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Abstract

Purpose To determine the maximal tolerated doses
(MTD) and dose-limiting toxicities (DLT) of combina-
tion of 24-h infusions of gemcitabine and irinotecan in
patients with advanced solid tumors.

Patients and methods Twenty-four  patients  with
advanced solid tumors received gemcitabine as a 24-h
IV infusion followed by a 24-h infusion of irinotecan
every 2 weeks. Pharmacokinetic parameters of both
drugs and their metabolites were estimated by using
non-compartmental methods.

Results Twenty-four patients were fully evaluable for
toxicity. DLT was observed in two of six patients at iri-
notecan/gemcitabine 110/150 mg/m? (grade 3 diarrhea
and grade 3 GI bleeding). No patient developed acute
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cholinergic symptoms at any dose. Other toxicities
were <grade 2 nausea, vomiting, and fatigue. Tumor
responses were observed in three patients (one CR:
cholangiocarcinoma; two PR: SCLC, gastric neuroen-
docrine tumor). Stable disease >3 months was found in
six patients including five patients who had failed short
infusions of either drug. Pharmacokinetic analysis
showed that C,,, of each drug and active metabolites
were dose-dependent. High dose of gemcitabine
increased C,,,, AUC, and T}, of irinotecan. However,
gemcitabine had minimal effects on SN-38.
Conclusions The recommended dose for Phase II
studies is gemcitabine 125 mg/m* given as a 24-h IV
infusion on D1 and D15, followed by a 24-h IV infusion
of irinotecan 110 mg/m*> on D2 and D16. Both pre-
treated patients and chemo-naive patients seem to toler-
ate higher doses of this combination without significant
toxicities. Objective responses among patients with solid
tumors, in particular cholangiocarcinoma and small cell
lung cancer merits further investigation.

Keywords Gemcitabine - Irinotecan - Colon cancer -
Cholangiocarcinoma - Gastrointestinal bleeding -
SN-38 - Fixed dose rate infusion - Pancreatic cancer -
Small cell lung cancer

Introduction

Gemcitabine (2’',2'-difluorodeoxycytidine, dFdC) is a
pyrimidine analog of deoxycytidine, with a broad spec-
trum of anti-tumor activity against both leukemia and
solid tumors including pancreatic, lung, ovarian, hepa-
tobiliary, breast, and colon cancers [1]. Irinotecan is a
topoisomerase I-interacting agent with activity in cancers
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arising in the gastrointestinal tract, breast, lung, and
ovary [2]. Differences in mechanism of action of gemcit-
abine and irinotecan, combined with the demonstrated
anti-tumor activity of each agent, suggest that co-admin-
istration of gemcitabine and irinotecan to patients with
various solid tumors may provide clinical outcomes
superior to those obtained with either drug adminis-
tered alone. With the exception of myelosuppression,
the two drugs have no overlapping toxicity, so that their
combination should be feasible. In addition, the results
of preclinical studies on MCF-7 breast cancer and the
SCOG small cell lung cancer (SCLC) cell lines revealed
that the combination of these drugs exerted synergy
over a wide range of concentrations on isobologram
analysis [3]. In addition to the preclinical studies, Phase
I and I studies have also supported the potential clinical
value of an irinotecan/gemcitabine combination when
used as 60- and 30-min infusions, respectively [4, 5].

Gemcitabine is followed by irinotecan in the clinical
trials on the basis of the theoretical rationale that this
sequence would afford optimum intracellular concen-
trations of dFACTP (gemcitabine-triphosphate) during
the interval of maximum DNA strand breakage
induced by inhibition of topoisomerase-I by irinotecan
[6]. Preliminary results of pharmacokinetic studies
assessing levels of gemcitabine, the uridine metabolite
of gemcitabine, irinotecan, SN-38, and SN-38G did not
show pharmacokinetic differences between the two
administration sequences. There was no clear evidence
of a superior drug sequence, although patients who
achieved long-term stable disease and response had
received gemcitabine first followed by irinotecan.

The anti-tumor activity of gemcitabine is not dose-
response related but schedule-dependent [7, 8]. In vitro
and in vivo studies with various tumor models, includ-
ing human pancreatic cancer cell lines, demonstrated a
superior anti-proliferative activity of gemcitabine in
case of prolonged drug exposure [7, 8]. Gemcitabine
enters cells by the facilitated nucleoside transport
mechanism, and undergoes phosphorylation to the 5'-
monophosphate form (dFdACMP) by deoxycytidine
kinase (dCK) (Fig. 1). The drug is subsequently phos-
phorylated by nucleotide monophosphate kinase and
nucleotide diphosphate kinase to the 5'-diphosphate
(dFACDP) and 5'-triphosphate derivatives (dFdCTP),
respectively. dFACDP is an inhibitor of ribonucleotide
reductase, resulting in decreases in the four physiologic
deoxyribonucleotide triphosphates: dATP, dCTP,
dGTP, and dTTP. dFdCTP is incorporated into DNA
by DNA polymerase, and results in inhibition of DNA
synthesis [9]. The phosphorylation of gemcitabine in
tumor cells is a saturable process [9]. dCK enzyme is
saturated at plasma concentrations achieved after an
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Fig. 1 Metabolism of gemcitabine. Gemcitabine is phosphory-
lated by deoxycytidine kinase into the active metabolite gemcita-
bine triphosphate (dF-dCTP). The rate-limiting step in the
formation of dF-dCTP is the phosphorylation of gemcitabine to
the monophosphate by deoxycytidine kinase. The diphosphate is
a potent inhibitor of ribonucleotide reductase, an action that re-
duces deoxynucleotide pools. Decreased cellular concentrations
of deoxycytidine triphosphates permit a more rapid phosphoryla-
tion of gemcitabine and decrease the metabolic clearance of gem-
citabine nucleotides. As a consequence of this, the active
nucleotide forms of gemcitabine are effectively accumulated to
high concentrations in the cell

