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It has been reported that 7-ethyl-10-[4-(1-piperidino)-1-
piperidino]carbonyloxy-camptothecin (CPT-11) and its ac-
tive metabolite, 7-ethyl-10-hydroxy-camptothecin (SN-38),
have absorption characteristics of weakly basic drugs, sug-
gesting that alkalization of the intestinal lumen might reduce
reabsorption and its attendant side effects. Furthermore,
stasis of stools containing these compounds is thought to
induce damage to the intestinal mucosa. The prevention of
CPT-11-induced side effects by oral alkalization (OA) com-
bined with control of defecation (CD) was estimated in a
case-control study of lung cancer patients. Coinciding with
day 1 of CPT-11 infusion and for 4 days thereafter, OA and
CD were practiced utilizing orally administered sodium bi-
carbonate, magnesium oxide, basic water and ursodeoxy-
cholic acid. OA involved the daily use of all four therapeutics,
and CD required doses of up to 4.0 g/day of magnesium oxide
and 2 L/day of excess basic water. From three ongoing pro-
spective phase I/II studies, we selected 37 consecutive pa-
tients who were treated with CPT-11 in combination with
cisplatin in the presence of OA and CD (group B). Thirty-two
control subjects who were matched to the background char-
acteristics of the case patients were treated with the same
regimen in the absence of OA and CD (group A). Toxicities
induced by the CPT-11/cisplatin combination were evaluated
and analyzed in group A and group B in a case-control for-
mat. The use of OA and CD resulted in significantly higher
stool pH (p < 0.0001), while reducing the incidence of de-
layed diarrhea (> grade 2: group A 32.3% versus group B
9.4%; p 5 0.005), nausea (p 5 0.0001), vomiting (p 5 0.001)
and myelotoxicity, especially granulocytopenia (p 5 0.03)
and lymphocytopenia (p 5 0.034). In addition, dose intensifi-
cation was well tolerated in patients receiving OA and CD,
allowing dose escalation from 35.6 6 6.0 to 39.9 6 5.6 mg/
m2/week (p < 0.001). Tumor response rates for non-small
cell lung cancer were 59.3% (16/27 patients) in group B com-
pared with 38.5% (10/26 patients) in group A. Multivariate
analysis revealed that the risk of CPT-11-induced delayed
diarrhea greater than grade 2 was associated with OA and
CD (odds ratio for delayed diarrhea, 0.14 with use of OA and
CD; 95% confidence interval, 0.05 to 0.4; p 5 0.0002) and age
(odds ratio, 1.08 per increase in age; 95% confidence interval,
1.02 to 1.15; p 5 0.009). OA and CD appear to be useful in
preventing the dose-limiting side effects of CPT-11 noted in
clinical practice, mainly nausea, vomiting, granulocytopenia
and especially delayed diarrhea. Risk factors statistically as-
sociated with delayed diarrhea include advanced age and the
use of CPT-11 without OA and CD.
© 2001 Wiley-Liss, Inc.
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The topoisomerase I inhibitor irinotecan hydrochloride {7-eth-
yl-10-[4-(1-piperidino)-1-piperidino]carbonyloxy-camptothecin
(CPT-11)}1 hasbecomeoneof themoreprominent anti-neoplastic
drugs in clinical practice today.2–4 Encouraging response rates
have been noted in patients with refractory leukemia, lymphoma
and several common solid tumors such as non-small cell lung
cancer, small cell lung cancer, colon cancer and gynecologic

cancers.5–8This success has driven the use of CPT-11 as either a
monotherapy or in combination with other agents such as do-
cetaxel, cisplatin (CDDP) and etoposide.9–11 However, several
toxicities including severe delayed diarrhea and leukopenia pres-
ently limi t the use of CPT-11.5,10 Some studies have documented
success with high-dose loperamide in counter-acting delayed di-
arrhea when it appeared;12,13 however, there is still no effective
strategy for prevention of this dose-limiting side effect.

