1L/day or more during both 1 week and
5 weeks before death (hydration group) and
those who did not (nonhydration group).
This classification was determined on the basis
of actual data distributions, and the other clas-
sifications achieved similar results.

First, we compared the albumin, BUN/creati-
nine, sodium, and potassium levels in the last
week between the hydration and nonhydraton
groups. Second, we compared the prevalence of
hypoalbuminemia (<2.0 g/L), azotemia (BUN/
creatinine >72), hypernatremia (>145 mmol/
L), hyponatremia (<130 mmol/L), and hyperka-
lemia (>6.0 mmol/L) in the last week between
the groups. Third, we examined the interactions




Vol. 31 No. 2 February 2006

Artificial Hydration Therapy, Laboratory Findings, and Fluid Balance 133

between hydration group and the changes in al-
bumin, BUN/creatinine, sodium, and potassium
levels during the last 3 weeks with repeated mea-
surement analysis. The last analysis was conducted
only on the patients who had laboratory examina-
tionsboth % weeks and 1 week before death. To ad-
just for the potential effects of covariates, we
compared the frequency of each covariate be-
tween the hydration and nonhydration groups,
and thereafter, we conducted subgroup analyses
for patients with covariates whose frequency was
significantly different between the groups. In ad-
dition, we calculated adjusted Pvalues by entering
the covariates into the repeated measurement
analysis models.

Associations Between Calculated Fluid Balance and
Clinical Signs of Dehydration and Fluid Reten-
tion. We compared the calculated fluid balan-
ces 1 week before death between the patients
whose dehydration and edema scores in-
creased (by three or more points) and ascites
and pleural effusion scores increased (by one
or more point) in the final 3 weeks and those.
whose scores did not increase. Then, we calcu-
lated correlation coefficients between calculated
fluid balance and the changes in these scores
during the last 3 weeks.

Univariate analyses were conducted using
the Chi-square test (Fisher’s exact methods),
Student’s #test, or Mann-Whitney Uttest, where
appropriate. All analyses were performed us-
ing the Statistical Package for Social Science
(ver. 11.5).

Results

Of 734 patients initially recruited, 424 pa-
tients were excluded due to short administra-
tion pericds of less than 3 weeks (n=323),
longer survival over observation periods
(n=135), prior communication difficulty
(n=133), medical complications (n=27), dis-
charge (n=D5), or use of artificial enteral nutri-
ton (n=1). Thus, a total of 310 patients
completed the original study, and 226 patients

had abdominal malignancies. For this study, -

data from a total of 125 patdents (556%) who re-
ceived laboratory examinations during the last
week were analyzed. There were no statistically
significant differences in patient age, gender,
primary site, performance status, or treatment

Table 1
Characteristics of Included and Excluded
Patients with Abdominal Malignancies.

Incduded Exciuded
(n=125) (n=101) P
Age 6713 6910 035
% (n) % ()
Gender (male) 49 (61) 46 (45) 0.53
Primary site .
Stomach 38 (48) 26 (26) 0.39
Colon 22 (27) . 14 (20)
Pancreas 14 (17) 12 (17)
Rectum 14 (18) 12 (18)
Bile duct o 4.0(5) 4.8 (7)
Ovary . 40 (5) . 3.4 (5)
Others =~ . 7.2 (8) 5.5 (8)
Performance status at enrollment
=2 23°(29) 19 (19) 0.20
3 39 (49) 43 (43)
4 38 (47) 39 (39) -
‘Treatment settings
Oncology 26 (32) 17 (17) 0.11
Palliative ‘74 (93) 84 (84)
care/home e .

settings between the ;included and excluded
patients (Table 1).

Association Between Hydration Volume
and Laboratory Findings

Table 2 summarizes patient characteristics of
the hydration and nonhydration groups. There
were significant differences in the frequency
of peritoneal metastases, the degree of oral in-
take of fluids, and the frequency of intes-
tinal drainage between the groups. The mean
hydration volume in the hydration group was-
1458 + 514 mL/day 3 weeks before death,
1296 + 413 mL/day 1 week before death, and
857 4+ 622 mL/day 24 hours before death.
Hyperalimentation was performed in 59% of
the hydration group (n = 26) 3 weeks before
death and in 27% (n = 12) 24 hours before
death. All artificial hydration was performed

via intravenous routes.