infusion over 30 min. Therefore, accumulation of higher
intracellular dFdCTP concentrations, which may result
in an enhanced anti-tumor activity, cannot be achieved
by higher dosage, but only by prolonged infusion time
[10]. There is also evidence that gemcitabine acts as a
substrate inhibitor of dCK at high concentrations,
which may be the basis for a demonstrable decline in
the ability of cells to accumulate dFACTP at gemcita-
bine concentrations greater than 20 pumol/l [11, 12].

Based on the preclinical and phase I study, Tempero
etal. [13] found improved activity of gemcitabine
1,500 mg/m? as a fixed dose rate infusion of 10 mg/m?/
min in comparison to high dose gemcitabine (2,200 mg/
m?) infusion over 30 min in pancreatic cancer. Pharma-
cokinetic analysis in this study also revealed signifi-
cantly higher concentrations of intracellular dFdCTP
with the prolonged infusion. However, grade 3-4
hematologic toxicity occurred in up to almost 50% in
the fixed dose rate arm. In contrast, in other trials using
a 24-h gemcitabine at a dose of 100 mg/m? hematologic
toxicity was mild [14]. Therefore, we chose 24-h gem-
citabine infusion so that it can be safely combined with
irinotecan.

There are several rationales for testing prolonged
continuous infusions of irinotecan. Experimental data
suggests that the cytotoxicity of camptothecin is highly
dependent on ongoing DNA replication and on the
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fraction of cells in S-phase [15]. The clinical implication
of these findings is that longer drug exposures may pro-
duce greater anticancer effects [16]. Furthermore, high
drug concentrations may not be necessary to cause a
clinically significant amount of DNA damage. Rather,
maintaining prolonged steady-state SN-38 lactone lev-
els above a low but critical threshold concentration
may be a more crucial determinant for eventual cell
lethality. In vivo animal studies support the concept
that protracted low dose exposures to camptothecins
produces excellent anti-tumor activity, and less host
toxicity. Because the parent compound must be enzy-
matically activated to the metabolite, SN-38, potential
saturation of the activating enzyme may occur follow-
ing drug administration as a short IV infusion [17]. In
contrast, a prolonged infusion of irinotecan may avoid
high saturating plasma levels, and may result in a rela-
tively greater percent conversion of drug to the active
metabolite [18]. There is evidence that patients with
severe diarrhea also have a decreased capacity to glu-
curonidate SN-38, resulting in high biliary concentra-
tions of unconjugated SN-38 [19]. Saturation of
glucuronidation leads to higher drug concentrations of
unconjugated SN-38. Data from a prior phase I trial
(NCI) of irinotecan given as a 96-h infusion weekly for
2 of 3 weeks confirmed that the molar ratio of SN-38 to
CPT-11 was about sixfold higher than reported with
short infusion schedules; further, the incidence of
severe diarrhea was quite low compared to that seen
with the typical 60-90 min infusions [15].

Based on the above rationale, we performed a Phase
I study to determine the maximal tolerated dose
(MTD), dose limiting toxicities (DLTs) and pharmaco-
kinetic analysis of gemcitabine and irinotecan on a
novel schedule: gemcitabine (24-h infusion) day 1, day
15 and irinotecan (24-h infusion) day 2, day 16 on a
biweekly schedule.

Patients and methods
Patient selection

Patients with histologically confirmed advanced solid
tumors that had failed to respond to standard therapy or
for which no standard therapy was available were eligi-
ble to participate in this study. Other eligibility criteria
included measurable or assessable disease by computed
tomography; age at least 19 years; ECOG performance
status of <2; absolute neutrophil count (ANC) of at
least 1,500/pl; platelet count of at least 100,000/pl; serum
creatinine level less than 1.3 mg/dl; total bilirubin less
than 1.0 mg/dl; and AST and ALT levels less than 2.5

times the upper limit of normal; and >4 weeks since any
prior therapy and recovery from any side effects. Prior
therapy with irinotecan (60-90 min) or gemcitabine
(30 min) given as a short-infusion was allowed. All
patients gave written informed consent according to fed-
eral and institutional guidelines.