CPT-11 is hydrolyzed to active 7-ethyl-10-hydroxy-camptoth-
ecin (SN-38) by liver carboxylesterase.14 A portion of SN-38
undergoes subsequent conjugation to inactive SN-38 b-glucuro-
nide (SN38-Glu) by the hepatic enzyme, UDP-glucuronyltrans-
ferase.15 Recently, it has been discovered that the hepatic cyto-
chrome P-450 3A enzyme metabolizes CPT-11 to 7-ethyl-10-
[4-N-(5-aminopentanoic acid)-1-piperidino] carbonyloxy-campto-
thecin, which has a 500-fold weaker anti-tumor activity than
SN-38.16 CPT-11, SN-38 and SN38-Glu each contain an a-hy-
droxy-3-lactone ring that undergoes reversible hydrolysis at a rate
that is mainly pH dependent.17 Above physiologic pH, the non-
ionic, lactoneform isunstableand equilibrium favorshydrolysisof
the lactone ring, yielding the ionic, carboxylate form.17,18 Under
acidic conditions, the reverse reaction, i.e., reformation of the
lactone ring, is favored.17,18Al l of CPT-11, SN-38 and SN38-Glu
are secreted into bile by hepatocytes19,20 with subsequent excre-
tion into the small intestine.

We have previously shown that both CPT-11 and SN-38 were
reabsorbed by hamster intestinal cells and that the nature of the
intestinal transport displayed by these compounds suggested ab-
sorption characteristics of weakly basic drugs: 1) under acidic pH,
the non-ionic form of CPT-11 and SN-38 was transported pas-
sively; 2) at neutral/basic pH, the respective ionic form was ab-
sorbed actively; and 3) the uptake rate of the respective non-ionic
form (lactone) was higher than that of the ionic form (carboxy-
late).21 The intestinal transport of these compounds resembled that
of short-chain fatty acids, which were weakly basic compounds,
reported by Charman et al.22 and Bugaut.23 Therefore, alkalization
of the luminal content should reduce the intestinal uptake of
CPT-11 and SN-38. Indeed, respective rates of intestinal uptake
for CPT-11 and SN-38 were shown to be pH sensitive under
physiologic conditions, with uptake decreasing by more than 65%
at pH levels greater than 6.8.21 Furthermore, the cytotoxic efficacy
of SN-38 against HT-29 (a colon carcinoma cell line) cells has
been shown to correlate with its uptake into these cells, which is
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also a pH-dependent process (r5 0.987; correlation coefficient
obtained by the simple regression method).21

Intracellular accumulation of SN-38 has been shown within the
intestines of rats24 and is thought to be responsible for the diarrhea
attributed to CPT-11 in nude mice.25 In addition, disruption of the
cecal mucosa has been noted in mice and rats with CPT-11-
induced diarrhea.25–27 Cancer patients with an elevated biliary
index, a product of the area ratio of SN-38 to SN38-Glu and the
total CPT-11 area under the plasma concentration-time curve,
display a greater incidence of diarrhea.28 Collectively, these find-
ings support a prominent role for SN-38 in mediating both epithe-
lial damage and diarrhea. Moreover, we formerly observed a
patient who exhibited constipation upon administration of CPT-11
and found evidence of severe small intestinal injury that was
analogous to that seen in the animal models mentioned above.10

Noted at autopsy in this patient was the presence of pseudomem-
branous jejuno-ileitis, which appeared under light microscopy to
be characterized by disruption of the intestinal epithelium, sug-
gesting that diarrhea induced by intestinal damage could occur in
severe cases.

Both our experimental data and prior clinical experience indi-
cated that alkalization of the intestinal lumen and control of
defecation are critical to reducing reabsorption, damage of the
intestinal epithelium and other side effects associated with CPT-11
administration. We designed this case-control study with lung
cancer patients from a single institution to evaluate whether these
side effects could be reduced by oral alkalization (OA) combined
with control of defecation (CD).

MATERIAL AND METHODS

Patient selection
The patients and control subjects were selected consecutively

from three ongoing prospective phase I and II studies utilizing a
combination of CPT-11 and CDDP in the Department of Respi-
ratory Medicine at the International Medical Center of Japan.10

Between June 1997 and November 1998, a total of 69 patients who
met the following strict criteria were enrolled in these prospective
phase I and II studies: 1) histologic or cytological diagnosis of
either small cell lung cancer (SCLC) or non-small cell lung cancer
(NSCLC); 2) inoperability at the time of entry into trial,i.e., stage
III or IV NSCLC, according to the International Union Against
Cancer Classification, or SCLC; 3) no prior therapy or no residual
effects of prior treatment (more than 2 months after the previous
treatment); 4) age equal to or less than 76 years; 5) performance
status of 2 or better on the Eastern Cooperative Oncology Group
(ECOG) scale; 6) adequate bone marrow function (leukocyte
count. 4,000/ml; platelet count. 100,000/ml; hemoglobin con-
centration. 9 g/dl ), hepatic function (bilirubin, 1.5 mg/dl;
transaminases, 2 3 upper limit of that found normally) and renal
function (creatinine, 1.5 mg/dl); 7) life expectancy of at least 8
weeks; and 8) informed consent of the patient. We selected 37
consecutive patients who were treated with a combination of
CPT-11 and CDDP in the presence of OA and CD (group B).
Thirty-two control subjects who were matched to the background
characteristics of the case patients were treated with the same
regimen in the absence of OA and CD (group A).

