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Gemcitabine is a novel nucleoside analog with unique
activity against a wide range of solid tumors. We initiated a
multicenter phase Il study in patients with non-small cell
lung cancer (NSCLC) to evaluate the efficacy and safety of
gemcitabine. Eligible patients had stage Iil and IV, pre-
viously untreated with chemotherapy, age range from 18 to
80 years, and ECOG performance status 0-2. Gemcitabine
was administered at 1000 mg/m2 as a continuous i.v.
infusion once a week for a consecutive 3 week period,
followed by 1 week of rest. Of the 69 patients enrolled, 67
patients were eligible for efficacy evaluation. The overall
response rate was 20.9% with a 95% confidence interval of
11.9-32.6%. The median survival time was 9.0 months and
the 12 month survival rate was 31.3%. Grade 3 or 4
toxicities included neutropenia in 22.7%, anemia in 13.4%,
leukopenia in 10.4%, anorexia in 10.4%, malaise in .7.5%
and nausea/vomiting in 6.0%. Serious toxicities were septic
shock and interstitial pneumonia (one patient each). Gemci-
tabine, administered weekly for three consecutive weeks
followed by 1 week of rest, is an active agent for NSCLC.
Gemcitabine is currently being evaluated in combination
with cisplatin and other agents.
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Introduction

The vast majority of patients with non-small cell lung
caner (NSCLC) present with advanced and unresect-
able disease. Although chemotherapy contributes to
prolonging the survival of NSCLC patients, current
regimens remain unsatisfactory. There is, therefore,
an urgent need to develop new anticancer agents for
NSCLC. Recently, several new drugs with promising
activities for NSCLC have been identified including:
paclitaxel, docetaxel, irinotecan (CPT-11), vinorel-
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bine and gemcitabine. Among these compounds,
gemcitabine, a novel nucleoside :malog,1 in which
two fluorine atoms have been introduced into the
side chain of the deoxyribose, has been developed
as an anticancer agent by Eli Lilly and Company. The
compound is a prodrug that is metabolized intracel-
lularly into its active nucleotide forms, gemcitabine
diphosphate (dFACDP) and gemcitabine triphos-
phate (dFACTP).® 1t has a unique mechanism of
action termed ‘masked chain termination’ which
allows base pairing of one or more nucleotides after
insertion of dFACTP into DNA, thus providing in-
creased protection against incision repair.3 Gemcita-
bine exhibited significant cytotoxic activity against
established murine and human solid tumor lines and
primary cultures of human tumors as well as human
leukemias.*™” In animal tumor models, the antitumor
activity of gemcitabine is schedule dependent.6
Gemcitabine was effective not only in the treatment
of mouse hematologic tumors but also in the
treatment of mouse and human solid tumors, includ-
ing human NSCLC, H-74 and CPH SCLC 54B, and
human colon cancer, H-110, all of which are
resistant to conventional anticancer drugs.6’8’9

In a phase I study, Taguchi et all® reported that
the maximum tolerated dose (MTD) was
1000 mg/m? and the doselimiting toxicity (DLI)
was myelosuppression (leukopenia, neutropenia and
thrombocytopenia). Early phase II studies were
conducted with a schedule in which gemcitabine
was given on days 1, 8 and 15 of a 28 day cycle, at
doses of 800 or 1000 mg/m? once weekly for three
consecutive weeks, followed by 1 week of rest. The
response rates were 25.0 and 14.3%, respectively.
Most of the toxicities were mild and tolerable."’ This
multicenter phase II study of gemcitabine as a single
agent was therefore conducted to clarify the efficacy
and safety in patients with NSCLC.
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Patients and methods
Patients

This study was conducted between January 1993
and February 1994 according to good clinical prac-
tice. Patients were enrolled in the study after giving
informed consent. Eligibility criteria included histo-
logically and cytologically confirmed NSCLC and
inoperable (stage III or IV) measurable lesion(s)
previously untreated with chemotherapy. Patients
were required to have a performance status of 0-2,
age 18-80 years and a life expectancy of at least 2
months. Patients were also required to have normal
function of vital organs, i.e. hemoglobin greater than
or equal to 9 g/dl, leukocyte greater than or equal to
4000/ul, platelet count greater than or equal to
100000/4, AST and ALT below twice the normal
levels, and serum creatinine and total bilirubin, each
less than or equal to 1.5 mg/dl. Patients with serious
concurrent disease, pregnancy, lactation, childbear-
ing potential, active concurrent malignancy, serious
allergy, symptomatic brain metastasis and hypercal-
cemia were excluded from this study.