Albumin, BUN/Creatinine, Sodium,
and Potassium Levels in the Last Week

In the entire sample, in the subgroups of pa-
tients with peritoneal metastases, and in the
subgroups of patients with oral intake of fluids
<500 ml./day, the mean albumin levels were
significantly lower in the hydraton group
than in the nonhydration group (Table 3).
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Table 2
Patient Characteristics of Hydration and Nonhydration Group
Hydraton Group (n=44) Nonhydration Group (n=2_81) P
Age 66+ 14 6812 0.41
' % n % n
Gender (male) 55 (24) 46 (37) 0.34
Primary site 0.082
Stomach 55 (24) 30 (24)
Colon 18 (8) 23 (19)
Pancreas 16 (7) 14 (11)
Rectum 4.5 (2) 14 (11)
Bile duct 2.8 (1) 4.9 (4)
Ovary 0 6.2 (5)
Others 4.5 @) 8.6 )
Metastatic sites
Lung 14 (6) 25 (20) 0.15
Pleura 18 (8) 21 (17) 0.71
Liver 43 (19) 46 (37) 0.79
Peritoneum 77 (34) 59 (48) 0.043
Complications and treatments ,
Oral intake fluids <500 mL/day 1 week before dcath 84 (37) 52 (42) <0.001 -
Vomiting 39 (1N 27 (22) 0.19
Intestinal obstruction 66 (29) 54 (44) 0.21
Intestinal drainage 30 (13) 7.4 (6) <0.001
Ascites drainage 18 (8) 9.9 (8) 0.18
Pleural drainage 2.8 (1) 2.5 (2) 1.0
. Diuretics 54 (15) 41 “(38) 0.47
There were no significant differences in mean in the subgroup of patients with oral intake of
- BUN/creatinine, sodium, or potassium levels fluids <500 mL/day, with a marginal statistical
between the groups. significance. There were no significant differ-
ences in the prevalence of azotemia, hyperna-
tremia, or hyperkalemia between the groups.
Prevalence of Hypoalbuminemia, Prerenal s ' sroup
Azotemia, Hyper/Hyponairemia, and
Hyperkalemia in the Last Week Inieraction Between Hydration Group and
In the entire sample and in the subgroup of the Changes in Albumin, BUN/ Creatinine,
patients with oral intake of fluids <500 mL/ Sodium, and Potassium Levels During the
day, the prevalence of hypoalbuminemia was Last 3 Weeks
significantly higher in the hydration group Atotal of 93 patients (74% of 125 analyzed pa-
than in the nonhydration group (Table 4). tients) received laboratory examinations both 3
The prevalence of hyponatremia tended to be weeks and 1 week before death. There were no
higher in the hydration group than in the non- statistically significant differences in patient
hydration group, both in the entire sample and age, gender, and primary site between the
Table 3

Laboratory Findings in the Last Week

Padents with Peritoneal

Patients with Oral Intake

All samples Metastasis Fluids <500 mL/ day
Hydration Nonhydration Hydration Nonhydration Hydration Nonhydration
Group Group Group Group’ Group Group
(n=44) (n=281) P (n= 34) (n=48) P (n=387) (n=42) P
Albumin (g/L) 24052 27050 0005 24049 27+055 0025 24053 927+ 0.50  0.005
BUN/creatinine 46 = 20 40 £ 21 0.18 48+ 20 40 =18 0.069 48 = 20 42 + 22 0.19
Sodium (mmol/L) 135+ 6.4 136 % 5.3 048 136+ 6.6 13550 0.32 135 +£6.6 136 5.1 0.33
‘Potassium (mmol/L) 44 +0.72 44088 091 43+ 073 ©3=084 091 43072 434098 093
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Table 4
Prevalence of Abnormal Laboratory Findingsin the Last Week
Patents with Patientswith Oral Intake
All Samples Peritoneal Metastasis Fluids <500 mL/day
Hydration Nonhydraﬁon Hydration Nonhydration Hydration Nonhydration
Group Group Group Group Group Group
(n=44) (n=81) (n=34) (n=48) (n=37) (n=42)
% n % - =n P % n % n P % n % n P
Hypoalbuminemia 23 (10) 8.6 (7) 0.028 21 (7) 10 () 020 24 (9) 4.8 (2) 0.020
(<2.0 g/L) -
Prerenal azotemia® 11  (5) 6.2 ~(5) 037 12 (4 4.2 2) 029 14 (B) 7.1 (3) 0.39
Hypernatremia 6.8 (8) 4.9 (4) 070 88 (3) 2.1 (1y 031 81 (8) 4.8 (2) 0.66
(>145 mmol/L)
Hyponatremia 27 (12) 14 (11) 0074 21 (7 19 (9 081 27 (10) 12 (5) 0.087
(<130 mmol/L) . .
Hyperkalemia 0 49 (4 . 030 29 (1) 83 (4) 0.39 0 4.8 (2) 050
(>6.0 mmol/L) '

“BUN/creatinine >72.

‘nonhydration group). There were no signifi-
cant interactions between the hydration group
and changes in the BUN/creatinine, sodium,
or potassium levels during the last 3 weeks (34
=+ 15, 3 weeks before death, to 44 £ 17, 24 hours
before death in the hydration group, vs. 31 £ 17

patients who had laboratory data at the two
points in time and those who had only one-
point data (data not shown). Fig. 1 demon-
strates that there was a statistically significant in-
teraction between hydration group and
changes in albumin level (2.8 & 0.68 mg/dL 3

~ weeks before death to 2.4 & 0.56 mg/dL .24
hours before death in the hydration group vs.
2.8 £ 053 to 2.6 = 0.4bmg/dL in the

g/L Albumin
2.9
P=0.015.