Treatment
Nine patients were treated with combined chemotherapy con-

sisting of 60 mg/m2 CPT-11 and 30 mg/m2 CDDP on days 1, 8 and
15, with both agents given simultaneously.10 All the remaining
patients were treated with combined chemotherapy consisting of
60 mg/m2 CDDP on day 1 and 60 to 75 mg/m2 CPT-11 on days 1
and 8. With both schedules, a standard antiemetic combination of
metoclopramide, corticosteroid and a 5-hydroxytryptamine 3 (5-
HT3) receptor antagonist were given prophylactically by intrave-
nous infusion prior to the administration of CPT-11. A prophylac-
tic, orally administered 5-HT3-receptor antagonist was continued
for 4 days. In all cases, the dose of CPT-11 was withheld on

scheduled days in instances of leukopenia (,3,000/ml) and/or
diarrhea of grade greater than 1. Granulocyte-colony stimulating
factor (G-CSF) was administered when grade 3 toxicities of leu-
kopenia (,2,000/ml) and/or granulocytopenia (,l,000/ml) were
observed. Patients who exhibited either disease stabilization or
improvement received at least two courses of the same regimen,
and patients with obvious evidence of disease progression were
removed from the study. Prior to administering each course of
chemotherapy, the leukocyte and platelet counts had to exceed
3,000/ml and 100,000/ml, respectively. If more than 6 weeks had
elapsed from the time of the last treatment to satisfaction of these
criteria, the patient was removed from the study.

As these chemotherapeutic regimens included CDDP, it was
necessary to hydrate both groups A and B before administering
CDDP. This was especially applicable in group B patients, who
were required to drink the excessive basic water as part of their
controlled defecation therapy (see below). Patients medically un-
able to load sodium and water because of concomitant illnesses
were excluded from this treatment. Additional attention was nec-
essary in controlling defecation in those patients administered high
doses of morphine for pain control, as they tended to experience
narcotic-related constipation. Patients were treated with OA and
CD for prevention of CPT-11-induced delayed diarrhea. The OA
and CD treatment began coincident with the first day of CPT-11
and CDDP infusion and was continued for 4 days. OA involved
administering sodium bicarbonate and magnesium oxide (0.5 g
each, orally) after every meal and before sleep for a total of four
doses each per day, ursodeoxycholic acid (UDCA 100 mg, orally)
after every meal for a total of three doses per day and basic water
(pH greater than 7.2) continuously for a total of 1,500 to 2,000 ml
per day (Table I). The magnesium oxide and excessive basic water
given to patients in group B also served the purpose of CD. In an
effort to prevent constipation and permit defecation at least once a
day, patients were given magnesium oxide up to a total of 4.0 g per
day and basic water up to a total of 2,000 ml per day. In patients
who experienced watery diarrhea during OA and CD, magnesium
oxide was discontinued until symptoms resolved, while in cases of
soft stool, patients continued per the protocol.

TABLE I – TREATMENT TO PREVENT CPT-11-INDUCED SIDE EFFECTS

Contraindications and precautions
1. Patients who cannot load sodium and water with this

treatment (e.g.,cardiac failure, renal failure)
2. Patients who use morphine and have had constipation;

CPT-11 should be given to patients with regular
defecation (more than once a day)

Procedure for oral alkalization and control of defecation
The following oral administration should be started
immediately after the decision to use CPT-11 and should
continue for 4 days:

Rp. Sodium bicarbonate 2.0 g/day 43
Ursodeoxycholic acid 300 mg/day 33
Magnesium oxide 2.0–4.0 g/day 43
Basic water (pH. 7.2) 1,500–2,000 ml/day

for at least 3
days

5-HT3 receptor
antagonist

Regular oral use
from 2nd to 4th
days

Special considerations:
1. Magnesium oxide up to 4.0 g/day is regulated to prevent

constipation and provide for defecation at least once a
day. In case of watery diarrhea, oral administration of
magnesium oxide is stopped. In case of soft stool, it must
be continued.

