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Abstract We examined the safety and efficacy of the
combination of docetaxel and irinotecan administered
biweekly in patients with refractory or relapsed
advanced non-small cell lung cancer (NSCLC).
Patients with previously treated NSCLC of stage III or
IV were eligible if they had a performance status of 2
or less, were 75 years or younger, and had adequate
organ function. From May 2003 through February
2006, 35 patients (27 men and 8 women; median age 64
years; age range 41-75 years) were enrolled. Patients
were treated every 4 weeks with docetaxel (33 mg/m?
on days 2 and 16) plus irinotecan (50 mg/m” on days 1
and 15). None of the 35 patients achieved a complete
response, but five achieved a partial response, for an
overall response rate of 14.3% (95% confidence inter-
val, 4.8-30.3%). The median survival time was
8 months (range 2-29 months). The median time to
progression was 3 months (range 1-12 months). Grade
3 to 4 hematologic toxicities included leukopenia in
48.6% of patients, neutropenia in 54.3%, and anemia
in 25.7%. No patients had grade 3 to 4 diarrhea or nau-
sea and vomiting. Although one patient had grade 3
drug-induced interstitial pneumonia, all side effects
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were manageable, and there were no treatment-related
deaths. In conclusion, the combination of docetaxel
and irinotecan administered biweekly is a safe and
effective treatment for refractory or relapsed NSCLC.
However, the search for even more active regimens
should be continued.
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Introduction

Almost all patients with advanced non-small cell lung
cancer (NSCLC) relapse after first-line chemotherapy
and require second-line chemotherapy. Additionally,
these patients may require treatment for tumor-related
symptoms. Thus, second-line chemotherapy has been
increasingly recognized as an important treatment for
patients with refractory or relapsed NSCLC.

Docetaxel promotes microtubule assembly and
inhibits depolymerization to free tubulin, which results
in the arrest of the cell cycle in the M phase [22]. In two
phase III trials in patients with NSCLC previously
treated with a platinum-based regimen, 75 mg/m? of
docetaxel administered every 3 weeks resulted in a sur-
vival benefit over either best supportive care, or vino-
relbine or ifosfamide [5, 25]. The results were overall
response rates of 7.1 and 6.7%, with time to progres-
sion (TTP) of 10.6 and 8.5 weeks, MSTs of 7.5 and
5.7 months, and 1-year survival rates of 37 and 32%,
respectively [5, 25]. As a result of these two random-
ized trials, docetaxel is currently approved as a stan-
dard treatment for recurrent NSCLC.
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Irinotecan is a water-soluble camptothecin analog
with strong antitumor activity [14]. Irinotecan is a
prodrug that is transformed by a carboxylesterase to
its active metabolite, SN-38 (7-ethyl-10-hydroxy-
camptothecin), which inhibits topoisomerase I, a
nuclear enzyme involved in such key nuclear pro-
cesses as DNA replication [13]. Inhibition of topo-
isomerase I leads to single-strand DNA breaks and
to the death of cancer cells. Irinotecan achieved a
response of 16% in patients with advanced NSCLC
previously treated with platinum-based agents and
taxanes [23].

Preclinical studies have demonstrated that the
sequential administration of docetaxel and irinotecan
results in at least supra-additive cytotoxicity against
human lung cancer cell lines in vitro [19]. In human
tumor-derived cell lines, topoisomerase I inhibitors
show synergistic effects with subsequently adminis-
tered docetaxel [28]. Furthermore, the antitumor spec-
trum of docetaxel was completely different from that of
irinotecan in an in vitro study using human lung cancer
cell lines [16]. Moreover, no pharmacokinetic interac-
tions have been found between irinotecan and docet-
axel [3, 17].