Treatment and assessment

Gemcitabine was administered at a dose of
1000 mg/m? weekly for three consecutive weeks
(days 1, 8 and 15) followed by 1 week of rest.
Courses of treatment were repeated every 28 days.
Response to therapy was assessed by WHO criteria
after each course of gemcitabine treatment. All
responses were independently validated by extra-
mural review board. Laboratory tests (hematological
and biochemical examinations) were performed at

Table 1. Patient characteristics

Activity of gemcitabine

enrollment, once a week during the treatment
period and for the follow-up of any abnormal find-
ing. Disease-related subjective and objective symp-
toms were monitored during gemcitabine treatment.
Toxicities were assessed using the Adverse Reaction
Assessment List of the Japan Society for Cancer
Therapy.12

Dose modification

Dose escalation to 1250 mg/m? was permitted if the
nadirs of leukocyte and platelet counts were above
3000 and 70000/ul, respectively, in each of the
previous courses of gemcitabine treatment. Doses
were reduced from 1000 to 800 mg/m? in subse-
quent courses of gemcitabine treatment if grade 3 or
higher toxicities were experienced in previous
courses of gemcitabine treatment. Doses of gemcita-
bine in subsequent courses were delayed until
recovery of the leukocyte and platelet counts to
above 2000 or 70000/ul Patients were withdrawn
from the study if they had still not recovered after a
period of 4 weeks without treatment.

Results

Sixty nine patients were enrolled in this study. Of
the 69 patients, 67 patients were eligible. Two cases
were excluded from evaluation of efficacy and safety
due to protocol violations (one patient had a history
of chemotherapy and one patient had stage 1
disease). Patient characteristics are listed in Table 1.
The median age was 67.0 years. Stage III and IV
NSCLC was seen in 47.7 and 52.2% of patients,
respectively, and was histologically diagnosed as

No. of eligible patients 67

Sex male 50 (74.6)
female 17 (25.4)

Age (years) median 67.0
range (36-80)

Stage flla 11 (16.4)
lib 21 (31.3)
v 35 (52.2)

Histology type adenocarcinoma 36 (53.7)
squamous cell carcinoma 28 (41.8)
large cell carcinoma 3 (4.5)

Performance status 0 13 (19.4)
1 36 (53.7)
2 18 (26.9)
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adenocarcinoma in 53.7%, squamous cell in 41.8%
and large cell in 4.5%. ECOG performance status was
graded O or 1 in 73.1% and 2 in 26.9%.

Dose modification

The median number of doses of gemcitabine re-
ceived by all 67 eligible patients was six (range two
to 20). Fourteen patients (20.9%) received doses
escalating to 1250 mg/m? and two patients (3.0%)
received doses reduced to 800 mg/m?. Two patients
(3.0%) had doses omitted. The reasons for dose
reduction and omissions were leukopenia and
thrombocytopenia. Dose modifications of gemcita-
bine are shown in Table 2.

Response to gemcitabine

Response was evaluated after one course of chemo-
therapy and thereafter following every other course.
Response rates are shown in Table 3. There were no
complete responses. However, 14 patients (20.9%)
of the 67 patients eligible demonstrated a partial
response with a 95% confidence interval of 11.9—
32.6%, by extramural review board. The response
rates for adenocarcinoma and squamous cell carcino-
ma were 27.8 and 10.7%, respectively. The response
rate for adenocarcinoma tended to be higher than

those for other histological types. The median
administration of gemcitabine required to achieve a
partial response was four doses (range two to eight).
The median duration of responses was 3.6 months
(range 0.9-8.0 months) and the median of time to
progression in partial response was 4.7 months
(range 2.1-9.5 months).

Survival

At a median follow up time of 18.4 months (range
13.3-24.0 months) overall median survival time
MST) for all 67 patients was 9.0 months. The
Kaplan—Meier survival curve for 67 patients is
shown in Figure 1. The 1 year survival rate was
31.3%.

The median survival times for responders and
non-responders were 10.6 and 7.4 months, respec-
tively (p = 0.1073).