Study design

This was an open label, single center, non-randomized,
dose-escalating phase I study. The patients received
gemcitabine as a 24-h IV infusion on days 1 and 15 fol-
lowed by irinotecan as a 24-h IV infusion on days 2 and
16 of each 4-week cycle, administered in the in-patient
GCRC. Four weeks constitute one complete cycle.

Dose-escalation and definition of study endpoints

The starting dose for irinotecan, 70 mg/m? was 50% of
the recommended phase II dose (140 mg/m?) when
given as a 24-h infusion every 2 weeks with oral UFT
[20]. The starting dose of gemcitabine, 75 mg/m?, was
50% of the recommended phase II dose (150 mg/m?)
when given as a 24-h infusion with cyclophosphamide
[21]. As mentioned earlier, we chose a 24-h gemcitabine
schedule due to milder hematologic toxicity in contrast
to fixed dose rate schedule of gemcitabine [13, 14], so
that it can be safely combined with irinotecan. Initially,
the dose of irinotecan was escalated from 70 mg/
m? — 90 mg/m? — 110 mg/m? with a fixed dose of gem-
citabine (75 mg/m?) (Table 1). Cohorts of 3-6 patients
were entered at each dose level until DLT is seen and
the MTD was established or a maximum irinotecan dose
of 110 mg/m>. After reaching irinotecan at 110 mg/m?,
gemcitabine was escalated from 75 mg/m? — 100 mg/
m? — 125 mg/m* — 150 mg/m? in similar fashion. If no
DLT is observed at irinotecan 110 mg/m? and gemcita-
bine 150 mg/m?, then the dose of irinotecan may be esca-
lated to 140 mg/m?, the previously recommended dose
for phase II study (Table 1). Before entry of patients at a
new dose level, all patients at the previous dose level
must have been observed for at least 4 weeks. No intra-
patient dosage escalation was permitted.

For purposes of determining the MTD, only DLT’s
occurring during the first cycle of therapy were consid-
ered. Dose-limiting toxicities were defined as any of the
following: grade 4 neutropenia lasting at least 5 days;
grade 3 or 4 neutropenia associated with fever >38.5°C;
grade 4 thrombocytopenia lasting at least 5 days; grade 3
or 4 non-hematologic toxicity excluding alopecia; or the
need for a treatment delay of more than 2 weeks to
permit resolution of toxicity. If one or more patients at a
dose level experienced DLT then three additional
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Table 1 Study design and dose escalation schema

Repeat q 4 weeks (1 cycle = 4 weeks)

Dose level Gemcitabine 75 mg/m? Irinotecan 24-h
24-h CIVD 1,15 CIVD2,16
Fixed dose Irinotecan dose

escalation

Part 1

1 75 mg/m?/24 h 70 mg/m?

2 75 mg/m?/24 h 90 mg/m?

3 75 mg/m?%24 h 110 mg/m?
Gemcitabine Fixed dose
dose escalation of irinotecan

Part 2

4 100 mg/m%/24 h Determined from part 1

5 125 mg/m?/24 h Determined from part 1

6 150 mg/m?/24 h Determined from part 1

7 150 mg/m%/24 h 140 mg/m?%/24 h

patients were treated at that dose level. The MTD was
defined as the dose below at which two of the first three
patients per cohort or >2 of six patients experience DLT
(related to therapy). Patients who experienced DLT
could be continued on treatment at a modified dose at
the discretion of the treating physician if they appeared
to be benefiting from the therapy.

Gemcitabine and irinotecan were commercially
available and were prepared for administration accord-
ing to directions in the package labeling. Patients
received 10 mg dexamethasone and 24 mg ondansetron
IV/PO 30 min prior to the start of irinotecan.

Dose modifications

Dose reductions in individual patients during
the treatment cycle

When a DLT occurred during the first cycle of the
study, treatment with chemotherapy was interrupted

Table 2 Dose modifications for hematologic toxicity

until the toxicity resolves to <grade 1. Treatment was
then be reinstituted at the previous dose level. Treat-
ment was then being re-instituted using the appropri-
ate reductions as described below. A 25% reduction in
the gemcitabine dose was considered for hematologic
toxicity or non-hematologic toxicity felt to be aggra-
vated by gemcitabine such as skin rash, asthenia, head-
ache, or other toxicities in the judgment of the
principal investigator. Similar guidelines were applied
to irinotecan. Dose adjustments on day 15 were made
following the guidelines shown below based on abso-
lute neutrophil count (ANC) and platelet counts, taken
on the day of therapy, and clinical assessment of non-
hematologic toxicities.

During a cycle

The second treatment of each cycle should begin on
day 15 (day 1 = the start of the cycle) provided his CBC
with differential drawn on Day 15 are: ANC > 1,500/pl,
platelet count is >100,000/pl, and all clinically signifi-
cant non-hematologic toxicities have resolved. The day
15/16 dose of gemcitabine and irinotecan will be modi-
fied based according to the same guidelines in Tables 2
and 3 and dose levels outlined in Table 1.