Doses recommended by Masuda etal. [17] for
phase II studies in patients with NSCLC are 50 mg/m?
of irinotecan (days 1, 8, and 15) and 50 mg/m? of
docetaxel (day 2) administered every 28 days. How-
ever, in the phase I trial leading to the recommended
dosages, leukopenia or diarrhea or both on day 15
often led to doses being omitted. Therefore, in our
phase II study we treated 15 patients with 50 mg/m?
of irinotecan (days 1, 8) and 50 mg/m? of docetaxel
(day 2) every 21 days [12]. However, doses of irino-
tecan were omitted on day 8 in 74% of patients, most
often because of neutropenia. For this reason, we
decided to modify the treatment schedule as follows:
docetaxel (33 mg/m?) was given on days 2 and 16, and
irinotecan (50 mg/m?) was given on days 1 and 15
every 4 weeks. The calculated dose intensity of
docetaxel was approximately 16.5 mg/m?*/week in
both treatment schedules. Additionally, Yoshioka
et al. [34] have recommended doses of 35 mg/m? of
docetaxel and 50 mg/m? of irinotecan every 2 weeks
for patients with inoperable or recurrent gastric
cancer.

We performed a study of biweekly administration of
a combination of docetaxel 33 mg/m* and irinotecan
50 mg/m? in patients with refractory or relapsed
advanced NSCLC. The aim of the present phase II
study was to assess the antitumor activity and toxicity
of this regimen in patients with refractory or relapsed
advanced NSCLC.
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Patients and methods
Eligibility criteria

Patients with refractory or relapsed NSCLC were
enrolled. The criteria for study entry were as follows:
(1) histologically or cytologically confirmed NSCLC;
(2) stage III or IV disease; (3) age 75 years or less; (4)
Eastern Cooperative Oncology Group performance
status (PS) of 2 or less; (5) measurable or assessable
lesions; (6) life expectancy of at least 8 weeks; (7) ade-
quate bone marrow function (white blood cell [WBC]
count from 4,000/ul to 12,000/ul, neutrophil count of
2,000/ul or more, platelet count of 1,00,000/ul or more,
and hemoglobin level of 9 g/dl or more), hepatic func-
tion (total serum bilirubin level less than the upper
limit of the normal range, levels of aspartate amino-
transferase and alanine aminotransferase less than or
equal to twice the upper limits of the normal ranges),
and renal function (serum creatinine level less than
1.5 mg/dl, creatinine clearance rate of 50 ml/min or
more), and arterial oxygen pressure of 60 mmHg or
more; and (8) written informed consent. Patients were
excluded if they had massive pleural effusion, pericar-
dial effusion, or ascites, pulmonary fibrosis, uncon-
trolled diabetes mellitus, severe heart disease, active
infection, ileus, diarrhea, symptomatic brain metasta-
sis, or an active second malignancy.

Treatment schedule

Irinotecan (50 mg/m?) was diluted in 500 ml of normal
saline immediately before injection and given as an
intravenous drip infusion in 90 min on days 1 and 15.
Docetaxel (33 mg/m?) was diluted in 500 ml of normal
saline and given as an intravenous drip infusion in
60 min on days 2 and 16. This regimen was repeated
every 4 weeks for a total of 2-4 courses. Chemotherapy
was discontinued if the treatment outcome was pro-
gressive disease or if intolerable toxicity developed at
any time. If there was no change after two courses, sub-
sequent therapy was left to the discretion of the physi-
cian in charge of the patient. If two or more weeks
passed after the scheduled start of the next cycle until
these criteria were satisfied, the patient left the study at
that time but was still included in the analysis. Pallia-
tive radiotherapy was permitted to control persistent
pain associated with bone metastasis.

Administration of docetaxel and irinotecan were
omitted and treatment was delayed 1 week if the WBC
count was less than 2,000/pl, if the platelet count was
less than 75,000/ul, or if the patient had diarrhea of
grade 2 or higher. The docetaxel and irinotecan doses
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were reduced by 20% of the initial doses if the patient
had grade 4 leukopenia or neutropenia lasting 3 days
or longer, grade 4 thrombocytopenia, neutropenic
fever during grade 4 neutropenia, or diarrhea of grade
3 or higher. Chemotherapy was discontinued for grade
3 or higher nonhematologoic toxicity, except for alope-
cia, nausea/vomiting, fever, and diarrhea. All patients
received premedication with dexamethasone to delay
or prevent the onset of edema by docetaxel. The antie-
metic medication ondansetron was given prophylacti-
cally to all patients. High-dose loperamide therapy was
used to manage diarrhea induced by irinotecan. If
grade 4 leukopenia or neutropenia occurred after che-
motherapy, granulocyte colony-stimulating factor (G-
CSF) was administered until the WBC and neutrophil
counts had returned to the normal range.