2.8

\
2.7 \\;:;;
2.6 A \ =
2.5
2.4 \
2.3

3 weeks before death 1 week before death

mmol/L Sodium

140

P=0.67
138

136 s

o/,,/"

3 weeks before death

45

/ P=0.58
40

35

30

mmol/L
5.

>

Lo
’

.B

t0-39 = 20 in the nonhydration group; 134 +
6.1 to 136 & 6.6 mmol/L vs. 185 + 4.7 to 136
+ 5.8 mmol/L; 44 £ 0.65 to 44 =+ 0.68

BUN/creatinine

3 weaks beforas death 1 week before death

Potassium
0

P=0.75

[

1 week before death

3 weeks before death

1 week before death

Fig. 1. Association between hydratmn pracnce and changes in laboratory ﬁndmgs (O) Hydration group
(n-—- 37); (@) nonhydration group (n=>56).
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Table 5

Fluid Balance in the Final 3 Weeks (n=53)

3 Weeks Before Death

1 Week Before Death 24 Hours Before Death

Calculated fluid balance
Median (range)
Ranges

—400 (—1600, 757)

~521 (—1750, 493) -421 (—2086, 1057y

<~1000 mL/day 9.4% (n=5) 19% (n=10) 18% (n="1)
—1000 to —500 mnlL/day 38% (n=20) 36% (n=19) 89% (n=17)
—499 to 0 mL/day 38% (n=20) 34% (n=18) 34% (n=18)
1-500 mL/day 11% (n=6) 11% (n=16) 17% (n=9)
>500 L/ day 3.8% (n=2) ) . 38% (n=2)
Output data ‘
Urine volume (mean, ml/day) 951 +492 876 1478 590 - 460
Drainage volume (median, mL/day)
Vomiting 29 (n=12) 71 (n=28) 14 (n=17)
Intestinal 160 (n=19) 116 (n=12) 127 (n=16)
Ascites 214 (n=6) 157 (n=>5) ' 0
Pleural effusion 286 (n=23) 71 (n=3) 186 (n=2)
mmol/L vs. 4.2 &+ 0.66 to 4.4 £ 0.91 mmol/L; Dhiscussion

respectively).

Associations Between Calculated Fluid
Balance and the Changes in Clinical
Signs .of Dehydration and Fluid Retention

Of 113 patients who consumed 500 mL/day ,

or less fluid intake orally throughout the last 8
weeks, 53 patients had complete fluid balance
data. There were no statistically significant dif
ferences in patient age, gender, and primary
site between the included and excluded pa-
tents, but the included patients were signifi-
cantly more frequently recruited from
oncology settings (data not shown). The per-

centages of patients receiving artificial hydra-

tion of 500 mL/day or more was 92% 3
weeks before death, 83% 1 week before death,
and 72% 24 hours before death.

Table 5 summarizes the fluid balance data
during the final 3 weeks. The percentage of pa-
tients with positive calculated fluid balance was
less than 25% throughout the three study
points.

The calculated fluid balance was not signiﬁ-A

cantly different between the patients with dete-
rioration in scores of dehydration, edema,
ascites, and pleural effusion during the last 3
weeks and those without (Table 6). Moreover,
the calculated fluid balance was not signifi-
cantly linearly correlated with the changes in
dehydration, edema, ascites, and pleural effu-
sion scores (p=0.012 and 0.93; p =0.051 and
0.72; p=0.14 and 0.30; p=0.085 and 0.55,
respectively).

"This is, to the best of our knowledge, the
first multicenter prospective study to explore
the association between artificial hydration
practice and laboratory findings, as well as be-
tween fluid balance and clinical signs of dehy-
dration-and fluid retention in the last week of

- life in terminally ill cancer patients.

One of the important findings of this study
was that active hydration was significantly asso-
ciated with hypoalbuminemia. This interaction
of artificial hydration with the changes in albu-
min levels during the last 3 weeks remained
statistically significant after adjusting multiple

Table 6
Fluid Balance of the Patients With
and Without Deteriorated Scores of”
Dehydration and Fluid Retention

Mean Median
(mL/day) (mL/day) P

Dehydration score” 0.79
+3 ormore (n=11) —475+45% 400
+2 or less (n=42) ~572 £ 547 -572

Edema score® 0.87
+3 or more (n=20) —~5821542 —450
+2 or less (n=33) —534 45924 —-549

Ascites score® 0.23
-+1 or more (n=10) —36521518 —250
0 or less (n=43) —596 =524 —585

Pleural effusion score® 0.14
+1 or more (n=25) —284 £ 773 93
0 or less (n=48) —580 =487 —572

“Calculared from three physical findings. A higher score indicates
2 higher level of dehydration, with possible range of 0-5,
‘Calculated from seven physical findings. A higher score indicates
a higher level of peripheral edema, with possible range of 0-21.
‘Rated as 0 (physically nondetectable) to 2 (symptomatic),
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covariates. The potential mechanism of this
phenomenon includes - dilution by a large
amount of fluids in artificial hydration therapy,
and this finding supports a clinical assumption
that excessive artificial hydraton could result
in fluid retention through decrease in colloid
osmotic pressure. 191617