Criteria for starting the next cycle

If no interruptions occurred, the next treatment cycle
should begin on day 29 (day 1 = the start of the preced-
ing cycle) provided: ANC > 1,500/pul, platelet count is
>100,000/ul, and all clinically significant non-hemato-
logic toxicities have resolved (Tables 2, 3). If the ANC
and platelet counts were below 1,500 and 100,000/pl on
day 29, the treatment was delayed for 1 week and later
treated according to Table 2. A subject who required
longer than 3 weeks for resolution of toxicity were con-
sidered off study. If the prior treatment cycle was inter-
rupted for toxicity prior to administering all of the

Granulocyte nadir: Platelet nadir: Full doses Dose of Irinotecan or
prior cycle (per pl) prior cycle (x 1,000/ul) mid-cycle? Gemcitabine for next cycle
>1,000 >75 Yes Increase to next level provided
there was no treatment delay
No Continue at same dose level
501-999 or 50-74.9 Yes Decrease 1 dose level
No Decrease 1 dose level
<500 or <49 Yes Decrease 1 dose level
no decrease 2 dose levels
Treatment delay required
Day 36: <1,500 or <100 Delay 1 more week
Day 36-42: 1,000-1,499 or 50-74.9 Resume, but decrease 1 dose level
Day 50: <1,000 or <49 Discontinue
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Table 3 Dose modifications

for nonhematologic toxicity Toxicity grade: prior cycle

Full doses given Dose of irinotecan or

mid-cycle? gemcitabine for next cycle
0-1 Yes Increase to next level provided
there was no treatment delay
No Continue at same dose
2 Yes Continue at same dose level
No Decrease 1 dose level

>grade 3 at any time
Treatment delay required
day 36: >grade 1

day 42: <grade 1

day 50: >grade 2

Decrease one dose level

Delay 1 more week
Resume, but decrease one dose level
Discontinue

intended therapy, the cycle could begin no sooner than
14 days after the last treatment provided the ANC is
>1,500/pl, the platelet count is >75,000/ul, and all
clinically significant non-hematologic toxicities have
resolved.

During the portion of the trial in which irinotecan
dose escalation was proceeding, the dose of irinotecan
was preferentially decreased and dose of gemcitabine
was kept the same and vice versa for gemcitabine dose
escalation period. If multiple toxicities were observed
in the preceding cycle, the dose administered was
based on the most severe toxicity experienced. Patients
who required a dose reduction of either irinotecan or
gemcitabine for toxicity remained at the reduced dose
of that drug.

Pretreatment and follow-up studies

All laboratory and radiological tests as well as history
and physical examination required assessing eligibility
had to be completed within 7 days prior to start of
treatment. Assessment of toxicity and hematology tests
were performed weekly during each cycle of therapy.
Tumor assessments were performed after every two
cycles of therapy and response was assessed using
RECIST criteria [22].

Pharmacokinetic methodology

Clinical pharmacokinetic studies of gemcitabine and
irinotecan were performed on cycle 1 for each patient.
For pharmacokinetic studies, blood samples (5 ml for
gemcitabine treated group, 10 ml for irinotecan treated
group) were collected before administration, at 1, 4, 8,
and 23 h after the start of the infusion, and at 0.08, 0.5,
1, 2, 4, 8, and 24 h after the end of the infusion. Blood
was placed into heparinized tubes (for gemcitabine
treated group, containing Su CDIT), centrifuged at
2,000g for 5 min, and the resulting plasma was

decanted into a separate tube and stored at —70°C
until analyzed.

High-pressure liquid chromatography analysis

Gemcitabine (dFdC) and its metabolite
2dFdU (2', 2'-Difluorodeoxyuridine)

Gemcitabine was analyzed using the following proce-
dures. Plasma (480 pl) was mixed with 24 ul of 20 pg/
ml 2'-deoxycytidine and 960 pl of acetonitrile, vor-
texed for 10 s, and then centrifuged at 14,000 rpm for
10 min. The entire supernatant was transferred into a
new 10 x 75 glass tube and evaporated to dryness
using a steady stream of dried air at room tempera-
ture. The residue was reconstituted into 120 pl
ddH,0O. An aliquot of 100 pl was injected into the
HPLC column. Gemcitabine (dFdC) and its metabo-
lite 2dFdU were analyzed by a modification of previ-
ously reported HPLC methods [23, 24]. The HPLC
system was composed of a Beckman Gold module
406 (Beckman Coulter, Fullerton, CA, USA) with
computer-controlled 126 solvent delivery system and
168 UV detector. Determination of Gemcitabine was
achieved using a Zorbax SB-C18 (5 um,
150 x 4.6 mm) analytical with a LiChroCART 100
RP-18 guard column. The flow rate was 1.6 ml/min.
The column elute was monitored by UV at 275 nm.
The mobile phase was composed of 0.5 M ammonium
acetate, pH 6.8 (A) and 50% methanol in ddH,O
(B). A linear gradient start at 100% A and go to 60%
B over 30 min. Prior to application, the mobile phase
is filtered and degassed using a Millipore glass filter
system with a nylon membrane (0.2 um). The reten-
tion times were 5.8 min for gemcitabine, 7.8 min for
its metabolite 2dFdU. Peak height was determined
for quantification of Gemcitabine and 2’,2’-difluoro-
deoxyuridine. Linear regression and correlation
analysis were carried out to establish the standard
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peak-height/concentration curves for gemcitabine
and 2',2'-dfluorodeoxyuridine.