Evaluation

Evaluation before treatment included a baseline his-
tory and physical examination, complete blood count
with differential, routine chemistry profiles, chest radi-
ography, computed tomography (CT) of the chest and
abdomen, magnetic resonance or CT of the brain, and
radionucleotide bone scan. Complete blood counts
with differential and routine chemistry profiles were
determined at least twice a week during chemotherapy.
Chest radiography was performed once per week dur-
ing chemotherapy. Electrocardiograms were obtained
before and after chemotherapy.

Tumor measurements were performed after second
cycle and fourth cycle. Tumor response was classified
according to World Health Organization criteria [33].
Toxicities were assessed and graded according to the
National Cancer Institute Common Toxicity Criteria
version 2.0. All patients who received at least two
cycles of chemotherapy were assessable for response,
and all patients who received at least one cycle of che-
motherapy were assessable for toxicity and survival.

Statistical methods

TTP was defined as the period from the start of this
treatment to the identifiable time for progression. Sur-
vival time was measured from the start of the present
treatment until death or last follow-up. The Kaplan—
Meier method was used to calculate survival curves.
The trial was designed as a phase II study, with
response rate as the main endpoint. We chose a 30%
response rate as a desirable target level and a 10%
response rate as undesirable. The study design had a
power of greater than 90% to detect a response with an
error of less than 5%. Therefore, we required 22

assessable patients in the first stage and 11 in the sec-
ond stage, according to the Simon’s minimax design.
We decided to stop the study if fewer than three
patients responded in the first stage.

Results
Patients characteristics

From May 2003 through February 2006, 35 patients
were considered eligible (Table 1). Toxicity and sur-
vival could be assessed in all 35 eligible patients, and
response could be assessed in 33 patients. Two patients
could not be evaluated for response because they had
not received two courses of chemotherapy owing to
their general condition having rapidly deteriorated
after receiving chemotherapy. These patients were
considered nonresponders. The PS was 0 in 2 patients,
1 in 15 patients, and 2 in 18 patients (51.4%). All
patients had received a platinum-containing regimen
as first-line chemotherapy: 12 patients had received
cisplatin and vinorelbine, 11 patients had received
nedaplatin, which is a second-generation platinum
derivative that appears to have some abilities and a
toxicity profile similar to those of carboplatin, and pac-
litaxel, 10 patients had received nedaplatin and gemcit-
abine, 1 patient had received cisplatin and etoposide,
and 1 patient had received carboplatin and paclitaxel.
Eight (23%) of these 35 patients had previously
received two regimens of other chemotherapy. With
front-line chemotherapy, 12 patients had a partial
response, 9 had no change, 13 had progressive disease,
and 1 was not evaluable. The median time off chemo-
therapy was 3 months (range 1-37 months).

Table 1 Patient characteristics

Total number of patients 35

Sex (M/F) 2718
Age (range) 64 (41-75)
Performance status at relapse (0/1/2) 2/15/18
Stage at relapse (IITA/ITIIB/IV) 4/2/29
Histologic type

Adenocarcinoma 25
Squamous 7
Others 3
Number of prior regimens of chemotherapy (1/2) 27/8
Thoracic radiation therapy (yes /no) 16/19
Whole brain radiation therapy (yes/no) 7128
Response to previous chemotherapy

Complete response 0
Partial response 12

No change 9
Progressive disease 13

Not evaluable 1
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Treatment response and survival

Five (14.3%) of the 35 patients achieved a partial
response, 16 (45.7%) had no change, 12 (34.3%) had
progressive disease, and 2 (5.7%) were not evaluable,
for an overall response rate of 14.3% (95% confidence
interval, 4.8-30.3%; Table 2). There were no differ-
ences in response rates between patients who had a PS
of 0 or 1 (11.8%) and patients who had a PS of 2
(16.7%, P = 0.68).