2. On the day when CPT-11 is given, elevating the dose of
morphine and using loperamide should be avoided.

3. The contraindications and precautions for sodium
bicarbonate, magnesium oxide, ursodeoxycholic acid and
5-HT3 receptor antagonist should be kept in mind.
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In the case of diarrhea occurring on the day of CPT-11 and
CDDP infusion, the symptoms of cholinergic syndrome were
controlled with the use of anticholinergic drugs such as butylsco-
polamine or atropine.29 Delayed diarrhea, which typically pre-
sented 6 days after and beyond the initial CPT-11 administration,
was treated with a high dose of loperamide as previously de-
scribed.12 Patients with delayed diarrhea were given 2 mg of
loperamide on demand after every diarrheal episode. When this
approach did not succeed, the patient was managed with 2 mg of
loperamide every 4 hours routinely and continued until a 12-hour
diarrhea-free interval was achieved. Persistent or grade 3 or greater
diarrhea, despite loperamide therapy, warranted the use of intra-
venous hyperalimentation (IVH) for fluid management.

Determination of stool pH
During chemotherapy, the pH of the stool was determined using

stool samples collected by natural defecation from days 1 through
5 after CPT-11 and CDDP administration. Five grams of each stool
sample were added to 45 ml of distilled water, mixed well and
allowed to stand for more than 30 min at 20°C. After resuspension
of the solution, the pH was measured with the HM-14P pH meter
(TOA Electronics, Tokyo, Japan).

Evaluation
As part of the staging process, patients were evaluated by

physical examination, chest X-ray, bone scintiscan, computed to-
mography of the head, chest and abdomen and fiberoptic bron-
choscopy. Classification was in accordance with the tumor-node-
metastasis (TNM) staging system. Prior to receiving CPT-11-
containing chemotherapy, each patient was subjected to a complete
blood cell count (CBC) with differential (i.e., granulocytes, lym-
phocytes and platelets) to assess marrow status and serum chem-
istries, electrolyte analysis and urinalysis to evaluate renal and
hepatic function. The CBCs, serum chemistries, electrolyte anal-
yses, urinalyses and chest X-rays were performed at least once a
week after the initial evaluation. Tumor response was classified per
the World Health Organization criteria, while ECOG common
toxicity criteria (CTC) were used to grade organ system damage.
For the purpose of this study, we defined the duration of toxicities
as the length of time required to return to grade 1 status. For
constipation, grade 0 indicated no constipation or constipation
lasting 1 day; grade 1 was constipation for 2 days; grade 2
indicated constipation for 3 days; grade 3 indicated constipation
for more than 4 days; and grade 4 indicated severe paralytic ileus
or mechanical ileus.

Statistical analysis
Differences in patient characteristics between the two groups

were examined using Pearson’s chi-square test and the unpaired
t-test.2 The incidence of hematologic toxicities and non-hemato-
logic toxicities in the two groups were compared using chi-square
test or unpairedt-test. The unpairedt-test was used to detect
differences in stool pH between the two groups at the dose of 60
mg/m2 CPT-11. Variations in response rates to the chemotherapy
and in dose intensities between the two groups were analyzed
using Fisher’s exact test and the unpairedt-test, respectively. The
logistic regression model was used for both the univariate and
multivariate analyses to determine the variables associated with a
risk of CPT-11-induced delayed diarrhea greater than grade 2.
Cases with more than one missing value were excluded from
univariate testing, and only complete datasets were used in the
multivariate analysis. Calculations were performed using the Sta-
tistical Package for Social Sciences (SPSS) for Macintosh Medical
Pack version 6.0. Allp-values are two-tailed with ap-value, 0.05
considered statistically significant.

RESULTS

Thirty-two patients were treated with a combination of CPT-11
and CDDP in the absence of OA and CD (group A), while 37
received the same chemotherapeutic regimen but with the addition

of OA and CD (group B). Patient characteristics are listed in Table
II. Of the 69 patients, 18 were female and 51 were male. The mean
age was 61.5 years (range, 36 to 76 years). Sixty-one patients had
a performance status (PS) of 0 to 1. Forty-six patients had no prior
treatment. All patients had primary lung cancers (58 NSCLC, 11
SCLC), with 58 staged as either III-B or IV disease, 9 staged as
III-A and 1 each of stage II-A and I-B. Of the nine cases with stage
III-A disease, one had SCLC, and the remaining eight had NSCLC
with bulky N2 disease. Each of the two patients with either stage
I-B or II-A disease had SCLC. There were no statistically signif-
icant differences found between clinical characteristics of groups
A and B (Table II). In addition, there was no significant difference
noted in pretreatment serum bilirubin (total and indirect) between
groups A and B.

pH of the stool
The stool pH was determined in both groups using samples

collected by natural defecation from days 1 through 5 after CPT-11
and CDDP administration. We examined 9 stool samples collected
from four patients in group A (no OA and CD treatment) and 16
samples from five patients in group B (treated with OA and CD).
Figure 1 illustrates our observation that stool pH from OA and
CD-treated patients (mean pH6 SD; 9.26 0.44) was significantly
higher than that of stools from control patients (mean pH6 SD;
7.0 6 0.66). These results suggest that our OA and CD program
was effective at raising intraluminal pH.