Irinotecan and SN-38

Irinotecan was analyzed using the following proce-
dures. Plasma (700 pl) was mixed with 700 ul of ice-
cold methanol-acetonitrile mixture (50:50; V:V), vor-
texed for 10 s, and then centrifuged at 14,000 rpm for
10 min. A 1,000 pl of supernatant was transferred into
a new 10 x 75 glass tube and evaporated to dryness
using a steady stream of dried air at room temperature.
The residue was reconstituted into 200 pl of mobile
phase and filtered with nylon membrane (0.2 um). An
aliquot of 50 pl was injected into the HPLC column.
Lactone and carboxylate forms of irinotecan and SN-
38 were analyzed by a modification of previously
reported HPLC methods [25-28]. The chromato-
graphic system consisted of an HP 1050 HPLC (Hew-
lett Packard, Palo Alto, CA) with computer-controlled
solvent delivery system and an HP fluorescence detec-
tor. A reversed-phased HPLC column ZORBAX SB-
C,g (150 x 46 mm) was used. The mobile phase con-
sisted of 0.075 M ammonium acetate buffer (pH 6.4)-
acetonitrile (78:22; V:V), to which PIC-A solution
(15 ml/1) was added. The column was eluted at a flow
rate of 1.40 ml/min. Fluorescence detection was carried
out at an excitation wavelength of 375 nm and emission
wavelengths of 420 nm for the two forms of CPT-11
and of 520 nm for the two forms of SN-38. The reten-
tion times were 3.5 min for carboxylate irinotecan,
5.4 min for carboxylate SN-38, 6.5 min for lactone iri-
notecan, and 10 min for lactone SN-38. Peak area was
determined for quantification of two forms of CPT-11
and SN-38. Linear regression and correlation analysis
was carried out to establish the standard peak-area/
concentration curves for two forms of CPT-11 and
SN-38.

Statistical methods

An escalation design with three to six patients was cho-
sen on empiric grounds, according to current standards
in phase I cancer trials [29]. The chance of not detect-
ing a toxicity that occurs in fact in every second patient
is only 1.6% in a cohort of six patients, and less than
0.1% in a cohort of 12.

Pharmacokinetic parameters were estimated by
using WinNonlin programs (Version 4.1, Mountain
View, CA, USA). They include the area under the
curve (AUC, ng or pgh/ml), initial half-life (7.,
min), terminal half-life (77,5, min), time to maximum
concentration (7,,,, h), maximum concentration
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(Cpax Dg or pg/ml) and Clearance (CL, ml/kg/h). A
non-compartment model was used to fit the concentra-
tion-time curves.

Results

Patients

Twenty-four patients, whose pertinent characteristics
are listed in Table 4, received 89 total courses with the
median number of 4 cycles (range 1-8) (Table 5).
Toxicity

DLT

No DLTs were observed when three patients being
treated at each dose level of irinotecan 70, 90, and

Table 4 Treated patient demographics (n = 24)

Characteristic No. of Patients
Patients enrolled 24
Men 20
Women 4
Median age, years (range) 57 (35-85) -
Race (Caucasian:Black) 22:2
ECOG performance status

0 0
1 19
2 5
Prior therapy

Chemotherapy only 18
Chemotherapy and radiation 2
None 4
Diagnosis

Colorectal 7
Pancreatic 7
Bile duct 2
Neuroendocrine of stomach 1
Renal cell 1
Unknown primary 2
Lung 1
Ovarian 1
Paraganglioma 1
Prostate 1

Table 5 Dose levels, patient enrolled, and number of courses

Dose Gemcitabine Irinotecan Number Number
level (mg/m?/day) (mg/m?) of patients  of cycles
1 75 70 3 10
2 75 90 3 15
3 75 110 3 30
4 100 110 6 10
5 125 110 3 9
6 150 110 6 15
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Table 6 Dose limiting toxic-

. - Irinotecan Gemcitabine Patients Dose-limiting toxicity?
ity with the first complete 5 5
cycle of therapy (days 12,15, mg/m-~ over 24 h mg/m-~ over 24 h (Evaluate)
and 16) 70 75 3 0
90 75 3 0
110 75 3 0
110 100 6 1
Grade 4 Neutropenia
110 125 3 0
110 150 6 2

Grade 3 GI Bleeding — MTD
Grade 3 Diarrhea - MTD

110 mg/m? with a fixed dose of gemcitabine 75 mg/m?.
One of the six patients treated with gemcitabine
100 mg/m? with irinotecan 70 mg/m? experienced grade
4 neutropenia (Table 6). No DLTs were observed
when three patients treated at gemcitabine 125 mg/m?
with a fixed dose of irinotecan 110 mg/m? Two of the
six patients treated at gemcitabine/irinotecan dose of
150/110 mg/m? experienced DLTs: grade 3 diarrhea in
one and grade 3 gastrointestinal bleeding in another
patient [30]. Therefore, based on the DLTs, the MTD
was defined as gemcitabine/irinotecan 150/110 mg/m?.
There were four dose modifications due to lowered
absolute neutrophil count, including the patients with
DLT.