The second important finding of this study
was that, even when artificial hydration was
not actively performed, sodium and potassium
levels in the last week were within essentially
normal ranges in a great majority of patients.
In this study, median of calculated fluid bal-
ance was —400 mL/day or less throughout

the last 3 weeks and only 20% of the patients

had positive fluid balance. Nonetheless, hyper-
natremia and hyperkalemia were identified in
less than 10% of the patients. These findings
are consistent with preliminary empirical find-
ings from hospice settings that, even in pa-
tients “who received no artificial hydration,
mean sodium and potassium levels were within
normal ranges.>®® Therefore, it is assumed

that serious sodium and potassium imbalance:

1s not always common in terminally ill cancer
patients, even if they do not receive active arti-
ficial hydration. These results suggest that the
physiology of water metabolization in the ter-
minal stage of cancer might be different
from thatin healthy or acute stage patients, be-
cause insensible water loss, depending on calo-

ric expenditure, might be smaller in patients

with cachexia and lower mental acu'vity,g’15
“and/or because fluid shift could occur from
the third space to the Intravenous component.
Physiological studies to clarify water metabo-
lism and amount of water required for termi-
nally ill cancer patients are strongly needed.
Of special note was that BUN/creatinine
levels constantly increased in the last 3 weeks
regardless of whether the patients received
artificial hydration therapy or not. This finding
supports a hypothesis suggested by an observa-
tional study on a small number of abdominal
cancer patients that the pathophysiology of de-
hydration in terminally ill cancer patients is in-
travenous water depletion caused by fluid shift
from the intravascular component to the inter-
stitial spaces, not total body dehydration.” It
suggests that artificial hydration therapy does
not always alleviate water depletion under the
condition in which administered water cannot
be maintained in the intravascular component,

due to increased membrane permeability and/
or decreased colloid osmotic pressure.

The third important finding of this study is
that calculated fluid balance was not strongly
associated with changes in clinical signs of de-
hydration and fluid retention. This finding re-
flects a hypothesis that not total fluid deficit
but fluid shift from intravascular components
to interstitial spaces is a major factor in the de-
velopment of ﬂUId retention in terminally ill
cancer patients.’ 7 The clinical implication of
this finding is that fluid balance study is not
an appropriate alternative to direct evaluation
of patient symptoms.

This study clearly has multiple major limita-

‘tons, and interpretation of the findings re-

quires special caution. First, laboratory and
fluid balance studies were performed accord-
ing to clinical requirements, and all patients
did not receive these examinations. We believe,
however, that this is an acceptable limitation of
this study, because clinical research designed to
obtain these examinations from all terminally
ill patients is practically and ethically difficult
and would result in unacceptable recruitment
bias, and because patient backgrounds were
notsignificantly different between the included
and excluded patients. Second, this is an ob-
servational study, and therefore contains some
treatrnentbias. Third, study subjects were limited
to those with abdominal malignancies, and

. thus the results might not be applicable to other

patients. Fourth, because calculated fluid
balance did not include actually measured in-
sensible water loss and oral intake volume,
the fluid balance data calculated in this study
might be over or underevaluated. Fifth, we in-
vestigated only fluid volume, and electrolytes
or calories (hyperalimentation or not) adminis-
tered for each patient was not considered. Sixth,
reliability of the measurement schedule adop-
ted in this study was not formally established. Fi-
nally, the small sample size made several
statistical analyses difficultand limits generahza—
tion of the conclusions.

In conclusion, active artificial hydration
could result in hypoalbuminemia, with no
clear beneficial effects on normalizing BUN/
creatinine, sodium, or potassium levels, and
fluid balance does not strongly correlate with
actual changes in clinical signs of dehydradon
and fluid retenton. Calculated fluid balance
would not be an appropriate alternative to
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direct monitoring of ’p tjien: symptoms; More
study is clearly nee@edglt' determine the role
of artificial hydration therapy in the last

3 weeks for the terminally ill cancer patients.
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Appendix
Japan Palliative Oncology Study Group