Toxicity

The toxicities observed during gemcitabine treat-
ment are listed in Tables 4 and 5. Most of the
toxicities were relatively mild and tolerable, and
included anemia, myelosuppression (leukopenia,
neutropenia, thrombocytopenia), AST/ALT elevation,
anorexia, nausea/vomiting, fever and malaise.

Table 2. Delivered doses and dose modifications of gemcitabine

No. of doses median
range
Dose modification

[no. of patients (%)]

increased (1250 mg/m?)
unchanged (1000 mg/m?)
reduced (800 mg/m?)

6
2-20

14 (20.9)

51 (76.1)
2 (3.0)

Table 3. Tumor response

Histology type No. of No.of CR PR MR NC PD Not Response rate
eligible evaluable evaluable®
patients  patients CR+PR CR+PR
eligible evaluable
(%) (%)
Adenocarcinoma 36 34 0 3 13 8 2 27.8 29.4
Squamous cell carcinoma 28 27 0 3 14 6 2 10.7 11.1
Large cell Carcinoma 3 3 0 1 1 1 0 33.3 33.3
Total 67 64 0 6 28 15 4 20.9 21.9

(11.9-32.6) (12.5-34.0)

95% confidence interval in parentheses.

2This includes three patients who did not complete one treatment course and one patient who completed one treatment course but
whose study lesion became unmeasurable after treatment with gemcitabine.
CR, complete response; PR, partial response; MR, minor response; NC, no change; PD, progressive disease.
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Figure 1. Overall survival time for 67 patients.

Hematological toxicity

Grade 4 toxicities were rarely seen, with neutro-
penia in two of 66 (3%), leukopenia in one of 67
(1.5%) and thrombocytopenia in one of 67 (1.5%)
patients, respectively. Grade 3 or higher toxicities
were frequent: anemia occurred in nine of 67
(13.4%), leukopenia in seven of 67 (10.4%) and
thrombocytopenia in three of 67 (4.5%) patients,
respectively. Of these, one patient experienced
grade 4 leukopenia, neutropenia and thrombocyto-
penia simultaneously after receiving three doses of

Table 4. Hematological toxicity

Activity of gemcitabine

gemcitabine and died of septic shock. The patient
who developed septic shock experienced fever,
grade 4 myelosuppression (leukopenia, neutropenia,
thrombocytopenia) and infection after one cycle of
gemcitabine treatment, and despite treatment with
antibiotics and granulocyte colony-stimulating factor
(G-CSF), died of septic shock 12 days after the third
administration of gemcitabine.

Non-hematological toxicity

Sixty-seven eligible patients were assessable for
symptomatic toxicities. The most common toxicities
were anorexia, nausea/vomiting, fever and malaise.
Patients experiencing grade 3 or higher toxicities
were less frequent: anorexia occurred in seven
(10.4%), nausea/vomiting in four (6.0%), malaise in
five (7.5%), interstitial pneumonia in one (1.5%) and
septic shock in one (1.5%), respectively. Of these,
grade 4 toxicities were seen with malaise in two
(3%), septic shock in one (1.5%) and interstitial
pneumonia in one (1.5%). The patient who devel-
oped interstitial pneumonia had a mild fibrosis
complication prior to gemcitabine treatment. This
patient experienced fever and severe dyspnea after
one cycle of gemcitabine treatment. Although this
patient was treated with 1000 mg methylpredniso-
lone, sodium succinate and oxygen inhalation treat-
ment, he had repeated recurrences of interstitial
pneumonia and died of dyspnea approximately 7
months after gemcitabine treatment. One patient
developed a bronchomediastial fistula. This patient
died of a complication secondary to disease progres-
sion 44 days after completion of two cycles of
gemcitabine treatment. The causal relationship be-
tween this death and gemcitabine treatment is
unknown.