Hematological toxicity

Three patients developed grade 3 neutropenia, which
resolved after delaying the therapy, and one patient
(DLT) had neutropenic fever (Table 7). Only two
patients had grade 3 thrombocytopenia. Interestingly,
anemia was the most common hematologic toxicity
observed in the study when all the cycles were
included. Forty three percent patients were noticed to
have grade 2 anemia. Only one patient had grade 3
anemia, which later developed gastrointestinal bleed-
ing (DLT) with grade 4 anemia. All but three anemic

Table 7 Hematological toxicity during cycle 1

No. of
patients

Dose ANC Platelets Anemia DLT

Level

4 2 3 4 2 3 4 -

-1 - - - _
_ 2 - - 1 -

AN BN
AN WA W W
[

[

[
|
[
W N W=
|
|
|

Number of patients with grade of toxicity
Number of patients with DLT
# GI bleeding

patients were treated with erythropoietin without any
requirement for blood transfusion. Further analysis of
anemic patients revealed that anemia prevalent in
patients with those prior multiple chemotherapy regi-
mens (range 1-6), approximately 40% had prior pelvic
radiotherapy (Table 8).

Non-hematological toxicity

Adverse events according to NCIC CTC 3.0 are pre-
sented for the whole patient group (Table9). No
patient developed acute cholinergic symptoms at any
dose. Other toxicities were <grade 2 nausea, vomiting,
elevation of bilirubin or aminotrasferases and fatigue.
Only one patient had grade 3 diarrhea (DLT). Except
for the observed DLT diarrhea, no clear-cut dose/tox-
icity relationship was evident.

Anti-tumor activity

Tumor responses were observed in patients with meta-
static cholangiocarcinoma (1 complete response), small
cell lung cancer (1 partial response), and gastric neuro-
endocrine tumor (1 partial response). Stable disease

Table 8 Evaluation of anemia during all cycles

Grade of
anemia

Prior
XRT

No. of prior
chemo

Yes
Yes
No
No
Yes
No
No
No
Yes
Yes
No
one No
No

(GI Bleeding)

AN NN R WWNDNND -
[NSIES IS IE N S S S S S N S E S S
o
=
a

(@)}

Anemia prevalent in those: Prior Chemo: range 1-6; 40% had
XRT; G 3 in same pt with G 2 and G 4 in patient with GI bleeding
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Table 9 Non-hematologic toxicity during cycle 1

Dose level  No. of Number of patients with grade of toxicity

(mg/m?) patients — - - - -
Nausea/vomiting Diarrhea Fatigue Edema Hepatic dysfunction DLT
2 3 4 2 3 4 2 3 4 2 3 4 2 3 4

1 3 - - - - - - - - - - = - = - - 0

2 3 - - - - - - - 2 - - 2 - - 0

3 3 - - - - 1 - - - - - 2 - - 0

4 6 - - - - 1 - - - - - 1 - - 0

5 3 - - - - - - - - - - = - = - - 0

6 6 - - - - 1 - - - - - - - = - - 1

Number of patients with grade of toxicity
Number of patients with DLT

>3 months was found in six patients including five
patients who had failed short infusions of CPT-11 as
well as gemcitabine for colorectal and pancreatic can-
cers, respectively (Tables 10, 11).

Pharmacokinetic analyses

The pharmacokinetic parameters of gemcitabine and
irinotecan were estimated in 24 patients at both indi-
vidual and group levels based on treatment regimens.
Significant inter-patient variations in PK of both drugs
and metabolites were observed (Table 12; Figs. 2, 3).
Pharmacokinetic analyses of irinotecan and SN38
showed that there was no difference in T}, at different
levels (median: 23.36 £+ 0.36), C,,.,x Was dose-depen-
dent (range: 123.56 £ 0.36 to 373.20 & 51.43), half life
of irinotecan seems to increase with increasing doses of
dFdC, AUC,,, (3291.64 £+ 218.16 to 8946.16 + 1283)
and CL (38.65 £ 5.15 to 27.78 + 3.02) were dependent
on the dose of irinotecan. Majority of drug was present
in plasma as parent drug (irinotecan), and SN-38 was
present less than 5%. There was also no difference in
T,..x for dFAC (median: 26.04 £+ 1.96), C,,,, was dose-
dependent (1.67 £0.1 to 3.92 + 0.35), high dose of

Table 10 Summary of best objective responses

irinotecan seems to increase the half life of dFdU,
AUC,,, was associated with the dFdC dose
(54.81 £ 4.67 to 112.65 £+ 12.11), majority of the drug
present in plasma as 2dFdU, and dFdC (parent drug)
was present at all times, although at low concentration.
At the same dose level of irinotecan, gemcitabine
increased the C.,, and AUC of irinotecan and
decreased its CL, but had minimal effects on the PK of
SN-38.