The members of this group are Taketoshi Ozawa, MD, Palliative Care Unit, Yokohama Kosei Hospi-
tal; Chikako Kato, MD, Hospice, St. Francis Hospital; Yoshiyuki Kizawa, MD, Palliative Care, Tsukuba
Medical Center Hospital; Takeshi Okabe, MD, Okabe Clinic; Hiroyuki Kohara, MD, PhD, Palliative
Care, National Sanyo Hospital; Yasuo Shima, MD, Palliative Care, National Cancer Hospital East; Kaya-
- ko Shimamura, MD, Hospice, Kyuseigun Kiyose Hospital; Yoshikazu Chinone, MD, Palliative Care, Jap-
anese Red Cross Medical Center; Yoshi Tsukiyama, MD, Department of Palliative Medicine, Wakayama
Medical University; Junichi Tsunoda, MD, Palliative Care, Sannou Hospital; Kenji Nishitateno, MD,
General and Medical Director, Peace House Hospice; Akitoshi Hayashi, MD, Director of Hospice Ser-
vice, The Japan Baptist Hospital; Yoshifumi Honke, MD, Department of Palliative Care, Hiroshima
Prefectural Hospital; Hideaki Nagai, MD, PhD, Department of Palliative Medicine, National Tokyo
Hospital; Makoto Miyoshi, MD, Palliative Care, Kitakyushu Municipal Medical Center; Kinomi Yomiya,
MD, Palliative Care, Saitama Cancer Center; Fumiki Asanuma, MD, Department of Surgery, Kitasato
Institute Hospital; Yoshikazu Ashino, MD, Department of Surgery, Fukushima-rosai Hospital; Hisanao
Ohkura, MD, Medical Oncology Division, Ibaraki Kenritsu Chuo Hospital & Cancer Center; Hiroyuki -
Otani, MD, Department of Internal Medicine, Second Teaching Hospital, Fujita Health University
School of Medicine; Nobuhiro Tsukada, MD, Department of Internal Medicine, Saiseikai Center Hos-
pital; Nobuhisa Nakajima, MD, Department of Surgery, Sapporo Social Insurance General Hospital;
Akira Hoshino, MD, Department of Surgery, Iwate Prefectural Kitakami Hospital; Toshihiro Matsuura,
MD, Department of Gastroenterology, Chubu National Hospital; Takatsugu Kawagoe, MD, Depart-
ment of Surgery, Toki General Hospital; Takuya Aoki, MD, PhD, Respiratory Division, Department

of Internal Medicine, Saiseikai Central Hospital; and Takayukl Kaburagi, MD, Internal Medicine; Ibar-
aki Kenritsu Chuo Hospital & Cancer Center.
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Phase Il study of a 4-week capecitabine regimen in advanced

or recurrent gastric cancer
Junichi Sakamoto® Keisho Chin®,

Ken Kondo®, Hiroshi Kojima®,

d
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Ichinosuke Hyodo", Wasaburo Koizumi' and on behalf of the Clinical Study

Group of Capecitabine

Our objective was to evaluate the efficacy and safety of
capecitabine in chemotherapy-naive patients with
unresectable advanced or metastatic gastiric cancer. An
open-iabel multicenter phase 1l study was conducted for

previously untreated patients with advanced.or metastatic '

gastric cancer. Oral capecitabine 828 mg/m? twice daily
was given on days 1-21 every 4 weeks. Baseline
characteristics of 60 enrolled patients were: male/female
49/11, median age 64 years (range 28—74), good
performance status (ECOG 0-1) in 98% of patients and

, 27 patients had prior gastrectomy (45%). A median of

4 treatment cycies were administered (range 1-37). Five
patients were excluded from the efficacy analysis because
they did not meet eligibility criteria. The overall response
rate (RR) in the evaluable patient population (n=>55) was
26% [95% confidence interval (95% CI) 15-39%] and a
further 29% of patients had stable disease. The overall RR
in the intent-to-treat population (n=60) was 23% (95% Cl
13-36.0%). Median time to progression in the evaluable
patient population was 3.4 months (85% CI 1.8-8.1)

and overall survival time in the intent-to-treat population
was 10.0 months (95% Cl 6.4-13.6). The most frequent
grade 3/4 drug-related adverse event was hand—foot
syndrome (13%), but this was readily managed by
-treatment interruption and dose reduction. No. patients

Introduction

Since 5-fluorouracil (5-FU)-based chemotherapy prolongs
survival compared with best supportive care alone [1],
many phase III studies involving 5-FU-based combination
regimens for advanced gastric cancer have been reported
[2-4]. However, the definitive standard regimen has not
yet been established and 5-FU monotherapy remains as
one of the reference control regimens. The results of the
randomized JCOG9205 phase III study comparing 5-FU
continuous infusion (5-FUci) with 5-FU-cisplatin, and
uracil/tegafur—mitomycin C have recently become avail-
able [4]. These show that median overall survival does
not differ between 5-FUci and 5-FU-cisplatin, despite a
significant difference in response rate (RR) and progres-
sion-free survival (PFS) favoring 5-FU—cisplatin [4].

Capecitabine (Xeloda) is an oral fluoropyrimidine carba-
mate designed in Japan to deliver 5-FU preferentially

0959-4973 © 2006 Lippincott Williams & Wilkins

developed grade 3/4 drug-related diarrhea, vomiting,
leukopenia or thrombocytopenia. We conclude that this
4-week regimen of capecitabine showed promising activity
and was well tolerated as first-line therapy for advanced/
metastatic gastric cancer. Further investigation of this
regimen is warranted. Anti-Cancer Drugs 17:231-236 © 2006
Lippincott Wiliams & Wilkins.
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to tumor cells. After oral administration, capecitabine is
rapidly and extensively absorbed through the intestine
as an intact molecule, and is then metabolized to 5-FU
in three steps. In the first step, capecitabine is
hydrolyzed by carboxylesterase (primarily in the liver)
to form 5'-deoxy-5-fluorocytidine (5'-DFCR). The next
step is mediated by cytidine deaminase, which is
highly active in tumor cells and in the liver, and converts
5-DFCR t 5'-deoxy-S-fluorouridine  (5'-DFUR).
Thymidine phosphorylase (TP), which is significantly
more active in tumor tissue than in adjacent healthy
tissue, finally -converts 5-DFUR to 5-FU. With each
successive conversion step, capecitabine potentially
reduces the systemic exposure to 5-FU, while in-
creasing 5-FU delivery to tumor tissues [5]. Conse-
quently, capecitabine avoids some of the gastrointestinal