Hematologic toxicity
Hematologic toxicity was evaluated for each course of combi-

nation chemotherapy administered (Table III). In total, 150 courses
of chemotherapy were given, 65 to group A patients and 85 to
group B patients. With respect to leukopenia, there was no signif-

TABLE II – CHARACTERISTICS OF PATIENTS

Group A1 Group B2 p-value

No. of patients 32 37
Sex (M/F) 24/8 27/10 0.853

Mean age (yr)
(range)

60.4 (44; 76) 62.4 (36; 76) 0.384

Performance status
(ECOG)

0 7 11
1 23 20
2 2 6 0.253

Prior therapy
None 21 25
Present 11 12 0.863

Operation 2 6
Radiation 1 1
Chemotherapy 8 5

Diagnosis
Small 5 6
Non-small 27 31 0.953

Adeno 24 23
Squamous 3 7
Large 0 1

Stage
IV 28 26
IIIB 4 11 0.153

IIIB 1 3
IIIA 2 7
IIA 0 1
IB 1 0

Serum bilirubin
level before
treatment
(mg/dl)

Total 0.506 0.16 0.486 0.20 0.614

Indirect 0.456 0.17 0.456 0.18 0.974

1Without oral alkinization (OA) and control of defecation (CD).–
2With OA and CD.–3Chi-square test.–4Unpairedt-test.
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icant difference in the incidence of ECOG grade 2 or greater
toxicity between the two groups (p 5 0.053; chi-square test);
however, the mean nadir leukocyte count in group A was signif-
icantly lower than that in group B (p 5 0.031; unpairedt-test).
Although the actual dose intensity of CPT-11 was increased in
group B (as described below), grade 3 or 4 leukopenia only
occurred in 7.1% of these patients, whereas 23.1% of group A
displayed this side effect (p 5 0.0076; Fisher’s exact test). Grade
2 or greater granulocytopenia was observed significantly less often
with the use of OA and CD (p 5 0.030; chi-square test). No
significant difference in the mean nadir granulocyte count between
the two groups (p 5 0.078; unpairedt-test) was noted. Grade 4
granulocytopenia occurred more often in group A (p 5 0.0297;
Fisher’s exact test), which resulted in the only treatment-related

death (sepsis) encountered in this group. No treatment-related
deaths were observed in group B.

The mean nadir lymphocyte count among group A patients was
significantly less than that observed in group B (p 5 0.034;
unpairedt-test). Lymphocytopenia less than 500/mm3 was also
seen more often in group A (p 5 0.007; Fisher’s exact test).
Furthermore, the duration of lymphocytopenia less than 2,000/
mm3 in group A was longer than that in group B (6.566 5.88 and
4.92 6 3.96 days, respectively;p 5 0.047; unpairedt-test).
Thrombocytopenia of grade 2 or greater was not significantly
different between the groups, nor was the mean nadir platelet
count. However, thrombocytopenia of grade 3 or greater did occur
more often in group A (p 5 0.016; Fisher’s exact test), affecting
two patients who then required platelet transfusions. Notably, there
was neither grade 3 nor 4 thrombocytopenia in group B. Lastly,
there was no significant difference in the incidence of grade 2 or
greater anemia between groups; however, anemia greater than
grade 3 occurred more often in patients not receiving OA and CD
(p 5 0.038; Fisher’s exact test). Together, these findings suggest
a reduction in CPT-11-induced hematologic toxicities with the use
of OA and CD. The toxicities most effectively controlled include
leukopenia, granulocytopenia and lymphocytopenia; however,
anemia and thrombocytopenia might occur less often as well with
this treatment.