Discussion

The recommended dose for Phase II studies is gemcita-
bine 125 mg/m? given as a 24-h IV infusion on D1 and
D15, followed by a 24-h IV infusion of CPT-11 110 mg/
m? on D2 and D16. PK interactions between gemcita-
bine and irinotecan were observed, which may have
implications in therapeutic effects and side effects of
this combination therapy. DLTs that were clearly che-
motherapy-related included diarrhea. Overall, the regi-
men was relatively well tolerated with manageable
hematologic and nonhematologic toxicities. The sec-
ond DLT was gastrointestinal bleeding, which we

Dose level CR PR SD PD Not done
1 - - 1 (Colon) 1 -
2 - - - 3 -
3 - 1 (NE) 1(Colon) 1 12
4 1 (Cholangio) 1(SCL) 1 (CUP) 1(Renal) 1 1°
5 - - 1 (ovarian: MR) 1 12
6 - - 3 (Pan Ca) 1 -

Note: Both CRC and Pan Ca had prior irinotecan (60-minute) and gemcitabine (30-min)

Patient with small cell lung cancer who achieved a partial response had failed a 60-min infusion of irinotecan given with caboplatin

Cholangio Cholangiocarcinoma, RCC renal cell carcinoma, CRC colorectal cancer, CUP carcinoma of unknown primary, Pan Ca pan-

creatic cancer
2 Clinical deterioration, ® DLT
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Table 11 Duration of response (CR or PR) and disease control (SD)

Diagnosis Best response Duration of response Reason to stop study drug
Cholangiocarcinoma CR 8 months An extra 4 cycles given after CR
(achieved after 4 cycles)
Small cell lung cancer PR 3 months Palliation of previous bone mets
requiring local radiotherapy
Neuroendocrine PR 8.5 months Patient’s request
tumor of stomach
CRC SD 4 months Patient requested due to erbitux approval
CRC SD 4 months Patient requested due to erbitux approval
Pancreatic cancer SD 4 months PD
Pancreatic cancer SD 4 months PD
Pancreatic cancer SD 3 months Decline in PS
Renal cell carcinoma SD 6 months Treated on gemcitabine off study
Carcinoma of SD 4 months Patient’s request to change therapy
unknown primary due to lack of response
Cystadenocarcinoma SD (MR) 6 months Treated on gemcitabine off study
of ovaries

Both CRC and pancreatic cancer patients had prior irinotecan and gemcitabine

CRC colorectal cancer, MR minor response (23 % decrease and decline in CA 125), PD progressive disease

Table 12 Summary of pharmacokinetic parameters

Parameters G1/Mean (SE) G2/Mean (SE)  G3/Mean (SE) G4/Mean (SE) G5/Mean (SE) G6/Mean (SE)
(a) Pharmacokinetic parameters of gemcitabine (dFdc)

Thax () 16.53 (7.76) 36.50 (9.39) 23.36 (0.36) 15.50 (5.55) 18.00 (7.00) 9.00 (5.92)
Cax (ng/ml) 0.05 (0.03) 0.15 (0.05) 243.27 (25.99) 0.43 (0.16) 0.64 (0.31) 0.08 (0.04)

Ty, (h) 238.3 (0.00) 16.10 (0.00) 6.09 (1.34) 6.50 (1.55) 4.25 (0.00) 10.71 (0.00)
AUC, (ngh/ml) 0.65 (0.54) 1.96 (1.17) 4626.02 (649.16) 1.81 (0.79) 1.85(0.87) 1.04 (0.71)

CL (ml/h) 7.32 (0.00) 42.67 (0.00) 45.20 (2.88) 127.15 (61.82) 49.02 (0.00) 369.82 (0.00)
(b) Pharmacokinetic parameters of gemcitabine’s metabolite 2dFdU

Tnax (h) 26.25 (1.75) 24.54 (0.46) 24.22 (0.14) 24.73 (0.85) 9.67 (9.17) 25.60 (1.02)
Cpax (ng/ml) 1.67 (0.19) 1.82 (0.05) 1.70 (0.07) 2.82 (0.35) 3.27 (0.57) 3.92 (0.35)

Ty, (h) 47.70 (2.08) 46.12 (7.70) 65.38 (21.25) 59.56 (12.89) 139.76 (96.68) 49.20 (11.43)
AUC, (ngh/ml) 54.81 (4.67) 46.50 (3.06) 53.75(0.79) 21.37 (9.56) 102.96 (16.40) 112.65 (12.11)
CL (ml/h) 1.05 (0.21) 1.29 (0.02) 0.90 (0.14) 0.45 (0.20) 0.92 (0.43) 0.92 (0.28)

(c) Pharmacokinetic parameters of irinotecan

Tax () 23.54 (0.54) 23.75 (0.75) 23.36 (0.36) 23.54 (0.54) 40.03 (7.97) 23.86 (0.22)
Cpnax (ng/ml) 123.56 (0.36) 213.21 (15.68) 243.27 (25.99) 123.56 (0.36) 368.35 (74.03) 373.20 (51.43)
Ty, (h) 7.38 (0.76) 6.29 (0.21) 6.09 (1.34) 7.38 (0.76) 2.97 (0.00) 7.25 (0.80)
AUC, (ngh/ml) 3291.64 (218.16) 5269.03 (433.79) 4626.02 (649.16) 3291.64 (218.16) 7125.28 (1740.14) 8946.16 (1283.20)
CL (ml/h) 38.65 (5.15) 33.00 (5.30) 45.20 (2.88) 38.65 (5.15) 16.20 (0.00) 27.78 (3.02)
(d) Pharmacokinetic parameters of SN38