Grade 3 toxicities were also seen, with lactate
dehydrogenase increased in one of 66 (1.5%),
hypoalbuminemia in one of 59 (1.7%) and alkaline
phosphatase increased in one of 67 (1.5%) patients,
respectively. Twenty-four of 67 patients (35.8%) had

Findings No. of No. of Incidence Grade (no. of patients) Incidence of grade 3
patients patients (%) and 4 toxicities (%)
with data  with toxicities 1 2 3 4

Anemia 67 49 73.1 14 26 9 - 13.4

Neutropenia 66 39 59.1 10 14 13 2 22.7

Leukopenia 67 34 50.7 9 18 6 1 104

Thrombocytopenia 67 14 20.9 7 4 2 1 4.5
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Table 5. Non-hematological toxicity

Findings No. of No. of Incidence Grade (no. of patients) Incidence of grade 3
patients patients (%) and 4 reactions (%)
evaluated with reactions 1 2 4
Anorexia 67 34 50.7 17 10 10.4
Nausea/vomiting 67 31 46.3 16 11 6.0
Fever 67 25 37.3 11 14
Malaise 67 20 29.9 8 7 2 7.5
Interstitial pneumonia 67 2 3.0 1 1 1.5
Alopecia 67 2 3.0 2
Septic shock 67 1 1.5 1 1.5
AST/ALT increased 67 24 35.8 17 7
Lactate dehydrogenase 66 9 13.6 6 2 1 1.5
increased
Hypoalbuminemia
Alkaline phosphatase 59 7 11.9 6 1 1.5
increased
BUN increased 67 5 7.5 3 1 1 1.5
bilirubinemia
Abnormal ECG 67 3 4.5 2 1
66 1 15 1
15 1 6.7 1 6.7

grade 1 or 2 transient elevation of AST/ALT. Increase
in serum creatinine level was not observed.

Median values of nadir on leukopenia in each of
the four cycles were 1110, 1333, 1266 and 1692/ ul,
respectively. Median values of nadir on neutropenia
in each of the four cycles were 2600, 3100, 2800
and 3260/ ul, respectively. Median values of nadir on
thrombocytopenia in each of the three cycles were
6.95, 8.6 and 7.7/ul, respectively. Therefore, hema-
tological  toxicities (leukopenia, neutropenia,
thrombocytopenia) could not be intensified by con-
tinuous gemcitabine treatment.

Discussion

Four dosing schedules were evaluated in phase I
studies in the US. These phase I studies have shown
gemcitabine to be schedule dependent for toxicity.
Three of the four dosing schedules were discontin-
ued. In two schedules, non-hematological toxicity
was a problem. Fever, flu-like symptoms and severe
hypotension occurred during the 5 day continuous
dosing study,13 and fatigue, fever, flulike symptoms
and rash occurred in the twice weekly dosing study
(Vermorken et al., submitted). Gemcitabine was well
tolerated in a once every 2 weeks dosing study.14 In
the initial foreign dose-finding study in previously
treated patients with solid tumor, using the once
weekly dosing schedule for 3 weeks followed by a
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week of rest," non-hematological toxicity was mini-
mal and MTD was 790 mg/m?2. Taguchi er al'®
reported that MTD in patients with tumor was
1000 mg/m? in a phase I study using a once weekly
dosing schedule for 3 weeks followed by 1 week of
rest. Fukuoka et al."’ reported that the response rate
with a dose of 800 mg/m? of gemcitabine, for
weekly administration over 28 days, followed by 1
week of rest, was 25% (95% confidence interval
5.5—57.2%). The study was conducted in chemo-
naive patients with NSCLC and toxicity was toler-
able. Therefore, doses of gemcitabine were
increased from 800 to 1000 mg/m? during the study.
The response rate was 14.3% (95% confidence
interval 4.8-30.3%), with a dose of 1000 mg/m? in
chemonaive patients and almost all toxicities were
tolerable.

The current phase II study was conducted based
on the results by Fukuoka ez al"' Gemcitabine was
proven to be active as a single agent for chemonaive
NSCLC patients, with a validated response rate of
20.9% (95% confidence interval 11.9-32.6%) by
extramural review. The response rate was favorable,
especially the response rate for adenocarcinoma
(27.8%) which tended to be higher than those for
other histologic types. It is important to note the
response rates were validated by extramural review,
as this demonstrates the data has undergone a more
rigorous evaluation than drugs that did not use a
similar review process.