toxicities (e.g. diarthea) that are commonly observed
with 5-FU.
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Based on prelimmary clinical studies [6~8], capecitabine
1255mg/m® twice daily administered for 2 weeks
followed by a 1-week rest period was adopted globally
in many subsequent trials. However, in a Japanese phase I
study using continuous administration. of capecitabine
[9], the maximum tolerated dose (MTD) was 1255 mg/mZ
twice daily, with skin fissures and gastric ulcers noted
as the dose-limiting toxicities. Consequently, a 4-week
intermittent regimen (3 weeks of drug administration and
1 week of rest) of capecitabine 828 mg/m® twice daily was
recommended by the investigators as a Japanese regimen for
phase II studies [9]. This lower dose and prolonged
administration period was selected to sustain both safery
and dose intensity. In a small pilot study in patients with
advanced gastric cancer [10], this 4-week regimen of
capecitabine yielded a RR of 24% in chemotherapy-naive
patients and showed a good safety proﬁlc without severe
diarrhea.

On the basis of these fmdmgs, we conductcd a larger |

_phase II study with capecitabine to confirm the.activiry
and safety of this 4-weeck regimen in patients with
advanced gastric cancer. »

Patients and methods

Study design

This study was designed as an open-label multicenter
phase II study in accordance with the Good Clinical
Practice guidelines for clinical trials in Japan and the
Declaration of Helsinki. The study protocol was.approved
by the ethics committee of each institution. Written
-informed consent was obtained from all patients.

Patients

All patients had to have histologically confirmed gastric
cancer with measurable lesions. Eligibility criteria were as
follows: ECOG performance status 0-2, an expected
survival time of > 3 months and an age at enrolment of
20-75 years. Patients were required to meet standard
criteria for hematologic, hcpatlc and renal status:
lcukocytes 4000~12 000 cells/mm3; platelets = 100000
cells/mm?; hemoglobin > 9.0g/dl; GOT (AST), GPT
(ALT) and Al-p < 2.5 X upper limit of normal (ULN) for
the center; total bilirubin and creatinine < 1.5 x ULN.
Patients were required to be chemotherapy-naive (in-
cluding post-operative adjuvant chemotherapy) for gastric
cancer and to have received no radiotherapy to rtarger
lesions. Surgery and/or 1mmunothcrapy was to have
been completed 4 and 2 weeks prior to the initiation
gof capecitabine, respectively. Major exclusion criteria
were as follows: active peptic ulcer, pregnant or
lactating women, central nervous system metastases,
inability to take meals due to underlying disease and
blood rtransfusion within 2 weeks of the screening
blood test.

Dosage and dose modifications
Capecitabine 828 mg/m® was taken orally twice daily
within 30 min after breakfast and dinner. The acrual dose

«of capecitabine administered was determined according

0 the patxcnts body surface area (BSA) as follows:
BSA < 1.31 m? =900 mg/dose, 1.31m? < BSA < 1.64 m?
=1200mg/dose and BSA > 1.64m” = 1500 mg/dose.

dose of 600 mg twice daily was used when patients who
were treated initially at the lowest dose level needed dose
reduction. Each cycle of therapy consisted of 3 weeks
of administration of capecitabine and a 1-week rest period.
Parients were' scheduled to receive at least 2 cycles of
treatment unless they had disease progression, severe and
uncontrollable adverse events or withdrew . consent.

~ Throughout the study, chemotherapy (other than capeci-

tabine), immunotherapy, hormonal therapy and administra-
tion of systemic steroids were prohibited.

When drug-related grade 3 adverse events (excluding
anorexia, Rausea, vomiting, alopecia, - malaise, taste
abnormality, lymphopenia and increased bilirubin) oc-
curred, - capecitabine administration should be inter-
rupted until the-events had ‘resolved to grade 0 or 1.
Trearment could be restarted at the same dose after the
first interruption. After the second interruption, the dose
of capecitabine should be reduced to one level below the
starting dose (i.e. 600, 900 or 1200 mg/dose as appro-
priate), Study treatment was discontinued in patients
who developed grade 4 drug-related adverse evcnts,
cmccpt for lymphopenia.

Study assessments
Before enrollment, demographic charactcnsmcs, symptoms

and signs of disease were evaluated in each patient.

Laboratory, electrocardiography and imaging studies of all
lesions were also performed. The results served as baseline
data for the assessment of efficacy and safery. Toxiciries
were evaluated every 2 weeks during the first 2 cycles and
every 4 weeks thereafter. Drug compliance was reviewed at
the patients’ regular visits by retrieving drug boxes and

.checking unused rtablets. Survival in all parients was

monitored for 1 year after the last patient was enrolled.