Non-hematologic toxicity
The main non-hematologic side effects encountered in either

group were related to gastrointestinal toxicity (Table IV). Appetite
loss in group A was more severe than that in group B (p 5 0.007;
chi-square test), with grade 3 or greater toxicity observed in 7.7%
of group A patients (p 5 0.0006, Fisher’s exact test). One patient
from group A who suffered grade 4 appetite loss for 48 days
required IVH for 5 weeks. In both groups, nausea and vomiting
were managed by a standard antiemetic combination of metoclo-
pramide, corticosteroids and a 5-HT3 receptor antagonist. The
grade of nausea and vomiting in group A patients was significantly
greater than that in group B (p 5 0.0001 andp 5 0.001, respec-
tively; chi-square test), with grade 3 or greater toxicity observed
only in group A. Grade 3 or 4 constipation was observed in 7 of 65
cycles (10.8 %) in group A, while not at all in group B. The
incidence of grade 3 or 4 constipation grade in group A was higher
than that in group B (p , 0.0001; two-sided Fisher’s exact test).

Merrouche and coworkers13 reported that the median time to
onset of the first delayed diarrheal episode was 6 days after
administration of high CPT-11 dose intensities. Thus, we defined
watery diarrhea from the 6th day after the CPT-11 administration
as delayed diarrhea. Patients in group A experienced delayed

TABLE III – HEMATOLOGIC TOXICITY

Group A1 Group B2 p-value

Leukopenia 0.0533

ECOG grade 2 (%) 70.8 57.6
ECOG grade 3 (%) 23.1 7.1
Nadir (mean6 SD [ml]) 2570 6 960 28996 876 0.0314

Granulocytopenia 0.0303

ECOG grade 2 (%) 71.4 68.2
ECOG grade 3 (%) 33.3 34.1
Nadir (mean6 SD [ml]) 1163 6 581 13296 646 0.0784

Lymphocytopenia
Nadir (mean6 SD [ml]) 982 6 486 11476 449 0.0344

Hemoglobin 0.1393

ECOG grade 2 (%) 50.8 42.4
ECOG grade 3 (%) 15.4 5.9
Nadir (mean6 SD [g/dl]) 9.86 1.6 10.26 1.6 0.1094

Thrombocytopenia 0.1713

ECOG grade 2 (%) 12.3 4.7
ECOG grade 3 (%) 3.1 0
Nadir (mean6 SD [3104/ml]) 16.96 7.8 17.86 5.9 0.4624

1Without oral alkinization (OA) and control of defecation.–2With OA and CD.–3Chi-square test.–
4Unpairedt-test;p-values less than 0.05 are underlined.

FIGURE 1 – The pH of the stool during chemotherapy with or with-
out OA & CD. All patients were treated with combined chemotherapy
consisting of 60 mg/m2 CDDP on day 1 and 60 mg/m2 CPT-11 on days
1 and 8. Stool samples were collected by natural defecation from days
1 to day 5 after the admininstration of CPT-11. The pH of the stool
samples was examined as described in the Patients and Methods
section. A statistically significant difference was found concerning the
stool pH from both groups (P , 0.0001, Unpaired t-test).
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diarrhea more frequently than those in group B (p 5 0.005;
chi-square test), with grade 3 to 4 toxicity occurring in 6 of 65
cycles (9.2 %) in group A versus none at all in group B (0 %). The
difference in delayed diarrhea greater than grade 3 between the
two groups was statistically significant (p 5 0.0014; Fisher’s exact
test). The duration of delayed diarrhea in group A was 2.8 times
longer than in group B (p , 0.0001; unpairedt-test). In both
groups, delayed diarrhea was treated with a high dose of loperam-
ide. As expected, we found that the amount of loperamide neces-
sary to control the diarrheal episodes of each chemotherapy cycle
adequately was related to the severity of delayed diarrhea. The
total dose of loperamide given to patients in group A exceeded that
given to those in group B (p 5 0.003; unpairedt-test). These
results indicate that OA and CD effectively decreased the severity
of CPT-11-induced delayed diarrhea.

Actual dose intensity and response
Table V shows the variability in actual dose intensity (ADI)

between groups A and B. The ADI value was calculated by the
following formula:

T (days)5 the duration of therapy as measured from the start of
the treatment until recovery to grade 1 leukopenia and throm-
bocytopenia

W (weeks)5 T/7 days
ADI (mg/m2/week) 5 actual total administered dose of CPT-11

during each course of chemotherapy (mg/m2)/W

The ADI of CPT-11 was increased from 35.66 6.0 to 39.96 5.6
mg/m2/week as a result of adding OA and CD to the treatment
regimen. The ADIs of groups A and B were noted to be statisti-
cally different (p , 0.0001; unpairedt-test).