The response rates in our study were very similar
to the results of the study by Anderson et al’® and
Abratt et al'’ Anderson et al. reported that 16
(20%) of the 79 patients evaluable for response had
a partial response in the study (95% confidence
interval 12-31%). Fifty-four of these patients re-
ceived 800 mg/m? and 28 received 1000 mg/m? at a
dosing schedule of once a week for 3 weeks,
followed by a week of rest. Abratt et al."’ reported
two complete responses and 13 partial responses
(20%; 95% confidence interval 11.6—30.8%) ob-
served in the study, in which 53 patients received
1000 mg/m? and 31 patients received 1250 mg/m?
at a dosing schedule of once per week for 3 weeks
followed by 1 week of rest.

Overall MST of gemcitabine as single agent (respon-
ders and non-responders combined) was 9 months in
our study. These results are similar to those of the
study by Anderson et al'® and Abratt et al."’ (7 and
9.2 months, respectively), which further supports
gemcitabine’s suitability as a single agent in NSCLC.

In addition, Lund er al.'® reported a response rate
of 19% using a schedule of 90 mg/m? twice weekly,
but the schedule showed poor tolerance, with a
higher frequency of non-hematologic toxicity, includ-
ing fever and severe flu-like symptoms. Our schedule
of gemcitabine administration, once weekly for 3
weeks followed by 1 week of rest, was acceptable
for the patients. Almost all patients received gemcita-
bine administration according to protocol. There-
fore, we concluded that this would be an optimal
dose schedule.

Hematological toxicities included myelosuppres-
sion including leukopenia, neutropenia and thrombo-
cytopenia. The incidence of grade 3 or higher
toxicities of gemcitabine included neutropenia
(22.7%), leukopenia (10.4%) and thrombocytopenia

(4.5%) which were considered to be easy to control.

Obvious intensification of hematological toxicities
(leukopenia, neutropenia and thrombocytopenia) by
administration of this compound were not observed.

Non-hematologic toxicities included anorexia, nau-
sea/vomiting, fever and malaise, and the incidence
of grade 3 or higher toxicities included nausea/
vomiting (6.0%), malaise (7.0%) and anorexia
(10.4%). Almost all were corrected with supportive
care or without treatment. However, we did experi-
ence two interstitial pneumonias and one septic
shock due to myelosuppression. Consequently, to
prevent the occurrence of interstitial pneumonia,
we recommended that the patient who had fibrosis
as a complication should not be treated with
gemcitabine. With regard to the patient who, in
spite of treatment with antibiotics, died of septic

Activity of gemcitabine

shock due to myelosuppression, the leukocyte value
of this patient was 12000/ul prior to gemcitabine
treatment. There was, therefore, a possibility the
patient already had an infectious disease. To prevent
the occurrence of severe myelosuppression, it is
desirable that hematological examination should be
carried out before gemcitabine administration, and
gemcitabine treatment should not be administered
to patients with infection and severe complications.

Recently, further gemcitabine combination studies
have been undertaken with cisplatin, carboplatin and
ifosfamide.””™® In these studies response rates of
combination therapy on gemcitabine were superior
to those of gemcitabine as a single agent. Many of the
reports show the results of combination with
cisplatin.19_23 The dosing schedule of cisplatin or
gemcitabine and cisplatin combination was investi-
gated on day 1, day 2 and day 15, respectively. Abratt
etal" reported that gemcitabine was given at a dose
of 1000 mg/m? weekly for 3 weeks and cisplatin was
given at a dose of 100 mg/m? on day 15 with
gemcitabine. The response rate was 52% (95%
confidence interval 37-66%) and toxicities were
relatively modest. Crind et al”® reported that gemci-
tabine was administered at a dose of 1000 mg/m?
weekly for 3 weeks and cisplatin was administered at
a dose of 100 mg/m? on day 2 with gemcitabine. The
response rate was 54% (95% confidence interval 40—
68%) and toxicities were modest. Sandler et al®
reported that gemcitabine was administered at a dose
of 1000 mg/m? weekly for 3 weeks and cisplatin was
given at a dose of 100 mg/m? on day 1 with
gemcitabine. The response rate was 42% and toxici-
ties were mainly hematologic.

Conclusion

In conclusion, gemcitabine is an active single agent
with a 20% or higher response rate in chemonaive
NSCLC patients. The toxicities of gemcitabine were
tolerable and non-hematological toxicity was rela-
tively mild. Therefore, gemcitabine is a suitable agent
for combination chemotherapy for NSCLC cancer.
Further investigation into the suitability of combina-
tion chemotherapy with gemcitabine is currently
underway.
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