Survival analysis was performed when the median
follow-up time of all evaluable patients was 8 months.
At the time of analysis, ten patients (28.6%) were alive
and none had been lost to follow-up. The median time
to progression was 3 months (range 1-12 months). TTP
did not differ significantly between patients who had a
PS of 0 or 1 (3 months) and those who had a PS of 2
(2 months, P =0.58). The MST from the start of this
regimen was 8 months (range 2-29 months; Fig. 1). The
1-year survival rate from the start of this regimen was
30%. MST did not differ significantly between patients
who had a PS of 0 or 1 (9 months) and those who had a
PS of 2 (5 months, P = 0.18).

Toxicity

A total of 71 courses of chemotherapy were given. The
median number of courses given per patients was 2
(range 1-4). The most frequent toxicity was myelosup-
pression. Table 3 lists the maximum toxicities develop-
ing during treatment. Grade 3 to 4 leukopenia
developed in 48.6% of all patients (17 of 35 patients),
and grade 3 to 4 neutropenia developed in 54.3% of
patients (19 of 35 patients). G-CSF was given during
35.2% of courses (25 of 71 courses; median duration of
administration, 4 days; range 2-7 days). No patients
had grade 3 to 4 thrombocytopenia or received platelet
transfusions. Although 25.7% of patients (9 of 35
patients) had grade 3 anemia, only three patients
received transfusions of erythrocytes. No patients had
severe complications related to myelosuppression.

No patients had grade 3 to 4 diarrhea or nausea and
vomiting. However, 5.7% of patients (2 of 35 patients)
had grade 3 pulmonary toxicity. One patient had grade

Table 2 Response rate

Number (n = 35) %
Complete response 0 0
Partial response 5 14.3
No change 16 45.7
Progressive disease 12 343
Not evaluable 2 5.7
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Fig.1 Overall survival time from the start of treatment

3 drug-induced interstitial pneumonia developed dur-
ing the second cycle of chemotherapy but recovered
after receiving steroid pulse therapy and supplemental
oxygen. Although another patient had simultaneous
grade 3 hypoxia and grade 3 transient liver dysfunc-
tion, chest CT did not reveal radiographic interstitial
pneumonia. This hypoxia resolved without treatment
when the transient liver dysfunction resolved.
Although grade 3 infections developed owing to neu-
tropenia in 5.7% of patients (2 of 35 patients), all
patients recovered rapidly after treatment with antibi-
otics. There were no treatment-related deaths.

Dose intensity

Doses of both docetaxel and irinotecan were reduced
in one patient because of grade 4 neutropenia lasting
3 days and in another patient because of neutropenic
fever. During the 71 courses of chemotherapy, 7
(9.9%) doses of both docetaxel and irinotecan were
delayed 1 week, usually because of neutropenia. The
actual delivered mean individual doses for docetaxel
and irinotecan were 15.7 mg/m? (95.4% of planned)
and 23.9 mg/m? (95.4% of planned), respectively.

Discussion

Randomized trials of second-line therapy have demon-
strated that docetaxel confers greater survival and clin-
ical benefits and improves quality of life to a greater
degree than does best supportive care or monotherapy
with vinorelbine or ifosfamide [5, 25]. Thus, docetaxel is
currently approved as a treatment for NSCLC refractory
to platinum-based agents. However, these trials yielded
unsatisfactory results, with response rates of approxi-
mately 7%, and MSTs of 5.7 and 7.5 months [5, 25].



Cancer Chemother Pharmacol (2007) 60:267-274

271

Table 3 Toxicity

Toxicity National Cancer Institute—common

toxicity criteria grade

1 2 3 4 3ord (%)
Leukopenia 4 8 14 3 48.6
Neutropenia 4 3 7 12 54.3
Thrombocytopenia 1 0 0 0 0
Anemia 7 14 9 0 25.7
Nausea 9 1 0 0 0
Vomiting 2 0 0 0 0
Diarrhea 12 3 0 0 0
Infection 2 1 2 0 5.7
Elevation of serum creatinine 2 0 0 0 0
Elevation of aminotransferases 8 2 1 0 2.9
Electrolyte 2 0 0 0 0
Pulmonary 0 0 2 0 5.7
Arthralgia 0 0 0 0 0
Fatigue or asthenia 6 4 0 0 0
Peripheral neuropathy 2 0 0 0 0

Therefore, research should focus on the development
of regimens that are less toxic and more effective for
relapsed or refractory NSCLC.