Evaluation of response and safety )

Tumor responses were assessed every 4 weeks and
evaluated according to WHO response criteria [11].
Evaluation was performed by the investigators and an
Independcnt Review Committee (IRC).

Adverse events were assessed according to the Narional
Cancer Institute of Canada Common Toxiciry Criteria
(NCIG-CTQ) grading system [12]. Safety was evaluated
in all patients who received capecitabine trearment.
Hand—foot syndrome (HFS; palmar—plantar erythrody-
sesthesia) was classified based on clinical and functional
domains as outlined in Thable 1.
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Table 1 Grading scale of HFS

Grade Clinical domain Functional domain

1 numbness, dysesthesia/paresthesia, tingling, painless discomfort that does not disrupt normal activities

2 painful erythema, with swelling discomfort that affects activities of daily living

3 moist desquamation, ulceration, blistering, severe pain severe discomfort, unabie to work or perform activities of daily fiving

Statistical methods

The target number of patients for accrual was 60.- Given
an expected RR of 25%, a threshold RR of 10% and 2 one-
tailed probability of 0.025, the staristical power was 80%.
All eligible patients were included in the efficacy analysis.
The 95% confidence interval (CI) of the RR was
calculated by the exact method, assuming a binomial
distribution of data.

Trearment duration was defined as days from the initial
to the last administration of capecitabine. Dose intensity
was calculated by cumulative dose/treatment duration.
Time to tumor progression (T'T'P) was calculated as the
time from the first administration of capecitabine to
disease -progression or death, if the patient died before
progression. Overall survival was defined as the time from
study enrolment to death. These were calculated by the
Kaplan-Meier method.

Results

Patient characteristics

A toral of 60 patients were enrolled berween February
1999 and April 2001. Their baseline characteristics are
shown in Table 2. Median age was 64 years (range 28-74
years). The majority of parients had a good performance
status (0 or 1). The major metastatic sites were lymph
nodes and liver. All 60 patients received at least one dose
of capecitabine and were included in the safety analysis.
Although the investigators evaluated response in all
patients, five patients did not meet the eligibility criteria
(blood transfusion within 2 weeks preceding screening
test, and elevated white blood cell count, bilirubin and
AST at screening) and were excluded by the IRC.

Treatment duration

A median of 4 reatment cycles were administered (range
1-37). The median duration of treatment was 3.1 months
(range 0.1-35.8 months). The median cumulative dose of
capecitabine was 190 g (range 12-1629 g). Median dose
intensity was 1870mg/day (range 1198-3000 mg/day).
Twenty-one of 60 patients (35%) were treated for at least
20 weeks and 10 patients (17%) were treated for more
than 40 weeks. Reasons for treatment discontinuation
‘were progressive disease (72%), drug-related adverse
events (13%), adverse events not related to capecitabine
(8%) and other (ineligible patient, salvage surgical
therapy and withdrawal of consent). Compliance with
capecitabine was maintained over 90% in all patients.

Table 2 Patient characteristics at baseline (n=60)

No. patients %

Median age [years {range)) 84 (28-74)
Male/female 49/11 82/18
ECOG performance status

o] 44 73

1 : 15 25

2 1 2
Gastrectomy .

Yes ) 27 45

No 33 B5
Histology '

Differentiated ) 31 52

Undifferentiated 29 48
Nao. metastatic sites

1 45 75

>2 15 25
Sites of metastasis

lung | 2 3

fiver : 27 45

lymph node 41 68

others [§] 10
Efficacy

The anti-tumor efficacy of capecitabine is shown
in Table 3. The overall RR confirmed by the IRC in
55 evaluable patients was 26% (95% CI 15-39.0%),
including 7% of patients who showed a complete
response. The median duration of response in patients
with a complete or partial response was 8.8 months (range-
2.7-29.6 months). The median TTP was 3.4 months
(95% CI 1.8-6.1 months). On the other hand, the overall
RR in the intent-to-treat population was 23% (95% CI
13-36.0%). Median overall survival calculated in all
60 patients was 10.0 months (95% CI 6.4~13.6 months)
and the 1-year survival rate was 42%. The Kaplan-Meier
plot of overall survival is shown in Fig. 1.

Safety

Common drug-related adverse events were HFS (57%),
anorexia (28%), nausea (27%) and diarrhea (20%). The
majority were grade 1 or 2 (Fig. 2). The most frequent

. drug-related grade 3/4 adverse event was HFS (13%), but

it was managed relatively easily by treatment interruption
or dose reducrion. There were no episodes of grade
3/4 vomirting or diarrthea, which were defined as dose-
limiting toxicities in preliminary studies conducted in the
US and Europe [6,7].

Frequently reported drug-related laboratory abnormalities
were: lymphopenia (63%), decreased erythrocytes (55%),
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Table 3 Anti-tumor response of capecitabine

No. patients {%)

Assessed by Confirmed by IRC

investigators {(n="55; evaluable
(n=860; ITT population)
population)
Response
complete response (CR) 3(5) 4(7)
partial response (PR) 11 (18) 10 (18B)
stable disease (SD) 20 {33) 16 (29)
progressive disease 21 {35) : 19 (35)
Not evaluable® 5 (8) 6 {11)
Overall RR [% (95% Cl)] 23 (13-38) 26 {15-38)
Disease control (CR/PR + SD) rate (%) 57 55 (41-68)

“Inadequate post-baseline observation.