Although it was not the aim of this study, we formulated a
comparison with respect to response rates between groups A and
B. Such analyses were performed only on those cases deemed
evaluable, as some patients had no measurable lesions to serve as
comparisons. Table VI lists the response rates for each group
according to histologic classification. In the case of SCLC, each of
the 11 eligible patients was evaluated for response. Of the five
group A and six group B patients with SCLC, all were considered
responders. Five patients with NSCLC (one patient in group A and
four patients in group B) could not be evaluated for response
secondary to a lack of measurable lesions in these patients. From
the remaining set of patients with NSCLC, there were 10 respond-
ers out of the 26 patients in group A (a response rate of 38.5%) and
16 responders out of the 27 patients in group B (a response rate of
59.3%) (p 5 0.173; Fisher’s exact test). These data suggest that
OA and CD treatment does not significantly alter the response rate
following this particular regimen of combination chemotherapy.

Univariate and multivariate analyses of risk factors
for delayed diarrhea

Univariate and multivariate logistic regression analyses were
used to identify risk factors for delayed diarrhea greater than grade
2 (Table VII). One hundred fifty courses of chemotherapy were
evaluated in this analysis. Results are reported as odds ratios, 95%
confidence intervals (CIs) andp-values. By univariate analysis,
age, total bilirubin and OA and CD treatment were found to be
significantly associated with delayed diarrhea greater than grade 2
(p 5 0.05, 0.03 and 0.0008, respectively).

Multivariate analysis related increased age to a significantly
higher risk of developing delayed diarrhea greater than grade 2
(odds ratio, 1.08; 95% CI, 1.02 to 1.15;p 5 0.009). However, this
risk was significantly reduced with the use of OA and CD (odds
ratio, 0.14; 95% CI, 0.05 to 0.40;p 5 0.0002). Multivariate
analysis indicated that omission of OA and CD from these com-
bined chemotherapy regimens is a stronger risk factor for delayed
diarrhea than advanced age.

DISCUSSION

The role of oral alkalization (OA) combined with control of
defecation (CD) in reducing the side effects of CPT-11 chemo-
therapy was evaluated in this clinical study. As mentioned earlier,
alkaline conditions within the intestinal lumen have been shown to
decrease reabsorption of CPT-11 and its metabolites.21 In addition,
absorption of CPT-11 has been associated with epithelial damage
within the intestines of rats and is thought to be the insult respon-
sible for delayed diarrhea.25–27Thus, our rationale in designing this
study was to prevent absorption by oral alkalization, which should
in turn reduce epithelial damage and its impact on subsequent
delayed diarrhea. Controlling defecation should prevent constipa-
tion, thereby also preventing epithelial disruption and allowing less
time for additional absorption. This concept of defecation control
so as to prevent reabsorption of CPT-11 and SN-38 is based on our
clinical experience.10,21 Also, the concept of increasing clearance
of these metabolites from the body is supported by recent exper-
imental work from our group, which demonstrated similar absorp-
tion rates for the lactone forms of CPT-11 and SN-38 among

TABLE V – VARIABILITY OF DOSE INTENSITY

Actual dose intensity
(mg/m2/week)

No. of chemotherapy courses
Total

Group A1 Group B2

25–30 20 2 22
31–35 10 21 31
36–40 25 29 54
41–45 10 20 30
46–50 0 13 13
Total 65 85 150
Average 35.66 6.0 39.96 5.6 p , 0.0001*
1Without oral alkinization (OA) and control of defecation (CD).–

2With OA and CD.–*Significant difference between Group A and B
(unpairedt-test).

TABLE VI – RESPONSE-RATE ANALYSIS BASED ON HISTOLOGIC TYPES1

Histologic type
Responders/evaluative patients

(% response rate) p-value4

Group A2 Group B3

SCLC 5/5 6/6 NS
(100) (100)

NSCLC 10/26 16/27 0.173
(38.5) (59.3)

1Abbreviations: SCLC, small cell lung cancer; NSCLC, non-small
cell lung cancer; NS, not significant.–2Without oral alkinization (OA)
and control of defecation.–3With OA and CD.–4Fisher’s exact test.

TABLE IV – NONHEMATOLOGIC TOXICITY

Group A1 Group B2 p-value

Appetite 0.0073

ECOG grade 2 (%) 59.9 28.2
ECOG grade 3 (%) 7.7 1.2

Nausea 0.00013

ECOG grade 2 (%) 61.5 29.4
ECOG grade 3 (%) 10.8 0

Vomiting 0.0013

ECOG grade 2 (%) 26.2 7.1
ECOG grade 3 (%) 1.5 0

Delayed diarrhea 0.0053

ECOG grade 2 (%) 32.3 9.4
ECOG grade 3 (%) 9.2 0

Mean consumption of
dosages of
loperamide (mg/
patient/course)

11.06 19.9 3.146 5.56 0.0034

1Without oral alkinization (OA) and control of defecation (CD).–
2With OA and CD.–3Chi-square test.–4Unpairedt-test; p-values less
than 0.01 are underlined.
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jejunal, ileal, cecal and colonic cells by passive transport.21 By
assisting the body in clearing the insulting agents, we anticipated
a decline in the dose-limiting side effect associated with CPT-11
chemotherapy, namely, delayed diarrhea; however, reductions in
other known sequelae such as hematologic toxicity were felt to be
possible.