When docetaxel was administered every 3 weeks at
a dose of 75-100 mg/m?, grade 3 or 4 neutropenia
developed in more than 80% of patients, and febrile
neutropenia frequently led to hospitalization [6, 7].
Both in vitro and in vivo studies have suggested that
docetaxel is a schedule-independent drug [2, 31]. In a
phase 1 study, severe myelosuppression was not
observed with weekly docetaxel, despite the cumula-
tive dose being much higher than with every 3 weeks
schedule [9]. Moreover, the rates of nonhematologic
toxicities, such as fatigue, neuropathy, peripheral
edema, and alopecia, were also reduced with weekly
docetaxel [10]. In a recent phase III study in previous
treated NSCLC patients, weekly docetaxel of 35 mg/m?
demonstrated similar efficacy and better tolerability
than 3-weekly docetaxel of 75 mg/m? [27]. On the other
hand, in a phase II trial of biweekly docetaxel of 50 mg/m?
as second-line treatment in patients with NSCLC,
grade 3 or 4 neutropenia developed in only 16% of
patients [30].

Various dosages of docetaxel and irinotecan have
been evaluated and recommended [1, 3, 17, 18]. For
phase II studies in patients with NSCLC Adjei et al. [1]
have recommended doses of irinotecan and docetaxel
of 160 mg/m? and 65 mg/m?, respectively, on day 1
every 3 weeks. Couteau et al. [3] have recommended
dosages of 275 mg/m? of irinotecan and 60 mg/m? of
docetaxel on day 1 every 3 weeks. However, with these
dosages 85% of patients had grade 4 neutropenia, and
22.5% of patients had sepsis. Because quality of life is
important for patients receiving second-line chemo-
therapy, severe toxicity is not acceptable. Therefore,

we administered 33 mg/m? of docetaxel (days 2 and 16)
and 50 mg/m? of irinotecan (days1 and 15) every
4 weeks. In our study, the actual delivered mean indi-
vidual doses of docetaxel and irinotecan were 15.7 mg/m?
(95.4% of planned) and 23.9mg/m?> (954% of
planned), respectively.

Several phase II trials of docetaxel using weekly,
biweekly, or every 3 weeks schedules in the second-line
treatment of NSCLC have achieved overall response
rates ranging from 10% to 23%, with MSTs of
4-9.7 months and 1-year survival rates of 8-44% [6, 7,
15, 21, 24, 29, 30]. Table 4 summarizes recent phase II
second-line trials of NSCLC. On the other hand, sev-
eral studies have assessed the combination of docetaxel
and irinotecan in the second-line treatment of NSCLC.
In these studies, overall response rates have ranged
from 6 to 10%, MSTs have ranged from 7.4 to
8 months, and 1-year survival rates have ranged from
24 to 30% [4, 8]. In the present study, the overall
response rate was 14.3%, with a MST of 8 months and
a 1-year survival rate of 30%. Additionally, there were
no differences in response rates or survival rates
between patients who had a PS of 0 or 1 and patients
who had a PS of 2. These results compare favorably
with those of most published trials in the second-line
treatment of NSCLC. However, comparing our results
with those of other studies of second-line treatment is
difficult because of the inclusion of patients with differ-
ent prognostic factors. In our study the median time off
chemotherapy was 3 month, suggesting that patients
were likely to have chemoresistant disease.

The most frequent toxicity in the present study was
myelosuppression. Grade 3 to 4 hematologic toxicities
included neutropenia in 54.3% of patients, thrombocy-
topenia in 0%, and anemia in 25.7%. These rates of
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Table 4 Second-line phase II trials-literature summary