10.0 months (95% C| 6.4~13.6)

Survival (%)
o
o
i.
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Common treatment-related clinical adverse events (more than 15% of
patients).

decreased hemoglobin (50%), increased AST (GOT)
(38%), hyperbilirubinemia (37%), hyperglycemia (37%),
decreased hemarocrit (37%), leukopenia (32%) and
granulocytopenia (30%). Common grade 3/4 drug-related

laboratory abnormalities were lymphopenia (43%) and

hyperbilirubinemia (23%).

Treaunent was discontinued in eight patients due to
drug-related adverse events (increased bilirubin levels in
three patients, HFS in two partients, and anorexia,
rupture of abdominal aorric aneurysm and gastric
perforation in one patient each). Dose reduction was
needed in three patients with HFS, and one patient with
grade 2 leukopenia and granulocytopenia. One patient
died from ruprure of an abdominal aortic aneurysm after
the third cycle of treatment and this case was considered

- to be a treatment-related death.

Discussion

Capecitabine has shown consistently good efficacy and
tolerability in solid tumors, especially in colorecral cancer
[13,14] and breast cancer [15~17]. In addition, capecita-
bine offers the convenience of oral administration and has
an improved ‘tolerability profile compared with i.v. bolus
5-FU, resulting in less resource utilization in merastatic
colorectal cancer [18,19]. There are also several promis-
ing reports of capecitabine monotherapy [20,21] and
combination therapy [22,23] in advanced gastric cancer.
Currently, a couple of phase III trials including capeci-
tabine combination regimens are ongoing in Korea and
the UK [24]. Most of these trials are based on a 3-week
capecitabine schedule (2 weeks on and 1 week off).

We conducted a phase II study with a 4-week regimen of
capecitabine (given on days 1-21) according to the
recommendation of a Japanese phase I srudy [9], and
showed that this regimen was active and well tolerated
in advanced gastric cancer. The RR was 26%, mediar
TTP was 3.4 months and median overall survival was
10.0 months. These efficacy results seem to be similar to
those reported with the 3-week regimen of capecitabine
in Korea (# =44, RR 32%, median TTP 3.1 months and
median overall survival 9.5 months) [20] and Mexico
(n =18, RR 25%, median TTP 21 weeks, and median
overall survival 6.5 months) [21]. Although the dose
intensicy of capecitabine was lower in this study (median
1870 mg/day) than in the Korean study (median 3542 mg/
day) which used the 3-week schedule [20], the median
cumulative dose in our study (190g) was almost
equivalent to that in Korean study (183 g). This would
account for the similar efficacy observed in both studies.

In terms of safery, the majority of trearment-relared
adverse events were grade 1 or 2. The predominant
treatment-related grade 3/4 adverse event was HFS
(13%) — a well-known adverse event associated with
chronic fluoropyrimidine exposure and one of the most
common adverse events associated with capecitabine
treatment [19]. The prevalence and degree of HFS in
this study were similar to those reported with the 3-week
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regimen [20,21]. HFS was, however, never life threaten-
ing, and was managed relatvely easily with therapy
interruption and dose reduction. It is noteworthy that no
patients experienced grade 3/4 diarrhea or vomiting in the
present study with the 4-week regimen. This could be
due to the different dose and schedule used or ethnic
differences. The prevalence of severe diarrhea with
capecitabine was lower in Japanese than in Caucasians
in previous studies [6,7,9,10].

Although various laboratory abnormalities were observed,
frequently occurring (more than 10%) treatment-related
grade 3/4 abnormalities were limited to only two events,
i.e. lymphopenia (43%) and hyperbilirubinemia (23%). In
the current study, lymphocyte count was not specified in
the inclusion criteria and most patients already had grade
1 or greater lymphopenia at baseline. However, grade
3/4 leukopenia was not observed and grade 3/4 granuloc-
yropenia was seen in only one patient. The reason for the
high incidence of hyperbilirubinemia observed in the
present study was due to the toxicity criteria used.
Specifically, the definition of grade 3 hyperbilirubinemia
according to NCIC-CTC criteria is 1.5-3 x ULN. On the
other hand, the grade 3 criterion according to National
Cancer Institute Common Toxicity Criteria (NCI-CTC)
version 2 [25] is more than 310 x ULN. If this study was
reviewed according to NCI-CTC criteria, the incidence
of grade 3/4 hyperbilirubinemia would have been 8% and
it is similar to that reported with other oral fluoropyr-
imidines [26]. From these results, the current regimen
seems quite feasible in the treatment of advanced gastric
cancer, although the data are not yet adequate to compare
the safety profiles of the 3- and 4-week regimens.

Consequently, the efficacy and safery findings of the
present study suggest that a 4-week regimen of
capecitabine is a suitable alternative to the standard
3-week regimen. Further investigation of this regimen in
advanced gastric cancer is warranted.
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