The OA and CD regimen implemented in this study involved
oral administration of sodium bicarbonate, magnesium oxide, ba-
sic water and UDCA. The former three agents have a basic pH and
are known to mediate alkalization of both the gastric and intestinal
lumens directly. Magnesium oxide is partially absorbed in the
stomach, enters the intestinal lumen and demonstrates a laxative
action that should shorten the dwelling time of CPT-11 and SN-38
within the intestine. UDCA has been reported to stimulate bile
flow associated with a bicarbonate-rich choleresis.30 UDCA exerts
a direct effect on bile duct cells by increasing the intracellular
calcium concentration and stimulating Cl2 efflux through the
opening of Cl2 channels in the cellular membrane.31 This is
thought to incite biliary Cl2/HCO3

2 exchange, contributing to
increased biliary HCO3

2 concentration and bile flow.31Dumontet
al.32 demonstrated an increased concentration of HCO3

2 in rat bile
with continuous intravenous infusion of UDCA. In a patient with
pancreatic cancer undergoing percutaneous transhepatic cholan-
giographic drainage (PTCD), Tsujiiet al.33 reported an increase in
biliary HCO3

2 after oral administration of 300 mg/day of UDCA.
In observance of these findings, we included UDCA as well as
sodium bicarbonate in our OA and CD regimen in an effort to
increase biliary pH.

Our study revealed a significant reduction in incidence, severity
and duration of CPT-11-induced delayed diarrhea with the use of
OA and CD. By multivariate analysis, the lack of OA and CD
therapy was associated with the development of delayed diarrhea
greater than grade 2. The number of patients suffering severe
diarrhea was significantly greater in the group not receiving OA
and CD. As mentioned before, SN-38 accumulation within intes-
tinal cells has been shown to result in epithelial damage and
associated diarrhea. Therefore, one postulate regarding our success
with OA and CD would involve the reduced uptake of these
metabolites, lessening the impact on the intestinal mucosa. As
such, we could expect less CPT-11-induced diarrhea.

In terms of additional side effects seen with CPT-11 use, leu-
kopenia, both granulocytopenia and lymphocytopenia, was signif-
icantly decreased in patients treated by OA and CD (Table III),

with significantly fewer group B patients suffering grade 3 or
greater leukopenia. CPT-11-induced hematologic effects on leu-
kocyte production might therefore also be reduced with this ther-
apy. Although there was no significant difference with respect to
grade 2 or greater anemia or thrombocytopenia, nor a statistical
difference in mean nadir hemoglobin or platelet counts between
groups, the incidence of grade 3 or greater anemia and thrombo-
cytopenia was significantly greater in group A (no OA and CD).
Despite a statistically significant difference in the ADI of CPT-11
between groups A and B (Table V), we did not observe a signif-
icant difference in response rates. However, clinical response was
not the primary endpoint of this study; therefore any association
between response rates and OA and CD use could not be accu-
rately attributed to the noted increase in ADI.

We are planning another phase II study to address this issue.
However, it is worth noting that the patient response rates in this
study do indicate that OA and CD did not compromise the clinical
efficacy of CPT-11/CDDP combination therapy. This would sug-
gest that, although a reduced amount of CPT-11 and SN-38 may be
circulated enterohepatically, the increased ADI conferred by OA
and CD results in maintenance of the same degree of clinical
efficacy. There have yet to be any reports concerning an altered
bioavailability of CPT-11 and SN-38 circulated enterohepatically
as a consequence of this therapy. Our clinical data suggest changes
in the pharmacokinetics of CPT-11 and SN-38 secondary to de-
creased reabsorption of these molecules by the intestinal epithe-
lium as a consequence of the OA and CD treatment.

In summary, OA and CD treatment, as practiced by the oral
administration of sodium bicarbonate, magnesium oxide, basic
water and UDCA for 4 days after the administration of CPT-11,
appears to reduce the incidence of side effects such as delayed
diarrhea, emesis and leukopenia. In addition, this treatment may
prove useful in preventing the occurrence of severe delayed diar-
rhea induced by CPT-11.
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