References Regimen Response MST 1-year survival
rate (%) (months) rate (%)
Fossela [6] Docetaxel 100 mg/m?2, q 3 weeks 21 9.7 44
Gandara [7] Docetaxel 100 mg/m?, q 3 weeks 16 7 25
Lilenbaum [15] Docetaxel 36 mg/m?, weekly 10 8 31
Petrioli [21] Docetaxel 25 mg/m?, weekly 23 7 8
Serke [24] Docetaxel 35 mg/m?, weekly 11 53 23
Valerio [29] Docetaxel 35 mg/m?, weekly 12.5 NR NR
Vazquez [30] Docetaxel 50 mg/m?, biweekly 20 4 23
Font [4] Docetaxel 25 mg/m?, d 1,8,15, q 4 weeks 6 8 30
Irinotecan 70 mg/mz, d 1,8,15, q 4 weeks
Grossi [8] Docetaxel 65 mg/m?,q 3 weeks 10 7.4 24
Irinotecan 160 mg/m?, q 3 weeks
Pectasides [20] Arm A: Docetaxel 75 mg/m?, q 3 weeks 14 6.4 34
Arm B: Docetaxel 30 mg/mz, d 1,8, q 3 weeks 20 6.5 37
Irinotecan 60 mg/mz, d 1,8, q 3 weeks
Wachters [32] Arm A: Docetaxel 75 mg/m?, q 3 weeks 16 7.4 26
Arm B: Docetaxel 60 mg/m?, q 3 weeks 10 6.2 30

Irinotecan 200 mg/m?, q 3 weeks

q every, d days, NR not reported

toxicity compare favorably with those in most recently
published trials of second-line treatment of NSCLC. In
recent phase II or III trials of second-line chemother-
apy for NSCLC, rates of grade 3 to 4 neutropenia,
thrombocytopenia, and anemia have ranged from 0 to
85, 0 to 17, and 0 to 23%, respectively [4-8, 15, 20, 21,
24,25, 29, 32]. Diarrhea is another common dose-limit-
ing toxicity of irinotecan treatment [1, 4, 8, 17]. Font
et al. [4] have reported grade 3 to 4 diarrhea in 25% of
patients, respectively. Grossi et al. [§] have reported
grade 3 to 4 diarrhea and neutropenic fever in 32% and
22% of patients. However, in our study, no patients
had grade 3 to 4 diarrhea. Furthermore, only 2 patients
(5.7%) had grade 3 neutropenic fever. Although grade
3 drug-induced interstitial pneumonia developed in
one patient, it resolved with steroid pulse therapy. All
side effects were manageable, and there were no treat-
ment-related deaths.

Two recent randomized phase II trials of second-
line treatment in NSCLC have compared the combina-
tion of docetaxel and irinotecan with 75 mg/m? of
docetaxel alone (Table 4) [20, 32]. The addition of iri-
notecan to docetaxel did not improve significantly the
response rate, MST, or 1-year survival rate in either
study, although time to progression was prolonged.
However, the regimens had different toxicity profiles.
Leukopenia, nail changes, myalgia, and arthralgia
occurred more frequently with docetaxel alone.
Thrombocytopenia and diarrhea were more common
with the combination of docetaxel and irinotecan [32].
Toxicities occurring with docetaxel alone might be
related to the higher doses administered. In our study,
no patients had grade 3 to 4 nail changes, myalgia, or
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arthralgia related to docetaxel. Moreover, no patients
had grade 3 to 4 thrombocytopenia or diarrhea. There-
fore, our biweekly regimen is an acceptable option for
patients with refractory or relapsed NSCLC.

A randomized trial in previously treated patients
with NSCLC has demonstrated that erlotinib, an oral
tyrosine kinase inhibitor of epidermal growth factor
receptor, prolongs survival and decreases symptoms as
compared with placebo [26]. Moreover, treatment with
pemetrexed, a novel multitargeted antifolate, resulted
in clinically equivalent efficacy outcomes, but with sig-
nificantly fewer side effects compared with docetaxel in
the second-line treatment of patients with NSCLC [11].
Therefore, these drugs should be considered a stan-
dard treatment option for second-line NSCLC.

In conclusion, to our knowledge the present phase 11
study is the first to examine the combination of
biweekly docetaxel and irinotecan for refractory or
relapsed advanced NSCLC. Biweekly administration
of the combination of docetaxel and irinotecan is a safe
and effective treatment for refractory or relapsed
NSCLC and is, therefore, an acceptable option in this
setting. However, our results were not superior to
those of other recent trials. In the future, the search for
even more active regimens, including new cytotoxic
and target-specific agents, should be continued.
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