Thax () 2.34 (1.67) 18.00 (14.00) 36.00 (6.11) 18.43 (5.32) 5.67 (2.33) 25.60 (6.42)

C oy (ng/ml) 24.77 (23.23) 0.70 (0.02) 0.83 (0.11) 0.84 (0.06) 0.69 (0.03) 0.71 (0.02)

Ty, (h) 72.78 (64.78) - - 304.12 (0.00) 2142.27 (1351.79) 231.48 (99.54)
AUC,, (ng h/ml) 40.69 (10.64) 24.28 (2.03) 28.26 (6.20) 30.03 (1.05) 29.86 (0.70) 29.12 (0.73)
CL (ml/h) 0.48 (0.00) - - 462.7 (0.00) 275.70 (184.61) 2445.85 (1168.83)

regarded as the first report of radiation-recall associ-
ated with gemcitabine and published elsewhere [30].
Exact etiology of this recall is not known but may be
either secondary to altered pharmacodynamics of gem-
citabine, lowering of the inflammatory threshold in
irradiated tissue, or a result of vascular damage.
Maintaining single-agent doses of chemotherapy
drugs when used in combination regimens may be
more challenging in advanced stage cancer patients, as
they are generally frailer and less tolerant of toxic side

effects. This challenge arises particularly in patients
who have received multiple chemotherapy regimens in
the past. A strategy one might consider to improve the
dose intensity of gemcitabine and irinotecan combina-
tions is related to the schedule of administration [31].
Gemcitabine regimens using biweekly regimen instead
of the day 1, 8, and 15 every 28-day cycle have been
associated with increased dose intensity [32]. It has
been shown both in Phase I and Phase II trials that the
every 2-week schedule has been better tolerated,
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Fig. 2 Pharmacokinetics of irinotecan (CPT-11), SN-38, dFdC
(gemcitabine) and dFdU. (Dose level 1: 001; dose level 2: 103;
dose level 3: 202; dose level 4: 301; dose level 5: 401; dose level 6:
502)
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requiring fewer doses to be withheld. With single-agent
irinotecan, a schedule of four weekly doses for an
every 6-week cycle is generally associated with more
diarrhea during weeks 3 and 4. In a randomized study,
the regimen of once every 3 weeks was associated with
a significantly lower incidence of severe diarrhea [33].
This finding was similar to our previous study that eval-
uvated 5-FU with 24-h infusion of irinotecan [28].
Therefore, a biweekly regimen also seems feasible.

In this Phase I study, the subject population was het-
erogenous in terms of histology and prior therapy, and
efficacy was not the primary endpoint. However, three
responses including a complete response were seen
among 24 patients. The patient (metastatic cholangio-
carcinoma) who achieved the complete response has
no recurrent disease for a year now. Stable disease
>3 months was found in six patients including five
patients who had failed short infusions of CPT-11 (IFL
regimen) for colorectal cancer [34] as well as gemcita-
bine (30-min) for pancreatic cancer [35]. Treatment in
two colorectal patients was stopped upon patients
request due to the approval of newer monoclonal anti-
bodies (erbitux) for this disease. Also the patient with
small cell lung cancer who achieved a partial response
had failed a 60-min infusion of irinotecan given with
caboplatin. One patient with cystadenocarcinoma of
ovaries had a minor response (23% shrinkage) with a
response in CA-125 dropping from 224.6 to 36.1. In
summary, the objective response in small cell lung can-
cer and cholangiocarcinoma and clinical benefit in
colon and pancreatic tumors need further investiga-
tion.

As mentioned earlier, grade 3—4 hematologic toxic-
ity was observed in approximately 50% of patients who
were given fixed dose rate infusion of gemictabine
while in a phase II trial of weekly 24-h infusion of gem-
citabine in patients with advanced gallbladder and bili-
ary tract, only mild hematologic toxicity was seen.
Similarly, in our study, three patients developed grade
3 neutropenia, which resolved after delaying the ther-
apy, and one patient (DLT) had neutropenic fever.
The patient with neutropenic fever had been heavily
pre-treated with multiple chemotherapy regimens.
Decreased neutropenia in this regimen similar to previ-
ous findings [14] favors a 24-h infusion over the fixed
dose rate infusion of gemcitabine [13].

Only one patient had grade 3 diarrhea and 1 had
grade 2 diarrhea. Also, no cholinergic syndrome (early
diarrhea, rhinitis, increased salivation, miosis, lacrima-
tion, diaphoresis, flushing, and intestinal hyperperistal-
sis that can cause abdominal cramping) was observed
in any patient. This finding is similar to our previous
study in which a modified “FOLFIRI” regimen using a
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